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PREFACE 

The Assessment of Effectiveness of Geologic Isolation Systems (AEGIS) 
Program presents in this report a methodology demonstration applied as an 
initial assessment of a reference site for a salt dome nuclear waste 
repository. The information in this document is designed to support the 
Preliminary Information Report (PIR) being assembled by the Office of Nuclear 
Waste Isolation (ONWI). 

This report presents an exercise of the AEGIS methodology, as applied to 
a hypothetical repository located in a reference salt dome site; it is not an 
actual site assessment. The salt dome referred to in this documentation has 
been excluded from consideration as a repository for nuclear waste. 

iii 
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EXECUTIVE SUMMARY 

As a methodology demonstration for the Office of Nuclear Waste Isolation 
(ONWI), the Assessment of Effectiveness of Geologic Isolation Systems (AEGIS) 
Program conducted an initial reference site analysis of the long-tenm effec­
tiveness of a salt dome repository. The Hainesville Salt Dome in Texas was 
chosen to be representative of the Gulf Coast interior salt domes; however, 
the Hainesville Site has been eliminated as a possible nuclear waste reposi­
tory site. The data used for this exercise are not adequate for an actual 
assessment, nor have a11 the parametric analyses been made that would ade­
quately characterize the response of the geosystem surrounding the repository. 
Additionally, because this was the first exercise of the complete AEGIS and 
WASTE Rock Interaction Technology (WRIT)'methodology, this report provides the 
initial opportunity for the methodology, specifically applied to a site, to be 
reviewed by the community outside the AEGIS. 

The scena.rio evaluation, as a part of the methodology demonstration, 
involved consideration of a large variety of potentially disruptive phenomena, 
which alone or in concert could lead to a br~ach in a salt dome repository and 
to a subsequent transport of the radionuclides to the environment. Without 
waste- and repository-induced effects, no plausible natural geologic events or 
processes which would compromise the repository integrity could be envisioned 
over the one-mil 1 ion-year time frame after closure. Near-field (waste- and 
repository-inducec:l) effects were excluded from consideration 1n this analysiS, 
but they can be added in future analyses when that methodology development is 
more complete. 

The potential for consequential human· intrusion into salt domes within a 
million-year time frame led to the consideration of a solution mining intru­
sion scenario. The AEGIS staff developed a specific human intrusion scenario 
at 100 years and 1000 years post-closure, which is one of a whole suite of 
possible scenarios. This scenario resulted in the delivery of radionuclide­
contaminated brine to the surface, where a portion was diverted to culinary 
salt for direct ingestion by the existing population. Consequence analyses 
.1 ndi cated cal cu 1 ated human doses that would be hi gh ly del eter'l ous • Add; tiona 1 
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analyses indicated that doses well above background would occur from such a 
scenarios even if it occurred a million years into the future. The way to 
preclude such an intrusion is for continued control over the repository site, 
either through direct institutional control or through the effective passive 
transfer of information. 

A secondary aspect of the specific human intrusion scenario involved a 
breach through the side of the salt domes through which radionuclides migrated 
via the ground-water system to the accessible environment. This provided a ", 
demonstration of the geotransport methodology that AEGIS can use in actual 
site evaluations s as well as the WRIT program's capabilities with respect to 
defining the source term and retardation rates of the radionuclides in the 
repository. 

This reference site analysis was initially published as a Working Docu­
ment in December 1979. That version was distributed for a formal peer review 
by individuals and organizations not involved in its development. The present 
report represents a revision, based in part on the responses received from the 
external reviewers. Summaries of the comments from the reviewers and responses 
to these comments by the AEGIS staff are presented. 

The exercise of the AEGIS methodology was successful in demonstrating the 
methodology, and thus, in providing a basis for substantive peer review, in 
terms of further development of the AEGIS site-applications capability and in 
terms of providing inSight into the potential for consequential human 
intrusion into a salt dome repository. 

viii 



 

  

  

   

 

 

  

    

 

   

        

    

  

  

  

 

        

    

    

      

   

     

         

    

 

 

 

 

 

 

 

 

 

 

 

 

 

,.- CONTENTS , 

PREFACE • • • • iii 

ACKNOWLEDGMENTS. v 

EXECUTIVE SUMMARY • • • • vii 

CHAPTER 1 - OVERVIEW 1.1 

SALT DOME REFERENCE SITE • 1.4 

Geology • • • • • • • • 1.4 

Subsurface Hydrology • • • • • 1.6 

RELEASE SCENARIO DEVELOPMENT · 1.9 

Type 1 and 2 Scenarios • • • 1.10 

Type 3 Scenari 0 1.11 

Type 3 Scenario Used in the Reference Site Analysis 1.14 

QUANTIFICATION OF SCENARIO CONDITIONS • • • 1.15 
r 
, 

SOURCE TERM 1.16 ~ .. • 

S(RPTION DATA · • • • 1.17 

CONSEQUENCE ANALYSES. • • • 1.18 

Conclusions • • • 1.20 
.. 

CHAPTER 2 - OVERVIEW OF THE AEGIS AND WRIT PROGRAMS • • 2.1 

RELEASE SCENARIO ANALYSIS (AEGIS) • • 2.3 

RELEASE CONSEQUENCE ANALYSIS' (AEGIS) • • • 2.4 

Waste Form Release Rate Analysis (WRIT) 2.6 

Sorption/Desorption AnalYSis (WRIT) .. • 2.7 

INTRODUCTION TO REFERENCE SITE ANALYSIS. 2.8 

CHAPTER 3 - ASSUMPTIONS IN AEGIS SALT DOME REFERENCE SITE ANALYSIS 3.1 

ASSUMPTIONS IN AEGIS ANALYSES. • 3.3 

ix 



 

  

  

 

  

      

  

  

       

  

  

   

 

 

   

 

  

    

  

  

 

 

  

  

 

  

 

 

General 

Source Term 

Human Instrusion Scenario 

Geotransport 

NOTES TO ASSUMPTIONS 

CHAPTER 4 - COMPONENTS OF RELEASE SCENARIO ANALYSIS 

REFERENCE GEOLOGIC DESCRIPTION 

Regional Geology 

Geology of the EAst Texas Salt Dame Basin 

Subsurface Hydrology 

GEOLOGIC DISRUPTIVE PHENOMENA. 

Denudation and Stream Erosion • 

Sedimentation • 

Flooding • 

Climatic Fluctuations and Glaciation 

Diagenesis. 

Salt Dissolution 

Salt Dome Growth or Diapirism. 

Epeirogenic Displacement. 

Orogenic Diastrophism 

Faulti n9 • 

Metamorphi sm 

Magmati c Activity 

Static Fracturing 

Meteorites. 

Undetected Features • 

x 

• 

3.3 

3.3 

3.4 

3.6 

3.7 

4.1 

4.5 

4.6 

4.8 

4.9 

4.10 

4.10 

4.11 

4.12 

4.12 

4.14 

4.16 

4.22 

4.23 

4.24 

4.25 

4.30 

4.31 

4.31 

4.32 

4.33 



   

    

  

  

    

       

   

     

   

   

  

     

     

     

        
    

       

     

  

  

  

 

   

      

  

    

 

 

 

 

 

 

 

 

 

 

 

 

HUMAN-INDUCED DISRUPTIVE PHENOMENA • • • • • 4.34 

Institutional Control and Information Transfer • • 4.35 

Intentional Breaching • 4.36 

Inadvertent Breaching • 4.37 

Human Activities Affecting Breaching • 4.47 

RATES OF UTILIZATION OF GULF COAST SALT DOMES. • 4.49 

CHAPTER 5 - RELEASE,SCENARIOS • • • • 5.1 

METHODOLOGY USED FOR SCENARIO ANALYSIS • • • • • 5.2 

Natural Dissolution Scenario · • • • • 5.4 

Solution Mining Scenario • • 5.7 

Regional Scenario • • • • 5.16 

CHAPTER 6, - NEAR-DOME HYDROLOGIC SIMULATION · • • 6.1 

HYDROGEOLOGY OF SUBREGION SURROUNDING SALT DOME • • • 6.1 

1" FORMULATION OF THE TEST CASES • • • • 6.3 

Model for Determining the Flow Rate Out of a1000-ft2 
Salt Dome Breach Opening • • • • 6.4 

Model for Determining Flow After Salt Dome Collapse • • 6.8 

CHAPTER 7 - REGIONAL HYDROLOGIC SIMULATION • • 7.1 

CON CEPTUAL f.DDEL • • • • • 7.1 

Model Boundaries • • • .' • 7.2 

Rainfall Infiltration • • • • • 7.2 

Hydraulic Conductivity-Transmissivity • • • 7.4 

Stream Aquifer Interaction • ' . • • • • • 7.4 

Additional Stress on the Ground Water • • • • • 7.7 

Potential Distribution • • • • • • 7.7 

RESULTS OF HYDROlOGIC SIMULATIONS • • • • • 7.7 

xi 



  

  

   

    

  

   

   

  

   

  

  

      

   

   

  

  

    

  

    

   

     

  

   

  

 

 

 

 

 

 

 

 

 

   

  

Base Case • 

Second Case 

Pumping Well Scenario 

CHAPTER 8 - TRANSPORT SIMULATION 

TRANSpmT f'.DDEL 

Convective Transport and Dispersion. 

Geological Media Sorption Equilibrium 

Radioactive Decay 

RELEASE SOURCE TERM • 

CONCENTRATION ESTIMATION • 

RELEASE CONSEQUENCE ANALYZED • 

MEASURES OF DISPERSION USED IN THE SIMULATIONS 

CHAPTER 9 - DOSE CALCULATIONS • 

GENERAL POPULATION DOSE CALCULATIONS 

OCCUPATIONAL DOSE CALCULATIONS 

LONG-TERM DOSE CALCULATIONS 

CHAPTER 10 - SOURCE TERM • 

INTRODUCTION TO METHODOlOGY 

Methodology Available or Under Development 

Comprehensive Waste Form Performance Testing Methodology 

LEACH VALUES PROVIDED FOR THE REFERENCE SITE ANALYSES • 

SOLUBILITY LIMITS 

CHAPTER 11 - SmPTION DATA 

INTRODUCTION TO METHODOLOGY 

METHODOLOGY 

xii 

7.8 

7.8 

7.11 

8.1 

8.1 

8.2 

8.3 

8.3 

8.4 

8.5 

8.5 

8.24 

• 9.1 

9.2 

9.8 

9.15 

10.1 

10.1 

10.2 

10.5 

10.9 

10.23 

11.1 

11.1 

11.2 



      
  

  

   

    

       

  

  

    

    

  

    

 

  

       

     

    

         

       

    

  

    

    

    

       
     

 

 

 

NEED FOR COMPLETE CHARACTERIZATION OF ROCK AND 
GROUND WATERS • • • • • • 11.11 

Important Geochemical Characterizations • • • 11.12 

Less Important GeOChemical Characterizations • • • 11.14 

Important Physical or Hydrologic Characterizations. • 11.14 

DATA PROCEDURES FOR THE REFERENCE SITE ANALYSIS • • • • 11.15 

Geologic Setting • • • • 11.15 

Sampling Procedures • • • • • • • 11.15 

Mineralogic Characterization of Outcrop Samples • • 11.16 

Whole Sample Chemical Analyses. • • 11.17 

X-Ray Diffraction • • • • • 11.17 

Electron' Microprobe Feldspar Chemi cal Analyses • • 11.24 

Conclusions • • • • • • 11.24 

GROUND-WATER CHARACTERIZATION • • 11.32 
r-· 

" ,- BATCH Kd EXPERIMENTS 00 THE OUTCROP SAMPLES 11.33 

Experimental Results on Outcrop Samples • • 11.35 

Interpretation of Outcrop Results · • • • 11.37 

Kd VALUES SELECTED FOO USE IN THE REFERENCE SITE ANALYSES • 11.38 

CHAPTER 12 - EXTERNAL REVIEW OF WORKING DOCUMENT PNL-2955 • 12.1 

REQUEST FOR PEER REVIEW • • • • • • • 12.1 

EXTERNAL REVIEWERS· • • • • • • • • • • 12.6 

EXTERNAL REVIEWERS' RESPONSES TO QUESTIONS • • • • • 12.7 

SUMMARY TO QUESTION RESPONSES • • 12.9 

EXTERNAL REVIEWERS ADDITIONAl COMMENTS • • • • • 12.10 

Topi c - Human Intrusion Into a Nuclear Waste Repository 
Located In a Salt Dcme • • • • • • 12.10 

xiii 



 

  

   

  

   

  

     

  

  

  

 

Topic - Solution Mining Scenario • 

Topic - Dose Calculations and Assumptions 
Topic - Geotransport Analyses • 

Topic - Natural Dissolutioning Scenario. 

Topic - Engineered Barriers 

Topic - Source Term and Retardation Analyses • 
Topic - Site Characterization. 

Topic - Scenario Analysis Methodology 

Topic - Geotransport Analysis Methodology 
REFERENCES 

xiv 

12.22 

12.33 

12.40 

12.46 

• 12.49 

12.52 

12.60 

12.61 

12.65 

Ref .1 



    

    

    

       
      

    

       

       

     

       
       

       
  

      
   

        
    

      

          
  

       
     

     
        

    

       

        
    

       
    

 

 

'-

1.1 

1.2 

1.3 

1.4 

2.1 

4.1 

4.2 

4.3 

4.4 

5.1 

5.2 

5-.3 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

WISAP Task Interrelationships 

Regional Location Map • 

Site Cross-Section East-West 

FIGURES 

• 

• 

• 

• 

Areal Representation of the Hypothetical Nuclear Waste 
Repository Located in the Hainesville Salt Dome. 

Consequence Analysis Schematic Diagram • • 

Schematic Representation of the Multiple Barrier System 

Potential Competing Uses of Salt Domes • 

Hypothetical Solution Mining Operation • • 

Areal Representation of the Hypothetical Nuclear Waste 
Repository Located in the Hainesville Salt Dome • 

Schematic Representation of the Waste Repository and 
Host Environment • • • 

Schematic Representation of the Operational Phase 
Solution Mining Breach. • 

Schematic Representation of the State of the Geologic 
System Following Solution Collapse. • 

Schematic Representation of Salt Dome Hydrogeology. • 

Finite Element Grid with Closer Node Spacing Near. the Salt 
Dane Breach. • 

Regional Stratifications Used for S1mulation c of Flow 
Through the Salt Dome Breach. • • 

Three-Dimensional Stratifications of the Reg'ion 
Adjoining Salt Dane Used for Simulation of Flow Through 
the Salt Dome Breach • • 

Schematic Representation of Collapsed Salt Dome. • 

Uniform Finite Element Grid for Simulation of Flow 
after Salt Dome Collapse • 

Reg10nal Strat1fications Used for Simulation of Flow 
after Salt Dome Coll apse • • • • 

xv 

• 

• 

• 

• 

• • 

• • 

• 

• 

1.2 

1.5 

1.7 

1.8 

2.5 

4.2 

4.38 

4.42 

4.44 

5.9 

5.13 

5.15 

6.2 

6.5 

6.6 

6.7 

6.10 

6.11 

6.12 



     
     

       
 

       

      
         

       
       

        
          

      

 

 

 

   

    

    

    

    

    

    

    

    

    

    

      

          

         
       

      
    

6.8 Three-Dimensional Stratifications of the Region 
Adjoining Salt Dome after Collapse 6.13 

7.1 Geometry and Boundary Conditions for the Wilcox-Carrizo 
Aquifer • 7.3 

7.2 Net-Sand Map of the Undivided Wilcox Group. • 7.6 

7.3 Modeled Ground-Water Aquifer Showing Potential Contours 
and Flow Tubes from the Hainesville Salt Dome, Case 1 7.9 

7.4 Modeled Aquifer Showing Potential Contours and Flow 
Tubes From the Hainesville Salt Dome, Case 2 7.10 

7.5 Subregion Model With Plotted Contours and Flow Tubes 
from the Edge of the Salt Dome to a Pumping Well 7.12 

8.1 Isotope C-14, Concentration vs Time. 8.11 

8.2 Isotope C-14, Concentration vs Time. 8.12 

8.3 Isotope C-129, Concentration vs Time · 8.13 

8.4a Isotope Cs-135, Concentration vs Time. 8.15 

8.4b Isotope Cs-135, Concentration vs Time • 8.16 

8.4c Isotope Cs-135, Concentration vs Time. 8.17 

8.5 Isotope Tc-99, Concentration vs Time · 8.18 

8.6a Isotope Np-237, Concentration vs Time. 8.19 

8.6b Isotope Np-237, Concentration vs Time. 8.20 

8.6c Isotope Np-237, Concentration vs Time. 8.21 

8.7 Isotope U-233, Concentration vs Time · 8.22 

8.8 Isotope Th-229, Concentration vs Time • 8.23 

10.1 Multiple Barrier System, Near-Field Region • 10.6 

10.2 Appearance of Spent Fuel with a Burnup of 28.0 MWd/KgU 10.11 

10.3 Fragment of H. B. Robinson II Fuel, 28.0 MWd/kgU, 
Showing Microprobe Step-Scanning Path, A to B. 10.12 

10.4 Microprobe Measured X-Ray Intensities for Plutonium, 
Technetium, and Barium • 10.13 

xvi 



      
   

      
   

     

        

       

        
       

 

       
      

    

     

     

      
  

      
  

     
 

      
  

      
  

      
  

       
 

      
 

      
 

 

".- . 
i 

10.5 

10.6 

10.7 

10.8 

10.9 

10.10 

11.1 

11.2 

11.3 

11.4 

11.5 

11.6 

11.7 

11.8 

11.9 

11.10 

Microprobe Measured X-Ray Intensiti es for Cesilll1, 
Zirconium, and Iodine • • • 

Microprobe Measured X-Ray Intensities for Ruthenium, 
Tellurium, and Cerium. 

IAEA leach Test Container •• • • 

Spent Fuel - IAEA leach Test, WIPP "B" Brine 

Day Upon Which Solubility limit Becomes Dominant 

Fraction of Waste Exposed Needed to Reach Solubility 
limitations for Specific Flow Rates and leach Rate 
Constants •• 

Dfstri buti on of Sr (·II) Between Montmorl11 oni te and 
Sodium Chloride - 0.1 M Sodium Acetate Solutions 
low loadi ng Sr (II) • • 

Hi gh Pressure Sorpti on Apparatus • • • 

Radionuclide Interaction in Geologic Media 

Optical Photomicrographs - Calvert Bluff Formation -
Carri zo Sand •• 

• 

• 

• 

• 

• 

• 

Optical Photomicrographs .. Hooper Formation .. Queen City 
Sand • ••• • 

Optical Photomicrographs .. Reklaw Formation .. Simsboro 
Formati on • • ••• • 

Calvert Bluff Formation .. Elemental X-Ray Emission 
Photographs, 100X. • • 

Carrizo Sand .. Elemental X-Ray Emission Photographs, 
100X • • • • •• • 

Hooper Formation .. Elemental X-Ray Emission Photographs, 
100X • •••• • 

Queen City Sand - Elemental X-Ray Emission Photographs, 
100X • • • . • •• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

11.11 Reklaw Formation .. Elemental X-Ray Emission Photographs, 
100X •• •• 

11.12 Simsboro Formation - Elemental X-Ray Emission Photographs, 
100X • •• ••• 

xvii 

• 

• 

• 

• 

• 

• 

• 

• 

• 

10.14 

10.15 

10.18 

10.22 

10.27 

10.29 

11.7 

11.9 

11.13 

11.20 

11.21 

11.22 

11.25 

11.26 

11.27 

11.28 

11.29 

11.30 



       

       

       

      

         
     

     
       

        
  

      

       

        

        

        
    

          

         
  

      
  

      

       

           
        

        
      

       

       

 

 

 

 

 

 

 

( 
'\..... 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

4.1 

4.2 

5.1 

5.2 

6.1 

6.2 

7.1 

7.2 

7.3 

8.l 

8.2 

8.3 

TABLES 

Radiation Doses Calculated for Solution Mining Scenario 

Radi ati on Doses Cal cul ated for Sol uti on Mini ng Scenari 0 

Radiation Doses Calculated for Solution Mining Scenario 

Radiation Doses Calculated for Solution Mining'Scenario 

• 

• 

• 

• 

Ingested Curies of Isotopes Delivered to Surface, 50 Years 
of Constlllption of Table Salt. •• 

Cumulative Radiocontarninant Discharge After Geotransport 
in Curies for the Four Release Scenarios • • • 

Relative Total Body Dose Burdens Compared to Natural 
Radiation Background • 

Stratigraphic Co1t11ln East Texas Basin • 

Operations in Gulf Coast Salt Domes • 

• 

• • 

• 

• 

• 

• 

• 

Parameters for Solution Mining Operational Phase Scenario • 

Changes of Parameters to Account for Future Conditions 

Estimation of Friction, Entrance, and Velocity Head Loss 
in Bore Hole Pipe • • • 

Effects of Size of Breach of Opening on Flow Rate . 

Arithmetic Mean Weather Data and Calculated AET, PET, and 
Excess Precipitation • 

Summary of Transmissivity, Permeability and Unit 
Thickness Data • • 

Case 2 F10tl Tube Data • • • • • • • 

Simulation Inventories, Half-livest and Kd Values • 

Case 1. East Texas 011 Field; Case 2. Sabine River and 
Big Cypress Bayou; Case 3. Well Pumping Case. • 

, . 

• 

• 

• 

• 

• 

• 

Cumulative Radiocontaminant Discharge in Curies for the Four 
Release Scenarios After Geotransport Based on Solution 
Mining Beginning at Time 100 Years After Closure • • 

9.1 ' Radiation Doses Calcul ated for Solution Mining Scenario 

xix 

• 

• 

• 

• 

.' 

• 

• 

• 

• 

• 

1.19 

1.19 

1.20 

1.20 

1.21 

1.23 

1.24 

4.7 

4.49 

5.12 

5.17 

6.9 

6.9 

7.5 

1.5 

1.11 

8.7 

8.8 

8.9 

9.6 



       

       

       

         
   

         
   

        
      

       
     

        
    

        
    

        
  

      

     

       

        

       
  

        

        
     

       
       

   

         

       

 

 

9.2 Radiation Doses Calculated for Solution Mining Scenario 9.6 

9.3 Radiation Doses Calculated for Solution Mining Scenario 9.7 

9.4 Radiation Doses Calculated for Solution Mining Scenario 9.7 

9.5 Total Curies of Isotopes Delivered to Surface, 50 Years 
of Solution Mining 9.9 

9.6 Ingested Curies of Isotopes for 50 Years of Consumption 
of Table Salt 9.11 

9.7 Estimated Total Body Occupational Dose Rates from Immersion 
in Effluent Salt Brine from Solution Mining 9.14 

9.8 Estimated Occupational Radiation Doses from Inhalation of 
Salt Particluates from Solution Mining 9.15 

9.9 Long-Term Population Dose Burdens from Solution Mining into 
the Hainesville Salt Dame 9.17 

9.10 Long-Term Individual Dose Burdens from Solution r~ining into 
the Hainesville Salt Dome 9.18 

9.11 Relative Total Body Dose Burdens Compared to Natural 
Radiation Background 9.19 

10.1 Particle-Size Distribution, 28,000 MWd/MTU Spent Fuel 10.10 

10.2 IAEA Leach Test Schedule 10.17 

10.3 Chemical and Ionic Canposition of Salt Brine 10.19 

10.4 IAEA Leach Test, Spent Fuel, WIPP "B" Brine 10.21 

11.1 Precision of X-Ray Fluorescence Analyses at 95% 
Confidence Limits. 11.18 

11.2 Whole Sample Chemical Analyses of the Outcrop Samples 11.18 

11.3 Mineral Phases Found in the X-Ray Diffraction Tracings 
of As-Recei ved Hainesvill e Outcrop Sampl es • 11.26 

11.4 Electron Microprobe Chemical Analyses of the Feldspars 
COI1I1Ionly Found in the Hainesville Salt Dome Samples • 11.23 

11.5 Ground-Water Analyses. • 11.33 

11.6 Experimental Kd Values (ml/g) After 21 Days of Shaking 11.36 

11.7 Kd Values for Reference Site Analyses. 11.40 

xx 



 

         

         

         

          

           

          

         

           

         

              

         

         

         

          

             

           

         

         

            

          

            

            

  

         

            

            

              

          

CHAPTER 1 

OVERVIEW 

The Assessment of Effectiveness of Geologic Isolation Systems (AEGIS) is 
developing and applying the methodology for assessing the post-closure safety 
of deep geologic nuclear waste repositories. During FY-1979 the predecessor 
to AEGIS, the Waste Isolation Safety Assessment Program (WISAP), was divided 
into four tasks, two associated with data development and two directed toward 
simulation of the repository hydrologic and geologic system. These tasks were 
designed to interact concurrently, so that a systematic methodology/data system 
would emerge (Figure l.l). Beginning 1 October 1979, WISAP was divided into 
the AEGIS and Waste/Rock Interaction Technology (WRIT) programs. AEGIS is 
essentially a continuation of Tasks 1 and 3 of WISAP (Figure 1.1), and WRIT is 
essentially a continuation of Tasks 2 and 4 of WISAP. 

Since its inception, WISAP worked toward the development of methodology 
for assessing the far-field aspect of the repository/geol~gic system. WISAP 
did not develop the methodology to include the repository- and waste-induced 
effects on the system nor to inspect the processes internal to the confines of 
the repository. These aspects are being considered 1n other DOE programs and 
will ultimately be integrated with .the AEGIS methodology. Further, WISAP 
originated as a methodology development effort, with site applications sched­
uled for subsequent years. Inpracttce, WISAP began the transition to a site­
applications orientation at the 'end, of FY-1978. This init.ial effort involved 
the exercise of the geotransportmodels based on s1te data and' scenarios that 
were provided to WISAP and that were associated with the Paradox Basin (Raymond 
et a 1. 1980). 

During FY-1979 AEGIS performed one site-applied exercise of the total 
AEGIS and WRIT methodology. That exercise is the subject of this AEGIS report, 
represent1ng the first time the full AEGIS and WRIT expertise has been focused 
on a single problem. This was the initial effort by DOE to indicate what it 
believes is necessary for a preliminary site lice~se application, and was 
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collated by ONWI into the Preliminary Information Report (PIR). The PIR was 
designed to be analogous to a Preliminary Safety Analysis Report (PSAR) for a 
repository to be built in an Interior Gulf Coast salt dome. The site chosen 
for this PIR analysis, however, would not be considered for an actual potential 
nuclear waste repository, largely because of past human activities that have 
affected the integrity of the salt dome. 
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One of the important concerns ofa PSAR or PIR is the post-closure safety 
of the repository. AEGIS efforts, then, were to exercise ~ts methodology and 
simultaneously provide the base for the post-closure safety c~apter of the PIR 
being prepared by other ONWI contractors. 

This methodology exercise has been performed within the context of cer­
tain key assumptions, including: 

• The presence of engineered barriers was not considered in order to 
provide a baseline for subsequent evaluations of the effectivness of 
engineered barriers. 

• Waste- and repository-induced effects were not explicitly considered 
in this study, as these were outside the scope of the programs at 
the time of the analyses. 

• In the development of the human intrusion scenario, assumptions 
. concerning the effect of future human activities were based on the 
currently available draft EPA standards on nuclear waste manage­
ment. Institutional controls were not assumed to be effective 
beyond 100 years post-closure, and no reliance was placed on active 
or passive controls preventing intrusion after that time. 

• In quantifying the solution mining operation, only the physical lim­
its of the system itself were relied upon; no specific level of 
technology nor specific technique of mining was assumed (except that 
a minimum level of mining capability was implicit). In addition, no 
specific monitoring of the brine for radioactivity was assumed. 

More detailed discussion of the;8ssumptions used is included·throughout the 
text of Volume 1 of this report, and a compiled list of assumptions is pro­
vided in Chapter 3. 

Again, this was an exercise of the AEGIS and WRIT methodology and an 
evaluation of a hypothetical repository in a reference salt dome, not an 
actual site assessment. The data used for this exercise are not adequate for 
an actual site assessment, nor have all the parametriC analyses been made that 
would adequately characterize the response of the geologic system surrounding 
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the repository. As this was the first exercise of the complete AEGIS and WRIT 
methodology, this report provided the initial opportunity for the AEGIS method­
ology, specifically applied to a site, to be reviewed by the community outside 
of AEGIS and WRIT. This review has resulted in some changes in this document 
and has provided significant guidance for future AEGIS and WRIT activities. 
Representative comments and AEGIS responses to the reviewers' comments are pre­
sented in Chapter 12. Continued review will assist in improving the method­
ology. Finally, this exercise was a substantial learning experience for the. 
AEGIS team. 

SALT DOME REFERENCE SITE 

This reference site initial assessment is based upon the Hainesville Salt 
Dome, which is not being considered for a nuclear waste repository. This salt 
dome is located in the central part of Wood County in East Texas (Figure 1.2), 
with the regional surface sloping generally from northwest to southeast. The 
Hainesville Salt Dome is one of 26 salt domes in the East Texas Salt Dome 
basin. Within 200 miles of Hainesville are four cities with a population of 
over 100,000: Dallas, Fort Worth, Shreveport, and Waco. 

Geology 

The sediments of the East Texas Salt Dome basin record a series of marine 
transgressions and regressions, superimposed on a progradational depositional 
basin. The basin contains a very thick formation of Louann salt, and most of 
the local structures in the basin are probably related to movements of salt 
from the Louann. 

The Hainesville Salt Dome is the northernmost shallow piercement salt 
dome in the basin. Its site area consists of approximately 542 square miles 
of rolling hill topography. Within this area the data used to characterize 
the salt dome include 11 wells penetrating the salt, one seismic reflection 
line, a basin gravity survey, and a number of wells in the vicinity of the 
salt dome. 
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The salt dome pierces 16,000 ft of stratas ranging from late Jurassic to 
Early Tertiary in age (Figure 1.3). Caprock is believed to caver the top of 
the salt dames with thickness ranging from 50 ft to more than 250 ft. This 
caprock is composed of a top zone of disseminated pyrite in carbonate. a mid­
dle zone of gray shaley carbonates and a lower zone of clears very dense 
anhydrite. The salt dome itself is made of halites with some evidence of shale 
inclusions on the periphery of the salt dome. At the repository depths the 
salt dome is assumed to be approximately 2100 acres in cross-sectional area. 
Of this area. the repository would occupy about 1370 acres surrounded by an 
800 ft buffer zone {Figure 1.4}. 

Subsurface Hydrology 

The hydrologic system in the vicinity of the salt dome consists of the 
fallowing: 

Geologic Unit 
Sparta Formation 
Weches Formation 
Queen City Formation 
Recklaw Formation 
Carrizo Formation 
Wilcox Group 
Midway Group 

aquifer 
aquitard/aquiclude 
aquifer 
aquitard/aquiclude 
aquifer 
aquifer 
aquiclude 

The Midway extends well below the repository level, and all aquifers below the 
Midway are quite saline. Thus. lower aquifer systems are not considered impor­
tant in this preliminary safety analysis, since they are not likely to be tap­
ped for human usage and they are not likely to come in contact with the repos­
itory waste. 

The Sparta and Queen City Formations were taken to be a single unit. 
Similarly. the Carrizo and Wilcox were treated as a single unit because the 
Weches is an incomplete barrier between them. The Wilcox-Carrizo aquifer is 
the most important aquifer in the study area for human utilization. Most of 

1.6 



 
   

    

 

   

        
   

     
    

 
   

      

    

     

EAST 

+ 1.000 

-13,000 

-14,000 

-15,000 

Basement 

Reference 
I/' Dome 

e-I-w 
I 

Cross-Section location Map 

. Notes: The ,figure presented represents an 
interpretation of lubsurface conditions 
based on presently available data. Some 
wariation from these cOnditions must 
be eXPected 
Depths measured in feet, 
To convert feet to meters, multiply by 
0.3048, 

~
'000 

J 21)00 

13000 

.; 4000 

Horizontal, feet 

I i ~ I 

FIGURE 1.3. Site Cross-Section East-West 

Source: Law Engineering Testing Company 1979b 

1.7 

WEST 

... 1,000 

1,/J 
0 

·1,000 

-2,000 

- 3,000 

-4,000 

- 6,000 

-6,000 .. 
-7,oooi· 
-8,oooi 

t 
-9,000 m 
-10,000 

-11,000 

-12,000 

-13,000 

-14,000 

-16,000 . 
-16,000 

-17.000 

-18,000 

-19,000 

/ 



 
    

  

       
      

, 

\ 
\ 

.... ~. . ~ . 
,-·., .. 11 !.: ';. ~. i -~-:. 

.... -. - .... -r·. I-::..· ... =:,;-~-:::. ____ '.11 .... __ .. 

FIGURE 1-4. Areal Reporesentation of the Hypothetical Nuclear Waste 
Repository Located in the Hainesville Salt Dome 

1.8 



           

          

          

          

            

 

  

    

     

      

   

        

          

         

           

        

        

          

          

            

 

  

           
       

          
     

          
    

       

,.. 
/ , 
, 

the larger municipalities and industries in the region obtain their water from 
this aquifer. Importantly, this aquifer surrounds the salt dome at repository 
depth. 

The Wilcox-Carrizo 1s very thick, and thus has a moderate transmissivity 
despite a relatively low hydraulic conductivity of its sands. Pumping tests 
conducted in the aquifer in Wood County from eight wells indicated the follow­
ing characteristics: 

Transmissivity 
Well discharge rates 
Specific capacities 
Hydraulic conductivity 
Storage Coefficient 

600-19,000 gpd/ft 
50-500 gpm 

0.8-9.7 gpm/ft of drawdown 
4-700 g'pd/ft2 (50 gpd/ft2 average) 
0.00007-0.00027 (unitless) 

Using these site geologic and hydrologic characteristics, including con­
siderably more information provided by the site Geologic Project Manager (GPM), 
Law Engineering Testing Company (LETCO), AEGIS conducted a preliminary refer­
ence site assessment of a repository situated within the Hainesville Salt Dome. 
Briefly, the procedures involved the examination of potentially disruptive 
geological and huma~-induced phenomena, selection of release scenarios, simu­
lation of the near-dome hydrologic system, simulation of the regional hydro­
logic system, simulation of the transport of released radioisotopes to aquifer 
discharge points, and calculations of dose burdens based on one portion of a 
release scenario. 

RELEASE SCENARIO DEVELOPMENT 

The release scenarios were developed by a team of'AEGISstaff and 
consultants addressing the three categories of release scenarios: 

• Type 1 Scenario - resulting from a natl:'ral, continuous.sequence of 
geological processes ultimately disrupting the repository 

• Type 2 Scenario - resulting from catastrophic impact of a discrete 
event such as meteorite impact 

'. Type 3 Scenario - resulting from human-induced phenomena. 
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The scenario team used the logic structure of the scenario analysis 
model now under development by AEGIS as the basic framework for consideration 
of Types 1 and 2 scenarios. This model is not yet fully operational and has 
been developed based on the characteristics of a basalt host medium (see 
Appendix A). However, the approach built into the model was followed: specifi­
cally, AEGIS staff systematically examined geological phenomena that poten­
tially could disrupt a repository. These phenomena were selected or rejected 
by the scenario team as being capable of resulting in a breach in the reference 
salt dome repository. 

Type 1 and 2 Scenarios 

This systematic consideration of the potential Type 1 and 2 phenomena 
for the Hainesville Salt Dome indicated there are no plausible mechanisms for 
a Type 1 or 2 breach within the million-year time frame under AEGIS considera­
tion. Therefore, for that time frame, no natural geologie breach scenario is 
considered by the AEGIS scenario team to be credible for the reference site. 
However, this conclusion is based on an analysis that did not consider reposi­
tory construction- nor waste-induced effects. A separate analysis would have 
to be performed to determine if those effects could lead to plausible Type 1 or 
Type 2 breach scenarios. Additional and more detailed geologic investigations 
would be required to substantiate this conclusion. 

Natural dissolutioning of the salt dome by the ground water flowing past 
the dome was considered to be a plausible breach mechanism in the few-to-many 
million year time frame. Thus, to provide an exercise of a natural geologic 
scenario causing a breach, and a subsequent exercise of the consequence analy­
ses, and to provide a conservative bound on the geologic system, AEGIS selected 
a natural dissolutioning scenario occurring at a time 1 x 106 years post­
closure as one that would require further consideration. As of the date of 
this report though, consequence analyses on this natural geologic scenario 
have not been performed. 

The scenario actually selected for of the consequence analysis, dissolu­
tioning caused by solution mining activities, was considered by the scenario 
team to be the most plausible breaching scenario to occur within the given 
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million-year time frame. as discussed ·below. The scenario actually analyzed 
exposes the repository contents to the same hydrologic system involved in natu­
ral d1ssolutioning. The consequences of any natural dissolutioning scenario 
are expected to be of less magnitude than the consequences of the solution 
mining scenario because of radioactive decay of the repository inventory by 
the later time of the natural dissolutioning. 

TyPe 3 Scenario 

A comprehensive assessment of the safety of a waste repository must 
include some analysis of how humans might cause a future interaction between 
remaining radioactive materials and the human environment. The consequences of 
deliberate or inadvertent human intrusion. in teMmS of radionuclides released. 
could far outweigh the consequences of release through gradual ground-water 
contamination. For this reason. consideration 'of how future human activities 
might affect the repository integrity must be incorporated. into potenti al 
release scenario analyses. 

At the time of this assessment a structured methodology for dealing with 
potential human-induced repository breaches had not been developed; however, it 
seems unlikely that the probabilities for such events could be guantified as 
events in the geologic process currently are. The history of human activities 
is extremely brief in comparison with geologic history. While the probability 
of occurrence of geologic activities can be quantified based on 10ng-teMm 
• 

histories of those activities, human activities cannot be Similarly treated. 
Geologic processes are often dated in many millions of years; hominid prede­
cessors, Australopithecus and ~ habilis. however. have. existed only within 
the past few million years. The appearance of modern humans is dated from 
about fifty thousand years ago, while the existence of agricultural systems and 
the· recording by humans of history can be traced for only ten thousand years or 
less. Any analysis that would attempt to categorize past human activities and 
project those categorizations into the future must currently be qualitative in 
nature.and highly uncerta1nin1ts predictions. 

An analysis of future human~induced activities that might compromise the 
integrity of a repository sited in a salt dome can be structured to discuss a 
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range of potentialities. The methodology involves an examination of the range 
of known past human activities that might, if repeated, breach the reposi­
tory. Separate analyses can be made of those activities that would breach the 
repository intentionally and those that would result in an inadvertent breach. 
Finally, any analysis of human-induced phenomena is highly time-dependent in 
character, as related to the presence and quality of institutional controls and 
passive information transfer. 

There exist at least three phases of institutional control based on pre-' 
dictive reliability: 

• short term (less than 50 years after closure of repository) -
Reasonable predictions can be made about stability, goals, and 
operation of human institutions, as well as degree of uncertainty. 

• intermediate term (100-200 years after closure of repository) -
Predictions are based largely on extrapolation or projection of 
present trends; there is a limited degree of confidence, which 
decreases with time. 

• long term {more than 100-200 years after closure of the repository} -
Uncertainties dominate. 

Draft Environmental Protection Agency (EPA) regulations on disposal of 
high-level radioactive waste, available at the time of scenario development, 
stated that controls for the repository that are based on institutional func­
tions cannot be relied upon for longer than 100 years after closure. AEGIS 
neither endorses nor rejects the tenets of these EPA draft standards; however, 
for purposes of this analysis, loss of institutional control, regardless of 
cause, is presumed at 100 years after repository closure. One of the purposes 
of control of the repository site is the transfer of information about the 
nature of the repository and the dangers inherent in the release of the radio­
active materials it contains. Implicit in the loss of physical control of the 
site is the possibility that the effective intergenerationa1 transfer of infor­
mation would be lost, or that only a partial transfer would be made. Current 
EPA draft regulations require supplemental controls to be designed using the 
most permanent markers and records practicable to communicate the nature and 
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hazard of the material and its location. In spite of these precautions, the 
possibility remains that information transfer might not effectively survive, 
intact and intelligible, for any period significantly longer than that presumed 
for institutional control to the degree necessary for reliance in protecting 
the environment from the radioactive waste. 

Based upon these considerations the AEGIS team considered the possi­
bilities of deliberate intrusion of a repository. Probable knowledge of the 
nature of the repository contents can be inferred from the society's tech­
nological capability and desire to intrude deliberately into the repository. 
This scenario was discarded for further consequence analysis on the basis that 
a future society intruding into a repository, while fully knowing the nature of 
the 'repository, assumes upon itself the inherent risk burden of such activity. 
Draft federal regulations support this decision. 

Inadvertent Intrusion 

Inadvertent human intrusion is defined to include those activities of a 
future society carried out without adequate knowledge of the presence or nature 
of the repository. The hazard of such inadvertent intrusion exi sts after 'a 
loss of institutional control over the repository site. One of the primary 
reasons for geologie disposal is to keep the waste and humans separated. 
Implicit in this is a judgment that it is incumbent on the present society to 
minimize the risk of future inadvertent intrusion; hence, consideration of 
inadvertent human intrusion was deemed essential to a post-closure safety 
analysis. Draft federal regulations support this decision, suggesting that 
for an actual site analYSis involved, i,n the licenSing process a human 
intrusion analysiS would be,required. 

The physical features that make a salt dome attractive as a repository 
for nuclear waste isolation also make it attractive for current, and, pre­
sumably, future alternative uses. Salt domes are large, accessible concentra­
tions of a relatively pure mineral that has biological and cultural value to 
humans. Other mineral depOSits are frequently associated with salt domes. 
Also, salt domes are a valuable resource for the geologic stability of cavi­
ties created within them for storage of such materials as compressed air, 
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petroleum, and natural gas. The rate of such utilization has been increasing 
for several years, and current rates of salt dome utilization indicate that 
all Interior Gulf Coast salt domes will be significantly exploited in the next 
few centuries (Griswold 1980). 

AEGIS scenario staff looked at potential uses of salt domes and at poten­
tial means of such utilization. Key to this part of the scenario development 
is the nature of solution mining. This technique was found to have a long 
historical record and to require a relatively unsophisticated technology, to '_ 
be an efficient means of removal of the contents of the salt dome without the 
physical presence of humans within the geomedia, and to be a commonly used 
practice in many salt domes in the Interior Gulf Coast, as in other areas. 
These factors led to the conclusion that a remote-controlled, solution mining 
intrusion into a salt dome containing a repository, subsequent to loss of 
institutional control is a quite plausible Type 3 scenario. 

Type 3 Scenario Used in the Reference Site- Analysis 

Based upon this conclusion, the AEGIS staff designed a Type 3 scenario in 
the level of detail needed to perform consequence analyses. The specifics of 
the scenario analyzed are not of primary importance; AEGIS is not predicting 
that this particular sequence of events will occur. Rather, AEGIS is using 
the scenario as representative of the processes involved in human-intrusion 
scenarios of which there are a large number of potential specific scenarios. 

The specific human-intrusion scenario of this analysis involves the solu­
tion mining of the salt dome for the purpose of producing salt. The initial 
intrusion was assumed to immediately follow the loss of institutional control, 
i.e., 100 years. However, to illustrate the effect of that timing on the con­
sequences, an identical scenario was analyzed, initiating 1000 years after 
closure. In addition, analyses of the consequences of human intrusion over 
the very long term are presented in this revised report. The solution mine 
was assumed to remain operational until it breached the side of the salt dome, 
opening a pathway from the surface or Queen City-Sparta aquifer, through the 
salt dome, to an exit into the Wilcox-Carrizo aquifer. 

In this scenario there are two pathways to the surface for contaminated 
water: 1) by leaching of radionuclides into the brine that is pumped to the 
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surface during the operational phase of the mine, and 2) by subsequent leach­
ing of contaminated brine into the Wilcox-Carrizo aquifer and geotransport to 
the aquifer discharge sites. Pathway 1 is generic to salt domes, whereas 
pathway 2 must be analyzed in a site-specific assessment. The latter pathway 
has three phases: 1) leaching into the aquifer system based on an intact 
conduit as input from the surface water system, 2) leaching into the aquifer 
system after partial collapse of the geosystem above the"cavity, and 
3) leaching into the aquifer after total dissolution of the salt dome and 
concomitant collapse of the overlying strata. Because of the time contraints 
and the exercise nature of this consequence analysis, this three-phase scenario 
was simplified into two phases by assuming the collapse does not occur untf1 
the salt dome dissolves down to the level of the repository. Note that the 
rate for such salt dome disso1utioning subsequent to a breach through the 
interior does not correspond to the rate of natural dissolutioning over the 
top and caprock of the salt dome. Specifically, total salt dome disso1utioning 
down to the level of the repository after the human intrusion was calculated 
to occur as soon as 15,000 years after breach, in contrast to the millions of 
years required for the natural scenario. 

The scenario analysis provided the base case, solution mining scenario, 
with initiation at 100 and 1000 years after closure. In addition, a regional 
scenario was developed. showing the possible effects on the geotransport sys­
tem of changes that could occur before the breach (e.g., climatic changes and 
elimination of a current, major water withdrawal by human activities). Some 
of these aspects were included, or may be addressed in future simulations, 
as varfations on the base case scenario. 

QUANTIFICATION OF stENARIO CONDITIONS 

Translation of the scenarios into the initial conditions of the conse­
quence models proved to be a more difficult exercise than had been anticipated. 
Specific questions that had to be addressed included: 

• estimation of the cavity size, shape, water turnover times, and flow 
rates at the exit into the aquifer 
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• estimation of the distribution coefficient (Kd values) associated with 
retardation of the radionuclides by the geomedia 

• estimation of the solubility limits imposed on the transport system 

• estimation of the salt dome dissolutioning rate and subsequent collapse 

• estimation of the near:dome hydrologic system before and subsequent to 
collapse of the salt dome 

• estimation of the effects on the regional hydrologic system of eliminating 
the current human activities affecting the Wilcox-Carrizo aquifer. 

SOURCE TERM 

Briefly, these estimates were made as described below. Leach rates 
were measured by the WRIT program using the International Atomic Energy Agency 
(IAEA) standardized procedure for spent fuel that had been pushed out of its 
cladding. Data taken after 467 days of leaching showed that essentially con­
gruent dissolutioning of the spent fuel occurs at the rate of uranium leaching. 
This rate is a function of surface area; therefore, particle size distribution 
was measured by WRIT on pushed-out spent fuel by sieving a sample in the hot 
cell. The particle size distribution and leach rates were included in an AEGIS 
leaching computer model. This model includes compensation for temperature 
effects, based on an Arrhenius function, and for decreaSing surface area as 
each particle dissolves. Results from this simulation indicated the entire 
repository contents could be dissolved in a few tens of years; however, 
results showed the potential for the solubility limits to be exceeded. 

To address this possibility, the near-dome hydrology had to be simulated 
by AEGIS using the three-dimensional finite element model to provide an esti­
mate of the water flow rates through the repository. Initial simulations gave 
rates for the first phase of the geotransport of a few hundred gallons per 
minute. To assess the sensitivity of the results to the size of the aperture 
at the side of the salt dome opening into the Wilcox-Carrizo aquifer, sensi­
tivity analyses were performed using various sizes of openings. Results showed 
that a very large increase in the aperture size only increased the flow rates 
by 10-20%. Hence, it was concluded that the flow rates through the repository 
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,-- are primarily limited by the physical nature of the receiving aquifer. As 
such, the flow rates are not sensitive to the particular opening site assumed. 

Using the estimates of the flow rates during phase one of the geotrans­
port simul ation, it was calcul ated that the uranium would have to be in solu-

. . , 

tion orders of magnitude above the best estimates of solubility limits for the 
ground-water system to deliver the quantity of material in the time predicted 
by the leaching model. Therefore, the source term of uranium is limited by a 
solubility ceiling, not by leach rates from the spent fuel. 

The WRIT leach data had shown congruent dissolutioning of the radioiso­
topes in the spent fuel at the rate of uranium leaching. This seems reason­
able, in that most of the radionuclides are bound within the uranium oxide 
matrix that constitutes the bulk of the spent fuel. Thus, the source term of 
the non-uranium isotopes was taken to be proportional to the fractional release 
of uranium. Because of this, each individual isotope does-not necessarily 
reach its own solubility limit. 

Further AEGIS calculations showed that the solution mining operational 
/" phase also becomes solubility limited within a short period after initiation 
\~- of the intrusion. According to these calculations the solubility limitation at 

the flow rates assumed for the solution mining operation is reached with only 
a small fraction of the repository being exposed. This leads to the conclusion 
that after this small fraction ,is exposed, any further increase in the exposure 
of the repository will have no effect on the quantity of radioisotopes deliv­
ered to the surface. In fact, a solution mining event with only 1/50 of the 
exposed fraction·of the scenario used here would produce the same dose results. 

SORPTION DATA 

The data (other than source term and site characteristics) needed for 
geotransport calcu1 ations are associ ated with the 'retardation of radioisotopes 
by the geomedia through which the ground-water passes. WRIT obtained from the 
Geologic Program Manager (GPM) some outcrop samples of the aqu1fers associated 
with the Hainesville area for determination of the distribution coefficients 
(Kd values). Inspection of these samples suggested that excessive weathering 
and the presence of organi cs mi ght: make thei r measured -sorpt1Ye properti es not 
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representative of the actual geomedia. Kd measurements were performed on these 
by WRIT, and many values seemed unrepresentative (nonconservatively high). 
Based on WRIT's mineral characterization of these samples, all were found to 
be essentially quartz, with secondary minor inclusions. Therefore, to provide 
a representative, conservative assessment, Kd values on quartz in brine and 
bicarbonate waters were selected from the WRIT generic data bank for use in 
this analysis. As such, the Kd values used may differ significantly from the 
values for actual geomedia. If this were an actual site analysis accompanyi.ng 
a site license application, Kd values would have been measured on actual uncon­
taminated core samples from the various formations involved. Thus, the results 
from the geotransport part of this reference site analysis may not be represen­
tative of actual geotransport; however, these geotransport analyses do demon­
strate the types of analyses that would be performed by WRIT and AEGIS. 

CONSEQUENCE ANALYSES 

Using these scenarios and data, the consequence analyses were performed 
by AEGIS, including the· operational phase of the solution mining scenario and 
the geotransport phase subsequent to the breach of the salt dome. Because of 
the inherent limitations of dose calculations (related to the time scale of 
demographic and societal changes that affect dose values), AEGIS initially 
limited dose-to-human calculations to the time period then specified in the 
EPA draft standards for health effects, 1000 years. (It should be noted that 
more recent EPA draft standards do not have this 1000-year criterion.) Thus, 
dose calculations were initially presented for the operational phase of the 
solution mining at times 100 and 1000 years after closure. In this revised 
report, doses are calculated for solution mining over the very long term. No 
dose calculations were performed for radioisotopes entering the biosphere 
after geotransport, because such transport took, at a minimum, about 
15,000 years after the breach occurs. 

For this analysis, the calculated doses are summarized in Tables 1.1 
through 1.5. For the geotransport analyses, simulations were run for a base 
case and several variations. Output was obtained for each radionuclide for 
each scenario variation and is presented in Appendices G and H. A summary of 
the quantity released via geotransport to the surface is listed in Table 1.6. 
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TABLE 1.1. Radiation Doses Calculated for Solution Mining Scenario 

(Uranium Solubility Limited, 50-year Ingestion--Base Case) 

A. 70-Year Po~ulation Dose z* man-rem 

Oraan of Reference 
Decax Time Tota' ~oaX Bone [ung Th,lZO;a 

100 Years 1.6 x 1011 6.5 x lOll 2.8 x 109 4.7 x 106 

1000 Years l.3 x 109 3.0 x 1010 3.7 x 104 4.7 x 106 

B. 70-Year Individual Dose Commitments! rem 

100 Years 1.1 x 104 4.4 x 104 1.8 x 102 3.2 x 10-1 

1000 Years 8.4 x 101 2.0 x 103 2.5 x 10-3 3.1 x 10-1 

* Based on affected population of 15 million. 

TABLE 1.2. Radiation Doses Calcula~ed for Solution Mining Scenario 

(Uranium Solubility Limited, I-year Ingestion) 

A. 70-Year Po~ulation Dose! man-rem 

Decax Time Tota' ~oaX 
Organ of Reference 
Bone Lung Th~ro;a 

100 Years 3.,3 x 109 1.4 x 1010 5.5 x 107 9.5 x 104 

1000 Years 3.5 x 107 8.6 x 108 7.5 x 102 9.4 x 104 

B. 70-Year Individual Dose! rem 

lOO-Years 2.2,x 102'. 9.6 x 102 3.7 6.3 x 10-3 

1000 Years 2.3 5.7 x 101 5.0 x 10-5 6.3 x 10-3 
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TABLE 1.3. Radiation Doses Calculated for Solution Mining Scenario 

(Uranium Solubility Limited, la-year Ingestion) 

A. 70-Year Population Dose, man-rem 

Total Bodl 
Organ of Reference 

Decal Time Bone Lung Thl!:oid 

100 Years 3.3 x 1010 1.4 x lOll 5.5 x 108 9.5 x 105 

1000 Years 3.3 x 108 8.2 x 109 7.5 x 103 9.4 x 105 

B. 70-Year Individual Dose Commitments! rem 

100 Years 2.2 x 103 9.5 x 103 3.7 x 101 6.3 x 10-2 

1000 Years 2.2 x 101 5.5 x 102 5.0 x 10-4 6.3 x 10-2 

TABLE 1.4. Radiation Doses Calculated for Solution Mining Scenario 

(Uranium Solubility Limited, 25-year Ingestion) 

A. 70-Year Population Dose, man-rem 

Organ of Reference 
Decal Time Total Bodl Bone Lung Thl!:0id 

100 Years 8.3 x 1010 3.5 x 1011 1.4 x 109 2.4 x 106 

1000 Years 7.7 x 108 1.9 x 1010 1.9 x 104 2.4 x 106 

B. 70-Year Individual Dose Commitments z rem 

100 Years 5.5 x 103 2.3 x 104 9.2 x 101 1.6 x 10-1 

1000 Years 5.1 x 101 1.2 x 103 1.2 x 10-3 1.6 x 10-1 

For this revised report, the total-body doses have been compared to the 
total-body doses received from natural background radiation. These comparisons 
have been made for times of human intrusion long after closure. These results 
are presented in Table 1.7. 

Conclusions 

A primary goal of this work, the exercising of the AEGIS methodology, was 
a success both in terms of demonstrating the methodology and thereby providing 
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TABLE 1.5. Ingested Curies of Isotopes Delivered to Surface, 50 Years 
of Consumption of Table Salt 

Time 
Isoto(!e Hio Years 1000 Years 101000 Years 301Dr':iO Years 

. H3 62 0 0 0 
C14 32 29 9.8 0.9 
C136 0.3 0.3 0.2 0.2 
Fe55 2.1 x 10 .. 7 0 0 0 
Co60 0.3 0 0 0 
Ni59 72 72 66 56 
Ni63 4.9 x 103 5.6 0 0 
Se79 8.9 8.5 7.7 6.2 
Kr85 310 0 0 0 
Sr90 1.4 x 105 3.1 x 10-5 0 0 
Y90 1.4 x 105 3.1 x 10-5 0 0 
Zr93 69 69 68 67 
Nb93m 58 58 58 57 
Nb94 22 21 16 7.8 

, /' Ma93 0.5 0.4 4.9 x 10-2 4.8 x 10-4 
, 
, 

T~99 280 280 270 250 
Pd10Y 2.4 2.4 2.4 2.4 
Sn121m 2.7 1.1 x 10-5 0 0 
Sb125 3.4 x 10 .. 6 0 0 0 
Te125m 8.2 x 10-7 0 0 0 
Sn126 16 16 15 13 
Sb126 2.3 2.3 2.1 1.8 
Sb126m 16 16 15 13 
1129 0.7 0.7 0.7 0.7 

Cs135 8.2 8.2 8.2 8.1 
Cs137 2.2 x 105 2.2 x 10-4 0 0 
Ba13.7 2.1 x 105 2.1 x 10-4 0 0 
Pm147 9~7 x 10.;.6 0 0 0 
Sm151 3.8 x 103 4.6 0 0 
Eu154 68 0 0 0 
Eu155 5.3 x 10-2 0 0 0 

Subtotal 7.2 x 105 6.0 x 102 5.4 x 102 4.8 x 102 
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TABLE 1.5. (contd) 

Time 
IsotoQe 100 Years 1000 Years 102000 Years :l02000 Years 

Pb210 3.0 x 10 -4 6.1 x 10-2 2.6 9.1 
Pb214 5.3 x 10-4 6.1 x 10-2 2.6 9.1 

Bi210 3.0 x 10 -4 6.1 x 10-2 2.6 9.1 
6;214 5.3 x 10-4 6.1 x 10-2 2.6 9.1 

Po210 3.0 x 10-4 6.1 x 10-2 2.6 9.1 
Po214 5.3 x 10-4 6.1 x 10-2 2.6 9.1 

Po218 5.3 x 10-4 6.1 x 10-2 2.6 9.1 
Rn222 5.3 x 10-4 6.1 x 10-2 2.6 9.1 

Ra226 5.3 x 10 -4 6.1 x 10-2 2.6 9.1 

Th230 2.6 x 10-2 0.3 3.3 9~0 

Th234 7.1 7.1 7.1 7.1 

Pa233 8.7 21 25 25 

Pa234m 7.1 7.1 7.1 7.1 

U234 33 41 40 38 

U236 5.3 5.6 7.3 8.3 

U238 7.1 7.1 7.1 7.1 

Np237 8.7 21 25 25 

Np239 330 310 140 22 

Pu238 2.2 x 104 1.0 x 104 4.0 x 103 510 

Pu239 6.8 x 103 6.6 x 103 5.2 x 103 3.0 x 103 

Pu240 1.1 x 104 1.0 x 104 4.0 x 103 510 

Pu241 2.3 x 104 0.4 0.2 3.5 x 10-2 

Pu242 48 38 37 36 

Am241 8.1 x 104 1. 9 x 104 0.2 9.5 x 10-3 

Am243 330 310 140 22 

Cm242 51 0.8 0 0 

Cm244 660 0 0 0 

Subtotal 1.5 x 105 3.6 x 104 9.7 x 103 3.8 x 103 

TOTAL OF 
ALL ISOTOPES 

8.7 x 105 3.7 x 104 1.0 x 104 4.3 x 103 CONSUMED 

1.22 



     
     

  

 

 

 

 

 

 

 

 

  

 

       
     
      
     
        

     
      

/'" TABLE 1.6. Cumulative Radiocontaminant Discharge after Geotransport 
Curies for the Four Release Scenarios 

Cumulative Discharge {curies} 

Simulation Number 
Nucl ide {il ~2al {2bl I3l 141 

14c 5. 21E3** 8.9OE1 1.52E2 2.50E4 8.88£1 
79Se 0 0 '0 0 0 

99Tc 5.43E5 2.46E5 3.88E5 4.32E5 2.46E5 
1291 2'. 28E3 1.14E3 1.14E3 2.28E3 1.10E3 
135Cs 2.49E4 7.74E3 7.71E3 1.66E4 7.68E3 
240pu 0 0 0 0 0 
236U 2.9OE4 1.44E4 1.44E4 2.91E4 1.44E4 
232Th 1.13E-1 4.73E-2 ' 4.84E-2 . 4. 84E-2 3.87E-1 
241 Am 0 0 0 1.07E6 0 
237Np 8.05E4 3.53E4 3.50E4 8.67E4 4.0E4 
233U 7.31E4 4.90E4 5.12E4 1.52E4 2.84E4 

r 
I 

229Th 4.47E3 2.08E3 1.95E3 7.49E2 1.17E3 
\.... 242pu 0 0 0 .0 0 

238U 2.45E4 1.22E4 1.22E4 2.45E4 1. 22E4 
234U 9.64E4 2.83E4 3.06E4 1. 31E5 3.39E4 
230Th 4.33E3 1.24E3 1.37E3 3.59E3 1.07E3 
226Ra 9.48E3 2.55E3 . 3.19E3 8.30E3 1. 73E3 
243Am 8.75E4 3.08E3 4.55E3 3.29E5 3.08E3 
239pu 2.26E2 S.36 6.81 3.89E2 9.27 
235U. 8.16E2 . 4,. 12E2 6.00E5 7.82E2 5.50E5 
231Pa 2.75£1 . 7.48 1.26E1 2.96£1 5.93 

(1~ Base Case. East Texas oilfield discharge. 
(2a Base Case. Sabine River discharge.* 
(2b) Base Case. Big Cypress Bayou discharge.* 
~3~ Base Case. Well pumping case. 
4 Base Case. Sabine River discharge. Lower bound Kd. 
* Represents half of released inv~ntory. 

** Canputer notation for 5.21 x 10. 
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TABLE 1.7. Relative Total Body Dose Burdens Compared to Natural 
Radiation Background 

Time of Intrusion 
(yr after closure) 

100 
1,000 

10,000 
50,000 

100,000 
500,000 

1,000,000 

Multipliers Above Background* 
(50 yr ingestion) 

(individual doses) 
1,571.4 

12.0 
6.7 

27.1 
41.4 
37.1 
20.0 

* Background here is taken to be 100 mrem/yr, or 
approximately 7 rem/70 yr lifetime. Actual 
background varies from this depending on the 
location of the individual. 

a basis for substantive peer review and in terms of further developing the 
capability for site assessment. In the process of performing this, the evalua­
tions led to some preliminary conclusions concerning the salt dome reference 
site repository. These conclusions are subject to the limitations of the data 
used: 

• Human intrusion, involving solution mining and a subsequent breach, 
potentially could deliver a substantial quantity of the nuclear 
waste inventory to the accessible environment, based on plausible 
scenarios. 

• Engineered barriers that are totally effective in providing con­
tainment could alleviate the operational-phase consequences of a 
solution mining intrusion, if the intrusion occurred during the life 
of the barrier. For example, ,if the intrusion occurred at 100 yr 
after closure and if all barriers lasted more than 150 yr no radio­
isotopes would be delivered to the surface during the mining opera­
tions. Geotransport of the radioisotopes, however, could still 
occur after the engineered barriers were no longer effective, because 
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a pathway to the accessible environment might exist. It is outside 
the scope of this work to determine if engineered barriers could be 
developed that would be totally effective throughout the physically 
disruptive breach scenario. 

• Engineered barriers that are totally effective for 1000 yr would 
have very little impact on the consequences of geotransport of the 
radionuc1ides to the surface, compared with having no barriers at 
all. (This 1s based on geotransport simul at10ns initi ated at 100 yr 
and 1000 yr after closure, the latter being analogous to an earlier 
intrusion which had no release until 1000 yr because of the engi­
neered barrier.) This lack of effect results from the long geo­
transport time to the surface (about 15,000yr) for this reference 
Site, and thus, this conclusion may not be true for other salt dome 
sites. It is.outside the scope of AEGIS to determine if engineered 
barriers could be designed to be totally effective for 1000 yr. 

• The insensitivity of the geotransport consequences to initiation at 
100 yr versus 1000 yr after closure indicates that geotransport to 
the surface is not strongly sensitive to the timing of the loss of 
institutional control, for this salt dome site. 

• Calculations based on the limitations imposed by the ground-water 
system for this reference site indicate that solubility limits are 
the determinants of the source term, where spent fuel is the waste 
form. If those solubility limits did not apply, the consequences 
from solution mining could be more severe. 

• Because of this solubility-limited situation, the dose calculations 
are remarkably insensitive to many of the quantifying parameters 
that would have been expected to be critical. For instance, the 
size of the solution mined cavity that intercepts the nuclear waste 
repository could be reduced by a factor of 50 without reducing the 
individual or population doses. The size of the solution mining 
operation itself (in terms of brine production) could be reduced by 
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a factor of 50 without reducing the doses to individuals. Impor­
tantly, the size of the solution mining operation could be reduced 
by a factor of 30, while increasing the fraction of brine going to 
culinary salt to the more realistic factor of 90%, without changing 
the doses to individuals or to the general population. 

• The calculated occupational doses to operators of a solution mining 
operation are not sufficiently acute to cause termination of the 
solution mining operations. Thus, solution mining provides a remote­
controlled means of delivering radionuclides to contact with the 
accessible environment. This contrasts with in-situ conventional 
mining (room and pillar), where the deleterious thermal and radia­
tion effects would force the termination of mining activities in the 
repository. 

• The long-term dose calculations indicate that the potential for 
adverse consequences from a human intrusion event involving solution 
mining exists beyond the one million year time frame. This conclu­
sion is contrary to the view that the hazard~ of a nuclear waste 
repository are no greater than the hazards of a comparable natural 
ore body after 10,000 yr. The difference is that the latter may be 
true for geotransport consequences, but not for the direct conse­
quences of human intrusion into an edible host medium. 

• The geology of the salt dome provides no barrier to the human intru­
sion scenario; indeed, salt domes are very localized, attractive 
resources, enhancing the likelihood of eventual human intrusion. 
The sole barriers then would have to be effective intergenerationa1 
transfer of information and/or almost totally effective engineered 

barriers that provided a sUbstantial reduction in the source term 
for an exceedingly long period of time. 

Again it should be emphasized that the AEGIS efforts for this reference 
site analysis were an exercise of the AEGIS methodology. The intent was not 
to conduct an actual site evaluation to the depth that would be appropriate 
for a site qualification or licensing. Rather, what is presented here is an 
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example of the utilization of AEGIS methodology for site evaluations. based on 
a hypothetical repository located in a reference salt dome. It is expected 
that the methodology will have progressed and the data will be adequate by the 
time of an actual site selection and licensing to reduce the uncertainties and 
to provide a sound assessment of the long-term post-closure safety of nuclear 
waste repositories. Nevertheless. these reference site analyses do provide a 
strong indication of the generic potential for human intrusion into a nuclear 
waste repository located in a salt dome. 
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CHAPTER 2 

OVERVIEW OF THE AEGIS AND WRIT PROGRAMS 

Associated with commercial nuclear power production in the United States 
is the generation of hazardous radioactive wastes. The Department, of Energy 
(DOE). through the National Waste Terminal Storage (NWTS) Program. is seeking 
to develop nuclear waste isolation systems in geologic formations with the 
objective of precluding contact of waste radionuclides with the biosphere in 
concentrations that are sufficient to cause deleterious impact 'on humans or 
their environments. Comprehensive analyses of specific isolation systems are 
needed to assess the expectations of meeting that objective. The Waste Iso­
lation Safety Assessment Program (WISAP) was established at the Pacific North­
west Laboratory (PNL). operated by Battelle Memorial Institute, for developing 
the capability of making those post-closure analyses. In FY-BO, WISAP was 
divided into the AEGIS and WRIT programs. 

Among the analyses required for isolation system evaluation is the 
detailed assessment of the post-closure performance of nuclear waste reposi­
tories in geologic formations. This post-closure assessment is essential 
because it is concerned with aspects of the nuclear power program which pre­
viously have not been addressed and that have potential long-term consequences. 
Specifically, the nature of the isolation systems and the time-scales necessary 
for isolation dictate the development, demonstration, and application of novel 
assessment capabilities. The assessment methodology needs to be thorough, 
flexible, objective, and sc;entif'ically defensible. Further, the data used' 
must be accurate, documented, reproducible, and based on sound scientific 
pri'nciples. 

The objectives of AEGIS and WRIT are to: 1) develop the capabilities 
needed to assess the post-closure safety of geologic repositories, 2) obtain 
scientifically defensible generic and site-specific data necessary for safety 
assessments, 3) provide, as needed, studies to further support these data and 
analyses, 4} demonstrate the assessment capabilities by performing analyses of 
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reference sites, 5) apply the assessment methodology to assist the National 
Waste Terminal Storage Program in site selection, and 6) perform repository 
site analyses responsive to the time schedule and to the level of sophistica­
tion required to meet the licensing needs of the National Waste Terminal Stor­
age Program. 

Post-closure safety assessments will be required with differing levels of 
detail as the repository site selection, qualification, and licensing processes 
develop. Thus, the safety assessment program will continue to evolve to match 
the requirements for technical detail and sophistication of the assessment 
input for the various site qualification and licensing stages. A post-closure 
safety assessment program must advance the state of the art for generic assess­
ment capabilities while providing the credible assessments required to evaluate 
specific geologic isolation systems. 

There are two basic components of repository post-closure safety 
assessments: 

• identification and analyses of breach scenarios and the pattern of 
events and processes causing each breach 

• identification and analyses of the environmental consequences of 
radionuclide transport and interactions subsequent to a repository 
breach. 

The scope of AEGIS at the time of this analysis was limited to long-term, 
post-closure analyses. It excluded the consideration of waste-induced and 
repository-induced processes that may affect the repository integrity, and it 
excluded the consideration of nuclear waste isolation alternatives other than 
geologic isolation repositories. The near-field/near-term aspects of geologic 
repositories are being considered by the Office of Nuclear Waste Isolation 
(ONWI)/DOE under separate programs. They are being integrated with the AEGIS 
methodology for the actual site-specific repository safety analyses. 

The Waste Isolation Safety Assessment Program was divided into a manage­
ment task and four technical tasks (Figure 1.1).° These tasks were designed to 
be integrated to produce the needed assessment methodology and site analyses, 
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as described below. The current AEGIS program involves the left half of this 
diagram, and the current WRIT program involves the right half. 

RELEASE SCENARIO ANALYSIS (AEGIS) 

AEGIS Release Scenario AnalysiS uses geoscientist teams and mathematical 
models to identify and provide bounds to the events and processes that could 
potentially affect the repository integrity. This includes the analysis of 
the interactions and consequences of phenomena that could result in a loss of 
containment by the repository. Based on the particular nature of a release 
sequence of phenomena, the condition of the geology surrounding the repository 
at the time of the breach will be determined as initial conditions for the 
consequence analysis. 

The purpose of the determination of nuclear waste repository release 
scenarios is to evaluate geologic events and processes, human--induced events 
and processes, and the impact of these on the integrity of the repository. 
Events such as earthquakes, faulting, and human intrusion, and processes such 
as erosion, uplift, and diapirism, could, alone or in concert, significantly 
alter the' geology surrounding the repository and lead to a loss of repository 
integrity. The output from scenario analyses will establish the conditions of 
the geology and hydrology surrounding the repository at the time of an identi­
fied breach, providing the major geologic boundary conditions for input into 
the consequence analysiS models. 

Development of the release scenario analytical capability is performed in 
a two-stage approach. An ~ hoc team of geoscientists 1s generating release 
scenarios for reference sites as inputs to reference site analysis.- Concur­
rently, release scenario models are being developed so that in subsequent years 
th~ models can be used to assist the scenario team in the generation of release 
scenarios. These two approaches are intimately interrelated so that the infor­
mation and data developed from the effort of the geoscientists are being used 
to aid in the conceptualization of the differing geologic parameters incorp,o­
rated 1n the developing models. Conversely, the expert team efforts are using 
the intermediate stages of the models being developed to aid in focusing the 
scenario generation. 
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The generic phase of scenario methodology development has provided the 
baseline from which actual release scenarios for reference site initial analy­
ses are being generated. The development and testing of the generic computer 
program during the initial phase of scenario analysis formed the basis for 
the development of geology-specific, second generation models. Thus, while 
sophisticated scenario models are not currently available for site applica­
tions, prerequisite steps have been completed that will simultaneously allow 
ad hoc team use of AEGIS technology for site scenario analyses and continuation 
of release scenario model development. 

RELEASE CONSEQUENCE ANALYSIS (AEGIS) 

AEGIS Release Consequence Analysis is using ground-water and radionuclide 
migration models to simulate the pathways and transit times of each radio­
nuclide to the accessible environment. For radionuclides reaching the acces­
sible environment, radiological dose models are used to compute exposures to 
humans and their environment. The release consequence analyses include: 

• simulations of water movement through the geosphere from the areas 
near the repository 

• simulations of the transport of radionuclides through the geosphere, 
driven by the water flow 

• providing source terms for the radiological dose models 

• predicting anticipated radiological dose levels for humans and their 
environment based on the geosphere simulations. 

It is assumed that the movement of radionuclides through the geosphere 
would be primarily by water transport. Thus, the geosphere transport aspect 
of this task has two components: 1) the identification, through simulation, 
of the potential ground-water pathways and transit times, and 2) the juxta­
position of the actual radionuclide movement onto this hydrologic regime, 
taking into consideration factors affecting chain decay and transport. Added 
onto the output of these geosphere models are radiological dose models, so 
that three model sets are involved in this task. Figure 2.1 is a schematic 
flow diagram for the release consequence analysis. Additionally, within each 
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model grouping are models of differing levels of complexity, so that the degree 
of model sophistication can be attuned to the adequacy of the data base for 
each particular analysis and to the purpose of the analysis (e.g., preliminary 
planning, site selection, licensing of specific site). Thus, AEGIS currently 
provides a flexible capability for consequence analysis. 

A major objective of this task is to use these existing models to perform 
reference site initial analyses to enhance the model development effort. The 

objectives are to increase the efficiency, defensibility, and credibility of 
the models so that later, more complete site-specific analyses can be performed 
to the depth required for the licensing process. 

AEGIS efforts have brought release consequence analysis to the point 
where actual site-specific analyses can now be made. Specifically, the data 
base system has been established on a flexible data retrieval system. Generic 
data have been compiled for test case model runs and verification. Site­
specific data for reference sites have been added to the system. The hydro­
logic, radionuclide-transport, and dose models selected for AEGIS use have 
been implemented; sensitivity analyses have been performed; and test cases 
have been run for verification. 

Waste Form Release Rate Analysis (WRIT) 

WRIT Waste Form Release Rate Analysis staff are investigating the leaching 

rates and processes of radionuclide release from nuclear waste forms, providing 
essential source terms for radionuclide movement. These rates are of major 
importance to breach consequences, because slower leach rates add time delays 
before the hydrologic transport of the radionuclide inventory. Such delays 
can be important factors in isolation, especially for radionuclides of rapid or 
intermediate decay rates. Leach rates are dependent on the characteristics of 
the waste forms and the extant physico-chemical conditions within the reposi­
tory at the time of breach. The functions of the leaching studies are to: 

• simulate actual repository physico-chemical conditions during the 
leach rate measurement 

• perform leaching measurements on the anticipated waste forms, geo­
media, and ground waters of specific sites for use by consequence 
analyses 
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,~ • provide actual leachate solutions for sorption measurements 

• investigate the fundamental physico-chemical phenomena governing 
waste form leaching under repository conditions for the development 
of a model for prediction of long-term waste form behavior 

• develop mathematical relationships of waste leaching for 
incorporation into the AEGIS radionuclide transport models. 

At the present time the waste forms being investigated by WRIT include 
spent fuel, high level waste (HLW) glass, and, for transuranics (TRU), con­
crete, bitumen, urea-formaldehyde, and polymers. 

The activities necessary for the acquisition of data include: 1) prepar­
ation and characterization of waste form samples, 2) measurement of leach rates 
of selected radionucl1des using leaehing solutions and physical parameters that 
span the range anticipated for waste repositories, 3) development of a data 
base from leach measurements, 4) mechanistic modeling studies for ultimate use 
in consequence analyses, and 5) preparation of leachate from actual waste forms 
for use in sorption studies. 

Sorption/Desorption Analysis (WRIT) 

WRIT Sorption/Desorption Analysis staff are investigating radionuclide 
sorption processes. If radionuclides are actually released into a transporting 
ground water, they may be sorbed by the geomedia that they contact. Irrevers­
ible sorption would act to remove the radionuclide from the ground water. 
Reversible sorption would act in a manner similar to waste form leaching, by 
providing time delays to the migration of radionuc11des. Geomedia of suffi­
cient sorptive capability could provide isolation of ' the waste from th~ acces­
sible environment by extending transit times to very long periods. As with 
lea~hing, sorption/desorption by geomedia is dependent on the specific radio­
nuclide involved and the physico-chemical characteristics of the geomedia and 
transporting solutions. Sorption analysis includes: 

• investigating the fundamental phenomena governing sorption/ 
desorption of radionucl1des by geomedia 
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• providing measured values of sorption distributions for specific 
nuclides and media 

• developing predictive equations for sorption distribution 
extrapolations for non-measured situations. 

INTRODUCTION TO REFERENCE SITE ANALYSIS 

The Preliminary Information Report (PIR) was the initial effort by ONWI 
designed to exercise the methodologies under development for performing safety 
assessments for waste repository licensing. ONWI's PIR was to be in the format 
of an eventual Preliminary Safety Analysis Report (PSAR), which would be one of 
the documents submitted with an actual repository license application to the 
Nuclear Regulatory Commission. The AEGIS reference site analysis was designed 
to assess the safety of a reference repository site considered by ONWI in the 
PIR as part of AEGIS's methodology exercise. The site assessed is based on the 
Hainesville Salt Dome, an Interior Gulf Coast salt dome, which is not being 
considered for a potential nuclear waste repository site, largely because of 
past human activities on this salt dome. 

During FY-1979, AEGIS performed for the PIR the first site-applied exer­
cise of the total AEGIS and WRIT methodology operative to date. The AEGIS 
efforts in the exercise of its methodology were performed to provide the bases 
for the post-closure safety chapter, Chapter 7 of the final PIR; however, the 
preparation of the PIR ;s being done by other ONWI contractors. 

Briefly, the procedures AEGIS followed for this exercise included the 
examination of potentially disruptive geological and human-induced phenomena, 
selection of plausible release scenarios, simulation of the near-dome hydro­
logic system, simulation of the regional hydrologic system, simulation of the 
transport of released radioisotopes directly to the surface or to aquifer 
discharge points, and calculations of doses based on portions of a release 
scenario. 

This report represents an exercise of AEGIS and WRIT methodology for a 
hypothetical repository located in a reference salt dome, not an actual site 
assessment. The data used for this exercise are not adequate for an actual 
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assessment, nor have all the parametric analyses been made that would ade­
quately characterize the response of the geosystem surrounding the repository. 
Additionally, because this was the first exercise of the complete AEGIS and 
WRIT methodology, this report provides the initial opportunity for the AEGIS 
methodology, specifically applied to a site, to be reviewed by the community 
outside of AEGIS. This review to date has resulted in some changes in this 
document and has provided significant guidance for future AEGIS and WRIT 
activities. Further review will assist in improving the methodology. Finally, 
this exercise was a substantial learning experience for the AEGIS team. 

The analyses performed for this exercise are described in the sub­
sequent chapters of Volume 1. Chapter 1 provides an overview of this report. 
Chapter 3 gives a thorough listing of the assumptions used in the analyses. 
Chapter 4 discusses the aspects of potential disruptive phenomena that need to 
be considered in developing release scenarios for the Hainesville Salt Dome 
site. Chapter 5 follows with a description of the scenarios developed, empha­
sizing the scenarios analyzed as being representative of release mechanisms. 
The near-dome simulations done to help quantify the scenarios are discussed in 
Chapter 6, and the actual simulations of the geotransport of released radioi­
sotopesare presented in Chapters 7 (hydrology) and 8 (transport). Dose cal­
culations were performed only on the operational phase of a human intrusion 
scenario; these are presented in Chapter 9. Chapters 10 and 11 discuss the 
WRIT methodology and the values actually chosen for quantification of the 
source term of the radioisotope leaching into the ground water and the subse­
quent retardation of those isotopes by the geological media. Chapter 12 pre­
sents a thorough set of comments received from the external review of the 
working document and ,responses to those comment by AEGIS~ 

Appendices presented in Volume 2 describe the scenario methodology under 
development that would be used for an actual site assessment, summary docu­
mentations of the AEGIS hydrological, transport, and dose models used, the 
input data and conceptual models used for the simulations, the graphical and 
computer listing of results from the geotransport of released nuclides, the 
detailed output from the dose calculations, a description of the site charac­
teristics, and detailed inventories and dose calculations for the long-term. 
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CHAPTER 3 

. ASSUMPTIONS IN AEGIS SALT DOME REFERENCE SITE ANALYSIS 

Included in this chapter is a list of the assumptions involved in the 
post-closure safety analyses of this report. These assumptions are grouped 
into categories and have been annotated to indicate whether they are considered 
by the AEGIS staff to be conservative, nonconservative, or reasonable. Con­
servative is here defined as an assumption that would increase the severity of 
consequences. In general, the approach taken was to select the bounding type 
of scenario for analysis. Specifically, the class of scenarios involving human 
intrusion into a salt dome repository via solution mining for the purpose of 
producing culinary salt was selected to be the conservative bound to the larger 
range of possible human intrusion scenarios. Within that class of scenarios 
the scenario analyzed was not the most conservative bounding one possible, as 
it involved both ~onservative and nonconversative assumptions. The reasonable 
values and assumptions used that were not conservative were used whenever the 
data or sound logic indicated they were appropriate. Thus, in our judgement, 
the scenario analyzed represents a conservatively realistic example of the 
conservatively bounding class of scenarios resulting in releases to the 
accessible environment. 

Upon review of these assumptions, it was concluded by the AEGIS staff that 
the geotransport aspects of the consequence analyses are site-specific, involve 
some very conservative assumptions" and represent. consequences worse than 
reasonably would be expected. The potential for' human intrusion via·:solution 
mining, on the other hand, is generic to salt domes. This form of intrusion 
represents a plausible and potentially highly consequential scenario. The 
specific analyses of this scenario include both conservative and nonconserva­
tive assumptions and values. Thus the operational phase consequences of this 
scenario do not represent the worst possible situation for solution mining. 
At present, it appears to AEGIS staff that this is conservatively represen­
tative of the consequences of a human intrusion via solution mining into a 
repository contained within a salt dome. Further parametric runs would be 
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necessary to define better the bounds of consequences from such a mechanism of 
breach. However, the scenario class is felt to be plausible and the conse­
quences to be a reasonable quantification of such an intrusion. 

There are a few key assumptions from which this analysis follows. First, 
AEGIS did not consider the potential containment afforded by engineered bar­
riers to provide a basis for subsequent barrier performance evaluation. The 
analyses in this report should provide a basis for considering the engineering 
design of a repository with respect to mitigating the consequences. Other k~y 
assumptions relate to the plausibility and timing of loss of institutional con­
trols, the question of whether passive information transfer can be relied upon 
for any or a fixed amount of time, and the question of whether active moni­
toring of radioisotopes in the salt brine or of health effects could lead 
to a discovery of the source of contamination and to a cessation of mining 
operations. For the purposes of this report~ AEGIS relied upon drafts of the 
proposed EPA standards, which were interpreted to mean that no reliance on 
institutional control can be placed beyond 100 years post-closure, that passive 
information transfer is required but is only a supplementary protection (not 
the single line of defense), and that if no reliance can be placed on institu­
tional controls beyond 100 years, none should be placed on specific technical 
knowledge that could lead to active monitoring. 

Such limitations on the reliance on human activities are properly the 
responsibility of the appropriate regulatory agencies and must involve socie­
tal decisions. AEGIS neither endorses nor rejects the tenets of the EPA draft 
standards; we do recognize the qualitative difference between reliance on human 
versus geologic characteristics. 
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ASSUMPTIONS IN AEGIS ANALYSES 

Assumption 
General 

1} Natural phenomena 
considered for 106 
years 

2) Natural phenomena 
consistent wfth past 
few 106 year record 

3) Natural dfssolution 
scenJrio at time 
• 106 years 

4) Waste-induced effects 
not addressed 

5) Insufficient data to 
characterize 
geohydrology 

Class 

Conservative 

Reasonable 

Conservative 

Nonconservative 

May be conservative 
or nonconservative 

Comments 

Not important since no 
natural breach in 106 years 

After that long, results not 
sensitive to time; bounded by 
solution mining scenario 

Not strictly true, since had 
to consider some near-field 
aspects. Could significantly 
affect natural dfssolutfoning 

6) Disregard complexity May be conservative Could significantly affect 
of near-dome hydrology or nonconservative natural scenarios 

7) Ignore human effects on Nonconservative 
natural dtssolut10ning 
rate 

8) Ignore repository- May be 
induced effects on nonconservative 
geosystem (e.g., 
construction) 

g) Ignore synergfsms and May be 
multiple occurrences nonconservative 
of natural phenomena 

10) Several assumptions in Mixed 
how each natural 
phenomenon treated 

11) No human mitigation of Reasonable 
geotransport conse-
quences subsequent to 

. breach 

Source Term 

12) Raw spent fuel Conservative 

Bounded by human intrusion 
scenario. Could significantly 
affect natural scenarios 

Bounded by human intrusion 
scenario 

Bounded by human intrusion 
scenario 

Unimportant to results since 
natural solution and solution 
mining are bounding scenarios 

Consistent with assumptions 
re human intrusion. Could 
s1gn1fic401ty affect dose 
results 

Not as important as apparent; 
see Note 1 

Key 
Assumption 

* 

* 

* 

* 

* 

* 

Note: The key assumptions in this analysis are indicated by an asterisk in the right column 
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Assumption 
13) Solubility limited 

14) Solubility limit of 
6 ppm for U 

15) Congruent dissolu­
tioning 

16) Gaseous effluent not 
considered 

17) Particulates not 
considered 

Class 
Nonconservative 

Nonconservative 

Nonconservative 

Nonconservative 

Nonconservative 

18) Inorganic system only Nonconservative 

19) WRIT Leach data based Reasonable 
on IAEA test i ng 

20) WRIT Leach data using Reasonable 
HB Robinson II fuel 

21) Particle size based Reasonable 
on WRIT sieve data 

22) Temperature effects for Nonconservative 
leaching: lOX increase 
25°C to 125°C 

Human Instrusion Scenario 

23) Institutional control Conservative 
lost at 100 years 

24) Institutional control Nonconservative 
lost at 1000 years 

25 ) Salt domes continue to Reasonable 
be resource 

26) lower than present Reasonable 
technology needed for 
solution mining 

27) Solution mining at Conservative but 
repository level reasonable 

Key 
Comments Assumption 

If the system were leach * 
limited, all of the repository 
could be dissolved during the 
operational phase of solution 
mining; also, the geotransport 
source term would be reduced 
from 105 years to less than 
102 years 

See Note 2. Could signifi- * 
cant1y affect dose results 

See Note 3. Could signifi- * 
cantly affect dose results 

See Note 4. Could signifi­
cantly affect dose results 

Best available data; see 
Note 5 

Best available; burnup 
28,000 MWO/MTU; see 
Note 5 

Best available; confirm GElS 
data; photos show no effect from sample 
preparation; see Note 5 

Best available data; Arrhen 
ius relationship; 125°C esti­
mate of temperature after 
contact with water; see Note 5 

Based on draft EPA standards; 
provides lower bound 

Provides upper bound 

See Note 6 

See Note 7 

See Note 8 
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Key 
Assumetion Class Comments ASS!:!!!!Etton 

28} Solution mining would Reasonable Repository occupies 2/3 of dome * intercept the repository area at its depth (8oo-ft buf-
fer zone at edge, but minin} 
would try to avoid the edge 

29} Cavity formed for salt, Conservative - - - Eating is-most direct vector * not storage May be Relates to Note 4 and 
nonconservative presence of organics to in-

crease source terms 

30} Preferential dissolu- Conservative See Note 9. Not critical 
tion of repository Since solubility limited 
volume 

31) Not preferential dis- Nonconservat tve See Note 10. Note critical 
solutton of interior since solubility limited 
of rooms 

32} 410,000 ppm salt in Conservative - - - Exposure rate 
brine Nonconservative- Relative amount of radio-

isotopes per unit weight of 
table salt 

33) Salt production Nonconservative GElS: 2.4 x 106 
1 x 106 tons/yr Some current production 
salt several times higher 

34) 50-year l1fe of 
solution mining 

Conservative Same as GElS 

/' 

35) 50-year consumption Conservative See Note 11 * 
"- of salt 

36} 1200 ;pm rate of Reasonable Based on 106 tons per year 
solution mining production 

37) 3% of mined salt to Nonconservative Recent information shows that • 
culinary usage for a salt dome being used for 

culinary salt production, 
almost all (80-90%) of the 
brine would go to culinary salt. 
This would linearly increase 
the dose 

38} 1800 g/yr per person Nonconservative New data show current U.S. • 
salt consumed usage is 5000-6000 g/yr per 

personi also, see comment for 
Assumption 37 

39) 15 x 106 population Conservative Assumes all of salt in that 
affected population's diet comes from 

single source 

40} Isotopes also at 3% 7? Processing could eliminate • 
usage or concentrate isotopes in 

table salt 
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Assumption 

41) Usage of 97% of con­
taminated mined salt 
not considered 

Class 

Nonconservative 

42) Dose limited to single Nonconservative 
lifetime (70 yrs) 

Geotransport 

43) 50-ft head maintained 
for 15K years before 
co 11 apse 

Very 
conservative 

44) Salinity not considered Conservative 
with respect to density 
and viscosity 

45) Inadequate data on 
where surface dis­
charge point would be 

46) Discharge to E. Texas 
Oil field 

47) Breach dome at end of 
50 years mining 

48) Breach downflow side 
of dome 

?? 

Very 
conservative 

Conservative 

Conservative 

49) Near-dome model based 11 
on regional hydrologic 
values 

50) Maximum regional trans- 11 
missivities used for 
near-dome model 

51) Breach opening 1000 ft2 11 

52) Channeling in aquifer 
ignored 

11 

53) After collapse, water 11 
twice height of canister 
is saturated with U 

Key 
Comments Assumption 

Could be considered in future; * 
could lead to other vectors 
to humans; also, see comment for 
Assumption 37 

Ignores genetic effects, 
potential for recycling in 
ecological systems 

Dome collapse reduces 
source term by factor of 
ten. Could significantly 
affect source term for 
geotransport 

Better data not available 

Requires human activity; 
boun4ed by Case 2 

Timing not very important 
to geotransport results, 
for breach delay up to 
1000 years 

No near-dome information. 
Could significantly affect 
source term for geotransport 

No near-dome information 

Sensitivity studies showed 
not important variable 
between 1000 and 13,000 ft2 

~ot homogeneous system; 
rather clay with sand 
lenses; could retard or 
increase ground-water flow 
veloc·ities. Could significantly 
affect geotransport consequences 
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-- Assumet10n 
54} After co 11 apse. above 

dome permeability 
doubles 

55} Anhydrites (in salt 
left behind from 
solution mining) not 
affect source 

56) WRIT Kd values done on 
quartz with artificial 
ground water 

57) WRIT Kd values selected 
were lower of each pair 
of anoxic/aerobic 

58) Well scenario done 
at 6 km 

59) Well pump rate 
400 9pm 

60) No other change in 
hygrolggiC system in 
10 -10 year time-frame 

Class 
Conservatfve 

Conservative 

Conservative 

Conservative 

Conservative 
then 

'nonconservative 

Conservative 

Nonconservative 

Comments 

Only few em would cover 
bottom of cavity at time 
of total repository 
exposure 

Available outcrop samples 
too weathered for reliable 
Kd values 

No data to characterize 
water as ,aerobic or anoxic 

See Note 12 

Discharge points could have 
shorter travel paths 

Key 
Assumetion 

,/' NOTES TO ASSlfJIPTIONS 

1. There are many imp'ortant aspects involved with reaching the solubility 
limit rather than having a leach limited source term. A key factor is 
the surface area required tQ saturate the 1200 gpm of water involved in 
the solution mining operational phase. This amounts to about 1.5% of the 
surface area of the spent fuel i,n the repository. Because'1.2% of the 
repository could be exposed per year, after a little more than one year 
of operation an increase in the, surface area exposed has no effect on the 
dose' values., Thus" the conclusion that' 62% of the r-epository would be 
exposed during the operational phase is unimportant. Stated another way, 
if only 1/50 of the effective surface area is available compared with 
what we calculated could be available, exactly the same dose values would 
result. Similarly, if a cladding or other barrier were assumed to be 
present, and if such a barrier reduced the effectively exposed surface 
area by a factor of 50, precisely the same dose values as raw spent fuel 
would result. When the dynamic nature of the solution mining scenario is 
considered, fracturing of the engineered barrier to expose effectively 
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1/50 of the surface is not an unreasonable event. Such dynamics include 
the potential effect of the floor being dissolved out from under the 
waste in other solution mining scenarios, allowing it to fall to the 
bottom of the cavity, and the effect of spalling from the top of the 
cavity. Spalling is a common problem in solution mining, where sub­
stantial chunks of rock salt fall to the bottom of the cavity, often 
damaging the solution mining apparatus. 

2. The value of 6 ppm solubility limit for U was selected as representati~e 
of the values in the literature (ranging from 3 to 10 ppm). In addition, 
leach values were based on WRIT IAEA tests that are not static and, thus, 
not solubility limited. Actual analyses of the leachate from these IAEA 
tests using spent fuel are summarized below: 

Solution Range of U (eEml eH Range 
WIPP Brine 0.4 - 4 4 - 7 
NaCl (dilute) 0.3 - 17 4.5 - 5.0 
CaC1 2 0.1 - 18 4.3 - 5.7 
NaHC03 0.2 - 13 8.6 - 9.7 
Deionized 

Water 0.3 27 3.9 5 
Note that these numbers do not necessarily represent the maximum U that 
could go into solution; rather, they show examples actually found in non­
static tests. The value of 6 ppm is seen to be average and not a conser­
vative bound. The dose result would be essentially linear with the limit 
chosen. Thus, choosing the highest measured value would increase doses 
by nearly a factor of 5. 

An additional source of information is cited in Davis and DeWiest (1966), 
where the concentration of U in actual ground water in the vicinity of 
U-rich sandstones is 18 ppm. 

3. Congruent dissolutioning means that the non-uranium isotopes cannot go 
into solution any faster than uranium can. Because U represents the vast 
majority by weight of the waste form, each of the other isotopes is 
allowed to go into solution at considerably lower mass per time. This 
means the other isotopes are not solubility limited. This is, for 
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example, very important for highly soluble fission products such as Cs, 
which provide a substantial portion of early doses •. If these were 
allowed to go into solution up to their own solubility limit, consider­
ably higher doses would result. 

4. We "assumed no organics were present at the source or during geotransport. 
This could be nonconservative in that organics could reduce the sorption 
of the radioisotopes during geotransport. More importantly, organics 
could allow more radioisotopes to go into solution than the solubility 
limit of uranium would allow. Certain che1ators could increase the source 
term by order~ of magnitude. Potential sources of organics include: 
residue from repository construction phase, the oil cap around the waste, 
the use of an 011 layer during the solution mining operation (frequently 

,_ ~. done today), the presence -of organ i cs from wastes other than spent fue 1 
(e.g., low level, TRU), the use of the cavity for storage of organic com­
pounds, and hydrocarbon pools adjacent to the salt dome. A particular 
problem with regard to low level waste would be the presence of decontam­
inat1,on agents (e.g., EDTA). 

5. The spent fuel leach data were not used in the source term because since 
solubility limits'we~e assumed. However, these data did provide the 
basis for estimating the bounds on solubility limit. When the solubility 
limit is reached; the assumption of congruent dissolutioning; how much 
water 1s necessary for the system not to be solubility limited. These 
bounds w~re so broad that it is highly unlikely that variation in the 
leach values would change the source term. 

6. The continuing use of·salt domes as resources is influenced by the multi­
plicity of ~ses associated with them (e.g., salt, hydrocarbon deposits, 
stable storage cavities). Salt has been a culinary and preservative 
resource throughout cultural evolution, and it has a biological baSis, 
including a metaboli~ requirement for existence. Salt domes are sources 
of highly pure salt, are identifiable from the surface, and are not 
spatially homogeneous (i.e., the very nature of salt domes concentrates 
the resources at very localized sources). The current utilization of 
salt domes 1n the Gulf Coast indicates that all usable salt domes 
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(Griswold 1980) will be used in the next three centuries. The salt domes 
under consideration for nuclear waste storage are also under consideration 
for compressed air energy storage and for strategic petroleum reserves. 

7. Solution mining is a means of remote-controlled removal of salt and has 
been used for several millenia. More recently, many of the salt domes in 
the Gulf Coast Interior Basin have been solution mined. This includes 
the solution mining and collapse of some domes in the early years of this 
century before general knowledge of nuclear phenomena. Thus, the histor­
ical record substantiates the fact that a technology level capable of 
dealing with nuclear waste is not a concomitant development with solution 
mining technologies. 

8. The depth of placement of a cavity in a salt dome, whether for a nuclear 
waste repository or for other usages, is limited by the physical nature 
of the salt dome. It is necessary to maintain a sufficient overburden of 
the dome above a cavity to help preclude salt dome collapse; thus, a 
cavity optimally will not be.at a depth much less than for the repository. 
Additionally, a cavity cannot as easily be maintained at greater depths, 
because the increased pressures result in faster creep rates; thus, a 
cav'ity will not optimally be at a much greater depth than for the reposi­
tory. Many current solution mining operations occur at depths comparable 
to the repository. 

9. The cavity formation was assumed to occur within the volume of 
1370 acres x 20 feet, representing the height of the room times the 
spatial extent. This assumption seems reasonable in that the repository 
is to be backfilled to 80% with crushed salt. The creep may not make 
that volume homogeneous and more soluble than the intact host rock salt 
by the time (100 and 1000 years) of the intrusion. As discussed in 
Note 1, were this assumption relaxed so that 1.5% rather than 62% of 
the waste was exposed, the source term and results would not change. 

10. Preferential dissolutioning of the backfilled material would dissolve the 
interior of the rooms, not the volume of intact host rock between rooms. 
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Thus, the entire 1370 acres need not be dissolved to dissolve all the 
previously open repository. This is inconsistent with Assumption 30, 
done deliberately to provide offsetting effects. 

11. Implicit in this assumption is that the population does not become aware 
of contamination of salt by radioisotopes. As in Note 7, the society 
could do this mining without being cognizant of nuclear phenomena. Even 
if it knows about nuclear phenomena, the society may not monitor its salt 
for radiation. Currently, virtually no salt productions monitor their 
brine for radiation. To bound the question of length of salt consump­
tion, doses were calculated for 1, 10, and 25 years of consumption. A· 
possibility existed that the operational doses are high enough to pro­
vide short term health effects on the mine operators, thereby leading to . 
termination of salt production. Such dose calculations have been made 
for this revised report. They show the occupational doses are not high 
enough to result in termination of the solution mine operations. 

12. The saline plume during the first 15,000 years would not be potable, all 
the way to the discharge point. However, after the salt dome dissolves, 
the water may be potable even immediately above the waste. Recent draft 
regulations, however, would include even the nonpotable salt plume in the 
accessible environment and, thus, subject to numerical limits. 
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CHAPTER 4 

COMPONENTS OF RELEASE SCENARIO ANALYSIS 

The development of potential release scenarios is an integral component 
of any repository safety analysis. A release scenario describes in detail how 
a variety of natural geologic, human-induced, and waste-induced phenomena could 
alone or in concert cause a loss of isolation within the repository boundaries 
and host medium. A release scenario describes the state of the geologic and 
hydrologic system at the time of a breach. This information is used as input 
into the geohydrologic transport models, which simulate the movement of the 
radionuc11des through the geohydrologic system to the accessible environment. 

The scenarios developed for the salt dome reference site analysis assume 
both a multiple barrier system and no long-term human mitigation of the dis­
ruptive phenomena. The analYSis also addresses the various disruptive phe­
nomena over a one-million-year time frame and assumes a loss of institutional 
control after 100 yr (based on the EPA draft standards avail able at the time 
of scenario development and subsequently repeated in later EPA drafts). The 
near-field or waste-induced phenomena are outside the scope and are not system­
atically addressed within this analysis. However, to define the state of the 
geosystem at the time of a breach for the geohydrologic transport runs, several 
near-field considerations had to be addressed. The near-field assumptions are 
detailed in the release scenario descriptions in Chapter 5. 

The multiple barrier concept is illustrated in Figure 4.1 and comprises 
several components. The waste form represents the spent fuel assemblies from 
Pr.essure Water Reactors (PWR) and from Boiling Water Reactors (BWR). The 
engineered barriers, for purposes of this discussion, represent the canisters 
surrounding the waste form. along with any overpack or engineered backfill 
placed around the canisters. The host repository medium is the Hainesville 
Salt Dome located in the East Texas Salt Dome Basin. Surrounding the reposi­
tory and its host salt dome is the geosphere, which consists of the geological 
and hydrological systems of the following units: Queen City, Recklaw·, Carrizo, 
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I WASTE FORM I 
ENGINEERED BARRIER 

REPOSITORY MEDIA 

HYDROLOGIC/GEOLOGIC SYSTEM 

BIOSPHERE 

FIGURE 4.1. Schematic Representation of the Multiple Barrier System 

Wilcox, and Midway Formations. For the purposes of this analysis, the bio­
sphere is defined as that portion of the system starting at the earth's surface 
including surface hydrologic systems (i.e.~ rivers and streams). The accessi­
ble environment includes all parts of the biosphere plus those parts of the 
hydrogeologic system that are potential underground sources of drinking water. 

There are three system states described in this safety assessment report: 
perturbation, breach, and failure. A perturbation is any change in the state 
of the geosystem as a result of some dynamic phenomenon, either natural or 
human-induced, acting upon the system. A perturbation of the system does not 
mean that there has been any loss of repository integrity. On the contrary, 
perturbations of the geosystem are assumed and expected to occur because of 
the dynamic nature of the geosystem. 

A single perturbation or series of perturbations severe enough to cause a 
loss of containment within the confines of the repository boundaries consti­
tutes a breach of the repository. A breach consists of a pathway for the 
movement of radionuclides and a transport medium (i.e., ground water) with 
sufficient potential to move them along the pathway. It is the description of 
the state of the geosystem at the time of the breach that is needed as input 
into the geohydrologic transport models for the consequence analysis. 
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".- These consequence analysis models simulate the movement of the radionu-
clides within the geohydrologic'system until they ultimately leave the geo­
sphere, enter the accessible environment, and potentially come in contact with 
human populations. This situation is considered to be a failure of the 
repository. 

In short, a perturbation is any change in the geosystem; it may not alter 
the containment provided by the repository and host media. A breach ,is a 
single perturbation or combination of perturbations of sufficient severity to 
cause a loss of containment of the repository from the host medium; however, 
the geosphere m~ still isolate the waste from the accessible environment. An 
isolation failure is manifested when the radionucl1des ultimately travel to 
reach the accessible environment. 

,~ When characterizing a breach of a repository and creating a,release sce­
nario, the pathway, transport media, time of occurrence and overall state of 
the geosystem at the time of the breach must be identified. 

This analysis did not address the possible perturbation to the system 
, . 

induced by the original mining of the repository for the placement of the 
waste. ' Nor were the vari,ous waste-induced phenomena that could perturb the 
near-field environment of the ,repository considered. Inclusion of waste- or 
repository-induced effects could Significantly .alter the conclusions 'in this 
chapter concerning the incidence of natural breach scenarios. Further, the 
far-field analysis presented with1n th1s report assumed no engineered barriers, 
canisters, or waste forms other than the raw spent fuel assemb11es. 

The approach used to develop the release scenarios for use in th1s analy­
sis was a modified Delphi/expert opinion .. approach. Currently under developlllen"t 
by AEGIS 1s a more thorough and aud1table scenario development methodology, 
wh1ch is scheduled to be ready for use 1n the actual reposUory licensing phase. 
Details on the release scenario methodology being developed are d1scussedin 
Appendix A. 

The expert opinion approach for developing the release scenarios 'for t~is 
reference site analysiS used the basic philosophy and methodology that are 
currently being developed by AEGIS. Because of the timing of developing the 
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scenarios for this analysis, the full computer-assisted approach described in 
Appendix A was not sufficiently developed. However, several components of th.is 
AEGIS system were used in both qualitative and quantitative assessments of 
various phenomena. For example, parts of the climate and sea level submodels 
of the developing computerized methodology were used to describe the future 
states of these parameters. 

In general, the scenarios were developed by the AEGIS staff and a team of 
consultants. The scenarios were then reviewed and revised by several organiza­
tions working on the overall PIR for ONWI and a consensus was achieved on a 
set of final scenarios. This process is described in detail in Chapter 5, 
Release Scenarios. 

Because this was only a reference site analysis, no detailed site inves­
tigations were conducted. Rather, summary investigations were conducted by Law 
Engineering and Testing Company to gather available literature on the Haines­
ville Salt Dome. Additionally, information for other salt domes in the Gulf 
Coast of a similar nature were extrapolated to fit the Hai~esville Salt Dome. 
A brief discription of the Hainesville Salt Dome and its surrounding geologic 
system is presented in the following section. A more detailed discussion is 
available in Appendix K. The scenarios developed for this analysis were based 
on limited geological site information and data and should not be construed 
to be totally complete and final. The scenarios and the approach should be 
considered as a representative case of a developing methodology. 

When describing potential release scenarios it is important to focus 
on the mechanisms of the release. For this analysis the primary mechanisms 
addressed are: direct surface release of the radionuclides and long-term geo­
hydrologic transport via communication between either the upper Queen City and 
the lower Wilcox aquifer, or direct communication through the salt dome between 
different portions of the Wilcox aquifer. While analyzing the potentially 
disruptive phenomena described in the following section, those credible phe­
nomena that would influence and ultimately bound these release mechanisms were 
identified. 
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The scenarios for this analysis were developed using the following steps: 

• identification of potentially disruptive phenomena 
• description of phenomena interactions 
• characterization of perturbations of the repository system 
• characterization of potential breaches. 

The remainder of this chapter deals with the first three scenario develop­
ment steps listed above. Before formulating and postulating the scenarios for 
use in this safety assessment, a wide range of geologic and human-induced 
phenomena were identified and investigated in the context of perturbing the 
Hainesville Salt Dome. Most of the phenomena described were dismissed as 
either not having the potential to breach the repository or not being credible 
within the time frame considered and within the realm of the regional and local 
geologic setting. Some, however, did have the potential for disrupting a salt 
dome repository and were expanded, as described in Chapter 5, into release 
scenarios for input into the geotransport models for consequence analysis. 

REFERENCE GEOLOGIC DESCRIPTION 

This section contains a summary of the important geological and hydrolog­
ical characteristics of the Hainesville Salt Dome and the surrounding region. 
The following diseussion summarizes the local and regional geological informa­
tion that is necessary for evaluating the suitability of siting an underground 
nuclear waste repository within a Gulf Coast salt dome. A more detailed pres­
entation of this 1nfonmat10n is available 1n Appendix K. Because this is only 
a reference site analysis no actual field investigations were conducted at the 
site. This infonmationwas gatheredJfrom' available,literature, previous geo,;. 
logic investigations at the site, and information extrapolated from other 
si~ilar salt dome locations. Unless otherwise noted, the geologic description 
of the Hainesville Salt Dome and its geologic environment is taken from a 
report prepared by the Law Engineering and Testing Company (1979b). 

This reference site assessment is based on the Hainesville Salt Dome. 
This salt dome is located ,in the central part of Wood County in Northeast Texas 
(Figure 1.2), with the regional surface sloping generally from northwest to 
southeast. The Hainesville Salt Dome is one of 26 salt domes in the East Texas 
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Salt Dome basin. Within 200 miles of Hainesville are four cities with a popu­
lation of over 100,000: Dallas, Fort Worth, Shreveport, and Waco. 

Regional Geology 

The East Texas Salt Dome Basin is part of the Gulf Coast geosyncline. 
This geosyncline was initiated in Late Triassic by a combination of block 
faulting and rifting in the continental crust. Subsequent sedimentation into 
the geosyncline resulted in the formation of what is now the Gulf Coastal 
Plain, an area of low relief that borders the Gulf of Mexico. 

Depositional patterns in the northern Gulf Coastal Plain consist of 
periods of inundation, characterized mainly by deposition of limestone, alter­
nating with periods of delta progradation and deposition of clastics. Strato­
graphic units for this area have been correlated and are listed in Table 4.1. 

Post-salt inundations began with the Smackover carbonates in the Jurassic 
and continued into the Cretaceous. A subsequent period of deltaic deposition 
culminated in the deposition of the Wilcox Group in Early Tertiary. Succeeding 
deposits were alternatively marine and non-marine. Late Cenozoic deposition 
consisted of terrace and valley-filling alluvial deposits in the interior salt 
basins. These deposits grade into marginal shoreline deposits and ultimately 
into marine sediments offshore. The sediments generally have a regional dip 
of about one degree to the south; however, posiments and negaments interrupt 
this pattern and form the predominant structural elements in the Gulf Coast 
basin. 

During the Mesozoic, subsidence initiated the development of a boundary 
fault system above pre-existing basement faults. Subsidence on a geosynclinal 
scale began in the Lower Gulf Coast Basin during the Cenozoic. This period of 
subsidence initiated several new fault zones in the Gulf Coast Basin. 

The development of salt domes has caused localized structural features. 
Movement of salt (to form salt ridges) within the Louann Formation began during 
the later part of the Jurassic Smackover deposition, and continued as addi­
tional sedimentation occurred. Diapirism was initiated in places where the 
salt was sufficiently thick. In the interior salt basin, diapirism climaxed 
during the Mesozoic, but diapirism in the coastal salt basin did not climax 
until the Late Tertiary. 
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Geology of the East Texas Salt Dome Basin 

The East Texas Salt Dome Basin occupies the central portion of the East 
Texas embayment. The embayment is a coastal depression that occupies about 
44,000 square miles of northeastern Texas. Embayment boundaries are defined 
by the Sabine uplift on the east and the Angelina-Caldwell flexure on the 
south. Sediments contained in the embayment range from Jurrasic to Mid­
Tertiary and Quaternary in age. The East Texas embayment is thought to be 
controlled by negative down-faulted blocks on the southeast margin of the 
Ouachita foldbelt. 

The limits of the East Texas Salt Dome Basin are rather arbitrarily 
defined, but the basin occupies about 10% of the East Texas embayment. Eleva­
tions within the salt dome basin range from 200 ft above sea level in the south 
to between 400 to 500 ft toward the Sabine uplift in the east and the Mex;a­
Talco fault zone in the west. 

The basin is characterized by a marked thickening of Mesozoic and Cenozoic 
strata toward its center. The strata generally dip toward the Gulf at angles 
slightly steeper than the regional slope of the land surface. Tertiary strata 
form concentric outcrop patterns in the basin, being younger in the center and 
progressively older toward the borders. 

The sediments of the East Texas Salt Dome Basin record a series of marine 
transgressions and regressions, superimposed on a progradational depositional 
basin. The basin contains a very thick formation of louann salt, and most of 
the local structures in the basin are probably related to movements of salt 
from the Louann. 

Geology of the Hainesville Salt Dome 

The Hainesville Salt Dome is the northernmost shallow piercement salt dome 
in the basin. Its site area consists of approximately 542 square miles of 
rolling hill topography. Within this area the data used to characterize the 
salt dome include 11 wells penetrating the salt, one seismic reflection line, 
a basin gravity survey, and a number of wells in the vicinity of the salt dome. 
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The salt dome pierces 16,000 ft of strata, ranging from Late Jurassic to 
Early Terti ary in age. Caprock is believed to cover the top of the salt dome, 
with thickness ranging from 50 ft to more than 250 ft. This caprock is com­
posed of a top zone of disseminated pyrite in carbonate, a middle zone of gray 
shaley l1mestone, and a lower zone of clear, very dense anhydriate. The salt 
dome itself is made of halite, with some ev1dence of shale inclusions on the 
periphery of the'salt dome.' At the repository depth, the' salt dome is assumed 
to be approximately 2100 acres 1n cross section. Of this area, the repository 
would occupy about 1370 acres surrounded by an 800-ft buffer zone. An overhang 
exists from -10,000 ft MSL to near the salt dome top, with the largest diameter 
of the overhang occurring between -3000 ft to -5000 ft MSL. Below -10,000 ft 

, 

MSL the salt dome develops a broad shoulder-like base down to -17,000 ft MSL, 
where the salt dome stock connects with the top of the Louann salt. 

Subsurface mapping indicates a rim syncline -adjacent to the salt dome. 
Sane peripheral faulting at the boundaries of the site area is 1nd1cative of 
rim synclines in Late Lower Cretaceous to Early Upper Creataceous rocks. 
Subsurface mapping of the Woodbine and Aust1n Group indicates two peripheral, 
normal faults, which are related to rim syncline development during Lower 
Woodbine depositi on. These faults have a displacement of 100-200 ft and are 
confined primarily to Upper Cretaceous rocks. Well data and published reports 
also show a fault offsetting Early Tertiary strata. This may be related to 
deeper Middle Cretaceous faulting (Dillard 1963). No central graben or radial 
faults have been mapped; however, they are assumed to be present under the 
recent sediments; A more compl ete discussion of local fault1ng is avaflable 
in Appendix K. 

Subsurface Hydrology 

The hydrologic system in the vicinity of the salt dome consists of the 
following: 

Geologic Unit 
Sparta Formation 
Weches Formation 
Queen City Formation 
Reck-l aw Formation 
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Geologic Unit 
Carrizo Formation aquifer 
Wilcox Group aquifer 
Midway Group aquiclude 

The Midway extends well below the repository level and all aquifers below the 
Midway are quite saline. Thus, lower aquifer systems are not considered 
important in this preliminary safety analysis because they are not likely to 
be tapped for human usage and they are not likely to come in contact with the 
repository waste. 

The Sparta and Queen City Formations were taken to be a single unit. 
Similarly, the Carrizo and Wilcox are treated as a single unit because the 
Weches is an incomplete barrier between them. The Wilcox-Carrizo aquifer 
is the most important aquifer in the study area. Most of the larger munici­
palities and industries in the region obtain their water from this aquifer. 
Further, this aquifer surrounds the salt dome at repository depth. 

The Wilcox-Carrizo is very thick, so it has a moderate transmissivity 
despite a relatively low hydraulic conductivity of its sands. Pumping tests 
conducted in the aquifer in Wood County from eight wells indicated the follow­
ing characteristics: 

Transmissivity 
Well discharge rates 
Specific capacities 
Hydraulic conductivity 
Storage Coefficient 

GEOLOGIC DISRUPTIVE PHENOMENA 

600-19,000 gpd/ft 
50-500 gpm 
0.8-9.7 gpm/ft of drawdown 
4-700 gpd/ft2 (50 gpd/ft2 average) 
0.00007-0.00027 (unitless) 

This section contains a summary of the geologic processes that alone or 
in concert could affect a salt dome repository. 

Denudation and Stream Erosion 

Denudation and stream erosion are both processes by which earth material 
is moved on the earth's surface. Denudation is considered over long time 
periods (>1000 years) and consists of the processes by which relief or eleva­
tion differences are reduced. Erosion consists of the processes by which earth 
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--- material is loosened or dissolved and moved on the earth's surface. Stream 
erosion is that erosion performed by running water in streams or rivers and 
generally results in deepening the river or stream channels by downcutting. 

Maximum rates of total erosion have been projected for the next 106 years 
for both denudation and river entrenchment (Mara 1980). Average .values were 
also estimated. For the Gulf Coast region, denudation rates were given as 
150 meters maximum and 50 meters average. These entrenchment values were given 
for the Mississippi River, both near its mouth and 200 km upstream (Mara 1980). 
The upstream values were chosen as more representative of the Gulf Coast Inte­
rior Salt Dome.basins, and the possible rates were 40 meters maximum and 
30 meters average. The values represent the river erosion occurring during 
each full glacial period. Also, it should be noted that a period of aggrada­
tion (deposition or building up of sediment) follows the erosion as the ice 
sheets melt and sea level rises. This period of aggradation replaces sediment 
removed during the preceding phase of erosion. Entrenchment values are prob­
ably lower for smaller rivers, and streams that drain smaller areas have less 
flow and carry less sediment. Denudation and stream erosion would not lead to 
a breach in the reference salt dome repository. 

Sedimentation 

Sedimentation, as a process in the Gulf Coast Interior Salt Dome region, 
is expected to occur primarily in the form of aggradation of river and stream 
beds. This sedimentation is a result of the ongoing process of land surface 
reduction by geomorphic agents, and of the transport of material to lower ele­
vations. In a humid climate, such as the Gulf Coast now has, the most active 
geomor,phic. agent is running water., 'Therefore, most aggradation will occur in 
connection with· rivers and streams. The Gulf Coast, in general, is an area of 
l~ relief, and it is unlikely that a large enough thickness of sedimentary 
material would accumulate to affect a salt dome repository at 600 meters or 
more in depth. 

Considerable changes in sedimentation patterns are associated with epi­
sodes of continental glaCiation (Mara 1980). Based on the known extent of past 
ice sheets, the Gulf Coast should be affected only indirectly by glacial phe­
nomena, such as by changes in sea level and increased flow from meltwater in 
the major drainagew~s (e.g., the Mississippi River Valley). 
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A lowering of sea level and base level during major ice sheet growth would 
cause rivers and streams to deepen their channels and to remove material rather 
than deposit it. During the waning stages of glaciation, large volumes of 
water carrying large amounts of sediment would be available to the rivers that 
drain the area of melting ice. As the sea level gradually rises and river 
gradients are reduced» sediment would be deposited. However, the main effect 
for the central United States would probably be in the Mississippi River 
Valley. The Gulf Coast Interior Salt Dome region» with its general elevation 
of lOO-plus meters above present sea level, should not be seriously affected 
by sedimentation associated with glaciation. 

In summary, unless major or catastrophic changes occur in the geologic 
setting of the Interior Salt Dome area of the Gulf Coast, it is unlikely that 
a sufficient thickness of sedimentary material could accumulate to affect a 
salt dome repository. 

Flooding 

Flooding could possibly affect a salt dome repository» either by acting as 
a source of recharge water and increasing ground-water flow, or by attaining a 
sufficient depth of water for hydrostatic pressure effects to extend to reposi­
tory depth. Both of these effects are considered unlikely to disrupt a reposi­
tory at 600-plus meters in depth. 

In general, surface floods are transient events. Their time duration 
is measured in days, at most, and then only along the major river systems. 
Smaller river systems without large, high elevation catchment areas for rain 
and snow, such as those in the Interior Salt Dome region of the Gulf Coast, 
would not be expected to generate larger or long-lasting floods. This lack of 
potential for large, long-lasting floods, plus the time lag associated with 
water infiltration and percolation, makes it unlikely that flooding would 
affect a salt dome repository after sealing. It is beyond the scope of this 
report to consider the effects of flooding before closure of a repository. 

Climatic Fluctuations and Glaciation 

The world climate varies considerably on a variety of time scales. 
Correlations have been found between past climatic changes and the periodicity 
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of the earth's orb1tal parameters (at least to 0.4-0.6 mil110n years before 
present). Solar activ1ty has also been correlated with some past c11matic 
effects. Even though 1t 1s not known how the various factors 11nk together, 
or exactly how the c11mate system operates, observat10ns from studies of the 
past one million years' (m.y.) climate can be used to estimate some of ·the 
poss1bilities for the next one million years. Htiman-caused climatic changes, 
as from increased CO2 in the atmosphere or destruct10n of the ozone layer, 
are excluded from consideration here. 

Some observations on record of the past one m.y. suggest that for only 
about 10% of the time was the climate as warm or warmer than at present. Also, 
the past record suggests that no interval of global climate w1th temperatures 
as warm or warmer than present lasted un1nterruptedly for more than about 
15~OOO years. Past precipitation has been estimated indirectly from pollen 
studies, which indicate the type of vegetation that existed in the past. These 
studies have shown that during the cold stages of the Pleistocene, much of the 
U.S. was considerably wetter than at present. 

Kukla (1978) has summarized potentially disruptive climat1c processes for 
the next one m1l1ion years. From the information contained in that study, it 
seems probable that future climatic changes will be toward a wetter, cooler 
c11mate. There is also sedimentary evidence of drier periods during parts of 
the Pleistocene. However, because drier conditions are not considered as 
likely to affect waste containment, a wetter climate is considered here. 

Based on the climate record of the past one m.y., a cycle of continental 
glaciation can be expected to be completed about once in every 105 years. A 
glacial cycle consists of a glacial period (90-110 x 103 years) and an inter­
glacial period (lO-30x 103 years) (Kukla 1978).· For discussion purposes, 
on~y one glacial cycle is considered here. The change·to a glacial period is 
believed to be the most significant and widespread climatic change, with 
respect to the integrity of a salt dome repository. 

During a glacial period, the regional effects expected for the Gulf Coast 
Interior Salt Dome region would be: 

• precipitation increase by less than a factor of 2 
• temperature decrease of 3-4°C over the oceans (-10°C over 1 and masses) 
• sea level decrease of 100-150 meters. 
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Local effects would be the same as regiona1 effects for precipitation and 
temperature, resulting in more rainfall and less evaporation-transpiration 
caused by lower temperatures. Sea level decrease would occur gradually, and 
the main local effect would be to lower the erosional base level and increase 
downcutting by rivers and streams. The increased erosion has been estimated 
to be 10-20 meters, with a maximum of 50 meters for the southeastern coastal 
U.S. (Kukla 1978). 

These effects are not considered a threat to a salt dome repository at . 
the proposed depth. An interglacial period would follow a glacial period, 
with warmer temperatures, less precipitation, and a rise in sea level causing 
aggradation or deposition. These processes would tend to replace some material 
removed by erosion. The fact that Gulf Coast salt domes have survived a number 
of glacial cycles during the past one million years is good empirical evidence 
that they have not been seriously affected. 

There is no evidence of past glaciations having reached to the Gulf Coast, 
so the effects of an ice sheet lobe on the area (ice loading, scour, outwash 

. flooding) are not considered in this report. 

Diagenesis 

Diagenesis is "all the chemical, physical, and biologic changes, modifi­
cations, or transformations undergone by a sediment after its initial deposi­
tion during and after its lithification, exclusive of surficial alteration 
(weathering) and metamorphism. It embraces those nondestructive or reconstruc­
tive processes (such a consolidation, compaction, cementation, reworking, 
authigenesis, replacement, solution, precipitation, crystallization, recrystal­
lization, oxidation, reduction, leaching, hydration, dehydration, polymeriza­
tion, adsorption, bacterial action and formation of concretions) that occur 
under conditions of pressure (up to 1 kb) and temperature (maximum range 100°C 
to 300°C) that are normal to the superficial or outer part of the Earth's 
crust, and may include changes occurring after lithification under the same 
conditions of temperature and pressure" (Gary, McAfee, and Wolf 1974). As 
used here, diagenesis also includes modifications experienced at the forming 
of the salt dome caprock, which is not a sediment. 
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~ Diagenet1c processes are very active in and near the salt dome environ-
ment. Sediments above and adjacent to shallow salt domes (less than 1 km in 
depth) are generally drastically different from their surroundings as a result 
of two marked, diagenesis-promoting circumstances: unusual heat and unusual 
chemical concentration. 

Salt domes often displ~ locally elevated temperatures compared to sur­
rounding sediments. These thermal anomalies are a result of the relatively 
high thermal conductivity of halite compared to Gulf Coastal sediments. Ther­
mal conducti viti es of the sedime'nts average 4 x 10-3 cal/cm2.sec C, whereas 
rock salt averages 12.5 x 10-3 cal/cm2-sec C (Law Engineering Testing Co. 
1979a). Because salt is several times more efficient in transporting heat from 
depth than the sediments, salt domes act as heat conductors, elevating the 
temperature of the rock above and around the salt domes. 

An important factor in salt dome diagenesis is the presence of flowing 
ground water. Diagenetic effects (and caprock) are most common near shallow 
salt domes because of the abundant supply of fresh ground water available. 
The effects are more obvious in the fast-moving shallow aquifer systems, 
because the approach to chemical equilibrium is more rapid. Ground-water 
velocities in near-surface aquifers may be on the order of 1 cm/day, as 
compared with 1 cm/year in aquifers occurring at greater depths (Etter 1978). 

Chemical gradients required for diagenesis are commonly present in the 
salt dome environment, afforded by hydrocarbon compounds, brines, and trace 
constituents of the salt stock that are liberated by dissolution. 

Hydrocarbon compounds are commbn constituents of the salt dome environ­
ment, and they playa complex and' important role in near-dome diagenetic pro­
cesses.Organic fluids, having a low viSCOSity as a result of the salt stock's 
high temperature, migrate along· fracture systems and through tnted beds above 
and adjacent to the salt dome. Concentrations of methane and hydrogenous com­
pounds serve as reducing agents, thereby promoting transformation of sulphates, 
such as anhydrite, to elemental sulphur, pyrite, or H2S gas. 

Brines, which may move upward from depth along the salt dome flank and 
via fracture systems, provide a source for the chemical constituents of some 
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of the exotic minerals occasionally found in caprock. For example, celestite 
(SrC04) may be precipitated upon upward movement of ground water that has 
picked up large concentrations of Sr++ at depth. 

Diagenetic processes such as those mentioned above can be expected to 
occur in the next one million years. However, the changes brought about by 
diagenesis are usually slow and relatively subtle and, hence, should not affect 
the integrity of a salt dome repository. 

Salt Dissolution 

Salt dissolutioning is perhaps the most obvious of potential disruptive 
processes for a salt dome nuclear waste repository. The fact that many of the 
Gulf Coast Interior salt domes have existed for tens of millions of years 
attests to the concept that massive dissolution by laterally or vertically 
moving ground waters is unlikely. However, this concept must be verified by 
detailed studies of salt dome dissolution mechanisms before a definitive safety 
assessment can be made. Dissolution may be initiated or even controlled by a 
variety of human-caused events or processes (e.g., solution mining) as well as 
by the natural action of ground water flowing over and around a salt dome. 
This discussion is limited to the description of the mechanisms and potential 
effects of salt dissolution occurring without the intervention of humans. 

For rapid dissolution to occur, dome salt must be in direct contact with 
flowing ground water. Impervious barriers such as dense anhydrite caprock, 
clays, or marls must be absent. Ground-water flux at the zone of dissolu­
tioning must be great enough to remove saturated brines and to supply incoming 
fresh or undersaturated ground waters. Clearly, the greater the ground-water 
flux of fresh or undersaturated water, the greater the potential for salt dis­
solution. The basic conditions for salt dissolution are potentially fulfilled 
wherever a salt dome intersects an aquifer system, or where structural features 
such as upturned beds and faults allow vertical ground-water movement along 
the salt-host interface. Accurate determination of the perturbing effect of 
dissolutioning upon a salt dome requires detailed knowledge of regional and 
near-dome hydrology, salt-sediment interface lithologies, and near-dome struc­
ture. That information is not available for this reference site assessment. 
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In the East Texas basin, only two aquifer systems appear capable of pro­
moting active salt dome disso1utioning. These aquifers are the Woodbine Forma­
tion and the Carrizo-Wilcox Group. 

The Woodbine consists of interbedded sandstones and clays with an average 
thickness of about'900 ft. Ground waters are saline, wth total dissolved 
solids attaining 100,000 ppm in the center of the basin. Average penmeabili­
ties are about 18 gpd/ft2. Average porosities can reach 25%. 

Typically, the Woodbine lies below the level of any nuclear waste reposi­
tory. Average depths to the top of the Woodbine in Wood County range from 
-3700 ft to -4500 ft. However, faulting or folding associated with salt d~e 
intrusion m~ have locally uplifted the Woodbine to repository depths. Defini­
tion,of near-aome structure is, therefore, required to identify dissolution 
hazards posed by the Woodbine. 

In some salt domes the Woodbine coincides with occurrence of salt dome 
overhangs. This situation has led to speculation that salt dissolution by 
Woodbine waters has produced the overhang configuration. However, regional 

" studies of Cl/Mg ratios 1n Woodbine ground water suggest that such large-scale 
\._, dissolution has not occurred. Most authorities relate salt dome overhangs to 

the ~echanics of salt diapirism. 
1 

Woodbine waters rising along faults or upturned beds could also cause 
some salt dissolution. Saline springs present over some salt domes may be the 
result of such an occurrence. However, many other plausible exp1anatidns can 
be advanced for saline spr1ngs. For example, the salinity may be from salt' 
dissolutioning via a fresh water aquifer, or m~ constitute a surface release 
of saline Woodbine waters without any active dissolutioning., 

The Carrizo-W1lcox aquifer system is the most prolific fresh water horizon 
in Northeast Texas. Composed of complexly interfingering sands, clays. and 
lignite, the system has a thickness of several thousand feet. The aquifer 1s 
confined by the overlying Reklaw aquitard and often produces artesian well 
conditions 1n the center of the East Texas basin. Average permeabilities range 
from 50 to 184 gPd/ft2. Regionally, the aquifer has a hydraulic gradient of' 
about 3 ft/mile. Flow is typically downdip to the southeast, although salt 
dome structures m~ locally produce flow perturbations. 
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A number of East Texas salt domes appear to intersect the Carrizo-Wilcox 
at repository depths. Because of the aquifer's high permeability and low 
salinity, salt dissolution caused by this system can be viewed as the bounding 
case. Determination of the hazard posed by salt dissolutioning to a nuclear 
waste repository in a salt dome can thus be determined by defining the past and 
present dissolution rates caused by the Carrizo-Wilcox system. Probabilities 
for future dissolutioning may be estimated by determining the frequency of 
ongoing or past dissolutioning among Interior Gulf Coast salt domes possessing 
equivalent geological environments. 

A variety of methods have been suggested for determining whether a salt 
dome has or is experiencing salt dissolutioning. They include: definition of 
faults, up-turned beds~ sink holes~ breccias and topographic features caused 
by solution collapse; calculation of dissolution rates based on caprock thick­
nesses; and mapping of saline plumes in the Carrizo-Wilcox aquifer. For 
repository safety assessments to have a technically sound basis, the assump­
tions and limitations of each method must be fully recognized. 

A number of Interior Gulf Coast salt domes possess structural features 
suggestive of solution collapse caused by salt dissolutioning. In detail~ the 
geology of each of these salt domes is quite distinct. All share some combi­
nation of faults, steeply inclined strata, sinkholes, breccias, and topographic 
features that are mechanically compatible with extension related to salt dis­
solution and attendant solution collapse. The Chestnut Salt Dome of northeast 
louisiana. exhibits perhaps the most compelling evidence of widespread solution 
collapse. At the Chestnut Salt Dome, the Eocene Cane River Formation has been 
rotated to nearly vertical, and fault thickened and thinned by a collapse 
affecting much of the top of the salt dome. Significantly, Pleistocene ter­
race deposits fill a portion of the graben, which is approximately one mile 
in width. 

In contrast, the Vacherie Salt Dome of northeast Louisiana has only sub­
tle structural features in unconsolidated Tertiary sediments that may be the 
result of only limited solution collapse. Because deformation associated with 
salt dome intrusion or growth may produce geometrically similar structures, 
further study is required to substantiate claims that Vacherie has undergone 
dissolutioning-induced collapse. 

4.18 



          

            

          

         
            

     

           
           

            
           

        

            

           

           

   

         

           

         

         

              

           

           

            

            

           

       

        

           
        

         
          

      

Other Interior Gulf Coast salt domes show topographic evidence of possible 
solution collapse. For example, a lake at the surface over the Palestine Salt 
dome of northeast Texas perhaps is indicative of widespread subsidence caused 
by solution collapse. Most salt domes possessing marked topographic expression 
are shallow (only several hundred feet below the surface) and may be exposed 
to dissolutioning by water table aquifers. 

Although definition of the structural geology of any given salt dome may 
indicate whether widespread dissolution has occurred in the past, such a method 
is clearly an imprecise indicator of rates and probabilities for the next one 
million years. Structural features caused by salt dome growth may be confused 
with dissolution-induced deformation. Furthermore, because the age of deformed 
sediments are not known with great precision, it is not generally possible to 
place"accurate limits on the timing and duration of a dissolution episode. 
Thus~f'd;scussion of dissolution mechanisms in a one million year time frame 
is typically not possible. 

Caprock composed of stratified anhydrite, gypsum,and calcite is commonly 
present on salt domes. Caprock formation is most commonly attributed to large­
scale dissolution of salt and attendant concentration of relatively insoluble 
impurities (sulphates and carbonates). Based upon the observation that dome 
salt is very pure (98.6% halite is a widely quoted figure), rates of salt dome 
dissolution can be calculated if the time period of dissolutioning is known. 
Most calculations use the assumption that the caprock formed during the time 
from earr1zo-Wilcox deposition to the present, which is a span of about 50 
million years. Rates calculated by this method range from 0.031 to 0.183 mml 
year. The maximum rate would breach a repository possessing an BOO-ft thick 
buffer zone of salt in, 1.3 million years. 

, The underlying assumptions caused the calculation of ,dissolution rates 
based upon caprock thicknesses are suspect in many ways. For example, the 
concentrat10n of 1nsolubles in dome salt 1s "inadequately known. Individual 
salt domes may have quite different insoluble concentrations. A representa­
tive sampling of dome salt and definition of possible 1ntradome compositional 
variations are needed to resolve this problem. 
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Another assumption requiring justification is the notion that all caprock 
formed in the last 50 million years. Convincing evidence exists that at least 
the Interior Gulf Coast salt dome considered in this reference site analysis 
(Hainesville Salt Dome) actually reached the surface and was truncated by sur­
face erosion and dissolutioning. If this is the general case for Interior salt 
domes, then caprock may be a result of an extrusion episode occurring as long 
ago as Woodbine time (about 92 million years B.P.). Calculated rates of dis­
solution, based on a maximum caprock age of 92 million years, are a factor of 
two less than those based on a 50-mill ion-year time span. Resolution of this 
uncertainty requires accurate dating of caprock and/or waters contained within 
the caprock. 

Any salt dome that is currently undergoing disso1utioning should propagate 
a saline plume into the surrounding aquifer. Down-gradient measurement of 
water salinity (for instance, using suitably calibrated resistivity methods) 
should define this saline plume. This method has been used extensively to 
determine the extent (if any) of salt dissolutioning effected by the Carrizo­
Wilcox aquifer system. Preliminary results indicate that from four to six 
salt domes in the East Texas basin are experiencing some degree of active 
dissolutioning. 

Where saline plumes have been located, total dissolved solids concentra­
tions can be used to estimate dissolution rates. The precision of this method 
is strictly dependent on the accuracy of ground-water parameters because the 
method is essentially an application of Darcy's Law. Using calculations of 
this type for a group of northeast Texas salt domes, it can be shown that an 
800-ft salt buffer zone could be breached in about 2.7 million years. Assuming 
climatic changes that increase hydraulic gradients, such a breach could be 
moved up to about 2 million years. 

The uncertainties inherent in this method raise questions as to its appli­
cability for a safety assessment. Specifically, ground-water parameters are 
not well known for the near-dome environment. Values are usually those cited 
as average for the regional ground-water system. Such values are commonly 
distributed lognormally in natural systems, so that considerable variation is 
probable. Furthermore, resistivity methods may not be measuring saline plumes 
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around salt domes, since they measure only ion concen'trations. Ions may be 
present in the ground water from sources other than dissolution of a salt dome. 
For instance, though the Carrizo-Wilcox system is typically fresh, saline 
waters of unknown origin are occasionally penetrated by wells. Such waters 
may represent a local stagnation in ground-water flow, rather than a saline 
plume caused by the salt dome d1ss01utioning. Conversely. vertical movement 
of deeper saline waters into the aquifer is also a possibility. Near-dome 
environments typically contain numerous faults and upturned beds that may 
promote both upward migration of saline waters and local flow retardation. 

Critical examination of rates of dissolution determined by methods des­
cribed above reveals that they may be too great to extrapolate over long 
periods. Salt domes in the Interior Gulf Coast appear to develop from large 
massifs or pillows of salt. The volume of such salt pillows can be estimated 
by variation in sediment thicknesses around the salt dome. For example. it 
has beencalcul ated that, the initi al salt pillow at Hainesville contained about 
45 cubic miles of salt. The present Hainesville salt pillar contains about 
9 cubic miles of salt. The remainder was lost through erosion or dissolution­
ing. Extrapolating the dissolution rates calculated above to the Hainesville 
case reveals that if they were operative throughout the salt dome's history. 
all of the salt in the salt dome would have been dissolved. Clearly. such 
rates are either incorrect. operated over a shorter span of time. or operated 
intermittently. Thus. it is vital to recognize that dissolution rates may 
accelerate or decelerate over time as a function of changing ground-water 
conditions. 

In summary. calculation of credible, accurate dissolution rates is a major 
problem for salt dome assessment. Cur.rent methods may be adequate for giving 
an order of magnitude for potential salt dissolution, suggesting that natural 
salt dissolutioning poses little threat to a salt dome repository. However. 
the uncertainties inherent in current rate calculations are so high that a 
dissolution release scenario should be analyzed for its consequence in a safety 
assessment. The details for the natural dissolution scenario will be discussed 
in Chapter 5. 
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Salt Dome Growth or Diapirism 

A number of theories have been suggested as the controlling mechanisms for 
salt dome growth. Among the more notable theories that have been postulated 
are Barton's (1933) theory of isostatic down-building and a similar theory by 
Nettleton (1934), known as the fluid mechanical concept. Halbouty and Hardin 
(1956) also propose several new ideas while building on these previous works. 
These salt dome growth theories, along with other proposed concepts and ideas, 
are discussed in some detail in Halbouty (1967). Some of the more recent work 
that has been done in the area of salt dome growth was done by Loocke (1978) 
and focused on the Hainesville Salt Dome. This resulted in a growth history 
for the Hainesville Salt Dome, along with other new ideas about the stability 
of many piercement salt domes within the Gulf Interior Salt Basin. 

The following discussion was taken from Kehle (1980): 

Many "piercement" salt domes of the northern interior salt 
basins could serve as safe permanent storage sites for both nuclear 
and chemically toxic wastes. Suitable domes are stable and inactive, 
having reached their final evolutionary configuration at least 
30 million years ago. They are buried to depths below the level to 
which erosion will penetrate during the prescribed storage period, 
and they are not subject to reactivation in the future. The cores 
of these salt domes are impermeable, permitting neither the entry 
nor exit of ground water or other unwanted material. 

Stable Salt Domes 

Stable domes are those that have reached their final evolu­
tionary configuration. This status is characterized by a salt spine 
protruding from an eroded hole in the roof of a collapsed salt pil­
low, the latter being the reservoir that fed salt to the spine during 
an earlier period of maximum uplift. Such domes are not capable of 
reactivation because the reservoir of salt feeding the growth of the 
spine (the underlying salt pillow) has been completely evacuated. 
Neither additional sediment loading nor submergence will reactivate 
such a dome, because the original pillow has already collapsed . 
entirely. Like a flat tire from which all air has escaped, no 
further collapse of the initial salt pillow is possible once all the 
salt has been squeezed f~om it. 

Nor will the salt spine float up through the overlying sedimen­
tary rocks. In fact, buoyancy, per se, is never really operative in 
the evolutionary history of a dome. The stresses caused by buoyancy 
are insufficient to rupture the cover of sedimentary rocks. More 
importantly, the sediments surrounding the dome will not flow into 
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the void that would be created if the ~ome should begin to rise. In 
fact, the salt spine itself, being more fluid than the surrounding 
sediments, would flow back into the void, thus terminating any ten­
dency for the spine to ascend. 

Recognizing Stable Salt Domes: Stable domes are characterized 
by three factors:· 1) a completely evacuated predecessor structure, 
2) steep or overhanging flanks, and 3) continuous sedimentary layers 
across the- crest of the structure • 

. Determining the growth history of a candidate dome verifies its 
evolutionary state. This is accomplished by reconstructing the 
growth history, step by step, using high-quality reflection seismic 
profiles. The profiles need to cross the dome as well as the sur­
rounding area in a variety of dir~ctions. This affords the required 
data to permit a complete three-dimensional reconstruction. 

Use of this method permits the identification of a predecessor 
salt structure for each piercement dome. These predecessors may be 
pillows, anticlines or similar structures. The time at which the 
sedimentary cover of the predecessor structure is breached is readily 
ascertained from seismic data. The collapse of the predecessor 
structure can also be tracked. This tracking of the predecessor's 
collapse establishes conclusively whether all or most of the salt 
has been evacuated from the predecessor structure, which in turn 
demonstrates whether there is any possibility of the reactivation 
of dome growth. At the same time, the rate of uplift of the salt 
stock can be determined by, dividing th.e surface area of the stock 
by the volume reduction.of the predecessor structure at a number of 
successive times. A plot of uplift rate versus time for a mature 
dome will exhibit a maximum in the rate of uplift (as much as 
2000 feet per million years) during periods of maximum salt extru­
sion. A steady reduction of the uplift rate occurs after this maxi­
mum. The uplift rate declines to zero when all the salt has been 
evacuated from the predecessor structure. 

Each dome follows this evolutionary history. Once a dome is 
past the extrusion phase, it is incapable of reactivation. Deceler­
ation of the growth rate continue·s until it ceases altogether. Our 
observational skills are inadequate to identify the final date at 
which the last millimeter of uplift occurred, but that final date 
has no bearing on the problem at. hand. Once the growth rate of a 
dome decelerates to a negligible value, the potential for further 
growth is limited to such a small value as to have no bearing on the 
safety ofa repository. 

Epeirogenic Displacement 

Epeirogenic activity consists of broad, gentle movements of the crust that 
occur in stable cratonic areas, as opposed to the intense, orogenic deforma­
tions that occur within mobile belts •. 
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Since Middle Triassic time, the Gulf Coast region has been the site of 
a small amount of crustal warping in the form of subsidence. According to 
R. O. Kehle,(a) tectonic subsidence (produced by cooling of a thermal anomaly) 
prevailed until Early Tertiary. Subsidence of the Interior salt basins ceased 
at that time because sedimentation in these basins had kept pace with sub­
sidence. As a result, the Interior basins have been essentially filled and, 
therefore, have no potential for further subsidence resulting from sediment 
loading. In contrast, sedimentation in the Central basin (present Gulf of 
Mexico) during Mesozoic time was slower than subsidence. Although tectonic 
subsidence ceased by Early Tertiary, the Central basin continued to subside 
because of sediment loading. Load-induced subsidence of the crust beneath 
the northern Gulf of Mexi~o still occurs today, as the Mississippi River dumps 
large volumes of sediment into the basin. Subsidence should cause no concern 
with respect to safety of a waste repository in a salt dome, because the Inte­
rior salt domes, not the Gulf Coast domes, are being considered as possible 
sites. It has been suggested that the Gulf Coast is a potential site of litho­
sphere uncoupling and subduction because of the loading and thermal effects 
from the sediment prism that has been deposited in the Gulf of Mexico. This 
could happen during the next million years; however, it is a virtual certainty 
in the more distant future. Because of this and the possible effects it could 
have on both the epeirogenic displacement and faulting, it should be studied 
in more detail during future analyses of the Gulf Coast salt domes. 

Orogenic Diastrophism 

According to Kehle (1978): 

The northern interior salt basins of the Gulf of Mexico region 
are generally free of diastrophic activity that might pose a hazard 
to the safe storage of nuclear wastes. This fact is not surprising 
because these basins are located well within the North American tec­
tonic plate, far away from both interplate and intraplate tectonic 
activity. Although the sediments in each of these basins are 

(a) From an unpublished report to Law Engineering Testing Company, Marietta, 
Georgia, entitled Tectonic Framework and History, Gulf of Mexico Region 
(1978). 
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moderately deformed, most of the deformation resulted from nondia­
strophic causes, principally movement within underlying salt layers. 
Those few structures resulting from crustal deformation are no 
longer active, being related to one of several ancfent periods of 
deformation in the region. The only movement continuing today is 
subsidence of the coastal basin, which results in oceanward-tilting 
of the entire region. This tilting, in turn, causes some adjustment 
between basement blocks •. These adjustments are accompanied by the 
release of seismic energy, but the resultant low-magnitude earth­
quakes pose no hazard to man-made structures. 

The conclusion is that diastrophism will not breach a repository located 
in the reference salt dome. 

Faulting 

The danger presented to a nuclear waste repository by faulting is a com­
monly expressed concern.' As will be shown below, however, faulting and atten­
dant vibratory shaking do not present a credible hazard to a waste repository 
located within an East Texas salt dome. 

Assessment of the danger posed by faulting and seismic activity requires 
examination of the following factors: 

(--

\ • location, age, displacement, and causes of faulting 
'-

\ ....... 

• recorded seismicity 

• effects of vibratory shaking and fault displacement on an underground 
facility. 

Nature of Known Faults in the Gulf Coast Region 

In the Gulf Coast region as a whole, four types of faults are present: 

1. basement faults initi ated in- the; Late.Tri assi c by conti nental r,ifting 
associated with opening of the Atlantic and of the Gulf of Mexico; 

2~ flexure or boundary graben faults resulting from hinge-line bending and/ 
or downdip salt flowage; 

3. growth or penecontemporaneous faults developed in areas of rapid, thick 
sediment accumulation; and 

4. faults associated with salt dome formation, denoted here as dome- or 
piercement-induced-faults. 
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According to Kehle (1978a): 

There was major pervasive extensional faulting throughout the 
Gulf region during the early Mesozoic. This faulting resulted in 
significant crustal attenuation, thereby converting the previous 
continental area into the series of basins that exist today. This 
episode of major crustal disruption ceased entirely during the mid­
dle Jurassic, about 150 million years ago. Some faults within this 
system were reactivated during the middle Cretaceous, about 
100 million years ago. But this latter episode was short-lived, 
probably confined to less than a 5 million year interval. 

Throughout the history of the area, these same basement faults 
served as the locus for adjustments between basement blocks during 
periods of basin subsidence. They accommodated differential subsi­
dence of crustal blocks of different thickness by permitting decou­
pling between the blocks. Although the interior basins ceased sub­
siding about 45 million years ago, some decoupling still occurs 
today. This decoupling is the result of active subsidence of the 
Gulf basin to the South. Oecoupling is accommodated piecemeal by 
small movements along the old faults, accompanied by minor releases 

-of seismic energy. This kind of activity is likely the cause of the 
few minor earthquakes reported from this region. 

Three major fault systems are located on the periphery of the basin. Of 
interest here are the Balcones Fault System, the Mexia-Talco Fault Zone, and 
the Mt. Enterprise Fault System. The Balcones, Mexia-Talco, and Mt. Enter­
prise fault systems are flexure or boundary graben faults. Though all of 
these fault systems are on the periphery of the East Texas basin, they will be 
briefly described for the sake of completeness. 

The following paragraphs on the Balcones system were taken from Kehle 
(1978a): 

The Balcones fault system, which separates the Edwards Plateau 
from the Gulf of Mexico province, was active during the Miocene and 
possibly into the Pliocene. But no offsets of Pleistocene fans or 
terraces have been observed, indicating that the system has been 
inactive for several million years at least. Presumably, the fault­
ing was related to the epeirogenic uplift of the western United 
States. Although related tectonic activity continues today, it 
apparently does not result in further tilting of the High Plains of 
Texas. Consequently, the Balcones fault system is no longer active. 

The Balcones fault system is capable of reactivation, should 
uplift of New Mexico and Trans-Pecos Texas resume. Whether this is 
likely is highly problematic. Details of the evolutionary history 
of inCipient rifts are inadequately known to allow making absolute 
statements regarding the future history of this area. 
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Because the Balcones fault system is located far from most can­
didate domes, this fault system poses no direct hazard to storage 
facilities located within the basins... • . 

The Mexia-Talco and Mt. Enterprise systems are most commonly represented 
by a complex graben. The following general discussion 1s taken from Kehle 
(l97Bb) : 

The system of faults bounding the northern interior salt basin 
is only indirectly related to the basement-fault systems. The 
boundary faults are-at the outer periphery of the Tr1assic block­
faulted terrain. They have a long evolutionary history, being 
active about 110 million years from mid-Jurassic through Eocene 
time. Movement along the faults within the boundary-fault system 
apparently resulted from either salt flow away from a buried base­
ment scarp, or from bending (because of differential subsidence) 
across a boundary between thin crust underlying the basins and thick 
crust underlying the surrounding continental mass. 

Neither process is operative today. 1) There is no bending 
because there is no subsidence. This is because the basins are 
filled to capacity with sediment, so no accommodation by subsidence 
is necessary. 2) No salt flows from beneath 'the fault system 
because all the salt has been evacuated previously. This evacuation 
is shown by both seismic and well data. 

Because of the nature of the causitive mechanisms, the faults 
in the boundary system are not subject to reactivation. For exam­
ple, because all salt has been evacuated from beneath the boundary 
faults, no more can escape. Thus, this mechanism cannot cause 
further displacements. Similarly, because the basins are already 
full to capacity, no additional subsidence can occur. This lack of 
potential for subsidence can be explained by the fact that the 
basin, as well as the surrounding continental land masses, is in 
isostatic equilibrium. The absence of offsets in Pleistocene allu­
vial fans and river terraces along the boundary-fault system con­
finns the lack of movement 1n the-recent geologic past. Our under­
standing of the cause of movement along the boundary-system faults 
allow us to state unequivocally that no future movement is possible 
until the tectonic regime changes. 

Growth faults, like the fault systems discussed above, are not present in 
the East Texas basin. They occur-as a result of thick sediment accumulation 
in the coastal plain, continental shelf, and the continental slope areas of the 
Gulf Coast region (Kehle 197Ba). Growth faults that move aseismically are 
caused by sedimentary instability; hence, displacement generally ceases when 
the unstable shelf-edge environment builds farther gulfward (law Engineering 
Testing Company 197Bb). 
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Faulting is commonly associated with pfercement salt dome formation. 
According to Kehle (1978b): 

Movement within the salt is accommodated by deformation in the 
overlying sediments. Structures of this type are local, and their 
formation is aseismic. Ground displacement is the only hazard they 
pose to man-made structures. Consequently, the only structures that 
need to be considered are those associated with candidate domes. 
Generally, these faults occur only within the sediments surrounding 
a dome and do not penetrate the salt core itself. Where this is 
true the faults would not affect the structural integrity of a 
repository. The faults will offset ground water flow, which mayor 
may not ~e of consequence 1n the selection and design of a reposi­
tory. Such determination will need to be made on a site-by-site 
basis. 

Recorded Seismicity 

The entire northern Gulf Coastal Plain is assigned a seismic risk of 
Zone 0 (no damage) or Zone 1 (minor damage), which corresponds to intensities 
V and VI of the Modified Mercalli (MM) Scale. The East Texas Basin and the 
Mississippi Basin straddle the Zone O-Zone 1 boundary. The North Louisiana 
Basin is within Zone 1. This is the result of its proximity to the New Madrid 
seismic province. 

Within the extent of the Gulf Coastal Plain seismic province, the maximum 
historic earthquake, less than VI MM, is the 1930 Donaldsonville event (south­
ern Louisiana). VII MM events occurred in the adjacent OuachftaSystem seismic 
province, which extends inland from the peripheral flexure faults. 

In general, the minor seismic events recorded in eastern Texas are not 
appended to known structures (e.g., the Mt. Enterprise Fault System). Excep­
tions include activity caused by growth faults 1n the Houston area, and events 
probably caused by pressurized brine injection into producing oil fields. 
Surface displacements have also never been associated with any recorded seismic 
event. 

Effects of Vibratory Shaking and Fault Displacement 

Sensitive surface facilities, such as nuclear reactors, require extensive 
engineering to withstand potential vibratory shaking induced by earthquakes. 
One would expect a subsurface facility, backfilled to entirely eliminate free 
surfaces, to experience very little vibratory excitation. In fact, data from 
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underground nuclear explosions conducted at the Nevada Test Site indicate that 
open subsurface tunnels and boreholes experience no significant vibratory 
damage, even when ground motion is up to several tens of g (Wight 1978). The 
only significant damage reported in the 40 tunnels examined at the Nevada Test 
Site was caused by fault displacement rather than vibratory excitation. Given 
the low intensity of Gulf Coast seismic events, and assuming proper backfill­
ing procedures, vibratory shaking 1s excluded as a credible hazard to a 
northeast Texas salt dome repository in a one-million-year time frame. 

Because recorded seismic1ty in East Texas is not appended to known struc­
tures, it is possible to consider low intensity events as occurring randomly 
through the region. Thus, small displacement, normal faulting (high-angle 
reverse or thrust faults are Virtually unknown in the Gulf Coast) can be 
assigned an occurrence probability in the salt dome vicinity over the next one 
million years. The probability of such an event is a function of the recorded 
frequency for the region. 

The effect of small displacement, normal faulting upon the salt dome 
environment is a topic of current research. Indications are that such a struc­
ture would be, in essence, analogous to a salt dome-induced fault in geometry 
and probable effect. The mechanisms of such a fault would not, however, be 
related to salt dome growth. Differential sediment compaction, solution col­
lapse, or secular motion on a flexure fault could conceivably cause small nor­
mal displacements. The Hainesville Salt Dome has existed for at least 38 mil­
lion years (age of the youngest'faulted near-dome sediments) with such fault 
structures nearby. 

Conclusions on Faulting 

Throughout this discussion, it has been assumed that the regional stress 
state of the East Texas region will not change in the next· one mil110n years. 
This assumption is compatible with both observed plate tectonicvelocit1es of 

several centimeters/year and the millions of years of tectonic quiescence dem­
onstrated in the geologic record. 
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The effects of near- and far-field faulting on a salt dome nulcear waste 
repository are not deemed credible release hazards for a million-year time 
frame. Specifically: 

• Available evidence indicates that known faults in the East Texas basin 
are inactive. 

• Recorded seismicity for the entire Gulf Coast 1s very low in intensity 
(maximum = VI ~1M). 

• Vibratory shaking hazards for a properly backfilled subsurface facility· 
are negligible even for very strong ground motion. 

• Normal faulting of small displacement in the salt dome vicinity is assumed 
to have a finite occurrence probability over a one-mil 1 ion-year time 
period. The consequence of such faulting is not considered a credible 
disruptive event because of the existence of many similar faults that 
have not produced salt dome disruption over at least a 38 million-year 
time span. 

Metamorphism 

Metamorphism is the process by which consolidated rocks are altered in 
composition, texture, or internal structure by conditions and forces not 
resulting solely from burial and the weight of subsequently accumulated over­
burden. Pressure, heat, and the introduction of new chemical substances are 
the principle causes of metamorphism. The resulting changes, which generally 
include the development of new minerals, are a thermodynamic response to a 
greatly altered environment. Rocks can be affected by contact metamorphism or 
by regional metamorphism, both of which are related to orogeny or tectonism. 
The Gulf Coast region has been reasonably stable for a very long time. As 
stated by Law Engineering Testing Company (1978b), " ••• the Gulf Coast region 
does not show evidence of igneous activity since the end of the Cretaceous 
period, approximately 70 million years ago.- The only crustal activity in the 
Gulf Coastal Plain at present is a very slow subsidence, and there is no indi­
cation that a change is imminent. Major orogeniC activity and subsequent meta­
morphism cannot be expected to affect the Gulf Coastal region in the next one 
million years, and, hence, do not represent a credible breach scenario for the 
salt dome. 
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Magmatic Activity 

Magmatic activity, both extrusive and intrusive, canrot be expected to 
affect a nuclear waste repository in a Gulf Coast salt dome within the next one 
million years. The Gulf Coastal Plain is not characterized by mobility; the 
only crustal activity at present is a very slow subsidence. The last magmatic 
activity in the Gulf ~oast area occurred many millions of years ago. According 
to Law Engineering Testing Company (1978b), " ••• the Gulf Coast region does not 
show evidence of igneous activity since the end of the Cretaceous period, 
approximately 70 millions years ago." There is no indication that an increase 
in activity in the Gulf Coastal area is imminent, and magmatic activity cannot 
reasonably be expected to occur in this area within the next one million years. 

Static Fracturing 

. Salt has the capacity to creep slowly and thereby to heal static fractures 
that might occur. Two types of static fracturing are surficial fissuring and 
hydraulic fracturing. These fracture mechanisms are non-tectonic. 

Surficial Fissuring 

According to Davis (1980), surficial fissures are near-surface fractures 
that result from tensile failure. They may be produced by stresses related to 
phenomena such as differential compaction of deep dessication sediments, 
changes of temperature, and short-term stresses from nearby earthquakes. These 
fissures are most common in valleys of the Southwest that contain, nonindurated 
sediments. They are commonly found in Arizona, California, and Nevada. Sur­
ficial fissures are believed to extend to depths of about 100 meters. This 
type of feature should not affect a nuclear waste repository at a depth of 
several hundred meters. Furthermore, the ability of salt to .self-heal would 
min1mize the damage caused by these fissures if they could somehow reach to 
repository depth. 

Hydraulic Fracturing 

Hydraulic fractur1ng 1s often used to 1ncrease .the permeabil1ty of a rock 
unit. Water is pumped into the format1on until the strength of the rock is 
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exceeded. The rocks fail by fracturing. Hydro-fracturing possibly may be 
induced in the rocks surrounding a salt dome, but there would be no reason to 
initiate such fracturing in the salt dome itself. Salt domes are obviously not 
good aquifers; they are rather impermeable, and any water obtained from a salt 
dome would be salt-saturated and unsuitable for drinking. It is, therefore, 
unl1kely that humans would attempt to obtain water from a salt dome by in1ti at-
1ng hydraulic fracturing. Salt domes might, however, be exploited for the 
minerals which they contain. Mining of salt domes will be addressed in 
Chapter 5. 

Meteorites 

Meteorite impacts are disruptive to the surface and near-surface of the 
earth, as such places as Meteor Crater in Arizona testify. The frequency of 
meteorite impacts is quite well documented from studies of both the earth and 
moon's surfaces, and the expected number of impacts for a given time period 
can be calculated from results of these studies (Hartmann 1978; Claiborne and 
Gera 1974). 

The probability of a meteorite large enough to disrupt a repository at a 
depth of about. 600 meters has been gi ven as 2 x 10-6_10-7 per mi 11 ion 
years, depending somewhat on the area of the repository being considered. 

There is not universal agreement at this time on how the energy of a 
meteorite impact is diSSipated. One recent study has suggested that about 40~ 
goes to heating of the material, about 50~ into crushing or plastic deforma­
tion, and about 10% into ejecta kinetic energy (O'Keefe and Ahrons 1977). The 
largest part of the ejecta-related energy goes into lifting shattered material, 
most of which falls back into or near the crater, and probably less than 1-3~ 
of ejected material should be considered airborne. 

Fracturing of material below the actual crater depth occurs in material 
that yields by brittle fracture. For high energy impacts, the fracturing can 
extend to 0.6 crater diameter in depth. If an impact occurred directly over a 
salt dome repOSitory, fractures could extend to repository depth even though 
the crater itself did not reach the repository. Assuming fractures occurred 
and remained open, they could act as conduits for ground water, if present, and 
the scenario would become a variation of the dissolution case. 
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.- The low probability associated with the impact of a meteorite large enough 
to breach a salt dome repository makes this so unlikely that it should not be 
considered with other more likely events. Because of this low probability 
(10-6_10-7 per million years), plus the fact that the probability is well estab­
lishedfrom observed data and is independent of terrestrial events, this phe­
nomenon is not considered further here. 

Undetected Features 

An assumption implicit 1n the above discussions is that the best geologi­
cal and engineering methods or judgments will be used during repository site 
selection and construction. However, human error or negligence cannot be . 
entirely ruled out as a contributing factor in any given repository release 
scenario. Possible examples of engineering error include: 

• failure to backfill and seal correctly portions of the repository or 
repository shafts 

• construction-induced fracturing of the salt buffer zone around the 
repository 

• incorrect spacing of waste canisters leading to local thermal and radia­
tion gradients that exceed deSign limits. 

Some of the above examples of engineering error may fall outside of the 
currently defined scope of AEGIS (i.e., covered under waste-induced effects and 
operational phase safety assessments). They are still of considerable inter­
est to AEGIS because they may significantly alter the initial boundary condi­
tions of the repository long-term isolation phase. 

A possibil1.ty al,so exists that, despite best available geological and 
engineering judgment, important features or processes will remain undetected 
du~ing repository site selection and construction. Examples include: 

• on-going salt dissolution 
• undocumented boreholes 
• permeable zones (shear zones) within the salt dome. 

Shear zones are vertically oriented planes within the salt dome along 
which sediment inclusions, anhydrite, and coarsely recrystallized halite are 
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localized. In several mines located in coastal salt domes, shear zones have 
contained significant amounts of brine. Studies are currently being conducted 
to determine if the source of the brine is connate or exterior. Shear zones 
are believed to form during the process of salt dome growth (Kupfer 1974). As 
no further salt dome growth is possible in East Texas basin salt domes (see the 
section on diapirism), shear zones will not form in the future. The danger to 
the repository is from shear zones that may be undetected during repository 
site selection and construction. 

Note that all these undetected features that would promote the same dis­
ruptive processes (i.e., dissolution) are actually analyzed in the dissolution 
scenario. Once credible probabilities are aSSigned to the occurrence of unde­
tected features, they may be treated as subsets of fundamental disruptive 
phenomena. 

HUMAN-INDUCED DISRUPTIVE PHENOMENA 

A comprehensive assessment of the safety of a nuclear waste repository 
must include some analysis of how humans might cause a future interaction 
between remaining radioactive materials and the human environment. The conse­
quences and likelihood of deliberate or inadvertent human intrusion, in terms 
of radionuc1ides released, could far outweigh the consequences of release 
through gradual ground-water contamination. For this reason, consideration of 
how future human activities might affect repository safety must be incorpo­
rated, in some manner, into potential Type 3 release scenario analyses. 

At this time a structured methodology for dealing with potential human­
induced repository breaches has not been developed. It seems unlikely that the 
probabilities for such events could be quantified as the events and processes 
in the geologic realm currently are. The history of human activities is 
extremely brief in comparison with geologic history. While the probability of 
occurrence of geologic activities can be quantified based on long-term histo­
ries of those activities, human activities cannot be similarly treated. Geo­
logic processes are dated in millions of years; hominid predecessors, Austra­
lopithecus and Homo habilis, however, have existed only within the past few 
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.r million years. The appearance of modern man 'is dated from about fifty thou­
sand years ago, while the existence of agricultural systems and the recording 

'by man of history can be traced for only a few thousand years. Any analysis 
that would attempt to categorize past human activities and project those cate­
gorizations into the future must currently be qualitative in nature and highly 
uncertain in its predictions. 

An analysis of future human-induced activities that might compromise the 
integrity of a repository sited in a salt dome can be structured to discuss a 
range of potentialities. The methodology involves an examination of the range 
of known past human activities that might, if repeated. breach the repository. 
Separate analyses can be made of those activities that would breach the repos­
itory intentionally and those that would result in an inadvertent breach. In 
addition, some conclusions can be drawn about the probabilities of both types 
of breaches while the repository remains under the control of some governmen­
tal or institutional entity and while infonnation about the nature of the 
repository and the materials it contains, is available for effective use. 

Institutional Control and Information Transfer 

',_ There exist at least three phases of institutional control based on pre-
dictive reliability: 

• short term (less than 50 yr after closure of repository)--reasonable 
predictions can be made about stability, goals and operation of· human 
institutions, as well as degree of uncertainty 

• intennedi ate tenn (100-200 yr after closure of repository)--predictions 
are based largely on extrapolation or projection of present trends; there 
is a limited degree of confi'dence •. which decreases with time' 

• long tenn (more than 100-200 yr after closure of the repository)--uncer­
tainties dominate. 

Draft Environmental Protection Agency (EPA) regulations on disposal of 
high-level radioactive waste, available at the time of scenario development and 
in subsequent drafts, state that controls for the repository that are based 
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on institutional functions cannot be relied on for longer than 100 yr after 
closure. For purposes of this analysis, loss of institutional control, 
regardless of cause, is presumed at 100 yr after repository closure. 

One of the purposes of control of the repository site is the transfer of 
information about the nature of the repository and the dangers inherent in the 
release of the radioactive materials it contains. Implicit in the loss of 
physical control of the site is the possibility that effective intergenera­
tional transfer of information would be lost, or that only a partial transfer 
through written records would be made. Current EPA draft regulations require 
supplemental controls to be designed using the most permanent markers and 
records practicable to communicate the nature and hazard of the material and 
its location. In spite of these precautions, some probability exists that· 
information transfer might not effectively survive, intact and intelligible, 
for any period significantly longer than that presumed for institutional con­
trol to the degree necessary for reliance in protecting the accessible environ­
ment from the radioactive wastes. 

The remainder of this analysis will look at the various potential reasons 
the site could be intentionally breached, the possibilities and results of 
potential inadvertent breaching, and the interactions of both institutional 
control and available information with the potentialities for breaches. 

Intentional Breaching 

Breaching a salt dome repository intentionally can be postulated for 
both short- and long-term periods of time. Such an intentional breach is here 
defined as a knowing intrusion into the repository structure for some deliber­
ate purpose. In the Short-term, it is presumed that institutional controls 
would still be in place and would be designed adequately to deter or repel 
any attempt at deliberate invasion of the repository site. More importantly, 
consensual deliberate intrusion while the repository is under institutional 
control would involve a contemporary societal decision to assume the burden of 
those actions. Hence, the onus of risk falls onto that society rather than 
today's. 
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Deliberate intrusion at some time in the future beyond that point at which 
institutional controls must be presumed lost is a more likely scenario. Given 
the complete loss of institutional control over the location and loss of hazard 
warnings, future human activities could deliberately intrude in such reposi­
tories without having or using reconnaissance technologies that would advise 
caution against radiation exposure. The comparative danger of intentional 
human intervention following waste emplacement and repository closure would 
probably be much greater if the wastes were in a surface or near-surface 
repository'rather than in deep burial. Future societies capable of deep pene­
trations of geologic media would likely have a range of reconnaissance tools 
available and mechanical techniques for probing the environment near economic 
development activities. A society capable of intentionally breaching a reposi­
tory as a known anomaly with unknown contents could be capable of assessing 
beforehand the possible consequences of that breach and thus assuming the risks 
inherent in such a breach. 

On the other hand, the geologic repository program is based on a judgment 
that it is incumbent upon the present society, which is benefiting from the 
processes that generate hazardous materials, to minimize the danger to future 
societies from those materi also Therefore, inadvertent human intrusion must be 
addressed in assessing the post-closure safety of a nuclear waste repository. 

Inadvertent Breaching 

For purposes of this analysis, inadvertent breaches are those caused by 
activities carried out without knowledge of the presence or purpose of the 
repository,thus assuming that enough time has passed to make loss of institu­
tional controls and/or effective, infomation about the repository likely. The 
physical features that make a salt dome attractive as a repository for nuclear 
waste isolation also make it attractive for future alternative uses. Salt - -

domes are large, accessible concentrations of a relatively pure mineral, making 
them-valuable natural resources. Also, salt- domes are attractive for under­
ground storage space because of their impermeability, pl asti City, rel atively 
high themal conductivity and geologic stability. Figure 4.2 depicts the 
potential competing uses of salt domes. 
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FIGURE 4.2. Potential Competing Uses of Salt Domes 



          

           
             
             

         

           

           

           

            

          

          
           

           

           

          

          

      

    

         

            

            

            

            

         

            

        

         

          

           

          

          

          

The geologic advantages of salt domes for long-term isolation of radio­
active wastes could be offset by the potential for inadvertent breaches caused 
by the known past and probable future competing uses of salt domes. The util­
ity of salt domes for underground storage and as a valuable source of acces­
sible minerals will encourage future use. Therefore, future human activities 
in or near a salt dome have a reasonable chance of occurring. 

Exploration and extraction of minerals from a salt dome containing a nuc­
lear waste repos1torycould potentially result in the breach of that reposi­
tory. The severity of,the breach and the amount of waste material released 
into the accessible environment are dependent upon the method of exploration 
and extraction used, the location of exploration and/or extraction with respect 
to the repository, and the society's level of technology and/or ability to 
monitor for radioactivity. Even though a society does attain the ability to 
monitor for radioactivity, there 1s no reason to assume-that monitoring would 
occur during routine exploration for, or extraction of. minerals. The human 
activities that lead to future unintentional intrusion into a salt dome 
repository are discussed in the follOtling section. 

Mineral Resource Exploration and Acquisition, 

Salt dome formations are frequently associated with deposits of shale, 
sulfur, Oil, natural gas, and commonly very high grade salt (>95% NaCl). The 
minerals associated with a salt dome can vary greatly, depending on its depth, 
location, and the length of time since the salt dome was active. Historically, 
a number of salt domes have been involved in mineral exploration and mineral 
extraction. The methods and processes for exploration and extraction differ 
according to such factors as mineral type, depth to minerals, level of tech­
nology available, and economics. Basically, these met·hods include conventional 
mining and excavation (room and pillar), solution mining, and drilling. 

Sulphur has been commercially mined or recovered from salt domes since 
about 1920. A typical salt dome sulphur deposit is contained in sulphur­
bearing limestones in the caprocK overlying the salt. Sulphur is extracted 
from salt dome formations using the Frasch Process. The Frasch Process, 
developed in 1894, involves drilling a well into the sulphur-bearing caprock, 
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pumping hot water into the well to melt the sulphur, and withdrawing-the sul­
phur slurry. The caprock creates a sealed vessel, so bleed-water wells are 
placed at the flanks to reduce pressure. Mining for sulphur in this manner 
would not result in the direct breach of a repository located in a salt dome; 
however, it could produce secondary effects (e.g., pressure-induced fractures) 
that could provide a pathway of radioactive material transport to the acces­
sible environment. 

Oil and natural gas deposits are commonly situated at the flanks of th~ 
salt dome formations. The Woodbine sand, which is several hundred feet thick 
in the interior of the Gulf Coast salt dome region (East Texas basin, Sabine 
uplift, and the region of the Mexia-Talco fault zone) has been known to carry 
oil and gas in. great quantities. This formation and the oil and gas deposits 
are often associated with salt domes or along the fault zones caused by the 
rising of the salt dome. Pockets of on and gas discovered within the salt 
dome are rare; most exploration occurs around the periphery of the salt dome. 
The probability of directly penetrating a canister when drilling randomly over 
the repository site ~s small. Secondary effects (e.g., ground-water altera­
tions) caused by the drilling operations could provide pathways of radionuc11de 
transport to the accessible envirorunent. Such a scenario would have conse­
quences less extensive than the scenario presented below and, therefore, is 
not further considered here. It would need to be addressed in an actual site 
assessment. 

Historically, salt has been very important. Besides being biologically 
essential to humans and other animals, salt has been used in ancient civiliza­
tions as the basis of monetary systems (hence, the word salary). Almost five 
millenia ago, the earliest known treatise on pharmacology was published in 
China, a major portion of which was devoted to a discussion of more than 
40 kinds of salt. The first patent issued by the British crown to an American 
settler gave a Massachusetts colonist the exclusive right to make salt by his 
particular method for 10 yr. The value of salt as an essential mineral 
resource to man is obvious. With increasing world populations, the demand for 
salt is also increasing. 
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Salt is mined from salt domes using both conventional mining operations 
(room and pillar) and solution mining methods. Conventional mining and exca­
vation often reach depths of 1000 ft into the salt dome. Conventional mining 
could result in ,exposure of a small part of the repository. However, because 
this technique involves human presence within the mine, the thermal and radia­
tion effects would limit the exposed volume, with direct deleterious effects 
on the mining personnel. Such a scenario would have consequences less exten­
sive than the scenario presented below and, therefore, is not further consid­
ered here. It would need to be considered in an actual site assessment. 

Solution mining is the predominant method of mining for salt in salt 
domes. It is also the most effective method of constructing caverns to pro­
vide storage space in salt domes. Solution mining. can be performed without a 
high level of technology. The Chinese drilled wells for saturated brine to 
depths of 1000 to 2000 ft as early as 2000 B.C. Historically, solution mining 
in one form or another has provided an efficient method of obtaining salt 
brine. 

Basically, solution mining is the removal of salts and evaporates by dis­
solution. Fresh water is injected into a 'salt deposit and brine 1s extracted. 
The methods of solution'mining differ with application, but the controlling 
physical processes are the same". Diffusion and natural convection operate 
together .to dissolve and transport salts within the underground cavity. Fig­
ure 4.3 shows a hypothetical solution mining operation. The less saline water 
at 'the top of the rock salt surface dissolves the salt. This dissolved salt 
increases the fluid density of the water and causes it to fall along the wall, 
continuing to dissolve and transport salt. The most dense, saturated brines 
are concentrated at the bottom"'of the cavity. This brine is removed to the 
surface. 

The depths of the wells, the-quantity of salt removed, and the size of 
the cavity constructed depend on the mining technique and the characteristics 
of the geologic medium. The applied mining technique is a function of the 
level of technology of that society. Present cavity volumes range in the mil­
lions of cubic meters. Aco~stic and laser techniques are applied today to help 
control cavity shapes. 
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FIGURE 4.3. Hypothetical Solution Mining Operation 

4.42 



           

            

         

             
             

          
           

          

     

         

             

             

           

            

          

             

          

       

         

       

         

         

           

       

           

          

           

        

   

          

         
         

There are a number of cond1t10ns resulting from solution mining that could 
potentially directly breach a repository located in a salt dome and create a 
pathway of radionuclide movement to the accessible environment. The most 
immediate effects of solution min1ng in a salt dome are the evacuation of a 
large cav1ty, the use of large volumes of available fresh water, and the pro­
duction of brine. Given that the solution process intersects the repository 
and that the contaminated brine is intended for consumptive use, the most 
immediate consequences would result from direct contamination of a human popu­
lation from 1ngestion of table salt. 

The probability of solution mining directly intersecting a nuclear waste 
repository is a function of the size and depth of both the underground cavity 
and the repository. The size and shape of the cavity depend on the method, 
proficiency, and technological ab1lities of the miners and on the character of 
the host media. The reference repository of this study occupies over 65% of 
the horizontal cross-sectional area of the salt dome (Figure 4.4). Because 
the depth of the repository and the depth of common solution mining are compa­
rable, the probability of a repository breach seems extremely high, should 
solution mining occur in the repository salt dome. 

In addition, potential secondary effects of solution mining such as 
induced hydraulic fracturing, accelerated natural dissolution rates, ground­
water alterations, ground subsidence, and surface collapse could provide a 
pathway for radionuclide transport to the accessible environment. The impacts 
from these secondary effects would be evidenced over the long term. These 
would be analyzed in an actual site assessment. 

Because solution mining for salt is a plausible method by which remote­
controlled operations could expose sizeable portions of a nuclear waste reposi­
tory without immediate recognition by the miners, a scenario was developed for 
con'sequence analysis. This scenario is described in Chapter 5. 

Energy Storage and Production 

Salt domes have been receiving increased attention for their value as 
, underground storage media. The characteristics that make salt domes attrac­
tive for waste isolation (e.g., impermeability, plasticity, and relatively high 
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      FIGURE 4-4. Areal Representation of the Hypothetical Nuclear Waste 
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thermal conductivity) also make them attractive for energy storage and produc­
tion. Currently, technologies and activities to store and produce energy in 
salt dome cavities include compressed air energy storage (CAES), natural gas 
storage, and the Strategic Petroleum Reserve (SPR). Also, salt dome caverns 
have been suggested for use in salinity gradient energy production. Each of 
these technologies requires the use of an underground storage space or cavity. 
The predominant method of creating such underground cavities in rock salt for­
mations is solution mining. 

At times of surplus energy production large quantities of energy can be 
stored underground in the form of compressed air. During periods of peak 
demand this energy'can be recovered. The 290 MW storage plant in Huntorf, West 
Germany, currently operates with two solution mined caverns. The 1,800-ft­
deep caverns have ~ combined volume of 10,000,000 ft3 and maintain air pres­
su~es between 650 and 1000 psi. The minimum depth requirement depends on the 
maximum pressure planned for the cavity. The most severe potential impacts on 
the repository, should a CAES cavern be located in the same dome, would occur 
from construction (solution mining) of the cavern. Operation of CAES at 
exceedingly high pressures or over long periods of time could produce fractures 
in the formation that might provide a pathway for radionuclide release to the 
accessible environment. Also, cavern or wellhead failure could lead to an 
atmospheric release of radionuc11des. 

Salt dome caverns are attractive underground space for stor~ge of hydro­
carbons. The Strategic Petroleum Reserve (SPR) program would create a reserve 
of crude oil in the U.S. through storage in underground space. Most of the 
SPR's 500 million barrels of oil is planned to be stored in salt domes. Cur­
rently, 300 million barrels of storage space exists in a variety of fonnations. 
In the past, natural gas has also been stored in salt dome cavities. One salt 
cavern in Saskatchewan contains 290,000 barrels of natural gas· to a depth of 
3700 ft. Twin caverns in the Emminence Salt Dome containing natural gas have 
a depth of 5700 to 6700 ft. The severity of potential future impacts in the 
accessible environment resulting from energy storage and production in a salt 
dome containing a nuclear waste repository is a function of the technique used 
in mining the cavity, location of the cavity, and the level of technology 
attained by the societyconstruct1ng the'cavity. The main impact on the 
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repository from the storage of hydrocarbons in salt domes would result from 
solution mining a cavern. In addition, contaminated oil or gas distributed 
and consumed as an energy source would directly contaminate the accessible 
envi ronment. 

For the purposes of this exercise, the scenario of solution mining for 
salt is considered representative of the scenario of solution mining for the 
creation of a storage cavity. However, in an actual site assessment, such a 
set of scenarios would need to be analyzed. 

Weapons Testing 

The characteristics that make a salt dome desirable for weapons testing 
include high inherent plasticity, relative impermeability, and good radiation 
shielding. The Tatum Salt Dome in Mississippi has been used in the past for 
weapons tesing. Weapons testing (either nuclear or non-nuclear) would indicate 
a relatively high level of technology. A society with this level of technology 
may be able to detect radioactivity before the testing. However, the impacts 
on the repository from weapons testing in a society unable to detect radioac­
tivity would probably be more severe. Secondary effects on the surrounding 
geology such as induced seismic activity or fracturing might also resu-ltln a 
radionuclide pathway to the accessible environment. The severity of the 
impacts is a function of the type of weapon tested, the magnitude of the explo­
Sion, and the location of the test in relation to the repository, in addition 
to·-the level of technology in the society and condition of the waste in the 
repository. The solution mining scenario is considered to be both more plausi­
ble and consequential than weapons testing, which is not further considered 
here. However, it would need to be analyzed in an actual site assessment. 

Non-Nuclear Waste Disposal 

Salt domes are attractive formations for the disposal of hazardous or 
toxic non-nuclear wastes. Production of hazardous wastes and the frequency 
and magnitude of disposal operations can be correlated to the level of tech­
nology in that society. However, an advanced society capable of producing 
large quantities of hazardous waste material would not necessarily be able or 
willing to provide monitoring to detect radioactivity. Liquid waste injection 
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./- into the salt dome containing a repository could cause fluids to migrate or 
induce natural dissolution to create a pathway for movement of radionuc11des 
to the ground water. The release of radionuclides as a result of non-nuclear 
waste disposal is a function of the depth and method of disposal. amount and 
types of wastes. and location of disposal in relation to the repository, in 
addition to the level of technology in the society and condition of the waste 
in the repository. The ·solution mining scenario is considered to be both more 
plausible and consequential than utilization for non-nuclear waste disposal, 
which is not further considered here. However. it would need to be analyzed 
in an actual site assessment. 

,.... 

Human Activities Affecting Breaching 

In addition to deliberate and inadvertent breaches of repositories, future 
human activities in the area near the repository site could affect the long­
term integrity of the repository. While the activities may not directly cause 
a breach, their cumulative effect could assist in magnifying the probability 
and/or consequences of a naturally induced breach. 

The flow of underground waters can be altered to some extent by a number 
of human activities that affect the geologic media containing the ground-water 
system. Many of the activities previously discussed. such as conventional or 
solution mining, drilling, waste disposal, and energy production and storage, 
could potentially alter the ground-water system and'provide a pathway for . 
rad10nucl1de movement. In addition to these activities,agriculturalirriga­
tion, creation of reservoirs, artificial recharge. and location of population 
centers in the vicinity of the salt dome containing. the repository may affect 
the ground-water system pathways for· rad10nucUde movement subsequent to a 
breach induced by other·events. 

Irrigation could possibly perturb ground-water flow systems in two ways: 
induced recharge to shallow unconfined aquifers by percolation of irrigation 
water, and a larlering of the water levels --in an aquifer by withdrawing large 
volumes from irrigation wells, creating a sink. For irrigation to affect an 
unconfined system, the quantities of excess water must be sufficient to raise 
the zone of saturation. Tile resulting ground-water mound would locally have 
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different hydraulic gradients than the undisturbed system. As a result, ground 
water would flow outward and downward from the mound until the local gradients 
are reestablished and the mound dispersed. 

Pumping of large quantities of ground water could lower water levels and 
affect potentiometric surfaces. The extent Of this effect would depend on the 
number of wells, the depth of the wells, the pumping rate, and the yield pro­
perties of the aquifer being used. Hydraulic gradients would change as water 
is withdrawn from the welles). The effects of these alterations on a salt dome 
repository would depend on the well's distance from the salt dome and the near­
dome hydrologic flow system. The near-dome hydrology would have to be deter­
mined from study of a particular salt dome. Also, alteration of the ground­
water system in the area of the salt dome may induce or increase natural 

, .' . 

dissolution of the rock salt. 

Reservoirs created by naturally occurring phenomena or human activities 
such as damming a river could alter the ground-water system by increased per­
colation of water to shallow aquifers, resulting in increased flow and 
increased ground-water level. Also, the weight from the additional water 1n 
the pool could cause loading and pressure effects on the land surface. 

Population centers require sufficient supplies of fresh water to support 
domestiC, urban, and industrial needs. The availability of an adequate water 
supply is often a determining factor in the growth of a population center. If 
a large population center were to develop near a salt dome repository, at least 
part of the water supply would probably be ground water from wells. The wells 
would probably be large in diameter, fairly deep, and open to several aquifer 
zones for large volume yields. The withdrawal and consumption of large quanti­
ties of water by these population centers could potentially result in the 
alteration of the ground-water system. 

These activities and the resulting potential alteration of ground-water 
systems and impacts on the salt dome repository are dependent upon a number of 
factors. Same of these factors include the size of the human population, level 
of technology in the SOCiety performing the activity, location of activity in 
respect to the repository, and possible combination with naturally occurring 
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phenomena. Sane effects of such human activities will be addressed in altera­
tions of the scenarios described in Chapter 5. In an actual site assessment, 
their consequences for direct or indirect release to the accessible environment 
would need to be analyzed. 

RATES OF UTILIZATION OF GULF COAST SALT DOMES 

As a part of the AEGIS scenario analysiS task, Griswold (1980) investi­
gated the current rates of utilization of salt domes in the Gulf Coast region 
of the United States. This information provides perspective on the likelihood 
of human exploitation or exploration into a salt dome containing a nuclear 
waste repository. This section 1 argely follows from Griswold's report. 

Salt domes are restricted to the Gulf Coast Embayment,.which includes 
southern Arkansas, Mississippi, Alabama, Louisiana, and eastern and southern 
Texas. There are more than 300 salt domes known to occur in-this area~ The 
U.S •. Bureau of Mines has compiled a summary of 329 known salt domes in the Gulf 
Coast Embayment (Hawkins and Jirik, .1966). As of 1965~ mining or storage oper­
ations were being operated 1n 48 of the salt domes as indicated in Table 4.2. 

The Bureau estimated that 130 of the 329 salt domes in the Gulf Coast 
Embayment offer potential for mining, brine operations, and/or creation of 
underground storage. In other words, 82 salt domes await exploitation by 
humans. The other 200 or so salt domes have features that would not make them 
appropriate for usage, including for a nuclear waste repository. 

The U.S. produced a total of 4.4 x 107 tons of salt in 1978. Louisiana 
and Texas accounted for 55.5% of this production, all of which came from salt 

TABLE 4.2. Operations in Gulf Coast Salt Danes (as of 1965) 

Operation 
Conventional Mines Only 
Conventional and Solution Mining 
Solution Mining Only 
LPG Storage 
Total Salt Danes 1n Use 
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Number 
3 

5 

16 
24 
48 



            

          

           

       

           
              

            
           

             

              

      

           

              

            

        

             

        

           

           

           

             

           

            

            

             
           

         

          

    

domes. About 75% of that quantity came from solution mining, the other 25% 
from conventional mining. The primary usage of brine is for chlorine-based 
chemical production; the primary use of conventionally mined salt is for road 
de-icing. The salt also goes to culinary usage. 

Currently there are about 900 underground caverns in use for LPG storage 
in the U.S., with a total storage capacity of 3 x 108 barrels. About half 
that capacity is in salt domes in the Gulf Coast Embayment. Liquid petroleum 
storage is expected to increase dramatically in the next several years. The­
SPR program m~ require 7.5 x 108 barrels of storage, expected to be avail­
able by the year 2000. It is reasonable to assume Gulf Coast salt domes will 
continue to provide 50% of that capacity. 

Calculations by Griswold (1980) indicate that of the 82 salt domes avail­
able for usage, all will be used within the next four centuries, based on cur­
rent rates of utilization. These calculations were made on the basis of con­
servative assumptions. However, taking a less conservative approach. Griswold 
states that it is difficult to forecast any of the salt domes not being 
exploited (not just explored) in less than 1000 yr. 

The conclusion ;s not that the probability of intruding a part1cu1~r salt 
dome containing a 'nuclear waste repository necessarily is 1/400 or 1/1000 per 
year for the next few centuries. Site specific characteristics could make a 
salt dome chosen for a nuclear waste repository to be less, or more likely, 
more subject to exploitation for other usages. The conclusion is that the 
scenario of a human intrusion into a nuclear waste repository is highly credi­
ble and reasonable over the next few centuries, if not sooner. and virtually 
certain over the longer times of concern. The way to preclude such an intru­
sion is for continued control over the repository Site, either through direct 
institutional control or through the effective passive transfer of information. 
Even if information exists that is designed to prevent some intrusion, 
however, intrusion can still occur. 
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CHAPTER 5 

RELEASE SCENARIOS 

A qualitative description of release mechanisms is an important part of 
release scenario development. The release mechanism can be discussed without 
reference to any disruptive phenomenon by describing qualitatively the pathway 
and transport medium influencing radionuclide movement. They are, in essence, 
the basis for the formulation of the release scenarios discussed in this chap­
ter and for the evaluation of the breach consequences. Because of the exercise 
natur~ of this al'lalysfs and the data limitations for assessment of the poten-' 
tiaL.d1sruptive phenomena, the potential release mechanism is the most impor­
tant aspect of the release scenarios. Once the mechanism is described, the 
influence of the various potential disruptive phenomena can be postulated and 
addressed as parametric variations of the original mechanistic base case. 

There are basically three categories of release mechanisms discussed 
and analyzed as scenarios. The first mechanism involves direct communication 
between the repository and the accessible environment. F~r the scenarios of 
this reference site analysis, this communication is the result of solution 
mining operations that occur following the loss of. institutional control at 
100 yr after closure. This scenario is referred to as the "solution mining 
operational phase scenario." 

The second mechanism used in the release scenarios of this analYSis 
involves communication between·the upper Queen City aquifer system, the repos­
itory, and the Wilcox-Carizzo aquifer system. This occurs subsequent to the 
sO,lution mining operational phase scenario and is based on the assumption that 
the solution mined cavity could potentially breach the side of the salt dome 
and provide the necessary flow-through pathway. It immediately follows the 
solution mining operational phase scenario and provides a mechanism for the 
long-term release of radionuclides to the geosphere for the geohydrologic 
transport models. 
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The third release mechanism used 1n this analysis describes communication 
through the repository by ground waters of the Wilcox-Carizzo aquifer system. 
The disruptive phenomenon involved in this scenario is the natural dissolution­
ing of the salt dome over long periods of time (i.e., one million years). 
Because of the low gradients in the Wilcox aquifer and the long time frame over 
which natural dissolution would probably occur, the consequences of this sce­
nario will be bounded by the long-term flow-through solution mining scenario. 

To model the consequences from one of these basic qualitative release 
mechanisms, it is necessary to quantify the various parameters involved. This 
requires quantification of various disruptive phenomena that could induce such 
a mechanism and postulation of a series of events both before and after the 
breach. The following detailed scenarios are presented in this manner. The 
basic mechanisms are considered to be both credible and viable; however, there 
is some uncertainty in the detailed description of the sequence of events 
postulated for the individual scenarios. 

The series of events presented in the following release scenarios should 
not be considered as a prediction of the future state of the geosystem. 
Rather, the scenarios have been developed only to provide a quantification of 
the mechanism for the consequence analysis. Information in this report is 
intended to be realistic but conservative in developing these release scenar­
ios, and existing scientific and engineering evidence has been used whenever 
possible. While the confidence in the release mechanisms is considered rela­
tively high (i.e., they are considered to be credible, viable, and defensible 
for the existing geological environment), confidence in the specific details 
of the scenarios is significantly lower. For an actual license application 
SAR, the increased level of basic information on the site and the further 
detailed investigation of the release mechanisms and disruptive phenomena 
involved would help in limiting the uncertainty associated with the scenarios. 

METHODOLOGY USED FOR SCENARIO ANALYSIS 

The scenarios were developed using primarily an expert opinion and peer­
review process. The AEGIS scenario team, along with assistance from several 
AEGIS consultants, developed a set of initial release scenarios. A draft 
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document was developed that presented the various phenomena and their interac­
tions, addressed their potential perturbations to the repository geosystem, 
and identified several release scenarios. Upon completion of this draft sce­
nario report, a formal ,scenario review meeting was held at the Pacific North­
west Laboratory with personnel from AEGIS, ONWI, NUS Corporation (ONWI Reposi­
tory Project Manager), Bechtel National Inc. (BNI) (ONWI Repository Project 
Manager), and Law Engineering Testing Company (LETCO) (ONWI Gulf Coast Geologic 
Project Manager) to discuss and review the preliminary scenarios. As a result, 
the scenarios were expanded and modified by the AEGIS staff based on the com­
ments received during this meeting. 

A revised draft scenario report was then formulated and reviewed at a 
second formal scenario review m~eting held at the LETCO Offices in Marietta, 
Georgia. This meeting was attended by representatives from AEGIS, NUS, BNI, 
LETCO, and a group of consuitants from the LETCO advisory review board. A 
third review meeting was held in Austin, Texas, with personnel from the Texas 
Bureau of Economic Geology (TBEG) to refine further the potential release sce­
narios. The revised scenarios were altered according to the comments from 
these two review meetings. 

A final set of base case, far-field release scenarios was then developed 
and approved at the last scenario review meeting held at BNI offices in San 
Francisco, California. At this meeting the base-case release scenarios that 
resulted from the scenario development process were presented by the AEGIS 
staff to representatives from ONWI, SNI, NUS, and LETCO, and approved for use 
in the ensuing safety analysis. As a result of this meeting, two base case 
scenarios were ·ident1fied: - a human-induced solution mining scenario, which 
included both short-term and'long-term releases of radionuclides, and a natural 
ge~logical, long-term salt dissolution scenario. These scenarios were then 
further quantified by PNL and are discussed in detail below. 

The final scenarios used for the safety analysis are considered to enve­
lope the possible breaches of the reference salt dome repository. In particu­
lar the human-induced solution mining scenario, as described in this chapter, 
is considered by the AEGIS team to bound potential inadvertent human intrusion 
into the repository such as petroleum exploration, other resource development 
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activities, and cavity creation. As such, this scenario breach is not depen­
dent on the salt dome chosen for a repository. The solution mining, human­
intrusion scenario is generic to salt domes. However, the natural geologic­
based scenarios are much more dependent on the actual salt dome in question 
and its relationship to the surrounding geologic system. While the aspects of 
natural salt dissolution must be addressed for any Gulf Coast salt dome, other 
phenomena that were not identified as being credible disrupting phenomena at 
the Hainesville Salt Dome could playa significant role at other potential " 
sites. As such the geological scenario developed for use in this reference 
site analysis should not be considered necessarily appropriate for other salt 
dome sites. The other major limiting factor for the geological natural dis­
solutioning scenario is the absence of consideration of repository- and waste­
induced effects. These could significantly alter that scenario and others. In 
an actual site assessment, such effects would be explicitly included. , 

Natural Dissolution Scenario 

Salt domes of the Gulf Coast Interior Basin possess many characteristics 
such as high inherent plasticity, extremely low porosity, and low hydraulic 
conductivity that make them attractive in terms of use as nuclear waste reposi­
tories. A potential weakness of salt, with respect to long-term waste isola­
tion, is the high solubility of salt in water. Therefore, salt dissolutioning 
is an important consideration in the assessment of the stability of a nuclear 
waste repository located in a salt dome. Salt dissolution may be initiated or 
even controlled by a variety of human-caused events or processes (e.g., solu­
tion mining), as well as by the natural action of ground water flowing over or 
around a salt dome. This discussion is limited to the description of the 
mechanism and potential effects of salt dissolution occurring without the 
intervention of humans. 

Calculations of dissolution rates have been made, based upon caprock 
thicknesses and concentrations of total dissolved solids in saline plumes. 
Assuming that caprock consists of insoluble, anhydritic impurities that are 
left behind when salt dissolutioning occurs, and assuming that these insoluble 
impurities constitute approximately 1% of the rock salt, Netherland, Sewell 
and Associates, Inc. (1976) calculated dissolution rates for northeast Texas 
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,,,- salt domes. To obtain the observed thicknesses of caprock on some of the salt 
domes, maximum dissolution rates must have been about 6 x 10-4 ft/yr, pro­
vided.that the caprock fonned by dfssolutioning during the last 50 million yr. 
Using that rate, it would take 1.3 million yr to dissolve an 800-ft'buffer zone 
around the ~epository. Dissolution rates have also been calculated using con­
centrations of total dissolved solids in saline plumes. This method has been 
used to calculate dissolution rates for several northeast Texas salt domes. 
USing the maximum dissolution rate estimated for current climatic conditions 
(75 ft per 250,000 yr), the 800-ft buffer zone could be dissolved in 2.7 mil­
lion yr. Under glacial climatic conditions, when hydraulic gradients would be 
increased, the maximum dissolution rate could also be increased. Therefore, 
under glacial conditions, the buffer zone could be dissolved in 2 million yr. 
Given that the climate will fluctuate during the next 1 millionyr, the amount 
of time needed to dissolve the buffer zone is between 2 and 2.7 million yr. 
Therefore, salt dissolution is probably not a threat to repository intergrity 
for a 1-million yr isolation phase, even if the most conservative dissolution 
time 1s used (1.3 m.y.). However, because of the uncertainties in knowledge 
of dissolution mechanisms, the lack' of infonnation about the regional and near­
dome hydrology and near-dome structure, and the lack of consideration of 
repository- and waste-induced effects, natural dissolution cannot be dismissed 
at this time as a potential release scenario for the Hainesville Salt Dome. 

It is assumed that fresh water zones are in direct contact with the salt 
stock and 'that dissolved salt is bei~g carried away from the salt dome by the 
flow of subsurface water in the Wilcox. Dissolution occurs where the salt dome 
intersects a fresh water or unsaturated saline aquifer or where structural 
features such as upturned beds or faults could allow vertical ground-water 
movement along the salt-host rock interface. Ground-water flux at the zone of 
dissolutioning is assumed to be great enough to remove saturated brines and to 
supply incoming fres~ or undersaturated ground waters. The dissolved salt 
could be carried downstream through the aquifer. Dissolutioning of Northeast 
Texas salt domes should occur at or near the top of the salt dome~ ~here the 
Wilcox aquifer is likely to come into contact with the salt. The dissolution 
should occur prefer~ntially on the up-gradient (northwest) side of the salt 
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dome, where the water first encounters the salt. As it fJows over the top of 
the salt dome, the water will continue to dissolve salt, so that material would 
be removed from the top of the salt dome as well as from the flanks. Solution 
collapse would occur where significant amounts of salt were dissolved, so that 
the outer portions of the salt dome would become rubbly. At least part of the 
800-ft buffer zone could be affected by the solution collapse. ·Dissolutioning 
of the buffer zone would be enhanced by the solution collapse, because perme­
ability of the salt would be greatly increased •. Thus, solution collapse could 
enable water to encounter the waste canisters even before all of. the buffer 
zone had been dissolved and carried away_ Near-saturated saline brines would 
be flowing over and around the waste canisters. After flowing through the 
repository, the brines would continue to move down gradient (to the south­
east), probably flowing at the base of the Wilcox aquifer because of density 
differences. 

This natural dissolutioning scenario assumes that at time one million yr 
the entire volume of waste within the repository .is exposed for leaching by 
ground water. Even though the entire repository volume should not be exposed 
immediately when the breach occurs, the time required to expose the rest of 
the repository, probably on the order of 103_104 years, is insignificant 
compared to the 106_yr time frame required to initiate the containment 
failure • 

. .. The natural dissolutioning scenario is unlikely to occur, within the 106_yr 
time frame, absent repository- and waste-induced effects. As discussed in 
Chapter 4, the reasonably expected time for dissolution to occur is closer to 
the order of 107 yr, or up to an order of magnitude greater ·than that used 
for this scenario. There appears to be no reasonable way the natural dissolu­
tioning could occur in less than one million yr (absent human intervention). 
Thus, a 106_yr period is considered to be the lowest bound on this scenario. 
This is based on not conSidering the effects of the constr.uction of the reposi­
tory nor the effects of the nuclear waste itself. Should these repository-
and waste-induced effects be considered, the time to natural dissolutioning 
might be shortened considerably. 
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,~ As of the date of this salt dome reference site analysis, the consequences 
of such a natural dissolutioning scenario have not been evaluated. These con­
sequences are obviously of less magnitude than those of the solution mining 
scenario discussed in the next section. Consequence analyses of the natural 
dissolutioning scenario could be performed in future work, and would need to 
be perfonned for actual site assessments. 

Solution Mining Scenario 

. According to discussions from Chapter 4, following a loss of institutional 
control, future solution mining could .perturb a salt dome containing a nuclear 
waste repository. Because of the many uncertainties inherent in dealing with 
potential mining technologies, it has been assumed that any such solution min­
i ng wou 1 d intersect the was te repos i tory and threaten a breach of i so 1 at ion." 
Accordingly, the following release scenario has been developed. Whllethe 
release mechanisms discussed in the remainder of this section are highly 
likely, the specific postul ated sequence of events is uncertain. 

Solution mining is used for a variety of purposes, including commercial 
salt production, storage cavity development, and petroleum production purposes. 
This scenario has been developed under the assumption that the solution mining 
is for commercial salt production (brining) because: 1) brining requires a 
relatively low technology base for commercial operations; 2) solution mining 
of salt domes at repository depths has occurred repeatedly before the technol­
ogy level associated with the knowledge of nuclear phenomena and thus, could 
plausibly recur in the.future without necessarily requiring a sophisticated 
technological base cognizant of nuclear science; 3) historically, there has 
been little control .exercised over cavity shapes and dimensions; 4). there' are 
a number of known sinkholes and solution collapse features associated with past 
brining operations in the Gulf Coast; and 5) it provides the most direct path 
for radionuclides to enter both the accessible environment and the human food 
chain through the consumption of culinary salt. Current trends in solution 
mining technology have been directed at controlling and monitoring cavity 
shapes and dimensions for better engineering control. However, for the pur­
pose of this scenario, a conservative assumption has been based on the uncer­
tainties in describing how the dissolutioning around-the repository might take 
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place. Because the waste-induced effects were not explicitly examined, it is 
conservatively assumed that all dissolutioning occurs within the repository 
area. The results are not sensitive to that assumption. 

For the purposes of this scenario, the portion of the salt dome subject 
to the scenario at the repository depth is considered to be a 20-ft high, 
2000-acre horizontal slice, with a total salt volume of 1.74 x 109 ft3• The 
actual repository is represented by a 1375 acre by 20 ft high slice, with a 
salt volume of 1.2 x 109 ft3• The repository is surrounded by an BOO-foot . 
buffer zone of salt (see Figure 5.1). 

After the loss of institutional control, it is postulated that a solution 
mining (brining) operation starts production (post-closure time of 100 yr). 

This facility produces one million tons (15 x 106 ft3) of salt per year 
for commercial purposes. This value is representative of a current large scale 
solution mining operation for salt. It is assumed that 3% of the total pro­
duction 'is used as culinary salt. The 3% fraction is based on the percentage 
of the current total U.S. salt production used for human consumption (Bates 
1969). This assumption received considerable comment by the outside reviewers 
of the working draft of this document, in that it nonconservatively results in 
a dose reduction by a factor of 33, and 1n that the other 97% of the contami­
nated brine was not considered in dose-to-human pathways. However, changing 
this to total consumption of the salt could be compensated as discussed below. 
The brining operation is assumed to have an operational life of 50 yr. At the 
end of the SO-yr mine life, approximately 61% of the repository could be 
exposed, based on the one million t/yr production cycle. Therefore, the waste 
could be exposed at a rate of 1.2% of the entire repository inventory for each 
year of the 50-yr operational life. 

To produce one million tons of salt per year, the water flow removed for 
the solution mining process would be approximately 1200 gpmi the injection flow 
volume would be approximately 1400 gpm, with the additional 200 gpm replacing 
the salt volume removed. These flow rates could be derived through three or 
four production wells operating at a rate of 400 to 300 gpm per well, or 
through any other combination of wells and production rates. 
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FIGURE 5.1. Schematic Representation of the Waste Repository and Host Environment 



            

             

             

           

             

            

         

               

         

           

           

           

           

           

         

          

           

         

            

             

           

           

          

           

          

          

             

            

          

           

          

           

Comment was also received on the scale of such an operation. One review 
group (see Chapter 12) felt that such a large scale operation would be incon­
sistent with ~ apparent lack of control over the cavity shape. This and the 
problem with the 3% consumption assumption can readily be alleviated by con­
sidering a solution mining operation of scale reduced by a factor of 30, but 
for which virtually all the salt would go for culinary use. This latter 
assumption is more representative of current culinary salt productions from 
the highly pure salt found in salt domes, but the scale would be more in accord 
with a poorly controlled cavity. Under these alternative assumptions, there 
would be no change in the dose values calculated originally. This revised 
report reflects the calculations done on either the larger scale, less propor­
tionate use of culinary salt asssumptions, or on the reduced scale assumptions. 
Thus, either set of assumptions can be considered applicable to these analyses. 

These estimates assume that the salt is removed specifically in the area 
of the repository, because near-field waste-induced processes might prompt this 
type of dissolutioning. If the crushed salt backfill was nonhomogeneous at 
the time of the solution mining intrusion, it could also promote preferential 
dissolutioning within the repository boundaries resulting from a higher perme­
ability than the host salt. It is also possible that the additional thermal 
loading induced by the presence of the waste could accelerate the creep of the 
surrounding host salt and homogenize the crushed salt backfill within a rela­
tively short (100-1000 yr) time frame. If this homogenization were to occur, 
the dissolutioning might not be totally concentrated in the repository bounda­
ries. As such, the fraction of the repository exposed during the brining 
operation could be reduced by significant amounts. However, as the waste­
induced near-field analyses are currently beyond the scope of this program, 
the conservative case will be assumed (i.e., up to 61% of the repository could 
be exposed after 50 yr of mining). As indicated later, however, the actual 
portion of the inventory that could possibly be exposed becomes unimportant 
because of to solubility constraints on the brine solution and on Uranium-238, 
which comprises approximately 98% of the repository inventory. For the pur­
poses of evaluating the consequences of the operational phase of the solution 
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mining scenario, the parameters used for the scenario are outlined in 
Table 5.1. Again, either the assumptions orignally used or the alternative 
assumptions lead to identical consequences. 

After 50 yr of solution mining, the brining operat1on 1s assumed to cease 
production. Such a production halt could result from a number of different 
reasons, including effects of economics. an altered technology base, a shift 
in demand, or operational problems caused by solution collapse, sinkhole for­
mation, or by a breach of the salt dome itself. At the conclusion of the brin­
ing operation, it is assumed that one or more of the solution-mined cavities 
has breached the side of the salt dome, as illustrated in Figure 5.2. Thus, 
the stage is set for the proposed long-term release scenario. 

To approximate the resulting hydrologic flow through the repository, the 
Finite Element Three-Dimensional Ground Water (FE3DGW) model was used. A dis­
cussion of the FE3DGW model and a detailed description of how it was used in 
th1s analysis are included 1n Chapter 6. 

Given the assumption that fresh water will continue to flow through the 
repository and out 1nto the Wilcox aqu1fer, the following chain of events 1s. 
postulated as part of the long-term release resulting from the solut1on mining. 
After the halt of solution mining, it is assumed that the repository area con­
tinues to be dissolutioned by the flow of water from the Queen City ~quifer. 
Water from the aquifer flows into the salt dome via the abandoned solution 
mining well casing, through the repository, and out through the breach in the 
side of the salt dome into the Wilcox aquifer. In the region surrounding the 
salt dome, the overlying Sparta-QueenC1ty aquifer generally has a 50 ft hi gher 
hydrau11c head than the Wilcox system •. The head -differential between the Queen 
City and the Wilcox 1s assumed to rema1n at 50 ft. For purposes of this analy­
sis·, the area of the opening into the Wilcox aquifer from the salt dome was 
arb1trarily.assumed to be 1000 ft2. The size of this opening and its effect 
on the scenario were analyzed using the FE3DGW model, and the results are pre-
sented in Chapter 6. Given a flow rate through the repository of approximately 
260 gpm (calculated using the FE3DGW), it would take about 120 yr (assuming 
61% is exposed -initially) to expose the rest of the inventory, provided that 
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TABLE 5.1. Parameters for Solution Mining Operational Phase Scenario 

Original Scenario Assumptions 
Operational life of solution mine ~ 50 yr 

Production per year = 1 milli09 t/yr; 
1.5 x 10 ftJ/yr 

Percent salt used for culinary uses ~ 3% of salt production 

Repository depth ~ 2100 ft below land surface 

Repository volume (1375 acres x 20 ft) = 1.2 x 109 ft3 

Water injection flow rate ~ 1400gpm 

Solution withdrawal rate = 1200 gpm 

Percent of inventory exposed per year = 1.2% 

Percent of inventory exposed after 50 yr ~ 61% 

Solubility limit for Uranium = 6 ppm 

Alternative Assumptions Leading to Same Dose Consequences 
Production of salt per year = 33,333 t/yr 

Percent salt used for culinary use = 90% 

Solution withdrawal rate = 40 gpm 

Inventory exposure ~ 0.041%/yr ~ 2.0% in 50 yr 

Other assumptions remain unchanged. 

solutioning were to continue within the confines of the repository boundaries. 
With such extensive internal dissolutioning occurring over a 170-yr time frame, 
major solution-induced collapse of the overlying salt would almost certainly 
occur, ultimately rupturing the abandoned solution mining well casing. It is 
impossible to quantify how and when this type of collapse would occur. 

The stability of the cavern would be very dependent on the actual cavity 
geometry. Assuming that-the repository is preferentially dissolutioned, col­
lapse features would probably begin occurring during the actual brining opera­
tion. Solution collapse could cause a permanent halt in production if the 
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FIGURE 5.2. Schematic Representation of the Operational Phase Solution Mining Breach 



       

           
             
             

             

              

         

            

         

             

             

           
             

            

           

          

             

            

            

               

            

          

           

            

 

             

             

         

              

            

           

            

collapse features 'were sufficiently severe. Collapse features, either occur­
ring during the brining operation or some time after abandonment, could rupture 
the well casings and allow the 50-ft head between the Queen City aquifer and 
the Wilcox to be dispersed through the salt dome and into the Wilcox aquifer. 
This would mean that the water flow across the salt dome and the repository 
might be reduced by up to one order of magnitude. As a result, the time 
required to expose the entire repository inventory and concurrent dissolution­
ing of the salt dome would be increased accordingly. However, to simplify the 
near-dome FE3DGW hydrologic model, and because of the inherent uncertainties 
and the conservative nature of this analysis, it 1s assumed that the 260 gpm 
flow continues for a period of about 15,000 yr. During this period of time, 
the entire salt dome immediately above the repository could be removed. Once 
the top of the salt dome has dissolved, a major collapse feature would exist 
over the remaining portion of the salt dome, providing a connection, with a 
50-ft head differential, between the Queen City aquifer and the Wilcox aquifer. 
However, unlike the previous system in which the abandoned brining operation's 
well casings provided a direct path for the flow into the repository, the head 
would now be dispersed over a 2700-ft high section of Wilcox-Carrizo. For this 
stage of the scenario, it ts assumed that the inventory is concentrated over 
the 1375 acres of the former repository, within 30 ft of the top of the remain­
ing salt dome. Because the head would be dispersed over almost the entire 
thickness of the combined Wilcox-Carrizo aquifer, the flow over the inventory 
was again calculated using the FE3DGW model (Chapter 6). The calculated flow 
over the inventory would be about 36 gpm. This scenario is depicted in 
Figure 5.3. 

The flow rate is assumed to continue to flow over the waste, leaching the 
radionuclides at a saturation level of 6 ppm for uranium until the waste is 
dissolved. This then represents the long-term release, where for approximately 
the first 15,000 yr the flow over the inventory would be 260 gpm; then follow­
ing major solution collapse, the flow would be reduced to about 36 gpm. 
Because of its higher solubility limit (410,000 ppm) salt will be dissolved 
much faster than the spent fuel, with an assumed uranium solubility limit of 
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6 ppm. Because of this, it is necessary to model the radionuclide transport 
in the scenario after the top of the salt dome has been removed, leaving the 
large portion of remaining waste inventory exposed. 

The insoluble anhydrite residue from the salt dissolution could slow, and 
possibly halt, the salt dissolution following major solution collapse. Assum­
ing a total salt volume in the salt dome above the repository level (including 
buffer zone) of 5.5 x 1010 ft2, and 2% insoluble anhydrite in the salt 
formation, a total of 1.1 x 109 ft3 of anhydrite would be present follow-
ing dissolution of the entire salt dome above the repository. Assuming that 
these insolubles are dispersed evenly over the entire 2000 acres of salt dome 
at the repository level, the accumulation depth would be about 12 ft. (This 
assumes a density similar to the original salt.) For purposes of this sce­
nario, the effects of the anhydrite accumulation were only accounted for after 
the total collapse occurred, and only then for providing a mechanism for slow­
ing the dissolution of the salt dome below the repository depth. It was not 
assumed that the anhydrite would impede the flow across the remaining spent 
fuel inventory. 

Regional Scenario 

A hydrologic model has been developed for the purpose of making predic­
tions concerning the transport of radioactive contaminants from the Hainesville 
Salt Dome in the event that the nuclear waste repository is breached (see Chap­
ter 7).Ihe model simulates the actual hydrogeologic system and allows deter­
mination of certain properties of the system that cannot be directly measured. 
Parameters of the hydrogeologic system can be changed so that movement of 
ground water, as the transporting fluid for the radioactive contaminants, can 
be estimated for several different sets of conditions. In particular, param­
eters must be altered to allow for future changes in the hydrogeologic system. 

To simulate ground-water movement at the time of a future breach, hydrolo­
gists must use parameters that describe the future system. Accordingly, 
changes in hydrogeologic parameters over time and in response to various geo­
logic phenomena must be described. Specifically, bounding conditions for the 
future system must be established so that they can be used as input for the 
hydrologic transport models. 
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A base case, which simulates as closely as possible the present hydrogeo­
logic system, has been established (refer to Chapter 7). Three elenents of 
the system must be changed to account for future conditions. These elenents 
are: 1) amount of precipitation, 2) base level and hydraulic gradients, and 
3) location of discharge areas. Table 5.2 summarizes the changes that might 
occur in these parameters. Values of a fourth elenent, transmissivity, must 
be bounded for the hydrologic and transport modeling. 

According to Davis (1980), future compaction, weathering, fracturing, and 
cementation could change present-day transmissivities by several orders of ma­
gnitude. However, for the purposes of this analysis, transmissivities are 
assumed to stay within the measured ranges. A more thorough analysis would 
require better definition of the range of values for transmissivity, but 
detailed, site-specific data would be necessary for that sort of analysis. 

The advent of a glac1al episode·and the associ ated climatic changes are 
considered to be among the more important phenomena that could influence the 
geohydrologic 'systen surrounding a salt dome repository. Under potential 
future climatic conditions, precipitation in the Interior Gulf Coast salt dome 
area could be expected to increase by less than a factor of 2 (Kukla 1978). 
Such an "increase in precipitation should cause very little increase in the 
amount of water that enters the ground as recharge. At present, only a small 

TABLE 5.2. Changes of Parameters to Account for Future Conditions 

Parameter 
Precipitat10n 

Base Level and 
Hydraulic Gradients 

Discharge Area 

Change 
Increased by less than a factor of 2 (under 
glacial conditions); very little increase in 
infiltration 

lncreasedsl1ghtly as a result of sea level 
lowering and increased erosion (induced by 
glaciation) 

Water would discharge into Sabine River as a 
result of decreased water withdrawal at East 
Texas Oil Field 
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percentage of East Texas rainfall infiltrates into the ground-water system; 
most of the water that is available for recharge goes to surface runoff and 
evapotranspiration. In the hydrologic model the maximum amount of infiltra­
tion that could be accepted by the soil (according to its reported transmissive 
properties) was less than one 'inch. A precipitation increase of less than a 
factor of 2 should cause very little increase in the amount of infiltration 
because of the saturated nature of the present system. Hence, most of the 
increase should show up as additional runoff. 

Glaciation would result in a lowering of sea level. However, according to 
Davis (1980), a drop in sea level will not drastically alter the hydrauliC 
gradients in aquifers 100 to 200 miles inland. Because of the shallow coastal 
waters, lowering of sea level will cause the shoreline to move to the south far 
offshore of the current coastline. Increased distance of travel will offset 
the added head differences, which result from sea level lowering, so that 
hydraulic gradients in the deep, regional, confined aquifers should not be 
increased by more than about 301. 

Lowering of sea level would also result in increased downcutting by rivers 
and streams. Increased erosion would lower the local base levels and could 
provide head drops sufficient to increase hydrauliC gradients in near-surface 
aquifers, such as the Queen City, by 401 to 601. Gradients in aquifers that 
are deeper than a few hundred feet, such as the Wilcox-Carrizo, would probably 
be increased by less than 101 (Davis 1980). 

A change in discharge area could be induced by a cessation or decrease of 
water withdrawal in the vicinity of the East Texas Oil Field. Currently, there 
is a depreSSion of the ground-water potential contours in Gregg and Upshur 
Counties as a result of withdrawal of water for industrial and municipal pur­
poses. If the depression were still in existence at the time of a breach, the 
radionuc1ides would be transported from the salt dome toward the depression. 
A future decrease of water withdrawal at the East Texas Oil Field would allow 
discharge of water into the Sabine River and into the Big Cypress Bayou. Under 
those conditions, the radionuclides would be transported from the salt dome 
toward the new discharge areas. 

S.18 



           

            

           

              

r 
\. 

The only regional scenario modeled for this analysis to date is for 
elimination of the East Texas Oil Field with subsequent water flow into the 
Sabine River and Big Cypress B~ou. Other alterations of the regional hydrol­
ogy may be simulated in later analyses and would be simulated in an actual site 
assessment. 
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CHAPTER 6 

NEAR-DOME HYDROLOGIC SIMULATION 

In the region surrounding the salt dome, the overlying Sparta-Queen City 
aquifer generally has a 50 ft higher hydraulic head than the Wilcox aquifer 
system, which is in contact with the salt dome •. The solution mining breach 
scenario initiates ground-water flow through the repository with this 50-ft 
hydraulic head differential between the Queen City and Wilcox aquifers. The 
ground-water flow patterns near the salt dome were simulated using the Finite 
Element Three-Dimensional Ground-Water (FE3DGW) flow model (see Appendix B). 
For this near-dome study, which has pOint source/intensive subregional recharge 
and vertical variation in thickness and hydraulic properties, the FE3DGW pro­
vides the means to represent effectively the problem by varying the node spac­
ing both horizontally and vertically. 

('. HYDROGEOLOGY OF SUBREGION SURROUNDING THE SALT DOME 
\ ,-

To provide a reasonable, conservative assessment of the geotransport 
consequences from the solution ~ining scenario, the maximum (47,000 gal/day/ft) 
transmiSSivity measured for the Wilcox-Carrizo aquifer was used. The top 
100 ft of the aquifer (referred to as the Carrizo sands) has a measured average 
hydraulic conductivity of 99 gal/day/ft2 (transmissivity of 9900 gal/day/ft). 
The remaining transmissivity (41,000-9900 ~ 31,100 gal/day/ft) is assigned to 
the Wilcox aquifer (average thickness of 2000 ft). This gives. a hydraulic 
conductivity of 18.55 gal/daY/ft2 for .the Wilcox aquifer. 

The salt dome is actually egg-shaped in cross section; however, for this 
simulation it was approximated by a truncated conical section of 11,350 ft 
di mneter at -2100 ft elevation, with 8350 ft di ameter at -900 ft ·elevation 
at the top of the dome. For a circular repository of 8150 ft diameter 
(1315 acres) at -1100 ft elevation, the salt dome provides an 800 ft circular 
buffer zone. Figure 6.1 is the schematic description of the hydrogeology of 
region surrounding the Hainesville salt dome. 
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FIGURE 6.1. Schematic Representation of Salt Dome Hydrogeology 



           

          

           

           

       

    

            

           
    

          

         

           

 

           
          

          

     

       

           

            

          

         

     

           

        

         

    

            

            

   

,~ The regional ground-water gradient of 1 ft/1000 ft is used for defining 

, .. 
I 

i 
\.. 

the boundary conditions of the subregion. The subregion modeled is extended 
(up and down gradient and laterally) beyond the effects of local perturbations 
caused by the solution mining induced breach. ~Because there is bilateral sym­
metry, only half of the reg10nwas s1mulated. 

FORMULATION OF THE TEST CASES 

The first of two near-dome scenarios was modeled with a 1000 ft2 breach 
area and no reduction of the hydraulic conductivity around the breach. This 
is a conservative assumption because: 

• the breach area will increase gradually, but the adjoining material 
m~ collapse and reduce the effective opening. In the simulation 
the size of 1000 ft2 was maintained for the determination of the 
ground-water flow. 

• the concentrated salt solution from the salt dome will reduce the 
hydraulic conductivity in the region around the breach because of a 
change in viscosity and a precipitation of salt. For this simula­
tion no such reductions were considered. 

The second near-dome scenario was modeled assuming that: 

• the flow through the abandoned solution mining borehole has dis­
solved all of the salt dome above the level of the repository. the 
cavity thus created is filled with material assumed to have twice 
the permeability of the original Wilcox aquifer, the increase in 
permeability being attributed to the collapse. 

• the Sparta-Queen City aquifer, or the lake formed in the depression 
after a collapse, continually provides an unlimited reservoir with 
50-ft higher head than the regional ground-water potential at the 
center of the salt dome. 

• the recharge is occurring in all of the region above the circular 
repository of 8750 ftdiameter (1375 acres) and in the 800 ft buffer 
zone around the repository. 
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All the above conditions are conservative assumptions because: 

• to dissolve the entire salt dome above the repository, the flow 
through the abandoned bore would hole will have to occur continuously 
for approximately 15,000 yr, with the assumption that 260 gpm (pre­
dicted by near-dome simulation) of fresh water leaves at the saturated 
concentration of 410,000 ppm. This is a conservative assumption 
because such an abandoned bore hole may get clogged with debris or 
may collapse because of corrosion. 

• the present differential head between the Queen City and Wilcox 
aquifers is 50 ft; but with the flow into the collapsed material, 
the head difference will not remain constant. 

The following are the brief details of hydrologic modeling of the two 
near-dome simulation cases. 

Model for Determining the Flow Rate Out of a 1000-ft2 Salt Dome 
Breach Opening 

The Wilcox-Carrizo subregion considered is 80,000 ft in length in the 
direction of the general ground-water flow (25,000 ft up gradient and 55,000 ft 
down gradient from the center of the salt dome) and 35,000 ft in width. For 
the general region, a grid of 5000 ft was used, and the salt dome was repre­
sented by radially oriented elements (Figure 6.2). The three inner circles 
represent the top of the salt aome (Figure 6.3). The diameter of radially 
oriented elements was varied to account for abrupt' changes in the thickness of 
the Wilcox aquifer overlying and adjoining the area of the salt dome. For 
vertical representation, the general model used only three vertical nodes, to 
represent the Carrizo and Wilcox aquifers. In the area with radial elements, 
however, the vertical subdivision was increased to five nodes below each sur­
face node. At the salt dome breach an element of 500 ft2 (31.62 ft vertical 
and 15.8 ft horizontal, to represent half the hole in the simulated zone) was 
established. Figure 6.3 is the general representation of the stratification 
details that were used for the whole subregion. Figure 6.4 shows the strati­
fication near the salt dome, illustrating the variable grid used to simulate 
the salt dome and the breach. 
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for Simulation of Flow Through the Salt Dome Breach 



          

             

              

             

          

             

            

           

          

              

          

           

              

          

               

          

        
             

            
             

           

             

            
             

        

       

            

           

           

          

          

A steady-state simulation of the hydrology was done, assuming no breach. 
Then the rate of flow through the salt dome breach opening was adjusted until 
the differential driving head at the hole was 50 ft. A flow rate of approxi­
mately 25,050 ft3/day from the hole was found to b~ necessary to attain the 
50-ft differential head. Because only half the simulated region was modeled, 
this flow rate was doubled; the equivalent flow rate thus derived is 260 gpm. 
This represents the rate at which ground water flows from the Sparta-Queen City 
aquifer, into the repository cavity, and out into the Wilcox aquifer system~ 

In the solution mining scenario, a 1-ft diameter pipe of approximately 
1700 ft in length was assumed. The head loss in the pipe (bore hole trans­
porting water from the surface to the cavity), resulting from friction, 
entrance, and velocity head loss is approximately 0.32 ft (Table 6.1) for 
260 gpm. No adjustment of flow to account for the head loss through the pipe 
was made because the magnitude of this effect is not significant. 

The effect of the size of the breach opening on the rate of flow was not 
examined specifically for thts simulation because an earlier simulation with a 
smaller salt dome (7000-ft-diameter base, 50oo-ft-diameter top and 1000-ft 
height) showed that an increase in the size of the breach opening did not 
increase the rate of flow linearly. Table 6.2 presents the summary of the 
results with regard to the size of the opening, based on the previously modeled 
smaller salt dome. With the 13.5 times larger breach opening, the correspond­
ing increase in flow rate was only 15%. Therefore, the size of the opening 
appears not to be a critical factor. The most critical factors affecting the 
rate of flow out of the breach are the permeability adjoining the breached area 
and the differential head that provides the driving force. 

Model for Determining Flow After Salt Dome Collapse 

This test case was fomulated assuming that the salt dome down to the 
repository elevation (-1700 ft) has been dissolved subsequent to 15,000 yr of 
salt disso1utioning after the breach caused by solution mining. The cavity of 
10,350-ft-diameter (1930 acres) is filled with collapsed material of twice the 
permeability of the original Wilcox aquifer (Figure 6.5). The Queen City 
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TABLE 6.1 •. Estimation of Friction. Entrance. and Velocity Head Loss in 
Bore Hole Pipe 

Q E 260 gpm E 0.58 cfs 
L II: 1700 ft 
D II: 1 ft 
V =~ 

D . 
K = 0.5 factor for sharp-cornered entrance 
Ks = 0.36 = factor for new welded continuous 

steel pipe 
2 

Velocity head loss E Hv E~ II: .0085 ft 

2 
Entrance (sharp corner) head loss E HE E ~~9 E .0043 ft 

Friction losses· (Scobey fonnula) 

V1.9 
HF II: Ks or:r x L E .31 

Total head loss = Hv + HE + Hf II: 0.32 ft 

TABLE 6.2. Effects of Size of Breach on Opening on Flow Rate* 

. ·Size of Opening into 
Wilcox A

2
Quifer 

(ft ) 

1.000 
3,364 

13,465 

Rate of Flow 
(50-ft Head Differential) 

(gpm) 

316 
332 
364 

* Results of earlier study with a somewhat smaller 
salt dome and a continuous permeable sand layer 
at the breach elevation. 
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FIGURE 6.5. Schematic Representation of Collapsed Salt Dome 

aquifer and the lake formed subsequent to the collapse of the salt dome pro­
vide an unlimited source to recharge with a 50 ft differential head across the 
entire 10,350-ft diameter. 

Because the general ground-water gradient in the Wilcox aquifer is 
1 ft/1000 ft, the 50-ft additional driving force may Significantly affect the 
flow pattern up to 50,000 ft up gradient. The subregional boundary was kept 
80,000 ft (Figure 6.6) from the center of the salt dame. The down gradient 
boundary was defined at 110,000 ft. A 90,OOO-ft width was considered from the 
center of the salt dome. 

Unlike the point source used to represent the flow through the salt dome 
breach, the recharge for this case takes place over the entire 1930 acres. 
For general aquifer representation a grid of 10,000 ft2 was used. Near the 
salt dome radially oriented elements (each representing 1/8 segment for the 
half circle) were defined. Figures 6.7 and 6.8 describe the regional and local 
stratification around the salt dome after the collapse. 
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FIGURE 6.6. Uniform Finite Element Grid for Simulation of Flow After Salt Dome Collapse 



   

            
FIGURE 6.7. Regional Stratifications Used for Simulation of Flow After Salt Dome Collapse 
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FIGURE 6.8. Three-Dimens1onal Stratifications of the Region Adjoin1ng Salt 
Dome After Collapse 
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For estimation of flow through a 30-ft-thick layer over the repository 
(chosen to represent twice the height of the waste canisters), vertical logs 
in all the radially oriented elements near the salt dome have nodes at -1670 
and -1700 ft MSL. Steady-state three-dimensional simulation, using the FE3DGW 
model, was done to estimate the hydraulic head distribution under the pre­
scribed conditions. 

A computer program was used to calculate the flow vector in the x-, y-, 
and z- directions at the center of each element. The radial outward flow 
between -1670 ft and -1700 ft MSL elevation around the repository was esti­
mated to be 3426 ft3/day. Because half of the subregion is simulated, this 
flow was doubled for use in the regional flow model. The converted figure for 
horizontal flow over the 30 ft high layer is 35.6 gpm. Because the primary 
objective here was to account for maximal flow, no density effects were con­
sidered. With density-dependent simulation the flow rates would be somewhat 
less than the predicted results. 
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CHAPTER 7 

REGIONAL HYDROLOGIC SIMULATION 

Prediction of radioactive contaminant transport requires an estimation of 
water movement, because water is the primary carrier of waste in hydrogeologic 
systems. Any release from the Hainesville Salt Dome would enter the Wilcox­
Carrizo aquifer, and the contaminants from such a release would flow with the 
ground water to some point of release to the accessible environment. The pur­
pose of the hydrologic modeling is to simulate the pressure head response of 
the real-world system and to predict the flow paths and velocities of ground­
water movement. To accomplish this objective, a region must be modeled that 
is large enough to include the natural phenomena that playa significant part 
in the hydrologic system. Those phenomena, which cannot be included because 
of size limitations, must be introduced through the boundary conditions. 

Specifically, the regional hydrology model was use'd to define the poten- ' 
tial distribution, the streamlines of flow, flow tubes, and travel times from 
input data describing the hydrogeologic system and release scenario chosen. 
The East Texas region was modeled with the steady-state version of the Variable 
Thickness Transient (VTT) Model (see Appendix C). 

CONCEPTUAL MODEL 

The region modeled is approximately 120 miles by 130 miles, so that a 
regular finite difference grid of nodes, each 2 miles on a side, was used. The 
geologic configuration shows a multi-aquifer system where the surface aquifer, 
the, Sparta-Queen City, is isolated by a semi-confining Reklaw clay layer. 
Neither of these formations extends over the entire region. Because of this 
isolation, it was deemed unnecessary to include the Sparta-Queen City aquifer 
in the model. Beneath the Reklaw lies the Carrizo and Wilcox Formations, which 
combined form the primary regional aquifer. Below the Wilcox, the Midway 
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Formation provides an effective bottom boundary to the system. Where the Rek­
law does not overlay the Carrizo, the aquifer is unconfined (see Figure 7.1). 
In the unconfined area the water table is in contact with surface streams, 
receiving rainfall infiltration. To simulate the str.eam interaction with the 
aquifer, a two-layer conceptual model was postulated. The Carrizo and Wilcox 
sands constitute the modeled aquifer, and the second layer consists only of 
the streams. This arrangement permits the use of an inter-aquifer transfer 
coefficient to control stream bed effectiveness and thereby eliminates the 
necessity of assuming that streams fully intercept the aquifer. The elevations 
of the streams were taken from topographic maps and were interpolated between 
contours. The inter-aquifer transfer coefficients and permeability distribu­
tions were adjusted in calibration of the model to yield a reasonable base flow 
from the ground-water system to the streams of the region. 

Beneath the Wilcox-Carrizo aquifer lies the Midway Formation, which con­
sists of cl~s with hydraulic characteristics too small to be measured accu­
rately. Thus the Midway was chosen as the bottom boundary for the ground-water 
model. 

Model Boundaries 

The boundaries chosen for the hydrologic model were held potential 
(Dirichlet) boundaries along the northwest. northeast. and south side. as shown 
in Figure 7.1. Between these held potential boundaries, boundaries that allow 
no flow to cross were chosen. These were chosen along what appeared to be 
streamlines of flow rather than along an impermeable geologic boundary. The 
northwestern boundary had a value to 450 ft above mean sea level, with one area 
on the west held at 500 ft. The boundaries on the northeast and south were 
held along a potential line at 200 ft. Flow would enter from the higher poten­
tial and exit the lower potential. affected in between by infiltration. trans­
missivity of the aquifer. leakage to streams, and injection and withdrawal of 
water. 

Rainfall Infiltration 

Within the modeled region in the areas where the Wilcox-Carrizo aquifer 
outcrops, infiltration from rainfall influences the ground-water elevations. 
Even though the East Texas area receives high annual rainfall. only a small 
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         FIGURE 7.1. Geometry and Boundary Conditions for the Wilcox-Carrizo Aquifer 
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percentage infiltrates to ground water. Table 7.1 shows potenti.a1 evapotrans­
piration (PET) and actual evapotranspiration (AET) values calculated, using a 
modified Thorntwaite & Mather method from monthly weather data collected at 
Longview and Palestine, Texas. 

Runoff accounts for a large percentage of the amount available for 
recharge. Initial simulations arbitrai1y using 4 in. of infiltration in the 
model showed that the reported transmissivity properties of the soil would not 
accept this amount. The infiltration was adjusted in the unconfined area tQ 
vary between 0.25 in on the northwestern edge to 0.9 in. on the eastern side. 

Hydraulic Conductivity-Transmissivity 

Transmissivity is one of the most difficult parameters of a ground-water 
system to quantify. Well pumping tests yield only single point measurements 
and are influenced by many local factors, whereas regional data are needed. 
Table 7.2 summarizes the available measured values of transmissivity, perme­
ability, and thickness of the major aquifer. There are too few measurements 
to characterize adequately this area of over 10,000 square miles. These mea­
surements did provide minimum, maximum, and average values for the primary 
aquifer. The transmissivity distribution was developed using the map of the 
net sand (Figure 7.2), which covers the confined area·of the model. To cover 
the remainder of the area, the map was extended outward toward the boundaries. 
The map was digitized and used as the measure of the aquifer thickness. The 
average transmissivity for the sands was divided by the thickness, and this 
was used as the initial distribution for permeability. These values were 
adjusted in some areas during the calibration phase of the modeling process to 
realize a better match of the potential surface with existing field data. 

Stream Aquifer Interaction 

Streams were modeled over the unconfined parts of the Wilcox aquifer by 
holding the potential head of the streams at the land surface according to 
elevations fram topography maps. An inter-aquifer transfer coefficient was 
used between the streams and the aquifer to control the effective transmission 
of the water to or from the stream. The model was adjusted so that approxi­
mately .01 of the mean annual flow of the streams was seepage from ground 
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TABLE 7.1- Arithmetic Mean Weather Data and Calculated AET, PET and 
Excess Precipitation 

Longviewz Texas Palestine l Texas 
Arithmetic Mean Annual Temperature 66.4°F (19.1°C) 66.6°F (19.2°C) 
Precipitation 46.2 in. (1172.5 mm) 40.5 in. (1032"mm) 
Potential Evapotranspiration 40.9 in. (1039.8 mm) 40.~ in. (1031.8 mm) 
Actual Evapotranspiration 32.1 in. (814.6 1I1l1) 33.5 in. (851.1 1I1l1) 

Available for Runoff 
and Recharge 14.1 in. (357.2 1I1l1) 7.1 in. (181.3 1I1l1) 

Percent of Precipitation as 31% 17% 
Runoff and Recharge 

TABLE 7.2. Summary of Transmissivity, Permeability and Unit Thickness Data 

Wilcox Carrizo Carrizo-Wilcox 
Transmissivit~ {gal/da~/ft) 

Number of Measurements 44 14 23 
Average Value 8,076 13,078 12,097 

-. Minimum Value 600 2,000 2,970 
" 

.~. Maximum Value 47,000 20,800 38,000 
Standard Deviation 10,140 5,143 8,322 

Permeabilit~ {gal/da~/ft2) 
Number of Measurements 39 14 10 
Average Value 76 185 99 
Minimum Value 3 22 56 
Maximum Value 338 450 244 
Standard Deviation 80 92 54 

Thickness of Unit {ftl 
Number of Measurements 42 14 10 
Average Value 116 75 91 
Minimum Value 15 40 30 
Maximum Value 633 110 141 
Standard Deviation 124 22 33 
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FIGURE 7.2. Net-Sand Map of the Undivided Wilcox Group. Wilcox outcrop 
from Barnes, 1965, 1966, and 1967. 
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.-- water. This was based on data from the USGS (1959) which show minimum flow in 
streams in the Sabine River Basin to be about 1% of the flood stage flows. 

Additional Stress on the Ground Water 

A notable feature of the ground-water. potent; a 1 contours of the Wil cox­
Carrizo aquifer is the depression in Gregg and Upshur Counties, which contain 
a major part of the East Texas Oil Field. Broom (1969) reported that for . 
municipal purposes in Gregg and Upshur Counties in 1966, about 1.1 mgd 
(1200 acre-ft/yr) of water was being used for domestic purpos~s and about 
1.6 mgd (1800 acre-ft/yr) was used for industrial purposes. The model cali­
bration required that about 1600 acre-ft of water per year be withdrawn to 
create a similar ground-water depression. 

Potential Distribution 

A potentiOO1etric surface map was· drawn for the Wilcox-Carrizo aquifer 
from 717 head measurements.' This map was digitized and used as the· starting 
potentiometric surface for the modeling. Calibration of the model included 
checking how closely the hand-drawn potentials checked with the well measure­
ments. When modeling a ground-water system, an attempt 1s made to adjust the 
model so that the potential surface has nearly the same or better accuracy 
than the hand-drawn potentials, when compared statistically to the well mea­
surements. The hand-drawn potentials have an average difference of 26.7 ft, 
with a root mean square of 38.7 ft. The calibrated model results for the same 
wells show an average difference of 32 ft and a root mean square of 45 ft. 
This was considered sufficient to predict flow directions and travel times for 
the release consequence analyses. 

RESULTS OF HYDROLOGIC SIKllATIONS .. 

. Three scenarios were chosen for hydrologic simulation: the base case, 
Simulating the current ground-water system; a second case, postulating the end· 
of water removal from the aquifer in Gregg and Upshur Countiesi and a pumping 
well scenario, postulating a domestic pumping water well 6 kmdown gradient of 
the edge of a salt dome. 
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Base Case 

A base cas~ chosen for the first scenario was the case that simulates the 
present day ground-water system, including the depression in Gregg and Upshur 
Counties. Flow that originates at or passes over the Hainesville Salt Dome 1n 
the Wilcox-Carrizo aquifer travels in a southeasterly direction, then eastward 
into this depression. Figure 7.3 shows the streamlines drawn between these 
areas. 

According to the near-dome hydrologic model1ng (see Chapter 6) and release 
scenario analyses (see Chapter 5), a flow of 260 gpm is released from the salt 
dome. Integration around the salt dome on the down grad1ent s1de captured 
equal flow totaling 260 gpm with1n the seven flow tubes. 

For the transport simulations, the seven flow tubes were combined into a 
one-d1mensional tube of appropriate size and length. A dispersion length was 
calculated, which accounts for the variation w1thin the two-dimens1onal flow 
system. This 1s because the results of interest are the rate of release of 
radioactivity per unit time 1nto the surface water system and the d1stribution . 
of that release in time, rather than the spatial variat10n among the paths. 
The observed travel t1me variation in the seven flow tubes was used to deter­
mine an average travel time and velocity. The maximum and minimum travel time 
was 18,800 years and 11·,900 years, respectively. The flow tube lengths were 
from 21,900 ft to 18,300 ft. Velocity variation was from 11.66 ft/yr to 
15.33 ft/yr, with an average of 13.26 ft/yr. The macroscopic dispersiv1ty 
was calculated from the velocity variation to be equal to 770 ft. 

Second Case 

The second case was postulated with the discontinuance of water being 
removed from the aquifer in Gregg and Upshur Counties. This would permit the 
water passing the Hainesville Salt Dome to discharge into the Sabine River and 
the Big Cypress Bayou near the northeastern model boundary. Figure 7.4 shows 
the new contours of potential and the calculated flow tubes containing the 
260 gpm flow released from the salt dome breach. 
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FIGURE 7.3. Modeled Ground-water Aquifer Showing Potential Contours and Flow 
Tubes from the Hainesville Salt Dome. Case 1 
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The flow from the salt dome proceeds southeasterly and divides to enter 
the Sabine River and the Big Cypress Bayou at the edge of the confining Reklaw 
Formation. The center streamline terminates at the stagnation pOint that 
divides the two flow systems. The average flow velocities, travel times, and 
lengths of the flow tubes are shown in Table 7.3. 

Pumping Well Scenario 

A domestic pumping water well was postulated at a distance of 6 km down 
gradient of the edge of the salt dome, based on the location that can cur­
rently provide potable water. (In an actual site assessment, this would be 
changed to match the requirements of federal regulations.) The contaminated 
water was assumed to be picked up in a 400 gpm well discharge. 

One feature of the VTT code used for these simulations is the ability to 
do more detailed simulations in the area of interest by focusing on a subregion 
of the modeled area, creating a smaller area of higher resolution. This is 
done by first simulating the large area of low resolution to provide the bound­
ary condition for the small area, high resolution region. The new subregion 
model is then run to predict in more detail the potential contours 'for this 
region. 

Figure 7.5 illustrates such an expanded smaller region. The node spacing 
for this region was 1320 ft. Point source data for the release and pumping are 
the same as in the large region model. Flow originates from the release point 
at the Hainesville Salt Dome and enters the well near the 344-ft contour. 

Flow tubes were generated and travel times for each streamline were com­
puted. The Iverageflow tube length was 22,900 ft and the 'travel time was 
1050' yr. The flow tubes are numbered on Figure 7.5. 

TABLE 7.3. Case 2 Flow Tube Data 

Average travel time 
Average length 
Average velocity 

Sabine Discharge 
43,000 yr 

326,500 ft 
7.59 ft/yr 

7.11 

Big Cypress Discharge 
38~550 yr 

343,400 ft 
8.91 ftlyr 
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FIGURE 7.5. Subregion Model With Plotted Contours and Flow Tubes from the 
Edge of the Salt Dome to a Pumping Well 
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Simulation of this scenario is rather inconsistent in that subsequent to 
the breach in the salt dome, the ground water is nearly saturated with brine. 
Thus, the well at 6 km could not yield potable water. Indeed, the salt plume 
is calculated to last about 15,000 yr along a pathway for which it also (by 
chance) takes about 15,000 yr to travel. During this period there is no 
location along the streamlines that will give potable water. However. 
subsequent to the dissolut1on1ng of the salt dome, potable water could be 
obtained directly above the repository. For this analysis this inconsistency 
was not resolved. The well at the current potable location was arbitarily 
selected to demonstrate the methodology used to analyze a well scenario. In 
an actual site assessment the well analysis would be in accord with the 
appropriate regulations defining the accessible environment. 
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CHAPTER 8 

TRANSPORT SIMULATION 

Ground-water flow patterns and ve10c"ities ultimately determine the dis­
persal and arrival times of dissolved radioisotopes leached from a geologic 
repository. In principle, the classical convective-diffusion equation depend­
ing on the ground-water velocity at each aquifer location and each geological 
stratum can be solved for the concentration of transported radioisotopes over 
time. Such a calculation would, however, require a thorough knowledge of the 
release rates from the breached repository, the hydrodynamic dispersivity 
defined over the entire region, and a complete characterization of the chemi­
cal phenomena of contaminant sorption on geological media. Acquisition of all 
such data on a geological scale is not currently achievable. In predictions 
of contaminant transport through a ground-water system, the inherent spatial 
variability of media properties is an additional obstacle. This stochastic 
aspect affects the assumed validity of the classical transpor.t equation when 
applied to large regions for predictions over thousands of years. 

In view of the limits and uncertainties in the site characterization data, 
a one-dimensional transport model having a stochastic formulation was used for 
the far-field transport simulations of this reference site analysis. The spe­
cific geometry of the repository is considered to be not important 1n the far~ 
field. Only the near-dome simulation warranted three-dimensional analysis; 
hadever, in an actual site assessment, if the data are sufficient, the three­
dimensional model could be used for far-field simulations. 

TRANSPORT MODEL 

A one-dimensional Multicomponent Mass Transport model (MMT1D--see Appen­
dix D), based on the method of discrete parcel random walk, was used to simu­
late the movement and to predict the concentrations of radioisotopes released 
by the nuclear waste repository. The basic operational concepts incorporated 
in the model are: 
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• convective transport and dispersion 
• soil media sorption equilibrium 
• radioactive decay of contaminants 
• repository release rates. 

The one-dimensional model is made to represent a real system's three­
dimensional flow by associating a width and height with the lines of travel, 
which are the streamlines obtained from the hydrologic modeling of the water 
flow (see Chapter 7). A collection of streamlines beginning at the repository 
and ending at a release region at the surface water systems 1s collectively 
called a flow tube. The flow tube's width and height represents the extent of 
lateral transport (dispersion) expected during transit along that flow tube 
length. Furthermore, flow tubes are dimensioned to be mass conservative by 
requiring all material released by the repository to remain within a tube 
until exiting. 

Convective Transport and Dispersion 

The mass of radioisotopes is subdivided by the model into many parcels 
that are released into the ground-water stream according to a specified repos­
itory,release rate, which was determined from the breach scenario, near-dome 
simulation, and leaching/solubility considerations. Parcels of radionuclides 
not interacting with the porous media are transported away with a velocity 
equal to the average of velocity of the ground water along the streamlines 
defining the flow tube. Radionuclides that are adsorbed move with a retarded 
velocity equal to the average velocity divided by a retardation factor 
K, given by: 

K ~ 1 + Kd 

where Kd is the sorption equilibrium constant for the particular radionuclide 
and is the ratio of geomedia bulk density to geomedia porosity. 

Dispersion can be defined most Simply as the phenomenon associated with 
the mixing between different concentration regions. It 1s a consequence of 
random motions deviating from the mean flow velocity. The extent of dispersion 
for a particular system is quantified by the dispersion length or disperstvity. 
A random walk process is used by the model to simulate the dispersion of 
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radioisotopes. During transit with a retarded average flow velocity, parcels 
are given random displacements as a function of the dispersion length. Such a 
random process generates the concentration solution to the partial differential 
equations of transport. In order that dispersion in a one-dimensional flow 
tube might represent the combined effects of both dispersion and velocity vari­
ation between streamlines, an effective macroscopiC dispersion length param­
eter was employed. This parameter represents the velocity variance of parcels 
traveling along different streamlines comprising the flow tube. 

Geological Medi a Sorption Equilibrium 

The Kd values represent the ratio of the activity of the radioisotope 
sorbed onto a geologic medium to that remaining in solution under equilibrium 
conditions. Immobilization is primarily viewed as an adsorption process but 
can occur by other chemical mechanisms. It is assumed that the water velocity 
is low enough that the equilibrium assumption is valid. 

The geotransport aspect of the salt dome repository scenario requires con­
sideration of two sets of Kd values for some of the radionuclides present in' 
the inventory. As nuclear waste is released by the dissolving salt dome, the 
Kd used is that measured in concentrated salt solution; when the salt dome dis-

" solution is complete, the Kd used is that measured in ground water containing 
bicarbonate. Generally, the Kd value of variable sorption nuclides is greater 
in bicarbonate ground water than in a salt solution. (A notable exception is 
Tc, which has its greater value in salt solution.) The result is lower retar­
dation for radioisotopes traveling along within the salt plume, resulting in 
shorter travel times than would be the case for the bicarbonate solution. To 
handle this change in Kd values~subsequent to passage of· the salt plume, alter­
ations of the original J.f.1T model' were made to include dependence of Kd on the 
location of the released salt plume. 

Radioactive Decay 

The radioisotopes contained in both the repository and the flow tubes 
undergo radioactive decay. Released parcels of fission or activation products 
have their mass reduced according to a Simple first-order exponential decay as 
they transit the flow tube. Transuranic radionuclides are involved in four 
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decay chains: the actinide series, the uranium series, the neptunium series, 
and the thorium series. Mass balance is ma~ntained in the MMT model by creat­
ing daughter parcels with total activity equal to that dertved from chain 
decay. Only parent and daughter nucH des with rel atively long half-l ives are 
considered for transport simulations. Daughter nuclides with relatively short 
half-lives that are in secular equilibrium have the location and spatial dis­
tribution of their parents. 

RELEASE SOURCE TERM 

A release source term curve reflects the details of the release scenario 
and is the primary factor establishing the initial radiOisotope concentrations 
during transport simulation. Without the effects of sorption and dispersion, 
released concentration levels propagate along the flow tube with the ground­
water flow velocity, altered only by radioactive decay. Sorption differences 
among radionuclides and dispersion cause separation in the concentration 
distributions. 

The release source term of each radionuclide is a function of exposed 
surface area, leach rate, solubility, and water flow rate exiting from the 

, repository. For the base case salt dome ~reach scenarios, the exposed surface 
area' was found not to be limiting. A solubility limit of 6 ,ppm for uranium 
was assumed, while all of the other radionuclides were assumed to be released 
at proportional rates, resulting in congruent dissolution for all radionu­
clides at a single fractional release curve (see Chapter 10). 

--
"'The rate of waste dissolution in metric tons (1000 kg) per year was 

determined as follows: 

• Leaching rate (metric t/yr) 'a 0.002 X flow rate (gpm) x solubility 
(ppm). Total uranium inventory calculated from the assemblies list 
equaled 7.8 x 104 metric tons. Assuming a constant flow rate 
yields: 

• Leaching time (yr) a 3.9 X 107/f1ow rate (gpm) x solubility (ppm). 
Similarly, with 410,000 ppm as the solubility of salt, the rate of 
dissolution of the salt dome in ft3/yr in terms of flow rate in 
gpm is: 
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• Salt dissolution rate (ft3/yr/gpm) = 1.4 x 104 (ft3/yr/gpm of flow). 
Using the volume of a truncated cone from the top of the salt dome 
to the repository depth, the volume of salt was estimated to equal 
5.5 x 1010 ft3• Again assuming a constant flow through the salt 
dome, the time for dissolution above the repository is: 

• Salt dome dissolution time (yr) = 3.8 x 106/flow rate (gpm). 

Near-dome simulation (Chapter 6) of the hydrologic system provided an est­
imate for the water flow rate of 260 gpm during salt dome dissolution. After 
the salt dome collapse and the resultant termination of the salt release, the 
flow rate penetrating the nuclear waste region equaled 35.6 gpm. At a flow 
rate of 260 gpm, the salt dome dissolves in 14,700 yr. During this period, 
the fraction of the nuclear waste inventory leached at 6 ppm concentration is 
0.59. The remainiOng 0.41 of the waste is leached in 75,000 moreyears by the 
35.6 gpm flow at 6 ppm for uranium. 

CONCENTRATION ESTIMATION 

Concentrations of radioisotopes were calculated by a °surrrnation of parcel 
weights over time intervals as the parcels exit the flow tube. The parcel flux 
obtained from that summation was divided by the total Darcy flow within the 
tube to obtain concentration. Because the summation of parcel weights consti­
tutes sampling a random walk transport process, the primary concentration ver­
sus time curve displays statistical fluctuations. The expected concentration 
curve was obtained by averaging °the primary curve with a time series filter to 
remove most of these fluctuations. As a result of this methodology, the con­
centration graphs include small variations. 

RELEASE CONSEQUENCES ANAL YlED 

Geotransport was evaluated for four cases: 

Case 1. Base Case. with the exit point in the East Texas Oil Field as in 
the present hydrologic system. Breach occurs at 150 yr and at 
1050 yr after the repository closure (i.e., after 50 years of 
solution mining ~hich begins at time 100 or 1000 yr after closure). 
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Case 2. Base Case, with the East Texas Oil Field removed from the hydrologic 
model. This gives exit points in the Sabine River and Big Cypress 
Bayou. Only the release at 150 yr post-closure was analyzed. 

Case 3. Well Pumping Case, with the well located 6 km from the salt dome. 
Only the release at 150 yr post-closure was arialyzed. 

Case 4. Base Case with the East Texas Oil Field removed, exit into the 
Sabine River only, using lower bound Kd values. 

The nuclides considered in the four scenarios are listed in Table 8.1. 
The initial inventory is the total inventory from the PIR assemblies list 
(provided to AEGIS by BNI) of 10 yr old waste at the beginning of emplacement 
in the repository. The 200-yr inventory is that of 200-yr-old waste in the 
repository, with geotransport beginning at that time. Radioisotope half-lives 
and average Kd values are also provided in Table 8.1. Simulations were run to 
2 million yr, exc~pt the well pumping case terminated at 150,000 yr. This was 
done because residual radionuclides with large retardation factors would have 
decayed before exiting to the surface. A beta value of 6.0 and an effective 
porosity value of 0.2 were ,used in all runs. The effective, porosity was pro­
vided by the water flow modeling (Chapter 7) and is used to convert water velo­
city (Table 8.2) into Darcy water flux by mulitplication. 

The elimination of the East Texas Oil Field resulted equally in a Sabine 
River discharge and a Big Cypress Bayou discharge. Release inventory, there­
fore, was divided equally between two flow tubes. In all cases, the flow tube 
dimensions were calculated ~o subtend the repository and include 260 gpm 
(1.8 x 107 ft3/year) of ground-water flow. The transport parameters are 
provided in Table 8.2. 

The tube dimensions, flow velocities, and travel times given in Table 8.2 
are average values based on the streamlines of the flow tubes. The dissolved 
salt release begins at year 200 and ends with year 14,917. (Note that dates 
in this section refer to the age of the waste.) The region of concentrated 
salt solution moves with the ground-water velocity in each case and requires 
the given travel time to traverse the flow tube. The dispersion parameters 
represent the macroscopic velocity variation over streamlines comprising each 
flow tube; they are not the porous media dispersivity. 
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/ TABLE 8.1. Simulation Inventories, Half-Lives, and Kd Values I 

Fission and Activation Products 

In1ti al Decayed* Kd** 
Half-L ife Inventory Inventory lm1!g~ 

Nuclide (learsl (curies} (curiesl Saltater 

3H 12.35 3.45E7 4.59E2 0 0 

14C 5730 1. 14E5 1.11E5 0 0 

79Se 6.5E4 2.98E4 2.97E4 24 24 

90Sr 28.S 4.30E9 3.32E7 0 270 

99Tc 2.13E5 9.nE5 9.71E5 1.6 0 

1291 1.57E7 2. 29E3 2.29E3 0 0 

135Cs 2.3E6 2.84E4 2.84E4 0 11 

Decal Chains 

Thod um Seri es: 

240pu .6540 3.85E7 3.77E7 250 73 

236U 2.34E7 1.84E4 1.86E4 1.5 1.5 

232Th 1.4E10 0 1. 83E-4 40 40 

Neptunium Series: --.. 

I 241Am 433 3.26E8 2.37E8 0 75 , 
.'-

237Np 2. 14E6 2. 25E4 4.05E4 0 6.6 

233U 1.58E5 0 2.80E1 1.5 1.5 

229rh 7340 0 2.34E-l 40 40 

Uranium Series: 

242pu 3. 87E5 1.31E5 1.3OE5 250 73 

238U 4.47E9 2.45E4 2.45E4 1.5 1.5 

230rh 7.1£4 9.01 8.43El 40 40 

226Ra 1600 2.41£-2 3.94 15 15 

Actinium Series: 

243Am 7370 1.16E6 1.14E6 '0 75 

239pu 2.44E4 2.36E7 2.35E7 250 73 

239U 7.04E8 0 4.63 1.5 1.S 

231Pa 3.25E4 0 9.52E-3 40 40 

* Decayed inventory for 200 year-old waste at time 150 years 
post-closure. 

"See Chapter 11. 
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TABLE 8.2. 

Case 1. East Texas Oil Field: 
Path length 196,700 ft 
Flow tube dimensions 
Travel time 
Flow velocity 
Dispersion parameter 

29, 400 x 234 ft 
14,000 yr 
13.26 ft/yr 
770 ft 

Case 2. Sabine River and Big Cypress Bayou: 
Sabine CyPress 

Path length 326,500 ft 343,400 ft 
Flow tube dimensions 
Travel time 
Flow velocity 
Dispersion parameter 
Flow 

20,900 x 288 ft 
43,000 yr 

7.6 ft/yr 
164 ft 
130 gpm 

Case 3. Well Pumping Case: 
Path length 
Flow tube dimensions 
Travel time 
Flow velocity 
Dispersion parameter 
Flow 
Pumping rate 

30,600 x 167 ft 
38,550 yr 

8.9 ft/yr 
504 ft 
130 gpm 

22,900 ft 
10,000 x 418 ft 
1,050 yr 
21.8 ft/yr 
162 ft 
260 gpm 
400 gpm 

The concentrations of radi~isotopes are based on the flow rate through 
each tube, except that in the well pumping case, the exit concentrations are 
diluted by the 400 gpm removal rate. Additional water is assumed to enter the 
well. 

Graphs of concentration versus time for five simulation runs representing 
the four cases are provided in the appendices. In those graphs, the initial 
inventory is that at 200 yr, and the cumulative release (present inventory) is 
defined as the total inventory under the graph, equaling the total curies exit­
ing before decay takes place to the surface (Table 8.3). 
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TABLE 8.3. Cumulative Radiocontarninant Discharge in Curies for the Four 
Release Scenarios After Geotransport Based on Solution 
Mining Beginning at Time 100 Years After Closure 

Nuclide 

l~C 
79Se 
99Tc 
1291 
135Cs 

_240pu 
236U 
232Th 
241Am 
237Np 
233U 
229Th 
242pu 
238U 
234U 

. 230Th 
226Ra 
243Am 
239pu 

-235U 
231Pa-

Cumulative Discharge (curies) 

(1) 

5.21E3 
o 
5.43E5 
2.28E3 
2.49E4 
o 
2.90E4 
1.13E-l 
o 
8.05E4 
7.31E4 
4.47E3 
o 
2.45E4 
9.64E4 
4.33E3 
9.48E3 
8.75E4 
2.26E2 
8.16E2 
2.75El 

Simulation Number 
(2a) (26) (3) 

8.90E1 1.52E2 2.50E4 
o 0 -0 

2.46£5 
1.14£3 
7.74E3 
o 
I.44E4 
4.73E-2 
o 
3.53E4 
4.90E4 
2.08E3 
o 
1.22E4 
2.83E4 
1. 24E3 
2.55E3 
3.08E3 
8.36 
4.12E2 
7.48 

3.88E5 
1.14E3 
7.71E3 
o 
1. 44E4 
4.84E-2 
o 
3.50E4 
5.12E4 
1. 95E3 
o 
1.22E4 
3.06E4 
1.31E3 

_ 3.19E3 
4.55E3 
6.81 
6~00E5 

1.26E1 

4.32E5 
2.28E3 
1.66E4 
o 
2.91E4 
7.96E-3 

-1.07E6 
8.67E4 
1.52E4 
7.49£2 
o 
2.45E4 
1. 31E5 
3.59E3 
8.30E3 
3.29E5 
3.89E2 
7.82E2 
2.96£1 

(1) Case 1. East Texas Oil Field discharge. 
(2a) Case 2. Sabine River d1scharge.* 

(4) 

8.88E1 
o 
2.46E5 
1.10E3 
7.68E3 
o 
1.44E4 
3.87E-1 
o 
4.0E4 
2.84E4 
1.17E3 
o 
1.22E4 
3.39E4 
1.07£3 
1.73E3 
3.08E3 
9.27 
5.50E5 
5.93-

(2b) Case 2. Big Cypress Bayou discharge.* 
(3) Case 3. Well pumping case. 
(4) Case 4. Sabine River discharge.* Lower bound Kd. 

* Represents half of released inventory. 
NOTE: The format used here is analogous to scientific 
---- notation, e.g., 5.21E3 E 5.21 x 103 
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Unusual effects of salt concentration affecting the sorption Kd are 
observed for the fission products. In all cases s 3H and 90Sr decay before 
exiting to the surface. Carbon-14 has the shortest half-life of the activa­
tion products that exit. It moves at the water velocity in both the salt solu­
tion and bicarbonated water. 

Figure 8.1 shows carbon concentrations for Case 1. As a consequence of a 
substantial macroscopic dispersion parameter, ~4C arrives at the exit about 
2000 yr sooner than predicted by an average water travel time. The extended, 
tail on the graph results from the protracted release at a reduced rate between. 
times 15,000 to 90,000 yr, after the salt dome has dissolved. The short half­
life causes 14C to vanish after 30,000 yr. 

Figure 8.2 displays 14C concentration under the same hydrologic condi­
tions, but including initiation of the solution mining at 1000 yr after clo­
sure. The exit inventory is 92% of that in Figure 8.1. In view of the fact 
that all radionuclides with a longer half-life, including the transuranics, 
will not decay more quickly than 14C, a 1000 yr delay before geotransport 
would yield little difference in consequences over the minimal 15,000-yr travel 
time. The differences are even less for long half-life nuclides with non-zero 
Kd values. Thus the 100- and 1000 yr solution mining scenarios would yield 
essentially equivalent consequence results from geotransport. This is an 
important result, in that it shows the geotransport consequences of a breach 
are not affected by whether it initiates at 100 or 1000 yr after closure. 
Additionally, this shows that engineered barriers totally effective for 1000 yr 
after closure (assuming they could be designed) would not significantly reduce 
the consequences via geotransport from a repository breach, if the transport 
time to the accessible environment is as long as in this system. 

Figure 8.3 shows 1291, a long-lived isotope, also with no sorption 
retardation. Iodine arrives as two, joined square pulses, resulting from the 
corresponding periods of constant release rates; that is, 59% of the inventory 
between 200 and 15,000 yr, and 41% between 15,000 to 90,000 yr. 
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Nuclides having a greater Kd in bicarbonate water than in salt solution 
display an unusual behavior. Initially released in salt solution, they travel 
faster than in bicarbonated ground water, where the travel times are subse­
quently decreased. On the other hand, effective macroscopic dispersion spread­
ing is increased by the time of exiting of the salt plume's trailing edge, 
with retarded velocity. Figure 8.4a-c illustrates that behavior for 135Cs as 
a result of zero Kd in salt solution. Cesium released into the salt plume is 
carried away at water velocity, whereas the cesium released after salt dome 
dissolution is complete travels with a substantially reduced velocity. The', 
opposite situation occurs for 99Tc, which has a greater Kd in salt than in 
water. This reversed variation of Kd causes the nuclide to accumulate behind 
the salt plume's trailing edge. Figure 8.5 shows 99Tc concentration. 

Analysis of the decay chain concentration distributions is further compli­
cated by the same behavior observed for fission activation products. Absence 
of initial inventories provided to AEGIS for the nuclides 232Th , 233U, and 235U 
is noteworthy. These long-lived chain members are eventually included by 
parent chain decay. Nuclides with a short half-life at the top of the chains 
typically do not exit before decaying in Cases 1, 2, and 4. An exception is 
243Am, because it has a Kd value of zero in salt solution. 

A particularly interesting example is provided by decay chain 2 of the 
base case (Case 1 simulation). Figure 8.6 shows that 237Np has a fractured 
release. The daughter nuclide concentration of 233U shown in Figure 8.7 is a 
consequence of three distinct decay periods. Between 15,000 and 150,000 yr, 
the uranium.derives from decay of the first 237Np pulse traveling with the 
salt plume. In the period 150,000 to 240,000 yr~ uranium accumulated near the 
repository from the bicarbonate water retarded 237NP , producing a peak value 
near 200,000 yr. The second 237NP pulse approaching the discharge creates a 
second uranium peak between 500,000 to 600,000 yr. The last chain member, 
229Th (Figure 8.8) duplicates the parent 233U concentration distribution. 
This is caused by the sorption retardation and short half-life of 229Th • 
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Case 3, the Well Pumping Case, represents the consequence of a relatively 
early radioisotope release, as only a thousand years 1s required for some 
nuclides to reach the well at a distance of 6 km. The conservative assumption 
was made that all of the nuclides exiting the repository are withdrawn at the 
well. The graphs for these simulation runs illustrate the results, which 
differ from the other scenarios having considerably longer travel times. 

Case 4 simulation runs represent the effects of decreased sorption on the 
geotransport of the radioisotopes. These runs use the lower bound Kd values. 
Only the Sabine River discharge part of the scenario is used for comparison 
with simulation runs of Case 2. Travel times are predictably reduced by ratios 
of the changed retardation factor{s) to the original average value(s). The 
fission products do not yield very different results, but uranium arrives about 
100,000 yr sooner with the lower bound Kd. Daughter nuclides appear to acquire 
greater concentration when their parents have a longer decay period, corre­
spondingto greater travel time. Low initial daughter inventories and long 
half-life contribute to that effect. An exception occurs for 235u, in that 
a greater quantity of parent nuclide 23gpu decays near the salt dome, produc­
ing more curies of 235U during the simulation period. 

The MMT model has the capability of producing information on radioisotope 
concentration as a function of distance from the repository. This is achieved 
by summing parcel weight within distance intervals. Concentration levels over 
the flow tube length propagate toward the discharge point with their apparent 
retarded velocities. Appendix G contains some sample graphs for 15,000 and 
30,000 yr following the repository breach in the well pumping case. Salt dis­
solution terminates at 15,000 yr, and those nuclides having variable Kd's dis-

. playa release pattern caused by retention of nuclides near the repository. 
Neptunium and cesium isotopes provide good examples. In the cases of nuclides 
not exiting in 2 million years for the other scenarios, concentration versus 
distance graphs are included with those for time, provided 1n Appendix G. 

MEASURES OF DISPERSION USED IN THE SIMULATIONS 

The hydrodynamic dispersion coefficient 0, required as a parameter for the 
transport model, must be empirically evaluated using the specific geological 
media involved. Commonly its value is not available. In a three-dimensional 
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flow, the lateral dispersion coefficient establishes the transfer rate of 
radioisotopes between streamlines of varying flow velocity. In a macroscopic 
flow tube the dispersion caused by velocity variation between streamlines 
usually dominates the porous media longitudinal dispersion. which is a micro­
s.copic scale phenomenon. Thus, from the perspecti ve of a one-dimensional flow 
tube representation of a real three-dimensional flow. dispersion is mainly a 
consequence of the macroscopic variation in convective transport of nuclides. 

~ 

Radioisotopes entering a specified flow tube are assumed to follow with equal 
likelihood any streamline within. On the other hand, concentrations of dis­
charged nuclides having variable transit times are determined by the flow 
tube's entire discharge volUme. This is because exiting parcels of radioiso­
topes cannot be localized with any greater accuracy than the tube's cross­
sectional area. 

In view of those considerations, an effective macroscopic dispersion 
parameter is constructed as follows. Let p denote the·pth streamline com­
prising a flow tube having P streamlines. Streamline length is L, and travel 
time is t. An estimate of an effective dispersion parameter, 0*. is obtained 
by equating the random walk variance in parcel locations and that derived from 
convective velocity variation. 

Let: 

P 
t I: t L: tp 

pl:1 

L I: 1 f. Lp 
li'p;l 

denote average values. Travel time variance is: 

P 
CJ 2 II: 1 1. (t_tp)2 
t P-r p;l 

B.25 

(B.1) 

(B.2) 

(B.3) 



    

  

      

     

       

      

          

          

          

     

          

         

  

Average flow tube velocity is: 
v =, LIt 

The estimate of variance in location is: 

(v at )2 = 8 0* t 

Then. the estimated effective dispersion length dis: 

d = v at 18 t. 

(8.4) 

(8.5) 

(8.6) 

Unlike the true hydrodynamic dispersion length. the effective value depends on 
travel time. The complete location variance equals the sum of variances 
because of hydrodynamic dispersion and travel time; thus. the complete disper­
sion coefficient equals 0 + 0*. 

Required means and variances for streamline lengths and travel times were 
obtained from hydrologic modeling. Effective dispersion was assumed to domi­
nate the transport. 
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CHAPTER 9 

DOSE CALCULATIONS 

As discussed in the section on human intrusion (Chapter 4), there are 
significantly different time frames involved with the safety assessment of a 
nuclear waste repository. Over the million-year time frame with which AEGIS 
scenario methodology deals, geological events and processes occur. This time 
frame exceeds what is necessary for biological evolution. The 105.yr time 
frame corresponds to full cycles of climate changes, and also is adequate for 
biological evolution and speciation. The biologically identical equivalent of 
modern man, Cro-Magnon, dates from about 50,000 yr before present; in the last 
50,000 yr there has been essent1ally no biological evolution for !!!!!!2. sapiens. 
During that period, cultural evolution has predominated. Only within the last 
10,000 yr or so has there been a planned agricultural food base for any human 
populations. Finally, the cultural evolution within the last few centuries 
has been explosive, as measured by such parameters as population density and 
mobility, utilization of resources, and information content. 

Because of this wide divergence in the time frames applicable to cultural. 
versus geological processes, it is not appropriate to predict cultural impacts 
over geological times. One such cultural impact is measured as dose to indi­
viduals or to populations. Such dose calculations are dependent on demography 
or diet and on the recyling through ecological systems of those radioisotopes 
that are analogous to nutrient elements. As the demographic patterns, feeding. 
habits, and ecosystem recycling pathways may change rapidly in periods as short 
as a few centuries, it is misleading to provide dose calculation~ for 106 yr 

in the future based on the current social structure. The AEGIS team believes 
dose predictions should be lim1ted to only the early period of post-closure 
safety assessments. Nevertheless, based on a number of comments received from 
the external peer reviewers, this revised report does contain dose calculations 
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out to one million years. These are presented not as predictions of what the 
expected doses actually would be; rather, they provide an indication of the 
effects of long-term nuclear decay on the consequences of the analyzed scenar­
ios relative to current population parameters. 

GENERAL POPULATION DOSE CALCULATIONS 

For this reference site analysis, AEGIS chose the limit of 1000-yr post­
closure based on the draft of proposed EPA standards available at the time of 
this work, which stated that health effects need only be addressed for 1000 Yr. 
(That limit no longer remains in more recent drafts of the EPA standards.) 
The result of this limitation is that dose calculations were originally pre­
sented only for the operational aspects of the solution mining scenario at 
times 100 yr and 1000 yr after closure. The revised report has doses for later 
intrusion periods. No dose calculations were performed for radioisotopes that 
subsequent to the solution mining intrusion were transported through the 
geosystem. 

The solution mining scenario involves the extraction of salt and radio­
active wastes from the salt dome repository. The salt is removed as a brine 
solution, with the salt recovered by several methods, such as the vacuum pan 
and grainier processes, or by solar driven evaporation of the brine. The main 
use of salt is as an industrial chemical in production of soda ash (for glass), 
caustic soda (for the paper industry), and other industrial chemicals such as 
chlorine, chlorates and hydrochloric acid (Bates 1969). Salt 1s also used for 
the production of soap, in the textile industry, for water treatment, and for 
ice control. The food industry uses salt in refrigeration, meat packing, fish 
curing, dairy product processing, and as table salt. 

For this analysis, the main route of exposure of the general population 
from contaminated salt brines is taken to be the use of salt in the food indus­
try, as the ingestion of salt is the most direct and probably most consequen­
tial, pathway. To date other pathways leading to dose to humans have not been 
investigated. In an actual site assessment, some other vectors would be 
addressed. The exposure pathway here is ingestion of culinary salt, including 
salt present in cured meats and fish and processed dairy products. During the 
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.. /'" preparation of salt for culinary use, some of the radionuclide activity might 
be removed as impurities; however, no credit was taken for removal in the con­
sequence analysis because such purification might be highly dependent on the 
particular technology used. 

The assumptions used in the base case dose consequence analysis include: 

• Salt mine production is one million tons of salt per year. 

• The mine operates for 50 yr without detection of radioactive wastes. 

• Three percent of production is used as culinary salt and ingested by 
humans. 

• Each person ingests 1800 g salt per year. 

The alternative set ofassumpt1ons leading to identical consequences are: 
• Salt mine production is 33,333 tons/yr. 
• The mine operates for 50 yr. 
• 90% of production is used for culinary salt. 
• Each person ingests 1800 g/yr. 

These assumptions are based' on the following considerations. The one 
million tons of salt per year is representative of a current large scale salt 
production effort. Up to 3 x 106 tons/yr have been produced from a solution 

. mine, and the Commercial Waste Management Study (CWMS 1980) assumed a produc­
tion of 2.6 x 106 tons/yr. Such a level of salt production is unlikely for a 
50-yr period. The 50-yr lifetime for the solution mine operation was arbi­
trarily chosen, and this value coincides with the CWMS value. Also, the 3% 
and 1800 g/yr per person values reflect the numbers used in the CWMS study. 
The 3% level is based on the fraction of total salt produced in the United 
States that is directly ingested, and the 1800 g/yr is based on consumption of 
5 g/day in table salt or as a part of processed foods. (More recent data 
indicate this value should be increased by about a factor of 3, which would 
likewise increase the individual doses by a factor of three.) 

The alternative assumptions address an apparent inconsistency between the 
size of the mining operation and the uncontrolled cavity formation. For a salt 
dome being used to produce cul1nary salt, up to 90% of the brine is used for 
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culinary salt. Thus, increasing the 3% factor to 90% allows a reduction of 
the scale of mine operations 30-fold, even though the dose consequences would 
be identical. 

Based on either set of these assumptions, the population served by the 
annual mine production is calculated to be 15 million persons'. Note that this . 
population level is demographic-independent: the number of persons exposed 
depends on the amount of salt available rather'than on particular population 
distributions. The population level was calculated as follows: 

6 lbs..JL 1 Gerson' 7 0.03 x 10 tons/yr x 2000 tOn x 454 165 x 1 00 g/yr ~ 1.5 x 10 persons 

The fraction of wastes in the repository removed dur1ng the 50 yr of 
operation was calculated to be 0.97%. This fraction is based on the solu­
bility limit for uranium of 6 ppm (see Chapter 10) and an effluent water flow 
rate of 1200 gpm for the brining operations, and was calculated as follows: 

6 x 10-6 parts x 1200 ~ x 5 260 x 105 ~ x 50 yr x 3785 ~ part ml n ., yr gaT 

~ 7.2 x 108 9 

10 The total weight of uranium in the repository is 7.4 x 10 g. Thus, 
t~e fraction of the uranium leached during 50 yr'of solution mining is: 

8 7.2 x 10 9 (leached) ~ 9.7 x 10-3 
7.4 x 1010 9 (in repository) 

The fraction of the inventory consumed with culinary salt is then 3% of 
-3 9.7 x 10 ,as only 3% of the mined salt is used as culinary salt. 

9.7 x 10-3 x 0.03 ~ 2.94 x 10-4 = fraction of inventory consumed. 
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Similar calculations using the alternative set of assumptions would also 
result in the same fract10n of the inventory be1ng consumed. 

The fraction consumed can also be expressed as an equivalent number of 
fuel assemblies. The hypothetical repository will contain 1.52 x 105 BWR 
fuel assemblies and 1.08 x 105 PWR fuel assemblies, according to information 
provided to AEGIS from BNI. Thus, 

1.52 x 105 x 2.94 x 10-4 
c 44 BWR assemblies 

1.08 x 105 x 2.94 x 10-4 = 31 PWR assemblies 

Us1ng these est1mates, 70-yr rad1ation dose comm1tments were calculated 
for individuals and for the population consuming culinary salt over various 
t1me periods during the 50-yr mine operational per10d. Tables 9.1 through 9.4 
list the 70-yr radiation doses calculated for salt 1ngestion periods of 50, 1, 
10, and 25 yr, respect1vely.'The metabolic models and data presented in ICRP 
Publication 2 (1959) were used to estimate organ doses for intake via direct 
ingestion (using the computer code PABLM--Napier et al. 1980). L1sted are the 
doses to individuals and the population for the solution m1ning scenario with 
,mining start1ng 100yr and 1000 yr after ,closure. (See Append1x J for details 
of these dose calculat10ns.) All dose values in Table 9.1 through 9.11 (except 
9.5) are appropriate for either the orig1nal assumpt10ns or the alternative 
assumpt10ns. 

The CWMS analysis assumed discovery of the contamination of the culinary 
salt after one year of consumption. For th1s analysis. however. The AEGIS 
staff assumed that the contamination would not necessarily be discovered. 
Because the solution mining 1ntrusion could occur by a population that has a 
technological base less soph1sticated than today's or that has no knowledge of 
nuclear phenomena. Alternat1vely, the society could be aware of nuclear tech­
nol()gy. but because of loss of effective information about the repository. no 
monitoring of the salt for radioactivity would occur~ This is supported by 
the fact that today essentially none of the solut10n mining productions of salt 
in the United States are monitored for radioactivity. 
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TABLE 9.1. Radiation Doses Calculated for Solution Mining Scenario 

(Uranium Solubility Limited, 50-year Ingestion--Base Case) 

A. 70·Year Po~ulation Dose z* man-rem 

Decax Time iota 1 Bod~ 
Organ of Reference 
Bone Lung Tt1xrold 

100 Years 1.6 x lOll 6.5 x lOll 2.8 x 109 4.7 x 106 

1000 Years 1.3 x 109 3.0 x 1010 3.7 x 104 4.7 x 106 

B. 70-Year Individual Dose Commitments! rem 

100 Years 1.1 x 104 4.4 x 104 1.S'x 102 3.2 x 10-1 

1000 Years 8.4 x 101 2.0 x 103 2.5 x 10-3 3.1 x 10-1 

* Based on affected population of 15 million. All figures in 
Tables 9.1 through 9.11 (except 9.5) are appropriate for either 
the original assumptions or the alternative assumptions. 

TABLE 9.2. Radiation Doses Calculated for Solution Mining Scenario 

(Uranium Solubility Limited, l-year Ingestion) 

A. 70-Year Po~ulation Dose l man-rem 

Deca:! Time Total BodX 
Organ of Reference 

ThX!oid Bone Lung 

100 Years 3.3 x 109 1.4 x 1010 5.5 x 107 9.5 x 104 

1000 Years 3.5 x 107 8.6 x lOS 7.5 x 102 9.4 x 104 

B. 70-Year Individual Dose l rem 

100 Years 2.2 x 102 9.6 x 102 3.7 6.3 x 10-3 

1000 Years 2.3 5.7 x 101 5.0 x 10-5 6.3 x 10-3 
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TABLE 9.3. Radiation Doses Calculated for Solution Mining Scenario 

(Uranium Solubility Limited, 10-year Ingestion) 

A. 70-Year Po~ulation Dose l man-rem 

Total Bodl 
Organ of Reference 

'fhl!:o;d Decal Time Bone Lung 

100 Years 3.3 x 1010 1.4 x 1011 5.5 x 108 9.5 x 105 

1000 Years 3.3 x 108 8.2 x 109 7.5 x 103 9.4 x 105 

B. 70-Year Individual Dose Commitments l rem 

100 Years 2.2 x 103 9.5 x 103 3.7 x 101 6.3 x 10-2 

1000 Years 2.2 x 101 5.5 x 102 5.0 x 10-4 6.3 x 10-2 

TABLE 9.4. Radiation Doses Calculated for Solution Mining Scenario 

(Uranium Solubility Limited, 25-year Ingestion) 

A. 70~Year Po~ulation Dose. man-rem 

Decal Time Tota' Bodl 
Organ ~f Reference 
Bone Lung 'fh.}!!o;d 

100 Years 8.3 x 1010 3.S x 1011 1.4 x 109 2.4 x 106 

1000 Years 7.7 x 108 1.9 x 1010 1.9 x 104 2.4 x 106 

B. 70-Year Individual·Dose COI1II1itments z rem 

100 Years 5.5 x 103 2.3 x 104 9.2 x 101 1.6 x 10-1 

1000 Years 5.1 x 101 1.2 x 103 1.2 x 10.3 1.6 x 10.1 
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To see the effect of this nonmonitoring assumption on dose burdens, the 
dose calculations were also performed for consumption periods of 1, 10, and 
25 yr, i.e., less than the mining operation period of 50 yr. The direct com­
parison between these results and the CWMS results (see CWMS 1980, Table 3.1.53) 
can be made by inspecting Table 9.1B for the 1000-yr dose to whole body. The 
value of 2.3 rem of this study compares with the CWMS value of 0.49 rem. The 
CWMS study assumed a larger salt production and higher water solutioning flow 
rates than this analysis. CWMS also assumed a leach rate times surface area 
source term, whereas this analysis shows solubility to be limiting. Addition­
ally, there are differences between the assumed inventories of the CWMS and 
this study. The net effect is less than a factor of 5 higher estimate in this 
study than in the CWMS study. 

Another factor needs to be considered in this dose analysis. Calculations 
are shown for the original assumptions only on the 3% of the radioisotopes 
delivered to the surface. The other 97% of the waste at the surface are dis­
regarded in the dose calculations. What actually would happen to that 97% has 
not been resolved to date, except for the analysis of doses to the solution 
mine operators by direct exposure. Future calculations could consider possible 
dose burdens from this source of 97% of the radioisotopes delivered to the 
accessible environment. This 1s not as important a problem for the alterna­
tive assumptions, where only 10% of the radioisotopes would not go to direct 
culinary pathways. 

Finally, data are shown for the total quantity (curies) of each isotope 
delivered to the surface (Table 9.5) and ingested as table salt (Table 9.6) 
associated with 50 yr of solution mining operatons. 

OCCUPATIONAL DOSE CALCULATIONS 

The dose levels shown in Tables 9.1 through 9.4 could indicate levels of 
radioactivity high enough to cause lethal effects on the operators of the 
solution mine. This could result from direct exposure or from inhalation of 
particulates. This latter factor would be exacerbated considering that cli­
matic conditions in the region of the Hainesville Salt Dome are likely to have 
humidities that would preclude natural evaporation of the brine. If so, the 
salt production could involve forced heating of the brine, with concomitant 
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"'- TABLE 9.5. Total Curies of Isotopes Delivered to Surface, 50 Years 
of Solution Mining (Large Scale Operations Assumptions) 

Time After Closure 
Isotol!e H;o Years Il)l)ll Years 11)11)00 Years ~I)II)OI) Years 

H3 2.1 x 103 0 0 0 
C14 1.1 x 103 967 327 29 
C136 10 10 6.7 6.7 
Fe55 7.0 x 10-6 0 0 0 
Co60 10 0 0 0 
Ni59 2.4 x 103 2.4 x 103 2.2 x 103 1.9 x 103 

Ni63 1.6 x 105 187 0 0 
Se79 297 283 257 ' 207 

Kr85 1.0 x 104 0 0 0 
Sr90 4.7 x 106 1.0 x 10-3 0 0 
Y90 4.7 x 106 1.0 x 10-3 0 0 
Zr93 2.3 x 103 2.3 x 103 2.3 x 103 2.2 x 103 

Nb93m 1.9 x 103 1.9 x 103 1.9 x 103 ' 1.9 x 103 

Nb94 733 700 533 260 
(' 

1.6 x 10.2 Ma93 17 13 1.6 
Tc99 9.3 x 103 9.3 x 103 9.0 x 103 8.3 x 103 

Pd107 80 80 80 80 
Sn121m 90 3.7 x 10-4 0 ·0 
Sb125 1.1 x 10.4 0 0 0 
Te125m 2.7 x 10 .. 5 0 0 0 
Sn126 533 533 500 433 
Sb126 77 77 70 60 
Sb126m 533 533 500 433 
1129 23 23 23 23 
Cst'35 273 273 273 270 
Cs137 7.3 x 106 7.3 x 10~3 0 0 
Ba137 7.0 x 106 7.0 x 10-3 0 0 

Pm147 3.2 x 10-4 0 0 0 
Sm151 1.3 x 105 153 0 0 
E.u154 2.3 x 103 0 0 0 
Eu155 1.8 0 0 0 

Subtotal 2.4 x 107 2.0 x 104 1.8 x 104 1.6 x 104 
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TABLE 9.5. (contd) 

Isotoee loo ~ears 
Time After Closure moo Years 102000 Years ~OIOOO Years 

Pb210 1.0 x 10-2 2.0 87 303 
Pb214 1.8 x 10-2 2.0 87 303 
Bi210 1.0 x 10-2 2.0 87 303 
B1214 1.8 x 10-2 2.0 87 303 
Po210 1.0 x 10-2 2.0 87 303 
Po214 1.8 x 10-2 2.0 87 303 
Po218 1.8 x 10-2 2.0 87 303 
Rn222 1.8 x 10-2 2.0 87 303 
Ra226 1.8 x 10-2 2.0 87 303 
Th230 0.9 1.0 330 300 
Th234 237 237 237 237 
Pa233 290 700 833 833 
Pa234m . 237 237 237 237 
U234 1.1 x 103 1.4 x 103 1.3 x 103 1.3 x 103 

U236 177 187 243 277 
U238 237 237 237 237 
Np237 290 700 833 833 
Np239 1.1 x 104 1.0 x 104 4.7 x 103 733 
Pu238 7.3 x 105 733 a a 
Pu239 2.3 x 105 2.2 x 105 1. 7 x 105 1.0 x 105 

Pu240 3.7 x 105 3.3 x 105 1.3 x 105 1.7 x 104 

Pu241 7.7 x 105 13 7.0 1.2 
Pu242 1.6 x 103 1.3 x 103 1.2 x 103 1.2 x 103 

Am241 2.7 x 106 6.3 x 105 6.7 0.3 
Am243 1.1 x 104 1.0 x 104 4.7 x 103 733 
Cm242 1. 7 x 103 27 a a 
Cm244 2.2 x 104 a a a 

Subtotal 4.8 x 106 1.2 x 106 3.2 x 105 1.3 x 105 

TOTAL OF 
ALL ISOTOPES 2.9 x 107 1.22 x 106 3.4 x 105 1.5 x 105 
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~ TABLE 9.6. Ingested Curies of Isotopes for 50 Years of Consumption of 
/ 

Table Salt (Either Large or Small Scale Assumptions) 

Time After Closure 
Isotoee 100 Years rOOO Years rOzOOO Years 301000 Years 

H3 62 0 0 0 
C14 32 29 9.8 0.9 
C136 0.3 0.3 0.2 0.2 
Fe55 2.1 x 10-7 0 0 0 
C060 0.3 0 0 0 
Ni59 72 72 66 56 
Ni63 4.9 x 103 5.6 0 0 
Se79 8.9 8.5 7.7 6.2 
Kr85 310 0 0 0 
Sr90 1.4 x 105 3.1 x 10-5 0 0 
Y90 1.4 x 105 3.1 x 10-5 0 0 
Zr93 69 69 68 67 
Nb93m 58 58 58 57 
Nb94 22 21 16 7.8 

..... 
4.9 x 10-2 4.8 x 10-4 Ma93 0.5 0.4 

Tc99 280 280 270 250 
Pd107 2.4 2.4 2.4 2.4 
Sn121m 2.7 1.1 x 10-5 0 0 
Sb125 3.4 x 10-6 0 0 0 
Te125m 8.2 x 10-7 0 0 0 
Sn126 16 16 15 13 
Sb126 2.3 2.3 2.1 1.8 
Sb126m 16 16 15 13 
1129 0.7 0.7 0.7 0.7 
Cs135 8.2 8.2 8.2 8.1 
Cs137 2.2 x 105 2.2 x 10-4 0 0 
Ba137 2.1 x 105 2.1 x 10-4 0 0 
Pm147 9.7 x 10-6 0 0 0 
Sm151 3.8 x 103 4.6 0 0 
Eu154 68 0 0 0 
Eu155 5.3 x 10-2 0 0 0 

Subtotal 7.2 x 105 6.0 x 102 5.4 x 102 4.8 x 102 
'-

9.11 



  

 

 

 

 

 

 

 

 

  

  

  

  

  

  

  

  

  

 
 

  

  

  

  

 

 
  

  

  

  

  

  

  

 
   

 

 

 

 
 

 

 

 

 
 

 
 

 

 

 
 

 

 
 

     

   

   

 

   

 

 
 

     

 
 

        

TABLE 9.6. (contd) 

Time After Closure IsotoEe 100 Years HiOo Vears 102 000 Years 302000 Years 
Pb210 3.0 x 10-4 6.1 x 10-2 2.6 9.1 
Pb214 5.3 x 10-4 6.1 x 10-2 2.6 9.1 
81210 3.0 x 10-4 6.1 x 10-2 2.6 9.1 
B1214 5.3 x 10-4 6.1 x 10-2 2.6 9.1 
Po210 3.0 x 10-4 6.1 x 10-2 2.6 9.1 
Po214 5.3 x 10-4 6.1 x 10-2 2.6 9.1 
Po218 5.3 x 10-4 6.1 x 10-2 2.6 9.1 
Rn222 5.3 x 10 -4 6.1 x 10-2 2.6 9.1 
Ra226 5.3 x 10-4 6.1 x 10-2 2.6 9.1 
Th230 2.6 x 10-2 0.3 3.3 9.0 
Th234 7.1 7.1 7.1 7.1 
Pa233 8.7 21 25 25 
Pa234m 7.1 7.1 7.1 7.1 
U234 33 41 40 38 
U236 5.3 5.6 7.3 8.3 
U238 7.1 7.1 7.1 7.1 
Np237. 8.7 21 25 25 
Np239 330 310 140 22 
Pu238 2.2 x 104 22 0 0 
Pu239 6.8 x 103 6.6 x 103 5.2 x 103 3.0 x 103 
Pu240 1.1 x 104 1.0 x 104 4.0 x 103 510 
Pu241 2.3 x 104 0.4 0.2 ·3.5 x 10-2 
Pu242 38 38 37 36 
Am241 8.1 x 104 1.9 x 104 0.2 9.5 x 10-3 
Am243 330 310 140 22 
Cm242 51 0.8 0 0 
Cm244 660 0 0 0 

Subtotal 1.5 x 105 3.6 x 104 9.7 x 103 3.8 x 103 

TOTAL OF 
ALL ISOTOPES 

8.7 x 105 3.7 x 104 1.0 x 104 4.3 x 103 CONSUMED 
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increase tn the aerosol production. These and other occupational factors could 
possibly result in direct, short-term health effects on the miners. If the 
brine, which yields such high population and individual doses via salt consump­
tion, consitutues a major direct health hazard itself, then a mechanism would 
exist whereby the mine operations would terminate before general population 
exposure. This cessation of operations would occur irrespective of the level 
of sophistication of the technology of the extant society; i.e., no active 
monitoring for radioactivity would need be ongoing. Rather, short-term, major 
health effects or deaths readily identifiable with the salt"mine operation 
would cause any society to cease operations. The consequences of the intrusion 
would be so immediate and deleterious locally that mitigation of broader 
impacts would ensue. Based on these consideration, AEGIS calculated the esti­
mated doses to the solution mine operators. 

. One of the premises of AEGIS's human intrusion evaluations is to minimize 
the dependency of the results on specific technological levels or practices. 
This presents problems in estimating occupational doses, because such doses 
would be highly sensitive to the nature of the job being performed, the spatial 
distribution and size of brine storage areas, and the nature of the brine 
transportation and handling activities. To avoid this problem, AEGIS calcu­
lated the maximum exposure that the brine could provide to an operator, assum­
ing conditions unrealistically conservative for any mining technology. Should 
these very conservative doses prove inadequate to cause mine cessation, any 
more reasonable exposure would result in lower doses and would also be 
inadequate. 

To provide this maximum bound on the external exposure that a worker could 
receive, it was assumed that the external dose rate from any storage vesselS, 
tank trucks, pipelines, open vats, or other operational structures containing 
contaminated brine could not be as high as the external dose rate that could 
be obtained by a worker being immersed in a large volume of the brine itself. 
Thus, the maximum bound was based on a worker being inside the brine solution 
for 8 hr/day, 5day/wk, 50 wk/yr, or a total of 2000 hr/yr. While it may be 
possible that precipitation of radioactive solids from the brine could create 
a local source of higher radioactivity than the brine, it is felt that total 
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immersion in a large volume of the b!ine for continuous exposure throughout 
the year would more than compensate for any such spatial differences. 

The results from the external dose calculations are presented in 
Table 9.7. Values are presented for the two different times of initial human 
intrusion for both annual and total mine lifetime periods. Again, the values 
presented in these tables are valid for either the original or alternative 
assumptions. 

The other potential dose pathway to mine operators involves inhalation ~f 
the air 1n the vicinity of the brine, in which contaminated brine contributes 
particulates as aerosols. To provide a very conservative upper bound on the 
aerosol dose rates, it was assumed that the air contained one milligram of salt 
particles, each one micron in diameter, per cubic meter of air. This density 
was based on the particulates representative of a substantial dust storm at 
the Pacific Northwest Laboratory facilities. Again, continuous exposure for 
2000 hr/yr was assumed. As in the case for the external dose calculations, 
this calculation was felt to be many times greater than would reasonably be 
expected for an actual solution mine operation. Total mine lifetime doses for 
this inhalation vector are listed in Table 9.8. 

If the health effects from these exposures could be predicted to occur in 
a short enough time period and with distinct enough symptoms, then it could 
reasonably be concluded that the effluent brine from the solution mining oper­
ation itself would be a signal to the intruding population that it must termi­
nate operations, thereby mitigating the general population consequences. How­
ever, it is the opinion of the AEGIS staff that the radiation doses presented 
in Table 9.7 and 9.8 are not sufficiently acute to ensure that any serious 

TABLE 9.7. Estimated Total Body Occupational Dose Rates from Immersion 
in Effluent Salt Brine From Solution Mining 

Time of Intrusion 
~~ 

1000 yr 

Dose Rates (rem/yr) 
1.2 x 102 

5.2 x 10-1 

9.14 

50-yr dose (rem) 
6.0 x 103 

2.6 x 101 



         
   

  
     

    

             

             

             

           

            

          

          

           

           

       

 

   

            

              

           

         

        

             

           

           

            

             

            

        

              

           

         

TABLE 9.8. Estimated Occupational Radiation Doses from Inhalation of Salt 
Particulates from Solution Mining 

50-~ Dose ~rem} 
Time of Intrusion Organ Of Re-erence 

Total Bod~ Bone Lung . Thlroid 

100 yr 4.1 x 102 9.0 x 103 5.6 x 102 3.9 x 10-4 

1000 yr 1.2 x 102 2.7 x 103 1.6 x 102 3.9 x 10-4 

health effects would be produced and recognized in a time span of less than 
several years. The connection of long-term health effects or deaths to the 
source of radiation exposure would be t~nuous and cannot be relied upon to 
trigger the early termination of the mine operations. Serious health effects 
within the large, general population of consumers of the contaminated culinary 
salt would probab~y be inevitable before the effects from external and inhala-

.. tion exposures would be identified for the mine operators, even under the 
conservatively unrealistic exposur·e conditions assumed for these occupational 
calculations. 

LONG-TERM DOSE CALCULATIONS 

One of the basic premises of AEGIS dose calculations 1s that they become 
more uncertain as a function of time into the future. This relates to the fact 
that the parameters controlling doses to humans are often highly dependent on 
culture and demography. Thus, extrapolations of current food trophic struc­
tures, human consumption patterns, and demographic characteristics are tenuous 
into the long term. AEGIS has a general policy not to perform dose analyses 
beyond 1000 yr~ Nevertheless, in the revierofthe working draft of this 
report, it was widely suggested that dose calculations be performed for periods 
further into the future, as indicators of the relative hazard of the nuclear 
waste repository over the long term. It is in that context that the.calcula­
tions in this section are presented; i.e., they provide an indication of the 
consequences of the postulated scenario, given current populational parameters, 
but taking place after the spent fuel has decayed for periods of 10,000 yr to 
1,000,000 yr. These calculations should not be construed as providing the same 
level of certainty as similar calculations for earlier time periods. 

9.15 



          

         

          

             

             

           

            

           

            

         

             

            

             

              

              

         

       

          

           

          

          

            

             

           

            

              

         

            

             

             

            

            

A new inventory was required for these calculations-to be performed 
because the ORIGEN-generated inventories originally provided to AEGIS from BNI 
only covered periods up to 30,000 yr post-closure. The long-term inventories 
were generated by the version of the ORIGEN code operational at PNL. The input 
to the PNL ORIGEN runs was based on the characteristics provided to AEGIS of 
the spent fuel entering the repository, obtained from the CRRO (1979) document. 
ORIGEN runs were then made and repeated with minor adjustments so the PNL 
ORIGEN output for 10,000 yr approximated the comparable output from the BNI­
provided ORIGEN runs. The differences in these runs are so minor that there 
is no effect on the resulting dose calculations reported below. 

The output from the PNL ORIGEN runs is listed in Appendix L. This infor­
mation was used to produce source terms for the dose calculations precisely as 
described above for times 100 yr and 1,000 yr after closure. The results from 
the dose computer runs are listed in Appendices Land H, and they are summa­
rized in Tables 9.9 and 9.10. Table 9.11 is presented to show how the dose 
burdens received from ingestion of contaminated culinary salt compares with 
the total body dose burdens received from background. 

Predictions of doses to individuals and populations are very tenuous for 
time periods far into the future. However, the comparisons seen in these 
tables suggest that, all other factors being equal, the adversely consequential 
aspects associated with a solution mine operation from an inadvertent human 
intrusion into a nuclear waste (spent fuel) repository located in a salt dome 
are not mitigated by the passage of time. Even at one million years after 
closure, the total body doses from the human intrusion scenario developed here 
for solution mining into a salt dome repository would be twenty times back­
ground for an individual every day of a 70 yr lifetime, and there would be 
sufficient quantity for that to apply to 15,000,000 such individuals. 

This trend is counter to the prevalent idea that after a certain period 
of time (usually taken to be 10,000 yr) the potential hazards of nuclear waste 
are less than for the original, natural ore bodies. The key reason for this 
divergence is that the calculations presented here are for a spent fuel repos­
itory located in a medium that is edible, providing a potential, direct vector 
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TABLE 9.9. Long-Term po~ulation Dose Burdens from Solution Mining into 
the Hainesvi le Salt Dome 

A. Base Case 50 tT InHestion 
70 yr Populat:onose (man-rem) 

Decay Time (yr) 
~Time of Intrusion} Total BodX Bone Lung Thxroid 

100 1.6 x 1011 6.5 x 1011 2.B x 109 4.7 x 106 

1,000 1.3 x 109 3.0 x 1010 3.7 x 104 4.7 x 106 

10,000 7.0 x lOB 4.4 x 109 3.1 x 104 4.7 x 106 

50,000 2.8 x 109 4.B x 109 2.5 x 104 4.7 x 106 

100,000 4.3 x 109 6.5 x 109 2.4 x 104 4.7 x 106 

500,000 3.B x 109 5.B x 109 2.0 x 104 4.6 x 106 

1,000,000 ·2.1 x 109 3.3 x 109 1.6 x 104 4.5 x 106 

B. Base Case 1 ~ Ingestion 
70 Xr PopUiat~on Dose {man-rem} 

100 3.3 x 109 1.4 x 1010 5.5 x 107 9.5 x 104 

1,000 3.5 x 107 B.6 x lOB 7.5 x 102 9.4 x 104 

10,000 loB x 107 1.2 x lOB 6.3 x 102 9.4 x 104 

50,000 6.9 x 107 1.3 x lOB 5.0 x 102 9.4 x 104 

100,000 1.0 x lOB 1. 7 x lOB 4.9 x 102 9.4 x 104 

500,000 9.3 x 107 1.5 x lOB 3.9 x 102 9.1 x 104 

1,000,000 5.1 x 107 B.7 x 107 3.3 x 102 9.0 x 104 

for the highly localized radioactive wastes to reach and be ingested by humans. 
The natural ore bodies, on the other hand. are relatively dispersed and, more· 
importantly, are not edible. 
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TABLE 9.10. Long-Term Individual Dose Burdens from Solution Mining into 
the Hainesville Salt Dome 

A. Base Case 50 ra Ingestion 
70 yr Indiv~ual Dose (rem) 

Decay Time (yr) 
{Time of Intrusion} Total BodX Bone Lung Thxroid 

100 1.1 x 104 4.4 x 104 1.8 x 102 3.2 x 10-1 

1,000 8.4 x 101 2.0 x 103 2.5 x 10-3 3.1 x 10-1 

10,000 4.7 x 101 2.9 x 102 2.1 x 10-3 3.1 x 10-1 

50,000 1.9 x 102 3.2 x 102 1.7 x 10-3 3.1 x 10-1 

100,000 2.9 x 102 4.3 x 102 1.6 x 10-3 3.1 x iO-1 

500,000 2.6 x 102 3.9 x 102 1.3 x 10-3 3.0 x 10.1 

1,000,000 1.4 x 102 2.2 x 102 1.1 x 10-3 3.0 x 10.1 

B. Base Case 1 yr Ingestion 
70 Xr Individual Dose (rem) 

100. 2.2 x 102 9.6 x 102 3.7 6.3 x 10-3 

1,000 2.3 5.7 x 101 5.0 x 10-5 6.3 x 10-3 

10,000 1.2 8.3 4.2 x 10-5 6.3 x 10-3 

50,000 4.6 8.5 3.4 x 10-5 6.3 x 10-3 

100,000 7.0 1.2 x 101 3.2 x 10~5 6.3 x 10-3 

500,000 6.2 1.0 x 101 2.6 x 10-5 6.1 x 10-3 

1,000,000 3.4 5.8 2.2 x 10-5 6.0 x 10-3 

The rates of use of this edible medium, salt domes, strongly suggest their 
full exploration and depletion will occur in a relatively short time frame (in 
a few centuries). Further, the medium itself does not provide a barrier to 
the delivery of the radioisotopes to the accessible environment; indeed, the 
medium provides a rather strong attraction for such an event. 
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TABLE 9.11. Relative Total Body Dose Burdens Compared to Natural 
Rad1at10n Background 

Time of Intrusion 
lyr after closure) 

100 
1,000 

10,000 
50,000 

100,000 
500,000 

1,000,000 

Factors Above Bac~ground* 
(50-yr ingest10n 
individual doses) 

1,571.4 x 
12.0 x 
6.7 x 

27.1 x 
41.4 x 
37.1 x 

20.0 x 

* Background is here taken to be 100 mrem/yr, or 
approximately 7 rem per 70 yr lifetime. Actual 
background varies from this depending on the 
location of the individual. 

Further, the medium can be extensively exploited-w1thout early health 
effects on the intruders, because the remote-controlled operations do not yield 
acute occupational doses. Therefore, only specific engineered measures to pre­
clude the inadvertent use of a specific salt dome containing a nuclear waste 
repository could provide the barrier to that vector. Such measures would 
include information systems to preclude entry, engineered barriers to provide 
containment, or other measures to shorten the period of exploitation of the 
salt dome. However, the calculations presented in this section show that such 
engineered measures must be effective over geologic times exceeding one million 
years to prevent the adversely cons"E!quent1al impacts on future populations by 
the radioactive wastes in a salt dome repository. This conclusion is generic 
to, and applicable only for,salt domes. 
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CHAPTER 10 

SOURCE TERM 

Chapters 4 through 9, describing the methodology used in-this analysis, 
have specifically involved components of the AEGIS program. Chapters 10 
through 11 relate to the source term and sorption data being developed by the 
WRIT program for use by AEGIS in its post-closure analyses. 

This chapter deals with the s~urce term of radioisotopes leaching from the 
waste and entering the ground-water system, and begins with a description of 
the methodology WRIT has, or will have before licensing a repository. This is 
followed by a discussion of the leach data and solubility limits used for this 
analysis. 

INTRODUCTION TO METHODOLOGY 

In the design of a nuclear waste isolation system, the waste form itself 
constitutes the innermost barrier to the release of radionuclides. The waste 
form is the provider of the source term of radionuclides that is used in AEGIS 
release consequence models to assess the safety of a nuclear waste repository. 
One objective of waste form release studies is to quantify radionuclide release 
rates under anticipated repository conditions and-to investigate the mecha~isms 
of release. The key to predicting waste form behavior from short-term labora­
tory tests lies in the understanding of the mechanisms of waste form alteration 
and the stabflity of the reaction products to further change. 

The radionuclide source term is the physical input to migration and sorp­
tion studies. Because actual leachate solutions have different properties from 
a synthetically prepared solution, a more realistic estimate. of radionuc11de 
migration behavior is gained by the use· of actual leach solutions. Thus, a 
second objective of waste form release studies ;s to provide characterized 
leachate solutions for sorption studies. 
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To be responsive to the needs of AEGIS release consequence analyses, two 
major types of conditions must be addressed: 

• an II open" system, where an event has caused fail ure of all barri ers t 
and solution contacts the bare waste form; fracture flow allows for 
minimal chemical alteration and sorption reactions between the waste 
form and surrounding barriers (canister, engineered barriers, back­
fill, and host rock) 

• a "closedll system, where solution gradually permeates toward the 
waste form, chemically altering the various barrier materials in the 
process; the effects of chemical alteration and nuclide sorption 
reactions are brought to bear in this systems approach, integrating 
all barriers to radionuclide release. 

In the first case, the simple system of waste form plus solution, release 
is commonly described by a leach rate. In the latter case, release ;s a 
combination of leaching and sorption/desorption interactions complicated by 
recrystallization and precipitation reactions, resulting in a system release 
rate. 

Methodology Available or Under Development 

WRIT has been conducting experiments to date centered on studying waste 
form-generic solution interactions corresponding to the "open ll system. The 
main parameters of concern are ;time, temperature, s.olution chemistry, and 
solution flow rate. Because site~spec1fic information was not available at 
the time these tests were started, a range of solutions was chosen: 

• WIPP "B" salt brine (Dosch and Lynch 1978) 
• NaCl solution, 1.76 g/l 
• CaC1 2 solution, 1.66 gIl 
• NaHCD] solution, 2.52 gIl 
• deionized water. 

To try to standardize the testing methods, three tests have been used to 
study radionuclide release: 
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1) a modification (more frequent sampling) of the International Atomic 
Energy Agency (IAEA) (Hespe 1971) leach test procedure that simulates 
a changing flow rate of solution 

2) static leach tests, which are sampled as a geometric progression in 
time; these tests s1mulate a non-flowing solut10n and address solu­
bility and approach to steady-state phenomena 

3) continuous flow leach tests that model velocities that could be 
attained 1n aqu,1fers. 

The effects of temperature are be1ng considered by studying a range from 25 C 
to 250 C. The waste forms, being studied in this first stage of WRIT experi­
ments on waste form-solution interactions are: 

• High-level wastes: 

a. Spent Fuel: 1) static and IAEA leach tests on i.rradiated spent fuel; 
2) effects of solution oxidation potential on U02 matrix dissolu­
tion; and 3) chemical distribution in irradiated spent fuel 

b. High-level Waste Glass: 1) static, IAEA, and continuous-flow tests 
on actinide-doped waste glass; and 2) effects of solution oxidation 
potential on radionuclide release. 

• Transuranic waste forms: 

a. static and IAEA tests on concrete, polymers, glass, urea-formalde­
hyde, and bitumen prepared with actual TRU-contaminated incinerator 
ash. 

The rellository deSign presented to AEGIS and WRIT included only spent fuel in 
the inventory. 

" The spent fuel oxidation study is designed to measure the radionuclide 
release rates after oxidation of the spent fuels in various storage solutions 
and to identify the rel~ase mechanism at single crystal U02 surfaces. The 
first task will determine the congruent dissolution period and release rate for 
spent fuels oxidized in solutions. The increase of radionuclide release rate, 
which may be caused by oxidation of the U02 matrix to U03 XH20, will be related 
to the amount of dissolved oxygen content in water. The second task will 
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compare the oxidation and leaching kinetics at elevated temperatures for single 
crystal U02 surfaces and other uranium surfaces. The composition and micro­
structure of the uranium oxide and uranium oxide-hydrate films will be char­
acterized and correlated to the leaching kinetics. A high activation-energy 
oxidation path will be sought for stabilization of the U02 surfaces in the 
presence of oxygen in storage solutions. 

Predicting releases from spent fuel requires an assumption of the distri· 
bution of radionuc1ides at the leachate-spent fuel interface. This fission. 
product distribution is heterogeneous and ;s dependent on burnup and irradia­
tion temperatures. There is a need to know the leach rate variation with the 
degree of inhomogeneity of the radionculides. The first phase of stUdies on 
this problem will involve the measurement of fission product chemistry distri­
bution in spent fuel with known in-reactor parameters. This distribution, 
based on temperature and burnup, will be compared to modeling based on thermo­
dynamic predictions. The second phase will involve measurement of leach rates 
for spent fuel samples with known chemical distribution and a repetition of 
the chemical distribution analYSis to detect the changes in the surface 
chemistry. 

The effects of radiation are being incorporated in these studies by tests 
using nonradioactive, isotope-doped material for studying elements without 
radiochemical interferences, and using fully radioactive wastes. Thus, for 
spent fuel, both U02 and actual ,spent fuel are bei ng used. For waste gl ass, 
actinide and special. fission product-doped glasses are being studied to maxi­
mize solution and surface data collection without high radiation field and 
radiochemical interferences. The results will be verified by a more limited 
series of tests on fully radioactive waste glass. The radiation levels are 
low enough to do all work on actual TRU wastes. 

In addition to performing radiochemical solution analyses from which leach 
rates may be calculated, it is necessary to understand the major processes 
involved when a waste form is in contact with a solution, to extrapolate short­
term laboratory tests to relatively short geologic times of several hundred 
years. Thus, WRIT is starting detailed solid state and solution analyses to 
gain knowledge of the mechanisms of release. In addition to isotope release 
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concentrations, valence state and nuclide solution species experiments are 
being performed. Solid state analysis will include detailed mineralogic 
studies to identify alteration products such as recrystallized minerals. 

WRIT has started its second phase of studies that addresses the interac­
tions of the waste form with thesurround1ng barriers to be incorporated into 
repository design, such as the waste canister, engineered barriers, backfill 
material, and host rock media. Figure 10.1 illustrates a simple multiple bar­
rier system. These integrated tests, which more accurately reflect the real 
repository, will provide an understanding of the effect of this complex system 
on the degradation of the waste form, release of radioisotopes, and their 
interactions with the immediate surroundings. 

Comprehensive Waste Form Performance Testing Methodology 

. The study of waste-media interactions requires a multidisciplinary 
approach, involving aspects of geology, chemistry, materials sciences, and 
physics. There are few theories or mathematical descri'ptions that to date 
adequately describe waste leaching, corrosion, adsorption, or desorption. The 
bulk of the endeavors in waste-media interaction studies is typified as being 
experimental in nature. 

"As water migrates toward a waste form, it is changed chemically by the 
geochemical, thermal, and radiation fields it encounters. To describe the 
solution that finally reaches the waste form, the material in the solutfons 
path must be characterized. ThiSfncludes the waste form, canister, engi­
neered barriers, backfill, and host rocks •. 

Basic phYSical, mechanical, and chemical properties of the parts of the 
. waste-rock system need to be measured, fneluding the.variability in parameters 

and functional dependency on tenperature, pressure, time, and moisture content. 
Parameters include elemental composition, valence state distribution in the 
solid, specific surface area, thermal conductivity, shear strength, permeabil­
ity, pH, Eh, crystalline phases present, and their composition. In the case 
of the waste form, the effects of self-radiation damage and element transmuta­
tion also need to be studied. 

10.5 



      

           
        

          
      

           
        

FIGURE 10.1. Multiple Barrier System, Near-Field Region 

Infonmation on the binary rock-water system is needed as a function of 
temperature, 
influx rate. 

pressure, 
Physical 

time, ground-water composition, and quantity of water 
attributes that need to be monitored include thenmal 

expansion, permeability, and stress-strain changes. Chemical characteristics 
include mineralogic to be monitored as a function of the identified variables 

changes and radionuclide sorption changes. The resulting solution would 
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i nt~ract wi th backfill and eng1 neered barri er materi a 1 s. The effects of radi a­
tion fields need to be added to the parameter effects at this point because of 
the proximity to the waste form. 

Evaluations of the water-backfill 1nteraction must be performed, whether 
the backf1ll is host-rock material or artificially introduced, getter materials 
such as cl~s, sands, host rock, or combinations thereof. The getter-backfill 
materi a 1 may have the addi ti ona 1 property of mi nimi z1 ng , del ayi ng, or e limi n­
ating waste-water or waste-canister-water-geomedia interactions, which would 
occur if the backfill material were not present. The backfill material may be 

. viewed as an engineered secondary barrier. Three of its major purposes are: 
providing a barrier to water intrusion (e.g., a swelling, low porosity clay); 
chemically or physically sorbing radioactive species in solution; or chem­
ically buffering the near canister physico-chemical environment. 

Engineered barrier interactions to be studied include water-barrier inter­
actions, canister-overpack interactio~s, barrier-backfill-geomedia interac­
tions, and engineered barrier physico-chemical durability or corrosion resis­
tance. Interactions need to be investigated as a function of ground-water 

/'''. 
\"" composition, chemistry, flow rate, temperature, pressure, radiolysis effects, 

and time. All engineered barriers are considered to be segments of the multi­
barrier concept. The hydrothermal interactions and radiation-induced interac­
tions affecting backfill materials will be evaluated. Sorption! desorption of 
leaChed nuclides under repository temperature and redox conditions should be 
experimentally analyzed. The effect of corrosion products formed on nuclide 
adsorption needs to be addressed. Solutions generated by these tests must be 
thoroughly characterized as they (along with the solutions generated from 
water-rock interactions) are the leach solutions that will contact the waste 
form and 1ts canister. Physical properties such as gas and liquid permeabil. 
1ty~ thermal conductiv1ty, stress and strain changes, and water absorption 
properties need to be studied, along with chemical properties such as mineral 
or chemical stability and nuclide adsorption properties. 

The radioactive waste canister is another segment of the multibarrier con­
cept. The adequacy of the canister should be assessed relative to its intended 
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purpose--a shipping canister, limited lifetime container (e.g., for approxi­
mately 50 yr for retrievability purposes), or extended lifetime container 
(e.g., for 500-1000 yr, past the thermal period of fission products). For the 
last purpose, the extent to which the canister can physically delay or minimize 
water-waste interact.ions could be of great importance. 

Using metallurgical and associated techniques, candidate waste canister 
materials need to be evaluated for general corrosion, pitting, crevice corro­
sion, stress corrosion cracking, and effectiveness as a barrier for retarding 
near-field ,interaction leading to radionucl ide migration. The effects of tem­
perature, pressure, radiation, solution chemistry, aqueous phase (dr.y, moist, 
inundated), stresses, sensitization and welding, and effects of optimum 
emplacement or credible accident conditions should be studied. 

Nuclear waste forms·in contact with ground water may have a tendency for 
chemical reaction, depending on the temperature and compOSition of the waste. 
Likewise, there w111 be a tendency for chemical reaction between the waste and 
the minerals that make up the repository wall rock, reactions which, in· gen­
eral, are greatly enhanced by the presence of water and heat. Should water 
enter a breach in the canister, the chemistry would be dominated by the chem­
istry of the waste, and could be called a ··waste-water" interaction. As the 
reaction zone proceeds outward from the canister, the chemistry comes to be 
dominated more and more by the chemistry of the rock. These reaction zones 
can, therefore, be identified as: 

• waste form - canister - solution alteration; waste form dominates 

• waste fluid - engineered barrier reactions; engineered barrier 
dominates 

• waste fluid - engineered barrier - host rock interactions; host rock 
dominates 

• waste fluid - host rock reactions away from engineered barriers, but 
still under the influence of temperature and radiation fields 

• waste fluid - multiple rock media interactions at ambient 
temperature and away from radiation fields. 
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Although these zones blend continuously into each other as a function of 
distance outward radially from the canister, they are useful distinctions for 
the understanding of geochemical interactions. 

LEACH VALUES PROVIDED FOR THE REFERENCE SITE ANALYSES 

IAEA leach testing of spent fuel fragments was initiated in FY-1978 at 
PNL. The material originated from the HB Robinson II reactor, coming from a 
fuel bundle discharged on 6 June 1974 with an average burnup of 28,026 MWD/MTU. 
After the rods were cut into 4 in. sections, the fuel was removed by push rods. 
The resulting material was packaged for shipment to PNL. Upon receipt at PNL, 
the material was sized by WRIT staff into +8 mesh particles for leach testing. 
Another sample, taken at random, was dissolved and radiochemically analyzed so 
that the starting element concentrations would be known. Samples were also 
mounted, polished, and examined by metallography for microstructural character­
'ization of the fuel. 

A sample taken at random from the as-received spent fuel was screened in 
the hot cell to provide a particle-size distribution for surface area calcu­
lation. This distribution is shown in Table 10.1. 

Metallographical examination of the spent fuel fragments showed the pres­
ence of-closed porosity (Figure 10.2). Cathodic etching of the surface showed 
grains with little change in size from the pellet center to outer edge (magni­
fied portion of Figure 10.2). 

Chemical concentration profiles for selected radionuclides were recorded 
as fluorescence x-ray intensities on a shielded electron-beam microprobe x-ray 
analyzer. Various fuel fragments, typical of the s'amples in the leach tests, 
are now being analyzed. The data presented here are for a fragment of spent 
fuel, with a burnup of 28.0 MWd/kgU. and show a segment of a transverse sec­
tion (see Figure 10.3). The microprobe was programmed to step-scan the sample 
from Point A, at the outside diameter of the pellet. to Point B near the center 
of the pellet. Concentration profiles for elements measured by step-scanning 
are expressed as x-ray intensities 1n Figures 10.4 through 10.6. Elemental 
profile across the transverse section from point A to B (see Figure 10.3) yield 
the following information: 
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TABLE 10.1. Particle-Size Distribution, 28,000 MWd/MTU Spent Fuel 

Plutonium 

Cesium 

Ruthenium 

Sample size = 1915.42 gms 

Sieve Opening wt 
Sieve /# {nm} {~sl Fraction Retained {%l 

3 6.73 0 0 
4 4.73 192.883 10.07 
5 4.00 634.765 33.31 

10 2.00 1031.170 53.84 
20 . 0.841 35.205 1.84 
40 0.420 11.242 0.587 
60 0.250 4.979 0.0260 
80 0.177 1.424 0.0743 

100 0.149 1.042 0.0544 
140 0.105 1.204 0.0629 
200 0.074 0.769 0.0402 
200 0.074 0.737 0.0345 

The plutonium is enriched at the outside diameter (00) of the 
spent fuel pellet by a factor of 3, compared to the concentra­
tion at the center of the pellet. There is a 47% reduction in 
plutonium concentration .300 m inward from the 00, and the 
concentration drops another 28% over the next 3600 m 
(Point B). 

The cesium distribution in the spent fuel fragment was uniform 
from the 00 to the center. All evidence of surface enrichment 
is absent. Any cesium iodide that may have been present at the 
OD-z1rcalloy-clad gap after reactor discharge could have been 
removed from the 00 surface during decladding. 

The concentration of ruthenium at the 00 is 27% higher .than at 
100 m inward. Within the next 600 m the ruthenium concentra­
tion drops 13%, and then remains essent1.ally constant through 
to the center of the fuel pellets. 
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FIGURE 10.2. Appearance of Spent Fuel with a Burnup of 28.0 MWd/KgU 
(Photo I 7903589-5) 
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Fragment of H. B. Robinson II Fuel, 28.0 MWd/kgU, 
Showing Microprobe Step-Scanning Path, A to B 
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Tellurium 

Cerium 

Technetium 

Barium 

Zirconium 

Iodine 

The tellurium concentration is uniform throughout the spent 
fuel pellet. 

The cerium concentration is about 30% higher at the 00 and at 
about 20 m inside the 00. From the 200 m mark to the center 
the concentration is uniform. 

The technetium concentration is about 30% higher at the 00 than 
in the remainder of the pellet. This enriched zone is about 
100 m wide. 

The barium concentration is about 30% higher at the 00 than in 
the remainder of the pellet. This enriched zone is about 
150 m wide. 

The zirconium concentration is uniform throughout the spent 
fuel pellet. 

The iodine concentration is uniform through the spent fuel 
pellet. 

The IAEA leach test procedure includes immersion of a sample in a solu­
tion, according to a fixed ratio of exposed surface area of sample to volume of 
solution of 1 to 10 (cm2/cm3 basis). The solution is then left in contact 
with the sample according to progressively longer time intervals. Table 10.2 
shows the sampling schedule for the IAEA test used. For the spent fuel tests, 
approximately 15 grams were used per test, having a geometric surface area of 
approximately 30 cm. Figure 10.7 shows the leach tests container ~etails. For 
these tests the solution volume was 300 m1 and leaching was at 25 C. 'The air­
saturated leachate solutions used for the spent fuel leach tests are as 
follows: 

• WIPP "8" natural salt brine (Table 10.3) 
• synthetic high ionic strength calcium ground water (l.66 g/l CaC12) 
• synthetic high bicarbonate ground water (2.52 g/l NaHC03) 
• synthetic high ionic strength sodium ground water (1.76 g/l NaCl) 
• deionized water. 
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TABLE 10.2. IAEA Leach Test Schedule 

Time Intervals Number of 
Cumul ati ve for Leach Series Leach Solutions 

Time Solution Changing Number Ana1lzed 
Days 1 1 1 

2 2 2 
3 3 3 

4 4 4 

Weeks 2 5 5 

3 6 6 

4 7 7 
5 8 8 
6 9 

7 10 9 

8 11 
9 12 10 

Months 3 13 11 
4 14 
5 15 12 
6 16 

7 17 13 
8 18 
9 19 14 

10 20 
11 21 15 
12 22 

The tests were run in triplicate, resulting in a total of 15 tests. On a 
given sampling day, the basket holding the beads was carefully removed and a . 
sample withdrawn after swirling the jar of solution. This sample was then . 
acidified to a pH of 1, using concentrated nitric acid, to prevent radionu­
c1ides from adhering to the wall of the glass sample container. To verify 
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that the nitric acid was effective in preventing loss of radionuclides on 
the sample container walls, the sample container was emptied of solution, 
releached in nitric acid, and samples of the resulting solution and the sample 
container were counted. The results showed that the pH 1 solution of nitric 
acid was very effective, as insignificant amounts of rad10nuc-lides were found 
on the container walls. 

The original polyethylene jar (Figure 10.7) was next filled with 300 ml 
of 5 ! HN03 + 0.05 M HF. This solution was used to remove any isotopes tha~ 
had adhered to the jar walls. After a period of time equal to the original 
leaching period, a sample was withdrawn and analyzed. The result of this 
radionuclide analysis was added to that from the original leach solution to 
arrive at a leach rate of a given radionuclide from the spent fuel. 

SOLUTION 

NYLON MESH 
BASKET 

--- / 

o RING FOR 
TIGHT SEAL 

FIGURE 10.7. IAEA Leach Test Container 
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TABLE 10.3. Chemical and Ionic Composition of Salt Brine 

Concentration Concentration 
ComI!0und (gill Ion (mol ell ) 

NaCl 287.0 Na+ 5.0 
Na2S04 0.0062 K+ 0.00038 
Na2B407 10H2O 0.0160 Rb+ 0.000012 
NaHC03 0.0140 Cs+ 0.000008 
NaBr 0.5200 Mg++ 0.00041 
KCl 0.0290 Ca++ 0.022 
KI 0.0130 Sr++ 0.00017 
MgCl 2 0.0400 Fe+++ 0.000036 
CaCl Z 2H2O 0.0033 Cl- 4.94 
FeCl 3 0.0060 Br- 0.0050 
SrC1Z ZH20 0.0330 1- 0.000079 
Rb2S04 0.0016 HC03 0.00016 
CsCl 0.0013 S04 0.036 

TOTAL DISSOLVED SOLIDS 297.2 gil 

pH (adj usted) 6.5 

The measurements of radionuclides were all made using accepted radioanaly­
tical methods. Gamma emitters were measured by gamma energy analysis using a 
multichannel analyzer with a Ge-li detector. To improve the measurement of 
minor constituents, the majority of the cesium was removed by extraction with 
tetraphenylboron in amyl acetate (Finston 1961) and the sample recounted. 

Plutonium and curium concentrations, with the exception of the brine sam­
ples, were determined by alpha energy analysis of a direct mount of the sample. 
In brine samples, the plutonium was extracted into TTA-xylene (Moore 1957), 
plated, and counted on an alpha proportional counter. Curium was separated by 
ion exchange, plated, and alpha counted. Strontium was separated by ion 
exchange and beta counted; repeat counts were made and the strontium-90 was 
calculated from the yttrium-90 ingrowth (Koltoft and Elving 1966). Uranium 
was determined by fluorometry (Centanni and De Sesa 1956; Price, Ferreti, and 
Sqartz 1953). 

10.19 



           

  

    

       

          

      
    

          
            

       

            
        

          
       

           
         

           
         

          
            

         
  

           
          

           
         

          
          

The equation used to caJculate the isotopic leach rates is as follows: 

where: 
Ri z incremental leach rate (g/cm2.day) 
ao z activity of isotope in leachate, (counts sec-1) 
Ao ~ specific activity of isotope in sample (counts sec-1 _ g-l) 
S ~ geometric surface area of sample (cm2) 
t ~ leaching time (day). 

(10.1) 

Table 10.4 shows the leach rate information on the radionuclide release 
from spent fuel available at the time of the reference site consequence analy. 
sis. Figure 10.8 shows the leach rate plots. 

Based on these spent fuel leach data and some recent literature, the fol­
lowing conclusions were reached for this reference site analysis: 

• The maximum expected U concentration in solution, based on the 
leachate analysis and references (Grandstaff 1976; Holland and 
Brush 1978), is 10 ppm in oxidizing conditions and pH 6.0. Such 
conditions are expected for this scenario, where surface or near­
surface water would be in contact with the waste. Once this concen­
tration is reached, further spent fuel dissolution occurs only by 
ingress of fresh water (i.e., solubility provides an upper bound on 
the source term). For this analysis, 6 ppm was taken to be the 
representative base case value. More recent data suggest this value 
should be higher. 

• The leach rate data shown in Figure 10.8 suggest congruent dissolu­
tioning of the spent fuel is occurring. A major consideration in 
this statement is a recognition that Pu, Cm, Ce, and Eu almost 
certainly are incorporated as a homogeneous solid solution in U02• 
Hence, there is no logical reason to expect any significant leach 
rate difference for these elements. Because the leach rates for the 
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TABLE 10.4. IAEA Leach Test, Spent Fuel, WIPP "B" Brine (g/cm2-day) 

Leach Time (days) 
1 2 3 4 11 467 

239,240pu 2.4 x 10-5 9.2 x 10-6 9.7 x 10-6 5.9 x 10-6 2.3 x 10-6 3.7 x 10-6 
244Cm 1.2 x 10-4 1.2 x 10-5 2.6 x 10-5 1.1 x 10-5 7.1 x 10-6 1.0 x 10-6 
9OSr,90y 1.5 x 10-4 2/1 x 10-5 2.5 x 10-5 1.2 x 10-6 6.8 x 10-6 3.1 x 10-6 .... 

4.0 x 10-5 8.0 x 10-6 3.0 x 10-5 2.0 x 10-5 3.0 x 10-6 6.0 x 10-7 0 U • 
N 134Cs 1.3 x 10-3 6.0 x 10-5 4.6 x 10-5 1.3 x 10-5 8.9 x 10-6 2.6 x 10-6 .... 

137Cs 1.2 x 10-3 5.9 x 10-5 5.1 x 10-5 2.0 x 10-5 1.2 x 10-5 3.8 x 10-6 

144Ce 8.2 x 10-5 4.9 x 10-6 1.3 x 10-5 3.2 x 10-6 2.3 x 10-6 2.6 x 10.7 
106Ru 2.4 x 10-5 3.5 x 10-6 1.1 x 10.5 3.6 x 10-6 2.9 x 10-6 2.7 x 10-7 
125Sb 1.0 x 10.4 4.1 x 10.5 2.3 x 10-5 1.1 x 10-5 4.4 x 10-6 2.8 x 10.6 
154Eu 1.4 x 10-4 7.8 x 10-6 2.8 x 10-5 1.2 x 10-5 7.0 x 10-6 1.3 x 10.6 
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fission products fall within the band of the matrix elements, the 
effective leach ratesapprox1mately follow a congruent dissolution 
mechanism. The average of the experimental leach rates is 1.0 x 
10-6 g/cm2-day at 25 C at 467 days, and this was still decreasing 
monotonically. 

• A reasonable upper boundary of 1 x 10-5 g/cm2-day at 25 C is 
based on current WRIT work (leach rates in simulated ground water, 
brine, and deionized water have never exceeded 1 x 10-5 g/cm2-day) 
and the literature (Grandstaff 1976; Holland and Brush 1978), pro­
vided the pH does not fall below 6. In low pH. total carbonate 
concentration becomes very important. 

• A lower effective leach rate of 1 x 10-8 g/cm2.day at 25 C is an 
upper bound on leach rates. This would be the case if low oxygen 
content solutions are encountered. As shown by Grandstaff (1976), 
lowering the oxygen content reduces the uranium solubility. 

• The temperature dependence used for this analysis assumes an activa­
tion energy of 14~2 kcallmole, as given by Grandstaff (1976). For 
temperature expressed in K, and a leach rate of 1 x 10-6 g/cm2-day 
at 25 C, the expression including the temperature dependence is: 

R(g/cm2-day) E 1.6 x 104 exp -7000IT( K) (10.2) 

The concentration of all elements in solution is determined by the spent 
fuel composition; we assume congruent dissolution up to the assumed 6 ppm 
solubility limit for uranium. When the solubility limit of U is achieved, the 
amount of each radionuclide going into solution is proportional to the rate of 
ura~ium release, as described below. 

SOLUBILITY LIMITS 

The rate at which nuclear waste dissolves in solution is limited by both 
the solubility of the various elements and by the leach rate constant. This 
constant has units of mass per time per surface area. Therefore, as the sur-

-
10.23 



           

            

         
            

          

           

           

             

             

             

            

             

    

          

     

     

    

      

     

       

       
 

   

face area exposed to leaching increases. the amount removed in solution will 
increase. As the solubility limit of an element is approached, t~e amount of 
material dissolving becomes balanced by an equal amount precipitating. Conse­
quently, only the concentration at or below the solubility limit can be removed 
from the repository. Given a repository that is being exposed incrementally 
(e.g., during the solution mining operation), a given. leach rate constant will 
limit the dissolution rate until sufficient surface area is exposed. At this 
point, the amount of an element going into solution will be at the solubility 
limit, and from then on the dissolution rate will be governed solely by the .. 
solubility of the eJements. If the rate is known at which the repository is 
being exposed to dissolution, then the point in time at which the solubility 
limit is reached is a function only of that solubility and the leach rate 
constant. 

Dissolution Rate Based on Solubility 

Dissolution Rate (d~Y) = Solubility (ppm) x Flow Rate (gpm) 

x 1440 min x 3.78 1 x 19 
day gal 103mg 

= 5.44 min 1 9 x Solubility (ppm) day gal mg 

x Flow Rate (gpm) 

Dissolution Rate Based on Leach Rate Constant 

Dissolution Rate (diy) = Leach Rate Constant ( 29 ) 
cm -day 

x Total Source Area (cm2) x Fraction Exposed 

(10.3) 

= 2.1 x 1011 (cm2) x Leach Rate Constant ( 29 ) 
cm -day 

x Fraction Exposed (10.4) 
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where: 
Total Surface Area c 2.1 x 1011 cm2 

In the salt dome solution mining scenario, the fraction exposed can be deter­
mined from the salt removal rate (c 410 g salt per liter of water). It is 
asslll1ed that the salt is being removed in a direction within the salt dome 
that increases the exposure of the waste to the solution. Then, 

Fraction Exposed c Fract~:; Exposed x Days of Exposure (D.E.) 

c Salt Ranoval Rate x Flow Rate x 0 E 
Total Salt Weight • • 

The-repository has an area of 1375 acres and is 20 ft high. Therefore, 
·23 

Total Salt Weight (g) c 1375 acres. x (5,280 ~t) x 2 83 x 104 ~ 
640 acres/sq m1 sq m1 • ft3 

x 2.16 g/cm3 x 20 ft =. 7.3 x 1013g (10.5) 

Fraction Exposed II: 410 9/13 x 3.78 9!' x (Flow Rate gpm) 
7.33 x 10 g 

X 1440 min. x O· E day.: 3 1 x 10-8 min day •• • gal-day 

x (Flow Rate gpm) x D.E. day (10.6) 

Equations 10.4 and 10.6: 

3 2 
Dissolution Rate (g/day) II: 6.5 x 10 min-cm x Leach Rate Constant( ~ ) 

gal-day em -day 

x Flow Rate (gpm) x (D.E. day) (10.7) 
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Dividing Equation 10.3 by 10.7: 

Dissolution Rate from Solubility Limit 
D1ssolut10n Rate from Leach Rate Constant 

4 mi n-1-9 S 1 i 1 ( ) 1 () 
2 5.4 day-gal-mg x 0 ub ity ppm x F ow Rate gpm 

6.5 x 103 m1n-cm2 x Leach Rate Const ( 29 ) x Flow Rate (gpm) x D.E. 
ga l-day cm -day 

= 8.4 x 10-4 1-9 x 
mg_cm2 

Solubility (ppm) 
(10.8) Leach Rate constant(cm2aay) x D.E. 

The rates will equal each other when the solubility limit is reached, (i.e., 
the ratio of the rates will be 1). The time at which this occurs is: 

Time 2 8.4 x 10-4 1-9~ Solubility (ppm) 
mg-cm Leach Rate Constant( 29 ) 

em -day 
(10.9) 

This is the time after initial' exposure on which solubility begins to control 
the dissolution rate •. This relationship is shown in Figure 10.9. 

Equations 10.3 and 10.4 can be combined to determine the fraction of the 
waste exposed at which the solubility limit is reached for a given leach rate 
constant. This will also be a function of the flow rate. 

Equations 10.3 and 10.4: 

5.44 ~!~:~;l-mg x Solubility (ppm) x Flow Rate (gpm) = 

Leach Rate Constant ( 29 ) x Total Surface Area (cm2) 
cm -day 

x Fraction Exposed 

Consider a solubility for uranium of 6 ppm: 

(10.10) 

1.6 x 10-10 min-g 2 x Flow Rate (gpm) = Fraction Exposed 
day-gal-em Leach Rate Constant ~~f---

cm -day (10.11) 
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This relationship is shown in Figure 10.10. Note that for the reference 
repository base case, the source term is solubility limited within 1.5 yr of 
the beginning of the operational phase of the solution mining intrusion. This 
is based on a leach rate of 10-6 g/om2-day at 25 C, adjusted for temperature 
effects to approximately 10-5 g/om2_day. This leach rate coincides with the 
value used in the CWMS study. Subsequent to cessation of this operational 
phase and rupture of the side of the salt dome, the flow through the repository 
into the aquifer is solubility limited throughout the source term period (i.e., 
during the lS,OOO-yr period of salt dome dissolutioning and the subsequent 
75,OOO-yr period of waste dissolutioning). 

For this revised report, the alternative set of assumptions, of a smaller 
solution mine rate but increased culinary salt production, would lead to a 
smaller amount of the repository being exposed (by a factor of 30). The water 
flow-through rate would be equally reduced, so that the incidence of and timing 
of solubility limitation would not change. 
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CHAPTER 11 

SORPTION DATA 

This chapter deals with the sorption of radioisotopes by the geological 
media through which they may transit; it begins with a description of Kd 
methodology and its limitations. This is followed by a description of the 
procedures used to acquire sorption data for this analysis by the WRIT program. 

INTRODUCTION TO METHODOLOGY 

The migration rates·and adsorption-precipitation processes describing the 
fate of leached radionuclides percolating through geomedia are being determined 
by parts of the WRIT program. To quantify migration rates for radionuclides, 
the distribution coefficient (Kd) has been used,defined as the ratio of the 
quantity of nuclide adsorbed onto the geomedia to the quantity of nuclide 
remaining in the contacting solution. The retardation .coefficient (R) is 
defined as the ratio of the velocity of the ground-water movement to the veloc­
ity of the nuclide movement. For flow in porous media the relationship is 

V9W Vgw 
ReV ,Vnuc I: ':"'l-+~Pb';"'J~e """l':K~d 

nuc 

where: 

Vnuc c velocity of nuclide 
Vgw c average' velocity of ground water 

Pb c media bulk density· 
e c media porosity 

Kd c distribution coefficient (mass basis). 

For flow in fractured media the relationship is: 

11.1 

(ll.l) 

(11.2) 



    
  
      

          
           

             
             

         
             

          
  

            
        

         
          

            
   

           
           
         

           
          

          
         
          

         
          

           

where: 

FA = fracture surface area 
FV = fracture volume 

Kd(a} = distribution coefficient (surface area basis). 

The variables used in Equation 11.1 are commonly measured in hydrologic 
studies (Vgw ' Pb' e) for porous media. Thus, with an empirical measurement 
of Kd for the nuclide of interest, the Vnuc and R-are readily calculated. 
The variables in Equation 11.2 (Vgw' FA, FV) would be needed to predict 
hydrologic properties for flow through fractured'media. Measurements for FA 
and FV to date have not been routinely determined. Assuming FA and FV are 
obtainable, the nuclide migration velocity is again calculable if the Kd(a) 
has been measured. 

METHODOLOGY 

In principle it is straightforward to measure the Kd for a nuclide by 
laboratory experimentation. Although there are some unresolved issues concern­
ing standard technique to obtain Kd values, experimenters have traditionally 
used two types of procedures: static and dynamic. Studies are currently 
underw~ within WRIT to evaluate the various methodologies and to form a con­
sensus on standard procedures. 

The static or batch method for measuring Kd values involves contacting an 
adsorbent (rock) with a liquid adsorbate (nuclide in ground water) within a 
container. Usually, the experimental system is continually agitated to facil­
itate mixing and solution contact with the absorbent. At specified times the 
solid and solution are separated and the resultant distribution of adsorbate 
is determined. Critical examination of the batch method has shown several 
complications and potential limitations. WRIT has explored several of the 
complications to determine their effects on the prediction of nuclide retarda­
tion by geomedia. Specifically, the effects of solid-liquid phase separation 
techniques, container adsorption of tracer, method of tracer addition to ground 
water, and calculational schemes used to produce Kd values have been assessed. 
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To evaluate the Kd ~alue for a radionuclide by batch methods, the solid 
adsorbent must be separated from the liquid. Two methods are used for making 
this phase separation: centrifugation and filtration. The definitions of sol­
uble ~nd suspended solids have not been rigidly established, nor is it clear, 
for purposes of nuclide migration, what molecular size would be so large that 
migration would be,most influenced by physical filtration rather than by chem­
ical sorption processes. Using some simplifying assumptions, one can ascertain 
the most likely maximum particle size in the centrate o~ filtrate and adjust 
techniques to give comparable results. 

In the past WR~T experiments have often shown that centrifugation yields 
sporadicK~ results. In general, the variation appears to be caused by uncen­
trifuged particles with adsorbed or innate radioactivity appearing in the 
counted solution. The WRIT techniques are for phases to be separated by cen­
trifugation, followed by' filtration through 0.4,1Jm or smaller polycarbonate 
membranes. 

Filtration of centrates often removes the variability in measured activity 
and can reduce the observed solution activity. More studies need to be per­
formed to evaluate the apparent 'discrepancy between the observed larger-than­
expected particulates in centrate versus the maximum-expected particulate size 
predicted from Stokes' falling velocity theory. 

Blanks are commonly run with batch Kd experiments to account for container 
adsorption. The blank is a container without the sediment or rock present, in 
wh'1Ch the nuclide-spiked solution is treated in a similar fashion to other sam-

o , 

plese A percentage of the activity originally present in the ground water will 
often be removed after contact with the blank container, especially for rare 
earth and actinide elenents. 'At least two removal mechanisms are operating: 
container adsorption, and s'ol1dformation (e.g., precipitation, polymer forma­
tion). This latter precipitation process will be a major contributor in the 
real world as temperature,. pH, and redox conditions of the ground water change. 
The observed loss in solution activity is used to adjust the influent activ1ty 
value used to calculate the Kd. 
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The present WRIT procedure usually is to count only the liquids, influent 
and effluent, and estimate the amount adsorbed on the solid by calculating the 
difference. A few WRIT subcontractors have proposed that the sample effluent 
and solid adsorbent be counted directly to calculate the Kd. This approach 
alleviates the need for container adsorption corrections but introduces the 
logistical problems of solid counting. Two approaches are used to count the 
solids: removing all the solids from the container and placing them in a suit­
able counting vial, or taking a known weight of a representative aliquot. The 
former procedure is often quite tedious for disaggregated materials, especially 
if the material is caked in the bottom of a centrifuge tube. The latter pro­
cedure is difficult when the adsorbent is heterogeneous, disaggregated mate­
rial •. During centrifugation or filtration, the disaggregated media will sort 
by particle size; thus, obtaining a representative subsample may prove diffi­
cult. Alpha, beta, weak gamma, and x-ray radiation will suffer from sample 
self-adsorption, so that obtaining an accurate count of radioactivity on the 
solid may be difficult or impossible. 

'The Kd value obtained by the batch method for certain elements appears to 
be sensitive to how the radiotracer is added to the ground water and/or geo­
media. Some research indicates that for solubility-limited elements such as 
the'rare earths and actinides, the tracer should be added to the ground water, 
equilibrated for several days, and filtered just before contact with the geo­
media. This approach should remove any oversaturation-precipitation events 
that-would appear Hke adsorption if the tracer had been added directly to the 
rock-ground-water slurry 1n the batch container, although further complications 
have been identified (Erdal et al. 1979). 

Two equations may be applied to determine a Kd value from batch data. 
When only liquid samples are analyzed, Equation 11.3 applies. When both the 
liquid effluent and solid are counted, Equation 11.4 applies. 

Kd = rAi-Ae V 
Ae 1] 

Kd s Ad V 
Ae'i1 

(11.3) 

(11.4) 

11.4 
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where 

Ai = activity of tracer in influ~nt or blank 

Ae = activity of tracer in effluent after phase separation 

r = correction factor for excess wash solution remaining if rock 
samples were pre-equilibrated with water without tracer before 
the sorption experiment 

V = total volume of solution = (volume of Ai + residual wash 
solution) 

W = for Equation 11.3. total weight of solid adsorbate used; for 
Equation 11.4, total weight of solid counted 

Ad = activity of solid adsorbate. 

For weaKly penetrating radioactivity, the effects of self absorption can 
complicate accurate measurement. 

The time dependence of Kd is conveniently studied by static methods. 
For many geomedia-ground-water-nuclide systems, adsorption reactions appear to 
reach equilibrium rapidly (within a few hours). For other systems (crushed 
basalt, granite,argillite) the values vary with time. In general the Kd val­
ues increase with time, possibly from weathering processes. The alteration 
products formed from weathering of primary minerals, in general, exhibit larger 
surf_ace areas and hi.gher exchange capacities. In a few instances, the Kd value 
for an element appears to decrease with time. One apparent reason for this is 
colloid formation that may be encouraged by physical grinding effects during 
shaking. Whet'her col1oid formation will be important in the real world has not 
been ascertained. Months or years may be required to attain sorption equilib­
rium in some systems as secondary minerals are fonned. Studies need to be made 
to identify those slow reactions that could reduce sorption measured in 
short-tenn laboratory experiments. 

Batch experiments are more precise when the change in tracer solution con­
centration upon contact with the geologic material is neither very small nor 
large. If the Kd value is very small, the effluent activity is nearly the same 
as the influent, and counting statistics significantly affect calculations. If 
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the Kd value is very great, the effluent will have very Httle activity left, 
and counting difficulties will result. By varying the solution to geologic 
media ratio over a range of 2 to 100, with an effluent/influent ratio of 0.2 
to 0.8, researchers have discovered that batch Kd experiments are best used to 
measure Kd values between 1.25 and 400 ml/g. 

The most commonly used dynamic method for determining Kd values is the low 
pressure column method on disaggregated materials. The method has been used 
for many years to substantiate Kd values determined by batch methods for sand 
soils. Within WRIT, the modification of the procedure to allow experimentation 
on intact or fissured core materials is being undertaken. By increasing the 
hydrostatic head with pressurized pumps, flow through intact cores of slightly 
to moderately permeable rocks can be attained. 

Dynamic flow-through column experiments allow observation of nuclide migra 
tion rates and allow the calculation of nuclide Kd values for porous materials 
without significant sample alteration. Reversibility, multiple oxidation 
states, and multiple species can be observed. Physical transport of colloids 
and fine particulates can be stUdied, and realistic solution-t~-solid ratios 
for both porous and fracture flow may be studied. Unsaturated as well as sat­
urated flow can be studied. Disadvantages include the length of time neces­
sary to perform the experiment (especially for strongly sorbed nuclides), the 
inability to create practical flow rates in tight rock materials, experimental 
artifacts such as channeling and wall effects caused by use of. small column 
sizes, greater difficulty in control of Eh and pH, and lack of a data reduc­
tion scheme for nonideal (chromatographic) curves. 

Normal flow rates for laboratory columns of permeable rock or sol1 (10-3 

to 10-1 em/sec) may require weeks or months for the nuclide to break through 
into the effluent. Flow rates in geologic media are expected to be several 
orders of magnitude slower (10-7 to 10-3 cm/sec). To produce short-term 
results, higher than realistic flow rates are used, and frequently kinetic 
effects are thought to dominate results. Under these accelerated conditions, 
the effective porosity of the media and the radionuclide residence time in the 
media decrease with increasing flow rates. This diminishes the measured radio­
nuclide retardation and tends to make results conservative. 

11.6 



        

            

          

             

         

           

            

           

         

 

 

 

 
 

   
  

  

      

    

  

 

        
      

   

r-

,-
/ 

~. 

In FY-1978, dynamic Kd experiments using crushed montmorillonite perco­
lated by either calcium chloride or sodium chloride were shown to yield compar­
able values with results obtained by batch and axial filtration techniques. 
One example of the comparison is shown in Figure 11.1 (Meyer et al. 1978). 

Gravity flow column experiments sometimes exhibit a variable flow rate 
over time. Usually the observed flow rate will decrease with time, possibly 
caused by column plugging by fine grained materials. Often the flow rate drops 
to zero. Data reduction of breakthrough curves from a column under variable 
flow conditions is more difficult than under constant flow conditions. 

. . 

100 

\ BATCH EQUILIBRATION 

50 \ 
AXIAL FILTER \ 

\ COLUMN. 30\ CLAY. 

\ SUPPORTED ON 
CELITE \ 

0\ 
CI \ 

/ :! 
~ \ ., 10 \ == A ... \ z 5 1&1 \6 u 
ii: 
~ \ 1&1 
0 SLOPE.-2 \ b. u 

\0 z 
52 .... \ :l 
CD \ 

= \ b. ... \ III 0.5 0 \ 

0.1 0.2 0.5 2 5 10 

Na (I). moles /liter 
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Typically, column experiments are performed to validate the migration 
potentials obtained from simpler static adsorption tests. The observed results 
of laboratory column experiments are affected by both the chemical interactions 
and hydrodynamic characteristics of the media placed within the column. Thus, 
to validate the chemical aspects, the hydrodynamic aspects must be understood 
and measured. A classical method of elucidating hydrodynamic properties, such 
as apparent porosity and dispersion, is to use tritiated water as a water 
tracer. In some cases, though, tritium migration does not appear to mimic the 
bulk water (Francis et al. 1979). 

High pressure intact core methods are under study (Figure 11.2). For most 
deep geologic scenarios, this technique would apparently better simulate actual 
expected conditions than the static or packed columns methodologies. 

Mathematical calculations show that for intact crystalline rock, extremely 
large pressures would be necessary to force water through the grain boundaries. 
For crystalline rocks, fracture flow appears to be the most feasible mechanism 
for nuclide transport. Proper experimental methodology to use in studies of 
flow through fractures or cracks will need to be assessed. 

Dynamic experiments on machined (smooth) fissures have been performed in 
the laboratory (Seitzet ale 1979). Preliminary static experiments have been 
performed to ascertain the time needed to reach equilibrium and to obtain sur­
face adsorption and desorption coefficients for the nuclide Am. 

Fissure infiltration experiments at three velocities have been performed. 
Observed results were compared with a computer model, which i~cludes first­
order kinetic terms (Strickert et al. 1979). The general shape of the observed 
Am distribution on the fissure surface is predicted by the computer model, but 
in each instance the observed distribution exhibits a larger tail protruding 
down the fissure. Autoradiographs of the fissures showed that the adsorption 
was not uniform across the cross section. This was probably caused by nonuni­
form flow (wall effects) and grain edge and mineral-filled vein boundaries, but 
these effects were secondary. The conclusion drawn from the fissure experi­
ments is that migration of nuclides in rock fissures is tractable and can be 
approximated by data from static experiments obtained on similar geometries, as 
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FIGURE 11.2. High Pressure Sorption Apparatus 

long as kinetics are analyzed. The results show that the measurements of 
kinetic parameters are as important to understanding migration behavior as 
are measurements of the equilibrium adsorption values. 

To date the retardation factors used in mathematical transport models have 
assumed reversibility (i.e., Kd for adsorption equals Kd desorption, and the 
rate of adsorption equals the. rate of desorption). Experimental studies per­
fonned in WRIT by both static and dynamic methods (Burkholder et a1. 1979; 
Brandstetter et a1. 1979) have shown that for certain elements, the rate of 
desorption in short-term laboratory studies "is slower than the rate of adsorp­
tion. When apparent steady-state conditions are met, the resultant Kd for 
desorption is higher than the Kd for adsorption. Thus, safety assessments 
based on Kd adsorption and reversibility may be conservative by up to one 
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order of magnitude for nuclide retardation. Currentl results on dynamic Kd 
experiments on intact cores, although few in number. appear to give measure­
ments of retardation lower (by a factor of 0.2 to 0.5) than for batch Kd or 
dynamic experiments on disaggregated material. The discrepancy and measurement 
difficulties are under continued investigation with the objective of developing 
standard methods and nuclide migration predictions. In-situ nuclide migration 
experiments will need to be performed at selected sites to verify the extrapo­
lation of laboratory data to field conditions. 

The two methods (static and dynamic) for radionuclide-geologic media 
interaction studies are complementary. The static method is most useful for 
screening investigations of radionuclide behavior in a variety of systems and 
for estimating the time needed to attain equilibrium. Static radionuclide 
adsorption distributions may then be compared to retardation factors obtained 
from dynamic systems under similar conditions to verify results. Crushed or 
uncrushed material may be used in either method, and equilibrium solution com­
positions obtained from static tests may be used 1n dynamic experiments. The 
most pressing current need is an understanding and a measurement method to 
relate Kd values obtained on crushed material or manufactured tablets to the 
variable and tortuous fissures and cracks that are expected to be the environ­
ment through which water would flow away from a deep repository situated in 
crystalline rock. 

Until standard methods are agreed on, the proposed actions needed to 
obtain adequate sorption data to assess the consequences of disposal in a pro­
posed repository include: 

• laboratory study performed on the fresh, unweathered rock and on 
actual weathered rock or the types of secondary minerals that are 
expected to be formed 

• reliance on many screening studies using the batch Kd method on 
disaggregated rock and a wide range of ground-water types and 
environmental conditions for all important nuclides. With proper 
experimental design and media-water characterization, statistical 

11.10 



          

          

         

           

      

 

         

         

 

           

  

          

            

            

         

          

            

 

         

           

         

            

          

        

 

        

           

         
           
            

           

methods can be used to relate the dependent variable (migration rate 
or Kd) to independent variables (rock type and solution type). From 
Kd data on a limited number of rock-water permutations, estimates 
can be made for Kd values for other conditions not studied. This 
statistical technique will facilitiate objective and quantitative 
sensitivity analysis. 

• some additional dynamic sorption studies on dissaggregated rock and 
intact core for selected nuclides that appeared to be potentially 
relatively mobile 

• a few dynamic sorption experiments of larger scale and duration or 
actual in-situ verification. 

These will provide the empirical data required to assess migration from 
repositories and the predictor equations that can be used to assess the effect 
of varying factors (such as pH, Eh, geomedia type) on adsorption. The equa­
tions relating the adsorption distributions to different solution and geomedia 
properties are being developed by fitting a polynomial to the multidimensional 

,? curve that can be produced from the sorption experiments and rock and ground­
water characteristics. 

These nuclide.migration data rely on laboratory analyses characterized by 
relatively short time spans. The applicability,of scaling these results to the 
million-year time frame must be addressed. The short-term laboratory results 
will be used in computer transport models where the time extrapol ation is p'er­
formed. The model results will be compared against known theoretical concepts 
such as weathering, ore geochemistry, mineral stability, and thermodynamic 
Eh-pH diagrams. 

NEE·D FOR COMPLETE CHARACTERIZATION OF ROCK AND GROUND WATERS 

In most instances Kd values are sensitive to geomedia properties such as 
surface area, mineral composition, amorphous oxide. and organic content, and 
to ground-water properties such as the pH, Eh, and chemical composition. The 
Kd is also dependent on the species of nuclide present, its concentration, and 
the hydrodynamics of the system. The interactions that occur as the soluble 

- 11.11 



         

             

         

           

     

         

            

          

          

        

             

             

           

          

    

  

         

      

       

         

         

        

       

         

         

         

     

      

          
       

radionuclides percolate through geomedia are presented in Figure 11.3. There­
fore, to identify, interpret, or use a Kd value for any nuclide properly, a 
large amount of supplementary information is necessary. Ideally, all the 
parameters listed below would be determined; in reality as many of the 
parameters as possible should be measured. 

Numerous characterizations should be performed on geologie media and their 
pore waters to allow calculations of migration rates or Kd values. The charac­
terizations can be broken into two broad categories: physical or hydrologic, 
and geochemical. A list of characterizations and their relative importance 'to 
Kd value determination follows. If only partial geochemical characterization 
is possible, priority should be placed on the first seven items. For the phys­
ical and hydrologic characteristics, items 4, 5, and 6 or 7 are most important. 
It cannot be overemphasized that accurate characterization of field pH and Eh 
is 'critical and that laboratory simulations must control these two critical 
parameters at the appropriate values. 

Important Geochemical Characterizations 

1. Qualitative and quantitative mineralogy is needed, including primary and 
secondary crystalline materials, amorphous coatings, determined primarily 
by x-ray diffraction, x-ray fluorescence, chemical treatment techniques, 
and petrographic examination. Total oxides Si02, A1 203, Ti02, FeO, MnO, 
CaO, MgO, K20, Na20, P20S are typically determined. Calcium carbonate 
content, hydrous oxide content (amorphous and crystalline), and alumi­
nosilicate contents are also important. Scanning electron microscopy 
and microprobes can be used to determine the microstructural mineralogy. 
These techniques can be very important in assessing the differences 
between the mineralogy and the weathering environments of cracks and 
fractures of the bulk rock material. 

2. Cation-exchange capacity at appropriate pH values. 

3. Ground-water pH, Eh, dissolved 02' and/or species distribution of impor­
tant redox couples (i.e., Fe2+_Fe3+, S2-.S6+, Mn4+-Mn2+), and 
temperature. 
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FIGURE 11.3. Radionuclide Interaction in Geologic Media 



          

           

   

     

   

       

       

        

 

       

           
           

    

  

  

 

  

        

 

      

  

         

       

             

          

            

            

          

             

4. Ground-water major cation content (Na+, ca2+, Mg2+, K+). 

aj ( - - 2- 2- -) 5. Ground-water m or anion content Cl , HC03, CO , SO , N03 • 

6. Ground-water Si02 content. 

7. Organic content of geologic material. 

Less Important Geochemical Characterizations 

1. Anion exchange capacity at appropriate pH values. 

2. Distribution of major cations on exchange sites. 

3. Ground-water organic content, especially potential ligands (e.g., humic, 
fulvic acids). 

4. Ground-water minor constituents, especially naturally occurring isotopes 
of important waste nuclides (Sr, Cs, I, U, Ra), chemically similar ele­
ments (Ba, Rb, Br, F), and potentially reactive elements (Fe, Mn, S, 
p[P04]) • 

Important Physical or Hydrologic Characterizations 

1. Hydraulic conductivity. 
2. Percent saturation. 
3. Permeability •. 

. 4. Water ve lociti es. 
5. Surface area and particle size distribution (unconsolidated materials). 
6. Porosity. 
7. Percent fractures or fissures (consolidated material). 
8. In-situ temperature. 

To perform the necessary rock and ground-water characterization and sub­
sequent nuclide adsorption experiments, the following sampling requirements 
are offered. For a thorough assessment of a specific site, 10-100 lb of each 
important rock material along the possible pathway back to the accessible 
environment is necessary. A portion of the rock (~10 lb) should be intact 
core material with a minimum of contaminatio~ from drilling muds and fluids' on 
w~ich intact core sorption experiments can be performed. Where possible, the 
rest of the material (e.g., cuttings) should be as free of drilling muds as 
feasible. 
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(" Complete recipes (important parameters have been discussed above) for 

". f 

\ 

probable ground waters or gallon-sized samples (split and preserved by standard 
methods--Brown et a1. 1970) should be supplied. 

DATA PROCEDURES FOR THE REFERENCE SITE ANALYSIS 

A description of the actions taken to produce the data used in the refer­
ence salt dome analysis follows. Because this is a reference site analysis, 
not an actual effort to license a repository, exper1mental measurements are 
l1mited. Throughout the description, annotation will be given on what further 
work would be performed if the exercise were to supply information for an 
actual repository site assessment. An assessment will be given as to whether 
the methodology needed 1s at hand or needs to be developed. 

Geologic Setting 

Based on the stratigraphic data provided to AEGIS and WRIT by Law Engi­
neering Testing Company (LETCO), the release scenario and conceptual hydrologic 
models were used to develop the layered earth model. For purposes of the ref­
erence site analysis, the layered earth model assumes that the salt dome inter­
sects the following strata listed from the top to bottom: aquitard (Reklaw 
Formation), high permeab1l1ty aqu1fer (Carrizo and Calvert Bluff Formations), 
lower permeabi11ty aquifer (Simsboro and Hooper Formations), and aquitard (Mid­
way Group Formations). Because all the scenarios of interest were found to 
have probable paths to the accessible environment within these formations, 
nuclide adsorption-desorption work was concentrated on these units. 

Sampling Procedures 

Only outcrop samples of relevant formations were available. All samples 
were gathered by LETCO at either road cuts or stream bank cuts and were pro­
vided to WRIT. An attempt was made by LETCO to collect samples that were 
representative of each formation •. In most cases, at least two outcrop sites 
were v1sted in different parts of the basin for each complete sample. An 
average of about 15 lb was collected for each formation and enclosed in air­
tight plastic bags. A geologic map that indicates sampling locations was also 
provided to AEGIS and WRIT staff. 
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For an actual site assessment, core material _from the repository depth 
would be required. Ideally, the material should be obtained without the use 
of drilling muds and complex chemical fluids that contaminate the samples and 
affect the sorption processes. Currently it is felt that such techniques 
exist, especially when coring shallow strata «300 ft), but an actual demon­
stration in the unconsolidated Gulf Coast salt dome areas is needed. Another 
acceptable method would be to take large diameter field cores into the labor­
atory and under core a smaller diameter sample that does not contain signifi­
cant amounts of drilling fluids and mud. For other more consolidated rocks " 
(e.g., crystalline granite, basalt), the need for drilling muds should present 

, 
fewer problems than those expected in the Gulf Coast salt dome sites. A study 
will be performed soon to investigate the feasibility of identifying, quantify­
ing, and removing drilling mud contamination from small side wall cores drill 
cuttings, and cores from salt dome and bedded salt associated samples. The 
effects of drilling mud contamination on Kd determinations will also be stud­
ied. This will allow a more objective analysis of the necessity for special­
ized drilling in the formations surrounding potential repository sites. 

Mineralogic Characterization of Outcrop Samples 

Some general descriptive geology (qualitative mineralogy, phYSical size 
distributions, and aggregation status) was made available from LETCO. In 

-addition, several of the outcrop samples were further characterized at PNL. 
Appropriate samples were air dried and disaggregated to pass through a 20 mesh 
screen. Large pieces of organic material were hand picked and discarded. 
Large rocks retained on the sieve were discarded. The samples that were dried 
were from outcroppings of the following formations: 

Calvert Bluff 
Carrizo 
Hooper 

Simsboro 
Reklaw 
Queen City. 

The samples in general exhibited extensive weathering alteration. Red iron 
stains were quite viSible. The Reklaw Formation is known to be an aquitard 
but the outcrop sample was quite sandy. The Lower Wilcox, comprised of the 
Hooper and Simsboro, is known to be a good aquifer, yet the outcrop samples 
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were quite cl~like. Texas Bureau of Economic Geology (TBEG) personnel noted 
that the Lower Wilcox does contain much fine material and that the flowing 
aquifer comprises interconnected sand lenses. The iron stains are not observed 
in drill cuttings of the actual subsurface strata. 

Whole Sample Chemical Analyses 

Chemical analyses of whole samples were performed at Washington State Uni­
versity on the dried and sieved Hainesville sediments. Approximately 20 g of 
a sample were placed in a swing mill and ground for six minutes. This pro­
vided a fine, even-grained powder to produce homogeneous samples. Seven grams 
of lithium tetraborate and 3.5 g of the rock powder were thoroughly mixed and 
fused in a graphite crucible at 1000°C for five minutes. Upon cooling, the 
lithium tetraborate bead was removed from the crucible, and the basal sur-
face of the bead was ground flat. The flat bead surface was irradiated in a 
Philips P.W. 1410 manual x-ray spectrometer with a chromium tube. The count 
rate recorded for each major element was related to the calibration curves 
derived from the count rates of similar analyzed samples supplied by the U.S. 
Geologic Survey and the National Bureau ,of Standards. A computer program was 
used to make spectral corrections and to determine the elemental oxide values. 
The preCision for each major element is given in Table 11.1, calculated from 
~ two standard deviations of triplicate analyses. 

The whole sample chemical analyses are given in Table 11.2 for the six 
outcrop samples. The prinCipal elements present were silicon. aluminum, and 
iron. Alkalies and alkaline earth elements were unusually low in concentra­
tion. The iron was reported as ferric iron because these sediments are well 
oxidized. 

X-R!y Diffraction 

Sample preparation for x-ray diffraction analyses included crushing and 
grinding a representative rock sample in an alumina mortar. The minus 200 mesh 
whole-rock powder was placed in a tray, and a Norelco x-ray diffraction unit 
was used to obtain an x-ray diffraction tracing. Diffraction peak heights and 
spacings were matched to those given in the powder diffraction data for miner­
als (Joint Committee on Powder Diffraction Standards 1980). Only mineral group 
names were identified. The feldspars and pyroxenes, for example, were not 
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TABLE 11.1. Precision of X-Ray Fluorescence Analyses at 95% Confidence 
Limits (Thirteen Sets of Triplicate Beads Were Used) 

Major Elements 
Si02 
A1 203 
TiOZ 
FeO (Total) 
MnO 
CaD 
r~gO 

K20 

NaZO 
P205 

Total Analytical 
Precision, 29 (fraction) 

0.550 
0.310 
0.050 
0.350 
0.010 
0.220 
0.150 
0.030 
0.160 
0.014 

TABLE 11.2. Whole Sample Chemical Analyses of the Outcrop Samples 

Wt % 
Oxide a 6 c a e f 

S10z 79.83 70.06 76.77 86.59 83.79 84.64 
Ti02 0.57 0.71 0.70 0.38 1.07 0.57 
A1 203 10.23 11.85 14.10 7.15 8.08 9.46 
Fe203 6.07 15.14 3.89 4.33 5.18 2.36 
MnO 0.06 0.01 0.01 0.00 0.02 0.01 
CaO 0.24 0.13 0.21 0.00 0.00 0.12 
MgO 0.76 0.99 1.04 0.36 0.68 0.66 
K20 1.40 0.39 2.16 0.75 0.51 1.49 
Ha20 0.82 0.57 1.07 0.39 0.58 0.65 
PZ05 0.05 0.15 0.05 0.05 0.09 0.04 

TOTAL* 100.00 100.00 100.00 100.00 100.00 100.00 

a = Calbert Bluff Format1on d = Queen C1ty Sand 
b = Carrizo Sand e = Reklaw Format10n 
c = Hooper Format10n f = Simsboro Formation 
* These totals are based only on the analyzed oxides. 

Because H20 and Carbon were not done, the actual totals 
will be less than 100% until water is figured into the 
totals. Clays are present. 
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further classified because the variety of feldspar and pyroxene is more easily 
determined by other techniques. Quartz (5i02) is the principal mineral 
phase in all of the samples (see Table 11.3). 

An unusual aspect of the data of Table 11.3 is the occurrence of a smec­
tite clay with kaolinite. The two clay mineral types usually do not occur 
together because they are characteristic of two different genetic environments 
(Millot 1970). Well-leached environments with acidic, low ionic strength 
solutions yield kaolinite; environments with alkaline, higher ionic strength 
solutions yield smectites and illite. The occasional presence of opal also 
suggests that the Hainesville outcrop sediments are still being weathered. 

Optical Examination 

Optical examinations and photography were performed on pol1shed thin sec­
tions of the Hainesville outcrop samples. A few grams of a representative sam­
ple were mixed with a thermal-setting epoxy resin, solidified at aooc, and the 
face of the mount containing the sample was ground and polished. Photographs 

. of selected areas of the mount, as viewed in a Zeiss Ultraphot 1118 petrogra­
phic microscope, were obtained at 12x and 100x normal size. 

Figures 11.4 through 11.6 show optical views at 12x and 100x under bright 
field, polarized light for the six Hainesville outcrop sediment mounts. 

Calvert Bluff Formation 

The Calvert Bluff mount photographs show many small, subangul ar mineral 
grains, principally quartz according to x-ray diffraction data, partly embedded 
in a very fine-grained matrix. The light gray material showing an occasional 
scratch is the embedding epoxy plastic. There is ·l1ttle'apparent difference 
between this sample and the following Carrizo sand mount. 

Carrizo Sand 

This mount also shows a relatively monomineralic sediment composed of sub­
angular, fine mineral fragments, which are mainly quartz. A coating layer can 
be seen on the exterior of some of the mineral fragment sections in the mount. 
The 100x magnification photograph shows predominately embedding plastic. 
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Optical Photomicrographs 

12X lOOX 

100X 

Carrizo Sand 

FIGURE 11.4. Optical Photomicrographs - Calvert Bluff Formation - Carrizo 
Sand (Original Photomicrograph recuced to 75%) 
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·. Optical Photomicrographs· :' \~- " . 
. ...... 

12X 

Hooper Formation 

12X 100X 

Queen City Sand 

FIGURE 11.5. Optical Photomicrographs - Hooper Formation - Queen City 
Sand (Original Photomicrograph recuced to 75~) 
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Optical Photomicrographs 

12X 100X 

Reklaw Formation 

12X 100X 

Simsboro Formation 

FIGURE 11.6. Optical Photomicrographs - Reklaw Formation - Simsboro 
Formation (Original Photomicrograph recuced to 75%) 
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TABLE 11.3. Mineral Phases Found in the X-Ray Diffraction Tracings of 
As-Received Hainesville Outcrop Samples 

Sample 
Calvert Bluff Formation 

Carrizo Sand 

Hooper Formation 

Queen City Sand 

Reklaw Formation 

Simsboro Formation 

Hooper Formation 

Mineral Phases 
Mainly quartz; minor illite, smectite, 
kaolinite, feldspar 

Mainly quartz; minor smectite, kaolinite, 
illite, feldspar 

Mainly quartz; some feldspar; minor 
smectite, kaolinite, illite 

Mainly quartz; minor feldspar, smectite, 
opal (-cristobalite) 

Mainly quartz; some opal (-cristobalite); 
minor kaolinite, smectite, illite 

Mainly quartz; minor feldspar, smectite, 
kaolinite, illite. 

The Hooper material is more fine-grained than the Calvert Bluff or Carrizo 
sand. It contains many areas of clay-size particles surrounding predominately 
quartz mineral fragments,. 

Queen City Sand 

This sample mount shows a better sorted, less angular, predominately 
quartz soil. According to the whole sample analyses of Table 11.2, the Queen 
City sand contains more than'S6 wt% of silica, which is also a good estimate 
of its quartz content. 

Reklaw Formation 

The Reklaw sample mount shows a less well-sorted, mostly quartz sand, the 
fra~ents of which are ,of ten coated on their exterior surfaces by clays or 
amorphous materials. The nature of these coatings was investigated during the 
elemental x-ray emission work, and .is reported under that following section. 
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Simsboro Formation 

Quartz is the predominate mineral in the area of the mount examined. A 
few potassium feldspar fragments can be seen in the potassium emission photo­
graph. Calcium is very low in content. High aluminum areas can be seen in 
the aluminum x-ray emission photograph, probably corresponding to gibbsite or 
amorphous aluminum areas. The white line across the lower right-hand corner 
of the electron scattering photograph is a mount coating artifact. 

Electron Microprobe Feldspar Chemical Analyses 

Two of the potass1um-containing fragments seen in each of the six Haines­
ville outcrop samples were analyzed with the microprobe, with the results shown 
in Figures 11.7 through 11.12 and in Table 11.4. All were potassium feldspars, 
either microcline or orthoclase. Both feldspars are the same in chemical com­
position, but differ in structure. No plagioclase feldspars were seen, with 
the possible exception of a single fragment containing calcium in the mount of 
Calvert Bluff Formation sample. The potassium feldspar content of the Haines­
ville samples was not large, but it is still the second largest fragment min­
eral. Quartz is the most prevalent fragment mineral. 

Conclusions 

The Hainesville samples as received by WRIT from LETCO are soils develop­
ing on the outcrops of the six stratigraphic units. The weathering involved 
is of the lateritic or ferrallitic type (see Millot 1970). As lateritic weath­
ering progresses, silicates are,'completely hydrolyzed, and quartz is finally 
solubilized, releasing Silicon, aluminum, magnesium, calcium, sodium and potas­
sium ions. Iron, aluminum, and silicon are partially retained to form the 
three main constituents of laterites, hydrated iron oxides, hydrated aluminum 
oxides and aluminosilicates in the form of kaolinite. The alkalies and 
alkaline earths are removed in solution. 

The Hainesville samples have begun the lateritic weathering process, so 
that ·there has been enough weathering and oxidation to cause considerable 
differences in chemical and mineralogical constituents between the original 
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CALVERT BLUFF FORMATION' 
Elemental X-Ray Emission Photographs,100X 

Electron Scattering Silicon 

Aluminum Iron 

Potassium Calcium 

FIGURE 11.7. Calvert Bluff Formation - Elemental X-Ray Emission Photo­
graphs, lOOX (Original Photomicrograph recuced to 75%) 
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CARRIZO SAND 
Elemental X-Ray Emission PhotographS,iOOX 

Electron Scattering Silicon 

Aluminum Iron 

Potassium' Calcium 

FIGURE 11.8. Carrizo Sand - Elemental X-Ray Emission Photographs, 
lOOX (Original Photomicrograph recuced to 75%) 
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HOOPER FORMATION 
Elemental X-Ray Emission Photographs,100X 

Electron Scattering Silicon 

Aluminum,. -Iron 

Potassium Calcium 

FIGURE 11.9. Hooper Fonnation ·'Elemental X-Ray Emission Photographs, 
lOOX(Original Photomicrograph recuced to 75%) 
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QUEEN CITY SAND 
Elemental X-Ray Emission Photographs, 100X 

" Aluminum Iron 

Potassium .. Titanium 

FIGURE 11.10. Queen City Sand - Elementa'l X-Ray Emission Photographs, 
100X (Original Photomicrograph'recuced to 75%) 
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REKLAW FORMATION 
Elemental X-Ray Emission Photographs,100X 

Electron Scattering Silicon 

Aluminum Iron 

Potassium Titanium 

FIGURE 11.11. Reklaw Format1on - Elemental X-Ray Emission Photographs, 
lOOX (Original Photomicrograph recuced to 75%) 
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SIMSBORO FORMATION 
Elemental X-Ray Emission Photographs,lOOX 

Electron Scattering Silicon 

Aluminum Iron 

Potassium Calcium 

FIGURE 11.12. Simsboro Formation - Elemental X-Ray Emission Photographs, 
100X (Original Photomicrograph recuced to 75%) 
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TABLE 11.4. Electron Microprobe Chemical Analyses of the Feldspars 
Commonly Found in the Hainesville Samples (The 
Cationic Contents of a Feldspar Molecule Containing 
32 Oxygen Atoms Also is Given to Allow Comparisons. 
All of the Feldspars are Microcl1nes or Orthoclases.) 

Wt % 
Oxides Al A2 Bl 82 cl C2 01 02 El 
Si02 65.5 64.4 65.3 64.3 65.2 64.9 63.0 64.7 67.3 
Ti02 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
A1203 18.4 18.3 16.3 16.8 15.5 17.5 22.3 19.0 16.0 
BaD 0.4 0.9 0.5 0.4 0.2 0.3 0.2 0.1 0.4 
CaD 0.1 0.1 0.1 0.1 0.1 0.1 0.7 0.1 0.1 
MgO 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
FeD 0.2 0.1 0.6 0.3 0.2 0.1 0.2 0.2 0.1 
K20 14.1 15.1 15.0 15.6 16.4 16.8 11.4 16.0 16.4 
Na20 1.4 0.6 1.0 0.3 0.3 0.4 3.5 0.8 0.3 

Al E Calvert Bluff formation; (K3.73. NaO.22)(A14.02. S112.00)032 
A2 • Calvert Bluff formation; (K3 f2. NaO.48)(A13.98. S112.06)032 
Bl E Carr1zo Sand; (K3.62. NaO.36) A13.62. S112.31)032 
82 E Carrizo Sand; (K3.18. NaO.20) Al377. Si12 22)032 
Cl E Hooper Formation; {K3.96. NaO.6){A13.47. S\12.38)032 
C2 E Hooper Formation; (K3.98. NaO.1S)(AI3.8S. Sf12•OI)032 
01 E Queen C1ty Sand; (K2.6S. Nal.23){AI4.78. S111.45 032 . 
02 • Queen C1ty Sand; (K3.76. NaO.28)(A14.11. Sil1.91 032 
E1 E Reklaw Formation;· (K3.85.NaO.12)(A13.47. Si12~41)032 . 
E2 E Reklaw Formation; (K3.66. NaO.15)(A13 69. S112.28)032 
F1 a S1msboro Formation; (K3.74.:NaO.16)(A14.21. Si11.87)032 
F2 E Simsboro Format10n;(K3.S4",NaO.16)(A14.19. S112.09)032 

E2 F1 

64.7 63.4 
0.1 0.1 

16.5 19.1 
0.6 0.4 
0.1 0.1 
0.1 0.1 
0.1 0.1 

16.1 15.7 
0.4 0.4 

F2 

66.3 
0.1 

19.5 
0.9 
0.1 
0.1 
0.2 

15.2 
0.4 

source rocks and the soils developing on them. Presumably radionuclide Kd 
values determined on the soil and original rock could differ considerably as 
well. most likely nonconservatively. 

Additional work performed in an actual site assessment to characterize 
the geologic samples would include: detenmination of cation-exchange capacity, 
surface area, and quantitative mineralogy, including hydrous 1ron oxides, car­
bonate and organic contents. Methods for each of these determinations are 
quite standard, and thus readily available and well suited for usage on 
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sedimentary materials. Time and cost constraints, coupled with the earlier 
characterization results that led to questioning the appropriateness of the 
outcrop samples, all contributed to the decision not to perform the total geo­
logic media characterization. If this were an actual site assessment such 
characterization would have been performed. 

GROUND-WATER CHARACTERIZATION 

Samples of ground water from the Wilcox aquifer were not available for 
this study. In lieu of this, two samples of ground water from the vicinity of 
the Avery Island Salt Dome were analyzed. Cations were determined by induc­
tively coupled plasma emission spectroscopy (ICP). Anions were not determined, 
but would be analyzed by ion chromatography and standard colorimetric tech­
niques in an actual site analysis. The cation concentrations for the two Avery 
Island samples are shown in Table 11.5. Sample #1 was from a well near the 
salt dome. Sample 13 was collected from a pool on the floor of the convention­
ally mined salt mine. The results shown in Table 11.5 give an estimate of the 
detection limits of trace metals within the brine matrix. The results for Cu 
and Zn are suspiciously high, while analysis of K is not very reliable. . 
Determination of K will necessitate separate analysis by atomic absorption 
(AA). Analysis of brine by ICP and/or atomic absorption is adequate for the 
safety assessment needs. Fresh waters are even more amenable to analysis by 
ICP or AA. The measurements of dissolved oxygen content,Eh, and pH were not 
performed because these measurements should be made in-situ or soon after sam­
ple collection. For an actual site assessment, ground-water sampling and 
analyses should be performed on waters from existing aquifers following methods 
prescribed by USGS (Brown et al. 1910). 

For the Hainesville Salt Dome reference site analysis, information from 
TBEG and from the release scenarios developed by AEGIS was used to synthesize 
two appropriate ground waters. The first is a brine solution, to represent 
the high density plume that drops off the shoulder of the salt dome. This 
plume is continually diluted by Wilcox aquifer water, and thus does not have 
constant salinity. WRIT chose a value of 10,000 ppm NaCl as a working value. 
Under present dissolution conditions, the 10,000 ppm iso-concentation line 
extends about 1 km from the salt dome. Subsequent consequence analyses, 
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TABLE 11.5. Ground-water Analyses (Concentrations mgtl) 

Samele 11 Samele 13 
Na 40,850 111,650 
Ca 625 2,195 
K 300 * 
Mg 100 520 
Sr 6.5 27 
Li 2.5 2.5 
Al, Si, P, Fe 5 5 
B 3.5 2.5 
Mn 3.5 20 
Ba, Ag, Cd, Co, Ni 0.5 0.5 
As 1.5 0.5 
Cr, Ti, Zr 2.5 2.5 
Cu 3.5 3.5 
Mo 25 25 
Pb, Sb, Se, Sn, Th 5 5 
Tl 5 22.5 
U 2.5 11.5 
Zn 25 40 

*interference 

however, showed that after the breach the saline plume would extend to the 
point of discharge (see Chapter 7). The salt brine recipe used is: 

10,000 ppm 
10 ppm 

NaCl 
CaS04 

"Brine" 

The second ground water represents the existing Wilcox aquifer, several kilo­
meters away from the salt dome, where the brine influence is diluted. The 
water is sodium bicarbonate dominated and has the following recipe: 

1,260 ppm 
·7 ppm 

NaHCO 
cas04

3 "Wilcox" 

BATCH Kd'EXPERIMENTS ON THE OUTCROP SAMPLES 

Preliminary mineralogy results showed all samples to be mainly quartz, 
with minor amounts of secondary clays. From visual (color) and textural 
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(sand vs. cl~) indications, the following fonmations were mixed together and ~ 

given generic names "aquifer" and "aquitard." 

"Aquifer" mixed 

It Aqu i tard" mi xed 

403.07 g 

403.07 g 

403.13 g 

403.11 g 

Calvert Bluff 
Carrizo 

Hooper 
Simsboro 

Subsamp 1 es of the It aqu ifer" and "aqu i tard" and ground waters were given'. 
to PNL and LASL personnel. The following "cookbook" batch Kd directions were 
provided to the experimenters: 

1. One g samples of "aquifer" and "aquitard" are to be weighed into 50 ml 
polycarbonate Oak Ridge-style centrifuge tubes. 

2. Two cold washes of the appropriate ground water are to be per­
formed. The first wash (30 ml) will last for 4 days (+8 hr). The 
second wash (20 ml) will last for 3 days (+8 hr). 

3. Separation will be made by centrifugation, at least 16,000 g for 
20 minutes. 

4. The weight of residual cold solution will be measured. 

5. Traced ground waters will be made by adding trace amounts of radio­
isotopes and pre-equilibrating for 3 days before use. Just before 
use, the ground water will be filtered through 0.4 ~m Nucleopore 
filters. The spikes m~ be added by directly injecting small quanti­
ties of acid stock or by drying the tracer and adding ground water. 
The amount of tracer should be kept low and the molarity reported. 

6~ The contact time of the batch experiments will be 21 +1 days. The 
experiments will be performed at room temperature. One half of the 
experiments will be perfonmed in air and one half the experiments 
will be performed in anoxic chambers. 

7. The final solids to solution ratio w4ll be 1 g/ 30 ml spiked water. 
At 21 days pH, Eh, and TO will be recorded. Solutions will be sepa­
rated by centrifugation, at least 16,000 g for at least 20 minutes. 

11.34 
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8. Blank (without soils) containers will be run in triplicate at each Eh 
to check for container adsorption. Soil samples themselves may be 
counted to double check container adsorption. Blanks will be treated 
as follows: two cold washes of 10 ml each followed by 30 ml hot solu­
tion. Only 10 ml are to be used at first to conserve the solution. 

9. Kd values will be reported for both blank-corrected or direct counted 
soils if the values differ significantly. 

10. Optionally, samples may be filtered after initial counting to check 
for colloids. 

11. Results on the triplicates will be reported as a mean! 1 standard 
deviation. Other options include: a) measurement of macro and trace 
elements in ground waters at the end of the experiment, b) measure­
ment of Kd at other (extra times), both shorter or longer than 
21 days, and c) desorption experiments. 

Experimental Results on Outcrop Samples 

The average batch Kd values (corrected for blank container wall adsorp­
tion) are reported in Table 11.6 for the most important long-lived fission, 
activation product, and actinide elements. Tc was omitted because of a delay 
in the arrival of the needed tracer. Ba is currently used as an analog for 
Ra. The averages are based on the triplicate analyses. The + values signify 
one standard deviation. All results were determined in the adsorption direc­
tion; desorption experiments were not performed. In addition to Kd value, the 
final solution pH,. final ground-water composition, percentage of nuclide 
adsorbed on blank container walls, and initial tracer molarity were measured. 

If this were an actual site assessment, several more experiments would 
hav~ been completed. Several additional ground waters would have been run to 
provide more data on the effects of variable ground-water composition. Kd 
adsorption at various times would have been collected to address sorption time 
dependency. Desorption experiments would have been performed to assess the 
degree of reversibility. After preliminary batch Kd values had been evalu­
ated, subsequent dynamic flow-through column or intact core sorption 
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TABLE 11.6. Experimental Kd Values (ml/g) After 21 Days of Shaking 

Aguifer-Wilcox Aguifer-Brine -Aguitard--Wilcox -Aguitard--Brlne 
Nuclide Laborator~ oxic AnOxic oxic Anoxic Oxic Anoxic Oxic Anoxic 

Se PHI. 8O! 9 76 ! 1 1,230 ! 210 940! 210 24 ! 3 35 ! 7 890 ! 250 750 ! 90 
Sr PHI. 420 ! 20 ~l,6OO 10.0 ! 0.3 10.7 ! 1.3 250 ! 20 ~1,6OO 7.7 ! 0.5 7.7 ! 0.3 
I lASl 463 ! 7 633 ! 15 7.7! 1.0 7.6 ! 0.4 415 ! 10 434 ! 5 10.0 ! 0.6 9.8 ! 0.4 
Cs PHI.. ~1,800 ~5.4oo 3.650 ! 390 ~1.530 930 ! 120 1.580 ! 720 7,670! 2.530 ~5,loo 

..... Ba LASl 2,170 ! 26 3,320 ! 60 24 ! 1 25! 0.5 830 ! 15 845 ! 15 16.8 ! 0.8 15.7 ! 0.4 ..... . Ce LASL 2,600 ! 1,140 14,000 ! 800 995 ! 58 400 ! 100 317 ! 92 1,270 ! 60 340 ! 20 120 !. 40 w 
0'1 Eu LASl 17,500 ! 510 20,200 ! 485 1,430 ! 105 490 ! 150 1,490 ! 65 1,670 ! 33 330 ! 12 84 !. 34 

U LASL 120 !. 35 7.2! 1.6 9,200 ! 760 5,730 ! 60 3.3 ! 1.4 1.44 ! 1.32 577 !. 25 240 ! 15 
Np PNI.. 440 !. 18 2,09O! 260 75 ! 12 86! 2 77 ! 4 1,020 ! 400 1.8 ! 0.1 1.5 ! 0.2 
Pu PNI.. 5.750! 420 139 ! 5 450! 10 690 ! 180 620 !. 150 50! 2 350 ! 40 1,090 !. 50 
AlIl* LASl 21.200 ! 870 3,830 ! 30 1,840 ! 70 1,730! 55 609! 27 318 ! 5 

*Oata are preliMinary and subject to change 
-Data were not available at time of writing 
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experiments would be performed to verify batch results. Emphasis would be 
placed on those combinations of nuclides-sediment-ground waters that gave the 
highest mobility. 

Interpretation of Outcrop-Results 

There are very few values for Se adsorption reported in the literature. 
From general chemistry principles. Se would be expected to be sensitive to pH 
and possibly Eh changes 1n the ground water. Over most of the Eh-pH domain. 
Se would be expected to be present as an anion (Se02-. Se02-. HSe02-) and thus 
potentially mobile. Experi~ental results show the adsorption of Se to be 
moderate from the Wilcox ground water and high from the salt brine. As the pH 
of these two solutions differed significantly. possible pH-dependent reactions 
are occurring instead of ionic strength-dependent reactions. There does not 
appear to'be any large dependency on Eh and only. a small dependency on geolo­
gic media. The higher than expected adsorption. assuming Se is present as an 
anion. might reflect adsorption on hydrous iron oxides in a manner similar to 
phosphate adsorption. 

As expected. the Sr results show a significant dependence on ground-water 
ionic strength and very little dependence on oxygen conditions. There 1s lit­
tle dependence on sediment type. based on these data. The comparison between 
PNL and LASL data is satisfactory. 

The iodide adsorption results show some adsorption occurring. There is 
no clear dependency on ground-water type. sediment type. or oxygen conditions. 
Currently. the observed non-zero adsorption-is unexplainable. Assuming 1- is 
the predominate species. one would expect Kd values <1~ 

The cesium data showthat'considerable adsorpt1on occurs under any con­
dl~ions, with no apparent dependencies. The aggreernent between PNL and LASL 
data is satisfactory. 

Like Sr. Ba (Ra analog) shows a strong dependence on ground-water compo­
sition, with sorption decreasing as the salt content increases. The "aquifer" 
sediment appears to be more selective in Ba adsorption than the "aquitard" 
sediment. 
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The cerium and europium data show a large variability caused by the blank 
correction. Neith'er Eu nor Ce remains in solution at the neutral to basic pH 
under study. Adsorption is very high to moderate for all cases. There appears 
to be slight dependencies on ground-water composition (sorption decreases as 
salt content increases) and sediment type ("aquifer" greater adsorption than 
II aqu i tard lt

). 

The adsorption of U appears to be sensitive to ground-water type (higher 
adsorption from brine), oxygen condition (higher adsorption under oxidizing, 
conditions), and sediment type ("aquifer" higher than "aqu itard"). The higher 
mobility of U in the Wilcox water may result from soluble carbonate complexa­
tion. The relationship to oxygen conditions is dramatically opposed to trends 
in nature, where U is much less mobile under reducing conditions. Some of the 
discrepancy m~ have resulted from sorption of hydrous iron oxides and the 
blank correction methods of calculating Kd, but these results are unexpected. 

Np sorption on the Itaquifer" sediment is much larger than on the "aqui­
tard lt sample. As expected, Np appears to be more readily adsorbed under anoxic 
conditions with the "aquifer" sediment. Np adsorption appears to decrease sig­
nificantly as the water increases in salt content. The oxygen sensitivity does 
not appear during adsorption onto the "aquitard." 

The Pu results show moderate to strong adsorption. The expected trend of 
significantly enhanced adsorption under anoxic conditions is not observed, pos­
sibly because of blank correction. Very little Pu could be kept in solution in 
the blanks under anoxi c conditi ons. Maximum observed Pu concentrati ons mi ght 
be reported as well as Kd values when discussing Pu, as Pu concentrations are 
extremely small at solubility limit. 

In general Am is readily'adsorbed quite under all conditions, but all 
results were not available at the time of this writing. 

Kd VALUES SELECTED FOR USE IN THE REFERENCE SITE ANALYSES 

The laboratory determinations of Kd values for the outcrop samples pro­
vide a demonstration of the methods that would be used for an actual site 
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evaluation. However, several factors led to a decision not to use the outcrop 
measured Kd values for this analysis: 

• The outcrop samples were visibly weathered and contained visible 
organic particles. The clay and organic fractions would likely give 
erroneously high sorption measurements (i.e., error in the noncon­
servative direction). 

.• The sample associated with aquifers had more clay than that 
associated with aquitards. 

• Experiments had to be performed in a very limited time frame, with 
minimal replication. 

In addition, uncertainty exists with respect to the probable redox conditions 
of the ground waters and with respect to the ionic constituents of each ground 
water. For these reasons, to provide conservatively representative Kd data for 
the reference site analyses, the results of the sample characterization were 
used as the basis of selecting from the WRIT generic Kd data bank, Kd values 
associated with quartz in saline and bicarbonate solutions. Thus the Kd values 

,_0. 

r shown in Table 11.7 were used in base case reference site assessments in lieu ',-
of the measurements on the outcrop samples. 

These Kd values were selected by considering that the actual geologic 
media are similar to pure quartz, on which generic WRIT Kd data are available 
(Serne 1978; Relyea 1979) for a 0.03 N NaHC03 and 5.13 N NaCl waters. The 
bicarbonate solution is about twice the strength of the Wilcox aquifer, and 
the brine is about 25 times more salty than the proposed Hainesville recipe. 
However, this value more closely reflects the concentration later determined 
to be appropriate for the .salt brine being dissolved from the breached salt 
dome. As it is not certain whether the probable redox conditions will be 
oxidizing or reducing, the lower Kd was chosen. 

There are no WRIT generic Kd values for H, C, Se, Ra, Th, Pa, U, or Cm. 
Se, Ba{Ra) and U Kd values were the lowest values of those measured on the 
outcrop samples (Table 11.6). Barium is used as an analog for radium, based 
on the National Academy of Sciences publication on the radiochemistry of radium 
(Kirby and Salutsky 1964). It is assumed that 3H and 14C would be found 
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TABLE 11.7. Kd Values for the Reference. Site Analyses* (ml/g) 

Ground-Water Type 
wilcox 

Element Aguifer Brine 
H 0 0 
C 0 0 
Se 24 (21) 24 (21) 
Sr 270 (250) 0 
Tc 0 1.6 {0.7} 
I 0 0 
Cs 11 (18) 0 
SaCRa) 15 15 
Th 40 40 
Pa 40 40 

U 1.4 (1.1) 1.4 (1.1) 
Np 6.6 (2.3) 0 
Pu 73 (47) 250 (90) 

Am 75 (68) 0 
Cm 75 (68) 0 

* The values in parentheses represent 
mean Kd values minus one standard 
deviation, as taken from the WRIT 
generic Kd data bank. These values, 
where they exist, were taken to be 
the lower bound on Kd values used in 
one of the consequence analyses. 

as tritiated water and bicarbonate-carbonate anions, respectively, and thus 
these were given a Kd value of zero. For the 14C, this approach ignores poten­
tial carbonate precipitation and thus could be conservative. The Kd for Th·was 
from a literature value for sand (Nishiwaki et ale 1972). The chemistry of Pa 
and Cm were assumed to be similar enough to Th and Am, respectively, to use 
their data as analogs. 
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CHAPTER 12 

EXTERNAl REVIEW OF WORKING DOCUMENT PNL-2955 

Th1s document was distributed to a number of 1nd1v1duals to prov1de a peer 
review of its contents before final pub11cation. That working document of 
December 1979 was revised in response to the comments received. Chapter 12 is 
provided so that the reader can note key questions unresolved with respect to 
long-term effectiveness assessments, diverseopin10ns on some issues, technical 
and philosophical criticisms of this work. It should be understood that this 
report represents the first complete application of the AEGIS methodology 
(which is undergoing. development), that there were insufficient data and time 
for the level of analysis that will be done for the later stages of s1te quali­
fication and licensing, and that the intent of this work was to demonstrate 
the AEGIS and WRIT approaches to nuclear waste repository assessments. This 
report is not meant to be 'the final analysis of a nuclear waste repository 
located in a salt dome; however, the report does present the major areas of 
potential problems for salt dome repositories. 

REQUEST FOR PEER REVIEW 

The following is a copy of the letter sent to the external (outside PNL) 
reviewers of the working 'document of this report. 
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3 January 1980 

AEGIS-80-0lD 

Subject: Request for Peer Review'of PNL-2955 

Dear 

The Assessment of Effectiveness of Geologic Isolation Systems (AEGIS) 
Program is conducted at Battelle, Pacific Northwest Laboratory (PNL) under 
contract with the Office of Nuclear Waste Isolation (ONWI), which is managing 
nuclear waste isolation programs for the Department of Energy (DOE). The 
objective of AEGIS is to develop and apply methodology for evaluating the 
post-closure effectiveness of deep geologic isolation of nuclear waste. During 
FY-1919 the predecessor to AEGIS, the Waste Isolation Safety Assessment 
Program (WISAP), performed an initial assessment of a hypothetical nuclear 
waste repository in a reference salt dome. This preliminary reference site 
analysis is enclosed tn a working document form as PNL-2955, Volumes 1 and 2. 

This document represents the demonstration of the,AEGIS methodology for a site .) 
taken to be representative of interior Gulf Coast salt domes. This report is 
the first part of an analysis which will include sensitivity evaluations of 
important parameters and assumptions. The complete AEGIS analysis is to be 
used as part of the safety assessment for the Preliminary Information Report 
(PIR) being assembled by ONWI. This PIR is analogous to a Prelim1nary Safety 
Assessment Report (PSAR) accompanying a license application except that it 
provides either example cases or methods for prov1ding the information con-
sidered necessary for an actual PSAR. The amount of information available on 
the example site used in this study is considerably less than would be avail-
able for a true candidate dome proposed for licensing with the Nuclear Regula-
tory COlllllission. 

The application described in PNL-2955 1s intended to be a methodology demon­
stration. While many of the pOints of this study may have generic applic­
ability to salt domes, this is not an actual site assessment. The application 
was performed to provide perspective on the performance of system barriers when 
the system is subjected to human intrusion. During the next several months, 
ONWI and PNL will be evaluating the sensitivity of the analysis to key assump­
tions concerning aspects of human activities in the future. In addition, 
engineered barrier concepts will be evaluated for any effect that they might 
have on the source term of radioisotopes being transported to the biosphere. 
In this context, the results of PNL-2955 will provide a base case to be used 
in later considerations of the effectiveness of engineered barriers and of the 
effects of institutional controls or passive information systems which could 
be employed. 

12.2 



            
          

             
            

            
             

          
            
           

        
          

          
       

        

      

         
  

          
   

           
          

 

          
      

             
   

           

          
         

            
             

              
              

               

.. " 

PNL-2955 was first completed in August 1979, and in the subsequent months the 
report has been subjected to several reviews. These reviews have included 
consideration by all of the AEGIS staff, by management at PNL, DOE, and ONWI, 
and by a few consultants. Based on these reviews, the document was revised 
slightly to its current form to show more clearly the assumptions in the 
analysis. This working document is being sent to you and to others on the 
limited distribution list (attached) for the purpose of expand1ng the inde­
pendent review of the work. We are especially seeking peer review of the 
overall methodology used and of the details of the reference site assessment, 
including the data, interpretations, and assumptions. Examples of specific 
areas of our report on which we are seeking comments are: 

1. Is the overall approach in this report appropriate for evaluating 
the long-term effectiveness of a nuclear waste repository? 

2. Were the potential natural breach scenarios treated adequately? 

3. Is the human intrusion scenario credible? 

4. Are the mining operation scenario assumptions.appropriate? Are they 
conservative or nonconservat1ve? 

5. Have the draft EPA criteria* been interpreted correctly 1n the 
development of the scenario? 

In addition, we are seeking comments on the broader framework for long-term 
assessments. Specifically, examples of questions for which we would like your 
comments are: 

1. Is it appropriate to assume complete loss of institutional control 
or memory after 100 or 1000 years? 

2. Is it appropriate to take no credit for the use of passive markers 
at the repository site? 

3. Is it appropriate not to include engineered barriers in a base-case 
analysis? 

4. Is it appropriate to assume no monitoring and/or discovery of 
radioactive materials by a future humanity which intrudes into the 
repository? 

The salt dome analysis is the first exercise of the integrated AEGIS metho­
dology. AEGIS is aware of a need for a scientific consensus of the adequacy 
of the methodology to be used in the licensing process. It is for this reason 
that we need a thorough review of our work at this stage of development. I 
request that you send any comments you might have to me prior to 15 March 1980. 

12.3 



            
           

    

       

  

       

 

       

      
     

       
       

          
      

         
    

In addition, we welcome suggestions of others who should be involved in this 
peer review process. This document will be revised as "appropriate based on 
the comments of the reviewers. 

Thank you for your consideration of this report. 

Sincerely, 

Albin Brandstetter, Ph.D. 
Manager 
Assessment of Effectiveness of Geologic Isolation Systems {AEGIS} 

" AB:jp 
Attachments 

*The draft EPA information used for PNL-2955 included: 

EPA Background Report. Considerations of Environmental Protection 
Criteria for Radioactive Waste. February 1978. 

EPA Criteria for Radioactive Wastes. Recommendations for Federal 
Radiation Guidance. 43 FR 53262. 15 November 1978. 

EPA draft standards for the management, storage, and disposal of spent 
fuel and high-level waste. 29 June 1979. 

EPA draft of Proposed Criteria for Radioactive Waste Disposal (Federal 
Radiation Guidance). 13 July 1979. 
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Distribution list for Working Document PNL-2955 

M. Bell, NRC 
J. Bird, Cornell University 
P. Brannen, Sandia - WIPP 
C. Bull, Ohio State University 
N. Cook, University of California 
B. Crowe, LASL 
S. Davis, University of Arizona 
D. Egan, EPA 
R. Gastil, Freedom House 
G. Griswold, Tecolote Corp. 
G. Hunt, RHO - BWIP 
R. Kehle, Kehle Associates 
C. Kreitler, Texas Bureau of Economic Geology 
G. Kukla, Lamont-Doherty Observatory 
D. Kupfer, Louisiana State University 
T. Lash, NRDC 
J. Martinez, Louisiana State University 
M. Merritt, Sandia - WIPP 
F. Parker, Vanderbilt University-
G. Pinder, Princeton University 
H. Ragsdale, Emory University 
D. Schreiber, consultant 
H. Shaw, USGS 
H. Stephens, Sandia - NTS 
D. Stewart~ USGS 
M. Tierney, Sandia - WIPP 
N. Trask, USGS 
G. Wermund, Texas Bureau of Economic Geology 
P. Witherspoon, LBL 
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EXTERNAL REVIEWERS 

Comments were received from the following individuals or groups: 

Dr. Michael J. Bell and Staff 
High-Level Waste Technical Development 

Branch 
Waste Management Division 
Nuclear Regulatory Commission 
Washington DC 20555 

Dr. Neville G. ·W. Cook 
Professor of Mining Engineering 
University of California 
Hearst Mining Building 
Berkeley, CA 94720 

Dr. Stanley N. Davis, Hydrologist 
The University of Arizona 
College of Earth Sciences 
6540 W. Box Canyon Dr1ve 
Tucson, AZ 85705 

Mr. Daniel Egan* 
Criter1a and Standards Division 
Office of Radiation Programs 
U.S. Environmental Protection Agency 
Washington DC 20460 

Dr. Raymond Gastil 
Freedom House 
8 Frontier Road 
Cos Cob, CT 06807 

Dr. George Kukla 
Lamont-Doherty Geological Observatory 

of Columbia Un1versity 
Palisades, NY 10964 

Dr. Donald H. Kupfer 
Louisiana State Un1versity 
Shreveport, LA 71105 

Dr. Terry Lash and Staff 
Staff Scientist 
Natural Resources Defense 

Council 
25 Kearney Street 
San Francisco, CA 94108 

Dr. Frank L. Parker 
Vanderbilt University 
Nashville, TN 37235 

Dr. David Perkins 
Branch of Probabilistic Risk 

Assessment 
U.S. Department of the Interior 
Geological Survey 
Reston, VA 22902 

Dr. George F. Pinder 
Consulting Hydrologist 
343 Prospect Avenue 
Princeton, NJ 05540 

Dr. Robert O. Pohl 
Cornell University 
Laboratory of Atomic and Solid 

State Physics 
Cl ark Hall 
Ithaca, NY 14853 

Dr. Harvey L. Ragsdale 
Associate Professor 
Emory University 
Atlanta, GA 30322 

Dr. David L. Schreiber 
Consulting Hydraulic Engineer 
P.O. Box 1087 
(c/o the Colony) 
Coeur d'Alene, 10 83814 

* Comments provided via phone conversation only. 
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Dr. Herbert R. Shaw 
U.S. Department of the Interior 
Geological Survey 
Branch of Experimental Geochem. 

and Mineralogy 
345 Middlefield Road 
Menlow Park, CA 94025 

Mr. Arthur J. Soinsk1 
Technology Assessments Project Office 
State of California 
Energy Resources Conservation 

and Development Commission 
1111 Howe Avenue 
Sacramento, CA 95825 

Dr. Howard P. Stephens and Staff 
NTS Waste Management 

Overview Div. 4538 
Sandia Laboratories 
Albuquerque, NM 87115 

Dr. David B. Stewart and Staff 
Geologic Division Coordinator 

Radioactive Waste Management 
U.S. Department of the Interior 
959 National .Center 
Reston, VA 22092 

Dr. Martin S. Tierney 
Environmental Assessment 
Division 4514 
Sandia Laboratories 
Albuquerque, NM 87115 

Dr. Newell J. Trask, Geologist 
U.S. Department of the Interior 
Geological Survey 
Reston, VA 22092 

Dr. Paul Witherspoon and Staff 
Earth Sciences Division 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, CA 94720 

In addition to these reviewers, the Office of Nuclear Waste Isolation 
(ONWI), wh;ch manages the research, development, design, and selection of salt 
dome nuclear waste repositories for the U.S. Department of Energy and which is 
the sponsor for AEGIS, assembled an ~~ group (ONWI Task Force) for the 
review of the working draft of PNL-2955. This group was led by Dr. C. Ping 
Chen" ONWI, Battelle Memorial Institute, 505 King Avenue, Columbus, OH 43201, 
and consisted of ONWI staff, contractors, and consultants. 

EXTERNAL REVIEWERS' RESPONSES TO QUESTIONS 

The comments from all the external reviewers were grouped according to 
the nine questions asked in the transmittal letter, and responses were pre­
pared by AEGIS. In addition, many other general and technical comments were 
received, which are also summarized in the next section. Other comments not 
discussed below related to changes in the text that have been made for this 
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final version or relate to very technical questions now are under consid­
eration by AEGIS staff in the continued methodology development. 

Question 1: Is the overall approach in this report appropriate for 
evaluating the long-term effectiveness of a nuclear waste repository? 

Of the 22 comments received from the external reviewers, 16 either 
directly answered this question or the answer was inferred from the content 
of the overall response. "Of those, 14 answered that the overall approach is 
appropriate, although many responses were qualified. 

Question 2: Were the potential natural breach scenarios treated 
adequately? 

Only eight commentors either specifically addressed this question, or had 
comments from which a position could be inferred. All eight answered yes, 
though again with some qualifications. 

Question 3: Is the human intrusion scenario credible? 

For this question, eight responses were yes; two were no. 

Question 4: Are the mining operation scenario assumptions appropri­
ate? Are they conservative or nonconservative? 

For this question, seven answered yes; three answered no. 

Question 5: Have the draft EPA criteria been interpreted correctly in 
the development of the scenario~ 

In evaluating this quest10n, it should be understood that the regulations 
appl1able to nuclear waste disposal are in the development stage." Thus, the 
drafts available to AEGIS at the time of this work have been supplanted by 
differing, more recent drafts. 

The EPA (oral) response was that while the draft standards have changed 
in the interim, the interpretations AEGIS did of the contemporaneous standards 
were definitely appropriate. 

Of the written comments received, only five addressed this question, four 
answering yes. 
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Question 6: Is ft approprfate to assume complete loss of instftutional 
control or memory after 100 or 1000 years? 

This question received different answers for the two time periods. 
For 100 yr, seven responses were yes; five were no. For 1000 yr, eight 
were yes and three were no. 

Question 7: Is it appropriate to take no credit for the use of passive 
markers at the repository site? 

For this question, seven responded yes, three no. In addition, one 
reviewer said yes for 1000 years, but no for 100 years. 

Question 8: Is it appropriate not to include engineered barriers in a 
base case analysis? 

A total of eight reviewers responded yes to this question, four 
responded no. 

Question 9: Is it appropriate to assume no monitoring and/or discovery of 
radioactive materials by a future humanity which intrudes into the repository? 

This question resulted ln fewer comments than the others. Six 
. re~ponded yes, four no. 

SUMMARY TO QUESTION RESPONSES 

The specific questions put to the revfewers provided a focus for their 
positions. Responses varied from as few as seven direct answers to as many as 
fifteen. The .consistent pattern among those responding to the questions was 
support for the assumptions and approach used in this study. Only a single 
reviewer was consistently, strongly negative about the AEGIS approach and the 
specifics of the human intrusion analysis, but he was equally negative about 
the regulatory considerations and about having to worry about the nuclear waste 
at all once it was emplaced. This overall positive review must be tempered in 
that, as one reviewer said, the results of a Delphi process can be dependent 
on the particular experts involved, a similar situation exists for the peer 
review of a complex, multi-disciplinary work such as this one. Nevertheless, 
th1s peer review can be interpreted as an acceptance of the overall approach 
of the AEGIS program at its current state of development. 
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EXTERNAL REVIEWERS' ADDITIONAL COMMENTS 

Most of the external reviewers provided comments in addition to those 
specifically pertaining to the questions addressed to them. Included in this 
section are summaries of these comrnments received. Comments relating to 
specific items that were changed from the review document to this final report 
and comments of a highly technical nature, which are undergoing further 
consid- eration by AEGIS staff, are not includ~d in this section. Also not 
included here are comments pertaining to the DOE or ONWI programs beyond th~ 
scope of AEGIS or of this report. 

The comments presented below are mostly verbatim from the commenters, 
although occasionally they represent summaries or paraphrases of the specific 
comments received. Responses to many of these comments have been provided by 
the AEGIS and WRIT staffs. The comments have been grouped according to topic 
area. 

Topic - Human Intrusion Into A Nuclear Waste Repository Located In A Salt Dome 

Comment 

• As a general conclusion, the task force has determined that the 
PNl-2955 report does not represent a sufficiently rigorous technical 
justification for determining that solution mining intrusions inher­
ently result in credible and unacceptable consequences. This jus­
tification awaits development. PNL-2955 does provide a highly 
conservative, first-cut, rough assessment, however. Had the results 
been acceptable, further consideration of solution mining intrusions 
would be unwarranted. 

AEGIS Response 

• The intent of the AEGIS analyses was to demonstrate current tech­
nology under development for the licensing process. Available site 
specific data and generally conservative assumptions were used to 
complete the analyses on schedule. We believe the work does success­
fully meet that intent. The numbers might vary with improved data. 
But, lacking total reliance on information transfer and/or on 
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engineered barriers for extremely long periods of time into the 
future. the conclusion is sound that there is a potential for . . 
substantial adverse consequences from human intrusion by solution 
mining into a nuclear waste repository located in a salt dome. This 
potential is sufficiently high for human intrusion into a salt dome 
to be evaluated in the actual licensing process. 

Comment 

• We agree with thediscuss10n of future alternative uses of salt 
domes. This generic characteristic of salt domes is one of the 
potentially adverse conditions identified in the drafts of NRC's 
Technical Criteria of 10 CFR 60 Subpart E. This should be con­
sidered in comparing salt domes against alternative media before a 
site is selected. 

AEGIS Response 

None. 

Comment 

• We agree with the statement that lithe geology of the salt dome pro­
vides no barrier to the human intrusion scenario; indeed. salt domes 
are very localized. attractive resources. enhancing the likelihood 
of human intrusion." The protection offered by a multiple barrier 
approach is diminished by removing the natural barrier~ 

AEGIS Response 

None. 

Comment 

• One of the geologists on the NAS-NRC panel that recommended nuclear waste 
disposal in bedded salt told me they d1d not consider human actions in 
the1r stud1es. Scenar10s 1nvolving human actions. such as solution min­
ing. are 1mportant contributions to the field of nuclear waste d1sposal. 

AEGIS Response 

None. 
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Comment 

e It is reasonable to assume that markers' can be emplaced at the 
repository that will communicate its hazard to subsequent genera~ 
tions. These markers could in some cases provide a basis for 
further controls. 

AEGIS Response 

e Such passive information concerning a site and its hazards should not 
be considered to be perfectly effective for the indefinite periods 
of time (hundreds of thousands to millions of years after closure), 
which would be needed before the consequences of an inadvertent 
human intrusion, such as the one presented in this report, could be 

, 
not severely adverse to the general population. Secondly, credit 
for such information transfer was not taken into account in this 
study, since the influence of passive markers would be on the 
likelihood of intrusion, not on the consequences subsequent to the 
intrusion. This work did not include analysis of the probability of 
specific human intrusio~ scenarios~ since there is little basis for 
such probability estimations. Rather, a qualit~tive decision was 
made as to whether or not a human intrusion scenario, exemplified by 
the particular scenario here, is plausible and credible. 

Comment 

e .. A solution mining intrusion of some type may be a credible event in 
the absence of controls to promote societal awareness and should be 
addressed in a safety analysis for a repository in salt. 

AEGIS Response 

e Even if controls exist to promote general societal awareness, human 
intrusion can still occur unless the site itself is under active 
control. Thus, although information may be in place in archives or 
elsewhere in the region of the repository as well as distributed 
throughout the world, for that information to preclude human intru­
sion into a repository located in a salt dome, there would have to 



          

          

         

          

           

         

       

          

        

        

          

       

          

          

        

        

       

        

           

         

         

         

        

        

         

         

         

          

            

          

       

be some degree of physical control at the site itself. Physical 
control itself acts as some 1nformation and would provide the incen­
tive to seek further 1nformation before proceeding with an intrusive 
activity. However, consider the recent example of a Gulf Coast salt 
dome which had an oil well intercept a known and currently operating 
salt mine facility. The fact that this underground activity was 
intruded inadvertently by resource exploration activities provides a 
dramatic case in point of the non-transfer or non-'use of infonnation 
which was important, even though institutional controls were obvi­
ously in place at the time of this event. 

An additional point pertinent to this and the previous comment is 
that- as the apparent protective usefulness of information decreases 
overtime, the maintenance of that information or the reliance on it 
may well diminish. As an example, the information of what naturally­
occurring plants are poisonous probably passed over many generations, 
even before the existence of written records and information systems, 
because such information was selectively advantageous and provided 
protection to the existing societies. Currently, however, in this 
country the knowledge of such plants is not widespread, as it rarely 
affects a society that consumes packaged food products and has 
developed widely available antidotes. As the apparent need for the 
infonnation lessened, the information was lost in a practical sense 
for individuals in the society, although such information certainly 
exists in various, widely distributed locations, such as libraries. 
Simnarly, as the time elapses over several .generations after all 
nuclear wastes are disposed of and, therefore, are of nO'.1lm1ediate 
threat, the value to societies of information about them will 
diminish. 

Canment . 

• The interpretation of "loss of institutional control" as a complete 
loss of societal memory after only 100 yr is, in our opinion, unrea­
sonably conservative and not consistent with the intent of EPA. This 
point needs to be considered and clarified further. 
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AEGIS Response 

• The interpretation of "10ss of institutional control" used ~ a 
correct interpretation of the EPA draft standards available at the 
time of the working document, according to EPA staff developing the 
standards. Subsequent EPA drafts refer to a less conservative posi­
tion, where only active institutional controls of a site cannot be 
relied upon past a given time. However, this issue of active versus 
passive institutional controls remains unresolved currently. Should 
there be a prohibition against reliance on active institutional con­
trols only (after 100 yr), it remains unclear what impact that would 
have on the AEGIS analyses, since there is no guidance on how much 
reliance could be placed on passive controls, or for how long. The 
comments and responses presented above are also germane. 

COOII11ent 

• The solution mining scenario in this report may be bounding from an 
initiating event and single scenario occurrence view, but it is not 
bounding for long-term considerations. The results of the report 
indicate that at the end of the SO-yr operational solution mining 
scenario, about 95% of the nuclear waste remains unleached in the 
salt dome. In fact, this scenario exposes the waste and makes it 
more vulnerable to future release mechanisms. Repeated occurrences 
of solution mining or other activities would cause additional and 
potentially large releases and ~ hazard over a much longer time 
period. We conclude that assessments should consider cumulative 
releases from multiple or repeated scenarios over the 10,000-yr 
period. 

AEGIS Response 

• We agree with this comment, although time constraints prevented such 
analyses. Such analyses would be done if this were an actual nuclear 
waste repository site assessment. 
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Comment 

• We disagree with the omission of analyses of the consequences of 
human intrusion other than solution mining. The unsupported conclu­
'sion that the solution mining scenario is both ~ore plausible and 
consequential is insufficient justification for not assessing the 
probabilities and consequences of other types of human .intrusion. 
Therefore, add additional human intrusion scenarios, e.g., the use 
of the salt dome for a hazardous chemical waste disposal facility, 
strategic petroleum reserve, or exploration for other natural 
resources. 

AEGIS Response 

• We do not propose that the specific human intrusion scenario is the 
most plausible such scenario that can occur for a salt dome r~posi­
tory. Other human intrusion scenarios might occur with greater. fre­
quency. Further, we dO.not believe that reasonable estimations can 
be made for particular human activities far into the future. 

The specific scenario presented here is not predicted necessarily to 
occur. Rather, the scenario is offered as being a reasonable-to­
conservative representative of the class of human intrusions involv­
ing remote controlled removal of salt, at least part of which would 
be consumed by the general public. We believe that class of scenar­
ios is very. plausible, certainly enough so that it warrants conse­
quence analyses. 

Also, that class of scenarios appears to be the most consequential, 
primarily because the vector of exposure to humans is essentially 
direct consumption of part of the nuclear waste •. Other human intru­
sion scenarios-would be further considered in an actual site assess­
ment, including those involving remote removal of salt for purposes 
other than direct salt consumption, such ·as for storage of other 
materials in the mined cavity. However, we believe the analyzed 
scenario is, as a class, bounding to other human intrusion scenario 
classes, even though they are .a1so very plausible classes. Certainly 
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if the particular scenario class analyzed here could be precluded or 
the consequences mitigated to acceptable levels, then other human 
intrusion scenarios would have to be analyzed. 

Comments 

• Although other human intrusion scenarios appear not to be worst­
cases, they should not be precluded from further investigation. 

It might be useful in future work to calculate the consequences for 
a range of human intrusion scenarios, so that a spread of outcomes 
is apparent even without relying on probabilities. 

AEGIS Response 

• See response to preceding comment. 

Comment 

• Similar scenarios, albeit based on different motivations, may be 
credible in other geologic media besides salt. 

AEGIS Response 

• Similar solution mining scenarios may be credible in geological media 
other than salt. However, the likelihood of occurrence in other 
media is significantly lower compared to that for salt domes, even 
for the other salt medium under consideration, bedded salt. This is 
because of the spatial distribution of bedded salt compared with salt 
domes. Bedded salt is relatively uniformly distributed in continuous 
formations over very extensive areas. The result is that intrusion 
into a bedded salt located at random has a low probability of inter­
cepting a repository. That probability can be reduced consider-
ably further if the bedded salt repository 1s located 1n an area of 
reduced resource value compared with the bedded salt region in gen­
eral. By contrast, salt domes are essentially point sources over a 
region of very limited extent and number. Thus, regionally in the 
Gulf Coast, if one is to exploit a salt medium, there are only a few 
hundred such areas available, and even fewer with the characteris­
tics inviting exploration (especially the rather shallow depth salt 
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domes which coincide with those under consideration for nuclear 
waste repositories). Further, given that a salt dome containing a 
repository is to be exploited, the likelihood is very high of inter­
cepting the repository itself; it would be difficult not to hit the­
repository considering its areal extent relative to the salt domes's 
size, and considering its depth. 

The extent of a human intrusion solution mining breach into a non­
salt medium would be significantly reduced or nonexistent, since the 
non-salt media under consideration are far less soluble than salt. 
And, importantly, the other geological media are not edible. 

Scenarios not involving solution mining as the intrusion mechanism, 
in media other than salt, will likely be addressed in assessments of 
the effectiveness of repositories in those medh but are beyond the 
scope of this document. 

Ccmnent 

• In a report by Johnson and Gonzales (1978) it was stated that of 
150 salt domes potentially suitable for a HLWrepository in the Gulf 
Coast region, 95 have to date undergone industrial development. This 
means that in the approximately 100 yr of geotechnical activity, 66% 
have been drilled into. It follows that within 100 yr after the 
location of the repository is forgotten, the chances are about two 
out of three that our descendents will drill into the salt dome ho'st­
in9 a given repository. In 300 yr, the chances are 95% for a human 
activity which could jeopardize the integrity of this disposal site. 
Consequently, I urge DOE to abandon salt fonnations from its consi­
deration as quickly as pOSSible, before more funds, and even more 
importantly, more public confidence have been expended in nursing 
this non-viable option. 

AEGIS Response 

None. 
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Comment 

• Exception is taken to the rationalization that the probabilities of 
human-induced repository breaches cannot be quantified. There is 
sufficient documented past experience with solution mining of salt 
domes that an estimate of the probabilities can be calculated. 

AEGIS Response 

• We do not feel that the probability of a specific scenario, for 
which consequence analyses are performed, can be estimated with any 
degree of certitude. On the other hand, the rate of use of salt 
domes in the Gulf Coast certainly suggests that human intrusion into 
a salt dome is highly plausible. 

Comments 

• The probability of human intrusion must equal one, since you cannot 
assume any other probability distribution, because you cannot defend 
any other probability distribution. 

• A number of mechanisms exist that can reduce the likelihood and 
postulated consequences of the scenario. A defense-in-depth 
philosophy can be adopted. 

AEGIS Response 

• .There is no disagreement with these statements, except that they 
should be qualified somewhat. Reduction of the likelihood of a 
human intrusion scenario may be realized by certain measures; how­
ever, it is very unlikely the probabilities can be reduced to the 
point where such human intrusion scenarios become both incredible 
and unreasonable and, therefore, do not have to be considered. 

Comment 

• It is an important assumption that no human mitigation is assumed or 
allowed. Why shouldn't one allow human mitigation? 
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AEGIS Response 

• The possibility of some activities by the extant population mitigat­
ing the consequences of the human intrusion certainly exists. Such 
actions would require the population to be cognizant of the cause of 
recognized adverse health effects. If that were the case, then pre­
sumably the solution mining would cease, and perhaps some additional 
measures would be taken, such as to identify and dispose of contamin­
ated inventories of salt, to decontaminate the faci11t1es, to detox­
ify the population, and so on. 

However, to assume that those activities would occur, in performing 
an analysis like this, is to rely upon the activities of a future 
population as providing a major barrier to the nuclear waste. This 
is inconsistent with the whole pupose of a nuclear waste repository, 
which is to isolate contemporary wastes so that distant generations 
will not have to be burdened with them. Such an assumption is also 
inconsistent with the requirement of nonreliance on institutional 
controls beyond the near term. Further, a population could reason­
ably have a technology capable of a solution ~ining intrusion but 
not be cognizant of the hazards of radioactivity. That such a soci­
ety could exist is demonstrated by the fact that it did exist at the 
beginning of this century. In performing these kinds of analyses, 
reliance should not be placed on the future conti nuation of a tech­
nology that is very newly developed and may not persist, for a wide 
variety of possible reasons. 

It should be recalled that calculations are presented in this 
report (although not in the working document,. to which the conments 
referred) that indicate that the doses to the solution mine operators 
from inhalation and external exposure would not be high enough to 
cause early detection of the brine's hazard. It would seem likely, 
however, that if this scenario were to occur only 100 yr after 
closure, the dose burdens to the consumers of the culinary salt 
would be so high as possibly to lead to a recognition of the 
contaminant. In that case, mitigation by direct human actions 
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would seem more likely. But it should be recognized that the 
mechanism triggering such human mitigation would be the severely 
adverse impacts on the health of a general population. 

Comment 

• The human intrusion analyses should be expanded to show health 
effects and monetary costs. My estimates are enclosed. For cost­
benefit comparisons, using the OMS (NRC) value of Sl,OOO/man-rem 
avoided gives estimates of up to $1.6 x 1014, more than the value 
of the energy produced. 

AEGIS Response 

• It is outside the scope of AEGIS to determine cost-benefits or to 
determine specific health effects. AEGIS is designed to evaluate 
the plausible scenarios of nuclear waste repository disruptions, and 
the quantities and concentrations of radionuclides subsequently 
released to the accessible environment. This is in accord with the 
current versions of the regulations being developed by EPA and NRC. 
In addition, AEGIS does, where appropriate, evaluate the dose bur­
dens which could be incurred by the population existing at the time 
of the release to the accessible environment. Those doses can be 
compared with natural baCkground, to provide perspective on the 
severity of the consequences. 

Comment 

• Introduction of anomalous materials into the repository could, by 
several means, announce the hazard. Candidate materials can be iden­
tified, but further research on their performance is warranted. This 
approach should not be required, but is an option that is available. 

AEGIS Response 

• We agree that study should be given to the development of engineered 
factors which could cause the intruding population to terminate oper­
ations earlier than otherwise would be the case. On the other hand, 
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reliance should not be placed on such alerting mechanisms, since pre­
dicting their reliability and predicting the specific response to be 
made by the intruders for the time frames for which human intrusion 
is dangerous (in the million-year-plus time frame) is fraught with 
great uncertainty. As with passive information systems designed to 
reduce the likelihood of intrusion in the first place, we believe 
these and similar measures would be useful measures to be taken in ---
addition to the defense-in-depth approach to nuclear waste isolation. 
However, we do not believe such information measures could be demon­
strably reliable for them to be considered barriers unto themselves. 

A second pOint is that an anomalous material with respect to one use 
of the salt in a salt dome may not be cause for termination of use 
of the salt dome for another purpose. For example, noxious or 
strangely colored inclusions in the brine is an approach mentioned 
for this anomalous material notification system. That might cause 
an intruder not to use the brine for culinary purposes. On the 
other hand, an intruder who is solution mining to develop a cavity 

-
for petroleum storage, a common current practice, might be totally 
unconcerned about such a phenomenon. He might'then proceed with the 
operation, merely dumping the unusual brine into surface water or 
aquifer systems, where other vectors could 'lead to the radionuclides 
coming in contact with the general population. 

A third point is that such anomalous indicators could reasonably 
result in the piqued curiosity of the intruders, increasing the 
exploration of the salt dome. 

Finally, the scenario analyzed in this report represents the bounding 
class of human intrusion scenarios, quantified in a conservatively 
representative way, in which contaminated salt is directly consumed 
by a general population. Other classes of scenarios'exist which 
were not considered here but which would have to be addressed in an 
actual s1te assessment. Among those is the class where a human 
intrusion exists that degrades the integrity of the repository but 
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does not necessari1y_ immediately result in the release of radionu­
elides to the surface. Here, if an anomalous indicator were present, 
solution mining would have occurred, opening up pathways for subse­
quent ground-water intrusion into the soluble host medium, even if 
that solution mining were to cease upon recognition of the anomalous 
material. For salt domes currently existing that have had a pre­
vious history of some human exploration, these are now excluded 
from further consideration for use as a nuclear waste repository 
(cf. Patchick 1980), because the primary barrier (the salt dome) has 
been compromised. It would not seem reasonable to consider that a 
repository in a salt dome, which was briefly intruded but which 
intrusion terminated because of some anomalous indicator, would be 
considered acceptable as a repository for all times subsequently. 
In this sense, the indicators would become a barrier briefly, but at 
the expense of the primary barrier thereafter. It s~ou1d be kept in 
mind that multiple intrusions over the first 10,000 yr, and 
obviously over the million years or so of hazard, are likely. 

Topic - Solution Mining Scenario 

Canments 

• Solution mining technology has undergone rapid sophistication in the 
past two decades. For a solutiQn mining intrusion that is high­
production, long-duration (such as that posulated in PNL-2955), the 
technology required includes expertise in geologic investigations, 
rock mechanics, process chemistry, sophisticated instrumentation, 
metallurgy, fabrication processes, and materials science. This is 
not "unsophisticated" technology • 

• The postulated solution cavern geometry is inconsistent with assumed 
production rates and operational periods. Conversely, the assump­
tion of large production of salt over an extended period implies the 
need for the technology of present practice, namely, controlled 
production of elongated frustums of cones of controlled diameter. 
Adoption of an internally consistent set of assumptions will sig­
nificantly limit the source term of the scenario. 
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AEGIS Response 

• These two comments represent a valid criticism of the original AEGIS 
analysis in that the scope of the solution mining activity as 
presented in the working document seems to be inconsistent with the 
lack of sophisticated control over the cavern geometry. The pre­
sumption is that an intruder with the sophisticated technology 
required for such extensive salt brine extraction would be able to 
detect the existence of the nuclear waste repository, or, failing 
that, would develop a relatively narrow conical cavity which would 
intercept a smaller fraction of the nuclear waste repository. 

There are two separate aspects to this point, however. First, as 
the commenting group suggested, solution mining practices have 
markedly changed in the last several years. The logical extension 
of that fact is that the solution mining practices of 100 yr from 
now, 1000 yr from now, or far longer into the future, will be 
markedly changed from the current practices. Thus, developing a 
scenario which is rigidly linked to today's cavern development (as 
opposed to a considerably different such development of the 1950's, 
for instance) cannot be relied upon as providing protection from 
human intrusion far into the future. 

The AEGIS policy is, to the greatest extent possible, not to rely 
upon specific levels of sophistication of technologies to limit the 
occurrence or extent of a human intrusion event, but, rather, to 
limit such intrusions by the characteristics of the physical system 
itself. Thus, the question of the "size and shape of the original 
solution mining cavity should not be "is that what current mining 
practices would do?" Rather, the question is "what geometry of cav­
ity can the salt dome allow?" The bounding scenario should be based 
on the physical bounds, not on the current specific, controlled tech­
nologies. After all, even today not all cavities are governed by the 
state of the art in cavern geometry control. Thus, predicting the 
optimal (least interception of the repository) geometry, based on 
current controlled practices, into a future with totally uncertain 
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technologies does not provide the requisite conservative analysis of 
human intrusion by solution mining into a salt dome. If it could be 
demonstrated that the size and shape of the original cavity proposed 
in this report could not physically occur, that would be adequate 
grounds for reducing that scenario. 

The second point concerning these corrments is that there is an 
appearance of an inconsistency between the scale of the solution 
mining operations and the assumptions about the population not nec­
essarily having a sophisticated technology base. To address this 
inconSistency, this revised report indicated that an altered sce­
nario, using the much more realistic assumption that most of the 
brine goes to culinary uses, could involve a greatly reduced scope 
of the solution mining operations. In this scenario, having all of 
the brine go to culinary uses would increase the dose burdens to the 
consuming individuals by 30-fold, since the original assumption was 
for only 3% of the brine to be consumed. That 3% value was based 
upon the total quantity of brine of all qualities produced in the 
U.S. divided into the total culinary salt consumed. However, prac­
tices at current culinary salt mines in salt domes are for most 
(80%-90%) of the salt to be consumed, since the salt domes are 
sources of very pure salt. Offsetting that increase and eliminating 
the inconsistency, the size of the solution mining could be reduced 
by 30-fold, resulting in precisely the same dose to individuals and 
populations as calculated in this report, with an operation whose 
scale could have readily been achieved with a technology far less 
sophisticated than currently used. 

Canment 

• Sophisticated analytical tools are currently available that predict 
solution cavern growth. These tools benefit from large amounts of 
empirical data, and are sufficiently flexible to allow modeling 
preferential dissolution of unconsolidated areas. 
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AEGIS Response 

• The difficulty in using such cavern geometry models is that the 
results are intimately linked to the specifics of the mining acti­
vities (e.g., particular flow rates, relative positions of influent 
and effluent pipes, time and frequency of reversing the water flow) 
Solution mining technology has undergone significant alteration in 
the last several decades, suggesting that predict10n now of very 
specific technical activities occurring in hundreds or thousands of 
years into the future is fraught with uncertainty. In an analYSis 
of human intrusion, the consistent aim of AEGIS is to limit the 
nature of the breach by the constraints of the physical system, 
rather than to rely on a very specific set of technical activities. 

Conment 

• Solution mining is today in the U.S. a declining source of salt pro­
duction, principally for economic reasons. 

AEGIS Response 

• The rate of utilization of salt domes by solution mining 1s on the 
increase, largely in providing storage cavities (cf. Griswold 1980). 
While a human intrusion by solution mining might be for reasons other 
than culinary salt (e.g., cavity production for storage of wastes or 
hydrocarbons, chlorine production), some of the resulting brine could 
still go to culinary use. Further, vectors exist for doses to humans 
other than by direct consumption. In any event, a solution mining 
intrusion would result in transport of the radioisotopes to the 
accessible environment. 

Conment 

• For normal drilling technology associated with starting a solution 
mining operation, it is doubtful that peculiar conditions in the 
repository (e.g., elevated temperatures) would be either noticed by 
or cause for alarm in the dr1lling crew. Put another way, the exis­
tence of the repository will not be obvious as a result of random 
drilling. 
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AEGIS Response 

None. 

Comment 

• Domes that are relatively near the surface will be more prone to 
solution mining than domes that are deeper. Deep placement of the 
repository within a shallow dome may be just as effective, but 
further study is required. 

AEGIS Response 

None. 

Comment 

• The scenario does not consider dynamic processes going on inside the 
solution cavern. Specifically, deposition of anhydrite and other 
impurities (including spent fuel assemblies) will occur at the base 
of the cavern in a sump region. The phenomenon of reburial of 
exposed fuel by subsequent anhydrite deposition is not considered 1n 
the'present form of the scenario. 'The effect of considering this 
phenomenon will be to limit the availability of nuclides to the 
brine solution for leaching. Once reburied in the sump, nuclide 
release will most likely be controlled by porous medium diffusion 
processes. 

AEGIS Response 

• Such near-field considerations were outside the scope of the program 
at the time of the analyses. However, calculations have shown that 
for the geometry of the cavern in the base case scenario, the layer 
of anhydrite at the bottom would not cover the nuclear wastes. For 
other cavern geometries, the anhydrites could provide at least a 
partial reduction in the surface area of the wastes available for 
dissolutioning. Even in that case, however, since the source term 
was based on a solubility limited situation, such a reduction in the 
surface area exposed for dissolutioning would have to be below a 
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very small fraction (1.5%) of the potential surface area to begin to 
provide a reduction in the amounts of isotopes delivered to the 
accessible-environment. 

Conment 

• For solution mining scenarios. one would have to indicate whether or 
not there is sufficient non-saline water there to allow the solution 
mining operation. 

AEGIS Response 

• The amount of water calculated in the original scenario development 
as being needed to deliver the assumed amount of salt produced is 
approximately 1400 gpm. This quantity is very small compared to the 
available water in the surface systems and near-surface aquifers at 
the Hainesville area. Further. even if that water were not avail­
able. seawater' could be used (i.e •• non-saline water is not 
required). Seawater is used in some solution mining operations. 
requiring somewhat greater volume because of its reduced efficiency 
in dissolving the salt dome. The insufficient availability of 
solution mining water might limit or preclude such activities in 
qlJite arid regions. far removed from large bodies of water. Such a 
situation does not apply to the salt domes under consideration for 
nuclear waste repositories. 

Conment 

• It seems too conservative to assume that the salt mine operates for 
50,yr without detection of the radioactive wastes. 

AEGIS Response 

'. The 50-yr period was chosen as being representative of the lifetime 
of salt mines in the U.S. Mines of longer and shorter duration fre­
quently exist. Thus. the assumed value is somewhat arbitrary. That 
the lifetime of the salt mine could be realized before discovery of 
the mine as being a source of adverse health effects would be highly 
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dependent on the nature of the monitoring technology extant during 
those 50 yr, the nature of the distribution systems, the nature of 
the social systems, and so on. 

A key factor in this is the time after closure at which the human 
intrusion occurs. Should the event happen after only 100 yr, the 
health effects might be so severe that they could be traced to the 
solution mine, and the operations would terminate. At later times, 
however, the health effects might take considerably longer to become 
manifested, resulting in a greater degree of difficulty in identify­
ing the source. Also, consider that the sources of most of today's 
cancer cannot be specifically identified, even in locales where the 
incidence of specific cancers greatly exceeds that of a national 
average. It is conservative to assume no detection of the contami­
nation, but we do not believe it is excessively conservative. 

Comment 

• Technology is available today to measure impurities such as radio­
nuclides at the ppm and ppb levels. Analysis of salt products is 
becoming increasingly sophisticated in response to consumer demands. 

AEGIS Response 

• To the best of AEGIS' determination, solution mining activities for 
salt today are not monitored routinely for radioactivity. It does 
not seem reasonable to rely on such monitoring indefinitely into the 
future as a means of mitigating the consequences of a human intrusion 
into a salt dome. 

Comment 

• It is too conservative to assume the solution mining cavity will be 
located primarily in the repository zone. 

AEGIS Response 

• The physical nature of salt domes limits the depths for solution 
mining activities. If the mine is too shallow, there is an insuf­
ficient dome above the cavity to support the weight of the overlying 
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,..... sediments, and collapse ensues. If it is too deep, the rates of 
salt creep make it very difficult to maintain a cavity. Thus, the 
depths of the solution mine are bounded by the same factors which 
control the placement of a nuclear waste repository. In addition, 
repositories in salt domes as currently envisioned cover. a large 
part of the salt dane's areal extent, increasing the opportunity for 
intrusion into the 'repository when the salt dome is intruded. 

A second point is that the effects of excavating the repository and 
the effects of the wastes having been in place for 100 yr, 1000 yr, 
or longer would suggest an increased proclivity for dissolutioning 
in the vicinity of the repository. 

Also, as discussed above, there is no physical reason why the cavity 
could not occur as presented. Evidence has shown one salt dome in 
the Gulf Coast to have a solution-mined cavity of lens shape, 
similar to the one here. 

Finally, it should be recalled that after exposing only about 1.5% 
of the spent fuel surface area in the repository, the quantity of 
radionuc11desde11vered to the surface does not increase upon expos­
ing a greater surface area. (This is because of the assumptions of 
uranium solubility limits of 6 ppm and of congruent dissolution1ng 
of the spent fuel particles.) Thus, the assumption of the cavity 
occurring in the repository zone does not have an impact on the dose 
burdens, after only a small portion of the spent fuel surface area 
is contacted by water. 

COllJ1lent 

• As· the scenario is described in PNL-2955, the nuclides may not be 
affected at all if preferential dissolution of backfill occurs. The 
drifts should be affected first and these are separated from the 
nuclides. 
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AEGIS Response 

• The AEGIS analyses did not rely on preferential dissolutionlng; 
rather, to be conservative, the volume of rock affected by the solu­
tion mining operation was chosen to conform to the overall extent of 
the mined repository. Certainly a scenario could be envisioned in 
which the cavity never breaches the repository (although, because of 
depth considerations and the lateral extent of the repository in the 
salt dome, this is unlikely). By the same token, a scenario could 
be envisi.oned of intrusion into an adjacent salt dome that does not 
even have a nuclear waste repository. Neither case would be very 
instructive to the question of what are the consequences, based on a 
conservative analysis, of a human intrusion by solution mining into 
a nuclear waste repository located in a salt dome. Also, see the 
response to the previous comment. 

Comnent 

• It is stated that only 61% of the repository would be exposed by the 
mining operation. It would seem to be much more realistic to expect 
that the incompletely homogenized passageways of the repository would 
channel the brine flow such that about 100% could be so exposed. 

AEGIS Response 

• Such near-field analyses of the specific channelization of the disso­
lutioning are beyond the scope allowed AEGIS in this analysis. How­
ever, as discussed above, exposing 100% versus 61% or even 1.5% of 
the surface area of the spent fuel would not result in any higher 
doses to the individuals consuming the salt. 

Comment 

• The solution mining scenario is not confined to salt domes. Solution 
mining is common in bedded salt today, and defending against such a 
scenario may be easier in domes that in bedded salt. This is bal-

. anced by the observation that the probability of occurrence may be 
higher in domes as they are readily identifiable geologic structures 
of limited extent. 
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AEGIS Response 

• Solution mining in bedded salt formations will not lead to the com­
plete utilization of those geological formations in any foreseeable 
length of time. On the other hand, solution mining in salt domes 
will lead to their complete exploitation in the next few centuries, 
based on current trends. Saying the "probability of occurrence may 
be higher in domes" is a considerable understatenent. 

The key difference to keep in mind between salt domes and bedded 
salt are their spatial extents. Bedded salt extends continuously 
over large areas. Indeed, the Louann salt bed, from which the 
Hainesville and other Gulf Coast salt domes evolved, extends for 
tens of thousands of square miles. On the other hand, salt domes 
extend upward as a limited number of pinpoints on a landscape of 
that scale. 

Further, given that a salt dome is to be exploited, it is almost 
certain the repository would be intercepted. By contrast, given 
that a bedded salt basin is to be exploited, it is highly unlikely 
that a randomly located repository would be intercepted, and even 
less likely if a bedded salt repository were deliberately located to 
avoid resource utilization. 

Ccmnents 

• Solution mining can also be used in salt beds, with very little 
change in other parts of the scenario. Accordingly it would be use­
ful to slightly expand the sections dealing with human intrusion 
scenarios to include salt beds as well as salt domes. 

AEGIS Response 

• This analysis represents the first full reference site assessment of 
a geological medium under consideration for nuclear waste repositor­
ies. Salt domes were chosen because they were most advanced with 
respect to locating a site and with respect to data availability. 

12.31 



         
           
     

            
          
          

 

           

            
        

 

          
          

         

          
           

           
      

 

             
        

        
           

          

• 

Other reference site analyses are being completed by AEGIS, including 
for basalt and bedded salt repositories. It is beyond the scope of 
this document to discuss those analyses. 

Comment 

• In the process of solution mining, a residual pocket of lower solu­
bility material may accumulate in the bottom of the brine cavity. 
There is a very small but finite chance that criticality might 
develop. 

AEGIS Response 

• It is beyond the scope of AEGIS to consider criticality effects. 

Comment 

• A chemical analysis of the different halites in the salt dome would 
be useful, since concentrations of impurities may have important 
effects. 

AEGIS Response 

• Since this was a reference site analysis, such determinations were 
not made. If this were an actual site assessment, that information' 
would be acquired, 'although by contractors other than AEGIS or 
WRIT. 

Comment 
, 

• Domes with relatively high levels of anhydrite and other impurities 
will perform better than domes with low levels of impurities in terms 
of limiting nuclide release to the brine solution and be less likely 
used as a source of culinary salt. 

AEGIS Response 

• It seems unlikely that there would be present in a salt dome enough 
impurities that are highly sorptive that could significantly alter 
the concentration of radionuclides in the solubility-limited (for U) 
brine of the scenario. The likelihood of utilization of such a salt 
dome increases as time continues and as fewer nonutilized salt domes 
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remain. However, highly impure salt could require additional pro­
cessing which could inadvertently process out more of the radionu­
clides contaminating the brine before their distribution in culinary 
salt. Nevertheless, those removed radionuclides would still be in 
the accessible environment and subject to impacts on humans and the 
environnent. 

Ccmnent 

• The lack of sound information on possible near-field effects of the 
solution mining process is unfortunate. There was no discussion of 
possible thermal effects in a heat gradient from the repository. 

AEGIS Response 

• AEGIS was not provided with information concerning the near-field 
characteristics of the salt dome. AEGIS was excluded from consider­
ing the repository-.and waste-induced effects. 

Topic - Dose Calculations and Assumptions 

Comments 

• I found the ·inattention to the other 97% of the brine was worrisome; 
the argument for what happens to this should have been worked out a 
little further. 

• Leaving 97% of the wastes dangling is not a good idea. If one finds 
such difficulty in 3% of the salt, then what sort of problems can 
one find with the rest. 

• It should be stressed that the 3% limit for culinary consumption is 
quite arbitrary. A conservative assumption would be that .all .of the 
salt produced from that salt dome would be sold for this purpose, 
thus increasing the radiation exposure 33-fold. 

• Is the 3% fraction true for each solution mining activity, oris­
this an average over the entire salt mining industry? Could one 
find solution mining where no salt was used for table purposes? 
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AEGIS Response 

• In response to these four comments (and other similar ones received), 
we would have treated this parameter differently, were we to do the 
original analyses now. The 3% factor came from taking the total 
quantity of salt produced in the U.S. d1vided into the total quan­
t1ty consumed as cu11nary salt. (This procedure was based on 
calculations presented in the CWMS 1980 document.) Direct ingestion 
of contam1nated salt is the most obvious and consequential vector 
for health effects to a general pub11c; hence, that vector was the 
one concentrated on. When 1t was apparent that the consequences 
from this vector could be so severe, and because of t1me constraints 
on the original analyses, evaluations of doses from other vectors 
were not performed. 

In an actual site assessment that would be done; however, such eval­
uations would be more tenuous than for the direct consumption vector, 
since they would relate to specific technologies or activities. For 
instance, the other 97% could go to chlorine production, to other 
chemical processes, to salt for highways for winter usage, and so 
on. Or it could be directly injected into aquifer systems for dis­
posal, released uncontrolled to the land or to surface water systems, 
and so on. For that matter, the radionuclides consumed directly in 
culinary salt would be eliminated from the body and re-enter the 
accessible environment, possibly to other pathways to humans. The 
pOint is that there is high uncertainty in the quantification of 
such vectors, and pathway analysis is virtually unbounded. On the 
other hand, the dose vector of direct consumption is relatively well 
quantifiable, even far into the future, since the ingestion of salt 
is bounded by physiological needs. Even here cultural factors can 
alter the ingestion rates, such as changes in diet, in food preser­
vation methods, and so on. Nevertheless, the consumption vector is 
reasonably well limited. 
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After the orieinal analyses were done, it was determined that for a 
salt dome used for the production of culinary salt, the actual 
fraction used is much higher (80 to 90%). Considering this, a 
conservative assessment would have all of the,salt brine being used 

, for culinary salt production, linearly increasing the dose burdens 
over those presented here. 

With respect to the last comment, solution mining 1n salt domes cer­
tainly could and does occur for reasons other 'than producing culinary 
salt (see Griswold 1980). However, analysis of such operations would 
not represent the bounding plausible consequences of human intrusion 
into a salt dome repository. If this were an actual site assessment, 
such scenarios would also be considered. 

Cooment 

• Since no calculations were performed for isotopes entering the bio­
sphere beyond 1000 yr after closure, this biases the results against 
the alpha-emitters and, therefore, underestimates the total dosage 
,that would be incurred. However, the doses from the solution mining 
scenario are so great, one does not need to worry about 
underestimates. 

AEGIS Response 

• Unlike the working document to which the commenter responded, this 
revised report does show the effects of human intrusion into a 

, nuclear waste repository located in a salt dome for periods up to 
one million years after closure. 

Cooment 

• The assumptions' concerning salt production, etc, are average values. 
It is not clear that this occurs at every solution site.and espe­
cially at the s~te we are copcerned with. Distances that salt 1s 
Shipped are limited unless it is on, a major river. The population 
ingesting salt m~ be limited in the future. All these uncertainties 
need to be spelled out so that one is not completely taken aback by 
the dosages incurred in these scenarios. 

12.35 



 

           

           

          

          

          

        
           

           

           

           

           

          

            

          

    

          

    

            

       

 

       

          

            

      

 

          

           

AEGIS Response 

• See the response to the previous comments. In addition, it should 
be understood that the doses to individuals are not affected by the 
distribution system nor the limits on the population size in the 

. future. The population doses were based upon how many people could 
consume the quantity of salt produced, not upon any particular demo­
graphic pattern or distribution system. This minimizes the cultural 
impacts on the population doses. It should also be noted here that 
the original consumption rates per year were based on the value in 
the CWMS (1980) of 1800 g/yr, or about 5 g/day. Subsequently, we 
have learned that an FDA report to be released estimates the actual 
culinary ingestion rate for salt in the U.S. is about three times 
the value we used. Changing the ingestion rate to reflect this 
would have no impact on the population dose, but 1/3 as many people 
would on average receive three times the dosage shown in the 
calculations here for individual doses. 

With respect to the final comment, the assumptions of this analysis 
are detailed in Chapter 2. 

Comment 

• How realistic is the use of a population of 15,000,000 for dose 
assessments, especially since the water path is dominant? 

AEGIS Response 

• See the response to the previous comments. 

Comment 

• The assumption that people eating contaminated salts do not discover 
it is somewhat unlikely since the doses are so high that the radia­
tion effects should be almost immediately apparent. 

AEGIS Response 

• As discussed previously, this is a possibility, especially for an 
intrusion occurring after only 100 yr, since then the doses would be 
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exceedingly high. However, the impacts then, and especially at later 
times, might not be recognized as having derived from a particular 
salt product. More importantly, relying on the severe, immediate 
effect from acute doses to a general public 1s not the optimal way 
of reducing population doses. 

Similarly, in a case where there was enough radiation exposure to a 
group to cause, say, 500 deaths but there were only 100 individuals 
in the group, each individual cannot die five times over. -The con­
clusion that the population dosage was mitigated by there only being 
100 deaths misses the point that severe consequences were occurring 
for that popuation. (Please note these numbers are for example only; 
they do not represent the consequences of the scenario analyzed in 
thi s report.) 

Ccmnent 

• The dose calculations are not put into perspective with respect to 
applicable standards. 

AEGIS Response 

• In the working document, the doses were not: compared with anything. 
In the current document, compari.sons are made with natural background 
to provide perspective. However, comparison cannot be made with 
applicable standards, since none now exist for nuclear waste dis­
posal. The draft regul ations being prepared by EPA, ·as of this 
writing, do not establish dose or health effects standards; rather, 
limits are placed on the quantities of radionuclides which would 
cumulatively enter the accessible environment, including underground 
sources of drinking water, over the 10,OOO-yr period follOwing 
closure. Cumulative quantities are presented in this report for 
comparison with the standards set by the eventual regulations. 
These values do exceed the current EPA draft numerical limits for 
releases to the acceSSible environment. 
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Corrment 

• An EPA regulatory trend which should be considered in analyzing the· 
consequences of release is the accessible environment, including 
ground water. The results of this analysis can be compared with the 
standards. 

AEGIS Response 

See the response to the previous comment. In add1tion, at the time 
of the geotransport consequence analyses, it was n9t clear to us 
that aquifers would be considered to be 1n the accessible environ­
ment nor that cumulative releases there would be the criterion. 
Thus, the geotransport analyses output concentrations of radio~ 
nuclides entering the surface water systems and the cumulative 
quantity of such releases to the surface. If the draft regulations 
currently existing become promulgated w1th those provisions, then 
the AEGIS analyses can readily accommodate such output. 

Comment 

• The fact that no credit for the reduction of radioactivity was given 
for purification of salt from solution mining brine is considered to 
be a major defect in the scenario. A mining operation producing and 
marketing such a large volume of salt must be sophisticated enough 
to go through more than just a single stage crystallization process. 

AEGIS Response 

• As discussed in response to previous comments about the level of 
sophistication of the solution mining operation compared with its 
large-sized scale, the consequences of the human intrusion with 
respect to individual doses would be identical for a greatly reduced 
scale operation but which had a higher and more realistic fraction 
of its brine going to culinary salt. Thus, sophisticated technology 
need not be assumed. 

Aga1n in accordance with the AEGIS policy of deemphasizing technology 
and relying on the physical characteristics of the system, it should 
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be noted that the salt in salt domes is rather pure. For most salt 
domes, no processing of the salt is necessary to yield directly 
edible salt. The best information we have suggests that salt dome 
brine needs just to precipitate out by drying to produce marketable 
salt. Additional purification may occur if excessive impurities 
exist, but that should not be relied on as providing a barrier to 
contact of nuclear waste with human populations. 

The actual process of precipitation may result in the reduction of 
the concentration of some radioisotopes; similarly, it may result in 
the increase in the concentration of others. This would seen to 
increase the early time-period doses, when the mostly highly soluble 
fission products dominate, and to decrease the later doses, when 
transuranics dominate. For an actual site assessment, this phenom­
enon would be further investigated. 

Also, those radionuclides that were purified from the brine would 
still be in the accessible environment and could affect humans by 
vectors other than direct consumption. 

Comment 

• A more rigorous analysis will probably show consequences that are 
much less severe than currently indicated and quite possibly 
acceptable. 

AEGIS Response 

• Although improvements 1n data and other aspects could certainly be 
made, the AEGIS report does present a current analyses. Severely 
reduced consequences would require differing assumptions and 
perspectives. We believe, however, that choosing assumptions that 
would lead to-severely reduced consequences, to the level where the 
health effects would be considered acceptable (definition needed), 
would not be consistent with the performance of conservative, though 
reasonable, analyses •. I~ our analyses had been based strictly on . 
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conservative assumptions s with none of the reasonable nonconserva­
tive assumptions we used such as solubility limits, congruent dis­
solutioning, rates of salt production, and others, the consequences 
would have been considerably higher. 

Using differing assumptions or more refined data would give differ­
ing numerical results. However, we believe the conclusions of these 
analyses would not change unless a series of quite nonconservative 
assumptions was contrived. We believe the basic conclusion is 
sound, that human intrusion into a nuclear waste repository located 
in a salt dome could reasonably lead to consequences that would be 
considered unacceptable by virtually any criterion. Further, the 
potential for such adverse impacts on future populations exists. far 
beyond periods of reliable institutional control, information trans­
fer, or engineered barriers, and far beyond the period for which the 
hazards of nuclear waste repositories are presumed to exceed that of 
natural ore bodies. 

Topic - Geotransport Analyses 

Comment 

• Geotransport calculations in PNl-2955 assume the repository level at 
a depth coincident with a subsurface aquifer. In practice, this 
situation could be avoided. 

AEGIS Response 

• The Hainesville Salt Dome was analyzed as a reference site, repre­
sentative of salt domes. Specific characteristics of the site might 
well be different for an actual proposed salt dome. Such character­
istics would be determined based on site exploration, and the detail 
of information characterizing the site would be greater than pre­
sented here for the Hainesville site. Even if a major aquifer were 
not at the same depth as the repository, geotransport pathways could 
exist through aquifers of greater or lesser depths, depending on the 
specific aquifer systems and on repository- and waste-induced 
effects. 
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Comnent 

• Water of usable quality is an inexact term. Quality for differing 
uses varies (e.g., cooling towers at less than 200 ppm, human con~ 
sumption at 0 to 1000 ppm, stock watering up to 10,000 ppm). It is 
suggested that a table with analyses for all aquifers be added to . 
the text. 

AEGIS Response 

• Such information was not provided to AEGIS, although it would be for 
an actual site assessment. Current drafts of regul ationsaffecting 
nuclear waste disposal refer to'underground sources of drinking 
water as being a part of the accessible environment and, therefore, 
subject to numerical release limits. These current drafts set the 
water quality criterion, with some exceptions, as water with 
<10,000 ppm total dissolved solids. These draft regulations are, 
however, subject to change. 

Corrment 

• The range of values for transmissivity, permeability, etc, makes one 
wonder how good it is to use averageconditions~ 

AEGIS Response 

• These parameters frequently have a wide range of values. AEGIS used 
the best infonmation made available to us. We have.the capability . 
to use very complex sets of data, so that AEGIS models can handle .. as 

det.al1ed and heterogeneous data as could be determined frOOl site 
characterizations. In an actual site analysi~. it would be expected 
that· AEGIS would be provided more deta11ed·i~formation. 

Cmment 

• Whl1 e it may be true that pumping tests' are pOint measurements, 
values of transmissivity and storage coefficients so derived are 
representative of the aquifer within the area of influence of the 
pumped well. 
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AEGIS Response 

• The point made here is well taken. However. as was pOinted out in 
the text, too few transmissivity measurements were made available to 
AEGIS to develop or draw a good contour map. Ideally, data need to 
be supplied at all the nodes in the ground-water model. 

Comment 

• It should be explained as to why model calibration of a 1600-acre/ft 
withdrawal simulated the depression resulting from an actual with­
drawal of JOOO-acre/feet. 

AEGIS Response 

• The data available from 1966 in the Broom (1969) article could not 
be correlated to the water levels taken from data measured in the 
period 1952 to 1977. An attempt was made to duplicate the potential 
contours provided to AEGIS drawn by geologists over these same well 
data. 

Comment 

• Can one have much confidence in the models when the potentials have 
differences of approximately 30 ft? What does this say about which 
d1rection the ground water will flow? 

AEGIS Response 

• As was pointed out 1n the text, the area modeled covers 10,000 mi 2, 
and ground-water elevations range from 200 ft in the south and east, 

I . 

to 500 ft in the west, and 450 ft in the northwest. The water levels 
were taken from historical data covering the period 1952 to 1977. 
Controls on the well casing elevations were generally taken from top­
ographic maps. The point was made in the text that the model matched 
the well measurements nearly as well as the hand-drawn contours pro­
vided by the field hydrologists. 
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Corrment 

• It appears the effects of lower aquifers have been dismissed too 
quickly. If the text is accurate, then some of the lower aquifers 
are probably artesian near the dome. If the water is actually 
saline, not brine; then use of the water should not be ruled out and 
dissolution of the salt dome could occur if water from the aquifer 
is accidentally introduced through, for example, an1mproperly 
plugged exploration hole. 

AEGIS Response 

• The information provided to AEGIS concerning the lower ~quifers 'was 
sparse and not highly reliable. If this were an actual site assess­
ment, the data would be more extensive. If warranted, a scenario 
such as that proposed in the comment would be addressed. 

Ccmnent 

• You indicate total salt dome dissolution has occurred within 
15,000 yr after the breach. Can it be shown that the solubility 
limit of the intruding water was not exceeded to accomplish this? 

~GIS Response 

• The calculation for the time of salt dome dissolutioning at and above 
the level of the repository was. done by estimating the magnitude of 
the ground-water flow through the breach and assuming the water leav­
ing the salt dome was- essentially saturated with salt. Thus, the 
15,OOO-yr figure is how long it would take for that quantity of salt 
to be carried away,· given ·the estimated flow. for water near the 
solubility limit. 

COl11l1ent 

• There should be some indication of the aquifers' water chemistry and 
whether or not saline plumes have been found. 
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AEGIS Response 

• The water chemistry of the major aquifers was simulated in the solu­
tions used for Kd determinations (see Chapter 11). More complete 
characterizations were not provided to AEGIS, but would be in an 
actual site assessment. It is our understanding that saline plumes 
have been found near the Hainesville Salt Dome. However, our under­
standing is that the caprock of the Hainesville Salt Dome has been 
used as an area for pumping saline water underground. Therefore, 
the source of the saline plumes is uncertain for this salt dome. 

Carment 

• It is assumed that major solution collapse will reduce the inflow 
from 260 to 36 gpm (after 15,000 yr). For a conservative analysis, 
I would think that solution collapse might well be assumed to open 
up new pathways and increase the flow. 

AEGIS Response 

• The flow of 260 gpm actually is as conservative as could be used, 
conSidering the data available to us and conSidering that there was 
no information regarding the near-dome hydrology. That is because 
the 260 gpm is the calculated flow which is the maximum the Wilcox 
aquifer could accept, given the 50-ft head driving force. The reason 
for this reduction of the flow subsequent to the collapse around the 
original pathway, which was sealed through the overlying sediments 
and through the Wilcox formation from its top to the top of the salt 
dome, is that the latter area in the Wilcox would now be open for 
water from the Queen City 'to enter without passing over the waste. 
The total quantity of water entering the Wilcox would not change 
substantially after the collapse, but only a fraction of it would 
now contact the residual nuclear waste. 

Corrment 

• Although I have not verified it, the salinity of the well-water 
pumped in the case of such a massive breach would appear to be so 
high as to preclude large-scale human consumption. 
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AEGIS Response 

• As 1nd1cated in the text, the water in the salt plume resulting from 
the breach in the side of the salt dome would be nearly saturated 
with salt, as shown by AEGIS geotransport modeling for Na, and, thus, 
would not be consumable. However, current draft regulations would 
consider that water to be part of the accessible environment since 
it would be so designated before the breach and would remain so 
designated subsequent to a breach. 

Comment 

• Reasonable dose estimates-can be calculated from contaminated wells. 
Along the edge of the salt plume will be contaminated water which 
will nevertheless be potable. No exact location would be necessary 
to produce useful information. 

AEGIS Response 

• The ppint is well taken. However, based on the current draft regu­
lations,as discussed above, the numerical standards would apply 
even to the salt-saturated ground water. These draft standards do 
not require dose estimates or health effect estimates to be made. 

Comment 

• The report states that geotransport after 100-yr or 1000-yr breaches 
gives essentially equivalent consequences. If this, in fact, is 
tr.ue as a general proposition, then the proposed 10 CFR 60 require­
ment that no leakage be allowed for the first 1000 yr is ludicrous 
and a waste of time. 

AEGIS Response 

• The conclusion concerning a 100 yr or 1000 yr initiation time for 
geotransport is specific to this analysis and mayor may not be 
applicable to other repository sites. The reason for this conclu­
sion is that the ground-water travel time to the surface water 
systems is rather long, 15,000 yr. Thus, beginning at time 100 vs 
1000 yr ~oes not substantially affect the timing or concentrations 
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of the radioisotopes reaching the surface, especially considering 
that most have retardation factors above zero, further delaying 
their release to the surface water systems. At other repository 
sites which might have much shorter geotransport times, the timing 
of the initial event becomes more important. 

Another point is crucial here, however. The conclusion was made with 
respect to the time of entry to the surface water systems, not to 
the time of entry to the accessible environment as defined by current 
draft regulations. The latter includes underground sources of drink­
ing water, perhaps modified somewhat to mean such sources beyond a 
minimum distance from the repository. Under that standard, the con­
clusion would be different, in that the Wilcox aquifer itself would 
constitute a part of the accessible environment. In that situation, 
the time of entry of 100 yr versus 1000 yr would make a considerable 
difference in terms of the quantity and types of radioisotopes 
released and subject to the draft numerical limits. 

Similarly, for any scenario involving a d~rect ,pathway from the salt 
dome repository to the surface (e.g., the solution mining scenario) 
the timing of the initiation of the event has a marked impact on the' 
results. 

Topic - Natural Dissolutioning Scenario 

Comments 

• The statements of salt dome stability for tens of millions of years 
and of exceedingly slow dissolutioning rates and the clear implica­
tions of the impossibility of significant increase in the dissolu­
tioning rate seem overly optimistic to me, for several reasons. 

One million years might not be realistic or conservative when consid­
ering the potential for preferential dissolutioning together with 
waste heat effects. 
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AEGIS Response 

• The rates of dissolutioning were based on the best available far­
field information provided to AEGIS. For an actual site assessment, 
AEGIS would require better data to reduce the large uncertainty in 
these estimates. 

Major factors might substantially affect the rates of natural disso­
lutioning, including the effects on the salt dome of the construc­
tion of the repository and the effects induced by the thermal and 
radioactive characteristics of the nuclear waste itself. AEGIS was 
excluded from conSidering these effects, so the conclusions pre­
sented in this document concerning the stability of the salt dome 
are tempered. 

Other factors that could Significantly reduce the time for natural 
dissolutioning relate to the near-dome hydrology and to the details 
of the structure of the periphery of the salt dome and the immedi­
ately surrounding medium. The necessary information concerning this 
geohydrology of the near field was not provided to AEGIS. Such 
information would be needed for an actual site assessment. 

Comment 

• Assuming the caprock formed during the ,Carrizo-Wilcox deposition to 
~he present gives a longer dissolution time and, therefore, a lower 
dhsolut10n1ng rate. Why not use a higher rate? Couldn't dissolu­
t10n1ng have occurred in a shorter period of time? 

AEGIS R,esponse 

• The rate of formation of the caprock was, ,only one method used to 
estimate the rate of natural dissolutioning down to the level of the 
repository. All estimates gave values many times longer than the 
one million year tim~ for which AEGIS addressed natural breach sce­
narios. To be conservative and to compensate for the uncertainty 1n 
these calculations, AEGIS chose a natural d1ssolutioning scenario 
occurring at one million years as a scenario which would have to be 
analyzed for consequences. Such analyses were not performed because 
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of time constraints and because the geotransport part of the human 
intrusion scenario provided a detailed example of how such analyses 
would be done. 

For an actual site assessment, such consequence analysis would be 
performed. As discussed above, the time of initiation of that sce­
nario would be better refined based on better data characterizing the 
site and on consideration of repository- and waste-induced effects. 

Comment 

• The best conditions and effects are often assumed when dealing with 
limited information or poorly understood processes. For example, 
the inner- or near-dome structure and hydrology were disregarded in 
determining credible scenarios. Near-field geologic and hydrologic 
conditions may significantly influence determining critial pathways, 
particularly for salt domes. 

AEGIS Response 

• As discussed above. AEGIS was excluded from considering repository­
and waste-induced effects. and no information was provided to us 
concerning the near-field geologic and hydrologic systems. 

Comment 

• An unaddressed climatic consideration is whether change 1n climate 
could affect the forests in the area, which could change evapotrans­
piration, which could influence the ground-water travel times and 
direction. 

AEGIS Response 

• Considering the excess water available for recharge of the aquifers 
of concern but which leaves the area via surface runoff, it seems 
that any likely increase in the evapotranspiration rates would be 
offset by increased infiltration. Conversely, any decrease in the 
evapotranspiration rate would be accommodated by increase in surface 
runoff. 
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Canment 

• Nuclear and non-nuclear explosions should be indicated. They could 
present a significant step initiating natural dissolutioning of the 
salt dome. 

AEGIS Response 

• These and other human activities which do not directly breach a 
repository but which enhance the natural forces which could breach a 
repository constitute a hybrid category of breach scenarios. That 
category is bounded by direct human intrusion and. hence. was not 
analyzed here. In an actual site assessment. that type of scenario 
would be addressed. 

Topic - Engineered Barriers 

Comnent 

• No credit was given to the canister and cladding as barriers to 
nuclide release, by direction from ONWI, as this study was intended 
to show where emphasis should be placed. This is an extreme case 
and does not, in fact. reflect reality as even a carbon steel can­
ister would provide some protection based on recent data from ORNL. 
Similarly, zircalloy cladding, an integral part of spent fuel, and 
more advanced packaging and waste forms may totally eliminate the 
potential for release. 

AEGIS Response 

• This comment is valid for those times for which engineered barriers 
could provide total protection. It is beyond the scope of AEGIS to 
determine how long that period would be. Also, no information con­
cerning engineered barriers was provided to AEGIS. and we were 
excluded from cOnsidering the effects of engineered barriers. 

An additional point concerning this is that in this revised report, 
it is now shown what the dose consequences would be for this sce­
nario to occur as far into the future as one million years. It 
would seem unreasonable to expect engineered barriers would be 
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totally reliable for that length of time, and beyond, which would be 
necessary for the consequences not to be severely adverse. Coupled 
with this is the consideration as discussed in the following comment, 
that the engineered barriers would have to reduce the available sur­
face area effectively leaching radionuclides by a factor of 50 for 
the doses to even begin to be reduced. 

Comments 

• It is noted that if solubility limits the source term, then only 1.5% 
of the surface area of the original inventory is needed to saturate 
the sY9tem and give the doses reported. It is reasonable to assume 
that collapse of waste canisters or rock falls onto waste canisters 
caused by the solution mining process could cause exposure of 1.5% 
of the inventory. These results pOint out the severe vulnerability 
of engineered barriers to this scenario and set of assumptions and a 
possible need for a more conservative design specifically for this 
hazard. 

The incremental burdens applied to a waste package by a solution min­
ing scenario are definable and not particularly severe. 

AEGIS Response 

• The AEGIS report does not state that the internal environment of the 
solution mining cavity would necessarily be severe. However, our 
calculations do show that only a small fraction (1.5%) of the sur­
face area of the spent fuel would need to be exposed to leaching to 
result in the calculated severe consequences of the base case sce­
nario. Whether or not the scenario would result 1n enough physical 
disruption to expose such a small surface area from otherwise intact 
engineered barriers is not resolved. An exposure of 1.5%,is·equally 
applicable to the consequences calculated for one million years 
after closure. 

Comment 

• For analyzing the effects of engineered barriers, specific barrier 
designs should be devised and their failure probabilities should be 
estimated. 
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AEGIS Response 

• It is beyond the scope of AEGIS to make engineered barrier designs 
or evaluate their failure rates. However, the base case scenarios 
do provide the opportunity for AEGIS to evaluate the effectiveness 
of engineered designs provided to us in terms of altering the con­
sequences of human intrusion into a salt dome repository. 

Comment 

• Improved waste forms and package designs, currently a major element 
of DOE programs, offer a good and perhaps the best mechanism to 
mitigate the consequences of the scenario. 

AEGIS Response 

• At ONWI's direction, engineered barriers were not included in this 
study, so that a baseline could be established of what level of 
protection, and for how long a period of time, such engineered bar­
riers would have to provide. Calculations presented here suggest 
their efffectiveness would be needed for very long periods of time, 
and they would have to provide a very effective reduction (50-fold) 
in the surface area potentially available for leaching before any 
reduction in the consequences would ensue. That period of time con­
siderably exceeds the period of fission pr.odu~t activity, the time 
for which engineered barriers are currently being designed. Indeed, 
that period of time extends into geologic time scales. While AEGIS 
cannot make a definitive conclusion until specific engineered bar­
rier characteristics are provided, it would seem that relying on 
such thorough effectiveness for such long-periods of time would be a 
very stringent requirement for engineered barriers. 

Another point is that there is not defense-in-depth to the scenario 
of human intrusion by solution mining in a repository located 1n a 
salt dome. The geological formation itself (the salt dome) is not a 
barrier to this scenario; in fact, it provides the attractant. Thus, 
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either some information transfer mechanism must preclude the human 
intrusion itself, or the engineered systems alone must provide very 
effective mitigation of the consequences. 

Topic - Source Term and Retardation Analyses 

Comments 

• Great importance is placed on the laboratory evidence of a solubil­
ity limit of 6 ppm for uranium from the dissolution of spent fuel 
elements. This solubility is crucial, I agree, but I believe the 
use of 6 ppm in the calculations is hardly a conservative assumption, 
in view of the data given. The effects of radiolysis at the surface 
of a large ma~s of waste will differ from those in the standard IAEA 
tests and conceivably could result in higher dlssolutioning rates. 

Applying the nonconservative assumptions of an average uranium solu­
bility limit and congruent dissolutioning moderates the results of 
the consequence analyses by lowering the doses. 

AEGIS Response 

• It· is quite cprrect that a great deal of importance was pl aced on 
the phenomena of solubility limits and congruent dissolutioning for 
spent fuel. The initial calculations of the leaching of radionu­
clides from the spent fuel involved measured leach rates for a num-

.ber of radionuclides. These rates were measured on a per surface 
area basis. Likewise, the surface area was directly measured for 
spent fuel (see the following comment). Simple extrapolation of the 
leach rates to the scale of surface area available 1n the repository 
resulted in predictions that the entire contents of the exposed 
repository would dissolve in a matter of a few decades. 

Based on this, calculations were made to see if the quantity of 
water delivered to the surface could carry that much of the radio­
nuclides. These showed that the concentrations of the heavy metals 
would be very excessive, indicating that the limits on the quantity 
of radionuclides delivered to the surface would be imposed by the 
ability of the water to carry them, rather than by the leaching 
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characteristics of the waste form. This severely reduced the crit­
ical role that the extent of exposure of the nuclear wastes would 
have made. since only a small fraction of the wastes need to be 
exposed to saturate the solution mining brine •. And this now made 
the solubility limit chosen central to the source term. 

We agree that the solubility limit chosen for 6 ppm is not conserva­
tive. At the time these source term calculations were made. that 
value was based on the only actual data available to us. The data 
WRIT has collected since that time indicate a higher solubility 
limit should be "assumed. Currently the value chosen would probably 
be 18 ppm. based on the uranium concentrations actually analyzed by 
WRIT in their spent fuel leach tests. although even those data are 

. . 
not bas~d on static tests, for which saturation could be expected. 

In conSidering the effects of using different uranium solubility 
limits, the source term will change essentially linearly with the 
.solubility limit. (This is not strictly true, because of the leach­
ing which occurs before exposure of enough surface area to result in 
saturation, i.e., the first year or so of "solution mining. However, 
the difference is not important'.) ,Thus, raising the assumed 
solubility limit to 18 ppm would triple the dose burdens. 

The assumption of congruent dissolutioning also is not conservative. 
The best data available at the time of the source term calculations, 
based on WRIT lea~h1ng of spent fuel, indicated that although the 
early stages of leaching show different leach rates for different 
radionuclides, after a year or so of leaching, the leach rates of all 
radionucl1des approach that of uran1um. This is cons1stent with the 
pred1ction of congru"ent" dissolut1on1ng, based on considering that 
most of the radionucl1des in spent fuel are physically bound within 
the uranium oxide matrix. Thus, ~hey can be released no faster than 
that matrix is released. More recent data from WRIT studies suggest 
that this constraint on the other radionuc11des in spent fuel may 
not be so stringent, allowing an increased source term and 1ncreased 
doses. 
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With respect to radiolysis effects, recent data have shown that 
enhanced dissolution of U02 can be expected. However, what effect 
this would have on solubility limits and the degree of enhanced 
leaching has not yet been determined. 

Comment 

• According to Table 10.1, the spent fuel is highly fractured; over 3% 
has particle sizes <1 mm. Was the fraction intentionally crushed? 
What fraction of the radionuclides in the fuel pins was measured? 
Give references for this work. 

AEGIS Response 

• This work was done specifically for this reference site analysis; 
therefore, it is not published elsewhere. 

The spent fuel was not crushed. The analyses were done by WRIT 
staff, taking spent fuel received from the HB Robinson II reactor. 
That spent fuel had been cut into short lengths before shipment to 
PNL. On receipt, WRIT staff photographed the exposed spent fuel 
surfaces to provide a control. Then the spent fuel was pushed out 
of the rods and sifted through a series of sieves, and.the results 
were as recorded in the table in this report. A check with the 
photographs was made, assuring that the particle sizes measured are 
consistent with the condition of the spent fuel before being pushed 
out~ 

The results of the WRIT surface area determinations showed the sur­
face area of the spent fuel to be almost five times the surface area 
of intact pellets. This fracturing occurs as a part of the fuel 
burnup, not as an artifact of measurement. The numbers were inde­
pendently verified in the work done earlier for the CWMS (1980) 
document. There, actual hot cell measurements were not made. 
Rather, a number of photographs of cross sections of spent fuel was 
carefully analyzed to determine the particle sizes. These analyses 
also indicated a spent fuel surface area to intact fuel pellet sur­
face area ratio of almost five. 
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Comment 

• Implicit in the results are important effect~ from spent fuel rather 
than reprocessed waste as the source. These implied effects can be 
seen in Table 1.5, where the total curies of radioisotopes delivered 
to the surface after 50 yr of solution mining of a spent fuel reposi­
tory is 2.98 x 107, 1~22 x 106, 3.4 x 105, and 1.5 x 105 for times 
100, 1000, 10,000, and 30,000 yr, respectively. Crudely, my calcula­
tions show burying high-level reprocessed wastes would give curies 
on the order of 2.4 x 107, 2.0 x 104, 1.8 x 104, and 1.6 x 104• 
This gives some indications about the importance of waste form. 

AEGIS Response 

• The AEGIS analyses originally were done, by direction, only on a 
repository conta1ning spent fuel. Recent calculations have been 
done on a repository located in the Hainesville Salt Dome, which 
contains reprocessed HLW in the quantity comparable to the spent 
fuel inventory used here. As of the writing of this report, those 
calculations have not yet been completed. 

One consideration in making such HLW dose calculations is that the 
source terms from HLW would not be uranium solubility limited. 
Also, congruent dissolutioning is not evident in the data available 
concerning leaching of HLW glass forms. This effectively removes a 
very important ceiling on the source term. On the other hand, the 
quantity of HLW waste in terms of volume and surface area is reduced 
from spent fuel, and the long-term inventory would be substantially 
different. 

Comment 

• The effects of pressure on the leach tests are not indicated. The 
McCarthy-type studies should be used instead of the open, nonpres­
surized tests. The doubts expressed about the state of knowledge 
are important and serious. However, 1t should be pOinted out if 
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limiting rate theory holds and if only one of the rates is zero, 
then the total flow within the system is zero. One could possibly 
engineer around some of these unresolved scientific problems. 

AEGIS Response 

• The effects of pressure are not indicated because there are none 
that-can be detected within the errors of exper1mentation. Obvi­
ously, pressure was used at elevated temperatures (above 100°C) if 
leach1ng was to be conducted in a liquid phase. The elevated temp­
erature tests were conducted by WRIT 1n an identical fashion to those 
of McCarthy, and in fact they agree very well with his results where 
similar samples, leachates, and temperatures were used. 

None of the WRIT tests were open, unpressur1zed tests. The IAEA 
test 1s one example of the tests used by WRIT. It is not open, but, 
rather, involves sealed systems. The pressure varied from atmos­
pheric at room temperature to 2000 psi at temperatures above 100°C. 
There was no observable effect over this pressure range. 

Comment 

• The section on mineralogy is unacceptable and should be redone. 

AEGIS Response 

• This section was presented to demonstrate the types of analyses 
which would be done for an actual site assessment. The WRIT program 
is currently enhancing its capability in this area, and were those 
analyses to be done now, they would be substantially improved. 

Comment 

• The Kd determ1nations appears fraught with uncertainty. It cer­
tainly does not instill confidence in the ability to measure these 
parameters. 

AEGIS Response 

• The WRIT program has developed a very substantial expertise in mea­
suring sorption and desorption processes. The large uncertainties 
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apparent in this document reflect the presentation to WRIT of sam­
ples that are very nonrepresentative of the actual geological media 
of concern. Time constraints prevented better samples being pro­
vided to WRIT. Nevertheless, the sections dealing with the outcrop 
samples do demonstrate the types of analyses which would be per­
fonmed for actual site assessments, for which appropriate samples 
would be available. 

The secondary source of information, for those situations where 
act'ual samples are not available for WRIT analyses, involves the WRIT 
Kd data base. and the predictor equations WRIT has derived based on 
those data. That data base is quite extensive, and it covers a wide 
variety of radionuclides, geomedia, and ground waters. The predictor 
equations derived empirically continue to be improved in their pre­
dictive capabilities. 

Conment 

• It cannot be over-emphasized that the validity of using Kd values 
measured on crushed or evenuncrushed material in short-term labor­
atory experiments to predict long-term in-situ migration is tenuous 
at best. The WRIT program has not solved this problem. Also, 
depending on the pathways through the host rock, the Kd values of 
the bulk material may not be at all appropriate for the weathered 
surfaces that the radionuclides may actually contact. 

AEGIS Response 

• The first statements reflect a puristv1ewpoint versus a more prac­
tical viewpOint. WRIT has not solved the aspects of nuclide'sorp­
tion to the level of undeniable first principles,of course. But 
the predictors of nuclide sorption developed by WRIT are reasonably 
reliable and continue to be more so. 

Corrrnent 

• The determination of the acid dissociation and electrolyte exchange 
constants of the sorbing surfaces through acid/base titrations can 
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be useful in interpreting or predicting the variation of exchange 
capacity with pH and concentration of sorbing ions. 

AEGIS Response 

• This is a.valid comment, but 10n exchange is the key to only a few 
nuclides. Thus, it would add a lot of meticulous work for little 
net benefit. 

Comnent 

• A statement is made that the rate of desorption in short-term labor­
atory studies is slower than the rate of adsorption for some ele­
ments. One explanation of this phenomenon is that the rad10nuclide 
is adsorbed in one form but must be des orbed in quite another form. 
For example, an oxygenated uranium solution containing UO;2 
salts will be adsorbed by limestone. In this reaction, however, the 
U02(C03>j4 complex is possibly formed. As a result of this complex­
ation, the desorption Kd will probably not equal the adsorption Kd 
(the assumption used in mathematical transport models) because of 
the two (or maybe even more) separate uranium species involved in 
the adsorption/desorption process. 

AEGIS Response 

• This explanation is less likely than Neretnieks' concept that diffu­
sion into the bulk rocks occurs when the radionuclides are absorbing 
under a large concentrat.ion gradient. It then takes longer to dif­
fuse out on desorption when the concentration gradient is lower. 
Also, redox sorption/precipitation, such as Dhan Rai et al. (1980) 
of WRIT has shown for Pu(VI,V) + Pu(III,IV), holds onto the adsorbed 
radionuclides strongly. 

COI11I1ent 

• The importance of surface area and surface reactions has not been 
emphasized strongly enough. The concept of ion migration (in this 
case, radionuc11de migration) in geological materials essentially 
involves both bulk and surface phenomena: the initial step 1n the 
mechanism of radionuclide adsorption by a mineral must involve a 
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radionuclide/mineral interface followed by subsequent reactions with 
the bulk. The initial surface reaction will be heavily dependent on 
the amount of surface available as a reaction site. For example, 
quartz, a major component of several of the samples of oolitic lime­
stone and argillaceous shale used in the WRIT program, has been 
shown to undergo reactions whose rates are severely-dependent on the 
surface area. The surface areas for oolitic limestone and argilla­
ceous shale (using the B.E.T. method on 20 'to 50 mesh samples). how­
ever, are 0.75 and 20.7 m2/g for the two samples, respectively. 

AEGIS Response 

• Whether surface area reactions should be stressed more is subjective. 
One could just as well argue that the allowable time of reaction in 
a real world geotransport situation is so long that the kinetic 
effect one observes in the laboratory would have gone to completion 
very long before the radionuclides would reach the surface. This 
point is basically a physical hydrology point, not a chemical 
problem. 

Corrment 

• Assuming that one has the fracture surface area and the fracture 
volume are very big "ifs". You should reference the Stripa work. 
You should also pOint out that the laboratory studies give different 
results than field studies. One should be going to the field for 
corroboration. 

AEGIS Response 

• To the knowledge of the WRIT staff, there is no radionucl1 de migra­
tion'work perfonmed at Stripa to date. Laboratory studies do not 
necessarily give different results than field studies. See the 
KBS-110 study by Landstrom et al. (1978) for work at Studsvik. 
Within experimental and field uncertainties, Kd values for most 
elements agreed. The migration of radionuclides from OKLO also 
agree with thermodynamic calculations. 
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Topic - Site Characterization 

Coaments 

• The chaper on site characterization contains sufficient information 
as a demonstration, but it is not put together in a thoughtful man­
ner. I get the impression it is taken from an engineering report. 
The section reads like a commercial geology report and as such does 
not inspire confidence in the reader that a fundamental understand­
ing of the geology of the region has been attained. 

Far-field characteristics are missing important types of information 
regarding the geologic, hydrologic, and geochemical characteristics 
of the site, the site's resource potential, and the source term. In 
many cases the boundaries of the geological and hydrological investi­
gations are inappropriate since they do not coincide with the input 
needs of scenario and consequence analysis. 

The site characterization section omitted important types of data, 
including resources and extraction, reservoirs, salt dome stability 
and growth history, dissolution processes, hydrogeologic parameters 
and controlling factors, geochemistry of surrounding rock units, 
inner dome structure, permeability, and water content. A character­
ization better suited for this type of assessment report would be 
one which more directly supports the scenario and consequence 
analysis. 

AEGIS Response 

• Each of these comments, and other similar ones received, are quite 
valid. In an actual site assessment, the quality and depth of site 
characterization data would be considerably improved. As noted in 
the report, site characterization information is provided to AEGIS 
by other ONWI contractors. This reference site analysis provided 
useful experience in determining for AEGIS what types of data could 
be expected and for the site investigators what types of data AEGIS 
and WRIT require. The data being provided on the current reference 
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site analysis in a different geological mediun are considerably 
better attuned to the needs for scenario and consequence analyses. 

Topic - Scenario Analysis Methodology 

Comnent 

• Scenario anaysis should 1) identify all credible release scenarios, 
2) conceptualize for each credible scenario the sequence of events 
leading from the initiating disruptive event to a release, 3) quOan­
tify this sequence of events, and 4) through modeling exercises, 
including sensitivity analysis, determine the initial and bounding 
detailed scenarios. The approach to scenario analysis in this 
report falls short of what is needed by only presenting final and 
bounding scenarios resulting from a Delphi/expert opinion and peer 
review process. Other important scenarios might be overlooked or 
unnecessarily deemphasized. 

AEGIS Response 

• The AEGIS scenario methodology is continuing to be developed. The 
direction of the approach is indicated in Appendix A, describing the 
computer-as sis ted methodo logy un der deve 1 opment • That methodo logy 
is to provide an auditable, systematic way to identify credible sce­
narios, involving sequences of events and processes. However, the 
methodology was not in place at the time of scenario analysis for 
this reference salt dome assessment. In an actual site assessment, 
the AEGIS scenario analysis methodology should be fully developed. 

WUh respect to the elements of a scenario analysis, it should be 
understood that all possible •. credible scenarios cannot be speci­
fied, quantified, and have their consequences analyzed, since there 
are an infinite number of such scenarios. Rather, credible scenarios 
will have to be grouped in a way appropriate for a particular geo­
logical medium and a particular repository site. Then for those 
groups of scenarios, realistic and upper and lower bounding specific 
scenarios should be determined, quantified, and analyzed. Sensitiv­
ity analyses should then be performed to identify the important 
parameters affecting the consequences of each scenario group. 
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The final point here is that the scenario analysis of this report 
determined what scenarios were plausible and eliminated others as 
being implausible. Among the plausible types of scenarios, the 
major type chosen for analysis represents a bounding class of sce­
narios, that of human intrusion by solution mining for culinary salt 
production. Within that bounding class of scenarios, a conserva­
tively representative set of parameters was chosen quantifying the 
scenario; i.e., the most bounding parameters were not chosen. The 
approach in this report 1) provided an example of the types of sce­
nario development and exclusion done by AEGIS, 2) provided an exam­
ple of how a chosen scenario type would be quantified and analyzed, 
and 3) provided information on key scenario problems for locating a 
repository 1n a salt dome. We do not purport to have considered all 
scenario groups in the detail necessary for an actual site 
assessment. 

Comment 

• The solution mining scenario is somewhat ·similar to a loss-of-coolant 
accident in a nuclear reactor. A more thorough discussion of secon­
dary effects is important. Sequences of several minor mishaps can, 
however, lead to similar major consequences, and it 1s crucial that 
the reader not be left with the impreSSion that releases of waste 
from a repository would be most likely to occur in a single step. 

AEGIS Response 

• This is a valid comment. As discussed for the previous comment, the 
AEGIS scenario methodology is being developed to treat systemati­
cally sequences of events leading to a release to the accessible 
environment as well as single event releases. 

Comment 

• One troublesome feature of the scenario approach is the reliance on 
the Delphi method for identifying branch scenarios. Presumably the 
modified Delphi method will include a way to demonstrate convergence 
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of opinion among several sets of-"experts". If not. the procedure 
is questionable, since it will be totally dependent on selection of 

-the "perfect" set of experts, a most unlikely event. 

AEGIS Response 

• It is apparent that an ideal set of experts is not attainable. How­
ever. AEGIS intends to optimize its expert opinion considerations by 
using a variety of experts in an auditable way, using the computer 
code to assist in scenario analysis, and subjecting its scenario 
analyses to extensive peer review. 

Comment 

• In the climate section. the possibility of human-induced changes 
(e.g., ozone layer and ,C02> in climate are excluded. Although, 
there is much unknown about what could or will happen. it s~l1l 

seems essential to attempt a quantitative evaluation of those 
changes. 

AEGIS Response 

• The climate considerations are largely based on a very long geologi­
cal record that _indicates patterns and causal mechanisms for clima­
tic changes and that bounds the probable climatic conditions over 
the next one million years. Cultural impacts on climate have an 
extremely short historical record, and extrapolation into the future 
based on that record cannot now be done beyond a few decades. 

Another point is that for this reference -salt dome, climatic change 
1s not a sensitive parameter with respect to affecting the integrity' 
of the repository. For a different site for, which climate was'a 
major factor. an attempt would be made to address human-induced 
climatic changes insofar as possible. 

Comment 

• Appendix A. describing the-methodology under development, employs 
basalt as an example problem. This is confusing and largely 
irrelevant. 
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AEGIS Response 

~ Basalt is used as the example because as of the date of writing this 
report, that is the only geological medium for which a scenario 
analysis computer code has been developed. AEGIS chose basalt for 
1nitial development because 1) it is a medium that has been under 
study for some time, so we know the most about it, 2) it is under 
serious consideration for a repository, and 3) its geological con­
siderations are complex, so that use of a computer is most advan­
tageous. If warranted for other geologic media, the code will be 
modified to be applicable for other media. 

Comment 

• In Appendix A a brute-force stochastic approach is outlined. 
Although this may give the appearance of greater objectivity than 
the opinion approach, it does not necessarily incorporate better 
source data, and the problem remains of deciding the level of improb­
ability at which an event can be disregarded. It does possess the 
advantage of facilitating the handling of coupled or interactive 
events. 

AEGIS Response 

• This is a valid comment. The intent of the computer-assisted metho­
dology is not to provide a sophisticated output which obscures a 
lack of understanding of· the geological processes involved. Rather, 
the computer code ·is designed to provide an auditable way of treat­
ing the information, input from empirical data as well as from the 
subjective judgment of geoscientists, and tracing the scenario devel­
oped back to that input information. Additionally, it provides a way 
of treating the multiple interactions among the various processes 
and events. 

It also should be emphasized that the subjective judgment of experts 
is a major basis for AEGIS scenario analysis. Many of the phenomena 
of interest cannot be quantified explicitly toprov1de specific, 
reliable predictions as to the magnitude or timing of events. Hence, 
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many phenomena are treated as probability distribution functions, 
which rely upon that subjective judgment. The interactive and user­
determined nature of the AEGIS code optimizes the utilization of 
differing experts with differing judgments, thus providing a way to 
evaluate the sensitivity of the analysis to expert opinions. 

Topic - Geotransport Analysis Methodology 

Ccmment 

• We have been concerned about model verification for some time. I 
think that.model verification by means of field testing is very 
important and should be done as part of your program. The discus­
sion about "conservativell assumptions is meaningless unless it can 
be shown that the models accurately reproduce reality. Model veri­
fication should precede sensitivity analysis. 

AEGIS Response 

• The AEGIS program is committed to developing as much independent 
verification of its geotransport models as possible. This includes 
a wide range of such verification, from simple benchmark comparisons 
of computer models against analytical solutions, and test cases of 
models to assure correct solution of particular computer runs, to 
more complex comparisons of computer model predictions against real 
world data on the specific processes being addressed, and finally to 
validations of computer model predictions for phenomena on the time, 
complexity, or spatial scales appropriate for geotransport analysis. 
It should be understood, however. that it may not be possible to 
validate some aspects of geotransport iJsing empirical data, since 
there is no way to collect data for the next thousands of years. 

With respect to the comment about conservative assumptions, we disa­
gree that they are ~eaningless without final validation of models. 
The assumptions listed in this report largely can be evaluated as to 
their conservative or nonconservative quality without resorting to 
specific model predictions. Thus, for an assumption which involves, 
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for example, a solubility limit on uranium placing a ceiling on the 
release of all radioisotopes below what could have been released 
under unrestricted leaching, it can confidently be stated that is a 
nonconservative assumption, because the contrary assumption would 
lead to increased doses. 

Similarly, the assumption that all of the ground water flowing from 
the Queen City to the Wilcox occurs through a narrow, sealed pipe and 
passes directly over the exposed spent fuel is a conservative assump­
tion, because if any part of the water passed into the Wilcox without 
dissolving some radionuclides, the dose values would be decreased. 
Both of these conservative versus nonconservative assessments, as 
well as a large number of other assumptions, are valid irrespective 
of the accuracy or precision of models of geotransport. 

Finally, we do not agree that model verification should precede 
sensitivity analyses. Both represent needed aspects of consequence 
analysis, but they are not necessarily causally dependent. Thus, 
sensitivity analyses, which are much easier to perform, can be done 
while verification has not yet been completed. 

In addition, sensitivity analyses can indicate the phenomena or 
parameters which make a major impact on calculated predictions, as 
well as those which have little effect on results. This can be use­
ful information in designing and performing empirical validations 
of models, in indicating physical phenomena that need to be better 
understood, in assisting the design and conceptualization of the 
engineered repository system, in assisting the selection of criteria 
f9r site selection, and so on. 

Corrment 

• It is not clear why the finite difference model was used instead 
of using 3DFEGW throughout, since the far-field geometry is still 
diff1.cult. 
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AEGIS Response 

• AEGIS geotransport methodology is based on having a number of inter­
active computer models, ranging from simple, analytical one-dimensional 
models to the complex three-dimensional models capable of handling 
heterogeneities over time and space. The use of particular models is 
determined by the specific application as well as the complexity of 
the available data. For the far-field analyses, the data did not 
warrant using the three-dimensional model, so two-dimensional flow was 
simulated by using multiple, simultaneous analyses of one-dimensional 
tubes flow. On the other hand, the near-dome hydrology provided an 
opportunity to demonstrate the capability of the 30FEGW model. 

Canment 

• Is the one-dimensional transport model conservative? If so, by how 
much? 

AEGIS Response 

• By most definitions, a conservative model will consistently over­
estimate concentration or flux levels within the flow pathway, and 
especially at the entry of the radionuclides into the accessible 
environment. Note that here the accessible environment may include 
an entire aquifer. 

Restriction of the entire dissolved contaminant mass to a tube flow 
(hypothetical 1-0 system with cross-sectional dimensions) represent­
ing the most direct convective flow path seems to provide conserva­
tive ·estimates, at .least within the specified tube flow.· However, 
concentration levels outside the tube flow are not conservative, 
because they are zero (i.e., not estimated). For the salt domegeo­
transport simulation, the exit rate to the surface water system, 
however, was the emphasized quantity. The outflow is reported in 
terms of exit concentration, based on the water velocity. 
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The quantitative degree of conservatism cannot be assessed without 
simulating the actual three-dimensional system, for which data were 
insufficient. An approximate 3-0 system composed of multiple flow 
tubes could be used to study this question in the future. However, 
it seems reasonable to assume that concentration or flux levels 
established by transverse (1 ateral) dispersive effects within the 
actual' system would never exceed those modeled in a flow tube con­
necting the repository and preselected observation locations. 

In terms of contaminant arrival time along a flow tube, it is not 
certain if the shortest travel time for the actual system is pre­
dicted. But this uncertainty is unavoidable without additional real 
data, and is the basis for using an effective dispersion parameter. 

Ccmment 

• What is the justification for the statement that effective 
dispersion was assumed to dominate the transport? 

AEGIS Response 

• Present research seems to indicate that megascopic dispersion effects 
can be related to the velocity variation or flow uncertainity in a 
ground-water system. The dispersion parameter for that length scale 
is typically orders of magnitude greater than that constituted by a 
local hydrodynamic dispersion coefficient, which is usually deter-

: mined on media samples. Megascopic dispersion is a result of global 
variations and is a characteristic of a particular flow system, 
whereas true hydrodynamic dispersion is viewed as an intrinsic 
property of local hydrogeologic media. In principle, if complete 
information on flow was obtainable at a megascopic scale, then fluid 
velocity and a hydrodynamic dispersion coefficient (in general, a 
tensor) would suffice to characterize dispersive transport. How­
ever, fluid velocity is always measured on realized systems, as an 
average quantity. The velocity variation from that average is ulti­
mately responsible for dispersive behavior that can not be explained 

12.68 



         

         

         

       
      

         

          

        

       

       

       

       

          

        

         

            

         

         

         

          

          

 

 

          

       

        

        

        

          

         

:' , 
~.~ 

by an average velocity and a locally measured hydrodynamic disper­
sion coefficient as used in the classical transport equation. Thus, 
the insufficiency of data and uncertainty about the actual flow 
system compel introduction of a megascopic dispersion phenomenon, 
and hence of an effective dispersion coefficient. 

In the application in this report, the velocity streamlines obtained 
from hydrologic modeling defining a flow tube were taken to be 
equally probable as transport pathways. Then the flow velocity 
variation (travel time variation) over streamlines was identified 
with the megascopic spatial dispersion variance, 20*T. Independent 
simulations for each component streamline with equally divided 
released contaminants, would achieve the same total simulation 
objective, but not as efficiently as a single flow tube represen­
tation employing the effective dispersion parameter D*. A theo­
retical basis for this approach is discussed in Sinmons (1980). 

Cooment 

• I am confused by the discussion in Chapter 8 which attempts (without 
success) to dismiss the need for two-dimensional transport and the 
presentation of Appendix D which appears to discuss a two-dimensional 
simulation. Note in this regard that the uncertainty arguments used 
to dismiss the need for sophisticated transport model in Chapter 8 
also hold for flow calcuations. I find the entire discussion of 
transport unacceptable. 

AEGIS Response· 

• The introductory discussion on transport was not meant to dismiss 
the need for two-dimensional transport analysis •. It indicates 
instead the difficulty with proceeding beyond one-dimension with an 
inadequate basis of information~ Without a reasonable estimate of 
the dispersion tensor components applicable to the required mega­
scopic scale, it does not seem appropriate to proceed with the 
pretense of complete knowledge suggested by a solution for the 
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two- or three-dimensional convective-dispersion equation. Moreover, 
at this time the very foundation for applying that classical trans­
port equation to the scale of an aquifer is being questioned. As 
interested and serious researchers in the subject, we are also 
disappointed in the failed opportunity to perform a higher dimen­
sional analysiS of the system. The transport by convective flow 
could have been simulated directly. But in a laminar flow system 
without lateral dispersive exchange between streamlines, the 
accumul ated one-dimensional transport along individual streamlines 
should represent the same results. Furthennore, on·ly the stream­
lines intercepting the release region would need to be included in 
any such convective flow system. An attempt, however, was made to 
reintroduce the effects of lateral dispersion by allowing the random 
exchange of solute between streamlines containing a megascopic flow 
tube. Effects of lateral dispersion as represented by the cross­
sectional dimensions of the flow tube were thereby included in an 
effective (forward) dispersion parameter. It is emphasized for this 
method that the one-dimensional transport algorithm, however, is not 
altered; a dispersion parameter with a different physical origin is 
employed. The objective is estimation of a biosphere entry flux, 
and an exact calculation of solute concentration within the region 
was not required. 

Appendix 0 describes both the general 2-D MMT-OPRW transport model 
and some more specific details used in the 1-0 version. There 
should be nothing unusual in describing the general features of the 
model and the selected restriction of application to a 1-0 case. 
Appendix 0 was extracted from a Battelle report (Washburn et al. 
1980), and it is a continuation of the subject begun in Ahlstrom 
et al. (1977). The commenter should have received copies of those 
reports. 

We ~elieve the reviewer's comment that the uncertainty restrictions 
placed on transport modeling apply as well to the water flow modeling 
to be absolutely incorrect. The nature of these problems is entirely 
different. Ground-water modeling of the system (Chapter 7) included 
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relatively detailed information on transmiss~vities and the potential 
field. The associated flow velocity field (streamlines) is the back­
bone of the transport process, regardless of the dimensionality of 
the transport representation. It 1s generally accepted that water 
·flow in a steady or quasi-steady flow state is adequately described 
at aquifer scale by hydraulic properties averaged over large sub­
regional elements, although an important current research topic is 
·the influence of uncertainty or spatial variability of parameters 
(Neuman 1979; Sagar 1978). On the other hand, averaged quantities 
may not correctly describe the dispersive details of an advancing 
solute front, which is sensitive to detailed flow variations about 
the average. In particular, current transport research indicates 
there is more than mere uncertainty of input parameters such as 
dispersivity. Indeed, the validity of Ficlcs', law and the classical 
transport equation applied at megascopic scale are under question 
(Matheron and DeMarsily 1980; Smith and Schwartz 1980). The indi­
cated concepts employed in ,this report' s admittedly simplified trans­
port analysis is discussed at length in another report (Simmons 1980). 

In sUmmary, we do not wish to dismiss the need for more sophisticated 
transport modeling. No sincere scientist should avoid using the best 
available mathematical models for so important an application as a 
nuclear waste repository analysis. However, we do object to apply­
ing a higher dimensional model without the necessary valid input 
parameters. 

Comnent 

• I could write a boole on why the discussion on mass transport .is 

unacceptable: to summarize let me pOint out ••• 

1. the method developed by Pinder and Cooper attempts to solve the 
transport equation 

2. the particles are injected to trace the characteristic curves 

3. this approach may conserve mass but this is only a necessary 
not sufficient condition to assure one has solved the transport 
equation 
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4. the method as proposed does not purport to solve the transport 
equation (at least I have never seen any proof to that effect) 

5. I abandoned the particle approach 10 yr ago because one could 
not obtain an error estimate; i.e., one could not demonstrate 
rigorously either consistency or convergence. The method pre­
sented suffers from the same limitation. I see no mathematical 
foundation to this approach. 

6. Inasmush as one does not explicitly solve the transport equa­
tion but rather try and represent the physics by analogy, why 
bother with all the preceding discussion devoted to developing 
and explaining the transport equation? 

7. One of the classic problems with this approach arises in a 
divergent flow regime, e.g., near an injection well. The par­
ticles move further and further apart until the solution within 
a cell becomes meaningless. To add particles is to add mass, 
thus a dilemma arises. 

8. In my opinion, many of the steps taken to obtain a solution 
using this approach are closer to witchcraft than science, 
e.g., the location of new parcels as on 0-23. 

AEGIS Response 

1. Theone-dimensional MMT model as it now stands, based on dis­
crete parcels of mass, does solve the classical convective­
diffusion equation. A design was developed that emphasizes 
calculation of exit solute flux, although the spatial concen­
tration distribution is obtained also with somewhat less 
accuracy and efficiency. Comparison runs with an analytical 
model were described elsewhere (Washburn et al. 1980). Com­
parison tests have also been made (not reported) using the 
velocity ensemble development reported by Simmons (1980), and 
agreement was very good. 

2. It seems obvious that particles will trace characteristic curves 
(streamlines) when assumed a prior; that solute is carried with­
out deviation by the fluid stream. This is the very basis for 
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/ representing 3-0 convective transport as a finite number of , 
1-0 systems. If a particle transfer mechanism is known between 
streamlines, the transport is still repres~ntable by a collec­
tion (ensemble) of pathways through the system. The classical 
or Fickian dispersion mechanism is described stochastically by 
a random walk relative to a coordinate frame moving along 
characteristic curves with the water velocity. 

3. This statement is true in any context~-mass should be conserved. 
But the condition does not guarantee a solution to any particu­
lar phenomenological (dynamic) transport equation. 

4. The method employed here is a direct extension of a fundamental 
theorem on stochastic processes describing the relationship 
between a stochastic differential equation of the Wiener process 
(Brownian motion) and the diffusion equation (Fokker-Plank). A 
book by Cox and Miller (1965) is an excellent reference to fun­
damental literature, and the classical work in Wax (1954) is 
basic. 

5. The method used here is not that applied by Pinder and Cooper 
(1970). Rigorous statements of consistency (defined how?) and 
convergence are found in the realm of stochastic processes, not 
in finite element or difference mathematics. Limitations on 
attainment of theoretical results, however, are imposed by 
approximations required by computer codes. But all mathemati­
cal methods suffer the same problem. A random walk approach 
allows for a more fundamental error estimate based on sampling 
a stochastic process, which.is perceived as an analog of the 
actual phYSical system, rather than based on convergence of a 
series approximation. 

A random walk Simulation generates one possiblereal1zation of 
a continuum system actually composed of particles, whereas a 
solution of the classical equation represents the-ensemble 
average. Note that it is not claimed that the particles need 
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actually be atoms nor that a random walk is the microscopic 
movement process within the real fluid system. In some cases, 
the random walk particle model may appear to be more like the 
actual system. When observing an actual system composed of 
clouds of particles, one is more likely to observe only one 
member of the concentration distribution ensemble than its 
average. This is a main reason why measurements seldom match 
theoretical limits at various physical scales, excluding of 
course effects of instrument measurement error. 

The accuracy·and convergence of the MMT-OPRW model can be 
tested in a way similar to other numerical models. Convergence 
is tested by increasing the number of parcels and by refinement 
of the movement time step. Finite difference or finite element 
methods do not solve the transport equation exactly either. 
All methods implemented by computer codes produce 
approximations. 

6. The discussion in Appendix 0 was meant only to contrast the 
usual equation-based approach and the direct simulation 
approach. 

7. The dilemma of sampling concentration 1n a divergent flow can 
be resolved by injecting more particles of smaller mass at 
initialization of the simulation. If it is known at the begin­
ning that concentration is to be sampled in a given cell, then 
the model itself can be applied to estimate how many particles 
must be released to achieve an accurate estimate. Indeed, if 
statistically independent simulations are accumulated within 
any cell and averaged, the desired accuracy could be attained. 
This approach is usually very inefficient with computer time, 
but it will work. Admittedly, the random walk approach is 
currently slower than other equation-solving methods, but new 
generations of parallel processing computers may change the 
situation. An outstanding attribute of the direct simulation 
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(' approach is its application flexibility. In this salt dome 
application, a simple alteration of the code allowed retarda­
tion of radionuclides to be controlled by the presence or 
absence of a dissolved salt plume. The approach easily solves 
an advancing front problem, whereas the other methods suffer 
numerical difficulty. 

8 •. Certainly a weakness in the MMT 1-0 model is its lack of theo­
retical verification for describing transport subject to chain 
decay and chemical absorption. But direct comparisons with 
exact analytic solutions have shown that basic mechanisms are 
accounted for. We 'do not consider kinematics with respect to a 
moving r~ference frame as witchcraft. Equation 17 on page 0-22 
is based on the relative motions of both parent and daughter 
radionuclides. If the time steps were made sufficiently small, 
then consideration of such relative motions could be elimi­
nated. However, Equation 17 is employed to allow larger, more 
efficient time steps. 

Conment 

• Many of the graphs in Appendix G illustrate rather unusual curves. 
I assume the behavior to be real rather than numerical, and I think 
a discussion of these curves would be in order. Consider, for 
example, G-20, G-22, G-28, G-38, G-40, and G-90. 

AEGIS Response 

• The graphs in Appendix G are the result of applying a running aver­
age time series filter (smoothing) to the MMT 1-0 flux estimation 
output. The residual statistical fluctuations are evident as smal­
ler period variations on the overall graph, and are statistical 
artifacts. Such variations could have been further smoothed, but 
with the cost of possibly altering the overall curve. Random 
fluctuations are a normal and correct feature of the random walk 
approach, but similar behavior in a numerical finite element or 
finite difference equation represents a failure of the algorithm. 
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For example, all features shown on G-16 for carbon-14 are real 
behavior. G-19 was not smoothed properly and should have looked 
like G-18. The top of G-20 should be nearly flat, and an enlarged 
smoothing based on more points shows this in G-21. Difficulty in 
reading such curves does present a problem in some cases. However, 
it was not the objective of .these simulations to obtain precise curve 
shapes, but only approximate estimates of peak values within ranges 
of time for dose calculations. Cases with borderline results can be 
decided by further simulation. 

Comment 

• The statement that the dispersion caused by velocity variation 
between streamlines usually dominates the porous media longitudinal 
dispersion, which is a microscopic phenomenon seems to suggest that 
transverse dispersion is greater than longitudinal--contrary to 
observation and established theory. 

AEGIS Response 

• On the contrary, the flow tube model is based on a relatively large 
longitudinal and small transverse dispersion coefficient. Trans­
verse dispersion is represented by spreading within cross-sectional 
dimensions during a transversing of the flow tube length (a travel 
time). 

Comment 

• What is the meaning of D+D* (end of Chapter 8)1 

AEGIS Response 

• The meaning of 0+0* is the sum of both dispersion coefficients for 
global and local variations in velocity. 

Comment 

• I disagree with the statement that the level of complexity of a 
model used for Simulating actual release consequences is not justi­
fied beyond the complexity and quality of the input data. You need 
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the complexity necessary to describe the physics to the degree 
required to answer whatever question is being posed. Then you 
obtain the best estimate of the required parameters. 

AEGIS Response 

• We agree with the reviewers' comment about the need entirely to 
describe the physics. However, when related parameters are not 
available or are even of questionable validity, it may be better to 
e11mate a physical process such as lateral dispersion temporarily 
until further informat10n becomes available~ The judgmental process 
of including or excluding parameters from a physical model seems to 
depend on predictive objectives. In this application the objective 
was to emphasize a bounding case of movement of radiocontaminants 
toward spec1fied environmental entry p01nts. The conservative judg­
ment was· to min1mize solute dilution by removing the effects of 
lateral dispersion. Such a choice seems to warrant selection of 
a one-dimensional, simplified model transporting directly between 
release and observation locations. The dispersion parameter used 
for the longitudinal direction was selected to represent an extreme 
of variation in the flow direction. If the objective had been 
instead to simulate a worst case dispersal throughout the aquifer 
region, then a two-dimensional simulation using a greatest possible 
lateral dispersion parameter based on flow direction uncertainty 
would seem to be called for. A 2-D simulation could not be avoided 
then. 
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PREFACE 

The Assessment of Effectiveness of Geologic Isolation Systems (AEGIS) 
Program presents in this report methodology demonstration applied as an initial 
assessment of a reference site for a salt dome nuclear waste repository. The 
information in this document was designed to support the Preliminary Informa­
tion Report (PIR) being assembled by the Office of Nuclear Waste Isolation 
(ONWI). 

This report presents an exercise of the AEGIS methodology as applied to a 
hypothetical repository located in a reference salt dome site. It is not an 
actual site assessment. The salt dome considered in this assessment has been 
excluded from consideration as a repository for nuclear waste. 
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APPENDIX A 

RELEASE SCENARIO METHODOLOGY UNDER DEVELOPMENT 

Long-term safety analyses for underground nuclear waste repositories rely 
on two basic components: 1) release scenario analyses, and 2) consequence 
analyses. The objective of the release scenario analysis 1s to identify, quan­
tify, and characterize potential breaches of the repository as input into the 
consequence analyses models. The objective of the consequence analysis is to 
assess the fate of any radionuclides that might be released into the geosphere 
by a breach of the repository. Consequence analysis is accomplished through 
the application of sophisticated geohydrological transport models that simu­
late the movement of radionuclides through the hydrologic system and determine 
the potential time and amount of radionuclide release into the accessible 
environment. These models use the initial breach conditions defined by the 
release scenario analysis. 

Numerous methods have been used in the past to develop release scenar­
ios. Traditionally these methods have been based on event/fault tree or 
Delphi/expert opinion approaches. Such approaches are limited by their inher­
ent inability to quantitatively bound the uncertainties and complexities 
characteristic of geologic systems. This weakness is compounded by the long 
(106_yr) time frame over which quantitative release scenarios are to be 
developed. 

Geologic systems tend to be highly complex, and in many respects inade­
quately understood. Consequently, the science of geology often tends to be 
qualitative, and as such, lacks the ability quantitatively to provide long-term 
predictions of the future states of geologic systems. In addition, geologic 
systems are dynamical over the time frame under conSideration, making fault 
tree analysis insufficient for scenario development. However, based on the 
past geologic record and the present state of the geologic systems, it may 
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be possible to bound the future geologic system states with some degree of con­
fidence. This involves assessments of numerous disruptive geologic and related 
phenomena. These phenomena must be addressed not simply as discrete occur­
rences but also in the context of potential phenomena synergisms. Such a task 
will be difficult at best because of the complex, dynamiC nature of the 
geologic system. 

The methodology being developed by AEGIS attempts to bound the future 
geologic system states and provide a measure of the uncertainties inherent in 
release scenario analysis. The uncertainties tend to increase dramatically as 
the time frame of the analysis and the complexity of the geologic system 
increase. 

Because release scenario analysis provides the initial geologic 
conditions for use by the consequence analysis transport models, it is 
necessary that the initial conditions or ranges of initial conditions be 
realistic, defensible, and based on state-of-the-art knowledge and practices. 
The AEGIS methodology being developed to deal with these challenging problems 
of release scenario analysis will be discussed in the remainder of this 
appendix. 

METHOOOLOGY UNDER DEVELOPMENT 

The scenario analysis methodology under development is a brute-force, sto­
chastic approach incorporating Monte Carlo Simulation, qualitative event/fault 
tree, and Delphi/expert opinion components. The objectives ~f the program are 
three-fold: 1) to develop and apply a methodology to analyze how dis~uptive 
events may, alone or in concert, affect a waste repOSitory, 2) to identify the 
perturbations or sequence of perturbations, resulting in the breach of a waste 
repository, and 3) to describe the state of the geologic system at the time of 
breach as initial conditions for consequence analysis. The current scope of 
the AEGIS program is to address only far-field/non waste-induced parameters. 
Near-field/waste-induced phenomena will be integrated into future release sce­
nario methodology efforts. 
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The Repository Simulation Model will ultimately be used as a decision­
making tool in the repository licensing process. As such the methodology must 
be designed to incorporate the wide range of criteria that will be imposed upon 
it. Some of these -criteria are: 1) auditability, 2) ability to accommodate 
objective and subjective input, 3) facilitation of parametric and sensitivity 
studies, 4) facilitation or assistance in describing breach scenarios and 
frequencies, 5} establishment of limns and/or initial conditions for input 
into the consequence analysis transport models, and 6) flexibility to accom­
modate an increasing'data base. The incorporation of such criteria will 
assist in the development of the Repository Simulation Model and enhance its 
use as a generic methodology for repository licensing. 

Any methodology developed for use in formulating disruptive release sce­
narios must address the problem acknowledging certain geological and hydrolog­
ical system restraints. The identification, understanding, and bounding of 
these restraints are primary goals of release scenario development. Some of 
the important restraints, that must be considered are: 1) Significant pheno­
mena synergisms and event couplings, 2) time dependence of geological and 
hydrological processes and events, 3) limited data base for postulating future 
system states, and" 4) the high degree of quantitative and qual itative system 
uncertainties. Such restraints tend to be inherent in any geological or hydro­
logical study because of the complex nature and inadequate understanding of 
most geologic systems. Consequently, release scenario analysis necessarily 
relies on state-of-the-art knowledge as well as sound geologic input from 
experts. 

The Repository Simulation Model being developed by AEGIS to meet these 
many requirements has several basic components. These include: 1) character­
iz'ation of individual disruptive phenomena, 2) identification of system syner­
gisms, 3) characterization of· the layered earth model (LEM), 4) development of 
system response rules, 5) simulation and layered earth model evolution, and 
6) characterization of potential breach scenarios. These components provide 
a logical framework within \,/hich the user may develop sequences of events and 
processes leading to T,ype 1 and 2 repository breaches. This framework also 
provides a method of assessing the effects of perturbations to the geologic 
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system and setting hydrological system bounds on these effects so that they 
may be used as input to the consequence analysis transport models. 

Because of the complexity of geologic systems and the large amount of 
data that must be manipulated, the Repository Simulation Model is a compu­
terized methodology. It is composed of several submodels (e.g., climate, 
faulting) and is being designed to work in two simulation models: 1) user 
interactive and 2) a stochastic multiple simulation. When in the interactive 
mode, the user can pick the input parameters, select a set of system response 
rules, and highlight particular submodels for a single simulation run. In 
this fashion, the geoscientist users will be able to use the model as both a 
stochastic and a deterministic tool to facilitate understanding of the geo­
logical system surrounding the repository. The interactive mode will also be 
used to analyze specific breach scenarios developed during the multiple 
simulation operation. In this manner, the sensitive components of the geolog­
ical and hydrological system can be identified for additional parametric and 
sensitivity analysis. 

The multiple simulation (Monte Carlo) mode will allow a large number of 
independent simulations to be analyzed while choosing geological parameters 
from probability distributions and density functions. In this manner, the 
potential system response space that results from long term interaction of the 
various geological phenomena can be mapped. Within this response space, 
potential repository breaches can be catagorized into appropriate scenarios 
for use as input into the consequence analysis hydrologic transport and data 
models. 

An example of the methodology under development is taken from the model 
being developed for repositories located in layered basalt. This simulation 
model is composed of eleven submodels, each of which addresses a class of 
disruptive phenomena. These submodels are: 1) climate, 2) continental glacia­
tion, 3) hydrology, 4) sea level fluctuations, 5) geomorphic events, 6) defor­
mation, 7) sub-basalt basement faulting, 8} shaft seal failure, 9) undetected 
features, 10) magmatic activity, and 11) meteorite impact. These submodels 
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address the disruptive natural phenomena that may, alone or in concert, affect 
the safety of a waste repository located in a layered basalt geologic system 
during a period of one million years. The submodels chosen for this example 
are continental and alpine glaciation (Figures A.1 and A.2). 

To estimate the recurrence frequency of glacial activity over the next 
106 years or so, three separate theories were explored and ultimately com­
bined to result in a time dependent driving function for glaciation. Results 
from the Milankovitch theory of orbital physics (solar insolation impinging 
upon the earth's surface), and harmonic analyses of past glacial activity and 
intense volcanic activity were combined to estimate the frequency of future 
episodes of glacial activity. 

To address the impact on the repository of any given episode as provided 
by the glacial driving function, it is necessary to become somewhat site spe­
cific. For illustrative purposes, the PNL laboratory in Richland, Washington, 
was chosen as the example site. The following discussions are strictly to 
demonstrate the form of the methodology and do not indicate actual scenarios 
for this site. 

Data on past glacial activity resulted in the approximate curves shown in 
Figure A.3. The first curve gives an average rate of ice advancement rate in 
km/yr. The second curve shows the minimum distance from the edge of the con­
tinental ice sheets to the chosen site at the time of maximum ice advancement. 
A similar distribution is given for some recharge areas of deep confined 
aquifers. 

During major episodes of continental glaciation, there is only a 1O-7/yr 
probability of the repository site being covered by ice. The cumulative prob­
ability is on the order of 0.1 for 106 yr and the maximum ice thickness is 
estimated at 200-300 m. Should the basin area be glaciated, however, a verti­
cal recharge pressure of up to 27 bars (0.09 bars/m of ice) might be expected. 
Furthermore, under a wet based glacier, a perpetual supply of liquid water 
might be expected. 
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Glacial loading of the deep aquifer recharge areas, on the other hand, 
supports a 10-5 yr-1 probability and a cumulative figure approaching 1.0 
in 106 yr. Maximum ice thickness in this case is estimated at 500-
1000 meters and the recharge factor is also 0.09 bars m-1• Figure A.4 is 
an artist's conceptualization of these two potentially independent glacial 
phenomena. 

WET-BASED GLACIAL RECHARGE 

®·GLACIATED 
LOWLAND BASIN 

1 ..... 1-------.1 200 .. m----~~~s. 

T 
h 300m 

INCREMENTAL PRESSURE = (0.9 b:S) (ICE THICKNESS IN METERS) 

FIGURE A.4. Conceptualization of Glacial Recharge 

The response of the confined aquifer system will depend primarily on its 
hydrological properties such as conductivity and storage potential. However, 
regardless of how the heads and/or volumetric flows are perturbed, the reposi­
tory (embedded in a relatively impermeable zone) should not be affected unless 
a pathway exists or is created between aquifers supporting differing poten­
tials. Such a pathway might be associated with fault rupture, but for the 
moment the discussion will be restricted to the possibility of surficial frac­
turing beyond the edge of large continental ice sheets. 

Given.an ice sheet 3 km thick at its centerpoint and 1450 km in radius, 
overlaying a 37 km elastic crustal shell superimposed on a viscous liquid 
interior, it is possible to compute the radial, tangential, and shear stresses 
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that might exist beneath and just beyond the edge of the ice sheet. Beyond 
the edge· of the ice sheet, tensional stresses on the order of 10-30 bars might 
conceivably exist. These stresses appear to be sufficient to cause surface 
cracking (Peltier and Andrews 1976). Such fracturing may be responsible for 
the in1tiation of the Great Lakes and Finger Lakes, and other lakes marginal 
to the Laurentide' ice sheet (Bull 1978). Faults along the coast of Maine, 
probably initiated by ice sheet margin stresses, are still active, because .of 
isostatic rebound (Rand and Gerber 1976). 

Other possible results associated with large scale glaciation are high 
levels of meltwater runoff and even catastrophic flooding such as occurred 
several times in the state of Washington. Seven to nine massive Missoula-type 
floods are anticipated in southeast Washington in the next 106 years (Tubbs 
1978). At the hypothetical site in question, a tem- porary lake upwards of 
300-350 m in depth would be associated with each flood. Recharge pressure to 
the unconfined aquifer zone ~ou1d be on the order of 0.11 bars m-1 of lake 
depth. 

/ Ice scouring and selective stream erosion are also distinct possibili-
ties. Average denudation might be on the order of 15 to 110 m per 106 yr at 
the area in question. Deep selective stream erosion might vary from zeroto 
0.15 tmI yr-1 'if anticlinal uplift is not occurring. With such uplift, the 
erosion rate could be from 0.2 to 0.7 mm yr-1. 

Finally, there is a possibility for sub-basal ground-water flow from 
beneath the. ice sheet to the edge o-f the ice sheet. 'Such flow could, on the 
average, be under 0.25 bar km-1 horizontal gradient and water might be forced 
upwards at the edge of the ice sheets. It is also possible to relate sea level 
fluctuations to glacial episodes. In general, a + 100 m variation is estimated 
(Schwartz 1978). 

The above is a brief example of the application of the continental and 
alpine glaciation submode1s to a layered basalt medium. However, in actual 
use the Repository Simulation Model will make use of all eleven submode1s. 
The model assesses the potential effects of each submode1 as well as the 
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effects of interrelationships that may exist among the various submodels dur­
ing the entire one-million-year time frame of the model run. These effects 
are determined, updated, and recorded at the end of each lOO-year time step. 
In this way, time histories of the evolution of the geologic system are devel­
oped. Analyses of these time histories provide a method of determining the 
events or sequences of events that may ultimately lead to breaching of the 
repository. Consequently, the primary goal of the Repository Simulation Model 
is to identify and estimate the probabilities associated with disruptive events. 
which, alone or in concert, might compromise the isolation status of a nuclear 
waste repository and to describe the possible geological and hydrological sys­
tem states at the time of a breach. Such information can then be supplied as 
initial conditions to the release consequence transport models by developing 
plausible scenarios and identifying the bounds to be used in the parameters of 
the transport models. 

The current status of the AEGIS release scenario analysis model is a sec­
ond generation computer model that has been developed for a basalt repository. 
This model is currently being revised, with additional statistical capabilities 
being incorporated. The models for salt dome' and bedded salt media are still 
in the conceptualization phase. 

The methodology being developed is not being designed to predict the 
future geologic and hydrologic system. Instead, its objective is to attempt 
to bound, in a logical and auditable fashion, the set of potential future 
system states that could result in a repository breach. In addition to des­
cribing potential repository breaches, the output from this methodology will 
assist in describing the bounds for parametric and sensitivity analyses for 
the geohydrologic transport models. Thus, the consequence of potential repos-

·itory breaches and the ultimate release of radionuclides to the accessible 
environment can be systematically analyzed. 
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APPENDIX B 

FINITE ELEMENT, THREE-DIMENSIONAL GROUND WATER (FE3DGW) FLOW MODEL 

The objective of transport modeling for the AEGIS Program is to develop 
an integrated modeling system to predict, in the event 'of a breach, the move­
ment of radioactive contaminants from a nuclear waste repository located in 
geologic media through the geosphere to the accessible environment. Prediction 
of radioisotope transport requires an estimatiOn of water movement, because 
water is the primary driving force for waste movement in'a hydrogeologic sys­
tem. Hydrologic models define water flow paths and travel times from the input 
data provided by repository release scenario analysiS. Four levels of the 
hydrologic models have been categorized (Raymond 1977) to handle varying com­
plexities and availability of input parameters. The first level is for the 
simplest one-dimensional models having analytical solutions; the second level 
includes idealized analytic or hybrid analytic models for single aquifer sys­
tems with scanty input data; the third level dea'ls with more complex single or 

. (~ quasi-multilayered systems; and the fourth level is for complex multilayered 
systems. 

The three-dimensional, finite element, ground water model described in 
this report falls within the fourth level of AEGIS hydrologic models. This 
model is capable of simulating single-layered systems having variable thick­
ness or multilayered systems, where thickness ar:td the number of layers can be 
changed to agree with the vertical geologic section. Also, spacing of the 
model nodes can be varied as required. The source or sink terms can be defined 
at a given point (e.g., at a well), along a given line .(e.g., rivers, streams'), 
or for a given region (variable surface infiltration from natural precipitation . , 

or irrigation). Pumping stresses in each layer of the subregion can be defined 
as a function of time. The geologic input data for suchcomple~ multilayered 
systems are reduced to well-log descriptions at each surface node and to sub­
divisions of the entire region into two-dimensional elements. Supportive 
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programs have been developed to plot grid values, contour maps, and three­
dimensional charts of both the input data used in simulation and the results 
obtained. 

NEED FOR A THREE-DIMENSIONAL, FINITE ELEMENT MODEL 

Geohydrologic systems and surface water bodies (e.g., lakes, rivers) 
usually have irregular boundaries, and the finite element method provides a 
powerful tool for space and boundary definition. The spacing of the nodes 
near the repository, pumping wells, or surface water bodies can be narrowed, 
and the hydraulic conductivities can change abruptly from element to element 
so that fault zones and confining layers are represented. 

GALERKIN FINITE ELEMENT FORMULATION OF THREE-DIMENSIONAL FLOW 

Three-dimensional, non-steady flow ;s defined by the following equation 
(Jacob 1950): 

a (K ah) + a (K ah) + a (K ah) Q - S ah ax x ax ay y ay az z az - - s 3£ 

S5 ~ specific storage L-1 

,. pg (ap + asp) 

g = gravity field strength, L T-2 

h = head above common datum, L 

= z+1 f ....c!IL 
g p (p) 

o 
Kx' Ky, Kz = represents hydraulic conductivity of the saturated flow in 

the x, y, and z direction, L T-l 

P = fluid pressure, M L-1 T-2 

B.2 

(1) 
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Q = strength of sink function defined by T-1 

n 

= ~1 ~(xi·Yi,z1,t) (x-xi) (y-Y1) (z-z1) 

Qw = the well discharge from the aquifer, L3 T-1 

o = Dirac delta function 

t = time, T 

z = elevation above given datum. L 

e = porosity of medium. dimensionless 

a p = compressibility of medium, LT2 M-1 

Bp = compressibility of liquid, LT2 M-1 

p = density of fluid, M L-3 

GALERKIN APPROXIMATION 

Equation (1) can be rewritten ina more compact form as: 

_ a ah ah _ 
L(h) - aXa (KaB axa) - Q - 5s at - 0 

a, B = 1, 2, 3 

(2) 

In the above equation and in subsequent equations. subscripts a and B are used 
to describe the three-dimensional flow equation in condensed form. 

To solve L(h) = 0 by the Galerkin method, a trial solution of the follow­
ing form is assumed: 

(3) 

where Vi ("0) (;=1, 2 ••• n) is a system of functions (basis functions Qr bases) 
chosen beforehand and satisfying the essential boundary cond1tions imposed on 
Equation (I). The functions Vi(xa ) (i=l, 2 ••• n) are assumed to be linearly 



            

           

            

     

           

                

         

            
 

        

 

           

         

        

               

 

          

            

 

         

           

        

 

         

          

independent and to represent the first n functions of some system of functions 
that is complete in th~ given region. The functions Hi(t) are undetermined 
coefficients that, as shown later, are the solution of Equation (l) at speci­
fied points (or nodes) in region • 

The approximating function hi (x ,t) will be an exact solution to Equa­
tion (1) only if L(h ' ) ;s equal to zero. This can be best achieved in a vari­
ational sense using the definition of orthogonal functions. The orthogonality 
of expression L(h') is required "to all the basis functions Vi(x ) (i=1, 
2 ••• n) or: 

(4) 

i=1, 2 ••• n 

Because only n basis functions have been selected, there are n undetermined 
coefficients Hi(t} (i=l, 2 ••• n) and therefore only n conditions of 
orthogonality c~n be satisfied. These conditions are stated as: 

i=1, 2 ••• n 

Assuming that the appropriate integrations can be performed, the desired solu­
tion of Equation (2) is obtained by substituting the values of Hi(t) into 
Equation (3). . 

The above-mentioned formulation of the Galerkin equation was applied by 
Pinder and Frind (1972) to ground-water simulation. This was also applied to 
three-dimensional ground-water ~low by Gupta, Tanji and Luthin (1975). 

BASIS FUNCTION 

The suitability of the Galerkin approximation for computer application is 
largely based on the choice of basis functions Vi(xa). Efficient numerical 
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schemes can be developed when continuous piecewise polynomial functions are 
used (e.g., Price, Cavendish and Varga 1968, Cavendish, Price and Varga 1968, 
and Culham and Varga 1970). In selecting these functions a series of nodes 1s . " . 
chosen in the domain,"and basis functions are defined such that Vi(x) is 
unity at node i and zero at all other nodes. When functions are chosen with 
these constraints, the undetermined coefficients Hi(t) (i=1, 2 ••• n) are then 
the required function h'(x ,t) at the n points. 

The three-dimensional mixed basis functions (Gupta, Tanji and LutMn 
1975) are 9iven below. 

Corner Nodes 

where 

a i = ~ (1 + tt;) (1 + nn i ) (1 + ~~i) 

6; = B~ + Bn + B~ 

Values of B~, Bn and Be are determined by the order of the element sides 
(~= !,1, n ~ .:t1), (r; = .:tl, ,= !,l) and (t = +1, n = .:t1), respectively, in con­
junction ~nth information from lohle 1. 

Nodes A"tonq the Sides of El(!nii~nt5 

A typical midside node of a 4uadratic side: 

TABLE 1. Parameters (If Bt , Bn 

Order of Side ~~ 

Linear 

Quadratic 

Cubic 

1 
"3 

2 
~~i - ! 

9 2 19 
8" ~ - 24 

8.5 

and Bt for Mixed Corner 

Bn B~ 

1 " 1 
! ! 



                  

                 

       

            

             

              

        

              

             

             

            

            

      

     

          

           

          

         

             

              

 

Vi at (1 + ~i~) (1 - n2) {1 + r;z;;} for ~i = !,1,n i :& O,1;i =- +1 

1 2 Vi = 4 (1 + ~i~) (1 + nni) (1 - 1; ) for ~i =- !,1,ni = !.1,r;1 :. 0 

A typical midside node of a cubic side: 

Vi = ~ (1-~) (1+9~~1) (1+nni ) (1+ r;Z;;) for E;i = !. t, nf :a :t1,l';i ::a +1 

Vi 
9 2 (l+9nn; ) (1H ;l';;) for ~; = +1, n; 1 =- +1 = b{ (1+~E;i) (1-n ) = !. 3"i -

Vi 
9 (1+nni ) (1-Z;2) (1+9r;Z;i) for E;i = +1, n· = +1 r; 1 = bif (1 + E;~i ) 

- 1 - , =!.! 

A convenient method of establishing the coordinate·transformations from 
Cartesian to local ~, n, r;, space is to use the basis functions given above. 
The points with coordinates, x, y, z, will lie at corresponding point, E;, n, 
r;, in the element as given by the general definitions of the basis functions. 
By these re 1 ati onshi ps, each set of local coordinates wi 11 correspond toa set 
of global Cartesian coordinates and in general to only one such set. Non­
uniqueness arises only with violent element distortions. 

GALERKIN APPROXIMATION FOR GROUND-WATER FLOW EQUATION 

After generating the appropriate basis function for each node in domain 
G, it is necessary to solve Equation (4) for the undetermined coefficients 
Hi(t). By substituting· Equations (2) and (3) in Equation (4a) along with 
the assumption that the principal components of the hydraulic conductivity 
tensor are co-linear with x, y and z, the following is obtained for three 
dimensions: 

1=1, 2 ••• n 
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where the domain 0 ;s composed of all elements over which the ith basis 
function is defined. 

To eliminate the second derivatives in Equation (4b), Green's theorem in 
the following form can be used: 

(5) 

Assuming Kae to be constant over each domain of integration and noting 
that Hj is a function of time only, and using Green's theorem Equation (5), 
Equation (4b) can be written as: 

(6) 

1=1, 2 ••• n 

The n Equations in (6) can be written in the matrix form as: 

[p] tHl + [~] {dH/dtf + {U} = 0 (7) 

where [p] and [R] are n x n matrices in which:' 

and {ul is a vector in which: 
" 
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(a) 

The last term in Equation (a) incorporates the Neumann boundary condition: 

where qn is the flux of water per unit area of boundary S, LIT. This last 
term is formed only when qn is nonzero, in which case it takes the form of: 

Under these conditions, the flux prescribed along the boundary can be inte­
grated, and the weighted average value for each node of total outward flux 
used for the specific node under consideration. At nodes where a Dirichlet 
or constant-head boundary condition is encountered, Equation (6) is not gen­
erated. The matrices of Equation (7) are partitioned to account for these 
passive nodes to minimize the number of operations required for solution. 

INTEGRATION OF APPROXIMATING EQUATIONS 

The finite element process converges if integration is sufficient to 
evaluate exactly the volume of the elements. The Gaussian quadrature scheme 
is generally used for numerical integration. Numerically integrated finite 
elements provide greater versatility than those employing analytical integra­
tion. For a general class of problems, the matrices are always of the same 
form in terms of the shape function and its derivatives. In the computer 
program, the shape functions and their der~vatives are specified, along with 
the order of integration (number of Gaussian points). The use of universal 
shape function routines has a unique practical advantage in that, once the 
routfne is checked decisively for errors, the computer works efficiently in 
dealing with any new situation or problem. 

B.8 
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Numerical approximation is carried out with respect to the nodal values, 
and each node is described in terms of shape factor Vi given in local coor­
dinates; thus, we have the following relationships considering each element as 
a domain: 

n 
x c L Vi (t, n ,1;) xi (9) 

;=1 

n 
Y c ~ 

i=l 
Vi(t, n ,t) Yi (10) 

n 
Z I: ~ 

1=1 
Viet, n ,1;) Zi (11) 

n 
hi -= ~ Viet, n ,1;) Hi (12) 

;-=1 

where Xi' Y;' and zi are actual values of nodal Cartesian coordinates 
and n is the number of nodes in the element under consideration. Hi (a~ 
defined earlier) is the actual value of the required function hl(x, y, z, t). 

Considering the set of local coordinates t, n, and 1; and a corresponding 
set of global coordinates x, y, and z, by usual rules of partial differentia­
tion, we can write, for instance, the t derivatives as: 

(13) 

Performing the same differentiation with respect to the other two coor­
dinates and writing in matrix form we have: 
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aVi ax U az aV i aVi 
ar a~' a~' a~ ax ax 
aV1 ax ~ az aVi [J] 

aV i (14) an 
s 

an' an ay = ay an' 

aVi ax il az aV i aV1 
at" aI;' a 1;-' 31; az F 

In the above, the left-hand side can be evaluated because the functions 
Vi are specified in local coordinates. Furthermore, x, y, and z are 
explicitly given by the relation defining the curvilinear coordinates 
[Equations (9), '(10), and (11)]. The matrix [J] can be formed explicitly in 
terms of local coordinates. This matrix is known as the Jacobian matrix. 

To find the global derivatives, we invert [J] and write 

aVi av. 
. 1 

ax a~ 

aV i a (J]-l 
aV i 

ay an 
aVi aVi 
az ar 

.. ··In terms of the shape function defining the coordinate transformation 
[VI] , which are identical with the shape functions [V] when isoparametric 
formulation is used, we have: 

avo 
La~l xl' 

avo 
La~l Y1' 

av. 
La~l zi 

[J] = 
aV i 

Lan xi' 
aVi avo 

Lan Yi' L an
1 

zi 

avo aV i avo 
Lar,;l xi' Lar- Y1' Lar,;l zi 
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The transformation of the variables and region. with respect to which 
integration is made, is achieved by the following: 

dx dy dz = det [J] dt dn d' 

which is valid irrespective of the number of coordinates used. Assuming that 
the inverse of [J] can be found, by transformation we have 

11[1[1 ( aviav. aVi ~ aVi avo) 
P ij -= (Kx ax at + Ky ay ay + Kz F at det [J] dt dn d~ (16) 

-1 -1 -1 

Simi1ar expressions are developed for the remaining terms of Equation (8). 

To perform an integration of the form indicated in Equation (16), a 
Gaussian quadrature scheme is used. In this technique a polynomial f(x) of 
degree 2N-1 may be integrated exactly as the weighted mean of its N particular 
values of specified points (Gaussian points). Examining in detail the form of 
Jacobian determinant (expressed in terms of shape function derivatives), and 
its order, the number of Gaussian points required for exact. integration can ~e 
determined.. Zienkiewicz and Cheung (1965) give a concise discussion of Gauss­
ian quadrature and tables of required coefficients (Table 2). Zienkiewicz 
(1971) summarizes that if only a few elements are used to represent a region, 
more than a minimum number of Gaussian points is advised •• If a large number 
of elements has to be used, the lowest necessary order of integration is 
economical. It is also reported that considerable improvement results from 
using a minimum integrating order. The computer program written has a choice 
of the use of 2, 3, or 5 Gaussian integration points in each dimension. 

FORMATION OF MATRICES 

Once the matrices of Equation (7) have been developed, the task is to 
so lve for the undeterlni ned coefficients Hi (t) (i=l, 2 ••• n). To el iminate 
the term dH/dt associated with the P matrices, a backward finite-difference 
approximation for the time is generally uSed with given inithl values: 
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TABLE 2. Abscissae and Weight Coefficients of the Gaussian 
Quadrature Formula 

f
1 n 

f(x) dx = L Hi f(a j ), 
-1 j=l 

+a H 
n = 2 

0.57735 02691 89626 1.00000 00000 00000 
n = 3 

0.77459 66692 41483 0.55555 55555 55556 
0.00000 00000 00000 0.88888 88888 88889 

n = 4 
0.86113 63115 94053 0.34785 48451 37454 
0.33998 10435 84856 0.65214 51548 62546 

n = 5 
0.90617 98459 38664 0.23692 68850 56189 
0.53846 93101 05683 0.47862 86704 99366 
0.00000 00000 00000 0.56888 88888 88889 

n = 6 
0.93246 95142 03152 0.17132 44923 79170 
0.66120 93864 66265 0.36076 15730 48139 
0;23861 91860 83197 0.46791 39345 72691 

n = 7 
0.94910 79123 42759 0.12948 49661 68870 
0.74153 11855 99394 0.27970 53914 89277 
0.40584 51513 77397 0.38183 00505 05119 
0.00000 00000 00000 0.41795 91836 73469 

n = 8 
0.96028 98564 97536 0.10122 85362 90376 
0.79666 64774 13627 0.22238 10344 53374 
0.52553 24099 16329 0.31370 66458 77887 
0.18343 64624 95650 0.36268 37833 78362 

n = 9 
0.96816 02395 07626 0.08127 43883 61574 
0.83603 11073 26636 0.18064 81606 94857 
0.61337 14327 00590 0.26061 06964 02935 
0.32425 34234 03809 0.31234 70770 40003 
0.00000 00000 00000 0.33023 93550 01260 

n = 10 
0.97390 65285 17172 0.06667 13443 08688 
0.86506 33666 88985 0.14945 13491 50581 
0.67940 95682 99024 0.21908 63625 15982 
0.43339 53941 29247 0.26926 67193 09996 
0.14887 43389 81631 0.29552 42247 14753 
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or 
[p] lHlt+~t + [R] (JHlt+~t - 1H~t)/~t + lUi = 0 

([p] + [R]/~t) {Hlt+~t = [R]/~t lHlt - 1ul 
where values occurring on the right-hand side are known. 

(17) 

For finite difference in time, the Crank-Nicolson or central-difference 
scheme can be used after the first initial step. In past versions of the 
model, backward difference was used for the initial time step, but in the 
present model, rather than simulation of H, the computer program has been 
modified to simulate changes during the time step. 

COMPUTATIONAL ORGANIZATION OF THE PROGRAM FOR REDUCING CORE 
--~~- -
STORAGE REQUIREMENTS AND EXECUTION TIME 

The three-dimensional,' finite element method has the major limitations of 
requiring large organization and programming efforts and considerable core 
storage, limiting the size of problems handled on a given computer. In DAVIS­
FE (Gupta et al. 1975) the core storage requirements and cost of computation 
for a three-dimensional grou~d-water flow were reduced by use of small indepen- . 
dent subprograms, storing intermediate results which are needed repeatedly, and 
use of a partially compressed matrix for storing and solution of the sparse and 
un banded system of equations. Further improvements of the DAVIS-FE and equa­
tion solver were made for application to multilayered ground-water systems 
beneath Long Island, New York (Gupta and Pinder 1978). 

Under AEGIS, additional modifications were carried out and a new version, 
FE3DGW (Finite-Element 3-Dimensional Ground Water), was developed to simulate 
multilayered systems ona small computer (PDP-11/45 having maximum core 
storage of 32 K for 16-bit words). This section gives a brief description of 
the organization of the computer program. 

PROGRAM ORGANIZATION TO RED~CE MEMORY REQUIREMENTS 

Input Data 

Reduction of core storage can be achieved by using a disk, provided the 
data are sequentially written and retrieved. Therefore, the input data for 
the finite element simulation were grouped into two major categories: 
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Data Used at ~andom 

Data related to material properties~ nodal coordinates and boundary con­
ditions are needed at random, as per the nodes of the given elements. There­
fore, this information is stored in the core memory of the given subroutine 
whenever possible. For simulation on a small computer~ if all the nodal coor­
dinates cannot be accommodated in core storage, they are read in as multiples 
of 256 integer (128 real) words~ the equivalent of one record of disk block. 

Data Used in Sequential Form 

Element-related information forms the bulk of storage requirements. 
Because numerical integration is carried out sequentially element by element, 
the element-related information is handled through disks. 

System Matrix 

For a natural basin involving many layers of three-dimensional elements, 
the system stiffness matrix is large, sparse~ and unbanded. The number of 
unknowns in a natural multi aquifer system may be as high as 1000 or more, 
whereas nonzero coefficients for linear, quadratic~ and cubic order three­
dimensional elements are respectively only 27, 81, and 135. If mixed degree 
three-dimensional isoparametric elements are used~ in general the number of 
unknowns in a given row is 40 to 60. 

The use of two arrays, one for storing the nonzero elements and the other 
for column identifications~ has been found to be very efficient in reducing 
the memory requirement for large sparse, un banded and asymmetric systems of 
equations (Gupta and Tanji 1977). Because provision must be made for the 
longest row of nonzero coefficients, storage of a limited number of zeros is 
required in some of the rows~ resulting in partially packed arrays. Such a 
storage scheme is economic~l if the longest row after elimination process 
contains less than 50% nonzero elements. 
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REDUCTION OF PROCESSOR TIME 

Storage of Intermediate Results Needed Repeatedly for Transient or 
Steady-State Solution 

Numerical approximation is carried out with respect to the nodal values, 
and each node is described in terms of shape factor Vi' given in local coor­
dinates. Details of the steps involved in numerical integration have been 
given in the section on the Galerkin finite element formulation of three­
dimensional flow. Various components of Equation (17) are estimated in the 
following manner: 

a. For a linear element a minimum of two Gaussian points in each direction 
are required, which warrants estimation of shape function Vi' 

aVi aVi aVi 
ar' an' ae-

and the matrix Jacobian [J). eight times for each element. For a quadratic or 
cubic order element, the minimum is 27. 

b. In Equation (6), the only parameters required are: 

aV i 3. aVi av. aVi av. 
at at det [J]. an irt det [J], ar-·at det [J]. ViVj det [J] and 

Vi det [JJ, respectively called FIFJ, GIGJ, HIHJ, XIXJOB. and XIJCOB. The 
values of these parameters are estimated at each Gaussian point and summed up 
for the given element before writing to disk. These parameters are functions 
of the x, y, and z coordinates of each node of the element and remain constant 
for steady-state and confined transient cases. The economy achieved by stor­
ing intermediate steps can be evident from the fact that Gaussian numerical 
integration requires 8 or 27 times estimations (depending on the order of the 
element) of the shape function, Vi~ and its derivatives for each node of the 
element for every solution. For each quadratic or cubic order element this 
amounts'to 1188 times estimations of each of the integration parameters called 
FIFJ, GIGJ, HIHG, XIXJOB, and XIJCOB. 

c. The element stiffness matrix is formed by rewriting Equation (17) in the 
f01lowing form: 
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Pij = FIFJ x KxX = GIGJ x Kyy + HIHJ x KZZ 
Rij ~ Pg (~p + $Bp) x XIXJOB 
Ui = Q x XIJOOB 

For each transient or steady-state problem~ the stiffness matrix of the region 
is developed by reading the summed-up values of FIFJ~ GIGJ, HIHJ, XIXJOB, and 
XIJCOB for each node of the given element. 

Solution of System Matrix with Minimal Arithmetic Operation 

In finite element formulation, the subroutine for the solution of simul­
taneous equations constitutes another major influence on computational cost. 
The computer program uses EQSOLV (Gupta and Tanji 1977) in which: 1) the row 
with the minimum number of nonzero elements is selected as the pivot row and 
to avoid instability~ the largest absolute element in the pivotal row 1s used 
as the pivotal column; 2) the coefficients matrix is decomposed to the upper 
triangle, and sequential operations and coefficients for right-hand constant 
vector are stored such that, for constant time steps, repeated solutions are 
obtained by back substitution without decomposing the system matrix again; 
3) the bulk of the program centers on a search of the partially packed column 
matrix to locate elements to be operated on, and thus actual arithmetic oper­
ations are minimal. 

DIVISION OF THE MODEL INTO INDEPENDENT SUBPROGRAMS 

For efficient handling of the input data for providing checks at various 
stages of simulations~ the computer model has been subdivided· into the 
following five independent subprograms. 

1. PROG1 - This program reads the input data, assigns a new number to each 
node for internal estimation, generates a three-dimensional mesh, esti­
mates the number of unknowns and generates F1le-Q(a) disk files for 
data processing in other subsequent pr~grams. 

(a) File-Q is a set of FORTRAN callable direct I/O subroutines written -for 
use on POP 11/45. The F1le-Q file structure for disk volumes is designed 
to minimize the overhead associated with direct access file operations. 
Once File-Q has been opened, only basic read-write limits are checked for 
each I/O operation and all direct access I/O transfers are started at the 
beginning of a physical (256 word) disk block boundary. 

B.16 



           

         

          

        

            

            

        

       

         

         

          

          

        

          

         

           

         

           

           

         

       

         

         

        

      

            

         

            

           

          

   

By making.this program independent, the modeler is provided with a means 
of critically examining the input data before proceeding with execution 
of the other programs. In other programs, reduction of memory require­
ment is achieved by retrieval of only relevant information. 

The computer output from large basins may run to several pages that may 
be needed only for the initial run and not for further additional minor 
modifications. Therefore, the computer program has varied options from 
no output to complete listing of various details. 

2. PROG2 - This program calculates the integration parameters (described in 
Reduction of Processor Time Section) needed repeatedly but which remain 
constant for the given x, y, z coordinates. These integration parameters 
are stored sequentially for each element and are retrieved for transient 
or steady-state solutions with different boundary conditions or hydraulic 
properties. 

3. BAND - Simulation of ground-water basins involves a large, sparse and 
unbanded system of equations. The equation solver uses partially packed 
arrays by storing only nonzero elements in one matrix and their column 
identification in another matrix. Initially as well as during decomposi­
tion of the system matrix into upper triangular form, the nonzero columns 
of each row are arranged in ascending order, reducing processor time by 
conducting the search for specific elements until the column identifica­
tion of the row being searched, is exceeded. 

Through subprogram BAND, the preassigned ~ocations of elements for ini­
tial formation of system matrix are calculated. This reduces consider­
ably the computational efforts necessary in rearranging the columns 
during repeated formations of the system matrix. 

4. PROG3I - For a given problem it is usually desired to simulate potentials 
with different time steps, recharge rates and pumping stresses. PROG3I 
has been structured to read or to redefine these values for each simula­
tion run. Thus PROG1, PROG2 and BAND are executed only once. Through 
PROG3I and PROG3, simulation for various combinations of time steps and 
boundary. values are carried out. 
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5. PROG3 - This is the main program, which calculates the potential head 
using F11e-Q disk data generated by PROG!, PROG2, BAND, and PROG31. 

Maximum efforts in computation of head are involved 1n formation of ele­
ment matrices, the system matrix and decomposition of the system matrix 
into an upper triangular form. For a constant time step simulat;ion, the 
coefficients of the system matrix are invariant. PROG3 has been struc­
tured to decompose the system matrix only at changes of time step magni­
tude. For constant time steps, the solution is achieved by recalculating 
the right-hand constant vector as a function of boundary conditions, pre­
scribed flux rates and pumping stresses, followed by back substitution 
into the decomposed upper triangular matrix. 

MAIN FEATURES PROVIDED IN THE MODEL FOR CONVENIENT MATHEMATICAL 
DESCRIPTION OF A GIVEN GROUND-WATER SYSTEM 

In contrast to surface-water supplies, ground-water reservoirs are inter­
connected over large areas, and their definition and analysis require difficult 
and extensive geologic investigations. Geologists and geohydrologists usually 
define various layering patterns by a few typical well logs (defining the ver­
tical geologic section), interpreted cross sections and contour maps showing 
top elevation, bottom elevation, and/or thickness of each identified hydrogeo­
logic unit in the given region. 

To simplify the input data preparation, the model is structured on the 
basis of two-dimensional surface elements and well logs at each node. Three­
dimensional finite elements, describing geologic stratification, are generated 
by the model. Development of three-dimensional elements by the model ensures 
the continuity. Any discontinuity in adjOining three-dimensional elements 
results mathematically in an insulated, no flux, layer. 

Characteristics of input data structure and steps involved in mathematical 
representation of the given ground-water system follow: 
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1. Discontinuities. major breaks in slope or thickness. and fault zones of 
the hydrogeologic units are some of the controlling parameters affecting 
the ground-water flow regime. To define the geologic stratification for 
a given ground-water basin, these controlling parameters are identified 
by discrete nodes on each of the hydrogeologic units and then combined at 
the surface. 

2. For proper presentation of the unknown function (head), increase in nodal 
concentration is necessary. This is done by placing additional nodes 
along surface water bodies (lakes, rivers. seashore), at important 
recharge or pumping wells, and for further subdidivsion of large uni­
form region .(for defining variable infiltration or pumping stresses). 

3. At each surface node, 'well logs are prepared by using contour maps of 
hydrogeologic units. The depth increments are defiried either in eleva­
tion above a given datum or in actual thickness of each material. 

4. According to the geologic and surface water boundaries, the nodes are 
Joined by straight (linear) or curved (quadratic or cubic) lines to sub­
divide a given region into isoparametric, two~dimensional, mixed-order 
elements. Mixed-order, isoparametric elements enable a mathematical 
description of straight~ curved, or meandering boundaries with a minimum 
number of nodes. 

5. Using two-dimensional surface elements and well log details at each node, 
three-dimensional elements are generated by the computer program. 

6. Some of the stress conditions encountered 1n a ground-water system are: 

• potential boundary conditions; e.g., given water-level elevation of 
lakes, ponds. seashore 

• vertical infiltration at the top of the ground-water surface 

• pumping (or recharge) at given Well locations (node) 

• pumping (or recharge) for a given subregion (element) from a given 
layer. 
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This model has the provision of defining steady state and transient 
1) potential boundary conditions, 2) vertical infiltration rate at the 
surface and 3) pumping or recharge rate at a given location or element. 

SUPPORTIVE PROGRAMS DEVELOPED TO VERIFY 
THE INPUT DATA USED IN SIMULATION 

Digital finite element models provide a flexible means of defining a 
complex ground-water system. However, the probability of input errors always 
exists in co~uter simulations. When dealing with a large number of nodes, 
manual checking becomes tedious and time-consuming, and results are not guar­
anteed to be free of errors. Some means of editing the input data before 
simulation is essential. 

Realizing the above needs as well as the fact that tabular output data 
are not adequate, the following supportive plotting programs have been devel­
oped. The input data deck initially deSigned for simulation is used in all 
plotting programs. 

Plotting of Node Locations, Elements, and Vertical Logs 

The subprogram (PLOTEL) has been developed to plot the locations of each 
node, two-dimensional surface elements, and the vertical log at each location. 
Finite element solution of the governing partial differential is obtained by 
Gaussian integration of each element. Any error in description of an element 
(by defining the wrong node number or sequence of the nodes of an element) 
results in an erroneous integration. Through this plotting package, the user 
achieves a positive check on correctness of geometry of nodes and finite 
elements. 

The logs that describe the geologic section on which the three-dimensional 
elements are generated by the program are another place where errors can occur. 
To provide a visual check for the modeler and hydrogeologist, geologic sections 
are drawn at each node location. A horizontal tick mark is placed at the 
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interface of two hydrogeologic units on the section. The material between 
these tick marks (representing thickness of the hydrogeologic unit) is identi­
fied by an integer number assigned to the material (Figure B.1). By knowing 
the local stratigraphy, hydrogeologists can revjew these sections for errors. 
At" locations where adequate data are not available, solutions can be obtained 
by redefining the geologic sections with alternative interpretations. Because 
three-dimensional elements are developed by the computer program itself,. 
another formulation of the given ground-water system is easily obtained by 
changing vertical sections at disputed locations. 

From the vertical sections and the element demarcations plotted by PLOTEL, 
fence diagrams can eaSily be developed. 
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FIGURE B.1. Illustrative Sample Plot of Vertical Stratification in Part of 
Western Subregion of Long Island. (This plot is made by 
supportive program PLOTEl to check nodal geometry, element 
delineation, and vertical section defined at each node.) 
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Contour and Three-Dimensional Plotting of Initial Head, 
Top Elevation, and Thickness of Materials 

When dealing with large multilayered reservoirs, it becomes difficult to 
evaluate errors from the tabulated printer output only. Contours and three­
dimensional plots of initial head, top elevation, and/or thickness of each 
hydrogeologic unit provide a useful tool for proper verifications of input and 
interpretation of the results. Most of the available computer graphics pack­
ages are, however, applicable only to regular grid values, while irregular 
grids usually are involved in finite element methods. To estimate the regular 
grid values, the reference plane is divided into linear elements. Using the 
principles of basis functions and search techniques, program GRIDIT finds the 
element associated with each grid and its local coordinate values. For a 
given basin, this program is executed only once to generate a binary output 
disk file, used by GRIOIN and GRIDH. Program GRIDIN estimates grid values of 
the parameter of interest (top elevation or thickness of any material) from 
the input data file and prepares a regular grid file that can be contoured or 
plotted three-dimensionally by the normal available graphics packages. 

Plotting Held Potential and Prescribed Flux Boundary Conditions 

Ground-water simulation is a boundary value problem, and, therefore, the 
results are functions of the held potential boundary conditions, as well as the 
flux stresses prescribed for the surface, nodes, and elements. Program PLOTBC 
plots the locations and values of held potential boundary conditions. PLFLUX 
plots the stresses prescribed for ground surface and in each element of each 
hydrogeologic unit. Because surface infiltration is usually described in terms 
of fraction of precipitation, the units of input are rate per unit area, while 
withdrawal and recharge from each element are in units of volume per unit time 
for that subregion. 

Display of Results 

Program GRIDIN was developed to estimate the head values at regular grid 
spacing for any given plane (at the surface or bottom of a hydrogeologic 
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unit). From the data retrieved by GPIOH, contour maps, grid display, and/or 
three-dimensional plotting can be accomplished. Program DIFH estimates the 
difference between a given set of potentials (measured or prescribed) to model­
predicted potentials. 
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APPENDIX C 

, VARIABLE THICKNESS TRANSIENT (VTT) 
GROUND-WATER HYDROLOGIC MODEL 

Any modeling effort requires some simplifying assumptions to bridge the, 
gap between reality and our currerit knowledge or understanding of the system 
being modeled. In most modeling fields certain basic simplifying assumptions 
are routinely accepted, whereas others require justification based on data 
gathered and observations made on the real-world system being modeled. In the 
set of equations in this appendix, a large amount of the modeling effort and 
associated assumptions have already been made (cf., Bear 1972). The set of 
assumptions and modeling effort discussed in Chapter 4 of Bear's report go 
from the complex world of porous media particles and the associated tortuous 
flow paths for ground water to the regime of representative elementary volumes 
and the fluid flow continuum. These assumptions are generally accepted in the 
field of ground-water hydrology and are complex enough that they wil" not be 
presented ,here. The equations we write to describe an aquifer system will be 
for a fluid flow continuum in porous media. However, it is not sufficient for 
a mathematical model to be based on a sound set of equations that describe the 
physical system. The model must also be based on technical'y sound hydrologic 
information and reasonable simplifying assumptions regarding these hydrologic 
interpretations. The advent of high-speed digital computers has paved the way 
for making computer simulation of complex ground-water systems a pra~tical 
reality. 

The digital computer model is designed to simulate the hydraulic head 
response to natural and man-made aquifer stresses in a multi-layered two­
dimensional -aquifer system. The real ground-water system is, of course, a 
three-dimensional system, conSisting of precipitation percolating from the 
surface through unsaturated soil into the uppermost aquifer. In some eases 
along rivers or streams or at the base of lakes and ponds, the aquifers are 
discharging into or being recharged from these surface-water bodies. These 
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conditions formulate one type of boundary condition for our mathematical 
model. The units we call separate aquifers are really water saturated layers 
in the soil and rock matrix, that make up the earth's crust. These units are 
generally more permeable than the geologic units directly below them and some­
times more permeable than those above. As a result, the water in an aquifer 
tends to flow in a horizontal direction along the bedding plane of the more 
permeable geologic formation because the resistance to flow is less. The less 
permeable (aquitard) or sometimes impermeable (aquiclude) layers below, and 
sometimes above, the aquifer materials retard or completely block the vertical 
flow. These less permeable layers are designated as the base and top of the 
aquifer unit. When a more permeable layer exists below the upper aquifer 
unit's base, another aquifer may exist. When the aquitard material between 
aquifers is somewhat permeable, there can be water transfer between the aquifer 
units, depending on the water potential or pressure i.n the units. For most 
regional ground-water models that are currently being used, a simplifying 
assumption is made that transforms this three-dimensional system to a layered 
two-dimensional system with interaquifer transfer via a potential-driven 
leakage term. The mathematical model that uses this set of simplifying 
assumptions is the multi-aquifer formulation of the Boussinesq equations. 

MATHEMATICAL FORMULATION FOR THE VARIABLE THICKNESS TRANSIENT (VTT) MODEL 

Often an exact solution of the general, three-dimensional, saturated flow 
equation and free-surface boundary condition is not required to obtain useful 
results. VTT uses the Dupuit-Forchhiemer or Boussinesq approximate method, 
which assumes a simplified, two-dimensional horizontal view of the ground-water 
system. This allows the free-surface boundary condition and the flow equation 
to be combined into a single equation amenable to practical numerical solution 
techniques. For simpliCity we will refer to this method as the Boussinesq 
Flow Model. 

Let x, y, z be the coordinates of a fluid particle, then dx/dt, dy/dt and 
dz/dt are the components of "pore velocity, II and the Darcian seepage velocities 
are: 
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.- dx 
Vx = ne CIt (1) 

v = .s!l y "e dt (2) 

Vz 
= n dz 

edt (3) 

where: 
ne = effective porosity. 

Now, if we let z = hex, y, t) represent the coordinate of the free surface and 
formally differentiate with respect to time, we have: .. 

(4) 

Substituting the Darcian velocities and rearranging we have: 

n ah + V ah + V ah - V (h) = 0 e a-t x oX y ay z (5) 

The Dupuit assumptions used in this model may be simply stated as: 
~(Xt y, Z, t) ~ ~ (x, y, 'i, t) where z = average height of the water particles 
above reference datum. This is equivalent to stating that flow is essentially 
horbontal, so that vertical flow components can be neglected and that the 
slope of the water table surface is slight «5°). Darcy's law can be rewrit­
ten as: 

V = -K Clh 
x ax 

V III -K ah 
y ely 

where: 
K(x, y) = vertically averaged value of hydravlic conductivity at 

location eXt y) 

C.3 
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Substituting Equations (6) and (7) into (5) we have: 

Now replacing Vz (h) with the expression obt,ained from substituting the 
results of Equations (6) and (7) into Equation (8): 

Rearranging Equation (9) yields: 

n ah _..l.. (Khdh) _ ...1.. (l<h3h) = 0 
e at ax ax ay ay 

or in gradient vector notation: 

ah l7L ne at - V • (I\nVh) :a 0 

(8) 

(9) 

(10) 

(11) 

Equation (10) is termed the Boussinesq equation. To this point for simplicity 
of development we did not inclu~e source terms and have assumed that the 
aquifer base elevation is the zero reference elevation. To expand Equations 
(10) or (11) to handle an aquifer with varying bottom elevation hb (x, y), 
and to include source/sink or accretion terms, we must do the following: 

• assume that the bottom slope is slight, as we did for the free-surface 
slope 

• replace h in Equations (10) or (11), which was a result of integrating 
from z = 0 to z = h by h-hb, because our integration is now done from 
Z=hbtoz=h 

• add the accretion term, N. 
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The resulting equation is the Boussinesq equation for unsteady flow: 

where: 
ne (x, y) c vertical average of the effective porosity of the 

aquifer (dimensionless) 
h (x, y) c elevation of the free surface from some reference 

elevation (l) 
hb (x, y) E elevation of the aquifer bottom from the reference 

elevation (l) 

N (x, y) c accretion rate {IT-l } 
K (x, y) c vertically averaged value for hydraulic conductivity at 

point (x, y) (IT-I ) 

ASSUMPTIONS 

(12) 

The basic assumptions of the Boussinesq flow model for describing satur­
ated unconfined flow are: 

• Flow is by an incompressible fluid that saturates a rigid, porous soil 
matrb. 

• Compressibility effects of the fluid and soil matrb can be neg·lected 
under conditions of unconfined or free-surface flow; however, they are 
incorporated into· the· storage term for confined flow. 

• Hydraulic conductivity and effective porosity can be represented by the 
vertical average values and are isotropic but inhomogeneous throughout 
the region. 

• The free-surface slope and the aquifel' bottom slope are both assumed to 
be slight «5°). 

• Vertical velocities are assumed to be small and therefore can be 
neglected. 
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• Coefficient distributions and dependent variables are assumed continuous 
over the simulation region. 

• Flow in the capillary fringe is neglected. 

• Seepage surfaces cannot be handled and are therefore neglected. 

The Boussinesq formulation as presented above allows one to approximate 
the elevation of the free surface in a single unconfined aquifer at every (x, 
y) location. Many times in a real system one wishes to simulate a multi­
aquifer system, in which one or more of the aquifers are confined, although 
these confined aqu1fers may be unconfined in some places. Also there may be 
transfer of water between the aquifers. This kind of a multi-aquifer system 
can be handled by a multi-aquifer set of Boussinesq equations with potential 
driven interaquifer tranfer or leakage terms. For a multilayered system the 
equations would be: 

where: 
1. = 1, 2, ••• n 

n = number of 1 ayers 
C. • = C •• = interaquifer transfer coefficient between layer i 

and j 
1;+J J-+'f, 

Si. = n~ for unconfined system or storage coefficient for 
the confined system 

T1. = transmissivity for a confined system is Ki times the 
thickness of aquifer or K1.(h1. - hj) for an 
unconfined or water table aquifer 

N1. = the flux or stress term applied to layer i 

C.6 
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As with any mathematical model there are specific data requirements, boundary 
conditions, and initial conditions that must be specified. Equation (13) as 
presented is the transient equation. When the left-hand side of Equation (13) 
is· replaced by zero, the steady-state equation results. As mentioned pre­
viously, the transient equation allows one to investigate the effects of 
seasonal fluctuations and rates of change, whereas the steady-state equation 
allows one to investigate the ultimate effect of any water use policy. Use 
of the transient model requires that the storage coefficient distribution be 
known, whereas the steady-state model does not require this distribution. 

SPECIFIC DATA REQUIREMENTS FOR THE PHYSICAL PARAMETERS 

The following are the specific data requirements: 

• hydraulic conductivity (Kck/~, where k = intrinic permeability and = 
fluid viscosity); transmissivity (T=Kb, where b = saturated thickness of 
the aquifer material) 

The Boussinesq flow model requires as an input the saturated·hydraulic 
conductivity or transmissivity distribution throughout the region being 
modeled and for each aquifer being modeled. The values required by the 
Boussinesq model must represent the vertical average of the K or T of the 
saturated thickness of the aquifer. 

Hydraulic conductivity or transmissivity reflects the ability of the rock 
and soil matrix to allow water transmission. The K or T distribution is 
usually determined via approprhtely conducted pumping tests, where the 
well is fully penetrating and'perforated throughout saturated aquifer 
material. Data from these type of field measurements are expensive to 
obtain, and therefore the K or T distribution is extrapolated from a 
small number of these measurements. This initial distribution is further 
modified during the model calibration phase to obtain better agreement 
between model-predicted potentials and observed potentials. Hydraulic 
conductivity can also be estimated from laboratory studies of aquifer 
material samples, lithologic data, and inverse mathematical modeling 
methods. 
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• storage coefficient (or effective porosity ne and vertical 
compressibility of the soil matrix [a]) 

The transient form of the Boussinesq equation requires the distribution 
of the vertical averaged value of the storage coefficient for each aquifer 
throughout the region being modeled. This parameter controls the rate at 
which the water and disturbances in the potential surface propogate 
throughout the ground-water system. In the case of an unconfined system, 
the storage coefficient is dominated by the effective porosity of the 
aquifer's soil matrix. Contributions to the storage coefficient based on 
soil matrix compressibility and water compressibility are ignored. In 
the case of confined systems, the storage is a function of the aquifer 
soil matrix compressibility (a), effective porosity (ne), with storage 
= pg(a + neS), 

Storage or effective porosity can be determined via pumping tests with 
observations wells, lithologic data from core samples, and laboratory or 
in-situ measurement techniques. In addition, storage coefficients can be 
determined during model calibration when adequate transient data on 
potentials exist • 

• interaquifer transfer coefficients (Cj~)' 

The multiaquifer Boussinesq Flow Model requires an interaquifer transfer 
coefficient, which is a measure of the hydraulic interconnection between 
aquifer systems. This value is a function of the thickness and hydraulic 
conductivity of the aquitard separating the aquifer systems; it must be 
determined at each (x, y) location where an aquitard exists between the 
aquifers. This value arises naturally in the other three-dimensional 
formulations in the form of (x,y,z) hydraulic conductivity distributions. 
It 1s generally obtained via model calibration of inverse modeling 
techniques. 

Initial Conditions 

The Boussinesq flow model requires initial conditions. The Boussinesq 
flow model requires one average potential value for each aquifer for each (x, 
y) grid location throughout the region being modeled. 
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Boundary Conditions 

Like other mathematical models, the Boussinesq model requires that bound­
ary conditions be specified. Boundary conditions are difficult to formulate 
and result from interpretations of potential data, well logs, and lithologic 
data. The physical extent of the aquifer and or aquifers is defined. This 
includes a geometrical description of the positions in space of the aquifer 
materials such as: 

• the lateral boundaries of the aquifer or aquifer systems 
• contour maps of the base and top of the aquifer or aquifer systems. 

Along each of the lateral boundaries, the conditions that describe the 
physical situation that exl.sts must be determined. These include: 

• Lateral Flow Boundary 
This results from not extending the model to the geologic boundaries 

of the aquifer or aquifer systems. At these boundaries the rate that 
water is flowing into or out of the aquifer or aquifer system must be 
specified. 

• No Flow Boundaries 
These occur when the model has been extended to the geologic 

boundaries of the aquifer where the aquifer materials and impermeable 
barriers meet. 

• Held or Time-Varying Potential Boundaries 
These occur at large lakes and rivers, where the saturated aquifer 

materials are in contact with large bodies of water whose water surface 
elevations are essentially unaffected by aquifer potentials. 

RECHARGE - DISCHARGE LOCATIONS AND RATES 

Typically, when modeling an aquifer system that extends to the major 
recharge areas of the aquifer, the followir3 types of data are used to esti­
mate aquifer recharge: 

• precipitation records 
• surface slope 
• temperature record 
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• surface soil types 
• vegetation cover and land use 
• evapotranspiration data. 

Human caused recharge or discharge must also be accounted for by 
determining: 

• location of pumping and recharge wells 

• use of water and infiltration mechanisms (e.g., septic tanks, irrigation 
infiltrations, settling ponds). 

Along flow boundaries where the area being modeled does not extend to 
geologic boundaries, the flow across this boundary must be determined via pump 
test and geologic studies conducted along this boundary. 

Figure C.l illustrates graphically the phenomena that must be considered 
in calculating the distribution of aquifer stress values throughout the region 
being modeled. 

NUMERICAL FORMULATION OF THE SYSTEM EQUATIONS 

For numerical formulation, a horizontal x-y coordinate grid system was 
~. adopted with uniform nodal spacing. R represents the region of flow and rij 

the sub-area associated with node ij (Figure C.2). 
The differential equation, Equation (8), is then converted to finite 

difference form by integrating around the node area r ij • Now: 

By Green's theorem in the first form (Kellogg 1954): 

IT I1j9 • K(h - hb)lhdxdY = ~j K(h - h
b

) ~s 

(14) 

(15) 

where n denotes the outward pointing normal to the curve r which bounds the 
area r ij • The line integral is taken in the anticlockwise direction. Using 
Equation (15), Equation (14) reduces to: 
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FIGURE C.l. Nodal Recharge/Withdrawal Phemomena 



          

             

           

           

           

 

 

  
  

 

 

   
 

  

 

  
     

 

          

 

(16) 

In Figure C.2 the corner points of the node area are at (i-1/2, j-1/2), 
(1+1/2, j-1/2), (1+1/2, j+1/2), and (;-1/2, j+1/2). The area of r ij is 
~xAY. The integrals of Equation 16 are approximated as follows, with the 
integral along r ij divided into the integrals along the four sides of 
rij: 

1+1/2, j-1/2 hij - h1 j 1 J K(h - hb)~x = (KtJl) , - fJ. x 
i-1/2, j-1/2 n i ,j-1/2 -tJy 

J:I+1/2, j+1/2 ( b,it!.., (KAh) 
K h - h ~y = I~ 

i+1/2, j-1/2 n . ;+1/2, j 

. 
i. j+1 

R 
t 'Ih-

i-t:i . 
i+l:i ~y i. i 

~ rii 

. 
i. j-I 

-I!J:J.-

hi+l, j- hij fJ.y 

~x 

(17a) 

(17b) 

FIGURE C.2. The Finite Difference Grid with the Nodal Numbering System 
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~ -1/2, j·t:1/2 f K(h - hb). ~x = (K6h) 
1+1/2, j+1/2 n i, j+1/2 

i-1/2, j-1/2 b h f K(h - h )~y = (Kbh) 
i-1/2, j+1/2 n i-1/2, j 

hi, j+1 -hij 6 X 
6y 

h - h 1 j . ij i- , 6y 
-6x 

hk _ hk-1 
(ne ht - ·.N)dXdY n ij ij 6 xlly - N 6x4Y eij . 6t ij 

where the superscript k denotes the iteration number 

and where the K6h half way between node center in the j-1 direction is: 

(17c) 

(17d) 

(17e) 

A ·-fully implicit representation of the time derivative has been used in 
Equation (17e). Combining the above approximations-results in the finite 
difference approximation to the Boussinesq equation for-a square grid system, 
6x I: 6y: 

-(~li-1/2,j h~_l,j + [(Kbhli_1/2,j+(K6hll+1/2,j+(K6hli,j_1/2 

( ) - k () Ie +n (6X) 
2 

hk-1+Nk-1 (Ax)2 I: K6h i,j-l/2 hi ,j_1+ Uh 1,j+1/2 hi,j+l eij 6t ij ij U (18) 

For node on boundaries along which the hydraulic potential is specified in 
time and space (and therefore no calculation is needed): 

k Ie hi·I:H .• J lJ 
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The impermeable boundaries of the region must be approximated in the grid 
system by shapes selected from Figure C.3. This avoids right angles, which 
cause stagnation points and singularities in the mathematical solution of the 
ground-water flow equation. 

The boundary conditions are-put into finite difference form by applying 
the technique described above to a node area at the boundary of the region R. 
The boundary types are illustrated in Figure C.3. The associated nodal area 
r ij can be either inside or outside the octagon. The finite difference 
equations are derived by setting the· appropriate portions of the integral on . 
ij in Equation (15) to zero when the segment is impermeable. In finite 

difference form, 24 different equations correspond to each of the different 
boundary point subregions illustrated in Figure C.3. Either a specified flux 
or no flow can be imposed by each of the 24 equations. The accretion term, 

7 

6 

5 

3 

2 

1 

1 2 Q .. 3 6 7 8 
FIGURE C.3. Schematic Showing Shapes and Rotation of Available 

Boundary Condition Types 
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whether infiltration or withdrawal, in finite difference form becomes Ni . = 
2 3 J 

qij(~x) (units L IT) to be specified at each node. Accretion at the 
fractional boundary nodes must have the nodal area properly reduced from 
(~x)2 • 

The partial differential equation and boundary conditions subsequently 
" . become a set of N finite difference equations, one for each node of the region 

R being modeled. The boundary conditions have been effectively. absorbed into 
the equations for their respective boundary nodes. 

The finite difference equations can be derived in the same' form by other 
techniques, such as Taylor series expansion. The equations for nodes on 
impermeable boundaries are equivalent to those obtained by introduction of a 

. point external to the region for purposes of forming the normal derivative. 

Boundary Definitions 

To simulate the system, a model depends on segmenting the physical con­
tinuum into a discrete grid. Each grid segment is then represented by a single 
node within the model. The VTT Model uses a finite difference algorithm with 

( 'a uniform grid and requires that each node within the Cartesian coordinate 
'- system be marked with a calculation type as: 

• within the aquifer 

• external to the aquifer 

• a water or held potential boundary node [h = H(x,y,t)] 

• an impermeable boundary for the aquifer with q = O. (Aquifer boundary 
nodes, where the flux is known, are ·treated as the mathematical equiv­
alent to an impermeable boundary node with the appropriate accretion 
term; i.e., q f. 0.)· 

To facilitate the marking of calculational boundary types to avoid right 
angles along no~f1ow boundaries, and to sirr.j)lify representation of complex 
boundaries, a systematic method of representing interior, exterior, and 
boundary nodes was adopted •. Figure C.3 illustrates the different kinds of 
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nodal types used in the VTT code. There are basically four nodal types; 
others simply arise to handle the various shapes and orientations of the 
impermeable boundaries. 

~ is a water boundary, i.e., held potential boundary node [h = 
H(x,y,t)]. 

is an external node outside of the aquifer. 

o is an internal or nonboundary node which lies within the aquifer. 

with all their possible rotations, are used to represent the 24 
~ ~ kinds and shapes of impermeable boundary nodes. 

Solution Techniques 

Three different solution techniques were selected to solve essentially 
the same set of equations, thus resulting in three separate versions of the 
same model. Each of these is designed for use in specific problems. These 
will be described in general to avoid lengthy mathematical discussions. 

The VTT version of the model solves the transient form of the system of 
·finite difference equations by using the successive line overrelaxation tech­
nique. For transient problems the solution is stable and convergent with 
sufficient speed to make solution of large matrices practical. 

The VTTSS3 version of the model solves the steady-state system of finite 
difference equations resulting from the integration of Equation (15) when the 
transient term ne ~ is set to zero. This set of equations is solved by using 
a Newton iteration technique (Kellogg 1954). This version is primarily used 
for a system of aquifers in which one is unconfined and, therefore, the equa­
tions are nonlinear. Convergence of this method is quadratic in nature and for 
most ground-water problems the solution is reached in four to five iterations. 
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The VTTSSZ version of the model solves the same system of steady-state 
equations discussed in the preceding paragraph, except that it uses a Colesky 
decomposition method (Kellogg 1954). This version is used when all the 
aquifers being simulated are confined. This method is many times faster than 
the Newton version, and because the system of equations will be linear, no 
iteration is required. 
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APPENDIX 0 

DEVELOPMENT AND DESCRIPTION OF THE 
MULTICOMPONENT MASS TRANSPORT (MMT) MODEL 

To date, mass transport modeling in a given physico-chemical system has 
been approached in two fundamental ways. One method is to describe the system 
with an appropriate mathematical equation and then solve the equation with ini­
tial and boundary conditions that characterize the system. The other approach 
is to attempt to define numerical structures that represent specific constitu­
ents or physical structures of the system and allow these numerical representa­
tions to interact with the system as determined by the physico-chemical driving 
forces that are active within the system, thereby creating a more direct 
simul ati on. 

The first approach will be termed the "model-equation" method and usually 
leads to a complex set of partial-differential equations that are typically 
solved numerically by finite-difference or finite-element techniques, and more 
recently by integrated-finite-difference techniques (Narasimhan and Wither­
spoon 1976). The second or "direct-simulation" approach requires an efficient 
bookkeeping structure to control the numerical representations so that the 
initial conditions, boundary conditions, and other physical or chemical 
constraints are satisfied. 

For AEGIS, the initial step was to review several ground-water mass trans­
port models that used each of these funamental approaches and weigh their 
respective advantages and disadvantages with respect to consequence analysis of 
deep geologic repOSitories (Raymond 1977). The model-equation'approach using 
flnite difference or finite element techniques suffered from numerical disper­
sion, which could be exaggerated by the required long simulation times (N106). 
Another disadvantage was a greater development time because all models would 
have required modification to take care of decay chains. The model developed 
by Pinder and Cooper (1970) using the method of characteristics was investi­
gated. It suffered less from numerical dispersion; however, it had some 
stability and mass conservation problems. 
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The approach chosen was a direct simulation technique similar to that of 
Pinder and Cooper, except that the particles had mass associated with them 
instead of concentration, and the dispersion process was handled as a random 
process rather than solving finite-difference equations representing the dif­
fusion equation. This method was adapted from a direct-simulation heat trans­
port analog developed by Eliason and Foote (1972). The primary advantages of 
the subsequent model are: 

• always mass conservative 
• no cumulative numerical dispersion 
• inherent numerical stability 
• facilitiates handling of multicomponent systems. 

The following is the conceptual development of both the model-equation 
and direct-simulation approaches. The direct-simulation method is actually 
derived from the differential equations. This will provide a basis for 
comparison of both methods. 

MODEL EQUATION APPROACH 

Equations of mass transfer are extensions of the continuity equation for 
a specific chemical species. Stated in non-mathematical terms for a given 
control volume: 

Net rate of mass Net rate of accumu-
efflux of species A + lation of A within 
from control volume control -volume 

Rate of chemical pro-
- duction of A within = 0 

the control volume 

A general continuity equation developed by Gray (1975) for multiphase 
transport of species a is written for porous media as: 

a<pa> aE " .... 
E at + <pa> at + v • «v> <pa» + V • <paY> 

+ ! pa (V - W) • nadA = - v • <Ja>­V 
Afs(t) 

1 Ja • nadA + e: <Ra/ 
V 

Afs (t) 

0.2 

(0.1) 



        

    

     

 

            

         

        

        

     

            

           

          

             

            

          

               

           

           

     

 

        

            

         

       

            

          

 

         

         

          

        

where 

pa = Mass concentration of a' in the fluid 
V c Fluid pore velocity 
W = Velocity of the interface 
c·c Porosity 

Ja c Diffusive flux of a with respect to the fluid pore velocity 
Ra = Rate of production of a in the fluid phase 
na = Unit vector normal to the fluid-solid interface 
<>= Indicates the average of the quantity enclosed' 

,. = The local fluctuations of the quantity., ' 

The first term in the above equation is the accumulation term. The next 
term accounts for concentration changes caused by changes in porosity which is 
useful for unsaturated conditions. The third term accounts for convection of 
species a by movement of the fluid. The following term is the divergence of 
the average of the product of the local fluctuations of the mass concentration 
and pore velocity.. This .represents hydrodynamic dispersion as defined by Bear 
(1972). The last term on the lefthand side and the first term on the right in 
Equation (0.1) relate to the effect of geometry on diffusive flux (tortuosity) 
and the diffusive flux, respectively. The last two terms relate to interphase 
mass transport and chemical production respectively. 

Simplifying Assumptions 

Equation (0.1) represents a completely general transport equation; how­
ever, not all the terms in (0.1) are easily quantified given present tech­
nology. Several simplifying assumptions are necessary to obtain a usable 
formulation. Other justifications for simplifying Equation (0.1) include: 

'. The level of complexity of a model used for simulating actual release 
consequences is not justified beyond the complexity and quality of the 
input data. 

o Reasonable computation time and economical constraints, based on present 
computing hardware capabilities, limit the level of complexity that can 
be considered by a model. The simplifying assumptions will be denoted 
with italics where they appear in the following text. 
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It is assumed that the effects of changing atmospheric pressure are 

negligible. This assumption should be valid for most situations to be 
considered. 

A velocity field is required for input to the model. These data can be 
obtained from a flow model or from analysis of data produced from a field 
study program. In any case, the flow field is calculated before computing the 
mass transport simulation. Inherent in this procedure is the assumpt10n that 
the flow patterns are independent of the chemical composition or temperature 

of the ground-water solution. This assumption is sound, providing the system 
is nearly isothermal and all solutes are at relatively low concentration. The 
concentrations of the solutes must be low enough to not Significantly affect 
the viscosity of density of the solution. For many cases this assumption will 
be valid, but for instances concerning salt water intrusion or dissolution of 
salts from salt domes or bedded salt formations, this assumption is invalid. 

The result of the above assumption is to allow decoupling the mass trans­
port equations from the flow equations and heat transport equations, thus 
enabling simulation of each phenomenon separately rather than simultaneously. 
In near surface aquifers where diurnal temperature fluctuations may be impor­
tant or in cases where heat sources are available, (such as a nuclear waste 
repository), this assumption may not be valid. 

Resolution of the flow patterns below a certain scale in a regional 
aquifer is usually not feasible, if not impossible. This small scale uncer­
tainty in the flow field results in the term called mechanical or hydrodynamic 
dispersion (Bear 1972). 

Schwartz (1977) subdivided hydrodynamic dispersion by scale and called it 
microscopic, macroscopic, or megascopic dispersion. Each term represents the 
scale of heterogeneity in the ground-water system. At the microscopic scale, 
dispersion occurs because the complex network of interconnected passages that 
comprise the soil structure causes continuous division and re-division of the 
flowing fluid. On the macro-scale local variations in lithologic units are 
responsi.ble for dispersion. Regional variations in lithology account for 
megascopic dispersion. In any case, the variation in hydraulic conductivity 
accounts for dispersion. 
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Harleman, Melhorn and Rumer (1963) correlated the dimensionless ratio of 
longitudinal dispersion to the kinematic viscosity with a grain-size Reynolds 
number and a permeability Reynolds number. The grain-size Reynolds number was 
calculated with dSO ' the SO% grain size, and the permeability Reynolds num­
ber was calculated with the square root of the intrinsic permeability. For 
sand they found: 

o 
...h = 0.90 RI •2 

'V dSO 

and 

where 0l/'V is the inverse Schmidt number for longitudinal dispersion. 
Unfortunately, dispersion has been quantified primarily in laboratory column 
experiments, and a paucity of field dispersion experiments exists because of 
measurement difficulties. 

The two larger scale dispersions are made of microscopic dispersion and 
have results similar to molecular diffusion. In fact, Bear (1972) concluded 
that after a sufficiently long period of time, hydrodynamic dispersion could be 
modeled as m::>lecular dif£usion. 'l'here£ore, £or the MMT model, it was assumed 

that hydrodynamic dispersion processes can be included with molecular diffusion 

in the relative £lux term. Furthermore, it is assumed that the relative mass 

£~ux can be adequately described by expressions o£ the £orm of Fick's First 

Law. Thus, 

where 

P = total mass density of the solution 
Da = hydrodynamic dispersion tensor 
Wa = mass fraction of species a (Pa/a) 
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Incorporating this assumption into Equation (0.1) results in: 

(0.2) 

Incorporated into Fick1s First Law are the assumptions that the mixture 
is an ideal solution and that only binary interactions at the molecular level 
are significant. 

OIl 

The dispersivity tensor, Oa, is a function of both space and time. If 

dispersion is assumed to be isotropic in the directions longitudinal and trans-
OIl 

verse to the direction of flow, then the components of O<X can be represented 
by: 

O~x = Dl cos2S cos~ + Dr (sin2~ + sin2e COS2~) 

O~y = (OL Dr) sin~ cos~ cos2S 

O~z = (Or - Or) sine cose cos~ 
o<X = 0<X 

yx xy 
O~y = 0L cos2s sin2 41 + Dr (cos241 + sin2e sin2~) 

O~ = (Dr - 0L) cose sine s:in~ 

0<X - 0<X 
zx xz 

O<X = 0<X 
zy yz 

0<X =- oa si n2e + 0Ta cos2e zz L 

where 

~ = angle between the direction of flow and the (X,V,Z) coordinate 
system in the X-V plane measured from the X axis (see Figure III-2). 

e = vertical angle between the direction of flow and the X-V plane, 
measured from the X-V plane. 

O~ =- disperSion coefficient in the direction of flow L2/T 
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Dr = dispersion coefficient in the direction transverse to flow L2/T 

DL and DT are commonly (Boersma, Lindstrom and Saxena 1973) assumed to 

be represented by: 

DL II: aLlvl 

DT = aTlvl 

where aL and aT are longitudinal and transverse dispers;vities as defined 

(0.3) 

by Bear '(1972), which are functions of only a given porous medium. The imp1i. 
= cation is that D is a function only of soil type, not of species a. The 

assumption made in Equation (D.3) is that the contribution of molecular dif· 
fusion is negligible or constant for all species. 

The convective term can be expanded giving: 

v • Pa V = Pa(V • V) + (V • VPa) (0.4) 

The pore velocity, V, can be expressed as q/~ where qis the seepage (or 
Darcy) velocity and ~ is the volumetric moisture content or porosity for satur­
ated flow. The assumption here is that Darcy's Law bolds for the description 

of saturated ground-water flow. This should be a valid assumption for cases 
where pore sizes are greater than 20 llm. However, as Boersma, L indstY'om ilnd 

Saxina (1973) point out for pore sizes less than 20 llm, there is il signifi~Z1llt 

deviation from Darcy's law. 

Expanding Equation (0.3) results in: 

(D.5) 

If the transporting medium is assumed incompressible, which is valid except 
near the boiling pOint of water, then: 

\7 • q = 0 for saturated systems 

and 
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if • q for saturated systems. (0.7) 

For AEGIS applications the only region that would invalidate the above 
assumption would be near a nuclear waste repository and then only a relatively 
short time after implacement of the waste. 

Incorporating the preceding assumptions and assuming that the total mass 
density o~ the mixture is relatively constant, Equation (0.1) becomes: 

if • Difp + r 
Ct. Ct. 

(D.S) 

for saturated systems. 

In ground-water systems the production term, ra, is usually a complex 
function of several variables including soil or rock type, temperature, pres­
sure, and concentration of all species found at any pqint in the system. This 
function is normally represented by a complex rate expression. However, for 
most problems of practical interest these expressions are not known; and 
because of very difficult experimental problems, these expressions are not 
likely to be obtained before a waste repository is put into operation. For­
tunately, most ground water moves slowly, and reaction kinetics are rapid with 
respect to the ~low velocity to enable the assumption that most ground-water 

systems are at or near chemical equilibrium at all times. Thus, at the end of 
each numerical time step, all species are constrained to be in equilibrium 
with each other. 

Ground water has many constituents. Some of the species exist at concen­
trations high enough to affect the chemistry of other species in solution. 
These are called macroions. It is assumed that the radionuclides leached from 

a repository or naturally oc~urring exist only in minute quantities compared 

to macroions and do mt appreciably ~fect the chemistry o~ other constituents 

in solution. These are referred to as microions. This assumption will be 
important in a later section dealing with how MMT handles the production term. 
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The equations that describe the current computerized versions of MMT are: 

(0.9) 

for the one-dimensional model, and a vertically-averaged equation 

apa -
t + V • VP a = V • OVPa + r (0.10) 

represents the 2-0 version. 

THE DIRECT SIMULATION APPROACH 

The intent of the direct-simulation approach is to create a numerical 
analog that directly represents the physical behavior of a system. The model 
must satisfy the principle of.·mass conservation and it must account for all 
important physical constraints and driving forces present in the system. A 
direct simulation approach applicable to AEGIS ground-water transport is out­
lined in the following text. All assumptions will again be indicated by 
italics. 

Particles of Mass 

The first step in creating an analog of a mass transport system is to 
define a numerical construct that represents the chemical species of interest. 
It has proven useful to view material systems as comprising a number of dis­
crete particles. Pinder and Coope~ (1970), Bredehoeft and Pinder (1973), and 
Konikow and Bredehoeft (1974) chose-to· have these particles represent concen­
tration. In Ahlstrom·et al. (1977), these particles represent mass or radio­
activity. The latter was chosen for the MMT models. Carried to the atomic or 
molecular scale, this concept has been established as a reliable description of 
the nature of matter. 

It is not computationally feasible to consider molecular scale particles; 
however, the same concept can be used to create a satisfactory analog. The 
following assumptions apply to MMT: 

0.9 



             

         

             

   

             

       

         

         

          

             

        

 

           
              
            

            

            

  

            

          

          

             

            

             

              

            

              

   

 

• Material that is in solution in ground water can be represented by an 
ensemble of a finite number of discrete particles of mass. 

• Water that is carrying the material is assumed to be a continuum, subject 
only to laminar flow. 

• All particles are assumed to move with the continuum and at its velocity. 

• All particles are independent of one another. 

• Particle motion is governed by Newtonian rather than relativistic 
mechanics. 

Because of computational restrictions, the number of particles is usually 
restricted to something on the order of 104 - 105• The fourth assumption 
is valid only for dilute solutions, but is true for all except highly concen­
trated solutions. By definition the particles occupy zero volume. 

Convective Transport 

Convection of the particles is controlled by the motion of the host 
medium. It is assumed that the number or tyupe of particles does not signifi­

cantlg alter the flOftl properties of the host medium. This impl ies that the 
momentum and mass transport equations are decoupled and that the motion of the 
particles is governed by the physical properties of the fluid and the geometry 
of the system. 

The flow of water in a ground-water system is usually represented by a 
matrix of velocity components. This matrix must represent a mass conservative 
flow field to simulate correctly mass transport in subsurface flow systems. 
The flow field can be obtained by several methods, but most often it is 
obtained from a ground-water flow model. In the AEGIS suite of models these 
flow simulations can be made by PATHS, VTT, or FAST. Each particle is allowed 
to move for a time interval, at, as determined by its location in the flow 
field. The time step is restricted so that the maximum distance a particle 
can travel is no larger than one grid spacing of the grid upon which the 
velocity field is defined. 
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Dispersive Transport 

This transport process, usually called diffusion or dispersion, results 
in a net flux relative to the ambient convective transport. A qualitative 
discussion of dispersion was previously presented. Here again this effect has 
been handled by different methods. Pinder and Cooper (1970), using the method 
of characteristics, obtained intermediate concentrations after convecting the 
particles and then solved an isotropic diffusion ~quation using those concen­
trations by finite differences. Ahlstrom et al. (1977) assumed ebe particles 

of mass are subject eo various dispersive mechanisms which cause seaeiseically 

random displaaemenes. Justification for this approach is presented in 
Ahlstrom et al. (1977). 

Total Particle Movement 

To summarize particle movement, a particle of mass is defined that is 
assumed to be subject to displacements resulting from both convective and dis­
persive mechanisms during a given time step. If a large number of particles 
are released at a concentrated location after several time steps, an ellip­
soidal cloud will result with a center point moving with the average flow 
velocity and the major semi-axis coincident with the direction of flow. 

Based upon the assumptions presented above, the motion of a particle is 
dependent only on the nature of the flow system and not on the type of species 
being transported. This suggests that each particle can be tagged with more 
than one mass quantity, each representing a different species. By computing 
the movement of one set of particles, the transport of several species can be 
simulated simultaneously'with considerable savings in computer time. However, 
for the AEGIS versions, to minimize run time and handle decay chains', it is 
more convenient to allow each species to have its own set of particles. 
. . 

Concentration Distribution 

At the end of any desired time step, the solution can be halted and the 
amount of mass residing within any defined volume can be tabulated, yielding 
an average concentration value for the volume. The solution can then continue 
transporting each particle from where it was halted, stopping again to compute 
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another concentration distribution when desired. This procedure is comp)etely 
mass conservative as opposed to some earlier Lagrangian solution techniques 
such as the PIC method (Pinder and Cooper 1970), which tags each particle with 
a concen- tration rather than a mass. Averaging a set of concentrations to 
calculate an overall cell concentration can often lead to serious mass 
conservation problems. 

Source/Sink Terms 

Injection or withdrawal of contaminants from a system is easily simulated . 
by adding or removing particles at appropriate locations. Other types of 
source/sink mechanisms, such as radioactive decay or chemical reaction, require 
that the mass quantities with each particle be adjusted or redistributed. This 
applies to AEGIS applications except when reversible sorption and decay are the 
only source/sink terms. It is then possible to alter the velocity field by a 
retardation coefficient. This will be explained later in the text. The cur­
rent soil-waste reaction chemical model used in the two-dimensional MMT is 
explained by Routson and Serne (1972). 

Boundary Conditions 

The boundary conditions for the direct approach model can be specified 
quite easily. Two distinct types can be identified: 

1. Free flow boundary - Any particle transported out of the system a;ross 
this type of boundary is assumed to have exited from the system. New 
partfcles with appropriate mass are created at inflow boundaries. 

2. Reflecting or no-flow boundary - Any particle encountering this type of 
boundary is reflected back into the system. 

ADVANTAGES OF THE DIRECT SIMULATION APPROACH 

The direct approach to model development has been found to have the fol­
lowing significant advantages over more traditional model-equation based 
approaches: 

• Always Mass Conservative - The fundamental approach of the algorithm is 
inherently mass conservative, in contrast to the somewhat similar PIC 
technique. 
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• Inherent Stability - The response of this numerical analog is inherently 
stable, with respect to time step size and other model parameters such as 

. the dispersion coefficient and the magnitude of the velocity (see Trent 
1975) • 

• No Cumulative Numerical Dispersion - Most of the numerical smearing 
prob 1ems often found 'i n other numeri ca 1 schemes are e 1imi nated (see Trent 
1975). The main reason for this is the Lagrangian approach to advection 
computation. Many of the stability and numerical dispersion problems of 
Eulerian methods arise from the approximations made to the advective term. 
This property was one of the primary motivating factors for development 
of the direct approach. The only numerical dispersion in this approach 
occurs when concentrations are computed •. This results from calculating 
an average concentration for each grid cell. However, this numerical 
dispersion is not carried forward in time because particle positions and 
associated masses are not affected by this averaging process. 

• Ease of Control ofSolut10n Accuracy - The accuracy of the solution can 
be easily controlled by specifying the number of particles to be used in 
the simulation. This allows a rough preliminary debugging solution to be 
computed for the full length of a simulation using only a few particles 
at a substantial reduction in cost compared to a more accurate run using 
a large number particles (see Ahlstrom, et al. 1977) •. 

e Solution Stacking - If nonlinear source/sink terms are not present in a 
given simulation (based upon the previously stated assumption, this is 
the only way nonlinearity can enter the problem), the results of one solu­
tion for a given problem may be ,averaged, with subsequent solutions of the 
same case to give more accurate results. For instance, suppose that after 
computing a simulation it was apparent that too few particles had been 
used, the entire simulation need 'not be re-computed using more particles. 
Instead, an additional run of the same simulation can be computed (making 
sure the pseudo-random number generator continues where it left off) and 
its results averaged with the previous run. This process effectively 
increases the particle density in each cell and can be repeated as many 
times as necessary to achieve the desired solution accuracy. 
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• Adaptability to Small, Economical Computer System - The fact that each 
particle is independent of any other makes this solution technique par­
ticularly easy to program for small computers with limited addressable 
memory but with fairly large mass storage (disk) resources. Only a few 
sets of particle data need to be in memory at anyone time, with the 
remainder of the data residing on disk. The smaller machines, although 
somewhat slower than most larger systems, are usually much more cost 
effective and allow.real-time user interaction. The independence of the 
particle trajectory calculations also makes this model attractive for use 
on computers designed with a high degree of parallelism. 

• Ease to Coupling New Source/Sink Models - The capability of being able 
to simply redistribute particle mass as a means of responding to an 
externally defined reaction scheme and the simplicity of adding or 
removing particles to simulate injection or withdrawal allow a great deal 
of flexibility. 

• Complicated Mathematical Structures are Avoided - The direct, discrete­
particle solution approach is basically simple. The entire scheme can be 

. ' 

described with a few algebraic expressions. The main task in implementing 
this algorithm is concerned with creating an efficient bookkeeping struc­
ture· for keeping track of particles. This type of code is much easier 
for nonprofessional computer technicians to understand than complex 
numerical solution schemes necessary for solving the differential equa­
tions upon which models are usually based. This allows more rapid pro­
gram development and debugging as well as making the resulting code 
easier to maintain and modify. 

• Easy to Use for Three-Dimensional Applications - Assuming the accuracy is 
to remain constant, computation time increases linearly with the number 
of vertical levels used. This is a much less rapid increase in computa­
tion time than is the case with other methods. Also, problems that often 
arise from very high aspect ratios (the ratio of the horizontal size of a 
system to its vertical extent) are nonexistent. 
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• Complex Boundaries are Easily Handled - All that is necessary to account 
for boundaries is a knowledge of the coordinates of the boundaries and 
the location of each particle. When a boundary 1s encountered by a 
particle, appropriate action, as discussed above, is taken based on the 
boundary type. 

DISADVANTAGES OF THE DIRECT SIMULATION APPROACH 

In addition to these advantages, three primary disadvantages of the dis­
crete particles method have been noted: 

• Computation Speed -The primary drawback of the particle-based method 
outlined above is the computational speed. For circumstances where model 
parameters have values that are within the stability range of a finite­
difference or finite-element solution schemes, these types of algorithms 
are usually faster for a given decree of accuracy, except perhaps for 
some three-dimensional cases. This problem is most acute when high accu­
racy solutions are required and nonlinear terms are present. The conver­
gence of the discrete particle scheme improves only as the square root· of 
computation time. (For example, four times as many particles must be 
used to double the accuracy.) When the problem is nonlinear, the entire 
solution set of particles must be brought forward in time before the next 
time step can be computed. This e1iminat~smany of the advantages gained 
from the assumed independence of each particle. 

The relatively large computation times are partially offset by the reli­
ability of the algorithm for any combination of values of model parameters 
and by the compatibility of this method with small economical computer 
systems. However, this approach very likely is not the best method to 
use for problems requiring a solution with a very high degree of accuracy. 
Fortunately, most environmental simulation problems are not of this type. 
For most large-scale environmental simulations, the required input data 
are usually not known within an accuracy of better than a few percent. 
Consequently, a simulation using a relatively small number of particles 
is usually acceptable. 
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• Presence of Random Noise - A certain amount of statistical random noise 
is always present in solutions computed with the direct simulation scheme. 
As more particles are added, the amplitude of the noise decreases; but 
because of the statistical nature of the random walk analog, it is always 
present to some degree. The random noise portion of the solution can be 
reduced, quite markedly in some instances, by post-processing the results 
with various smoothing or filtering methods. 

• Number of Particles - A general criterion has yet to be developed for 
selecting the number of particles needed to obtain acceptable solution 
accuracy. Although the solution stacking procedure can be helpful in 
this regard, much depends on the experience of the user. 

Although the discrete particle approach has been shown to have several 
advantages and commendable properties, it should not be viewed as the best 
method-for all problems. The possible applications of this scheme are quite 
broad, but it probably should not be used when the computed solution accuracy 
must be with 5% of the true value. However, for environmental simulations, 
where predictions that might be in error by a few percent are totally accept­
able, this method holds a great deal of promise. 

NUMERICAL IMPLEMENTATION 

The numerical scheme resulting from the direct simulation approach is 
terme'crthe Oiscrete-Parcel-Randan-Walk (OPRW) method. The basic device or 
numerical tool employed by this procedure is a hypothetical entity referred to 
as a computational parcel. The term "parcel" was chosen to distinguish the 
numerical tool from the more general but slightly vague "particles" referred 
to in the previous section. The continuum of dissolved or suspended matter to 
be modeled is represented as conSisting of a finite ensemble of these parcels. 
The parcels have, by definition, zero size, but each has associated with it a 
set of Cartesian spatial coordinates (x~, y~, z~)k and a set of dis-
crete quantities of mass ek,n, where: 

p = the parcel index (p = l,2,3 ••• Np) where Np is the total number of 
parcels used to represent a given quantity of matt~r 
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k = the transported species index (k = 1.2,3 ••• K) where K is the total 
number of constituents present in the system 

n = the time level index (n = 1.2.3 ••• Nt ) where Nt is the number of 
time increments to be computed. 

For example, the location of parcel 3 after five time steps 1s (x:' xi, z~). 

If the problem 1s concerned with five constituents. this process would be 
repeated for all the parcels associated with each constitutent. 

During a given time step a new location for each parcel is computed as 
determined by advective and dispersive mechanisms, and the weights associated 
with each parcel are adjusted to account for any source/sink processes. The 
sequence of these computations is as follows: 

1. First. the new location as determined by convective motion is calculated. 

2. This new location is then modified by a random step to simulate 
dispersion. 

3. Parcel weights are adjusted to account for first-order source/sink 
mechanisms such as decay. 

4. The masses of all the parcels in each cell are added to obtain the total 
mass of each constituent in each cell. 

S. Source/sink mechanisms such as radionuc1ide decay chains are then taken 
into account. 

" 
6. In the case of decay chains, parcels of daughters are then created. 

Each of these steps is more fully explained in the following subsections. 

Convection Component 

The MMT-DPRW models require as input a mass conservative velocity field. 
At present the one-dimensional version requires a single constant velocity as 
its input, while the current 2-D version allows for spatially and time variant 
velocity fields. The components must be arranged on a regularly-spaced grid 
that remains stationary with time. One or two velocity tomponents as required 
by the dimensionality of the problem are defined at each nodal point of the 
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flow field. In the case of a spatially variant problem, the velocity field is 
linearly interpolated at p01nts away from the node locations. 

As defined in Pinder and Cooper (1970), for two dimensions the convective 
characteristic equations of Equation (0.7) are: 

dx ~ u and ~ ~ v 
~ ~ 

where 

u • velocity component in the x-direction 
v ~ velocity component in the y-direction 

The convective transport contribution is therefore calculated by: 

where 

x* = x" + 6tn un p p 

At • the computational time step 
xp = the x location of parcel, p, at the end of the nth time step 
* = indicates an intermediate value of the new parcel location. 

Dispersive Component 

(0.11) 

(0.12) 

(0.13) 

A dispersive transport component is then calculated for each parcel by 

assuming that the ensemble of parcels is subject to Brownian-like random 
motion resulting from the tortuous path that the host fluid takes through a 
complex medium such as soil. The equation that represents dispersion along 
the direction of flow is: 

(0.14) 
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This equation is sufficient for one-dimensional simulations, while dispersion 
in the direction normal to the direction of flow 1s represented by: 

where 

yp = 24DTAt (0.5 - [R]~) 

xp = the location of parcel, p, along the XI-axis oriented in the 
direction of flow 

(0.15) 

yp = the location of parcel, p, along the yl-ax1s oriented normal to the 
direction of flow 

DL = longitudinal dispersion coefficient 

DT = transverse dispersion coefficient. 

These equations are derived in Ahlstrom et a1. (1977). 

The remaining computation is to transform the dispersive components from 
the (Xl, y') coordinate system to the (x,y) coordinate system and add the dis­
persive contribution to the convective contribution to obtain the location of 
the parcel at the end of the current time step. The new location is calculated 
by: 

Xn+1 = x* + XI cos e!> - yp' sine!> p p p (0.16) 

yn+1 = y! + XI sin cI> + yl cose!> p p p p (0.17) 

where ~. is the angle between the (Xl, yl) coordinate system and the (x, y) 
. coordinate system. Equati on (0.16) is sufficient for one-dimensional systems 

where ~ == o. 
Conversion to Intensive Values 

When the advective and dispersive computations have been completed for 
every parcel in the system, a grid network can be superimposed upon the 
spatially-distributed ensemble of parcels. The nodal points of the grid are 
labeled with i, j indices, as appropriate to the problem, where 
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i = 1,2,3 ••• I 
j = 1,2,3 ••• J. 

I = number of nodal points in x-direction 
J'= number of nodal points in y-direction 

The nodal points form the vertices for (I-1) x (J-1) rectangles which are 
referred to as. cells. The dimensions of cell (i,j) are flX i by flYj by: 

where 

flX i = xi+l - xi 

fly j = Y j+1 - Y j 

Parcel "pH is said to lie within cell (t,j) if: 

< k,n+l 
xi - x - < Xi +1 

< k,n+1 
)j - Y < Yj+l 

< Jc,n+l 
Zz - Z < y~+l 

(0.18) 

(0.19) . 

(D.20) 

(D.2l) 

(D.22) 

. The total amount of mass of each species within a cell (as defined above) 
is computed by sUI1111.ing the m~ss quantitites associated with each parcel within 
that cell. If concentration is needed for calculation of a source/sink term, 
the total mass within each cell is divided by the volume of water within each 
cell. Thus, concentration within each cell for each species k is calculated by 

where 

(0.23) 

GEij= a conversion factor from model distance units to those desired by 
the user (e.g., converting from Ci/ft3 to pei/ml) 

V 1j = volume of cell i,j 

~ij = pososity or volumetric water content of cell i,j 

Eij = the intermediate c.oncentration of species a in cell i,j 

This intermediate concentration is now used for source/sink calculations 
reqUiring concentration (e.g., cases where concentration differences provide 
the driving force). 
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Source/Sink Contribution 

The source/sink phenomena accounted for by AEGIS versions of MMT are first 
order decay, radionuc11de decay chains, and sorption. 

Radioactive Decay Losses of Contributions 

First-order decay is handled easily by adjusting each parcells associated 
mass by 

(0.24) 

where Aa is the first-order decay constant of species a, and At is the time 
step. In the case of decay chains all current parcel weights are decayed by 
the above equation. In the case of chains, concentration is not required. 
The mass sums are then adjusted by analytically solving the appropriate set of 
simultaneous ordinary differential equations that describe the decay losses 
and additions for the chain of interest over the last time step. Because the 
current parcel weights have been first order decayed, the amount of a daughter 
to be created is the difference between the first order decayed weight sum, and 
the weight sum adjusted by the analytical solution describing the decay 
chain. The operation is described by: 

n+1 *,n+1 
Ae: a = £ a,p - £a,p e 

-).aAt 
(0.25) 

where, At,.is the amount of a to be created, and * indicates the intermediate 
weight sum before adjustment by decay chain mechanism. Ata is then divided by 
the number of parcels the user desires to create to obtain the weight of the 

·new parcels of a created by parents of a. 

The remaining problem is to locate the created parcels in the system 
relative to the parents creating the parcel. This is done as a random time 
event relative to the center of mass within a cell of the parent nuclide. 
While summing the weights in a given cell, a center of mass for the parents is 
ca 1cu1ated by 

0.21 



    
  

 

               

               
            

           
             

           
              

   

         
     

         

  

           
   

           
     

     

      

            

            
             

  

x ~ a,c 

m 
L x £n 
m=l a a,m 
m n 
2: e:a,m 
m=l 

(0.26) 

where Xa is the X-location of the parcel and Xa,c is the X-location of the 
center of mass in cell f,j. During the time step the center of mass of the 
parcels has moved a distance ~Xp~ while a postulated center of mass of 
daughter parcels starting from the same location would have moved a distance 
dXd• Each created parcel is assumed to be created at some random time [R~ 
during the time step, and is convected and dispersed during the remaining 
fraction of the time step after it was created. Thus, the location of a given 
parcel is calculated by 

xn+1 = xn + r~x' + RV (l-r) ~t + "24oL(I-r)~t(0.5-[R]0) 
d p,c p d 

where 
n+l x = the X-location of the created daughter parcel after 

current time step 

Xp,c = the X-location of center of mass of the parent from 
the previous time step 

r = [~]t which is the fraction of the current time step 
when the daughter parcel was created 

Rd = retardation coefficient of the daughter 

[R]A = random walk dispersion movement random number. 

(0.27) 

Thus the new parcels are created and located as above. This operation is 
repeated for each cell containing parcels and every time step. When a parcel 
decays to a zero weight within the accuracy of the machine, it is eliminated 
from further consideration. 
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Sorpti on 

When considering sorption of the radionuclides by the porous media 
through which the radionuclides and water are flowing, Equation (0.8) becomes 
for one-dimension and first-order decay: 

where 

Bd = bulk density of the media 
S = mass concentration of a sorbed to the porous media 
~a = decay constant 

(0.28) 

Since the concentration of radionuclides is assumed" to be small, the sorption 
equilibrium curve" should be nearly linear and is described by 

(0.29) 

where, Kd is the d1stribution coefficient. Thus, by substituting equation 
. B 

(0.29), the last term in equation (0.28) becomes ~a{l + ~ S)Pa • Because 
sorption is assumed to occur rapidly with respect to ground-water movement, 
equation (0.29) becomes 

(O.30) 

when differentiated with respect to time. This is onJy true when" sorption 
occurs rapidly relative to the movement of the ground water or when the ground 
water is at or near equilibrium at all times. Thus, Equation (0.28) becomes 

aPa a2pa aPa 
Ra at = 0 ~ - V ax- - Ra~a Pa ax 

(D.31) 

after substituting Equati on (D.30); where Ra is the retardation coefficient 
equal to 1 + Bd Kd. "For decay chain migration Equation (0.31) becomes 

~ 
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· · · · 
· · · · 

· · · · . . 

(0.32) 

(0.32) 

for linear chains. where N indicates activity concentration usually expressed 
in curies. Thus. the characteristic convection equations are 

dX Vx !!l ~ 
d£ = Ra and at = Ra (D.33) 

The retardation of nuclide migration is accounted for by dividing the velocity 
and dispersion coefficient by the retardation coefficient. This gives an 
accurate result at the output of the ground water to the surface. 

0.24 
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APPENDIX E 

DOSE MODELS 

The radiation doses calculated for the reference site analysis used the 
computer program PABLM. This program permits the calculation of the accumu­
lated radiation dose to humans resulting from radioactive materials released 
to the accessible environment. Radiation doses from the chronic ingestion of 
salt and prepared foods containing salt that contain radionuclides are calcu­
lated. Selection of this dose methodology is specific to the scenario 
selected for analysis. 

In addition to direct ingestion, for actual site analyses a total of 18 
other ingestion pathways (or food products) may be selected with corresponding 
consumption rates, growing periods, and air or water concentrations and depo­
sition rates. A total of four external exposure pathways may also be selected, 
with corresponding exposure times and soil or water concentrations. For all 
exposure pathways chosen,.radionuclides may continue to be deposited and built 
up 1n the soil for the life of the releasing source. After the source is no 
l·onger emitting, the nuclides are assumed to remain in the soil and to be 
removed only by radioactive decay. 

In any single case the program can be used to calculate accumu1a·~d radi­
ation doses to a maximum of five possible body organs or tissues fCi~ up to a 
maximum of 100 radionuc1ides. 

The computer output consists of summaries of radiation doses to the cho­
sen organs listed by exposure pathway and by radionuclide. Dose ,summaries may 
also be obtained for all terrestrial food pathways combined and for all aquatic 
"food pathways combined. In addition, an option exists for a complete listing 
of dose contribution by rad1onucl1de by pathway. The complete listing includes 
the calculated rad10nuc11de concentrat1ons in all ingested plant and an1ma1 
material. 
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TERRESTRIAL FOODS 

The model for estimating the transfer of radionuc1ides (except for 3H 
and 14C) from air or irrigation water to plants through both leaves and soil 
to food products was derived for a study of the potential doses to people from 
a nuclear power complex in the year 2000 (Fletcher and Dotson 1971; Baker, 
Hoenes and Soldat 1976). 

The source of contamination on farm land or crops may be from either air­
borne or waterborne radionuclide releases or from residual environmental con- . 
tamination after an acute ot chronic release. In the absence of specific data 
for sites where irrigation is used, sprinkler irrigation is normally assumed, 
rather than ditch or flooding irrigation, because the sprinklers spray contami­
nated water directly onto plant surfaces, resulting in higher radionuc1ide con­
centrations in the plants. Other types of irrigation systems can be Simulated, 
if desired, by setting the foliar retention factor in the program to ~ero. 

For atmospheric contamination, a deposition velocity is assumed for the 
airborne radionuclides onto the plant foliage and ground. If the "initial" 
deposition mode is selected, the foliar contamination terms are automatically 
set equal to zero, and plant concentrations are derived from the soil concen­
trations using plant/soil concentration ratios. 

The concentrations of radionuclides in animal feed crops and animal drink­
ing water are used to calculate the concentrations in animal products such as 
milk, meat, or eggs. The calculation involves multiplying the total daily 
radionuclide intake by the animal by a transfer factor. 

The radionuc1ides 3H and 14C are handled separately when calculating 
concentrations in terrestrial foods. They are assumed to be in equilibrium 
with their surroundings. Thus, the concentration of tritium or 14C in the 
hydrogen or carbon in environmental exposure media (soil, plants, and animal 
products) is assumed to have the same specific activity as in the contami­
nating medium (air or water). The fractional content of hydrogen or carbon in 
a plant or animal product is then used to compute the concentration of tritium 
or 14C in the food product under consideration (Baker, Hoenes and Soldat 
1976) • 
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AQUATIC FOODS 

Radionuclide concentrations in aquatic food products are based on the 
radionuclide concentrations in the contaminated water. They are calculated 
usingequl1ibrium concentration ratios between the food and the water, called 
b10accumu1ation factors. The water concentration is based on the release rate 
of radionuc1ides from the source and the characteristics of the receiving 
water body. Formulae for the three most common reconcentration situations for 
receiving water bodies are included in the computer program (Soldat et a1. 
1974) • 

A simple model 1s -used to predict the radionuclide concentrations in sed­
iments of a river or lake. The model is based on the assumption that there is 
a constant water concentration during the release period. the deposition rate 
to the sediment is assumed to be dependent only on the water concentration. 
The only removal mechanism assumed for radionuc1ides 1n sediment is radioac~ 
tive decay. 

EXTERNAL DOSES 

External doses from radionuclides deposited 1n farm fields are calculated 
assuming an infinite flat plane, source model. A factor of 0.5 is included for 
shielding and scattering caused by surface roughness. For a person standing 
on the shoreline of a body of contaminated water, the dose from radionuclides 
deposited in the sediment is calculated using the same model as for a farm 
field, modified to include a factor that corrects for the fact that the shore­
line'is not an infinitely wide source (Soldat et al. 1974). 

The dose from swimming in contaminated water is ca,lculated- using the 
as,sumption that the body of water is large enough to be considered an "infi­
nite medium" relative to the range of emitted radiations. Persons boating on 
the water are assumed to be exposed to a dose rate half that of swimmers. 
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INTERNAL DOSES 

Internal doses are calculated as a function of radionuclide concentration 
in food products, as described above, ingestion rates, and a radionuclide­
specific dose commitment factor. The concentration in foods varies with time, 
release rate, and buildup and decay in the soil. The dietary level (i.e., 
kg/yr) is assumed to be constant. The dose commitment factors are calculated 
for each year of intake, to the e~d of the dose period, based on the model of 
ICRP Publication 2 (ICRP 1959). For purposes of this analysis, internal doses 
were based solely on direct consumption of salt. 

A first year committed dose is calcuated as well as the accumulated dose 
for a selected number of years. The accumulated dose is the sum of a series 
of annual dose commitments from the time of ingestion to the end of the dose 
period. Doses may be calculted for either a maximum-exposed individual or for 
a population group. The doses calculated are accumulated doses from contin­
uous, chronic exposure. 
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TABLE F.IA. VTT Model Input Control File 

PIR qUN 1 EAST T!~.S PUMPING ANO a6~ GP" INJECTION ~T DOME 
PIR1.POT "OT 
PIR1.aOT 80T 
NON! TOP 
PIRI,"YC HYC 
PIR1CAL.TyP eAL TYP 
NON! SToq~G! 
PIA1,TC' INTER AQ XP!A 
NON! OCEAN X'ER 
2,63,'3,YN0,ll00.,t05&~.,laa0., 0,,13., 
0,0", 
0,0,1,Sa,S~,9.0!.03,t,23 
1990,5,1,0,9 
1990,9,31,23,59 
0,1,0,0, 
tQQ0,9,3t,23,SQ,1,4 
1,65,1, TOP 
1,I,!.12 
1,63,1, 
1,t,E .. 12 
1,65,1, STORA~! AQI 
1,,3091 
1,b511, 
1,.0091 
1,65.1, OCeAN XF!R 
1, a, 
l,bSrI, 
1,0. 
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TABLE F.IB. Streambed Transfer Coeffic1ents 
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TABLE F.IC. (contd) 

selin., 27lSU,2 lU,e 11 
U555,' i!6Sf46.9 165,' 71 
CUU,' unu,tI JU,III 7' 
n109,- Z51111R. 9 lUte ,e, 
Ueet.3 25!a51e,1 lilli,' 61 
.. 131.11 nun,6 122.e 71 
51,.,9,2 iSUU.2 UI,e YI 
."0119,9 lSdet.9 426," 7. 
JSess,' UUi!6,1 165,1 U 
SIIU,e IUIU,1 IU,e U 
I.aU,' 2l9CfD7,6 lU,. U 
UIU,' 2UUI,' IIU," U 
nSt5,2 22UU,t 161,1 71 
]lSS6,. ,tUflS," "n ,I 71 

. 35619,' 2UU9,5 n7.' 71 
47151, ., 2UI72,1 nea,e " 4nu,' 2M'!'.] U5,e 71 
SU9',' ,U'U.I In,. n 
5USI,' 11111"," 172,t 'U 
62tU,6 ieUea.7 122,_ n 
6un,' 10'192.2 Jil,- n 
652911.' linn,s U6,' n 
7un, , nICes,' JIll," Jl 
fUU.' '.2U5,' IU,I " 6e145,A 2UI21.S 121,e fS 
7UU,& 2I7ua., Ut •• 11 
6un,I UUU,I SU,I fS 
l!ln,l 2:5U14,7 lID6,I 71 
4Ulll6,t 2UlI2,5 IU • ., U 
."'U,S i!UlU,5 lU,I " ."U.S 2625U.l US,e u 
nllU,7 269341l.2 CIl,1 . JJ 
U911,S 271295,' ne,l 11 
115562,5 2571".2 424," . 'U 

1969,1 iUn!.' ne,,, U 
1''',2 2141111,2 sse,lI 61 

nle5,6 2U2U,I IU,e .. 
UIU,' 283712.' JU,e. U 
6U6,S 29142"." 1I1,e 71 
uln,' 29UCZ.7 US," U 
2111',2 ,9nu.] lU,1 U 
UIU., S01110fJ. 1 JU," f1 
un • ., le9,., . ., 151,1 .. 

c16n ... SUIU." 5&5." 'U 
5e1U.5 Je5sn.S n1,11 " 51'''','' '94191,' Jl5,_ 11 
CU",I 29U9S.a ln,lI fl 
'7216,1 ZUllZ •• 2 uS,e u 
",12'" il5316.11 UI.II n 
SellS. I UUU.I ISI,e " 'UtII.' n71n " 1115,11 U 
nUl,' un75.S 41U,e u 
'2112,5 '''US.IA JU,. U 
7I1S",4 iUU'.' 119,0 U 
76S75,s UISl'II.Z 1611.111 " '1296,5 SUUt,C IU,e ·71 
S9C1lS,J ntlSu., 4Ji,e 71 
111156,' lUIU.S 11619,' n 

11192.3 ueaen.5 eu,e 71 
I UU, 7 uun.' Ul,II 5J 
2t1U2,3 I2bllll.4 '''.111 " uu.s nun ,5 446.111 " 29n~l' 157"116.9 us" 71 
UU,2 nnn,z en,' 51 
ZlU.B 1I41U.4 UI.II " 

-
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TABLE F.1C. (contd) 

U'~'.S lUU6,II ~i',,, " lUU,1 l'!a941,3 a",1 U 
211114, ! nan", 114' .It 71 

UIU,! nUll.2 '4~." 71 
19122,1 uun,' 4U,I u 
'"n,a 15'551.5 hr,1 " .,9",1 35'1''',' 511,1 U 
la'll,' llnU,l SSI,I 71 
3'139,2 S4aIot94,J 461,11 U 
3,1,.,. .I1911ts.1 .... ' U 
3"24.11 nUU,2 SU,I u 
3""",1 JUlU,' 'fl'. I 11 
.5755,9 nun,l Ul,I 71 
41125.5 JUtU,l 531," 71 
5U52,. U51911,. UI,I " 51939,;1 JlS4U,. "',11 11 
IIUSI,!! 339891,2 "',II 71 
ASlIII,' U1411,A 5S1,1 71 
73759.1 u,nt.J SU,I 11 
73021,2 lUIIa?,_ •••• 1 11 ".IU,. n:n19.J US,II .. 
nu •• l1un.1 441.1 1& 
SI'fII.' 3U2U,I au,' " ta3U,3 lIUZI,! 114).11 U 

I1U',4 394JU,' 1141.1 71 
HU3,a 39811',' "',II- 71 
UU2.1 39U22, II U)," 71 
anU,' lhlU,3 451,11 " 22151,' .UTU,I '5',a ., 
Jun.1 USUII,) sa"" u 
5S9n.a lIuran.' SU,I U 
34' ... 1 I1lI9tu., 41'.11 u 
2iUhllS, 2 4t1l19n,' '511,11 u 
aun,! .lUll.! 41.," 71 / 

JUlI,t 4199911,1 5n,a u 
515U.1 419 .... 8 4",tI " 3un.a 'U471.~ .u.a 71 
:usn,4 4301141,J ur,I 71 
l"19,1 unn,0 419,1 71 
lUlr," .,un,! '''1,11 " '1371,' UUJt,' 42.1. " 71 
51n5,5 IIU!19,J 399,a 7l 
46191,! 415563,'5 UI," 11 
onu,l 41291? ,1 IUS, iI 71 
43'1311,3 43U1'l,' "",II U 
IIl12ll,5 4iU94,] Ul, :I 71 
UU',I 4ll1ln, , 399,11 JI 
USb!.5 428t11U,5 u •• 1It 6P 
"US,7 4U32!,' 3U,'" 71 
"'5~"'5 1t111,.. •• nl,1It 71 "19' ,. 4tH"'l.' 41J,1I U 
5&aU,' 41U4'ft,' 811.ra 71 
55371 ,ft ".U ""'! , 9 ]99," 71 
611311 ,a ".tIlla,' HI,1I U 
'9147,1 4111".8 4U.~ 1& 
5nl",1t lIun6.] 4~.,,, u 
6lZlGt, 2 "QhtU1.1 .14,GI H 
'UU.l !hS72.2 4il" 1& 
'aI51,d 3911iU.9 444.0 71 
'UIrI.5 Jhn". , 4U,1I JI 
US0iJ, a Ja!)bfli, • 4U,1I il 
HUS,2 3UftJ't,i! "u,a n 
ulu.a 383126.' 450." TI 
U94I.8 JeJiIS' ,iI ol~I.1tJ JI 
S9U'.1 314)41.0 41111,ilI U 

j 
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TABLE F.1C. (contd) 

lU,,'.8 319.12." u,.e 11 
JUd, , UI4I".' Ill.e 71 
421" • ., lueu.] 1911 •• bl 
4U"-.S JUln.5 IIle.1 .. 
sun,. STUll,' UT,II U 
nU',2 .nIUe,' " •• e " I9ns,' nun,' cu.e u 
1495a., Jau .... CU.I u 
uua.1 lIun.' CUte " lIulI.a unU6.' "S,e " nus,' nea,s., cU,e " lun,- ns.'l. , ue,e ?I 
uu ••• 37"1111.1 us.' n 
usn.? uuel,' 41!e.e u 
• ..,,,.1 JUSn,2 4U,e u 
UIIC,1l sun I ,1 SU,' " .Un,? .lUUI,S UI,II " 5USi.S n4.n •• SU,I 71 
UJU.' SUUS.II 4U,I U 
'5611,7 1675U,' SIC,' 71 
U"4.' UilU',' SU,I n 
une,l JU,"., 519.111 71 
'1962,S !finial. I 4611.1 7l 
un',' UU75.' U5.e. 71 
65S61.11 .1~8I'J'.1 411.11 71 
U 127,5 ""llS,' .U,II 71 
11714,2 41"91,1 115,0 U 
'''U,I 4nTU.l Ul,l 71 
?lUI,' 4211151.1 UT.e ,. 
?S15e.1 412"9.2 4U,e " /' . 7Sld.S 4UUT,' .u,e " ( 6511n,J •• uu.s SU,II 71 
'UII.a 445111,. S6S,1I U 
5517 I,' 45ll",- 4U,II U 
5&212.' IISU .... ne.e U 
'1915.' '6un,1 nl,e " UU',' 411471.1 ut .. e 61 
UIU,' 419sn.l aU.1I 611 
5U.'.1 1111'115'.' U'.' U 
s.UI,e 4811525,' IU.II 11 
'158'. , Insu., us.e " un.,) ~1I852 •• 1 461,' 'Pl 
nall,l 525912.1 _ee,' fl 

126IU .1 nSUe.' 462,e· n 
'9251." S..,54e., lu.e u 
Uti".' 5199.9,' IU,e n 
lIIU6.' SSUSS,I 4U,a n 
lUll,S SUSII,' 441" " ""',. 53417S.S Ill,lD 'PI 
'55it,1I U3UI." 455,1 11 

lU'IS." !l2I5U,' us.e 'PI 
uun,. 521611,1 ."~." fI 
I,UU.!i 'S,6U', I Ire •• " It"s',l '!I2U9S.1 JU,e 11 

. 13'162,0 5241SI,1 UII,e :115 
.46065,8 'U fl599,S 196," " 1S2U',' SUU5,. ese,0 u 
.SS3UI.] SUI9",2 J7l t e .., 
UIII',41 SUU5." 3U,I '5 
1 UU'.' ~IUe'P ,6 4el,e " un,! .' 'S ".6U.'" JU,e .. 5 
1411859., 5r. 43150 " sU,e .5 
le55U,I !lUtes., JU." " I fll42J", J ~1o!I9h2,1 'U,0 71 
• .,.,9i4,7 !»ltlSiH ,tI U1,0 fit 

F.13 



  
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
    
   
   
   
   
   
   
   
   
    
   
   
   
   
   
   
   
    
   

   
   
   
   
   
    
   
   
   
   
   
   
   
   

TABLE F.IC. (contd) 

UJlU.5 14111113'.11 HI.:4 U 
IS.SU.) 4'4191.' Jri." It! 
I'UU,I 4U.I9,1 IS'l,1 liS 
l55U1.1 411019,' 3'.51.' .s 
,44153.1l 417151,11 J71,Q1 5tt 
U5269,. 'UU2,' Ut," 71 
uun.1I .5'112,2 US •• &5 
lalUS,9 451112.1 SU,II U 
11II7U.,' IIUUS,1 taJ,1I 71 
121"1,' "UU1,l 511.1 U "U",_ 116UI2.a u',a U 
lU,n,- 46nU,' ,hl,1I 57 
linn, 1 -u.n,' 411.11 U 
9nSS,5 .71115," ." .ra 11 

, t1lU2.2 .18561,1 4'",1 11 
USUI,! UIUI,' 4U.1 11 
"'87.6 492U',7 _U,II U 
IUU,' nI25.,. 391,11 71 
nns." 498313,7 4711.' 71 
I""./Il 5u.n,] 44'," filii 
l~un,9 51'111,3 '''.It U 
lUll,] 4'1"12,5 455.ra 11 
IUIIl,' 41S9:l9,1 37fl.' 71 

1I196S,1 4,UU,' lU.I. " nu .... 455256,4 141,11 " lI' .... 4 44UU,' 151,11 7l 
awlat.' '.:U79,l U'." " IUe5.7 .,,·ua,s lU." 71 

1151U,1 4409",1 l41t, " U 
'!JU,I 416"9,4 ]55,1 fl 
"UI,. 43115U .. 1I sn,1 7t 
IIa9&9 •• 4aUU,a an,1 7t 
aU".,a UUU.l au.a " liaU",1 '41714.1 -U.I 7t 

UUI".) USU1,I 1511,1 ., 
1141U.7 42un., . U7,1I 1S 

99611.9 'IUU,II S",II U 
15121,' ,,, .. all ,II 199,11 " 19141,' 195,981,2 4111,11 71 

10111752,J 4"ill95,4 lU,1I .. 
911'1S',1 Ja.'n,. 414,11 71 
US".l lU".,1 511,11 71 
'tan,l nnu.J 5U,I1 71 
"ail.) J791111,3 514,1 11 
955'1,' lann,' 4112,11. 71 

&e111a'.5 39nU,1 '41,1 u 
11"'39._ UIU .... S 431.a 71 
UUU,. 4UIII45,i US,I 71 
tGl14U,i lIn",1 4U,i 71 
Uhl.,l :sa e.s 115 , 2 4U,I 71 
uaU5,a Jl/h',. IIU,II 71 
IU&21.1 38322',1 lIaS,a •• tunl,9 nuu,. 44\1,~ 71 
lUtU,9 576U6,a .n,a 71 
UtS'.',' )JaIn,. 5U.11 71 
111317',_ .un,.,. 11115,1 71 
1 U'a',. 'hlU,9 . 1194,11 71 
U I "',] lUlU." IISI," U 
Huet,a J7f1195.1 1119,1 71 
l3un,' nun,. lIu,a 71 
UIiIU8,1 naus.a 196,3 59 
1\ltIU.S 41.281,' lU," 11 
129448,' n~U2.' 171,1 u 
12.94.5,' 3n~U.l 4U,11I 59 

13111"''',' 3n04',7 4U," 59 

-' 
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TABLE F .le. (contd) 

IIUn,! 112C!T51.' 14111,1 11 
ICUS' ,e .2un., 14I,t! u 
1511n,' UUll,] UI," 60 
.ea13'.6 U4528,5 na,' 65 
Ullin,s ... .,1/12.1 15',11 U 
Ullin " UtICU,1 4U,e 65 
'rne," UI55T.' . CU,I II 

U,17S,2 U14U2.B ."," 6~ 

12U99._ UelJ6.11 4U, fI " stun,- 15"1151.11 CUte U 
'119' ,t Ui!11J5,1 IIU,_ 115 
'1653,5 SUUI.II su •• " lueec,. 115171.1 n~,8 7 • 
•• 'U.' '''!555,I 155,e " I'U"',' s.n",2 35., I! u 
'91",5 J11412S,' UC,f1 U 
'lUI,! un4S,I IU,' II 

lUlU,' lUllS'.' U&!,e u 
,llIll,' seUJI,S 153,8 Yl 
111721,' U8nc,S 175,1 n 
u,.n,l ultleu,s SJl,1 u 
'1'S5,5 2'2I14e.1 lSS,. 61 

'''U,' 212521,S SU,. II 
I'UU,. nU9I,' Uhe JS 
S4SSU,' lIun,' lU,. " surel,s 2UUI,7 lIll.e " lien.,. UIotUJ,' liS,. " '2119S,S IUltl,1 su,. U 
U56".S 26 It" " ltc,l n 
U'2S.6 2UhT,' US" U 
'un,' 242211,' 291,. " UU .. ,T IctUS,S 141,1 II 
uun,' reteu,' 1U,I " BClIn,1 2351115.2 SU,I n 
UII",e 222125,' sn,e " 112"C,' IUSU,' ;UI,. " 1",,'i4,' uun,' lu,1l " USII",' IUIU,1 US,e u 
llceu,! elalU,' IU,' u 
llun,s UUll,B U",III " nun,' zeUU." Ue,lI U 
ISSU,I 21""",1 IU,e 11 
'UU,I uUn,' IYe,I 6J 
98SU,1 ueua,' ll',e 61 
'561',6 InUI,6 JU,"· 71 

1551179,S 2II"sn,s IU,II JI 
ISseu,S I9ISU,6 iU ,II 71 
SlIUS.' ",ns,' IU,' u 
14U65,Z IUum,' eU,II' n 
un",1 sTeU',S UCI,' 71 
unu,' ISetan,' Sllla,. " UIes," ""881,. ZIU,II 11 
flier,. IIHU,S 415,. 16 

114657,- II2In,0 UI,Il 71 
I-eess,' lS6s".e ifS,1I fIB 
1"5111'.6 111UI,1Il ·155.11 " UltU.1 seen.,1 2n,II 12 
I2IIU.- lIIlU" ,2 U"~ U 
II.U6,' '''U'.' en,. 71 
IUZl,r UdU,.' Jel,' n 

lI$el6.' '''2&3.5 lIl,e 71 
unse"l UUS.' IU,I 51 
IUIU,1 100"7,' iU,' U 
I unS,2 'flue,1I UI,II u 
SUUI,' 81Si!!!, " nS,1 6C 
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TABLE F.IC. (contd) 

'un,1 III].).~ ])~,~ 71 
"5',r.1 U" .... u.,a .. 
UUJ7 •• 116597." aJ60.~ 11 
Ul'S511.7 8'1"9 •• lit, " 58 
uun., lun,' lu.a It' 
15"21,] "'U,I 215.1 U 
IU'SI,. .sGl", 7 IU,a 1»9 
lU'U.- nll'.1 an. " " "tru,] ,11271.2 aU,1I " 'UU •• 51731.' aU,1 u 
819'.,1 61UlI,1 aU,II 71 
lIaU.l US",, ,U,II U 
a"u,' UQl .... 5 1511,1 U 
8J7U,1 UUI,. UII,a 71 
IJSZI,' ,,4",' ZlI,1 71 
I!JU,] nne) UfI,t n 
I7UI,' lI,1 U',I 71 
IU" ,I UUJ,' UII,II 71 
'0551, , 11I1II1,' U.,I " !IUS!,] lIU, , iU,' U 

U5''',1 .5.U,' Ui,II 7l 
u.s ... " '!i'U, , Ut" JI 
UUU,2 ~a72.' antra n 
"un,1 1'56,5 1I11,1 U 
22nll .J !tlra.' In,a 11 
19.,~n •• uau,' IU,II " lf15h4,l .saU,1 UII, I f\ 
UQ9a' ,3 ."517,6 nl,1 71 
UUu., 47011,1 U4 1 1 n 
,.ua1,b 41921,4 au,1 •• IU'95,1 nns,) i37,1 u 
17snl,_ tu.u,. i51,3 s. 
UUn,. uun ,8 251,3 71 

, 
'. 

l'Sun,3 UUU.' i51,1 7l ; 

,.,'12,_ UII3II,1iI aU,1I ,. ./ 

UU51,5 Ultrau., IU,I .. 
lhut.') U1371,' Ibl,1 55 
tlltht,' I.sUI,1 an.1 " ,9iSlI.1 U 9791.' 148,1 U 
2n,u,' "rn,_ u'.a " JUnlt.l 9IUI,3 IU.I " 221111.5 1111 ",' a47, I ft 
ilun,' 15UII,' ill,a 77 
UIUIt,' un", ,I liS. " 71 
2un',7 "~2U.' "1t,2 ,. 
"lU.,' USU!'." "I.' III 
t5UU, " 119109,iI lU,1I 51 
1599".ct 1UU',' alit," It? 
1'1451,' '9nU.iI aU.iI 71 
"U5S,' iU1U,I 219,' " l&U'U,l UUi5.7 nl,l u 
U"U,] alun,1 U',iI " aU"",l a181113, II i!19. II 11 
116115.4 li'645,1 i19,a 6ft 
,58595,11 HbSU,a nS,1 11 
lJU)9,6 251111116,2 lu,1 11 
a151U,1 lUlt U.5 lU,iI U 
2331111,. 152111.1 na,1 ... 
aU''',1 zuni,' lU.~ ttl 
18111'S78,7 in)"" lU.1 u 
,77SU.i Z1~4 .. ,J lU. I 5' 
2nUI, • l'J95' ,I nS.0 ftC! 
lIfUU.5 ahnZ,l 2".11 u 
2"SU,a 29\JUI,' 291t,2I U 
HUGII,' a7S5i',l U7" 7t 
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TABLE F .le. (contd) 

IU451,. 2'1816,' JU, B 1l 
UU,Z,1 UI/I9n,l IU,e T1 
Inlle,~ nU41, , JU,e 55 
,9UJI, t 29U35,8 liIa,e 6e 
19S1U,S 29111B75,2 U8,' U 
20111-,' 2U'U,' IU,II U 
2 .. 'U,. 29&1121,2 IU,II n 
2U6U,e "'12$6,2 Ub,lI 62 
211eU.5 31&582,1 lU,1I 62 
unll',' leun,' 122,e u 
121111,1 utaSU, 1 IU,Il u 
IlJ'II,e 3118551,' IU,II 62 
zensetl nnn,2 U',II n 
199421,9 1119811,5 nlll,' " 2116452,1 IIen6,2 sn,e u 
a'''''',1 11''''',6 UI,e 62 
IU221,' 321176,' 1S2,' U 
IU60S.' SUUS,I sn,lI ·62 
1"15'.1 159954,1 2t5,e u 
",9.9,1 .149.S 11 , 5 ue,e .. 
"UU.I 518589,1 2&1 ,II 62 
zaallDS,' IU5U,J 2U,e ., 
Ueen,' SI61U,' sn,e u 
u,nS,2 !SCSI',' 277 " " 115h',' IUUi,1 Je',e u 
114111,6 IUB"," ,n,e 62 "815",. 312953,7 JU,e 59 
171072,5 lUIU,4 Ju,e " UJ664,8 59un • ., SUI. U 
lUlU,' 399203,9 lUte 62 
'110117.' I0bU1.1 lls,e n 

( IIUU.' Ull'U.' JU,e " \ IIU.6,' .'UU.5 144,' 6S 
- IUC50,2 4nnl,' ne,l! 6S 

ZtlUJ1.' ceuelll.8 IlII,e 6S 
2Unl,6 fllIIIOlll5,2 1&I,e· U 
22"",1 427\5' ,J U',I U 
,'ill"" ,1 4435111.6 JU,I " 158201,5 45~U5.2 Jl6.' 65 
15n25,' uuu.e JU.I U 
l'UI9,' U811I,1 126,e liS 
USC1' " "''''41,1 142,11 U 
lun',t UU!56,e 141,IB U 
asun,l UUS7,' Jve,1 U 
"eSe4,' !l.,U5S.1 IU,II 16 
IS9U9,2 5'''1'1,6 cU,e " ,"UC.I SteU',2 195,8 U 
''''55,1 517511,6 4I"',IB 71 
17612111,1 ~U561.9 cU,e 65 
lnaU.' 5227e1,' 421,' n 
1'61886,1 S,feU •• cu.e TI 
1'11115,6 S2!1TSe, 1 cU,e tIS 
19160'.' sunl,l "5,! lIS 
1'51SJ,. 50,Ue2,J cU,e 65 
1'5U',2 ""694,1 cn,_ 65 
"eua,S USU2,e 391,11 U 
lUlU,' flUS6,.' UIA," U 
1'1151,4 4UUS,' U5.1 " 201"",' .. ,'U,' nl.e lIS 
22U61,c 4nne,) lee,e hi 
iUUl,1I • 19412,' nl,e U 
215112,. 511403.1 .U,I U 
UltSS,2 ~265U,' CU,I! U 
ileUI,' 527321,5 4lll,! 6S 
2Un4.~ 5UUfJ,' oa.e U 
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TABLE F.IC. (contd) 

U"U,' !lUlU,S 'U,I 71 
uu .... !luca?' 1655,' n 
unaa,' ,sun ,I 4U , I 7S 
'US9I,5 511351,2 _u,a u 
, 4IUU,rII 5UU',- SlI,a u 
alUJl,' U'U,.l St!.,1 7l 
usn,,' UU!?,' lU,1 1l 
altyn,2 cal2"'.' lU.1I 76 
219512,J 59nU,? S"',I h 
3"an,2 5917U.' le',1 71 
alnn,a ,sun.l liZ,1I 71 
antu,? n4'19.' lU,11 71 
2'l1n,' 515719.1 JU,I " "UU,. 5uau •• 3&',1 u 
2''''21,' 5'4411.' 4i',1 U 
139S05.1 515317.1 41''1,1 U 
aunt •• "'UU,i 18.,1 U unu,_ 491"',3 In,l u 
3UIU,' SUUI," 29S.1 " ltiJn,1 UU".I lU,a " 2naU,1 49116" ,1 121,1 U un)!., 45411U.3 J21.1 .. 
iSun,' ""Ull

' 
lU,1 U 

unn,- nun.l aU,1 " 2UU1.- .aun,- 125,' .. 
nllln.a! IUS".1 1& 1,a 59 
,.7145.S )9UU,' Ul,1 II' U1U'l.' nu,.., lli,l u 
auu?,' SUUS.4 iU,1 U 
,.,U2,2 31nU,4 i9S,1 Ita 
27111,4,3 J7Z9U,' 21S,I U 
Inl!!',' 311222.2 i9ll.1 U 
253144,. nun,l aU,a! u 
leU",1 lUllS,1 1.',1 U 
sut.,,- JU, .. J.' UIt.1I U 
UUU,l 35925',1 ilS,1 ,. 
274la7,5 35U71.1 in.1 u 
1"441,' )51$1641,1 25&.11 U 
itn",l l5" .... S lU,1 fill 
a4l 01144,' 5401lU1,' U5.a u 
llU71i'1,1 341114.9 2U,I U ,..181,' S4U4 •• 1 2n,' 5. 
2548u.a 14""2.2 i91,3 .U 
Unll,} 1199n,' ita.a u 
Ull55,' 1387"., 29i.1 til 
15UU,] SJ7'AUI,J 2u.a fI2 
25'.19,5 lUn2,Ii 2U,I 71 
2U917 " 33"'94.2 SU,;! 56 
2U'2',2 U 1 fl4Z,9 212,1 U 
zuni,' JU91t.,S nl,I Ita 
24'U4,' Ultllc16,et ZU,_ 59 
'UJI l,S Sc.t9SU.' ZU,I 11 
244781.5 29.'521,. lU.I U 
Z51U' ,. 19U1Z,3 !as,1 til 
"UiS,aI lUU],' 2112,1 U 
2.8"',1 lUUI.' 2U,1 Ita 
z95"a,2 SI1582,. IU.a Ita 
29UII.' !l0wi5,' an,lI u 
i94l95 , , 295196,5 JU •• U 
29&177 ,~ i911'S.,_ Jli t -

b2 
aU9!»I,' iUen,_ 251,' u 
24219',' cU'5I1,5 lb",11 U 
207SU.2 ZUUt,' il7,1 iii 
278455.2 ZitS "" •• Hi, II sa 
"54711.4 cuna.& au,' u 
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TABLE F.IC. (contd) 

18151&.1 l571U.5 tu •• 5~ 

2'lJSU,5 2u7ell. J lJI" 61 
uu •••• 26U0l.1 215,11 n 
2U2U,' nlsu.a lu.e u 
nun.5 is i!91t'J • , IU,II U 
US'SI,! 2nsu •• IU,II 56 
uun,1I unu,' 2U,e 6' 
'14215.2 nun.' lU.1I 6l 
2U2eil.B 24nu., UI,e 62 
258145.' 215.17.' lU,1I U 
,56195,2 U!»''''2,' sn.' u 
2USU.' 215179.' sn,e 62 
17"u •• ,nUl.' 356,11 62 
2'IS •••• Z521112.2 zu.e II! 
2"'''12,1 Z2D4'U.1 ne,ra til 
Ullin., 22511'.' us.e U 
Ul1e',' 212155.2 2Ii,e 61 
252656.6 ZllSlS.' nit- 1l 
lIun,s UIII74.7 zu,e u 
n1ln,5 UISe5.' iU,e 5. 
Ju,. ••• 21nSB.6 U7.e II 
UUJ4,' 20611S2,' uSee JI 
Setll7e,' l'IIIU1,7 Ul.e Tl 
21U2Il.l lI1751,e JU,e " USge.,' 2ee156,' 2U,e U 
n9""5.2 2075114, R 2911,0 JI 
2U4S4.1 znllzs,' JII •• 11 n 
Z56145,7 202073.2 zve,e 71 
UU".I UII1S.Z 2n,. n 
216546.7 IU4U.I 2n,e " Z855U,' 17el10.4 27111.1 U 
315nl,7 151275,5 299,' 56 
S12517 ,S "'U tH,7 l".e 71 
seta" .5 132U'.' zn,e U 
3114196,1 "7651.1 25f._ " Z97n,.7 LInn,s leiS" Tl 
293729.' lI1S151.4 211,11 JI 
2.7 .... 5 112526.1 24B.I n 
UJIIl'l, 1 U5.U.S 221.' 71 
272Ul •• In541,S ue,e n 
"U."~ lIeUII,' 211l,' JI 
IU5S?e 11171109.' 12I,e u 
2U2U,7 U9598.1 215,11 11 
265535.' 1I~11ll,' eu •• " unn,' U l h7.S Ill.1I U 
2'e"7.2 U9S96,S 252,' U 
iU867,S U 9CJ1.6 l59,e U 
277772.7 IUllU.2 Zte,e u 
251655,. 15"",6 2U,e 6' 
2&16U.3 12t514.1 2",1 l& 
25e'U.' nSU,7 225.11 U 
266157,S haU,e in,1! 64 
ZUSU.' 5U2ll,9 2e6,' fl 
2.nS.,6 55.,'1,1 iU,1 fl 
2'11189.1 sun.1 iU.1I fl 
281294.5 !iiI ",' lUte fl 
252ue,1 UUIIl." 2116.1 U 
lUlU,' uus, • 21116,11 fl 

79&24.7 n8l52.5 . Sll,e 71 
u,n •• 151"'77, I 219.' 71 

lSUIS.s 251'5.9 lU,1 ., 
15,9",5 snn,. UI,e u 
S661SS, a 531173.5 215,1 57 
355652,1 50419,. ns,' b9 
1'2191,1 56sn.2 &9111,1 u 
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TABLE F.IC. (contd) "" 

un97,1 59Z1~.' aU.it u 
:un",2 "!ifll.a 1111.1 71 
""U,I U4U.5 UII, it U 
J5U9' •• IlIua.f4 2U.i u 
lI,'U.J anu., IU.~ 6ft 
).1 .... 1 unn.! ':n,i u 
nun.s a UII". J IU.I n 
].anl.S 115911.1 ala,a 12 
U99l1.' Uh.U.' n',1 '61 
JUUS,' unll,' UI,I ,. 
S'UU,' uru,,' 151.' ,. 
S49"'.S un4l.' na.1 u 
nun,a ann',5 na,a ,. 
371115,1 197'41.2 Slal,a n 
31141',1 ""'92.' 2U,I 12 
161111,7 UUU.- 431.1 n 
J577U.l aU:l5l.s 3U.I n 
sn'u,1 IUUl,' 3U.~ 'Ii 
]'UIIII.' 2Z4712.' 'S',II 7J 
nun,. nlll", , ,41,11 n 
J33'" ,2 22"34.1 3U.1I U 
329135,' 2411441. ] nl,1 n 
]IaUn,l 1551U.' '27,1 12 
,9un.6 aUlU,' n •• 1 n 
n ... ,., If ''541 , , '41f,1 n 
,7J659.6 'la!72.' JU,I 7l 
,.nu.I InUII,' 1609,1 n 
"llaII.' iti7",.S 15J,I n 
nUII,1 lU'IS.1 iJiI.a n 
S~tlru.9 llll!'I,' 237.1 U 
352471.1 'IU0,.1lI 241.11 .. 
"''''.' ]11117,3 ''',a u 
]5nn., JU5".5 • n.QI ." 34U32,9 3Un!,' II9.ra •• 3.5519,6 3uns.a U4.1 .. 
n5UI,! 318141.4 2U,a •• nun •• unu.] US.I 71 
nq' .... 32U7l._ 211.1 .. 
,77126,. 32'!1U1.5 253.1 U 
3UIU.9 321114:,..2 UIif,a u 
"16 ... ' 34195 •• , ni,l ... 
nun,a 1316",7 2U." 71 
35 .. ,4.7 H~4n.1 aU.:I bII 
nUU.l 3lli25l,7 au.a .. 
3uan •• Hi454.a an,l n 
nun., :sun,,' au •• ,. 
.J771I7.' 317959.) 134,81 .. 
""1'.1 353732.' na,a .. 
33U15.' nUll •• an,a .. 
JU'U.' ""'76.5 aU.II .. 
JUt".l niSu.a 11",1 u 
J59955.5 3113145.4 aU,1 u 
:s!nn,t 1&441f1.' Ui.1I .. 
,' .. al.l 36!1SU,1I lu.a u 
364ft'. , 3754U.I lli.' .. 
luaU,t n3l63,' !IU'." .. 
SAun,' JU5i1.' in,1 .. 
saun,) n-2iS.l 25&,1 661 
331127.i nU49,S 252," ,. 
3249'4.1 )lUlU.6 as4,a u 
12lta'.3 sanU.4 an,' ., 
3'n57.' lI7In.' aU,1I n 
)aun •• 311114.1 a9S.' u 
31'''1.' J9i4f»,.7 a!ll,a u 
3f6U'.1 n~9" .' aU,1 •• 
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TABLE F .le. (contd) 

J52916.1 ""517,4 IU,' U 
nus, •• enlac,' ,,,,,, u 
JUZII8.1 UUH,C ne,l u 
145116,1 UbIiI2S.2 IU,' U 
SbUU.! 111"'''5.6 UI,e fI 
na'" ,I uun,6 '''',11 n 
nittY,. 05'12,6 Iu,e u 
SetUI •• unn,l ne.e 66 
n91155.5 4unl.1 lU,e 66 
lUlU,' 445n',1 lu.e u 
SlUII,' .usn,s Ut.1 u 
nUll,4 n e.",' 1 u,e u 
SSU"',l • SUU.' IU,I .. 
SatIJt,S "5'11,2 UA,I ft 
S2IUS,' ""'66.S 212.' U 
S2uu.e Sl99n., ue,l " SIUSS,1 521n",e IH.I " snue,' nn"',e JlI,' " JeUU,- sceeu,s ne,' n 
uun,e SCUllS,' e.C,' n 
seuu,' 55nu,' IU.' U 
JU5U,' 5flua,l 289 .11 " 39554',1 55519',6 Sl7," 75 
sue19,' 5"65e,' zn,e " nun.s lunc •• cse,. fl 
15U19,5 6"912,41 IU,e " Junl,' ueln ,2 11',1 " n.lea,' 615716,' JU,' " uu ... ., nullS.! SlC,e " cenu,' 62Ul',e eu.e " JesUS.' 6155",e In,I fI 
546175,1 61"'94,' 152,11 fI 
sssz",e 114529'.1 2u.e " JUIIII.I 61111242,' 2".1 " . 116116,1 UUII.' ne,l " 192121,7 .53541.C Ul.' " "UU,' 621e5S,1 2~5,e .. 
nus',' US716.e US,I n 
4214110.' UIiI117 .1 Ile,' 61 
U22el,s U5Ut,7 JU,t u 
41261 .... Un!!l.' Ul,e 6111 
&snee,s 6UIIC,6 2U,e 61 
useu,1 5155U.' eu,e " J7UU.6 51lne.1 219.1 u 
SIun •• nsne •• e15,11 71 
UlIl2C.S UUU.' 211.' U 
nU24.4 542111'.' 257,11 II? 
.eaTSS.' !at4l 1U.1 eu,e " '99552." nUlI,I 2U.8 " "!JUl',e .,uel,4 en,e 64 
,USla.I 45JUGl.' 225." 61 
eU7fl8.2 UUU, , 241.11 61 
nun,e 4U49".4 U4,~ U 
U1ll7l,6 42.'''.' UI," ,. 
usue. , JU7U.S 2U,e 65 
Uln',' 561174.6 161,1. 71 
43el",' 3511l1.' JU,e U 
J'UU.S UUlS,1 2Si,e u 
nans,lI UltlU.9 Uh' III 
455U',. U"",' IU.I U 
411lue.l u~.u.e 256,1 .. 
.zun,) suus,s 146 ,liS e.. 
4111594.1 stun,1 2511,' u 
CASU4.1 SlUU.i! IU,II 71 
nun.e JIBS tis. III IU,II J2 

F.21 



 

 

 

 

 

 

 

 

 

 

 

TABLE F.IC. (contd) 

12611"'.' 193'15,' ]511,11 n 
UllIn.] U\17il , , na.0 n 
",'flUI,1 nUU,a iU.l' 'Ii 
u"u,_ lfI'lU.' aU,a u 
un",1 lun5.l 25It,1II n 
'I96U,' 25S''',2 IU,I 76 
• ltUS,! ilUll,. lU, • U 

""" ,5 
un,.,' 4U.I n 

1'1113',. au.as.J JU.I 66 
uo.n., allll'IU~.i 21',111 n 
4!ru:,. .J llanu.] aU,aI 71 
nln6,' luna,' nl.1 n 
,,'UI\5 •• suna.' JU,II 11 
unu" & 722U.1I U •• 1I 71 
UU51,I unu,_ lU,1 16 
461435.' '5114U,_ ns,' 16 
.,6.U,5 llUS6,S U7,I ,. 
u,alll,' lltlU .... 465,' .. 
untl._ tlU".' 'U,I U .n.u., UlIn,' ua,lI u 
]9"'''.6 'IU •• ' i71,1 .. 
UU",' nUt.6 an,' .. 
16U49.5 ''''1.3 nl,1 u 
naul.' 95a64,1 ua.1 u .... ., .. 91150,' ISI,I ., 
U"\1,. un?,' 315,3 " 41'UU.J II1l41' " ISl.1 U 
una5,' 1n19,' 111.1 ., 
"UU,l nUA,' 1Il1,a U 
12,,",9 nus,. 1911,' .. 
UU",J .nu,a nl,l 6S 
u,ua •• 641".' IU.1 .. 
125651,1 U"',. a71,1 U 
nun,1I nn?,1 aU,1 !IJ 
UUlI," SU?!,' aU,1I 52 
"U505,2 IITSU,' iU., " uuu,a 17646,1 511,1 " U2IU,2 uan," U,I u 
111937,' JU5S.' aU,I Jl 
IIInU.I 18282.1 JU,I " """.1 lUI",' 14.' all 
US.tS,1 un, •• fl.! u 
'nI16,' 1!I2114 •• U,! U 
U45S',1 li41t .1 ",' ]I 

UtU'.S '{If.I. , U.I II 
unSII,6 54",J 61,1 III 
"uat,' una.1 139,' u 
11"'".' 1111,0 4511,' " U&741,. unlIT,. 214,' u 
IIU .. '.t UU"'.' la5,1 U 
I1,UU.' UU"'!.l 119,11 U 
4711aa •• 6U5111,' an,II u 
471411.8 UIIUl.I IU,~ U 
4"991,11 U7Ut., 161.1 u 
119347'.2 U3UI.' 2U.-, " SIUU.t 6'4444.4 ilt,1I U 
'1304',1 613,31.' U7,III n 
'U5'I,t 614992.' au,' " ,uau,' UlUS,' aU,1 .. 
SU1U,S U\lr.l08.' ni, i1 .. 
'Ull',' ~'SA8 •• ' lIl.a 68 
511.1I,A 5425.", IU,a u 
nun,. 5ana..2 tU," u 
5'4'23,2 51"'i3,1 UIt,I1 tla 
~UU5,1 49'5Q1 .... J U9,fI fII 
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TABLE F.le. (contd) 

52Un,1 InlU,' ISS,- , .. 
nemu,l n,.u,1Il 11e,1 U 
SInn, .. unu,1 ".1,1 tie 
1l5221,A _5161S,1 sn,. 'I 
sin",,' CSI516,S nll.8 " unu,l C2!jn2,~ 262,e u 
SU'U,t u"u,' ne,e 59 
SU',',' U"IU~,l ne,1 .. 
SUIU,_ "UJl,S 225,11 U 
5I6U',7 UUU,_ ne,' 61 
5 ..... ,' ute96.' 1S',8 61 
CUT77,1 nuu., IU,- ,I 
stein,' uun,- nS,e u 

. SlUU,_ S761U,' UId,' fa 
suau,s uun,' JU,- 5' 
sn's-,6 S69UI,' 119.11 U 
nuu,' hUU,' Zll,e .. 
52un,' SUUC,- 114,11 U 
"4171.7 untS,l 171,1 " 511 .. 4.1 IS ... ".' SU,I 'fl 
unel.9 JS61n.1 us,. 61 
514171," sun',1 111,1 " ,'.nl,I J4SIU,S 1",1 51 
nun,. nu"., IU,I- .. 
ssn.,,) nltas.1 ne,' .. 
5IUU,' usns,s iU,' U 
Sl,ae',' 1228",1 III,' 61 
519911,2 n2'U.s In,. u 
SU511,1 IUU'.C ue,. u 
S2"U,' un",1 US,. 6C 
526169" I2U25,' ne.e u 
!1uu.e 128266,1 iU,1 U 
51U",1 ,usn,' U5i l U 
5U597,' ZIIIII,2 IU,I ''fl 
412116,7 nnn,l IU,e 11 
SCYl51._ lllll.u.e iet,' " nUII.1I UU'2,1 nS,e " ussn ,I 1I214S,S n',1 fl 
SUIU.S zStlU.1 119,' " SAtlU,2 nun,' 21C,' " Sle"'.1 246zel.1 212,_ 'fl 
519151,' IUU'.I 'U2,e 77 
51'''''-,2 UUU •• sn,l n 
n,9s',' 1'6161.' IU,e n 
unu,' zeUS!,' IS4,e " nun., I'UII.,' lUI ,II 7& 

, 5U4U,' 190111.S 2414,11 Tt usn' ,_ "'1f1.2 E11.e " 411SZI,6 15nu," sn.1I 'II 
SIllS I 2'1 ,4 141-eu,' 2U., 71 
I5nnl,S ,,,ns,s 2n,I 71 

, 5Stls'.' USUS,, ue,e 'II 
ssl .. ·.e USI0I1,S lss.e " UI625,1 nnu.l ne,' 'II 
UUU,! I "UIB,e 2111,1 69 
Ullle',s UU'l5,J 2611' ,e ' .. 
"5191,2 IS" .... UlI,e fI 
SUSlS,' luane' 'U.I 'II 
51210',2 lt57"~.6 Ul,lI " S~lIl'" II*,UI.' na,lI " dnU.' 181'54." 25e,' U 
cJJS3S,! u eall,6 SU," U 
416491 ,IB UIYI,- eu,l 7t 
191261.' usn • ., US,e u 
&UU&,S UflU.1 ~u.' " 
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TABLE F.IC. (contd) 
~ 

UUiU,l JUU.1 iU,1 7S 
,nlU,1I UI16.J na,1 u 
416521,0 21711.1 US,, 7S 
'UU].II un.7 au," u 
SlUU,Z -112. 5 ua,1 u 
S33U4,' 6172,9 19I1,a 71 
nun.s Usa,] "l,1I " "" .... "'''',9 2011.11 " ,.1UI,J 591334,] ua,1I U 
5a19U,. '595"'.' U",II 7t 
snllu" saU42,' U.I.II U 
S1UIII,J saa9",] UII,I U 
U]965,_ 5un1.Z IU,a .. 
SUUS.] 5UI32,1 a",a u 
suua,' suns,a Uf.a " SUJ97.2 suau,' Ul,l U 
sna5a,1 snut.1t 71,1 III 
"nu,a Slun,l 15a.1I n 
5531.9,' !I'UU.) a",11 u 
'4lYn.s 500' .... In,' Ita 
n9hS,' "~5".' .,a,a U 
nUa,.] 5IUUa., US,II " "nu,] 5119135,. IU.I n 
5811'",' 47SIU,' 117,1 U 
551UII.8 ,un].! • U.I 7l 
5U4U,I 4uaU.l .... 11 11 
5"'''' .' 4111121,1 aU,1 u 
suaU,I 4Je941,4 'U,II 6fIJ 
S"Ut,' 41543',5 Ui,1 U 
nnn,l' .a'l"I •• ,,7,1 u 
"nU.1 421511.' ZIIII.'" 55 
!JUU,' 422UIt.5 ZU,III 71 
"?JU,1t 4,\tOU,' 'U,II U .~! 

ShIU.1 Allnn.l Zill,a 7t ....J 
55'~U,J .2UIl,' US,ta U 
5919,." U.UIa.l .IU,a '4 
519141,5 "U'2.' 2Bl,a .. 
59sa1t2.1 UU3J.rI 21.,1 U 
nnU,1 J9U79. , i7ll,1 64 
SulU,' allllt!52,1 225,11 " U5915,7 3un9.7 illi. :a u 
snQlU,l 519" I,' lU,1I 61 
5U9IS,' nun., US.II u 
5h9U,l suus.' 157.a Sf 
5"'581,5 359771,8 19ft,1I " 5"'U.I lUlll," J!54. " U 
51 UU,4 3aU35,3 UI,J " 5uttl,' 3"5113,2 JIU,III 7l 
5nllU,9 nllU,J 137.1 .. 
nuu,l 15&154,4 l",a filii 
"555J,' ".U5,4 'tlS.1 U 
bU4U.t 'U997,3 UI,II .. 
54675J,9 sa54",5 U'.! " ,tU2l.5 3337a3,5 illS,a u 
.IIHtIU.5 ]54J8&.' lU," .. 
san ... " sUlu.a 141.1 U 
S'tUI,1 nqau,' liIt.a 6iI 
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•• '.'" ..... '.'" I .... ..... . .... ..,.,. '." .. .... , . .... ..... . .... 
• s ...... '.'''' '."'" .. ". ... , .... ..... '.'.' ..... ..... I .... ,.1" . ... , 
,4 ",".11, " ..... '" ... s ..... .... ,." .. . .... ... ", .... , '.'" I .... .,,, .... II.'" .. '" II •• n •••• '"'.''' '.'" .... , '.'It •• eee .... , 11.11'''' '."" "" .... ..... ..HI 
" "."". ..... fI..II" '.11'" .... 11 '.11' '.'" ..... '."" ..... .,,, .... '.'" .. '.''''' II .... "."" ',,,. .... , 'i,," '.'" .... , II .... ..... .,re.,," ... " .. II."" ' .... '.'''' ••• et ..... ..... . .... '.""" '.'''' '."" "".'" .. '" , .... , ..... ..... ..... . .... . .... . .... . .... . .... '.1" . .... I"··· .. • I .... ..... '.'" ','" ..... •• 11' • •••• ..... I .... ..... ..... '!II .... , 

I •• " ..... ".'" ','" ','" ..... ..... '.'" ..... ','" .... , I"".'" • .... , ..... .... , I •• ' • '.'" ..... . .... . .... ..... . .... . .... ..... , ..... ..... ••••• ..... . ... , ..... ••••• ..... ..... ..... . .... . .... 
4 ..... ..... ..... ..... . .... ..... . .... ','" . ... , .., .. ..... . .... 
• .... 11 ..... ..... ..... . .... ..... . .... . ... , . ... , ..... ..... ..... 
I ..... ..... I."" ..... ..... ..... . .... . .... ••••• I .... ..... '.'" • ..... ..... ..... ..... ..... . .... . .... '.'" I .... I .... ,.111 ..... 



  

             

              
           

            
          

           
            

            
           

            

            
              

             
              
              

             
             

             
           
            

            
             

            
             
              

            

           
             

            
           

            

           
              

          
            

             
            

             
             

             

             
            

             
             

TABLE F.1E. (contd) 

~ pot,NIIAL IOLV'ION c." Iua. .,. ..•..• .. \: ... U • ... u, • u ... ... ... u, U. II • ... 
., ..... '.'" ..... ••••• '.111 ..... ••••• ••••• ••••• . .... • •••• '.'" .. .... , ..... '.111 '.11' ••••• ..... . .... ••••• '.11 • ..... ••••• . .... 
u ••••• '.'" ••••• ••••• ••••• . .... ..... ..... I ••• , ' .. " . .... . .... .. • •••• ••••• ••••• ..... ..... . .... • •••• ..... • •••• ' .... . .... ..11. ,. 

I •••• '.'" • •••• ••••• •• 1 •• • •••• ••••• ..... • •••• ..... ..... . .... 
II '.'" ..... ..... • •••• ..... . .... ..... ..... . .... ••••• ..... '.11' 
" ••••• ..... ..... . .... ••••• . .... ..... ••••• . .... ..... .. '" .. '" II ..... ..... ••••• . .... ..... . .... ..... . ... , . .... . .... '.'" '.'" ,r ... ., ..... . .... ..... ..... ..'" . .... . .... ••••• ..... '.'" .. '" sa ..... ••••• ••••• ..... ..... ..1.' . .... ..... . .... ..... ..... .. '" IS ••••• ..... ..... ..... ••••• • ••• 11 . .... '., .. .. '" ..... ..... ••••• 
" ••••• ..... ••••• ••••• ••••• . .... . ..... ..... . .... ..... . .... ..Ii • 
IS ••••• ••••• '." . ..... . .... ••••• . .... ••••• ..... ••••• ..... ..... 
II ..... ..... ..... ••••• ..'" . .... ..... ..... ..'" .. , .. , •• Ii • ,.'" 
II ••• 11 ..... ..... ..... . .... ..... , •• 11 • ..... ..... .. '" • •••• • •••• II ••••• ..... . .... ..... ..... ..... ..11 • • •••• ..... ..... ..... • •••• .. ... ., ..... ..... ••••• ••••• ••••• • •••• ••••• ..... ..... ..11 • . .... 
II ••••• ••••• ..... ••••• ..... ..... . .... ••••• ..... ••••• . .... ••••• u ••••• ..... •• 11 • ••••• ..... . .... ..... I .... • •••• •. 11 • ..11. . .... .. ..... ..... ••••• ••••• ••••• ••••• • •••• ..... • •••• ..... . .... ..'" .. ..... ..... • •••• '.11 • ..... ..... ..... ••••• ..11 • ••••• . .... . .... 
u ••••• '.'" ..... ..... -.11. ••••• . .... • •••• ..... ••••• . .... ..... 
as ..... . .... ••• 81 ••••• ..... ..... ..11 • . .... I •••• • •••• ..... . .... .. ••••• ..... '.'" ..... ••••• ..... • •••• . .... • •••• ..... . .... . .... 
" ..... ••••• . .... ... s .... ..... ••••• • •••• 1111 .... . .... . .... ,.,Ii, I •••• 

." II •• 11. -.'" ••••• ..... ••••• ..... . .... "iI .... . .... ..... ..... '.'" . It ••••• ..... ..... ..... ••••• ..... IsII •••• ..... . .... ..... ,.'" ..... 
+=0 II ••••• ..... ••••• ••••• ••••• ..... ..... ••••• . .... ..... ••••• . .... 
0 If ..... ','" ..... ..... ..... ..... ..... ..'" . .... ••••• ..... ..... 

J6 ••••• " ...... 1.'11 ..... ••••• .u ..... .. ...... ........ ISSI •••• IU ..... 'I .. ' .... ISII •• II 
IS ..... ..... • .. 1 .... '.'" ..... II .... I .... '.'" . .... ..... . .... '.'1' II '.'81 ..... .. " .... ..... ..... ..... . .... ..... • •••• ...... '.'" II •••• 
II ..... I,ll' " ...... ..... ..... ..... . .... ..'" . .... ..... ..... I •••• 
JI ••••• ..... ........ ..... ..... ..... . .... • •••• I.U' '.'"' ..11 •• . .... 
J. ..... IS" .... '.'" ..... " ...... ..... ..11. ..... ..Ii • -.," '.'11 ••••• II lIU •••• ..... II .... ..... ... , .... ..... · ... 1 .... ..... . .... ..... ..... . .... 
It ..... ISII .... • •••• ..... . , ...... ..... ••••• ''''.11'' . ....... ,.11 • . .... • •••• II ..... lSI ..... ..... ISiS .... ••• 11 ..... ..'" • •••• .StS .... ..... ••• iI . .... 
at lUi .... ,sa ..... ." ..... ..... ..... ..... ••••• . .... IS ...... .. '" U ... I .. . .... .. • SIS .... ".' .... . " ..... , ....... "".'" ..... ..... . .... 116 ••••• • ••• 1 .. ...... I .... 
II ..... ..... ..... ..... ........ . .... ..... ,.'" ,S4I .... -.'" "11.'1' ..... ,. ..... ..... . ... , ..... ..... I ...... • ..... ..... '116 •••• '.'" .11 ..... ..... 
II ••••• ..... • ••• 1 ..... ..... , ....... ..... as ...... • •••• .', ..... '.111' ·1 .... 
II ..... ..... ..... ..... ••••• ..., .... . .... . .... 1111 .... ..... ..... . .... 
II •• 1 .. '.'" ..... ••••• -as ....... I ....... . ..... ..... 's ...... 1 •• 1tt • •••• ••••• II 114 ..... lin. 1111 . ., ..... 1111 •••• ..... , ....... . .... . .... ..... 1 .. • •• 11 . .... ..... 
I' ..... ••••• ..... ..... ..... ••••• ... 1 .... .. ...... • •• 111 ..... . .... . .... 
•• ••••• ..... 1 •• 1 • ..... 1'.1.,,, . .. , .... ........ .. ...... , ....... ' .. I .... . ....... . .... 
If ..... ..... -.... ..... ..... . .... • •••• ..... . .... ••••• ..11 • I .. ' .... 
•• . " ..... . .... ••••• ..... •• 11. ...... . .... . .... • •••• '.'''' . .... • ... 11 
'S ..... 11".111' , .. , .... • "s .... l' ...... " ...... ... , .... 1111 .... as .... " ..... . ..liI, ..... ,,, ..... ..... ...... 'S" ... ' ..... • •••• ..... •• 1, • ..... . ....... ..... " . . .... 
as ..... ••••• • n ..... ..... ••••• ..... ..... . .... . .... ..... '.'" . ....... 
" 

'.'/1. ..... ..... ..... ..... I .... ..... ••••• ..1 .. . .... 1111 .... ..... 
II ••••• 1195 •••• Ii .... ..... " ...... . .... ..... I ..... • •••• • us .... ..... .. ...• 
J' I,ll. I"S,'" ., ••• ..... ..... 'SII, .. ' , ....... ..... as ...... •••••• ..'''' ..1111 

• ••••• "" •• " 'S,S •• Ii .. ..11. •• u. ..... . .... as ...... ..... .. '.' ••• 111 •• 11 • 
I· UII •• iI. •• '.11 . ..... . .... ..... .... 11 .. '" ..... •• 111 ..... •• 11 • • ... 11 , ·f'.· -.1111 ...... ..... "1" ..... ..... • •••• I .... •• 111 ..... . .... , ••••• ,.111 ..... ••••• '. II ••••• ..... ••••• '.11 • ..... ••••• .. '" S ..... ..... . .... ••••• '.1 •• ..... . .... ..... • ... 1 I.,i • ••••• ••••• • ••••• ,.'1' ••••• ..... ..... ••••• I. lit • , •• 11 • ..... '.1" '.'" . .... J .... 1 ..... '.'" ..... ..... ..... . ..... • •• at ..... ••••• • •••• '.111 • • '.'" ••••• '."" ..... •• 11 • •• 11 • ,.Ii • ••••• ..... ••••• • •• iI ••••• • ... ~. ,.11iI ' •• 11 ..... ..... .. '" '.'1' . .... .. '" ..... ~.1Ii1l ..... 
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TABLE F.IF. Interaqu1fer Transfer (ft3/day) 
IHUIUOUln" '''ANI. len) 

• J • , • • • a • II .. 
" II, '. e. I. •• " '. I.' I. I. •• " •• ' . I. '. I. '. I. I. I. Ii I. e. II. 
U lI. I. e. I. I. I. I. e. I. e. I. I. 
tI ". I. '. II. I. I. '. e. I. I. II. " ,. ". I. fl. e. I. t. I. I. t.' '. I.' I. 
• 1 I. t. I • .t. I. t.' I. I. " I. I. '. ,. I., II. I. tI. I. I. '. I. I. I.' I. I. 
IB t, " " I. I. t. t. I. I. t. t. II. 

" fl. '. I. I. I. t. .' e. I. •• I • I,' ,III ", t. I. '. I. I. .: I. •• ' . I. II. 

" I, '. I. e. I. •• I. " '. e. II. " ,.' I, t. " t. I. I. " I. t. I.' I. e. 

" II. t. I. " I. II, I. . ' t. II. '. ."" . ' . ,. t. I. t. -, I. I.' I. . ""1. •• .1Ii!t1. t. ·2"1 • 
'I I. I. e. I. " ·lllf •• e. t. . ...... t. -. .• U". 
" tI. '. II. I. I. I. .'''a. . "". • ,,,r., .a" ... .,,,SI • I. 

" I. t. ti '. '. •• '. I. t. •• -,'UI. ."ne. .. e, I. -. I. '. I. ' t, e. I. '. t. I. . , I. I. I. t. e. ,. I, I. I • I.' '. I. 

•• t. t. fl • . " .. ". .""'. I. I • ·"''''4 '0 •• I • I. , 

" I. I. I. I. I. .'''1,. . ...... ' • "'U. I. t. ._n". " •• e. I, -, I. I. I. I. ... n,. . ...... . ,., ... .U,I •• '. .. II. I. I. I. Ii "".IS. ..,.,1 . '. t. I. .'''''' .,,,, .. 
U I, I. It. I. '. • !IIII',. e. '. e • I. '. I. 
n I. I. e. I. I. I. I. I. " I. . ""'. ."att. ."asr • 

"T1 " I, I. I. I. I. t. '. I. I, ..,e". I. t. 
0 " I. I. I, I. e. .. I"U. I. e. ..e .... •• I. I • 
~ II fl. I. I, e. e. • ,ee.,. ,t. I. I • I. I. -, ..... 11 I. '. I. I • I. I. I. I. -. I. '. I. ,. I, I. I. I. I. II. I. " " I. I. I. 

" I, -, I. •• I. I • I. I. I. I. I. I. 
54 II, I. '. I. " " I. I. " I. " I. 
n I. I. •• e. I. Ii I. " " I. '. " " I. •• I. '. II. " II. •• I, I • '. • • II I. I. '. " '. I.' '. '. I. I. '. I. 

" I, I, I, " I. •• I. I. ' . I, '. I. 
It '. I. It I. I. II. I, I. lit '. I. ' I, 
II I, '. I, e, '. I. I. " '. I, I. " IY I., '. I, I. '. I. I. I. I. " I. I. ,. '. I. I, I. " •• I. " " I. I, 'i 
It t. " " 10 ". I. '. '. " •• 

., 
',; , . ... fl., I. 'I. I • 'i ... " I. I. " I. I. .. I. I. I, II. " " 'i " I, I. •• I, 

" e. I. II. I. I. " '. I. I. I. I. " II I. " " I. " I. " I. . ,' •• '. '. ft II. I. II. •• •• • • I. I. I. I. '. , 
I. 

I' '. I. I. e. I. e. I. I. II. I. I. I. 
II I, I, '. '. I. •• 't " I. I. '. " " '. I. I. I, I. II. I. I. I. I. I. I. 
I' I. •• '0 '. I- •• I. I. e • '. '. '. t' II. I. e. I. I. I. e. " I. '. e. " ,I fl. I. •• I • I. I. e. '. I. e. '. •• II I. '. •• I • '. •• I. I'. I. I. '. I. ,. '. fl. II. '. '. I. '. I. " e. '. e. 
II -. I. II. I. •• I. I. e. I. , e. I. I. 

" -. '. " I. I. e. I. e. e. I, '. I. 
t I~ I. I. '. I, " I. I. •• I. I. '. I t, I. I, I. I. •• " t. I. It I. I. , I. I. I. I. I. I. '. •• I. I • I. t. 
• I. '. I. I. I. I. -. '. I. " I. " I e, I, I. " '. I. t. " I. I. I. I. • I. I. 't I. I. •• I, " •• I. I. " • I, I. " I. t. t. I. I. I. " I. I. 
I '. " I. '. I. 't '. '. I, It '. '. 
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TABLE F.1F. (contd) 
IN,,,,.lKIrrn IUN •• CUD. .. .. IS U n I. at I. • 1 .. II I' 

" I '. II. I. I. I. I. I. I. I. II. II. , .. " I. I • I. I, I. I, I. '. I. I. ., 
n I. I. '. I, I. I, I. '. I. I. II. II, 
n " '. •• •• I • I. " I. •• I • '. t. ., I, '. I. I, '. •• '. '. . , -. e • '. .1 . , -. I. -. '. ••• I. I • •• " '. -. " I. t. t. '. -. .-. '. t. " I. •• I. 
te -, -. •• •• I • • • t. t. I. •• I. I. 

" 10 I. " •• ' . I. •• ' . -. I. I. I. 

•• I, •• -. I • I. •• '. I. •• -. -, ., 
ss II, '. I. -. '. •• I • I. I. -. I. -. te I. I, I. I. I. I. I. '. •• ' . •• I. 
n I. I. I. I. I. I. I. I. •• I. I. I. ., I, '. •• ., I. •• •• I • '. '. •• ' . SI ., 

" •• I. '. ' . •• " •• ' . '. •• St -, I. •• '. •• I. " I. •• I • • • I. 

" •• '. •• I • '. • • '. I. I. I. 10 •• II ........ ' . I. ., '. I. " I. •• I. •• I • 
U I. ..... ,. I. I. '. •• I • I. •• ' . •• •• I. . , I. ....... -. • • I. " I. I, I. I. I. 
U I. I. I. I. I. •• " I • •• I. I • '. II -, -. -. •• '. I. I. I. I. I. '. I. 
U I. I. II. I. I. I. I. •• •• I • I. '. . , • nu., I • I • I. " I. I. '. •• I • •• ' . ,. I, I, " I. '. I. " I, •• ,. '. I. 

.." 
,- -. I. " t. '. I • '. I. I. I. I. t. . It II, -, I. -. '. -. I. I, " '. I. I. 

-'='" It I, I. I. '. I. •• '. I. I. I. I, I, 
N If -0 '. '. •• I • •• '. t, •• ' . I. ., ,. I, . , ' . •• I. I • '. I, I. I, I. I. 

" -, I, •• I • I. •• '. I • •• '. '. I. 
J4 ., . , ' . I, '. •• I. I • '. I, I. •• n " I. '. '. I. I. I. I, '. I. II. " II I, I, I. '. '. I. I. '. '. " I, I. .. 10 I, I. I. ' . 10 I. I. ., I. I, .. , 
J' I, I. I, I. '. I. '. I. •• •• ., •• ,. I. I, I, I, '. I. " I. I. I. I. I. 
II '. •• " ••• ' . I • I. '. I • •• -. I. ,. I, I, '. •.... I. •• '. I, -. I. I. I. 
U II, '. I. I. •• I. '. I • I. -. I. I. 
IS -. -. I. " I. I. I. I. •• ' . I. I. 
n I. •• -, -. -. •• '. '. •• -. I. I • 
n I. •• I • ,. I. -. I. I. -. '. •• -. II I. '. '. I. I. I. -. I. •• ' . '. '. II If I. '. I. I. I. I. I. •• -. I. '. ,1 I, '. I. I. I. -. '. I. I. '. '. I. .. I. I. i. -. I, • •• I. I. I. '. -. " II I, I. '. I. -. II. '. '. -. I. I. '. lY . , " -. -. '. -. '. -, I. -. '. I. 
U I, '. '. I. I. I, I. I. -. I. I. I. 

" . , '. I. •• -. -. -. I. -. -. I. I. .. I, I, •• I. I. -. '. I • -. -. -. " n . , " I • I. -. •• -, I, '. '. -. I. 
II I, '. I. I. I. I. I. -, -. I. -. -. II I, •• I. I. -, •• '. I. •• '. '. I. ,I -. '. '. -. I. I. -. I. -. -. I. I. 
t '. " •• " " " I, I, -, I. " I. • I, " I. •• " I. I, " •• " I. I. 
I -, '. I. I. '. " I. I, -. I. I. -. • I. I. II. I. I. I. I. I. I. I. I. -. • •• I. " I. I, I, '. -. I. I, -. I. 

• II, •• I. I. '. I. " I, " I. " " • I, " I. I. '. I. I, '. " '. I. I. 
I '. " I, •• I. -. I, I. " I. II. I. 



   

 

 

 

  

  

    

      

     

            
             

                 

              

  
     
        
            

      
      

      
            
            

     
      
      

            
     
      

     
      

      
         

      
                 

      
     

     
            

      
      
    

            
      

                 

            

     

TABLE F.IF. (contd) 

,",r •• IUI". ' •• M'. Cc'''' 
IS .. If II !t '1 " 'I n n " I. 

t' •. II. " . I. '. I •. I • I. e., I.- 10 I. • til 10 I.- I. '. I. I. I. I. e. I. I. I. 
U I. 10- '. .... 10 ". I. .Utll •• .nnl •. -"""' . . ...... II"'''. .. ". I. I • I. I. e. 10 I •. I. _ I. I. ·~'JI4I. 
t, I. I. I. I •. e. I. I. I. I. I. I. I. 
t" I. I. '. I. I. .. - I. 10 e. " I • I. 
!I' I. I. . I. I. I. •• ."UI. I. I. I. e. I. 
ss I~ . I. I. I. I. e. I. .,'''''. I. I. I. I. 
'.I' I, I. " I. I. e. I. .ra'". I. I. I. I. ,. '. I •. I. I. " I. I. .""'. I. I. I. '. ,'.I I. I. I. I. I. - ... t"t. . ",n. .. ..... I. I. I. I • 
'.14 I~ I •. I. • •• I. I. I. I. ·tU". I. I. I. 
n 10 10 I. I. I. II. I. I. I. _ ... " .. I. I. 
SI I. I. I. I •. I. I. I. I. I. I. """. I. 

" II. I. I.' '. I. tl - II I. t. I. 10 ·"111. 
'" II. I. I. '. I. I. I. 1 0- I. '. '. I. 
4t I~ I. I. I. I. I. I. I. 'i I. 10 t. 
n I, I. I. - t. t. I. '0 I. I. '. I. I. 

" I. I. " I. I. I. 10 I, I. I. 10 I. 
46 I. •• I. II I • 10 I. I. I. 10 I. 10 
n I. I. " I.- I. I. I. '1 I. I. I. 10 .. I' I. I. 10 I. I • I. I. I. I. I. I. • II '. I. I. 10 I. I. I. I. I. I. I. I. 

•• I. I. I. II - I. I. I. I. 10 10 I. I. 

'"T1 II. 10 10 -. '. '. I. I. 10 I. 10 10 I. 
n I. I. I, I •. 10 I. I, 10 I. I. I. I. 

""" 
,. I. I. I. 10 10 I. I. I, " 10 10 10 

(.oJ " 10 10 I. I. I. I. " I, I, I. 10 I. ., I, I. " ' . I. 10 I. I, I, I. 10 10 
I' I.- '0 I. I. II I. I. I. I. I. I. I. 

" Ii " I. '0 '. I. I. I. e. " I. I. 

" 10 10 10 t. I, t. 10 " I, I. I. 10 
n I. I. I, '. 10 10 I. I. I. I. I. I. 
n I. '. I. I. I. 10 I. 10 I. 110 I. I. 

" I, '. " I.- " I, I. I, I. I. I. 10 

'" '. I. e. I. I. I. e. I. e. I. I. I. 

" I. II I. I. I. I. I. I. e. I. I. I. 
I' II. I. I. I. I. I. I, I. •• I. I. I. 

" I, I. I. I.- I. I. I. I. I. I. I. I. 
ft I. I. I. •• I. I. 10 I. " I. I. I. ., I~ 10 I, I • I. I. I. I. I. I. I. I. 
t' '. •• '. •• I. e. I. ' . e. I. I. I. 
II -. I. I. I. '. I. I. I. e, '. I. I. 
n II. I. I. '. '. I. I. e. I. I. '. I. 
II I. I. I. I, I. I. I. I. I. I. I. " ,II 10 '. •• 10 I. •• I. •• I • I. I. -. 
I' I, I. I. I. I. •• I. I. e. I. I • I. 

" '0 '0 '. I.- I. I. '. II. '. I. II. -0 . ' '. I • I. ..- I. I. I. I. I, I. I, I. .' '. I. I, I. I. I. " I. e, I. " I. 
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TABLE F.lG. Transmissivity Distdbution 
(gallons/day - ft) 

for East Texas 011 Field Discharge Case 
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" ., ...... '.' I •• I •• '.' I.' ..... 1 '''',' ''''.1 .. ... 1 ..... 1 '''',1 
It '.' I •• I •• '.' .,- '.' ...... .. , •• J ''''.1 61 ... 1 ."1.1 "'I,J 
U I.' '.' '.' •• 1 ''''.' ..... J 61 ••• 1 ''''.J ' .. I.' 6" •• 1 .",.1 ,,'I.J ,. ' .. '.' "".' ..... 1 ..... 1 ...... .. II •• '''1,' ..... 1 ..... ' ..... J "1'.1 
IS '.1 ..... 1 ...... I"' •• 6 .. ' •• I .... , ...... I .... J "".' ,"'.1 "".' ...... .. 1,,1.1 "I' .• ''''.J "" .. ..... 1 ''''.' 61 .... .. I •• J 'III.J ,,, •• 1 '''1.1 ..... J 
II ''''.' . ..... ...... ," •• 1 • .... 1 ,,,I.J ,,,.,J "".' ...... ..... J ''''.1 ..... J 
at 6 .. 1 •• 1"'._ ...... '''''' ...... 6I1_.J ..... ' ...... ,,,I.J I .... J '''',1 ''''.' ., ..... - 1"'._ I"'.J . , .... ..... 1 '11,.1 ,,, •• 1 ,,, •• J I"'.' 6"I.J '''' .. 'U' •• It '''1.1 ''''.' ..... 1 ..... J '''1,1 '''1,' .. ,1.1 ,,,I.J ..... ' ...... ''''., ..... ' 
It ...... "".' "" .. I"' .• ..... J ...... ...... ,,,,.1 ,,,,.1 "'1 •• ''''.' ' ... ,1 
II ...... 1 ,,,I.J ''''.' '"1.1 ...... • .... 1 '''' .. '''',' "".1 , .... 1 ,,, •• 1 ''''.1 

" I.' I.' l.tI •• 1 -.1 '.' '.' '.1 '.' .. ' .. ' I •• 
I' '.' '.- 1.1 '.' .. ' '.' I •• '.' .. ' •• 1 I •• I"', • 
I' '.' .,- I.- •• 1 ....... .,' I •• I,' '.' -.' IIUI.' .... 1 •• 
II IIUI.' .UJl.' ....... UUI.' I.' 1.1 UUI •• UU'.' 'UU.' '''''.' 11111.' IUJ.,' 
II ........ 1 ... 1 •• -.' I •• 1.1 '.' ..' UUI,' lUll.' UUt._ I.Jlt •• IUU._ 
II -.- I., .... I.' I •• I.' 0 ••• t,t lnJI.' IIIU.' l.UI.I lUll.' 
II I,' I., '.' '.' '.' '.' .. ' '.1 UUI.' •• n ••• UJlI •• 'IJlI.' ,. ' .. ••• •• 1 , .. 1.1 '.- •• 1 I.' •• 1 IUII.I UJlI •• UJlI.-, •• 1 '.' .... I.t I,' •• 1 .. ' I •• I.' ,.111.- IIIJI.I nUI.I • •• 1 ' .. -.1 1.1 I.' I.- .. ' '.' I.- '.' .UII.I UJlI._ • 11.- -.' '.- 1.1 ',1 -.- .. ' '.' •• 1 ." .... ,IIJ,.I , I.' I.- -.' 1.1 '.' -.- -.1 '.' I.' -.1 1.1 1.1 
I 1f.1 '.' .,a 1.1 '.' 1.1 '.' '.- I.- •• t '.' t •• 
4 I •• -.' '.- '.' '.' I •• t.1 .,. I.- '.' I.t •• 1 
I '.' .... I." '.' •• t '.- .. - .. - '.- fl._ 11.11 11.1 • -.' '.' •• i ,.1 I,' '.' 0 1 •• I •• -.- ..1 I •• '.-I '.- I., -." 1.11 .. ' -.' -., •• 1 I.' •• 1 .. '.' -.-
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. ' , TABLE F~lH • (contd) i 

""' .. ICPO' 

•• ,. 5. , ,. '!II \,. " " " " !It II ., 1.11 1,1 11.1 1.1 1.1 1.1 1,1 II,' 11.1 ,.1 1.1 11.11 ,. ".1 I,' .. - -.1 -.1 -.- 11,1 1,1 1,1 _,I 1,1 1,1 
,I 11.11 11,1 .. I -.1 -.1 1,1 1,1 11,1 I,' 11.11 1.1 1.1 
U 1,1 1.1 1.1 1,1 11,1 1.1 1.1 _,I 1.1 1,1 '.1 1.1 .. 11,11 _.e 1,1 _.e I,e 1,1 -.1 .. - -.1 I •• I.- 1.1 .. -,- _.e 1.1 I.- 1,1 11,- 1,- _,I 1.1 -.1 1,1 '.1 ,. _,II 1.1 1.1 -.1 1,1 1,- _,I ',1 '.- e.1 I.- 1.1 ,. II," -.- -.- I." tt,1 _,I 1,1 1.1 1.1 I.- 1,- 1.1 

" II.' -.1 It.1 _;1 .,e _,I 1.1 1.1 1,1 1,1 -.1 1,1 ,. I,ll 1,1 -.1 _,I I.e 1.1 1.1 1,1 1,- e.1 1.1 1,-
n I,e 11.1 11.1 1.1 1,- 1.1 ',e I.' ',1 -.1 1,1 1.1 

" I," 11.1 1,1 -.1 •• 1 1.1 I •• tt.1 1.1 -,- 1,1 1.1 
U (1.1 1,1 It,1 1.1 tt._ I.' 1.1 1,1 1,1 1.1 1,1 1.1 
n 11.11 1.1 I •• .,- -.1 1.1 1,1 -,- _.e 1.1 1,1 , 1,1 ,. I." 1,1 11,1 1,- 1.1 _,tt 1.1 1,1 1.' ." 1.1 1.1 ,II I." 1,1 1.1 ." ',' 1.1 1.1 1.1 '1.1 1,1 1.1 1.1 

•• " .. 11,1 ',1 1.1 I •• ..1 1.1 1.1 1.1 1,1 1.1 1,1 ., 1.11 1,1 1.1 ',1 1,1 e,1 I.' 1,1 1,1 1,1 I., 1,1 
U 1,1 ',I I.', 1.1 ',1 I,' 1.1 •• 1. 1,1' ",' ' 1,1 I •• 
•• 1.11' •• 1 II •• I •• -.1 1,1 1,- 1.1 1.1 1,1 1.1 1.1 
" ' It.II 1.1 1.1 1,1 1.1 1,1 '.' 1.1 1.1 1.1 1,1 1.1 .. I,' 1.1 11,1 1.1 1,1 I,' 1,1 ',- •• 1 •• 1 I •• 1,1 
U II,' ',1 11.1 1.1 1.1 1.1 1.1 .. ' I.- 1,1 1.1 1,1 
U 1.11 '.', .. ' IIUI,I .UJI.' ' '.1 •• 1 I., .. ' ',' '.1 1.1 
U 1.11 I.- 1.1 unl.1 IIUI.I 11"1.1 unl.- 1"11.1 ',e '.' -,I •• 1 

"T1 •• 11.11 '.' II.' .... 18111.1 IIUI.I 88UI.I U"I.' ItUI.' ""1.1 IU' •• , 1.1 

U1 
,. 11.11 1.1 I.' •• 1 U""I ,I" •• ' .. "1.1 1"51.1 ""1.' ""1,' IUU., IU .... 

U1 51 11,11 I •• '.' '.' luu.e Inu.' IUU,I 11913.1 Inn,1 Inu,' II'U,' ,nu.I 

" 11.11 I,' 11,1 unl,' Inn.1 Inu.I 'UU,I ,ltn.' IUU.I "'U,' n,u.I I •• 
n 11.1 .nu.I IIUI.' U" •• ' ,ltU.1 .nn.1 euu.' ,nu,1 ,nu •• 1.1 ',1 fI.1 

" 1.1 -I"elll •• In •••• UU •• ' Iltu,1 Inn.' ,atU.1I rnu.e IUU.I '.' 1,1 '.' 
" .11".11 11" •• 1 UU •• ' "" •• 1 ,nu.1I .nu •• IUU._ ,UU,' '19U.I ,nu.I I •• 1.1 
U 11"1.11 .", •• ' tUU._ UUI,I '191'.' Utll.' U·U.I 11'1',1 U'U.I "'1'.' l1'U,' '.' n ."'1.11 ."'1.' UUI.I I.U •• e u'n •• , .. ".1 "'U.' InU.1 Inu •• .ltn,1 ... U •• U'U.' 
51 11" •• 11 ,.JJI.I IIU ••• II" •• ' "·U.' Inu.' ''' .... lurl,' lI.n.1 "·U.I , .. 11., 11'1'.' 
J. t •• Jl.1 •• JJI.I .uu •• 11111.' , .. n.1 u.n.' l.tll.1 'ltn.' ,nu •• , •• n" ,19U,1 tI.n,' 
It ''''.1 ,,,1.1 1,,1.' ..... 1 ''''.' "If.' ''''.' U".' "n.' "".' flU.' 'U, •• 
" 'U'.' ... e.1 ... It.1 'HII,I ,,,,.t "".' "",t JU'.' "".t "".' "".' ,u,.t 
I' '''11.' ',,'.J ".11.' ...... J "".' fllf.' "".' "".' "n.' "",' "17.' "".t ,. '''''.J '''''.' nil.' ..... J 6I1tt •• ... e.J '''1.' ''''.S ..... J' 1111.1 '''_.1 ,,,I.J 
,S '''".1 ,,,".1 '''" .. ..... 1 6,,1.1 6"'.J 111-., 6" •• J I .... J: ... 1.1 ''''.J '"I,J ,. '''''.J '''''.' '''''.- ,UI.J 111'.1 'I"·J '''',J ... 1.1 ,,,_.J 6,,'.J 6"'.1 ''''.1 
It '''''.J '''''.' U,II.J ...... .... , .. • ".1 • .... J 6"1.' 6"1.1 ' 6" •• J ..... 1 '111

•
1 

21 .1." •• 1,,1.' 611t1,J '''',J 6,,1.1 IIIII.J .... ,' ..... S ... 11.1 1111.' ,,,1.' • ,".J 
II ".".' IIII.J 6"".J .... ,J 6P"·, UII,' ''''.' ,,, •• J .. II.' . ''''.' 6 .. '.' 6"'.J 
,I '''".1 6UI.' ".1.1 6 .... J 6 II.J 6"I.J 6Ise.J ,,,e.' '''''.J 1111 •• ,"'.J I.t 

•• '"I.J ,,,1.' '''''.' i"lo" ''''.' ,,,I.J 6 .... 1 .. II.J ,,, •• J ''''.1 ''''.J ',1 
I' ., II.' 6"".1 ...... '''I,J ,,,I.J ''''.' 6,,1.1 • ,,1.1 ''''.' 6,,1 •• ''''" I •• 
I' e •• ..... J I.III.J '''''.' ..... J '''',J 6"',' 6"_.1 ... e.J 6"1.' ,,,1., •• 1 
I' '''"., ''''.J ,,,".1 ••••• 1 1I11t •• I"'.' ,"1,1 UII,' ,,,t.J 6,,1.' 'UI., '.1 

.' ."51., 1115 •• 1 .'13 •• _ IIJlI.1 UUI •• U"I.I unl,1 IIUI.I UUI.I UIJI.' unl." I., 
la .. " .... IUU.I UU •• " "UI.I IUJl,1 In'.,1 "" .. , U"I.' 11" •• 1 IIIIt.1 UIJI •• '.1 
U 11511,11 InU.I nUI.1 IUII.I IIUI.' In"" U"I,I In" •• IIUI,I UUI,I '.1 •• 1 ., 11"1.11 .. i, •• _ ,UU.I IUU." IUII.I IIUI.I U"I •• In" .1 U"I,II ""1.' I." 1.1 
Il Inlt.II II" •• ' .n, •.• UU.,I IUII.t U"I.I UUl.1 181".- unltl 11111,' 1,1 I •• 
II IIU •• II IIU •• I "" .. , UUI.II lUll.' IIUI.I IIUI •• IIUI •• r8m•1 ',1' .. - 1.1 
t unl.1 ... 11.1 unl,. If" •• 1 UUI •• 'UII,e UUI,' IIUI.' 1"1,' '.' '.' .. ' 
I IIUI.I .nll.1 IIUa.1 11111.1 UUI.I IU'I.' IIUI.I I ...... IU'I,I I,' 1.1 '.' , ....... '.- 1.1 '.' 1.1 I~I 'UUI,' 11111.' UUI,I I,' 1.1 .. ' • ." '.' '.1 I.- •• 1 '.' I •• 1.1 e.' ,.1 1.1 '.' • I.e '.' I •• ." 1,1 ',1 '.' .,1 '.' '.' I •• -.-• •• 11 •• 1 '.' 1.1 •• 1 1,1 '.' .,1 •• 1 1,1 '.1 .. ' 
I '., I.' 1.1 I •• 1,1 '.1 ',1 .. ' •• 1 •• 1 ,.19 1,1 
I I •• '.' '.' 1.1 '.' 1,1 . ,- I.t -.1 I •• I •• ,.1 
t 1.1 I.' 1,- '.' •• 1 I,' I •• I.' '.- I.- 1.1 -.1 



         

 

    

  

     

  

   

    
   

   
  
  

  
  
  

  

  

  

  

  

  

   
 

   

 

  

  

  
  

 
   

  
  
  

  

  

  

  

  

 

 

 

 

 

 

   
   

   

   
   

   

   
   
   

    
    
   

    
   

   

      
   

        
   
   

         

   

   

      

  

  
   

   

   

  

   
  

    

   

   

 

TABLE F.lI • Stress Distribution for Sabine-Big Cypress Discharge Case (ft3/day) 
".,., (cro, 

I • ' . • • , • • .. U I' 

tS .. ' i •• '.' ,.1 -.- '.' '.' -.1 I~' '" I •• .,1 
U .. ' '.' '.- .,' '.' I.- ',- .. ' .. - .. ' 1.1 ••• 
U .. ' .. ' '.' '.' '.' -.' .,- .. ' ." I •• I •• ••• .. .. ' '.- .. ' '.' .. ' .. ' ." .. ' .. ' .. ' '" 1.1 

•• I •• '.' -.- '.' '.' -.' I .• ..' .. ' -.. I.' 1.1 .. .. ' 1.1 I.' .. - 1.1 .,' .. ' .. ' .. ' I.' '.' '.' st .. ' '.' I.' '.' '.' I.' .. ' I •• I.' ..' . I •• '.' " 1.1 '.' .. ' .. ' '.' .. ' .. ' ." .. ' ••• '.' ' .. ' 
Sf '.' -.- '.' .. ' '.' .. ' '.' .. ' I.' .. ' .. ' ' .. -
" .. ' '.' '.' '.' •• 1 .. ' '., ." ." ." '.' • 1.1 
ss .. ' '.' .. ' I.- '.' ." .. ' .. ' .. ' •• 1 .. ' ..... 1 

" .. ' '.' '.- .. ' '.' .. ' .. ' '.' "".1 'UI.I l.lI.1 ..... 1 
51 I.' I.' .. ' .. ' '.' '.' ." •• 1 '''''' .11 ••• ..... ' . ..... ...... 
II .. - I.- .. ' '.' ." .U •• ' ..... ' ,"," II ... ' .11 •• 1 .UI.I ..... 1 
51 '.' .. ' .. ' '.' ..... 1 .11 •• ' ''''.' ' .... ' ...... '''' .. ''''.' . ..... ,- I •• '.' ' .. .. ' ..... 1 ''' .. ' '''1.' ' .... ' " .... . .. -.. ..... 1 ..... 1 .. I •• I.- '.' ''' .. ' '''1.' .111.' ,u •• ' .U'I.' 11111.' ..... ' "".' ,"'.1 .. .. ' '.' '.' ''''.' ..... ' .11 •• ' ,,,'.1 11111.' ,U'I._ ..... ' ..... 1 't l ' •• 

'" 1.1 '.' .111.- ''' .. ' 'II'.' ''' .. ' ..... ' ..... ' , .. ,.1 .1l8.' ... 8.1 .. , •• 1 

" .. ' I.' .. ".S ,,,,.1 .UI.I ''' .. ' ..... 1 ..... ' .... ,' ..... 1 ..... 1 .. ".1 

" '.' '.' ''''.' '''-.- '111.- ..... ' .... ,. ..... ' " ... - ..... - " ... 1 ..... 1 .. .. ' 1.1 ...... '''1.1 ...... . .... ' ..... ' ..... 1 ''' .. ' ' .... 1 ..... 1 ''''.J 
II '.' I.' '.' 'II' .• .11 •• ' ..... ' 'U'.' ' .... ' ...... '.UI.I '11-.' ' .... 1 
41 -.' '.' '.' '.- '11'.1 ..... - , .... ' ' .... ' "".' ''''.1 ''''.1 ,,, •• 1 ., '.1 •• 1 I.- .. ' I •• .Il'.' "1 •• 1 '''I .• '''1.1 , .... 1 ...... ,,,'.1 

" .. '.' '.' '.' .. ' '.' ''''.' 'U'.' ''''.' , .... 1 ..... ' "".1 ,,,'.1 . It '.' '.' '.' I.- 61.'.' . ... ,' ",.,1 ''' .. ' ''' .. ' ..... 1 '11'.1 6"',' U1 •• I •• -.1 '.' 6111 •• ...... ''''.' '111._ ..... ' 'III.' ..... ' '11 •• 1 ' .... 1 
0'1 U '.' '.' '.' 'U •• ' ...... ..... J , .. ,.' ...... '''I.' U,I.' • .... 1 'U •• I 

II •• 1 1.1 '.' .. ' •• 1 '.' .. ' •• 1 I.' • UI.' UI_ •• ' .... 1 
IS I.' -.' I.- '.' '.' 1.1 ,.1 ...... .. ... 1 I .• .. ' ..' u -.' '.' .. - .. ' '.' I.' '11 •• 1 I.' .. ' .. ' '.' .. ' n -.' 1.1 '.' '.' I.' ..... J I •• I •• I.' .. ' ..' .. ' u -.' '.' I.- '.' ...... ...... •• 1 ••• ..1 ,.1 I •• I •• 
.1 •• 1 I.' '.' ,,,'.1 ''''.' "".1 .. ' I.' .. ' .. ' I •• '.' •• '.' I.' -.' 6'''.1 6 .. '.' 61',,- .. ' ..' .. ' .. ' '.' .. ' u '.- .,' .. ' .. ' 6 ... ,1 ''''.' ' I.' I.' .. ' I.' ••• ..1 
U -.' '.' .. ' -.' .. ' '.' •• 1 1.1 .. ' ',' '.' .. ' 
" ,I.' I.' I.- .. ' ." 1.1 I •• 1.1 ..1 .. ' I •• ••• a. I •• I.' -.' .. ' ." •• 1 I.- ." 1,1 .. ' '.' ".' " •• 11 '.' .. ' '.- ." I,' .. ' .. ' .. ' '.' ." .. ' 
" '.' .. ' .. ' I •• '.' .. ' '.' .. ' .. ' .,- -.' ••• u '.' '.' .. ' .. ' '.' '.' ." .. ' ." .. ' .. ' '.' U I •• '.' '.- '.' .. ' I.' .. ' -.- ..' ••• .. ' '.' " '.' ." .. ' '.' '.' .. - .. - •• 1 .. ' .. ' '.' ", . .. '.' '.- '.' .. ' .. ' '.' I,' '.' ." .. ' '.' .. ' 
I' .. ' '.' '.' '.' '.' .,' .. , ••• I.' .. ' -.' •• 1 
II •• 1 '.' I." .. ' '.' '.' .. ' .. ' •• 1 ••• .. ' .. ' ar '.' I •• .. ' '.' -.' '.' •••• ••• .,1 ..' ." '.' u ." I,' .,' .. ' '.' '.' .. ' ' .. ..' ." '.' .. ' 
II .. - '.' '.' .. ' '.' '.' .,- '.' .,' '.' .. ' .. ' •• '.' _.1 .... I.' '.- I.- I.' .. ' ." .. ' I.' .. -U .. - -.' '.- -.- '.' .,' '.- I •• -.' .. ' ." .. ' u '.' '.1 '.' '.' '.' .. ' ." I.' ." '.' ••• • •• Il -.f -,I -,' '.1 '.' .. ' .. ' .. ' ',' I.' .. ' .. ' •• I •• -.- .,' I.- '.' -.' -.- •• 1 .. ' • •• : .. I.-• .... I.' -.' .. ' '.' '.- .. ' ." •• 1 a •• .' -.' • -.' 1I.1t _.ft 1,1 •• 1 .. ' .. ' ." 1.1 I.' I.' '.-J iI.' II.' .... '.- -.' '.- I •• '.' iII,l .. ' 

-" 
.. ' • '.' 11,- '.11 '.' -.' '.iII •• 1 11.- I.- ,.11 '.' '.-I -.' '.iI .,' '.- -.- 1,1 .. ' -.' .. ' -.' '.' •• 1 , -.- l.iI '.' '.' '.' '.' .. ' I.- 1.1 1.1 ',1 .. ' 

I I,' 11.1 '.' '.' '.' 1.1 .. ' .. - I.' .... -,' .. ' 
I '.' '.' ".1 .. ' ." '.' ••• -.' ••• .. ' ' .. .. ' 
• II.' 1.1 I.' _.iI I •• I,' .. ' '.' .. ' .. ' .•• 1 I.' 

\, ./ 



   
 

           

 

 

 

 

  

 

 

 
 
 

 
   

 
 

 
 
 
 

 

 
  

 
 

 

 
 

 

 

  

 

 
 
 

 

 

 

 

 

 

 

 

 
  

 
 
 

 
 

 

 
 

 

 
 

 

 

 

  

 
 

 

 

 
 

 
 
 
 

 

 
 

 
  

 
 

 
 

 

 

 

  

 

 

 

 

 
 

 

 
 

 
 
 

 
 
 
 
 

 
 
 

 

 

 

  

   

 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 
 
 

 
 

 

  
  

  
  
  

  
  

  
  
  

   

  
    

  
  

  

  

  

 

  

  

  

  
  

  

  
  
  
  
  
  
  

  

  
   
  

  

  

  
  

  
  
  

   

  

  

  

  

TABLE F.lI~ (contd) :' 'l 
~' ~ 

I,,,U' ec,., .. .. ., .' " II at II .. I!I II ., 
., 11.11 •• e •• 1 '.- I.' '.1 '.' '.- •• t '.' 1.1 '.' " t •• I.' 1.1 1.1 I.' '.' ,., I.' e.1 .. ' -.' '.-u '.' '.' '.' 1.1 I •• -.1 -.' -.1 .. ' '.' I.- t •• 
II '.' I.- -.' •••• 1.11 II.' '.' '.' '.1 •• 11 I.' 1.1 ,. t.t -.1 '.' '.11' •• 11 t.t -.11 ,.11 ,.1 -.1 11.- 1.1 ,I -.' 11.1 11.1 11.11 '.' 1.1 1.11 11.11 -.1 -.' I.- ." " •• 1 '.' -.' '.1- •• 1 '.' •• 1 •• 1 I.' '.' '.' -.-n t._ '.- I.' -.- I.- -.' '.' '.' . " II,' -.. '.II.S 
" I., '.' '.1 I::' '.' '.1 1.1 I •• 1.1 I.' ' .. , .. ·1···· ,. t.1 I.- -.' I •• •• 1 1.1 1,1 I.' ,.1 ...... • '1., 

" ''''.' , .. -.' ...... I •• 1.1 1.1 I,' '.1 1.11 ''''.' ''''.1 ''''.' 54 ...... ...... '''"., ,,,11.1 '.' '.' '.' '.1 ''''.' '''''' ''''.' •• 11.1 
U ' .. '.1 ''''.' 6,,11.' ''' .. ' . U,I.' '.1 1.1 '''I.J 6 .. 1.1 6"1.1 "".' ..... J 
!I ,,"11.' ,,,I.' .11'.- '''1.'- 6"III.J '''I.' ...... I •• I •• I •• ' .. 1.1 
!I' ...... ...... ''''.' 6"'." - 6"1.' 6"I.J 1.1 1.1 1.1 1.1 '.1 I., 
!J' 6"fI •• ,,,1.' ",I.J 6"'.' 6"'.J '.' '.1 .. ' .. ' t •• t •• ..' n 6"1.1 ,,,'.1 ,,,1.' '''1.'' 6" •• 1 '.1 '.' •• tt I •• ,.1 I.' '.' III "".1 6"'.1 .6"I.l '111.1 '1'1 •• '.' .. ' '.' .. , . I,' '.' I •• 
U ..... , ...... ''''.1 ........ , II •• '.' .. ' .. ' .. ' '.' '.' •• 1 
•• ...... ...... ,,,".J • .. 1 •• 1.1 1.1 1.1 1.1 I.' '.' I •• '.' U ''''.J I •• I.' 1.1 •• 1 '.' I •• 1.1 1.1 1.1 I.- I •• 
U ... " .. 1.1 1.1 1.1 '.' '.' •• 1 .. ' I., I.' '.' '.' ., ..... 1 II •• '.1 I •• 1.1 '.' '.' ""'1.' ..' '.- '.1 -.-U '''1.1 1.1 '.' •• 1 '.- I.' '.' •• 1 1.1 I •• -.. I •• 

"'T1 U '.- '.1 '.' '.1 '.1 '.1 '.' 1.1 '.1 .. ' '., '.' 0 .. II., -.' -.' '.- '.' 1.1 '.' 1.1 ••• -.' 11.1 '.' Ul J9 I.- '.1 ,.1 •• 1 1.1 e •• .,e e.e I •• I,' 1.1 ..1 ...., It t .. e.s .. ' . 1.1 I.' '.' I •• ,.11 1.1 1.1 '.' ',1 •• e 

" '''''.J •• e .. ' e,l '.1 '.11 '" •• t I •• 1.1 •• 1 ' .. ,. ' .. II.J ',1 I,' I,' ',1 1.1 I •• ..11 I.' 11.1 1.11 '.' " ".1 .. ' '.1 I.' 11.1 II.' 11.1 '.' '.' 1.1 I •• I,' ,. 1.11 ',' ".- lI.t -.1 I.' '.' '.11 ••• 1.1 '.' •• 1 
n tt.1 '.1 1.1 •• 1 e.e '.' I.' I.' ,.1 '.' '.1 I •• ' ,. 1.1 -.' -.1 '.11 '.' •• e '.1 e •• e.1 ,.1 1.1 '.' II "." e.1 ".t '.1 I,' 1.1 '.11 1.1 ••• _f'''''.1 1.1 I., 
ft 11.11 '.' -.1 I." ." 1.1 '.' -.' '.' ........ 11 1.1 •• 1 
I' '.- 1.1 .,1 '.11 1.1 1.1 •• 1 e.e e •• •• 1· '.1 1.1 
II 11.11 I.' -.11 •• e I.' '.1 •• 11 •• 1 -.1 •• e '.1 e.1 
" -.1 lI.t e.1 •• e 1.1 e •• -.1 e." 1.1 e •• '." ',1 
f' fI,II '.' I.- 11.- I.' 1.1 _.e fI.1I •• 1 e •• '.' I •• 
U II., •• 1 '.1 I.e . " I.' -.1 '.- •• 11 II.' 11.11 -,' It 1.11 1.1 •• 11 I.' '.11 II •• •• e II •• I.' I •• '.1 1.1 ' 
as 1.11 '.' '.' '.1 ".' 11.1 '.1 -.- -.1 I •• '.' I •• 
tI '.11 I.' t.' I,e I •• 1.1 I,' •• 11 '.' .. , '.' 1.1 
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U -.- '.- -.- '.' '.' •• 1 '.' '.' .. ' .. ' '.' .. -II ',- '.- '.' '.- ." .. ' '.- '.' .. ' .. ' -.. .. ' .1 '.- '.' .,' '.' -.- '.' '.' '.' '.' .. - •• 1 .. ' n I.- '.- .... '.1 .. ' _,I -.' .. ' .,- ." '.1 -,-.. I.- '.- '.' -.' -,- '.- 1.1 '.1 I,' .. ' ." ." U -,- ',1 '.' '.' '1' '.' '.' I., '.' .. ' -., '.' II -.' '.- '.' I.' ••• •• 1 ••• '.' '.' I.' '.' .. -• I •• ',11 '.' -.' '.' ." -.- '.' -.' '.' _,I -.1 

• '.' '.' 1.1 1.1 '.' I.' '.' I.- .,- -.' .. ' '.' , '.' ... iI .... I.' 1.1 '.' ." .,' .,' .. ' -., I.-• ." 11.11 '.' 1.1 .. ' '.' -.' •• 1 '.' .. ' .. - -.1 , 
-" 

1.11 -.1 ." .. ' I.' .. ' '.' 1.1 I.- I •• ." • '.- '.If ',' •• a 1.11 '.' .. - I •• '.iI '.' '.' -.' I '.1 1.8 •• It '.- ',1 1.1 .. - I •• .. ' -.1 '.' .. ' 
I 1,- .. ' '.' •• 1 I •• '.' ." '.' _,I .. - 1.1 I,' 
I .. , fl •• '.- I.- -.' .. ' I,- -.' ,.1 II •• I.- '.' 
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TABLE F.lI. (contd). 
".us ce'lI, 

I" "" III • II! IU ... III .16 .n ... ... In 

" 11.11 '.' '.' ',1 -.1 1.11 I,ll 1.1 -,. ." '.' '.11 
•• ',11 .. ' 1.1 .... I,' I,' 1,1 ',1 ',1 ',1 ',1 ." U ." 1,1 I,' ',' I,ll I,' '.' I,' ',I '.' .... '.' U I,ll II,' .,' 1,1 1,1 fl.' I" .. - ." I,' I., •• 1 
.1 11,1 1,1 II,' -,II 1.1 '.' I.e 1.1 '.fI '.' •• 11 '.-•• I,ll ." e •• •• e I,' ',I ',1 '.' .. ' _,e 1,1 I.e 

" II." •• e ." ',11 ',1 1l,1l 1.1 ',1 I •• e •• ..e II,e 
St II,' I,e 1l,1 I,e I,ll I,e ',1 I.' '.' e,1 '.' '.' " 1.11 11,1· I.' 1,1 _,I 1,- '.- 1l,1 

-" ." e,. .. ' ,. II,' ." .. ,' 1l.1 

-" 
',' '.' e •• e.e I,' '.' 1.1 

It 11,11 ',1 ',1 1,1 e,. '.' '.' e,e ',1 I,' e.1 •• e ,. ',1 I.' I.- 1.1 .,- e.1 e.1 .. - 11,1 fI,l ." I.' 
U •• 1 ',1 11.1 I,' ." I,' I,' II,' •••• e •• I •• II •• 
" II., I,' •• 1 '.' e,_ II.' I •• I,' ' .. I.- 1.1 ',11 
51 '.' '.' it' -.1 I.' I.' 1.1 e.1 1.1 •• 1 I.- ".' " e.1I 1.1 1.1 I.' 1.1 1,1 I •• e.1 .. , e •• ',1 11.1 .. ',11 '.' '." '.' I.' 1.1 •• 1 1.1 I •• 1.1 ..1 •• e 
•• '.1 e •• e,1 '.' '.11 I,e ." .. ' .. ' ." I,e '.1 u _,II e •• ." ',1 •••• ..1 e •• e.e ,,- ", .,- lI.e 
•• ',II 1,1 .,' _,e .,e '.' ", I,' ',1 •• 1 e,1 •• e 
u e,. e,1I e.1I •• e 1,1 I,' ,,- ',1 1.1 ." '.' '.' .. "." II.' e.1 II.' .,e '"' •• 1 •• e •• 1 e,e '.' fI,1 
n e.tI I,e '.' •• e I.e I.e ." .,1 I.e ',1 '.' e,e 
n e,1 lI,e 11,1 I,ll '.- 1,- -.1 e,. I •• ',1 '.- ." •• -,- II •• _.e 1.1 '.' I., I,. .,e I.e ..1 .. ' ' .. 

." .11 1.1 • ,1 •• 1 1.1 I,' 1.1 e,1 1.1 .. ' e.e 1,1 -.' . It _.e -.1 _,I " .. I •• I.' _,I .. - -.- .,1 •• 1 I.' m It I •• _,I ,.1 ••• I •• -.' 1.1 .. ' 1,1 e.1 ' .. 1.1 
(J1 " -.11 ".' I •• '.' 1.1 I,' 11,1 e,1 ..' •• 1 e.e II.' n ,.11 1.1 I.e I." I.' 1.1 '.' '.1 I.e •• e -.1 1.1 

" I.e •• 1 I.' I,' 1.1 I.' ,.1 11,1 •• e I.- 1.1 1.1 ,4 •• 1 e.1 I.' I.e '.- •• 1 1.1 e.1 -.1 fI,1 1,1 •• 11 

" ' .. '" II.' e •• '" e,' I.e 1.1 I •• fI,_ ." 1.1 
n I.- ." 1.1 1.1 e.1 I.' 1,1 1.1 ••• I,' '.' •• e ,. fI.1I •• e '.' 1.1 e,l 1.1 1.1 I •• •• 1 e.e -.1 I •• 
,e 1.11 •• e 11.1 1.11 1.1 I •• I.e I.' 1.1 1.1 •• 1 I,. 
•• I., -,- '.- I,' ',1 ',' .. ' I •• -.1 •• 1 I.' 1,1 
pe 11.1 -.1 '.' 1.1 I,. 1,1 •••• e •• 11.1 I,' •• 1 I •• 

" fI.1 -.' 11.- ',1 1,1 _,I 1.1 1,- ,.1 . e •• ',11 •• e ,. 11.11' e •• •• 1 •• 11 I.- 1.1 . •• e I •• I.- .. ' I,ll I,. 
IS '.' e.1 ',1 -,- I.e -,' 11.- -,. e.1 e.1I I •• -,-e. II." ,.1 I.e '.11 I.- 1,- e,_ I,e e.1 .. ' ." •• 1 
U I •• I,e 11,1 1.1 e.e I,' 1.1 .. ' .. ' e.1 ',- -.-u e.- -,' -.' I,ll I." I,' II •• I.e ..- I •• I,' 1.1 
II ',II' I.- I.- 1.11 I.e 1,- 11.1 II,. e.1 I.- I.- e.e 
II II." 1.1 e.1 -.1 '.1 e,1 -.1 e.1 e,e .,- .,- I,' 
•• I.e 1.1 '.1 1.1 1,1 1,1 .,- ',e 1.1 e,. -.' e,l 
•• 11,11. I •• ',I 11.1 .,11 e •• e,1 I •• II.' 11,1 

-" 
e,e .' 11.11 •• e ',I I,ll e.1 e.1 1,- e •• • •• ".1 1,1 _,I 

•• e,' II •• .. ' II,' I.' -.' 11.11 e.1I ..1 I,' e.1I 11.1 

" 
e.1 •• e 11.- 11,11 '.' -.1 II •• I,' I.- '" e,e I,' ,. I,ll 1.1 II,' 1,- '.1 •• e 1,1 e,1 •• 1 -.' ',1 1.1 

IS I,ll 1,1 II,e I,' 1.1 1.1 I,. .,- _,I 1.1 I." ',1 ,. 1,1 1,1 II.' e.II 1.1 •• e e •• e,l 1,1 lI,e 1.1 11.1 
II 11.11 11.1 11,11 1,1 ',1 11.1 I., 11.1 11.1 11.- II." I •• ,. I,e 1,1 11,1 1,1 I.' '.1 .. - I.- 1.1 •• 1 I.e I.' • e.1 .. ' '.- 1.1 I,' I.' '.' e •• 1.1 ',1 I.e I,' 
• I.' 1,- 1.1 1.1 I •• 1.1 1,1 1.1 I •• ..1 '.' 1,1 , 

'.11 I •• I.' '.1 1.1 1,1 1,1 '.' I •• '.1 1.1 •• 1 

• •• e ." -,- I.' I •• '.1 •• 1 1,1 •• 1 1,1 1.1 1.1 
I 1,1 .,1 1.1 •• 1 1.1 I.' 1.1 I •• .... I,' I.e '.1 
• '.' I •• 1,1 '.' 1.1 '.1 '.' II,' -.1 ,.1 I.- •• 1 
J 1,- 1.1 I.' '.' I.e I,' '.' •• 1 I •• 11.1 e.1 e.-
I I.' I,' e.1 1,1 1,1 1,1 I •• I •• e.e ,.1 1.1 1.1 
I 

n"t" :.:. 
1,1 11.1 .... -,- '.- e,e •• 1 -.1 1,1 e •• I.' 
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TABLE F.IJ. Effective Thickness as Defined by Net-Sand Hap 
IMlCIIII'" (,., c.·UIICOIII. .·CON,.' , • J • , • r • • I' U •• 

•• u •••• n .... 11 •••• 11 •••• II .... IS .... II.'" II .... II •••• IS •••• IS.II' II.'" .. " .... " .... " .... ...... •••••• II •••• IS .... II •••• IS .... IS •• " IS ..... 11.11' 
U 11.11. ...... II.'" IS .... •••••• u •••• IS .... II ... ' IS •••• .. .... IS •••• is.''' .. II .... IS.'" ...... ...... ...... " .... ...... II •••• II •••• IS,,"' is.''' IS •••• 
• 1 IS •••• IS .... ..... " • s .... ...... IS •••• II •••• II .... II .... IS •••• IS.'" IS .... 

•• " .... " .... 11."41 ...... ...... II •••• II.U • II •• " II .... IS •••• II .... IS .... 
It IS .... IS .... IS •••• IS •••• ...... II •••• ...... IS .... II .... II .... II •••• II .... 

" IS .... u .... ...... ...... ...... .. .... ...... II •••• 15 •••• II .... .. .... as .... .. II •••• 15 .... II .... II .... as •••• IS •••• 1t.1I. II •••• IS .... II .... 11 ••• ' as .... 

" u .... II .... 15 .... ...... ...... II.'" II .... It .... IS.II' IS .... IS .... as .... ,. 21 •••• It .... ...... ...... IS .... IS .... IS .... IS .... II .... IS • ." 
IS •• ". 

.IS ..... ,. u .... ...... IS .... ...... ...... ...... ...... II .... .IS ..... ..n ..... .as ..... ..SI .... 
II as .... II •••• ....... " .... ...... ...... • 111 .... •• SI .... .. ...... ..SI •••• ."'., .. ."' .... 
51 as .... II .... ...... ...... IS.'U .. as ...... • as ..... ·IS ..... .. "' .... .. all .... ..11 .... ..II.a .. 

" at •••• at .... ...... as .... • 111 .... • as ..... .asl .... -"'.'11 ..,. .... .'51 .... .ISI .... ..5 ..... ,. ...... ...... 1' •••• ...... ........ .. 11' •••• ........ ..II ••••• ." ... '" .11 ..... .'SI .... .151 •••• .. as .... ... , .. ...... .a" .... • IS ••••• • u ..... ........ •• SI .... • ISI .... ...SI •••• dll.HI .,SI .... 

•• u .... IS .... ...... • 11 ..... • 11 ..... ... SI .... ........ .as ..... • IS ..... . ....... .11 ..... .as •• a •• ., as .... u .... •• SI .... "".'" •• 11 •••• ·u ..... •• SI .... .111 •• 11 ..SI .... ..SI .... .11 ..... .ISI .... 

•• II .... ...... • n ••••• ........ •• 11 .... • as ..... .u ..... • n ..... ...... '" . ....... .aSl .... ..SI .... 
as II .... IS .... .. " .... ........ .. " .... •• SI •••• • a ...... •• SI .... .a .... u ..u ..... ..SI .... ..lSi .... .. It .... II •••• •• SI .... . '" .... •• SI .... • 11 ••••• . ....... ·,SI .... • 111 .... .as ••••• .aSl.IU .itS •• tat 
u " .... IS .... ...... • 'SI .... ·u ..... • IS ••• U • as ••••• ·11 ••••• . ....... ..SI •••• 111".11. .ISI ..... 

" u .... IS .... ".'" ...... • u ..... • 11 ••••• • u ••••• .. ....... • a ...... ·.11 .... .111 •••• .n ..... . , IS •••• II .... It •••• ...... . , .... • 11 ••••• • 11 ..... ·.SI .... ·.SI .... .. " .... .aSl .... .ISI .... 

" 41 IS •••• IS.II' IS.II. ...... ...... ........ • ISI .... ..itS ..... • 11 ..... .aSl .... .ISI •••• .SSt .... . Jt IS •••• IS .... •••••• as .... • 15 ••••• • as ..... .." .... ·IU .... • IS ..... ·.SI .... .IS ..... .. n ..... 
0'1 .. 15 ..... ...... IS .... .'SI .... • IS'.'" .15 ••••• ·.SI .... ·ISI.'" • aSl .... ........ .ISI .... .ss ..... 
0'1 If IS .... ...... IS .... ........ •• u •••• • n ..... •• SI .... • ., •• 11' ........ .IS,.,II. .." .... .. 2S1 .... ,. IS .... IS .... ...... ...... ...... as .... II •••• IS .... .. .... .'" .... .ISI .... ...5 ••••• 

1'1 15 .... IS .... I ••••• ...... as .... 25 .... IS .... .15 ..... . " ..... • IS ..... .ISI .... .n ..... ,. 25.11' 21 .... ...... ...... IS.II • .. .... • 'SI .... ·'SI .... • u ..... ...SI .... . ., ..... .a5 ..... 
n IS .... 15 .... It. 811' .. .... I ..... • IS ••••• • IS ..... ·.SI •••• .,SI .... .., ..... .41 ..... ·.SI •••• 
II ...... IS.'" IS .... IS .... .aSl.t" .n ..... • IS ..... • as ..... .ISI .... ..,. .... .,SI •••• ."" .... 
II I!I .... IS .... IS .... • ISI .... • aSl •••• • ISII .... elSI .... .." .... .as ..... "".t.' .. " .... .55 ..... 
II IS •••• It .... IS .... • JII .... • 15 ..... • u ..... • "1 ..... •• SI.'" .. " .... .." .... .." .... ..5S1 .... 
It II .... It •••• IS .... as .... .sst .... .IS ..... .u ••• iI •• " •• 11 ..11 .... .." .... .n ••• II' ." ..... 
II ...... II .... It .... ...... ...... dl ..... . • u ••••• ·41 ..... .41 ..... .u ..... ..,. .... .u ..... 
It u .... n .... as." .. II .... II .... II .... eSse .... ·U'.'" . ," .... ........ .." .... .." .... 
a6 IS .... It •••• II •••• II .... II .... II •••• • 41 ..... .,,, .... ..5 ..... ..ss ••••• ."'.'" .'SI .... 
IS ...... II •••• II .... IS .... IS .... ...... .. " .... • ss ..... .115 ..... ." ..... .15 ..... ..5 ..... 
II n .... as •••• ...... ...... IS •••• ...... u .... . ....... ........ ." ..... "''' .... • ss ••••• 
IS IS •••• IS .... '5.11' IS .... IS .... ...... ...... II .... .II ..... .. ,. .... . " ..... ." ..... 
II n .... IS •••• ...... I ••••• as •••• IS .... IS .... IS .... IS •••• .'SI .... .. " .... .n ..... 
It .... 41. IS.'" ...... II .... ...... II •••• ...... ...... II •••• ..,. .... ........ .'51 .... 
II as •••• iI .... as .... IS .... as .... IS •••• IS .... IS •••• .5 .... ...SI .... • n ••••• ·.5 ..... ,t . , .... II .... IS .... II .... 11.11' IS •••• II .... 11 •••• 1S •• 81 ." ..... ." ..... .." .... 
II " .... ...... ...... II .... ...... IS ••• ' IS .... II •••• IS.I.' ." ....• . ., ..... .'5 ..... 
U IS.'" is .... n •••• ...... IS .... ...... II .... IS .... IS .... ." ..... . " ..... eS5 ..... 

•• ...... n.'.1t IS .... " .... as .... n •••• ...... " .... n .... . " ..... .n ..... • 15 ..... 

" IS .... IS .... n ... ., u .... IS .... ...... IS .... IS .... IS •••• .n ..... ." ..... .." .... 
•• II .... n .... " .... .. .... • f •••• IS .... It .... II .... IS •••• .. .... ..,u.tat .. " ...• 
" IS.' ... as.". ...... u •••• It •••• ...... ...... II .... IS •••• ...... .,,. •• 11. .15 ..... ., IS •••• 25 •••• 11 •••• II .... n .... ...... II .... IS .... IS •••• 11.111' .IS ..... .,,, .... 
II u •••• IS •••• ...... U.Ii • ...... IS •••• . IS .... ...... II •••• II •••• I ..... ..15 ..... 

I' u •••• IS .... ...... u .... 11.'" u .... IS.II. u .... ., .... IS .... ".1" -ISI.HI , is •••• 11.11 .. iI.lli' .. .... .. •• iII ...... ...... ...... ...... .... 11 • at. III • il •• ", 

• is.I •• ".111' II .... ...... II .... U •• " ...... ...... iI .... II .... as.u. 11 .... , i'.u, n .... ....... IS .... ...... 1I,1i' u •••• it .... .. .... II .... it •••• .. .... 
• as .... II •••• U •••• II .... IS •••• 11.111. as .... II •••• n .... ., ... 11.11. as •••• , iI.lf. i'.It •• ...... ...... ...... .. .... II.'.' ...... at .... u: ... ill,'.' II .... 

• ill.'''' ...... ...... .... '" U.'" 15 .... as .... .1 .... .. .... .... u 15.'1' It.taI • II •••• II .... .. .... II .... IS .... ...... 1S.1i' ... 11. IS .... ...... .. .... iI.'II' a i5.,., 11.1111 u •••• II .... ·as •••• 1I.1i. IS,II. .... 11. 11.111' .s •••• It •••• as .... , It .... u •••• U.III" iI .... .. •• iII ~ .. ". ...... ....... iI .... II .... i$.,d as .... 



   

 

 

 

 
 
 
 

 

  
     

      

        
         

      
         

       

      

       
       

        
         

          

           
         

        

          

       

         
        

             

         

       

          
        

         
        

           

          
         

        
         

            

         

          

          
       

      
         

 

 

 

 

 

 

 
 

 
 

 
  

 
 

    

   
  
   

   

    

   

    

  
    

    

   

    

 
     
   

     

   

   
     

  
   

      

   

   
   
   

   

    

    

     
   

    
  

TABLE F.IJ. (contd) . ., ~ 
~ , .... ~ , ,,,.e""h. e,," C •• IPICO"'. "co",., 

II .. IS , . U II It " 
., II .. ,. 

" II.", ".'" IS .... '!I.'" .!I .... n.,,, n .... u.", n .... n .... n.". '!I.", .. n .... ".'" u .... ft.". n .... n ... , n.'" 15 .... n •• " IS .... !S."II n .... 
u n .... n.'" IS .... n •• ,. u .... n.". n .... lS.te, n .... n.". " .... '!I .... 
t! IS.,,,. U.'" u .... n .... n .... n .... n .... n.ee. "., .. " .... .! .... IS .... 
•• U.'''ft U.'" n,'tI' n.". ,! .... n .... n •••• n.ulI n, ... '!.'" .!I .... .!I .... .. n .... n •• ee I!I .n n.,,. " .... " .... " .... IS .... !S .... IS •••• !S .... ,!I .... ,. n ..... " .... ":'" . ,' .... n .... n .... n •• " u .... IS .... n ••• , ".,,. IS.". ,. 15 .... " .... fl •••• n .... " •• ee U.II' n.'" IS .... IS.'" u.,,,, ".'''' .'".''' " n ••• " u .... "."'" !S.'" ".'" !S .... IS •• II ".'" IS.'" ItS ... • .", .... .,,, .... ,. n ••• e U.U. n •••• "i'" ts .... ".If' 15 .... " .... II .... n."" ..n •• ". ." ..... 
" .. " .... . '".''' .. , .. ", . n .... n .... n .... IS .... IS .... " .... .. " .... .Ut .... ."t • .,t 

" .15 •• "". ~'".''' • 'D .... "!I,." ".'" n.," " .... IS •••• .. SI.". .,se •• " .n ..... .ne.". 
!II • ni.tI" .e5 ..... .""."" .IS ..... .I!I ..... n .... !!I.'" •• SI.'1t "'".'" ." .. , .. . ,," .... • 15e •• " 
" ."'.'" .. Ull .... -"'.'" .," .... ." ..... -"Ii'" . ," .... .n ..... .,ft .... .'".''' ."'.'" .. ne •• " • 
!II .," .... . '".''' . ," .... . ,,,,," .. " .... .ell,'" ." ..... .," .... .IS ..... .,,, .... .. se .... ·'SI.'" 
" .n •• ".11 . ," .... . ,,, .. ,, . .,JI .... .'SI .... .'SI .... • a" .... .." .... .,!It .... .., ..... ." .... " .]S ..... 

4' • ISII .... • u" .... ." ••• tt .1" .... .,,, .... .,,' .... . ,,, .... .41 •• ". .." .... .,,, .... .'''.'''' .'SI .... 
u • n ••••• . ,," .... • '51 .... • 15 ..... "".'" .. " .... .,,, .... .,,, .... .55 ..... ..." .... . ., ..... .'".'" If • n ..... • UfI.". . " ..... .I!I •• II .,,,,'" • n ..... . ,,, .... ........ .u ..... .,,, .... ." ..... .." .... .. . ," .... . ," .... .. " ..... . "'.". "",'" .," .... ·.se .... .,,, .... .'",''' .!IS ..... ..." .... .'SI,'" . , .n ••••• .. e' ..... .. "'."" ." .. ". • n ..... • U'i'" .. " .... ." ..... .,,, .... ."'.'" .. " .... .'SI.,II, .. • IS".'" .. " .... .. n ..... .15 ..... .,,,.1" . ,,' .... ..5 ••••• .'SI .... ..SI .... .. , ..... .." .... .,,, .... .. • IS •• " •• • n ..... .. " ..... ·"tI .... .n ..... .'''., .. .'''.'''' .,,, ... , .." ... , .,SI .... .,,, .... ." .. , .. .. • 15".", .15'.'" • ,,, •• ee .,5 ..... .'!t.,I, .,,, .... .. " •• ee •• " •• ee .,,, .... .." .... .s, ..... .. " .... . , • n •• " •• ""','" ." ..... • n ..... .'".''' ."','" -s" .... .'".''' .n ..... .'SI.II. ."".11 •• .'".''' 

"TI " ."'.'" • ss ..... ."'."" .. " .... •• 5 ..... . ,,, .... ."'.'" .." .... ..,' .... ." ..... elSI .... .,,, .... . ,. . -"' .. " • 5' ••••• . "'.'" .,SI." • .,5 ..... . ," .... .." .... .,!It .... .," .... ·1".'" .'!II.'" .'".''' 0'1 II .'SI .... "'".''' ··"i·" . " ..... • U','" .'St.", ·U'.'''' .'".''' .,tI .... .'SI ... ' ."'.'" .15 ..... ...., n . "'.11" .'",''' . "'.'" .. " .... .u ..... . '".''' ..'51 .... .," .... "'" .... .'".'" .. " .... ..5' .... 
It . "'.'" .. 'SI.'" "".'" .,,,,, .. -s" .... . " ..... . ," .... ·'SI .... .45' .... ."".'" . ." .... •• !111 .... 

" .. I"."'" • Ufl .... .!!I'.'" .".,'" • 'SI .... • 'SI .... . " ..... ." ..... .. " ..... .'''.1'11 .,,, .... .ISI .... ,. . "11."11,, "" .. '" .. n •• ",. ."""', . .. " .... . ,,, .... .'I!II .... .," .... .." .... .,,, .... .",.II,t ",'.11" 
JI ."'.'''' .ss ..... •• !I .... • '''.111' ·611 ..... .15 .... , ·15 •• '" ..".It" .,,,.tI, .," .... . '".''' .,,, .... " . "".'" . ., ..... ."'.'" .. " .... .'''.'''' ."'.'" .. ".'" . ., .... " .,,, .... .,,' .... .,,, .... .''' .. '' II • .,I.'.t . ,," .... . ,," .... .," .... .'".''' • '!I.'" .. " ..... .U •• II .. ."'.'" -15 ...... .n'.II" .,,, .... ,. .u",," .," .... . "".'''' . ,,, .... .'''.'''' .'!I'.'" ,.n ..... .,,,.,11, ."' ... ' -" ..... ."'."" .s!ll.'" 

" "" .. "'" ."".'" . 1'".''' ." ..... .'!It.", .,,, .... . '",'" ." ..... .es •• " • ."'.'" .".,'" .," .... 
It . "".11'" .," .... • "'.11" • 15' •• '" .. " .... 11 .n" .... .u ..... • ., .... 11 "''' .• 11 .. .!".'" .., •• 11 •• .," .... .' .. ., .... " ~." .... • n •• ", . ., .. ,,,. ""."" .'".''' .'".''' ~!I".'" d' ..... ."'.'''' ." ..... .'".''' I' .""."" ."".'''' ··"i"· .. ,..". . .,' .... .'''.'''' ·51 ..... .'".''' .'".''' .,,, .... "5'.11"" .45 •• ". 
I! . "11."". ."'.'" .!I".'" ."'.,,' .. !It .... "'".''' .. ,."" .!I".'" .""'''' .n ••• ,. .''','''' .. " .... ,- . ., ....• • 55" .... ""'.'" ."!II.'" .'!I.'" .n' .... • '5 ..... "".'" .6511 •• " • .15' .... "'!III,'" .. " .... 
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• . ., ..... ........ ..".111. .. " .... ..... " . •• 51 .... .,,. .... .,,, .... . , ..... ." ..... ."'.'" ." ..... , n .... " .... n .... .. " .... . ...... , .., ..... . " ..... • U ..... • "'.11' ." ..... . " ..... .,,. .... 
• • 1 •• tI " •• e. II.'.' n .... . " ..... . ., ..... ."'."' .es ..... • n ••••• .n ••••• .n ..... ." .. '" , n .... n .... n .... IS .... ts.'" ." ..... . " ..... .,,,.ee. ." ..... ., ...... • " ••• 11 ." ..... 
• IS .... IS .... n ..... IS .... n .... J!.'" ".'" IS .... IS .... ., ...... ." ..... ."'.'" , IS .... U •••• IS .... IS.'" IS.'" ".fI' IS .... IS.'" IS .... IS .... . " ..... .,,. •• H 

• n .... II .... II .... n .... IS."" IS .... IS .... IS .... IS .... .!I .... IS .... ."'.'" • IS .... IS .... ...... n .... ,I.'" . ..... II .... ., .... . , .... IS .... IS .... IS •••• 



  
   

           

             
           

             
           

               
             
                
             

             
            
           

             

             
                
                        

                            
            
             
                

            
               

                       
          

            
                   

             
             

            

          
           
            

            
            
             

             
         

           
             

            
             
                          
            

             

            
             
            
             

TABLE F.1J. (contd) 

'"" ...... I'"~ ' •• UNCO., ••• CON'.' .. " II II sa 'I ss .. 
" IS •••• IS.'" ...... II .... II .... n •••• IS •••• IS •••• .. II •••• n •••• as •••• II .... II .... as .... II •••• IS .... 
U n •••• IS .... IS,'" II •••• .. •• 1iI 11,1" ~s •••• IS.'" .. II •••• 15 .... II.'" as •••• as .... II ..... • •• 11. 15 •••• . , as •••• IS .... IS .... II .... as .... as.", II .... as •••• ,. n.li. II •••• ...... II .... IS •••• IS •••• as .... IS.'" 
It IS .... IS .... IS."" II •••• II .... II .... as .... IS .... 
sa n •••• II.". II.'" II •••• II .... IS •• '. .. .... II.U. 
" II •••• n •••• n •••• II •••• u .... II., •• IS •••• as •••• 

" •• 5 ••••• IS .... IS .... ...... ...... .. .... .S .... as •••• .. ·IS ..... . , ...... ...... " .... as •••• II •••• as •••• as .... 
s- ·lSl •••• . 1".". " .... II •••• II .... II •••• IS.'" IS .... 
II •• 5 ••••• .. u ..... II .... II •••• II •••• II .... IS .... II .... 
51 • as ••••• •• SI •••• II .... II •••• ...... 15 •••• 11 •• 11 II •••• 
51 • '5 ••••• elSl .... .. ,tI .... ...... II .... u •••• u •••• II .... 

" • 15 ••••• • ,1 ..... • ISI .... ...... ni'" II •••• II .... II .... 
at ·n ..... . , ...... • u ••••• II .... IS •••• IS .... iI .... u .... 
II • '5 ••••• • a!ll •••• II .... ...... ...... .. •• 11 as .... at •••• 
. n • IS ..... ........ II •••• II .... II •••• ...... .. .... II .... 
•• . " ..... . ," .... a ••••• ...... . ..... II .... IS .... II .... .. • lSl •••• IS .... ...... II •••• II •••• II.'.' II .... ., .... .. • IS ..... ...... ...... ...... . , .... .. .... II •••• .. .... 
u •• s ••••• • 'S ..... . '" .... ...... ...... .. .... .. .... IS •••• .. •• SI .... • '5 ••••• • 11 ••••• • tll .... " ...... 15.11. .. .... IS •••• 4, • 'SI,'" . , ...... • " •• Ie • ........ • as ••••• ..sa •••• .tll •••• ·U •• II • 

" •• • n ..... • as ..... • u ..... .'" .... .n ..... .IS ..... .u ••••• •• 5 ••••• . It • 15 ..... • u ..... • u ••••• .u ••••• • n ..... •• 11 .... .'" .... ·111 •••• 
""-J II • IS' •••• • ISI .... . , ...... ........ ........ . ....... .., ..... . ....... 
0 U •• s ••••• .," .... • as ..... • u ••••• ........ ..I •. ta' ·11 •••• • ·ISI .... 

J' ......... .u ..... ·U'.'" ·u ••••• • u ..... • u ••••• ·111 •••• .'SI .... 
" • t •••• ,. • u ...... • u ••••• • u ••••• ........ .ISI .... ·15 ..... ·ISI .... 
u • as ••••• ........ ........ • IS' .... ,tI ..... ." ..... ........ .u ..... 
II .,SI •••• ........ .. " .... • n ..... .., ..... . ....... • 15 ..... ." ..... 
II • 'S •• ",. ." ..... . ., ...... • u ••••• ... " .... .IS ••••• ." .. '" .n ••••• .. .. " .... .. " ..... ........ • as ..... .au .... . ....... ." ...... . ....... 
II .. iii ••••• • IS ••••• ......... • au •••• .61 ••••• ........ ...SI .... ." ..... 
" .. au.lI" .'5 ..... • IS ••••• ........ ........ .61 ..... ·n ..... . ....... 
•• .. " ..... . " ..... . ., ..... .. " ..... . " ..... ........ ..sa .... ." ..... 
If • n ..... . " ..... . ., ..... •• 11 ..... •• 11 •••• . ....... ........ .u ..... 
u ........ •• sa .... ." ..... .. " .... . ,,' .... ..5 •.•• 1 • u ..... .u ..... .. • u ..... . " ..... ......... ........ • u ..... ." ..... ." ..... ,,,,.111. 
It . " ..... . " ..... ......... ........ . " ..... .u ..... .,sa .••• ·n ••••• 
II ......... .. u ..... • '5 ••••• . " ..... . " ..... .15 ..... • n ••••• ." ..... 
Ii ........ . " ..... ·u ••••• ." ..... • nl .... • 'SI .... ·n •• 'I. -'5'.'.' .. . " ..... • 'SI .... • u ••••• . " ..... .. u ••••• • n ..... .n ..... .n ..... 
III ... SI •••• .n ••••• • u ..... . ," .... .n ••••• • U, ••• I • " ••• 11 .n ..... 
tt .. n •••• ' • '11 .... • n ..... • n ••••• • u ••••• ." ..... ." ..... • n ..... 
II . " ..•.. • n ••••• . " ..... .. n ..... • n ..... • n ..... ·u ..... ·u ..... 
ar •• 5 ••••• • 'SI •••• . " ..... .. " .... • n ••••• .n •.••• ·u ..... .n ••••• .. ''' .. ,.,. • n ••••• • "'.'11' . , ...... ·u ••••• .'11 .... .n ..... .n ..... 
,5 ..'SI .... .n ••••• • 15 •• '" .n ..... ." ..... ........ .'SI .... • n ..... 
I' • '5 ....... ......... • n ..... ........ •• st .... • n ..... ·n ••••• .n ..... 
IS • n ..... • n ..... ·n ..... ·n ..... • n ••••• • n ••••• • ,!II •••• ." ..... 
II • ,!II •••• . " ..... • n ..... .., ..... • n ..... .u ..... . , ...... ·u ••••• .. • n ••••• • n •• n • • n ••••• • n ••••• . ....... .n ..... ." ..... .n ••••• .. • n ...... • n ..... • " •• IIt. . , ...... .n ••••• .,u •••• .,. ..... • U ..... 
• . "'.'" .. " .... • n ••••• .n ..... .n ..... .U ••• II ·rs ..... .u ...... 
• .n ••••• ....... " • ,s" .... • n ..... • nl •••• .n ..... . " ..... .," .... , .n ..... • " •••• i • ' ••• 11 • ., • Ji ..... .'51 •••• .n ..... ." ....• .U'.Ia' • .n ..... • n .... 11 • nil .... .,,, .... .n •••• 1 • n ••• a. ·n ••••• .rs'.'" , .'lIlI ... , • U •• II" ........ • n ..... .U ••• iI • • n ..... ." ..... . " ..... 
• • 1\11 •••• • n ...... • 1511 •••• .n ..... .. ...... • n, •• 11 .n ••••• is .... 
s . '~ .. ".' • ,U.".iI • n ••••• .'iII.tII. .nl.lI11 .n ••••• .. n ••••• ...... 
• .. 'SI •••• • n ••••• ·u ••••• ."'.,". • " •• 11. .,u .... iI ..... .. .... 
I • '~u'."" .)5 ••••• "' .. '''. .,u ..... .na •• 11 .rs •• I" iII.liI. 11."11' 

\ ... ) 

" II 

" .... as .... 
IS •••• II •••• 
II .... II .... 
II .... II.'" IS •••• as •••• 
IS •••• II .... " .... II .... 
IS .... II •••• 
IS.'" as .... · as .... a ..... 
as .... •••••• 11.11. IS. II. 
IS .... as •••• 
II .... II .... ...... II .... ...... 1S •• a. 
II •••• ...... 
at .... ...... 
IS .... II .... 
IS.'" ...... ••. 11. .. .... .. .. " .S .... 
IS .... II .... ...... u •••• 
as .... al •••• 

.15 ..... • "'.'11' .11 ..... .. u ••••• .. lS ••••• 
• 11 ..... ........ ... SI .... 

• u ..... ...... .. ' ... " ...... . " ..... . " ..... . " ..... ........ ........ . " ..... .u ••••• . " ..... ........ .'SI •• u .u ••••• . "'.'.' .u ••••• .. 'Sf .... . ....... • ,sa •••• 
• u ••••• ·u ..... 
·15 ..... .. 'SII .... 
• n ..... . " ..... . " ..... .. " ..... ·n ..... • n ••••• 
.. nl .... .u ..... ."1 .••• . " ..... 
• n ..... .'Sil .... ." ..... . " ..... .n ..... ·"1 .••• ." ..... • ,11 •••• . " ..... ."'.'lII ." ..... . " ..... 
.,11 .... . " ..... • n ..... ,," •• 111 • .n ..... ."'.'" ·u ..... ...... 
.n .... 11 15.'111 .n ..... 21.8111 • "11 •• 11 • is ..... 

n •• II' II •••• 
IS •• " al •••• 
25.'''' U.III4I 
115.'''' IS.IIII • as.,,' 15 ...... 
as ••• , 11 •• 1111 

Sf ...... ...... II.", 
II .... 
II .... 
1I •• 1iI as .... 
II •••• 
1I.1i, 
11 •••• ...... 
II •••• 
at •••• 
II •••• 
II •••• 
II.'" ...... 
at .... 
U.Ia. 
II .... ...... 
•••••• aI .... 
as .... 
".11' . ....... 

•• 11 .... .," .... .'5 •• 11., 
I' •••• 
iI .... 
II, ... ........ ......... .. ....... 

• fI ..... 
• n ••••• .n ..... 
.'U.'" .U ..... 
.n ..... ." ..... .n ••••• .n ..... .,,, .... 
• n ••••• ." ..... • n ..... 
.n ..... 
.n ..... 
.n ••• II • 
•• 11 .... 

is .... 11.'11. 
II •••• 
as •••• 
n ..... is.'.1I 
it.II •• 
d.II •• as •• II. 
as.IIII' 
ill ..... 
ilS •• II" 
ill •• III 

.. 
n.li. 
II •••• 
lI.aa. 
IIi'" 21 .... 
11 •• 11 
15 •••• 
II •••• 
II.'" II •••• 
11,,1 • 
IS .... 
II .... 
IS .... 
II •••• ...... 
II .... 
as .... 
a5 •• I. ...... 
.s .... 
15 .... 
as .... 
II .... 
It .... 
U.Ii' .IS'.II' .IS ..... 
II .... 
11.11' 
lS •••• 
IS •••• 
ill •••• ..,'.11 • .n ..... .ISI .... 

•••••••• .ISI.'''' 
.:5 ..... 
• SI .... 
..n ••••• ." •...•. .U'.'.' ."'.'" .u ••••• 

21 .... 
11.11' n .... 
21 .... 
as .... 
II .... 
ill .... 
as .... 
25 .... a' .... 
iI ••• I. 
lIS.'" n.lill 
U.N. 
II •••• 
as.IIf' is.flit. 
is.'''' n.llI. 
U.I" 

I 
--' 



           
    

 

 

APPENDIX F.2: INPUT FILES FOR DETERMINATION OF FLml NEAR SALT DOME BY 
FINITE ELEMENT THREE-DIMENSIONAL GROUND-WATER (FE3DGW) 
FLOW MODEL 

F.7l 
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TABLE F.2A. HAIN3-0UT: Input File Used in PROGI for Determination 
of Flow Through Dome Breach 

FILE N'~E, HAJNJ~OUT 
.: ...•. 

SOLUTION MININtG _ HAIN3.0UT FOR DETERMINATION OF '~OW THROUGH 8REACH 
I ° l,e0 1,00 1.00 &,00 
ICARRIZZO AQUIfER 

0.IJ23E+0i0.13a3E+0a0.13aJE+020,10m0E+0~0.'000E+010.1000£.0i0.seI0EtSil.&000£-I, 
2wlLCO)C AQUIFER 

0.2480E+010.2480E+010.2400a+010,1000E+000,1000!+010.10011+ele.1100!tele.SIDIE-IJ 
3WILCOX AQUIFER 

0.2480E+010.2480E+010.2480E+010,1000e+000.1001!+e10.1010E+ell.l0001.011.100ea.0J 
4WILCO)C AQUIFER 

0,2480E+010.2460E+01e.2480E+010.1000E+100.1000E+010.1000E+el0.1100!.ell.&e0Da-0J 
5wlLCOX AQUIFER 

0.248eE+010.2480E+010,248eE+I10.1000E+000.1000!+01e.ll00Etell,JIIIEtSI0.1eI0E-0J 
"wILCOX AQUIFeR 

0.2480E+011.2480E+010.2480E+OI0.10008+000.10001'010.1000!'010.tI00~.eI0.leD0!-03 
.,WILCOX AQUIFER 

0.2480E.010.24a0E+0'0,2480f.010.100ef.00".10e0~+010.1000!+ele.1000E+ll0.1000!-'" 
8HOLE MATERIAL 

10000,0 10000,0 10000.0 0,1000a.000.1000E+010.1010E+010,l000E.eS0.IB00!-0J 
I 

I 0.00 0.00 100,00 .as"III.le I 3 I 
0.0 102 -100.0 200 -aI00.e 

a 5000,00 ".0" 95.00 .alle."" , 3 , 
0.0 lea -I""." 2ee _a&l10.0 

J 10000."0 e."" 90,00 .a'''0,'''' , s I 
0,0 UJa -110.0 a01 _aUJ0,0 

4 1500".00 1.0" 85.01 -al00,BD , J , 
0,0 '02 -'0".1 200 -auua,0 

Et 25000.00 ".0" '5.01 -900,B0 , S , 
0,0 lB2 -III." 200 -900,e 

8 35000.01 0,10 .5.00 -a "'''. "0 
, S I 

0.0 10a -100.8 200 -a'IUJ,0 
9 400"0.0" 0.00 6B,00 -al"e.ee , ! l 



 

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   

TABLE F.2A. (contd) 

0',0 102 -100.'" 200 lie 1"" ,0 
10 45000,00 0,00 55,00 -2100.00 I J I 

0,0 HI2 -U.,0.0 200 -eSC'0.0 
It 50000,00 0,00 50.00 -2100,00 I J I 

0,0 102 11100.0 200 -eU'0,0 
12 55000,013 0.00 49.QJ0 ,,21013.00 t , , 

0,0 102 "100,0 200 .2100.0 
13 60OO0.00 0,00 40,00 -eU)0.0e t J I 

0,0 HIe "'Ut0,0. 2111.0 -21"0,0 
14 65000,00 O.00 . '5.00 -eU10,11I11I t J I 

0,0 102 -t00.0 200 -2UI0 .• 0 
15 70000.00 0,00 30,00 e2100,0111 1 :5 t 

0'.21 102 .t"0~QI 200 -2100,0 
16 15~"0.0" 0,0,0 25.00 -21130,00 t J I 

0,0 t02 -t00.0 200 -210".0 
IT 80000.O0 0.00 20.00 -2100,00 1 :5 I 

'"T'I 0.0 '02 -t00,0 20.121 -210111,0 . 18 0.0O 5000.O0 10O.O13 w2100,0" I J I '-I 
W 

C!I.0 UJ2 -UJI1I.0. . 21110 .21130.0 
19 51300,00 5800.00' 99,00 .21"''',0111 I J I 

0,0 102 -UJ0,0 2.OO -2100.111 
2O ,0000.00 9"00,0" 90.00 -eI00.00 1 J , 

0~0 102 -t00,0 200 -2U.l0.0 
2t 15000.130 5000.00' 85,00 w2U'0 , 1110 I .! I 

0.0 102 -UJe,A2'00 -2UI0.0 
25 35000,00 5"00.03 65,00 -2100.1'0. I J , 

0.0 102 -lA0.0 2O,0 -2100,0 
26 40000,00 5001'.10 60.O0 -2100.00 S J S 

0.0 t02 .UIC'I.0 200 -21210.0 
2T 450210,00 5000.00 55.00 -2100.00 , J I 

0.O t02 -100.0. 200 -2100,0 
28 50000,00 52100.00 50.00 -2U)0."" I J , 

0,0 t02 -100,0 2B0 -eUJ0.0 
29 SS0e0,00 5000.1'0 49.00 -2100,00 , , S 

'h0 '02 -te0,0 .200 -ZUI0.0 
30 60000.00 5000,e0 40.OO -2100.00 1 J , 

0.0 1212 -S00,0 201 -21el,0 



 

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

   
   

  
   

  
    

  
   

  
   

  

 

 

   

3' &»5000."0 5""0.0" 'S.0" 
0,0 102 wI00." 200 w210"'.0 

32 700"".00 5"00.00 .. 50 .• "0 
",0 '02 w100.0 20" -~XEl0~.1ZI 

3] 75""0.0111 500".01Z1 'as.01Z1 
0," ,,,a -UJ"." 2"" -a tr/UIJ , " 

34 8000".00 5000.00 20.00 
0." ."a -UHiJ.0 2"" -21""." 35 ' 0.0111 ,0000."0 '0".00 
"." 1"2 w100.0 20" -aI0"." 

36 5000.0" ,00110,00 95.0ra 
"." lila .100.0 a"" .a,"".0 

3., 100'''', "" u,,,ra0. f4" '0.00 
0.0 10a w'00.a 200 -aUII"." 

38 150"0."0 10000.00 85.0" 
0.0 t(Da wl"0.e 2"" -21"0.0 

" 39 20""".00 10"""."" 80."0 . O.0 .f4a -100.0 a"" .aI0".0 ...... 
-'=" 40 2S00",00 10000. {ZHIJ "5."1ZI 

0.0 t02 -10".0 a"0 -2100.0 
41 300""."0 1000".0" . .,0."" 

0." lea _100.0 2"0 w2100." 
42 350""."" 1"''''''.00 b5.00 

1'11_0 102 -10(1.ra 2"0 -i10"." 
43 1"'''0''.0'' 1"0"".0(4 b0.00 

0.0 UI2 -"'''.CI 20" -a100.1Zt 
44 4500".0" ,"000."0 55.0e 

15.15 1152 -'''''.0 iUI0 -2&0",0 
45 50"0"."0 UU'''''.Be 50.00 

"." le2 -Ule.e B00 wau,,,_,, 
4b 550""."" 1000"."" 45."" ".0 102 wI00." 2"0 waI0".0 
47 &»0""".0" '''''0C1.'''' 40.00 

48 
"." 10a. wI0".e 20" wa100.8 

~50"0.0" la"III0.0" 35.00 
0." laa w, ''''.'' a00 -21"0.0 

49 700"",0" 1"""0."" 30.0" 
".0 Uli .'''''.0 2"" .ate0." 

50 75000.0" t""00.,,0 25."" 

TABLE F.2A. (contd) 

.al""."" I 

.iU""."" 1 

.a10"."0 , 
-2100.00 I 

-ile".0" I 

wiI00."" 1 

.aI00.00 & 

w210"."" I 

.al"0."" , 

.2 UI". "" 
, 

wal""."" I 

w2UJ"."" , 
.aU'''.''0 I 

.alllle_"" I 

.a "'''. "e 
, 

.210"."0 I 

.21""."0 , 

.211110."" t 

.ale0."" s 
w2100_"" , 

:s 
.J 

:s 
:s 
:s 
J 

3 

S 

3 

S 

J 

S 

S , 
, 
:s 
S , 
3 

S 

, 
1 , 
I , 
, 
, 
, 
I , 
I , 
, 
, 
1 

1 

1 , 
, 
1 

I 
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TABLE F.2A. (contd) 

0,0 102 ",um.~ 200 .2100,0 
51 80000,00 10001tJ,00 . 20,013 -210",00 1 , , 

0:'O 102 "10O.O 2"" -2U'0.0 
52 0.00 15000.00- 100,e0 -2100.ft0 I , I 

0-,ft 102 -1010,0 2130 .2100.0 
53 5000,013 . t 5000.O0 95,00 -2U.l0,0! 1 , I 

0,0 t02 -tI2l0,0 200 -21''10.0 
94 10000,00 150013.00 90.00 -2100,"" I , I 

0,0 102 .100.0200 -21ftl3,0 
55 . 15000,00 15600.00 85.08 _2t00.0~ I J I 

0,0 UI2 w100," 200 -aUII.0 
56 20000.01tJ ,50a0.00 ee.018 e21!0,0! I J I 

0.0 UI2 "'UI"." 208 -218",0 
51 25000.001 15000.~0- 15'.01 _2100.00 I , I ,,.0 102 -100,0 200 -2100," 
58 3121000,00 15000.O0 ,e.0'" -210m,0" I , I 

0,0 . HI2 .100.0 200 _2100.0 
." 59 3500e.em t50QJla.00 6'.0' .2UJl~I,00 1 J I . ...... 0.0 S02 ·-100.0 200 ~I0e·.0 .. - . •• .. • .I- • ~ ... --'. ' .... -... .. ....... "' ... __ ., ---
U'1 

60 ."000.00 15000,"0- 60.ea e21a0.00 I ! I 
0.0 UI2 -U,0.e 200 -2100,0 

61 Q5000 ,"(I) t5CUJ0.00 59,00 e2Ut0.rUI I ! , 
0,0 U.l2 -100,0 200 -el00,0 

62 5flU/100,el 15000.00 !C!I.0" _2180,00 I , , 
e,0 102 -10121.0 '200 -2Ie".0 

6' 55000.0" 15000,ee' A5.00 -IIee,0e I J I 
a,0 . 11212 -100,e 280 e2108.8 

6Q &O000.00 15000.08 4O.01 -2110.80 I , , 
a-.0 102 -t00.0 200 -2IVJ0.0 

65 ~5a00,0e 1500",0a !S.01 -2UJa.,,~ I J , 
0.0 t02-see," 200 -210".0 

66 10000.00 t!000.ft0 !0.ee .III0.8e I J I 
0.0 102 -U''','' e00 -2100,0 

61 15000.0" 15000.e8 25.00 -11'B.ea • ! I 
0.O ule ·S00.0 20.0 -21"0.0 

68 8000B.01 15000 •. 0B_ el."I -2100.00 , J I 
0.0 UJ2 -'00,0 ~200 -2100,e 

69 0.00 20000,01 S08,00 e2100,00 I ,- I 
0,0 112 .1~0." -200 .2Ie0.0 



 
   

    
   

    
   

    
   

    
   

    
   

    
   

    
   

    
   

   
   

    
   

    
   

    
   

    
   

    
   

    
   

    
   

    
   

    
   

    
   

    

 

TABLE f.2A. (contd) 

70 5" '''' • '''' 20"0".0" 95;"" -a,,,,,.,,,, , s , 
".B '''2 -'''''.0 iU'0 .aU'0.0 

" I""""."" 2"000."" : .9"."0 .2S""."" , I S 
"." '''2 w,"0.0 2fUJ .2UH~.0 

'2 15"""."" 20"00."" 85,0111 .a'0"."" I I I 
0." '0a .uua.1 20" .a,,,,,.,, ,3 iU",,00. "" 20""0.0" 80."" .a&e0.0" , 3 , 
B.0 '02 .'''''.0 20" .2'0"~" 74 250""."''' 2"""0.00 'S.0111 .2UHlI."" . , J I 

"'." ,,,a .1"".0 ae" .2,"".0 ,5 30"'01Z1."'0 2""""."" ''','''0 .a10".00 I s , 
0." l"a -S"".0 a"" wal"0." 76 350""."" 2"00".210 '!5e"" wal""."" I 3 S 
0." '''2 w'00.e 2"0 w21""." 77 40,,"0.00 20"0".00 '''.'''' .a,""."" , J I 
B." '0a .1""." 20" .a,"".0 78 45""0."" 2"021".00 55."121 wal""."" , S , 

" 0.0 102 wS""." 2"" .ale"." . ...., 79 5""""."" 2o"""."" 521."" .ale0."" I S S ~ 

e." '''2 -I""." 2"" wau,,,.,, 
80 55000.0" a"""".0" 45."0 w21"","" , , I 

0." ,,,a -UHi'." 2"" .2'''18.0 81 60"""."" 20"""."" 0"."" .a U''', "" I S I 
0." ""2 .1""." a~" wa,,,,,.,, 

82 65""0."" 2""""."" 15."" ea'''''.''0 , I , 
0." '''2 w'0".1 200 w210".0 83 '70,,0"."0 200""."" J","" wau,,,."" I J I 
"." 1"2 w,e"." 2"" .al"0." 

84 750"".0" 200""."0 25."" wa,"e."" , J , 
0.0 '02 wl"".I a0" .21""." 85 801/100.0" 2""0"."" 20."" .aul",m" , s I 
"." '02 .S""." a"" wiue".1 

86 "."" 2s""m.ml 110,00 .as""."" , , , 
"." '''2 -100,e 2"" .aUUJ." 

8' 5""".0'" 2S"""."" 95."" w21""."" , :s I 
0.0 UJ2 wi""." .,,'" .as""." 88 10""","0 25000."" 9"."" .as""."" , s , 
".0 '02 .1""." 20" .al""." 

89 150""."" 250110."" 15.0" .as""."" S J I 0.0 '02 -10"_" 2"" .a'II." 

. " 

\ . __ . ./ 



 

   
    

   
    

   
    

   
    

   
    

   
    

   
     

   
    

   
    

   
    

   
    

   
    

   
    

   
    

   
    

   
    

   
    

   
    

   
    

TABLE F.2A. (contd) 

90 20000,00 250e0.00 8:0;00 -210e,00 I :4 I 
0,0 102 -100,a 200 -210",0 

91 25a00.0CJ 25000.O0 19.00 -aUJ0.0a I J I 
O.0 102 -1001.0' 200 -210",0 

92 30000.00 25000."" 1121.00 -2t00,0a I :4 1 
0,,0 t02 -100,0 2~0 -2uaO.0 

93 35000,,00 25"00,00 6!1."0 -aU'0,"" I 3 I 
0.0 102 .. lB0.0 200 .. 210'0,0' 

94 40000,0e 25000,00 60.00 _21"0.00· I 3 I 
0.0 t02 -S00,0 200 -21130,0 

95 45000.00 25000,0~ 55,00 -2100,0" S J I 
0,0 ,102 -100,0 ~00 -210~,0 

96 50000.00 25000.00 5~~00 -.2100.00 I J I 
0,0 1~2 ~100,A 2~0 -2100.0', 

91 55000.00 29000.~~ 4S,00 -2100,00 I , I 
0,0 102 -100,0 ' 200.2100,0 

98 613000,00 25000.80 ' 40.00 -aUJ0,00 t J I 
." 0.0, 102 -100,121 '20121 -2100,0 . ..... 99 65000,00 25000,00" 35,00 -aU'0,B" I , S ...... 

0.O 102 -S00.0 "!00 -2100.0 
leo 10000.00 25000.00 '0.O0 _2100.00 t J I 

e.0 102 -100.0 200 .2100,0' 
un 1S000.00 250210.0" 29,013 .ale0.0" I , S 

O.0 102 .se0.a 200 -.2100.0 
S02 8000".00 2S~00.0e 20,013 -21130.013 I ! I 

0.0 102 .100.8'·2~0 .21ab,0, 
103 0,00 '0000.00 Ute,00 -2100,0" I ! S 

0.0 102 ·UJ0,a 20" .21"0.0 
104 5000.00 30800.00 95,00 w21"0,00 S J' I 

0.0 102 -S00.0 200 .al""_0 ' 
105 10000.00 300a".eet' '0.0"· _1111.ee I J I 

0.e 102 -100.0 200 .;Uft0.0 
te" 15000.0~ 300130.00 89.00 -21"0.00 I , I 

,,',0 102 -UJ0.0 200 -al0a.0 . 
IA? 20000,00 30800,00 80,00 -21""."0 I J 1 

0.0 102 -100.0 200 -21a0,0 
108 25000,00 30.,00."" 1S,0" -21"13,00 1 ! I 

0.0 UJ2 -S00.0 20" -alme,0 



 

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
      

    
    

    
    

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

TABLE F.2A • (contd) 

109 30000,00 10000.00 70,00 • aU'0.00 I J I 
".0 loa -UI0." 200 .aI00.0 

1S0 350"'''.''', 3"16"0."0 65,00 .au~",,,,, , J I 
0,0 le2 w100.0 20" .211110.0 

ttt 40000,00 300''''.00 ~0,,,,, .2100.0" , J , 
",0 10a -100.0 200 w2100,0 

112 450"0.00 3"""0,0" 55,0" .a100,00 , 3 I 
0,0 S02 -100." a0" .a , "" .• " III 5"""1a.0" 3"""0~0" 50."''' .210","0 , J , 
0.0 &e12 -S00,0 2"0 .21"0,0 

1t4 55""","" 300"".0" 45,00 giU"","" , , I 
0,0 '0a -to"." 20" .aI0",0 

itS ~1I"00."0 30000.00 40.0" .al"","" , J , 
0.0 se2 -100,0 a00 .2'0"." 

116 6,0"".00 '''''BB.'''' 35."" .iU "",00 , J I 
",0 S02 .11210." 2"" .as"".0 

111 '10"00.00 3016""."0 :311,"" .au,,,,"" , J , 
"TI 0.0 HJ2 -1110.111 a"" wau""." . 

118 750"0,00 301600.00 iUi~00 -a'''''.''0 I J , '-I 
0) e,la 102 -t00." 2"0 .aUl"." 

Itti 80,,'H'."0 30000."" 20.o" -aU'0.0e , , , 
0." 1"2 -''''','' 2~" wal0"_" 

120 "."0 :S5~"","0 UI0."1IJ .a ""'. a" , J , 
0,0 102 -100." 20" .21""." lat 50"0."" 35000.0" 95,"" .iU "".0" 1 J S 
0.0 102 -100." 2"0 -2t00,0 

122 10"00."0 3500"."" 90."0 .a,,,,,.0" , 3 , 
"." 102 w100.0 2"" .a&"".0 

lal &5000.0" 350~0."0 85."0 .ali0,00 , J I 
0." 11lJ2 .11111'1." 2"" -aI00.0 

124 2"""0."" 35"0"."0 e".,," .a&""."" , S , 
0,0 102 .UUI." 2"" wal0"," 

125 cSB""."" 35~00.00 75.0" .aI0".0" I , , 
e.0 -1"2 . -10".0 '-a'" .2U1e .. e- . - • _. t _ ...... 

12~ 30"0"."" 350"0.,,0 '''.''0 .a lilt". "" , 3 , 
0,0 102 -100.0 200 .a'''''.0 

laf 35000.00 35000,00 ~5."" lI1a&""."" , , I 
0.0 102 -100." ae" .2'''''.'' 



 
   

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

    
  

   
  

   
  

   
  

   
  

   
  

   

  
   

  
   

  
   

  
   

 

 

 

  
 

 

 

 

 

    
     

 
  

  

  
 
  

  
 

  

  

  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

TABLE F.2A. (contd) 

128 40000,00 35000,00 60,00 -eI00.0" I J I 
0.0 102 "10"',0 200 .. 2UI",0 

12~ 45000,00 35000.00 55,00 -2100,00 I ,. t 
,0,0 102 "100.0 200 -2100,0 

130 '''''''0.00 35000.00 50,00 .a.00.00 I J I 
0.0 t02 .. 100,0 20O .. 21''10,0 

131 55000,00 35000,00 45.00 .eI00.00 t :I , 
0.0 102 -100.0 '20.0 -2t00.0 

132 60000.1210 35000,00. 40.0.0 .2100.01/.1 I J , 
O.0 102 . -100.0 20,0 .2t00.0. 

133 65000,00 35U00."" 3'.00 -21210.00 I , I 
0.0 102 . -100.0 2OO -2t00,O' 

134 "0000,00 35000.00 30,00 -2100.00 I S I 
0,0 102 -S00,0 200 .aUI0." 

135 15000,00 35000,00 29.01 -2100,00 I J' t 
0,0 102 , -UI0.0 200 -2Ul0,0 

136 80000,00 35000.0" 20.00 -2U)0.00 I :I I 
'TI 0,0 102· -109." 200 -2100,0 . 200 22500,00 ' O.00 11.5(1 -900.0" t J I ...., 
\0 0.0 102 .1"0,a 20O. -'00,0 

201 21000,00 0,0e 1',eB -"'0,e" , s I 
9.0 102 wS00.0 2e0 -'00.0 

_''''',e, 202 20825,00 e,eB 1',Ie , , I 
0,0 102 . -ut",e 2"" .9130.! 

203 21a000.00 ",S0 80,0" -""60.00 S S • 0.0 102 -ut",e 200 -".60.0 
204 19825,00' 0.~0 80,18 -'700."" , 6 I 

0,0 t02 -I00,e 2e3 -'250,0 ·30q -,600,1!) 40S .'668,8 ,,,. -STVlIt,ra 
205 19750,00 0.00 8a,29 -'740,tte , T S 

0.0 UJ2 .U~0.V1 20' -t250.0 '"A -S60e,0 ca0S -1668.8 516 -IT00,0 '''T 
-1740 .. 0 

206 lC)J25,00 ".00 8ra.68 .2IB"'."" , , I 
9,0 S02 .100.0 2e, -12!0,0 leq -S600.1!) . 4'" .eUt0,0 

207 'S8000,00 0.0.O 8a.eB -21e0,00 , 5 I 
0.0 t02 ~t"",0 203 -t2!0.0 Seq -,600,1!) 405 .eS0".0 

208 lT000.00 e.00 . es.ee· .1100."" I , 1 
0,0 102 -ute,e 2'" .12!'"'' Jraq .""".e ae, .elee.e 

209 16000.00 0.0" 8q,e0 .llee,00 t , I 
0.0 102 -S130.0 203 -1250,0 '04 -,'0e.0 40' .eUJ".e 



  

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

 

 

  

 

  

TABLE F.2A. (contd) 

210 232:sa.23 1167."Y 76.77 -900."" I , , 
".0 102 -U~0." 2"" w900." 

211 a21YI.57 att2a.43 ;; . .,7.e3 -"'''.'''' , 3 , 
0.e 102 -I""." a"" .900.0 

al2 aa04.,.e3 i'lS2.'f ,.,.95 -90".0" , S , 
".'" '''2 -U~"." a0" -900," 

213 21404.47 3535.53 7e.S4 -&5'0.0" I :s & 
0.0 102 -lrI",0 2"" -15t."." 

iU4 . al340."2 Jb59.aa 78,66 -IY"0,1iI" I 6 & 
0.a 102 -1"0.ra 203 -1250.0 JIiIG -1600.0 41i1S .1668.6 SIiI' ."liIa,a 

iUS a12ef.b9 !712.St 7a.7' -'740,"" , 7 , 
0." lea -UJ0." 203 -1250." '04 -160"." 4ras -'668,a 50' ."0".0 .," -S140.0 

216 209&Y.I., 4012,e3 Y9.0' w210".0" I II , 
e." '02 -llllllil.e 203 -1250,,, 104 -U,,0".0 405 w2100." 

2S1 20050,25 4949.Y5 79.95 wal"IiI."" I 5 , 
0.0 '0a -l"".ea 20:5 -'250,0 104 wI60".0 4"5 w2'0".0 

" 218 19;543.15 5656.85 a".,. e2 U'0. is" I 5 , . 
(XI "." lea -'0".0 20' -1250." 104 w,600.0 405 wa'''0.0 0 

219 18630.04 6163.96 81,16 -a,"".00 I 5 , 
0.0 I",a -'''''.'' 201 .1250,0 304 w1600.0 405 -21"0," 

2a0 25000.00 2500."0 75.0" w90".0" t , , 
0." UHi -100.0 aelil -900.0 

221 25000.0" "000.00 .,5.00 -900."" , S , 
"." '02 -U,"." 2"0 -ge0.0 

22a 25000.00 4175."il 75."" -91"."" I 3 , 
0." '02 -10",0 200 -91i1".D 

22! 250"0."" 5""0.00 '5."0 -t560.01 & S , 
"." '02 ·-10".0 a"" -1560.0 

224 25000,0" 5,.,S.00 75.0e -, "'''.0'' I " I 
0.e 102 -1"".0 20! -1250.0 JB4 -".""." 40$ -'"e.e S0' .,,"e," 

225 250"","" 5250.,,0 '5,0" wS74B.e" I 7 , 
0.rD '02 -'00.0 203 -12S0.0 J"4 -&'''''.0 4"5 -If_,e,' 511' w""I," '117 

-S"40_0 
226 25""".0" 56'5."" '5,00 ea&eD,"" S " 

, 
0.0 UJ2 -UI0.0 203 w'250.0 ~"4 -I'''''.B 4"5 8aS"".0 

221 25""".00 ., 'U1Ua • ,,0 71."" .al"0."" , B I 
1.0 '0a -ute.1 2"3 -12151.0 ~"4 wI6"".e 405 eaU"".0 

228 25000."" e""0."" '5."" wese0."0 , I & (il," '''2 -'0".0 203 -las"." S"4 .u.ee." 405 wa'''''.0 

\. 
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TABLE F.2A. (contd) 

22~ 25000,00 Q000.00 79.00 -.110.00 I ! I 
0,0 102 ~100." 203 -teS0.0 JIQ .1'0"." 00, -au,,,_,, 

23" 26767,77 .'67.11 73.23 .'"'',''' I , , 
~.0 te2 -10".0 201 .'llta.0 

231 2782e.~! aft2ft.OS 72,17 _~IJ"."" 
, J I 

"0.0 102' -'09.B 2 CUI -901.0 
232 27952.11 2992.1;1 72.0!· -'90.021 I J , 

," .... e,. 102 -t00,0' 200 -900.0 
233 2853S.94 3535.'$3 tl,46 -IS60."0 , J S 

0,0 102 -100.0 200 -IS60.0 
23~' 286S9~28 3b!9.2~ ?1,S4 -I790,e0 , • I 

0.B 102 -100.0 20' -12S0.0 300 -1600.° 4'" .1668,8 IB6 .,.,0".0 
235 28712.31 37t2~JI 7~.29 -174~.0" , , , 

0.0- '02 ~U'J0.0 203 -1250.0 3184 -160".0 005 .1668.8 '0' .STI0.0 '"7 
.. 1740.0 '. ' J ' 

236 29012,8! 4012.83 T~.9f1 -210","0 , , , 
0." 102 -100.0 20' -1250.0 '04 -t6"0." 00' eal00." .., 237 2q909~7! 4949.15 TI.0! -aUJ0."! I , ., . . 0,0 102 -100.~ 2eJ -12!0.0 '04 .1'0"." '0, e1100.0 (X) ..... 238 30656.86 5696.S! 69.34 it210OJ,0" , , I 
0,0 S02 -100.0 203 -1250,0 'B" -1601.0 41' -2S00.0 

239 3S36'.96 . 6363.«'16 6e.64 -2100,01 I , , 
0,0 t02 eS00,0 '203 -t2'''.0 '8" -1600.0 Ol! .elel.e 

200 27'09,1' 996.1.1 . 1.", -'''". e'l I , I 
0.0 t02 -1"0.e 20B -«'I0B.0 

241 28695,52 1531.13 Tl.,1 -'''0.0'' I J I 
0.0 UJ2 -100.0 200 e'01.0 

242 2ee51.20 1597,10 TI.I" e900."" , J I 
0,0 UI2 -100." 200 -901.B 

24! 29619.40 1913.42 T0.38 -S5.B.0" I J I 
0,0 t02 .S00.0 2180 -1560.0 

244 29181.08 "80.39 7".22 -,7"0.el I • I 
0.0 ,02 -t00.0 2'" -S2!0.0 '04 -16'JI'I.0 005 .1668,8 '06 e'Trae.0 

249 29850i31 20a~.09· 7e.IS -,.,40.00 t ., ., 
0.e '02 .. 100.0 203 -S2!0.0 ,e" -1601.0 40S -t668.8 '06 -S700i" '" .1'140.0 

246 30243.02 2111,73 69,16 -; "'''. em , ! ,I 
0.0 lee -t00.0 e~3 -t 2!UI.I 304 e,60".e 4"5 .lte0.0 

207 31461,16 2678.18 6e.5! .-21"0.00 I , I 
1,0 102 -'00.0 203 -1250,0 '04 -t601.1 405 -IUJ0,0 

248 323«'11.04 306t.41 61,61 -IUte,e! I , 
"I 

0.0 U,2 .tt~'''- '" ~0! -U!!t3.0 ,,,, _1600 .. D! 4"~ .. PH'IIII.1II 



  

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

  

 

 

  

 

 

 

TABLE F.2A. (contd) 

249 32700."''' 380"."'" 66,69 
.2 "'''' "" 

, 5 , 
0.0 102 -100.0 203 .Ias"." S0" .16"",,, 4"5 .a,"".0 

250 27451.9t. 487.73 72,55 .9"".0" , 5 , 
".0 102 w100.0 a"" .900.0 

25' C!8923.14 78".lea 7t,00 .9"e,"" , J I 
0.0 102 w'00.0 iBe w900." 

252 29094.7' IU4.ilit . - . ·'0.9t w900,"" .. . - I· J .. .&. .... _-. 

0.0 '02 w'00,0 200 -90".0 
253 29903,93 975.a5 '''.10 -ISt."."" I J , 

0.0 102 _.00,0 200 .1560.0 
254 l"e7S.5t. 1"09.59 69.91 .,'"".e,,· I 6 , 

",,, .02 -100,0 203 -la50,0 . J04 .'60"." 4"1 .'660,4 '0' ."""." 255 30,49.12 '024.2a 69,a5 .,740.00 I , , 
",0 lea -100.0 20' wI2S0," 304 wI600." 40, .U~6a.4 '''6 ."""." 61' 

.1740,0 
25t. 30565.9t. 1"".14 69.43 .a&00."''' , I , 

111.0 10a -'1/10.0 203 -125"." 304·.,600.0 405 •• &00." 
." 257 31865,50 1365.63 60.tJ -a'00."" , , & . 
ClO 0." 1"2 .'00.0 2"'5 -'2S0.0 JIG -u,e".0 '0' .a&00." N 

258 32846,29 &560.'2 6'.&S -al"0."" I I 1 
0.0 102 w",0.0 203 .,a90,0 300 -160B.0 4B' -eS00,e 

259 35627.07 '755.&& bo.t' .alB"."" t 5 I 
0.0 102 _t00.' 203 -125".0 304 -'b""." 405 -aU''',1 

2E1" 27461.96 245.O4 '2.5& .900.00 1 S I 
0.0 '02 -100.0 a"" w900.0 

201 28980.'4 392 •• " '&.02 -90".m" , J I 
0.0 ula .100." 2"" -900." 

2t.2 29154,90 4"9.22 70,15 .9"111."" I J S 
",B 101 .100.0 200 .90".0 

263 29975,92 "'''.00 ,,,.,,a -tS6ei"e I S , y. ADJUSTED 
0.B ula .100.0 200 -llb".0 

at.4 ;$0&50.01 100.00 69.65 .""0.11''' , 6 , Y.ADJUI'ID 
0.0 '02 w.0",0 205 -t2S0.0 '04 .&'0"," 405 -'661,4 ." •• """.e 265 30224.72 '00.00 69,7a -'740.00 . , , , Y.ADJU"aD 
0.O 102 -100,0 203 .'25"..O 304 .,60D.D .,,' .&'61,4 ." •• """.e ,,,, 

-'740.0 
266 l0t."",'7 550.25 '9,51 .aula."" , s I 

".B 102 -I""." 203 -'250.0 l04 wl'I.".0 4'" -.l"D.D 

\ 
'- .... : ) 



  
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

  
 

  
 

  
 

  

  

 

 

 
  

 

  

 
   

 

 
  

  

   
  

   

 

  

 

    

TABLE F.2A. (contd) 
261 3t966.2fJ etB6.12 68,03 .au,o,"B s , I 

0,0 102 "'10".0 203 -1250.13 '''4 -1600.0 .95 _2100.0 
268 32961.48 184.14 61,04 -2100,1210 I 5 I 

0.0 S02 -100.0 20! -t25121,O 304 -1600,0 409 -au,,,.,, 
269 33956.66 882.S5 66,134 -21ge,ee I ! I 

~"rII 102 -100.0 203 -1250,0 304 "1600,9 405 .eI00.e 
270 2'496,97 122,94 72,SB .900,00 I 3 I 

0,0 ,02 "100.0 2OO -CUt0,0 
271 2899'5,16 196,1S 71,00 -900,013 I , I 

0,0 102 -'13",0 200 .90B,0 
212 29169,95 20',32. 10,83 -'00,00 I , I 

21,121 102 -Ula,0 200 .90121,0 
27! 29993,95 IS.8t 10.O1 -156B,00 I J I Y·ADJUSTED 

0,0 102 .12113,0 200 .. I'6r11.0 
274 30168,74 15,81 69,83 -ST0e,rIIB I • I 

0.O 102 .100.0 203 .1250,0 31214 -1600.0 40'5 .. 1668.4 5136 -""0.0 
275 30243.65 15.81 69,T6 .S14B,00 , , I 

." 0,0 102 "100,0 203 "12!50,0 '0. -1600,0 • 135 -S668, • !lB6 -"00.13 .Br . 
co -IT40.0 w 

276 30668,13 'B,00 69.3! -11\'0,0B a , I Y-ADJUSTED 
0.0 102 ·100.13 203 -t25B.B IrlJ4 -1600.B 405 -2 U'''. 0 

27T 31991.5' 344.24 68,0S -2100.00 S , , 
0.0 1212 .1,,0,0 203 .1250,13 ,ra4 -I'BB.B 4'" .21"B,0 

2T8 l2990.32 393.42 61.0, .Rlra0.0" I , , 
0.0 S02 -UUlJ.0 203 .S2!0.0 '04 .'6"0.B lUI' .. e,ee,e 

279 33500.O0 "42.60 66,01 .e IVJ0, 00 I ! I 
0.0 102 -UI0.B 203 -S2!B.0 304 -1600.0 40! eel"".0 

280 21500,00 .0.130 T2.!0 .900.00 I 3 , 
0.0 102 -10~.0 200 .90B.0 

281 29000,00 0.0" 71.00 .9B0.00 I S , 
B.0 102 -UI0,B 2B.0 e9B".0 

282 29115.00 0.00 10.82 .90B.0" , J t 
0.0 102 -100." 20,0 .900,0 

283 30000.00 0,00' 10.00 e,560.00 , J I 
0,0 102 -ule." 2B" -1!l6B.0 

284 301T5,00 0.00 '9.ee -,ree,ela I :. I 
.". "1'1,,~e 0,0 102 -100.0 205 -tISB.0 304 .,'B".e Ie! -'t'8.4 

28! 30250,013 B.0" 69.r' -ST4e.00 t ., , 
0,0 102 -100.13 203 -1250.B '0" 1It1600,e ,,0' .1668 •• 1"6 ."me,0 6"7 



 

  
   

  
   

  
   

  
   

 

 

 

 

 

 

 

 

 

 

TABLE F.2A. (contd) 
.1740.0 

280 J0~7S.00 0.00 69,32 .al~0.~0 
0.0 10a -100.0 205 .1250.0 J04-1600.0 

287 32000,00 ~.00 68.00 .2100.00 
0.0 102 -100.0 205 -la50,0 J04 .'600,0 

288 33000.00 0.00 ".00 .a,00.00 
0.0 102 -1"0.0 203 -'250.0 504 .'6"0,0 

289 34000.00 0.00 '6,00 .2100.00 
0.0 102 -1"0,0 205 .1250.0 J04 -1600.0 

2 

" I U10.0 
100' 1"0.0 
200' 1~0.0 

16 '0",0 
1018 100.0 
2018 100.0 

:n 35 100.0 
~ 1035 "'0.0 

2035 100.0 
52 ''''','' ,,,sa 100.0 

2052 '00.0 
09 10",0 

1069 '''0.0 
2009 100.0 

80 100." 
u,a6 10".0 
2086 U~0.0 

'03 100.0 
It03 100.0 
2t03 100," 

12m '00.0 
1120 "",.0 
2tia010".0 

l' 20.00 
.01' 20."0 
201' 20.00 

\, -) 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    
 
 

  
 

 
 
 
 

      
      
      
      
      
      
      
      
      

      
      

TABLE F.2A. (contd) 

34 20.00 
1034 20.00 
2034 20.00 

51 20,00 
1051 20.00 
2051 20.00 

68 20.00 
1068 20,00 
20618 20.00 

85 20.00 
S085 20.00 
2085 20.011' 

102 20.00 
S102 20.00-
2UIe! 20.00 
tl9 20.00 

1119 20.0O 
." 2119 20.00 . 13ft 20.00 co 1136 20.00 . <.n 

2136 20.00 
4 

4274 0.0 
5274 0.0 . . I • N ... - , _.- ..- ........ -- ...... 
4284 0.0 
52&4 0,0 

5 
t 1 Q ,. as 10 J 
a 1 Q 21 .18 37 20 
3 , 4 38 55 54 " 4 , .. 55 12 11 54 
5 , .. 18 89 88 " 6 , II 89 10ft U" aa 
1 I II 10b t23 t22 HI! 
8 I 4 3 20 '9 I 
9 I II 20 37 '6 ,9 

10 I II 37 54 53 ,6 
11 , Q 54 l' 10 53 



  

      
      
      
      
      

      
      
      
      
      
      
      
      
      
      
      
      
      

       
       

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

TABLE F.2A. (contd) 

sa I 4 71 88 87 '" 13 I 4 88 105 Ie" 07 
14 1 4 105 laa 121 104 
S5 I 4 2 19 18 1 
Ita 1 " 19 3& 35 S8 
17 I " So 53 sa 35 
18 1 4 53 7O 69 .Ba 
19 I " 7~ 87 8& 09 
20 I 4 61 lta4 un eo 
at I 4 ,O4 un 120 ,~s 
2a I 4 42 59 58 41 
a3 1 4 59 7. 75 58 
a" I 4 76 95 92 7' as I 4 93 1&'" 189 92 
at. I 4 11 " 12' 11f» . II' '" .. 
a' , 

" 4& 51 57 40 
28 I 4 58 75 '4 '7 

." 29 I 4 75 9i 91 "4 . 
J" 1 4 92 lei 9 100 91 (X) 

0'1 3t 1 4 lm9 126 la5 .08 
32 t 4 40 57 56 39 
35 , 

" 5' 7" 73 56 
34 I " '" 91 9m '] 
35 1 4 'H 108 1"7 90 
3& I " !QUi 125 laG un 
3.' I 4 39 5~ 55 sa 
38 , 4 511 71 7a 55 
39 1 4 73 98 89 '2 
40 -, 4 '0 '''' UJ6 89 
41 I 4 '''' la" sal '''6 
42 , 4 I' 34 33 ,. 
43 I 4 34 !II 50 33 
44 t 4 51 68 .7 50 
45 1 4 08 85 84 6' 
46 I 4 as I"a ,01 84 
47 I 1& 102 119 11a un 
46 I " II' 130 lIS U8 
49 1 4 16 33 32 15 

\ 
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TABLE F.2A. (contd) 
-sa I 4 33 sa 49 32 

51 1 4 50 6T 66 49 
52 1 4 61 84. a, 66 
53 t 4 84 101 100 83 
54 S 4 t01 Sl8 ItT '00 
55 I 0 118 135 III SIT 
56 I 4 IS 32 JI I' 
51 I 0 32 49 48 31 
58 I II 49 66 65 48 
59 I 4 66 83 82 65 
6a I 4 83 '00 99 82 
61 I .. 100 ItT 116 99 
62 1 .. ItT 134 13J. tl6 
65 I 4 14 31 Ie 13 
64 I 4 31 48 41 sa 
65 I 0 4& 65 64 4T 
66 1 4 65 8! 8' 64 " 

" 61 I 4 82 9'1 "8 8t . 
68 I 4 99 1S6 tiS 98 ~ 
69 , 4 tl6 133 III It! 
10 I 4 13 30 29 II 
11 1 .. 30 4' 46 29· 
12 I 4 41 64 63 46 
13 I 4 64 81 aa 63 
14 S 4 8t 98 91 Be 
15 , 4 98 115 tl4 91 
16 I .. liS 132 131 "14 
11 I. 4 12 29 28 . II 
18 I 4 29 46 45 28 
19 t .. 46 63 62 ., 
80 I 4 65 80 19 62 
81 t 4 80 91 '6. 19 
82 I . " "1 SI4 "s 9' 
83 I 4 tto IJI I'" tt' 
84 t 4 II 28 21 Ie 
85 I 4 28 45 44 21 
86 I 4 45 62 61 44 
81 I " 62 19 7'8 6t 



  

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

       
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

TABLE F .2A. (contd) 

88 I 4 7¥ 90 95 7' 
89 & 4 96 III Ila 95 
90 & 4 113 13'" 129 Ita 
9& & 4 U, 27 a6 9 
92 & 4 27 44 43 26 
93 & 4 44 0& 6 iii 43 
90 I 4 61 76 77 60 
95 t 4 78 95 94 77 
96 & 4 95 Ila It 1 94 
9' , 4 &'2 189 128 ttl 
90 I 4 9 20 a5 8 
99 , 4 26 43 42 15 

'e" , 4 43 60 59 42 
un t 4 60 77 '6 59 
lea I 4 77 94 93 '6 
105 I 4 94 III IU' .9J 
104 , 4 11& 128 la7 lUi 

." '01 I " aae aal 2" 27O . 
Ol '06 I " 281 a81 a,e a" Ol 

101 I 4 a8a a83 27' 27a 
108 , 4 283 284 274 a,s 
109 I 4 284 2a5 a'5 274 
lie I 4 185 286 a7c» a,s 
ltl I 4 aot» 21' a" 276 
112 I 4 28' 18e a78 a" 
113 I 4 288 169 a'9 2'1 
U4 I 4 a70 a" 26t 260 
115 I 4 a't a,a 2'1 16t 
116 , 4 a'2 a7J 263 262 
II' I 4 273 a74 a64 aos 
'&8 I 41 274 a75 a65 a64 
119 I 4 a75 a7' i60 a61 
120 t 4 a70 277 267 166 
lal t 4 a'7 a76 a.e 26' 
122 1 4 278 a79 169 2'1 
125 I 4 a60 261 ast 850 
lao 1 4 a6t 202 lSi 851 

/ 



  
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

      
      
      
      
      
      
      
      
      
      
      
      

\ 

TABLE F.2A. (contd) 

la5 , 
" 262 263 293 252 

126 1 " 263 a64 25. 25] 
121 1 4 264 265 Ii's 254 
la8 I " 265 -266 296 2S! 
129 I A 26& 261 - 251 256 - .. _. -

1.s0 I 0 261 268 iS8 251 
131 , A 268 269 259 258 
132 I , 250 251 241 240 
I 3-3 I A 251 2'2 2A2 241 
134 1 4 252 253 243 242 
135 1 4 253 254 eAa 243 
136 1 4 2134 255 a45. 244. 
131 I " 255 2Stt 24e. 245 
138 1 A 256 251 247 246 
139 I A 251 258 248 241 
t49 I 4 a5B 259 249 24B 
IAI , 4 240 241 231 23a 

" 
142 1 41 241 242 232 231 . 143 1 4 242 24) 233 232 co 

\0 144 I 4 243 2441 234 233 
IllS 1 4 2A4 245 235 234 
146 I 4 2115 24ta 23e. 235 
141 1 4 246 241 231 236 
t08 1 4 247 248 238 2-'1 
149 1 4 248 249 tal9 218 
150 1 4 230 231 221 220 
151 I 4 231 232 222 e2t 
152 I 4 232 233 223 222 
153 1 4 253 234 224 2el 
154 1 4 23,. 23~ 229 224 
155 1 4 235 2.16 226 225 
156 1 4 236 231. 221 22b 
151 I 41 231 238 228 ea1 
158 1 4 238 239 229 a28 
,set 1 4 220 e2t 211 210 
160 I 4 all 222 212 211 
161 I , 222 223 213 212 



  

      
      
      
      
      

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

TABLE F.2A. (contd) 

162 I " 223 22" 2144 all 
Itl3 , 

" 2244 225 alS il44 
S644 I " 225 aa, au~ alS 
165 I .. 2io aa? at., 216 
106 I " aa., aaa cUI 21" 
Ib' 1 4 228 2a9 at9 218 
16a I .. 210 211 ial a0" 
109 1 4 atl ala 20a a", 
170 I 4 2t2 21.5 21U 20a 
I.,S t " all 214 i04 203 
112 1 " 214 215 a05 ae4 
111 1 " at5 2to 20ta 20' 
'74 1 " au. 21' ie., 20E-
175 1 " at? 218 20tt 201 
"6 I " ata 219 21a9 208 
'7' t 4 a39 a5 4a 41 
III I " aa9 239 41 40 

." 179 1 " aa9 40 J9 219 . laa t 4 at9 59 18 at \.0 
0 1st I " 4 209 219 at 

IS2 , 
" fa 2ae 2t0 2"" tel 1 " fa 240 aS0 il2" 

ta4 1 " 0 260 ase 240 
la5 I 4 e- ase a.,0 ie-0 
181 1 4 a59 269 a a5 
186 t " 279 289 8 209 
188 1 4 a39 249 259 as 

6 

\. .. ' 



         

   

      
     

 

TABLE F.2B. HSTEOYeCRO: Input File for PROG3I to Define as 
Steady-State Simulation 

FILE NA~F.a HSTEOV.CRO 

.STEADY STATE SOLUTION ~lTH NO SURFACE FLU~ 
001 1 ~ 0 e 

F.91 



           
  

  

            
     

 
          

 
    
 
      

 
               

 
             

  
       

 
          

       
       

       
    

        
    

       
    

       
    

       
    

       
    

       
    

       

'"T1 . 
1.0 
N 

TABLE F.2C. HAIN3LECH.OUT: Input File Used in PROGI for Determining Flow After 
Salt Dome Collapse 

VILE ~A~E. HA1N1LECH.OUT 

H.INSVllLE SALT DOH~ - LONG TER~ EVALUATION AFTER D~80LUTION TO -1700 FT. ELEV, 
I ° 1.0" 1,00 1.00 1,00 
IC4~AJZZO AQUIFER 

0.1323E+020.1323e+020.ll23E+9i0.1000E+00".1000E+"I".1000E+"10,1000!+e'''.I''0''E .. 03 
2WILCOX AQUIfER 

".2480E+01".2G8"E+010.a~e0E+010.1000f.000-.1000E.010.1000E+010.1""01+ml0.1000!-0:5 
Jwl~COX AtlUIFEA 

0.i4a0E+010.2480E+01A.2Qti0~+010.1000t.000,1000E.010.1000E+010.1e00E+010.1e00E.0' 
4wlLCOX AQUIFER 

0.2Qe0E+010.2Q8~f+010.aq80t+010.10~0E.000.1"00E.010_100SE+"I;,1000!.SI0,1000!-03-
5~ILCOX AQUIFER _ -

0.2480E+010.2480E.010.2~8~E+010.10~aE+000.r000E+010.1000E+0'0.1000E+010,1011£.e, 
tawJLCOK AQUIP'EA 

0.a480E+010.2G80E.0S0~a480E+010.1000E+000.1000E+010,1000!+eI0.100eE+IS0.1,,00E.05 
7wlL.COX AQUIFER . 

0.i480E+910.a48~E+010.248~~+010.1000E+0~0.1000E+110.1000E+01e.l000i+010.S000Eu03 
8COLLAP5EO MATERIAL (2 TIMES PERMEABLE TH.N SURROUNDING) 

0.49b0~+010.49b0E+010.49b0E+010.1000E+000.10"0E.0,e.100~!+eI0.t000E."'0.1000!.05 
I -

1 0,00 0.~0 i00.00 -aU'0."0 1 :5 , 
Qt,0 lea .. IA0.0 203 .aI00.0 

i ""00"'."0 0."1It 190.00 .2100.00 I J , 
0.0 '''2 -UJ0.1lI 2"'3 -itB0.0 

:5 (!"000.~0 ".0" 180."~ .a,,,,,_00 I s I 
0.0 U)2 .1~0.0 203 -2100.0 

4 3""00.00 0.00 1'1"."" .. a, "0. rut I J I 
0.0 102 wt0V'.0 203 wi100.0 

5 400011'.1110 0.00 160.00 .210"."" I 3 I 
0,0 102 "1~0.0 2"'3 w2"",-0 

b 50000.0" 0.00 1150.00 -21""."" I J , 
0." 1"2 -1~~.Qt 203 -210",0 

1 b QI rZHiH" • ~ fit 0.0~ 1'10.00 -iU00 • .,0 , :5 I 
0,0 102 -'00.0 a~.5 •• Hra"." 

9 801150"'."'" 0,f6~ 120.00 -1700.00 I 9 I 



  

            

       
    

       
    

       
    

      
    

       
    

      
    

         
      

       
    

        
    

       
    

       
     

       
    

         
    

     
    

        
    

      
     

       
    

           
    

TABLE F.2C. (contd) 

"'.,102, .. 1 "0,; 203 , " .. 30C11, , !04, -500,,405, .7'00,,506, .. , 000,; &01, 
-1300 •• 70~,"lb7~.,e~~,-t100 •• 

It 1 0ft0"'''. 00 0.0~ 10n.,,~ -21"0 ... 0 1 ! 1 
0.t\ 102 .. U~0,0 203 .. 2Ul0.0 

12 Ufl000,~0 0,00 Q".00 -21",,,,.00 1 :! 1 
{'I.0 t02 -'''!:!I.t'! 203 -21021,0 

13 120000.00 0.,,0 80 • .,0 -2100.00 I 3 1 
0,0 t"i! -'00 .CI 2'" -2100,0 

14 130000,00 0,"'0 70.0t'! -2100.00 I J I 
21,0 102 "'1 00,t'! 2~3 -2100.0 

15 14"'000,~C1 0.A0 6"'.0'" -2100,00 S :! S 
0.0 " 102 _''''0.~ . Z.,3 ~2100.0 

16 t5000fl.~'" "'.00 90,00 .2100.00 , J , 
"',0 102 ",'00,0 203 .. 'H0(O,0 

11 160000,00 0.00 40.00 -2100,00 , :5 I 
~.1Il 10a .. ""I~ .• '" 2~.5 -21"'0.0 

18 tT0I00~,0" 0.00 30.00 -2100,00 I 3 I 
-n 0,0 tfd2 "100.0 203 ... 21010.0 . 
\0 19 t8~000,0'" 0.00 20."'''' "2100,00 I 3 t w 

0.£1 tftJ2 -t00,~ 203 .. 210A.0 
20 1~0~0".~~ ~,00 10,00 -aUI0.00 , J , 

0." " 102 .. 1Q1C'1,0 203 .2t~~." 
'jH 0,00 lC11000."''' 200,00 -210",00 t , I 

0.0 102 -tP0,11t C!~5 .2100.0 
22 1"'000.0'" ,00('1".00 Ita0.C'l0 .210O,O0 1 3 I """,.. 

0,0 102 -tr~.0 203 -2H'I".0 
23 2000~,...,~ tC'l0tJ10."''' 1'''0.'''91 -21"'0,.,0 I J t 

0.0 t0~ -1"'0.'" 203 -2100,'" 
24 3000e:."., '0000.00 1"10.00 -2100.00 , , I 

0.e- I~t' -''''''',111 203 -2100,0 
2S. 4C'1~00.\"I0 10")00."0 160.00 .. 2100.00 S 3 , 

I/I.~ 102 .. t9l0.91 ~"3 -21~3,0 
26 50000,00 1 "'~00. ~,." ' t ~0."0 -2t00,00 1 "! 1 

0.f " tCIIl -1'-'10,'" 203 -211110.0 
21 6",,,1)0."'''' I 00C'1f'1.00 ,40.00 -2100.00 t ! , 0.,. t02 .. 1~0.0 2"3 .~100.0 
51 10"000.~'" t01110ft1.00 tCl".r. Q:0 -2100.00 S l I 

p.e 102 -1010.O 2~3 -llC'l0.0 



 

    
   

  
   

  
    
   

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   

 

 

 

 

 

  

TABLE F.2C. (contd) 

32 IIVl000."'" UI'''~0.00 «Je,"0 -alee.eB I ! I 
0.0 . 102. ",,100.0 203 -aU)B.0 

33 1200"".00 1~0"'0.00 8et,00 -21e0.fJ0 I S , 
0.0 lee -t~0.0 2"3 -2100.0 

!Q 130000.~0 t00~0.00 10.00 -2U~0.e0 I 3 I 
0.0 102 ""ellt.e 203 -2100.0 

35 14"'000.0" . ,00P1e,"" 60,00 -2100.00 I 3 , 
0." 102, """',0 20' .. 2t00.0 

36 15~A00.00 H'I00"'.00 50.00 -2100,"0 I :5 I 
0,0' 102 "''''''.0 203 -2100.0 

37' 160000.00 ,0000,00 40,00 -2100.0" I 3 I 
0,0 102 .1(110,0 205 -2100.0 

38 170000,00 10000,00 . 3A.00 -2100.0", I J I 
0." 102 11100.0 203 -2Ie0.0 

39 180000."'" 10000.00 20.01Z1 -2100,00 I J I "'.0 102 -1013.0 . 203 .21"0~0 
40 190000.0V1 '~000.00 "10'~00 -2100.0ra I , I 

"T1 0,0 . 102 -1910.0' 203 -2100.0 . 
U) 41 0.'''' 200~0.00 200.00 -110e.00 1 , I -'=" 

0,0 IA2 .. 11'113," ae! -2100,0 
42 10000,00 20000.00 190,00 -iUt/l0.00 I 3 , 

0.0 t02 ",,100.13 203 -2100,0 
43 a""0~0.01!J 213000.CII0 180.O0 -2100,00 I 3 , 

O.0 S02 -100,0 2"5 .21~13.0 
44 30000.00 2C""00 ,130 110.010 -21013."0 I ] , 

0,0 lea "100,0 203 -2\00.0 
45 4fJ000.00 20000.00 160.00 .2100.00 I , I 

0,0 102 ",U'''',I!J 2'" -2100.0 
46 50000,00 20000.00 150.11'0 .2U'0.00 ' I J I 

0.0 102 -'00,1!) 203 -2UIl!J,0 
47' 601300.00 201300.00 140.00 -aUJe.00 I , I 

0.0 102 -100.0 20! -215"0.0 
48 70000.0~ 20000,00 130.00 -a100,00 1 , I 

0.0 102 ... 100.0 203 -2100.0 
49 eI!)0"'0.~Et 2000".00 120.00 -2UJ0,i10 I , I 

0.0 102 ~'~0,0 20.5 .2101)),0 
50 'UI000,0C'1 200m0,00 110.00 -21",,,.00 I ! I 

0.0, '02 -S0B.'" 203 -2100,0 

\ 
' .... J 

..' 
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TABLE F.2C. (contd) 

51 i0PJ000,00 200fit0.00 100.00 -2100,00 I ! t 
0,0 102 ""0a,a 203 -21"'''',''' 

52 1t0000,00 200"''',00 Q0,,00 -2100,00 t , I 
0,0 102 .''''A,CIt 205 .2H'I0",0 

531201 000 • .,,,, 20000,00 80.091 .aI01',00 I 3 t 
0.0 102 ' .. 1010." 203 .p U"'. 0 

54 1.5(}1000,00 20000,(11" . '''',00 -2100.00 I 3 I 
0,0 102 -I "''''.Qt 203 .. 2100 • ., 

55 14~~00.001 . ?00~0,00 60_00 .. 2100,00 I 3 I 
0,0 102 -100.0 i0! -2100.0 

56 tS0000.00 2000f1,0'" . 50.00 -2100,00 I ) I 
0,0 t02 .. to(1\,0 i!f!3 -2100.0 

51 I MH,00.C'l9I 20000,00 413.00 -2100.00 1 J I 
11',0 102 -1"'0.'" 203 .. 21~"',0 

58 1100"'0.0{'1 20000.00 30.00 .. 2100.00 S J I 
PI,'" 102 .t('J~,91 203 -2100,0 

59 teC'l000,0~ 20~0~.00 20.0rl .. 210~."0 , J I 
"T1 0,0 102 -t~0.C'I 203 "2100,0 . 
\0 621 19"'00~,0'" 200910,00 1".0C1t -2100,00 I 5 I tn 

0.0 102 _,"I'I,?! 20] -21"".0 
61 0.00 3~0~0.0l'J 2('1O"O0 -2100.1'0 I 3 I 

CIt.0 t~2 W',,,,t!).0 203 -2100.0 
bC! U'tl00.0q1 3~"'~0.00 ,Q0."'" "'2H~0.0g I , I 

~;0 102 .t00.P. 203 .. 2IC'1~,0 
.,3 i f!1100f1. ~,~ 3~1('I~"'.00 180.00 -2100.,00 t ! 1 

0,0 1~2 . -U"'.CI '203 -210~.0 
bit 3"'0('10.0'" 30C"C!DI,00' ,'0.0" .aS00,"" t ! t 0.'" t0i' -1"''''.('1 203 .. 21"'0.0 
65 ,.r.r.0~,,0r. ~"0f110.00 I MI. "'0 .. 2 U"." 8 PI" I 5 , 

0." tez .. t~".1l'I 203 ·~I~~.B 
66 5ft'100r..00 3000~,0" 150,"0 w!100."0 I , I 

. ''-'' U}2 -'1:'0,0 21r'1J .2100.~ 
67 M'",00.011! '5"'0~".00 ,"410.00 -2100.00 I 3 t 

0.0 102 -'9..10.'" 203 -210121.0 
68 7"'''00,0'' 300"''',P!0 130,00 -2100,0" I ] I 

O,0 t02 .,,,,O,O .20, .210O,O 
69 80000.00 300~0."'0 1i!~.00 ·2100,00 I ! t 

PI.e 102 -100.", 2"3 -2100.0 



  

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

   
   

  
   

  
   

  
   

  
    

  
   

  
   

  
   

  
   

  
   

  
   

 

 

 

 

TABLE F.2C. (contd) 

'0 Q000~."0 30000.0" 110.00 -2100,00 , J 1 ",.0 Uti -I"'~." i!1i/J3 .2100,0 
71 • 0(l10'''''. "'0 1"""0.0" 100.00 -aI0Q1.0" I S I il." '02 11"""." aras .. 210".0 
,a """".,.00 30.,"".0" ~0."0 -iI0",0B I S , 

0." 'fDa ""IPl0,0 203 -2100.0 
,3 li~~0"'."0 30""~. ,,,, 8"~00 .au,,,,"" , J , 

".0 Usc .,"".0 a03 - it UH1, , " ,ea t3"'0(IJ0.0~ 3"""0.00 '0~00 -il"0,00 , J , 
0,'" ,02 "'1~0.0 a03 -21111'''.0' 

'5 14"""k\.~)0 300~0."0 .. 0.00 .2100."" , J I 
0,0 102 ... 100.0 203 .aU'''.0 

Jt. 1~00~kt.00 30000,00 50,00 -2100.0" I J , 
0.0 10a ",'~C/I,,, aS3 .al"".0, 

" 1~000WJ.0" 3 ~U;J(r'" • "" 40.0f1i .2100,"0 I J , 
0.0 102 .10".(/1 i143 -21"0~a' 

, 

'/8 170000.GJ0 3"00".0" '0."" .2U'0,00 1 , , 
." 0.0 102 -'00.0 alu .a100.0 . 79 lti~(lI0~.~" 3Q1001d."'" 20,00 -a I 0". ")(/1 I J I \0 
0'1 ".ft' 10i! ·1~"',0 203 .2100,0 

80 19~000,1d~ 516000.0" to.0" ;'a100,00 1 , 1 
"I'D 1~2 .U'''10 'a~3 -2100.0 

81 ~.ID" G000~lral,l 200.00 -aI00.00 1 3 , 
QI.0 '0i "100." 203 .a100,0 

82 UH1I00,~0 Q0000.!a!a 190,00 .aI00.00 , 3 1 
0.~ l{(li .1~0.0 a..,3 -iUht.0 

83 20.""",00 40000,00 180,00 ·aUI0,0" , 3 1 
0,0 102 -U'''',0 203 -a U"'. 0 

84 3"'HHlt.00 40000.l4rct ,.,".00 -aU'0.00 I 3 1 
0,e '''2 .1",QI.0 203 .. 2l00.~ 

85 40000.00 40000.00 1&0.00 .2100,00 1 3 1 
0,0 102 .. 1~0.QI 203 .21"0.0 

86 S""~"'.0'" 40000."'''' 150."0 .a10"."0 I 3 I 
0.0 102 .U,0,0 iial .ilIll0,0 

81 b000l1t.kJ" IHrJ001t4.0rct 140.00 -iH00.00 1 ! 1 
0.0, ,1(12 -100," a03 -iH00,0 

88 ""000.~A 4000"."" 110,"0 -a100.~0 I 3 1 
0.0 lea ... t~0.~ alit] .210",0 

\ ) 
,/ 
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TABLE F.2C. (contd) 

69 60000.f.H" II 00t'1V. , """ 1;!0."'0 -2100.00 , 3 .1 
fI.1l' t~e- -100.", 21113 -el~0.0 . 90 fJ0~"'0.0C'1 1t00P0.A0 110,0" ..2100.1:10 1 ! I 
0.0 102 - tc"~. ~ 2"3 "'21~0.0 

91 U~0000.e", 4Q10"'1f.,,,~ UH'!,0'" -210",.00 S J S 
"'.0 tea -t"''''.''' 203 -2100,0 

CJ2 1 H"00~,0t'1 4V~""~,0~ 90,"'0 "'2100.00 I ! 1 
0,(11 t02 -1(11",'" 203 -21"tI',0 

93 12""00.00 40A0",~1II 80.0n -2U'0.00 1 3 1 
",t, 1(12 -t!{l0,CIJ 203 -2IAVI.0 

94 13C'100t'J •• '1II 1I"'0"'~.00 10. ~"''1 -2U'0,00 I ! I 
0,f 1"'2 -'('10.0 203 ·~1"'0,,, 

95 14AP.00.",,,, 40H~",00 60.00 .2100.00 1 ! I 
o,'", ,~e- "'1~0,:t'I 2"3 -2100,'" 

9f) 150~011,00 Q0~011J.t'lW 5O.111'" -2100,00 I ! I 
0,e 102 -'''''''.''' 203 -2100,tlJ 

91 16Q'100~,0(11 tH'I~"'''',A~ 40,00 -21'''''',00 t ! I 
.." "',0 t~2 -IN','" 203 -iHClI0,0 . 
\0 9S 1'''''''00.0'' tU;1IIII '''' • 00 !0."'~ .2100,i!0 I 3 I ..... 

t'!,fZI 10e- -1f'!0,t'I 240'3 "pI0~.0 
99 , 8A00~,It"" (H'IA00,00 2",0'" .2100.00 I ! I 

~'.0 tlll2 -" "'0.~ a~3 -2UH'I.0 
100 'C'I~"0~.~'" Q~;lt0~.~0 1~.00 -!100.00 I 3 I 

0,k- lidl' -1?l0.,0 203 -2U'0.flI 
!0t 0.00 '50000,00 2"'0.0., -2100,,0'" , 3 , 

0.~ t~~ -''lIt'I.'" i!~3 .. 2100.0 
102 1~0"'0.~'''' '5"'000.00 lCJ0.0~ ",21''10,00 I :5 I 

&'I.f 1~2 -100.'" 203 .2100.1/11 
103 2",.,00.'iJf'! t;"""'0."~ le0."'''' ",2100.00 I J , 

",.v, 102 .. ,910.0 203 .2100.0 
104 3P00ia.G'l0 '50~0~'.flI0 110.0'" -2UHh00 I ! I 

. 2',0 102 "100.0 203 .210~." 
t~'5 Q"'~~0.~0I t;0V1~"'.0"> tM~.0(11 .2U'ln,00 1 :5 I 

0.flI 102 -lrII0.rII 203 --21"'21.0 
10" 5000~.00 '500""'.0'" 150.00 .. 2100.00 I ! , 

0.e' 102 -'~0.t"I 2.,3 -210('1,0 
'01 6"'000.~ta 50ft10P.~1t1 140.00 .210('),00 I J I 

~.0 102 -,,,,0." 203 ·2t0~,0 
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TABLE F.2C. (contd) 

.108 lA0"0.~~ 50 000."" 130.0e -2 &rll". '''' I 3 , 
".0 '.02 -'00.0 i0] -aUt".e 

tllJ9 60000. iI10 S0~eij."0 120.0" .aI00.(00 I J I 
0."· . 'kli _100." 203 .21""," 

II" 90000."" 5fti""0.0'" lt0,00 -ila",,"" I 3 1 
0.0 hla -100.GI 2'U -2100.0 

til 100000,00 50000.00 10"',00 .aI00."'" & J , 
ril.0 102 -100,0 ~"3 .a,0",0 

11 2 II 0000 .00 50000.",0 90.0" -al"''',''0 I s , 
0.e 102 .100.0 a03 w2100.0 

t t J ICHI'"''" • 00 50000."14 80.00 -a """.0" 1 , , 
".e 102 .Ut0,0 203 w2190.0 . 

114 13000".00 5000B.01.i 70."0 .al""."" , s , 
0.0 '''2 .UJ0.0 a03 -al"0,0 us 14000i\.00 5Q100'4.00 t.0.00 -2 Hi0,"'" 1 J I 
It'.r- ,,,,a .100.0 203 waHt",0 

116 1~0000.00 5000".0" 50.00 -al00,"0 , J I "TJ 0.0 102 wU,"." iun w21"".0 . 
\0 liT Ib0000.00 5QHIJ00.0" "0,0" .a'''''.''QI I J I co 

0,0 102 -t00.0 ,!fEU .a10e.0 
tt8 171Z'000.~0 5000111.010 30,00 .au",."" , J , 

0.0 1142 _1"'01." iij)3 .aI0L:J,0 
119 180000.00 5000~.0" 20.00 -al0QJ."" t 3 I 

".~ 102 ... 100,0 i!03 -al""'.'" 120 19"0~0.00 '100121".010 10.00 -al"0.00 I J I 
0.0 llba ... 1001." a"'3 .210",0 

lal 0.00 b000~.00 201&t.00 .aI00.00 , J I 
0.0 10a -101a.0 203 .,2100,0 

t22 10000,00 &09Q1~.00 190.00 •• U.010,00 I 3 , 
0,0 111)2 .100,0 2k13 .2100." 

12) 2"000,00 &04300.0'" 180,"''' .aI00.00 I J I ".0 102 .. 1~0 .. a 203 .. ~'''0"" 124 30000 .. 001 ()Q1~"A.00 '70,00 .21"".~0 I :s I 
0,0 102 ",100.0 a.,s -2S00.0 

l25 401000.00 {)00(o'10 .. 00 16,"'.00. "'210",00 I J 1 
0.0 102 wUHIt.0 203 .. 21Gt0.0. 

t2~ 50000.00 ~0000,00 150.00 .aUI0.il0 I :s & 
01.0 10i .100,0 203 -aUle,0 

\ J • 
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TABLE F.2C. (contd) 

121 b~V'00.tr'''' f,tp.~oH::'.~0 t'H~.00 -2100.00 I J , 
{tI.e I (II a -u,"'.(JI 203 -21130.0 

t28 ''''000.00 60000.00 130. i"''' .eI0~,,"0 I J I 
0,e IItI2 -Hm, ,. 203 ",2100.0 

t21J 8~'100. "'0 "~A('I'?I.~'" lP0.0(J1 .. 2100.00 I 3 S 
n.e 102 .IQlt1I,~ 2~3 .. 21"0.~ 

150 I'h"~00. f'0 6{i"'A0.0~ 110,00 -2100.00 I 3 I 
All' 102 -1"'0,'" 20' ... 2100.~' 

t5tt0~000,0" f)"'0""'.00 100,00 .. 2100,00 , 3 I 
0.0 h;~ .. I~0.0 2113 -aU'0,0 

.32 1 U'!0r'r. • toll", "0000.,,0 Q0,"'A -2100.00 S , t 
",0 10~ - t Ql0, ~'a~u ·2100.~ 

t33 120000,00 6C'1000.ett" 80.00 -2100.00 I J I 
0.0 102 "1"fl,(JI '2"3 .. 2100.0 

134 I 3~'~~~. ~'" MH'0~.Cl0 10,00 .2100,,00 S ! I 
"',f!, IQli! -Hntt.A i!~3 -2100.0 

135 IGA000,A0 601i1C'10.0it'1 60.A'" -21°00.°0 I J , 
.." !I'I10 102 -100.0 203 .2H'0.0 . 
\D 136 15C'1000.00 "00A~,00 50.00 !!I 2 1'''''. 00 I 3 S \0 

e',i' 10~ -1~0.0 ~03 .. 2H'I0,0 
t51 t "~"ir~. 00 ~0~"''''.00 110,00 -21"",00 1 3 t 

~.0 Il':'~ -t~G'l.A 203 .21A0.0 
158 I 791~H''''''J'' ~"~0C1.00 30.00 "2'~0.00 I ! , 

"',0 102 .t"l0.0 2.,3 -2100,0 
139 le0000.~~ 60000.00 ?0,,,0 .210O.00 I 5 , 

0,0 1~2 -lAO."" l. 2~3 .. 2100.0 
la0 t~MH'0,0A &00t'l(".00 10.00 -2UJ0.110 I 3 I 

0,0 h'2 "1~".0 2~3 .. 2100.0 
,al 0."''' 1~"''''~.00 cH'~.CH" -2100,00 I 3 I 

0,0 10i! -1~3.1'1 2"3 .. 210"'.0 
I eli! 10Q1A0."'A ":H"'" , 0'" 

190.0Pt -aI00,09 t ! I 
0,0 ''''2 .. tQl0.'" 203 .. a100.0 

Ita! 20000,0(11 ·HI~CH".~0 180,00 -2i00,00 S ! I 
0.(." l~~ .. ,~".0 ' 20] .. 2,,"0.0 

lall 30000."'PI 100",~,00 I 7,h 0Q1 -2100.00 I ! S 
0.0 to? "'1~A.r/I 203 .21~H,,0 

laS A~01l10."P' 1~0"'0,0~ 160.P'JI .2100,f2I0 1 ] 1 
0,0 102 -100.0 203 -2100.0 



 

   
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

  
   

   
   

  
   

  
   

  
   

 

TABLE F.2C • (contd) 

146 50000.00 '0000,"'" 150,00 • aul/a."" I 3 I 
a." 1~2 -109.0 a"'3 .. aI00.0 

14'1 60"'''''.00 "01i)00.0~ 140.00 .aI0".00 I ~ I 
",21 ",a -100.0 203 -21"0.0 

148 '00"'0.00 701400.0" 130.00 .2100.00 I J , 
0.0 102 .100/0 2"'3 .2100.0 

149 '0000. '''' ""000."~ 120.00 .aI1Zl0."0 I s I 
0.0 102 .100." a".5 .211210.0 

150 9000"'.00 .,0000.0" 11",00 .2190.0" I 3 I 
0.0 102 .11210,0 203 -2100.0 

151 1""00.0.00 70000.0" 11210.00 .2100,00 I J I 
0.e 102 .1''''',9 aID3 .a100.0 

152 110000,00 '0011"/1.,,0 90,00 wel00."" I J I 
0,0 102 -10".QJ 203 .21"0,0 

153 120000,00 70000.00 "'."" wal"0.00 I S I 
",Ill Iwa -U,0." 203 -210".0 

154 130000.00 '900"."" 70,00 .210"."" I S I 
." 0,0 102 -100.0 a '113 -,'100." . ..... 155 140"00.0" 19000.00 60.00 .21"0,00 I 3 I a a 0.0 102 .'00,0 2"'3 -aU'0.0 

156 150000.00 .,"000.00 5O.00 .210".a" I 3 , 
"." 102 .'00.0 203 w210a.0 

157 I 6 'Ull "0 • 0" '0000."'" 4O,OO .2 10". ,,,, , 3 , 
0." 102 .100." 203 -2&00,0 

158 1100010.00 '0000.0~ 30.00 .iU 00.0" I :s I 
e.0 102 -HU~." 203 -21"".0 

159 Ut0000, ~0 100"0,00 2,-,."0 .2100.00 I :s I 
",0 102 .'90.0 203 .,2100,0 

160 190000.00 """'0. "0 10."" .aI00."" I 3 , 
0.e 1142 .1(110." 203 .2100.0 

161 0.0'" 80000.00 200.00 .,2100.a0 1 :s I 
"'.~ 102 -100,0 203 .. aI00,0 

162 1000~.00 8011J00.00 190."0 .210a.0" I J I 
0.0 102 -1(,:1"." 203 -a 111"'. 0 

16J 2000",00 80""0."'" 180.00 .,2100.rlI0 I S 1 
0.0 102 .,1"0." 2"'3 -2100." 

164 51110"".00 8"0r1HcJ.0" 110,00 .al"",IlI" I J I 
'h0 102 _10".0 a03 .,2100." 



 

  

   
  

   
  

   
  

   
  

   
    

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

   
  

    

  
   

 

 

 

 

 

 

TABLE F.2C. (contd) 

'6'3 401A00.~0 9"'A"'(o1.0~ 160,0'" .2100,00 1 3 I 
0"e 102 "'~",0 203 .. aI0~.~ 

166 ~"'00Q!,011'1 ~0~G'~'l.00 1'50.~~ -211210.00 I ! I 
0.0 1~2 ",,'('10," 2fU -2100.11'1 

'6'1 M'1000,t''-'' 80011'10.00 . 140,00 .. 2100.121121 I ! I 
0.0 t02 "'10A.0 203 .. 2100.121 

168 7~000.{/I0 'UJ ""H!'I • '" 0 130,121121 .2100.00 t ! I 
0.0 '02 -IA0.0 2~.3 .. al"'0,0 

t69 e00I1'1"V1.~" (hJ~"'''.~0 120.00 -2100.11'10 I ! 1 
0.0 102 ~100.'" 20! -2100.0 

lT0 90000,"0 80"0~.00 lS0.0121 .211210,.,121 t ! I 
0,0 102 -,n0.0 203 .. a100.0 

11t 10Ae00.011'1 eOl0A0.00 1('10,00 .. 211210.0121 , 3 I 
~.0 10i! "U~(l).0 203 ... 2t0A.I2I 

172 tl"'0Q'1(~.ft'I~ 80"0",00 9111.0121 -2111111'1,00 , 3 S 
fI,f! I III a -'''''''.13 203 "'2111'10.0 ,,3 t2L'10~0.0A ~"000.t;0 8121.011'1 .. 2100.11'10 I ! t 

.." 0.0 102 -IA"'.0 a03 -alA0,0 . 
~ ITii 130000.00 80011'191.1210 10.00 -2100.00 I ! I 0 
~ 0.0 102 ... !P'I0.'" 203 .. 2'0"0,0 

IT5 140000,00 A.0000,00 It0.00 -2100.00 t 5 I 
0,0 ,.,2 .''''0.~ 203 -a100.0 

176 ISQl000.0~ e0~00.00 50.0t!1 -2100,00 I ! I 
0,0 102 """",0 203 -2100.0 

'7T 160000,0C'1 80000.00 110.00 -2100,"0 1 J I 
0.e 10~ -1"0." 203 ~2100.0 

'18 tTQl000.'-"~ A."~00.00 30.00 -2100.00 I , , 
0,0 102 .U1l0.A 203 .. 2100,0 

179 1800"'1'1,00 ~"'0"'0.00 ~0.00 -2100.00 I ! , 
0.0 102 -'''''.'' .!03 -210t'l.0 

Ift0 1901C'100,A0 8"'~"0,00 '0,00 .. 2111'10.00 I 3 I 
0,0 '02 -100.0 203 -211110.0 

tal 21.00 90000,0" ~00.00 -2100,00 I 3 I 
0,0 102 -100,0 203 -2100.0. 

ls2 1"'00~.00 q"'9J0~,0" 1 'HlJe 00 .aI00.00 I 3 , 
"',0 1~2 .,\'10,0 2",5 -itt""'.0 

183 20000,0C! Q00""",00 180,0-' -2100.00 S ! I 
0,0 102 ... 100.0 203 -2100.0 



  

      
    

       
    

       
    

      
    

        
    

       
    

       
    

        
    

       
     

        
    

       
    

       
    

       
    

      
     

       
    

       
    

        
    

       
             

       

TABLE F.2C. (contd) 

184 J0000,00 900""',"0 lY".00 .al"".""" I :5 , 
0,0 '~i "1~0," iUU -2100.0 

185 40""".00 90000,(,,,, If.". 0'" -al01a."" , 5 , 
"." I~a .100,A 2~' .210"'." 

180 500"",00 9""'''0.~0 150.0" .a'00.""" , 5 I 
0.0 llOa .100.0 203 -2."",0 

laY 600"0,"" 9G11000.00 140.fIl0 .a\00,"" I J , 
".ra IkJ2 .U~0.0 203 .aSCII".0 

188 "''''''0,00 90000."'" S3~."~ .a,00."" I J 1 
".o IU2 -H,,,.a ie, .a,""'.0 

1&9 80000.00 9000",00 la".0" .2100."" I 3 I 
0,0 t~i .100." 20S .el00.0 

190 9"000,00 99090,"" UB.0" .21"0.00 1 S , 
"'.0 102 w100.0 a03 .2100.0 

191 101111iJ"0.140 900"0."" 100,00 ·aI00.0" I 3 , __ i 

",e lfaa -100,0 aras .. 2100,0 
192 tl~00".00. 90000.0" 90.00 ..aI00."" , , I 

.." 0.0 11rJ2 .. tAra." C!141 -2100.0 . 
I-' 193 120.,00,00 99"00,00 814. ~"a -iU "". "0 I S I 0 
N 0,0 102 .100." 203 .21"A.0 

194 1300"~.~0 90000.0'" 7".00 .. a,,,,,.,,,, , :s , 
0." 1"2 .'00,0 20) .2100.0 

195 14"0~0.0" 90000.00 .0.0" .a100.00 , 5 , 
~.0 10i .t00.0 203 .. ,ue0." 

190 150000."" 90000."'" 50,00 -2,,,,,_,,,, I S , 
0." ''''2 -100.0 203 .al00_0 

191 '60000.00 90000.0" 4".00 -a'''''.''0 1 J , 
0." 102 ",100." 203 .aUI".0 

198 1700"",00 9000~."" 30.01i1 .. au,,,.,,,, t J , 
0.0 102 ..-100.0 2~)] .. 21""." 

199 180000.00 9"000.00 20."0 .. 210","0 1 J , 
0." 1"2 ""l"~.QI 2raS -2100,0 

200 190000.0Qt 90000,00 la.00 -2100.0" 1 3 , 
0,e t02 -100,0 2"'] .2100," 

2"1 7J50","'0 0,121'" 122,5" .'7 "'''. fit" 1 9 1 
0.,102,.I00.,i"3,.300.,30G, .. S00,,405,.71".,506,.,,,"".,607, 
-1500.,71118,.1&7".,800,.,100 •• 

202 7600",~0 a.00 124.00 ",'''0.0'' 1 9 1 

\ 
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TABLE F.2C. (contd) 

0.,102,.t00.,~~3.~3~~.,3~Q,~~0A.,q~5,.700.,506,_t000.,6~7, 
·13~~.,708,-1~1?.,~AA.·1100.. , 

203 7500~.0P'. . ~.00 125.00 ... 1700.00 t ~ 1 
0 •• 102,~10~ •• ~A3,-JA~,,30q,.500.,40S,-700.,506,.1000.,607, 
.1'A0.~708.·tb1~.,A0~.-1'00.. . 

204 lQ8i5.~~ ~.0~ 125.IT -1700.00 I ~ I 
0.,'0~,-~0~.,i~~, ... '~0~.l~Q.-~0n.,405,-100 •• 506,.t000"601, 
.1300.,708, ... Jb7~.,e0~,·s'~~., 

205 T4150.~0 0.0~ 125.25 -1740,00 , 1 , 
~.0 ,~a ·IV0.~ !03 "'1250.~ 304 1111600,0 A~5 ... t~70.0 506 -1700,e 607 

"'t74~.0 
2~6 14325,00 0.00 125.61 .2100,~0 1 5 , 

~.e IA2 -tC'Ci'.C'I. a£13 .'f!50.C'I 304 -1600.0 405 ,.2100.0 
2A1 130~~.~0 ~.0~ 121.A0 ·2100.0~ I 5 I 

0,e l~~ --J~0.~ a~3 .t2sn.~ 304 w1600.0 005 ... 2100.0 
20~ 71000.~0 0.0~ 129.00 -21 00,00 1 Q 1 

0.0 102 -t00.~ 2~j -1290,0 300 -2100,0 
209 670~~.~~ - 0.0A 133.00 .2100.00 1 J 1 

~.r. 1~2 -t~~.A 2~3 ~210n.0 
210 ~20~~.00 .0.0A 138.00 -2100,00 I ! I 

0.0 t~2 -t~~.A 203 -21A0.0 
211 "bg~.30 ~~b.~1 t~2.3t .1100.0~ I ·9 I 

0.,102,-100 •• ~~3,.300.,3~4.-5a0.,405 •• T00,,506,·t000.,607, 
.1300 •• 7~a, ... tb1~,.~0A,-11A0., 

212 76504.48 lS3~.13 123.10 .1700.00 I ~ t 
0.,102,-t0~.,a~3.-!~A •• 3~~,.~0~ •• 405 •• 10~.,506,·1000 •• 607, 
.1300.,Tme,-1~'f •• ~~~,-170~., . ' 

2t3 1~38~.b0 tQt3.42 124.62 -1700.00 1 ~ , 
0"t~2,·t00 •• 2"3,.300.,304,.~0A •• 405 •• 70~.,506 •• 1000.,6!1, 
.1300.,106,-le1~.,80~,-1100 •• 

214 75218.Qa 1980.39 124.18 -1700.0a I ~ , 
0., t 02, -t 00., 2~', -'~". ,3"". -,\,.,01,,405, .100,,50", -Ut""., 601, 
-*3~0."m~,-'~7~.,H0~,-t'0~., 

215 15149,&5 2~0Q.dq 124,85 -1740,00 I 7 1 
0.0 10i -'~0.0 2A3 ~1250.0 304 "'1600.0 405·-1610,0 506 -1700,0 607 



  

      
        

       
        

       
      

       
    

       
    

       
          

    
      

       

 
       

    

       
          

  
   

  
   

  
   

  
   

  
   

  

 
  
 

  
 

  
 

 

 

  
 

  
 

  

  

  

  

TABLE F.2C • (contd) 

• '7"0." 
ito 14156.98 a,"'.73 lis.a4 .aIGle."" s 5 & 

0,0 tei .100.ra 2"3 .li50,0 304 .16"0.0 405 -alee.0 
211 13532,64 26'8.78 lio.4'1 .al~".0" , , , 

".0 t~2 - UIIG' • " . ,un .125121.0 304 -U,"0." 005 .a&"0.e 
218 1168S.ta9 3444.15 128.31 .a'0".0" I II I 

".e llaa .'00,0 203 .'2S0.0 .100 .2100,0 
al9 0'1989.57 4974.88 132.131 -a'''''.''0 I :5 , 

0,0 102 -100,0 2113 -210",0 
220 63310,1'1 6888,30 lJo.63 .al""."0 , :5 , 

0." 102 .'00,0 203 .aI00.0 
221 '18232,23 '161.77 121,77 -110".00 I 9 I 

0"102,.1"0.,203,.300"304,.5"",,405,.,00,,50,,.,000,,607, 
.'3"".,'08,-I6"0"e~0,.17"0" 

22a 77,11,57 2828,43 122.a.3 -''1''0.'''' , 9 I 
e.,10i,-100.,a03,.3"QJ •• 304,.5"0.,405,.7~0.,5"6,.1000.,601, 

." .13~0.,708,-16'0.,8"0,.I700., . 223 16464.41 35]5.53 12].54 .1100,00 I 9 , 
~ 
a 0.,102,-I~"1,2"3,.300,,304,-500.,405,.1"0 •• 506,.1000.,601, ~ 

~IJ00.,1"8,.16'0,,8"0,-110"., 
224 1634"'.12 3659,28 123.06 -I lin,.0" I 9 , 

".,102,-I00,,203,_300.,304,-500.,4"5,-'''0 •• S0~,-le0''.,6"7 • 
• 13"0.,7A6,.1670~,800,.170~" 

225 '10207.09 3112.31 123,7' -1740,0" , 7 I t. '. e.a 102 .UJ0.11 2"3 -laS".a :S04.w""8,111 4"5 wI6''',0 5'" -,7"0.0 60.,., .,. 

.174"." 
226 '15987.17 4012,a.5 124.01 _iU"".0e I 5 , 

0,0 102 .. U'I0,0 l~3 -1250.0 304 -100e," 405 w21""." 
22' 750'0.25 4949.75 li4.95 .21"0."" I S I 

".0. 102 -100,0 203 -1250.0 .s04 -1'0".0 405 .a&00.0 
220 73&3e-,04 03'3.9D 120,36 .21"0.00 , 4 I 

0." '02 .'00." 203 -1250.0 J00 wa1""." 
229 ?"80l.bl 9192.39 129.,9 .21"0,00 I :s & 

0.0. 102 ."'0." 2~3 .2100.0 
230 6727a,08 12121.92 132.73 -i!l00.aa , :s , 

0,0 tir.t2 -1"" .a 203 .. 2 U"t ,0 
a31 19043,i9. 2309.70 1~0.~b w,'0".0" I 9 1 
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TABLE F.2C. (contd) 

e,,102,·t00 •• ~03.-300.,304,~500.,.05 •• 100 •• 506,RI000.,601, 
~1300.,7~8,RI6?0.,88~~·t100., 

232 78n69,21 3695,52 12t.53 .1700.00 I 9 I 
0.,102.~t0~.,203.~300.,304 •• 500,,4~S,.1~0.,5~6,.1000.,60', 
~130~ •• 106,-t610.,A0~.·1100 •• 

233 7eee&.~9 4619,40 1~1.91 -1100,00 I 9 I 
0"I02,·t0~"203 •• !0~ •• 304,.500,,q05,.'00.,~06,-1000.,601, 
~t300.,708,-1610.,800,~lrA0" 

2,4 18019,62 41BI,08 121.98 ~1100.00 1 9 1 
0 •• 102 •• '~0.,203,.300.,3~q,·5~0.,40S,.700.,506,.1000.,6aT, 
~1!n0.,1~6,-167~.,800,.1100" 

235 l1q9~.ql 48'0.31 1~2.0t -11G~.00 1 1 I 
0,~ t~2 .t~0,0 2~3 .t2~0,0 304 -1 600.0 405 -1610,0 506 -1700,0 607 

~1740,0 .. 
236 "828~27 5243.02. 122.t7 -2100.00 t 5 , 

0,0 102 .t~0.~ 20] -1250,0 !eG -1600,0 405 -2100.0 
237 77321.22 6Q61.1b 122.68 -210~.00 I 5 I 

0.~ If2 .IA0.~ 2~3 .125~.0 304 -1600,0 405 ~2'00.0 
236 16555.85 8314.92 123.44 .2100,00 I 4 I 

~.~ '~2 .t~~.n 203 -SaS0,0 300 -2100.0 
239 75~2S.1~ 12~1~,q! 124,97 M2100,00 t ! 1 

0.0 102 ~t"0,0 203 .210~.0 
240 7!111.7~ 16629,83 l~b.89 -2100.00 1 ! I 

~.0 t~2 .1~0.0 203 .210~.0 
201 8~~0~.0P 2S~0.~~ 1~0.00 -1700.00 I 9 I 

0t,'~2 •• 1~0.,~Pj,-3~~.,3~q.~50~ •• 405,.'00 •• 506,.1000 •• 601, 
.1300 •• '~8,-'b7~ •• A0~,-110~ •• 

202 8a~00.0~ 4~00.00 120.00 -17"0,00 S 9 S 
0,,10a,·100.,20j.-300.,30~,~50~ •• a05,.'00.,506.-1000.,~07, 
.1!00.,708,-tb10.,A00,-t700., 

243 8~~00.0~ 5000.00 IP0,00 -1700,00 S ~ , 
0"t02,.100.,203,-300.,304 •• 50~.,405 •• 700 •• 506,.1000.,~01, 
-1300"108,-1670.,800,-1100,, 

204 60~00.00 5175.00 12~.~0 -1700.00 1 9 I 
0.,102,.t00.,20~,.30~.,304,.50~,.Qa5,.70~,~506,.'000.,607, 
.130~.,7~8.-tb1~.,8~~.·1'0~ •• 

245 e0~~0.~0 5~50.0~ 12~.00 -1140.09 t 1 I 
~.0 10a ·tA~.0 '203 -li50.0 304 -1600,0 405 .1670~0 506 -110n,0 607 



 

       
        

       
        

       
      

       
    

       
    

       

       

       
       

 
       

       
        

       
        

       
        

       
      

       
    

       
    

        

   

  

TABLE F.2C • (contd) 

.. 174".0 
24& 80000,00 5b"S.0~ 120.00 .aU40.0" , 5 l 

0,0 102 -t"'f'.'" ~~j .. 125wl." '~4 .. U~"0.0 405 .. alz~.z 
247 ~"0"a.00 7000.~" 120,00 .2100.00 I I I 

112,0 lllla .'fcJlJI.~ ik)l .,la5~,,, .504 -It.""," 405 -2 U",." 
248 &0'''''~. 00 9V1~n,Ak' 123,0" -2,,,,,.140 I 4 l 

~,0 10a .. , a", QI 20] -saS0,0 3",,, 8210"." 
249 8111000,00 11"'''0.00 120,00 -aU10,00 , 3 l 

0,'" 1.,a .100,(11 21!U .. 2t00,0· 
250 .HHH'0,0111 IlhHh',~~ la0,lara .aI00.0" I 3 1 

0,0 102 .. tA~.0 C!k'.5 .2100.0 
25' B09StJ,11 e!.J~9,7~ 119.144 -1100.00 I , , 

0.,102 •• t00"aAl,.J00.,J04,.5a0"40s,.7~0.,S06,.1000,,6"7, 
.'3~0.,"~8, .. 1~7~ •• A~0 •• 110"., 

252 81530.13 lbQS,52 118,41 _'7'00,0" I 9 , 
0"10a,.'00.,203,_3~'~,,.J04,.50A.,4A5,.700.,S0b,.10"0,,607, 
.1300,.108.-th"0.,~0A, .. 1700., 

-r'1 253 8t9IJ.'U libl9,40 tt8.09 -1700.00 , 9 I . 
t-" 0.,102,.'''0.,2A3,.3\'P"l04,.5~0.,405,.Y00.,~06,.1000.,607, 0 
0'\ .1300,,7~6,-lb'~ •• 8~~,.1700 •• 

2S4 8198~.5Q 4781.08 11a, .. a -170".00 1 9 , 
0.,102,.t00,,2~~,.~~~.,30Q,.5~~.,405,.700.,S00,.100".,~07, 
.S30A.,108,·lbl~ •• 800,.1'0~., 

255 8i?k'0Q.0<1 48150,37 111,99 -&7 /",.",,, I 7 I 
0.f6 h'l2 -'IA~).(,J i!IDS .1250.14 :S~4 -1000.0 40' _107".0 506 -17011.0 00' 

.'740,0 
25& Sil'I,7! sa43,~~ 111,83 -2l1i,,".00 , 5 , 

0,0 1"'2 "'QlQ.0 a~5 .ti'i0.~ 10'6 -160".0 405 .al00,0 
257 Lti!&7tJ,'6 &Qo7.1b 117,32 -aS00.k20 I ~ I 

0.0 102 -11.110,0 iljDl -t2S0.0 304 -H.-0"." 405 -aI00.0 
258 814 1"',15 8314 •. 'la 110.5& -al"'A."'0 , 

" 1 
0.0 l~2 .,Illr.,.t.1J 203 .. '250,0 5"" -210",0 

2S9 84914,68 12010."3 115,03 .2100,00 1 3 , 
. "'.ll 102 .100.QI 2~J -aI0~.0 

ab0 Lt&a88,3~ t&b2Q.81 115.11 .a100,00 I s I 
0,~ 10i! .100,0 203 .. al"irl.0 

2~1 SUb',77 11Ea7," ltll.23 _U00,00 S 9 1 

\ j '_.-
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TABLE F.2C. (contd) 
0.,'02.-100,,20J.~3~0 •• 304,-50A •• 40S,~T00 •• 506 •• t000.,601, 
-1300~.106,-lb'~,.800,-11a0,. 

~62 82828,43 28~8,43 111,11 -IT0A.00 S q , 
0"102.-100,,2U3.-30~,,30q,-5~0.,Q0S •• 100 •• 506,-S00A,,601, 
-t300 •• 106,-lb10.,80~,-t100 •• 

263 83535,53 3535,53 '16.46 -1100,00 1 9 I 
0 •• '02.-t00"203,-30A •• 304,-500.,Q~5,-100,,506,~1~00,,607, 
pI300,,708,-1610.,800,-1100,,· 

264 83659,28 3b59.28 .lt6,34 -1100,00 t 9 I 
0 •• 102,-100.,203,R3~0,,304,-50n •• 405,.700.,506,-1000.,607, 
.1300,,706,-1610.,e~0,-1100., 

265 8"12,31 3"2,31 lt6.a~ -1740,00 I 7 , 
o.e 102 ·'~~.0 20J -1250,0 304 -1600,0 405 ~1670.0 506 .IT0~.e 601 

-t140.r. 
266 8Q012.8' G0ta,e! 115,99 -2100,00 I 5 1 

0,0 102 R1 A0,0 203 -1250.0 304 -1600,0 405 -1100,0 
261 eQ~a9,'; aQQ9,15 1'5~05 ·21~A,00 t ! 1 

0,~ 102 -1~0.~ 205 -'~50.0 304 -1600,0 405 -2100.8 
268 86363.q~ 6363.'6 113,64 .2100,00 I 4 I 

0,0 I~~ -100,0 2~3 -t250,0 300 -2100,0 
26' e~I~a.5q 9192,39 lf~,Bt -2100.00 1 ) I 

0.0 1~2. -IA0,0 203 -2100.0 
21~ Q27l7,92 12T21.9a ·101.21 -2100,00 1 ! 1 

0,0 102 -'~0.~ 203 -2100,0 
211 823A?1~ q'~.Tl. IIT,6Q -1100,00 , 9 , 

0.,'02,~t00"203,.30~ •• 304,.S00,,405,.,00,,S06,_'000.,60T, 
~1300,.10e,·lb10.,8~~.·170~., . 

212 e36q5.5~ 1530,73116,30 .1700.00 t q , 
0"102,·I~~.,203,_3~0"J~4,"500.,405,.,00,,506,-t000,,601, 
-1300,,10a.-lb'0.,e0~,-170~., 

173 8Qb19.40 t~13.4a 115,38 -1700.00 1 9 , 
0.,tA2 •• le~.,2~3,-30~.,304,"50A,,405,~700.,5n6 •• '0A0.,601, 
~1300.,708,-1610.,80A,-1100., 

214 84181,0~ 199~.3q 1,5.22 -1700,00 I 9 1 
0,,'~~,-t~0.,~~3,.3~0 •• 304 •• '~~.,405,.,00.,S06,-1000.,601, 
·13~0.,108,-161~,,80~,-1100., 

.215 8a65~,37 20~Q.09 115,15 ~11a~.00 1 1 I 
0,0 1~2 ·1~0,0 203 -1250.0 304 -1600,0 405 -1610.0 '06 -IT00.0 6~T 



  

       
        

       
        

       
      

       
    

       
    

       

                    
       

        
      

       
             

       
       

           
         
       

        
 
       

         
       

        
       

      
      

    
      

    

  

TABLE F.2C. (contd) 

_"40,0 
a7b 85243.02 21'11.'3 114.'Ie. .al'!J0.00 1 5 I 

ra.0 102 -100.0 2~3 -liS".0 304 wl'''''.0 405 .aI01." 
2'11 8646'.16 2618.78 113,5J .aI00,0" I 5 I 

0.'" 102 w10Ci1.0 2(,23 -1250.0 304 w1600,0 405 .aU"'.0 
e'l8 88314,91 344".15 11 1.69 .2100. 'Ull I 4 , 

0," 1(,22 .100.0 cUU -1250,0 300 .aI00.0 
279 92011fj.44 4914,88 107.99 .aI00.00 1 J I 

0.0 102 w100.0 203 w2100.0 
28" 96629.ti4 6888.3'" 103,31 _aI00,"" 1 J 1 

1fj.0 lea -10QJ,,, 203 .21/1'0. " 
281 82500.00 0.1cJ0 117.50 _17"0.'''' I 9 , 

""I02,.I"" •• a03._]00 •• ]04,~500.,405,.7"0 •• 5"6,.100".,'''Y, 
.130".,'08,.S&1" •• S00,.lJ0~ •• 

asa 840"0.0" 0.0~ Ite..00 -1?00,"0. , 9 , 
0.,102,-100"203,.30".,304,.500,,405,.100.,506,.1000,,'''', 
·130",.108.-1&10.,800,-1100., 

"'TI 28] 65000.00 0.00 . H5,0" .1'00."" I 9 I 
..... ".,'~2,.10",.203,_300 •• 3~~,.!00.,405,-,~".,5"6.-t""""6'7 • 0 
c:> .1300,,'08,-"'0.,8,,~,_IJ00., 

284 851 75,00 0."''' 114.82 -, "'0.00 , 9 , 
e.,10i,w100"i!03,_30~.,3~4,-500.,405,-700.,5~&,.10(lJ0.,607, 
.130Q.,708,.1~1" •• S00,.1'00., 

285 85250.00 0.01a lt4.75 -17"9.00 & , I 
0,0 'IDa -1"'1,0 a0~ .1250.0 ;S"4 w,600." ""5 .lb7"'.0 5'" -''''''.0 607 

.IJ40,1lJ 
28& 85e.15,00 "'."" 114.32 .. al"".0" , 5 , 

0.0 102 .,,"1'.0 203 -'250.0 30" wI6"0." 405 .a,,,,,.a 
a81 81"""'.00 0."" II 3."0 .a&"",0a , 5 , 

0.0 102 -Ul"." 203 -1250.0 304 -t6""." "05 .21"",1 
288 89900."0 0.00 111.00 .aI01lJ."" I 4 , 

0.0 102 .100.° 203 .l2S0.0 30'" .2 U'"." 289 93"00."''' 0,"" '''7.00 .2U·IlJ."~ 1 J I 
0.0 102 -1"0.0 2"3 -iU00.0 

290 980"0.0" ".0" 102."0 .2100.0" I :s I 
0." 102 -lra0.0 203 -2100.0 

2 
. 0 
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TABLE F.2C. (contd) 

, 200,0 
UH" C!0~.0 
2"-101 2et('l.'" 

21 200.0 
1021 2~~.'" 
2"~1 20~,~ 

41 200.0 
1041 20~.0 
2041 200,0 

61 20PJ,0 

t"'" ~~'''.'1' 
2r'i' 2~l\', ," 

61 ,?p".,i 
108t 2t-~.~ 

2t18' 2rt~.0 
tf211 a'~,t?I 

." II ~t t?fJ"'.0 . .... 2t~l 200,0 
0 
\0 ti!t 2C!'0,0 

Sl2t 2"0,0 
2121 20O,'" 

tal 211";'.0 
tt41 20"'.0 
2141 2.,0.0 
l~l 200.0 

It&t 200,'" 
216t 2~",(.! 
t8t 2~~.0 

Itst 21c'l0.~ 
2t81 20~.0 

20 ".00 
1(1120 U',,~~ 

2"'20 to.~tlI 
40 10,00 

1"'4t'! lQl.~0 
20140 10,001 

M' 10.(10 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE F.2C. (contd) 

10 .. 0 1".00 
20&0 ,,,."0 

80 10.00 
1080 '''.00 
2060 '''.00 
'"'' '0."" , I~0 '''.00 

2'00 H~,00 
120 ,,~. 00 

&120 "'.00 
i!la0 10."0 

140 ''',00 
1140 '''.~'' 21413 "',00 

le»0 ''',''0 
1l~0 1",00 

" 
il60 1",00 . 160 ''',00 ..... ..... "80 '''.00 0 
il80 S0.00 

200 '''.''0 'i00 '''.00 
2il00 '''.00 

9 S70,0 2", '"",0 ilei 110,0 
i0S 110." 
204 170," 
iU 170,0 
iii 110,0 
21S 'U,." 
214 170,0 
2cl 17O," 
iai ''''.0 22] 170.0 
224 170." 
231 .17"." 
232 17".0 



  

 
 
 
 
 

 
   

 
 
 
  

  
 

 
 

  
 
 

     
      
      
      

      
      
      
      
      
      

      
      
      

TABLE F.2C. (contd) 

P!J '70.91 
234 110,0 
Pill "0.0 
('4i! 170,0 
243 170,0 
240 '7"',0 
25t '10,0 
25~ t1~,~ 
2~3 1l0.0 
254 17~,0 
~bt 110.0 
2b2 1'1~,1JI 
?b3 17Q1,0 
2&4 t1'-lt.0 
t'lt t10,0 
?72 110~0 ".,3 "A.0 

"T1 Z14 t1C'1,~ . ..... ;.'tH lTC'I,0 ..... ..... 
?~2 17~,0 
2l\3 \70.0 
~R4 I1C'1.0 

5 
I I ,. 1 a1 a;'· " 2 t· ,. 21 4'7 0& 26 
3 t II 41 67' 6& 46 
Q I 4 61 57 96 66 
5 I II S1 t01 IQlb 86 
6 t ,. ,01 127 I~" 106 
1 I II 127 1117 IO~ 126 
8 I 4 t41 Ib7 1M, t 'U, 
q t 4 16'7 'b7 186 166 

10 I 4 6 2& ~5 ~ 

tl I 4 2b ,." 45 2~ 
12 I 4 4tt bf) &5 4'3 
t3 t 4 6., 8ft 85 65 



  

      
      
      
      

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

      
      
      
      
      
      
      
      
      
      
      
      
      
      

TABLE F.2C. (contd) 

S4 1 Q 80 lab liS 85 
&5 , 4 t0e, tab la~ :, 105 
It, I " lib 14b 145 125 

" I Ii \46 ttab 165 145 
18 I " tbtl t8b 185 165 
19 I 4 5 as 24 4 
20 I 4 25 45 44 a4 
al , 4 45 bS 64 44 
22 I 4 65 as 84 b4 
23 1 4 85 ''is 104 84 
24 1 4 105 las li4 '"'' 213 I 4 125 145 144 124 
it, I 4 t4S lbS 164 144 
af I " 165 HiS 184 Ib4 
28 J " " 24 is S 
29 I 4 24 44 4S 23 
50 I " 44 b4 &3 45 

"T1 31 I 4 .4 84 83 03 . 
52 1 4 84 104 105 83 ..... ..... 3S I 4 104 124 123 101 N 

J4 I " t24 t"4 143 la5 
35 I 4 144 1&4 '65 14J 
50 I 4 to4 184 183 h.S 
37 I 4 3 a3 aa 2 
38 I 4 23 43 42 22 
39 1 4 IU 61 6a 42 
40 I 4 63 ~l 82 &2 
41 1 4 e.s 103 102 82 
42 I " 10J 123 122 102 
43 t " t23 143 142 122 
44 1 " t4l loJ 162 142 
45 I " t&] taJ 182 162 
46 I 4 a aa al I 
41 I 4 22 qa 41 iU 
41 I 4 42 6tl 61 cli 
49 I 4 02 82 81 61 
5i I 4 82 10~ 101 81 
51 t 4 102 122 121 t01 



  

      
      
      
      

      
      
      
       
      
      
      
      
      
      
      
      
      
      
      
      

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

       
      

TABLE F.2C. (contd) 

52 I II 122 14a IIlI 121 
53 S " 142 162 161 III' 
54 I ,. t62 t82 t81 Ibl 
55 , 4 51 11 10 5A ,,, I " 11 91 90 10 
51 I " ~I IU tt0 90 
58 1 II lt1 131 130 II" 
59 1 • t 31 151 150 13(11 
60 I II 1St '11 0'0 150 
61 . I " tTt I'll 190 17'0 
62 I " S0 10 6f) 4~ 

63 1 " .,." CJ0 99 69 
b4 I • 90 t10 109 8CJ 
65 1 II ttA 130 12~ ,,"9 
66 I 4 ,30 150 149 129 
61 1 " ,50 110 tbCJ 149 
68 I 4 110 19'" 189 t69 

" 69 I a 49 69 68 48 . 
10 ..... 1 4 69 e9 88 68 ..... 
'II 1 " 89 ,,,9 108 68 w 
.,~ I 4 1"9 la9 128 108 
.,3 1 ". 129 149 148 12~ 
111 1 4 tQ9 16q 168 laB 
15 I 4 169 18q 188 Ibe 
16 1 II 48 b~ 67 ., 
7' , 

" 68 66 81 61 
18 I " 88· IA8 101 8" 
79 I II 1~8 118 la7 1"1 
80 I ,. 128 148 141 12" 
81 I " 148 168 161 14T 
82 I II '''8 168 leT I..," 
83 I , 2~ 40 39 19 
84 1 4 40 ..,'" '5~ ,!9 

85 I 4 6111 80 1q 5CJ 
86 I " 80 10~ qq 1'1 

" " 1 ,. '''',, 120 119 q9 
88 I 4 120 t40 139 119 



  

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

TABLE F.2C. (contd) 

89 1 " '40 to0 159 139 
90 J " t60 ,80 1 '9. ':1 159 
91 1 " 180 20'" 199 179 
92 t 4 19 39 38 18 
93 I 4 39 511 56 38 
94 1 " 59 79 18 58 
95 I Q 19 99 98 78 
9~ 1 " 9'i lI9 U8 98 
97 I 4 119 tl'i lS8 liS 
98 1 II t39 159 158 '.58 
99 1 " 159 ,,9 "S 158 

100 I 4 ,19 t99 198 '78 
'0' 1 " 18 3a Sf I" 
lea , " 38 58 57 31 
101 1 " 58 1U , ., 1 57 I 

104 I " 1a 98 91 ,., 
10S I " 96 1I~ 111 91 

"T\ 10b I " tl8 138 131 ,,1 . .... 107 , 
" t38 '58 IS7 13' .... 

.s=:- 108 I 4 1158 "8 117 157 
109 1 4 t18 l'itl 19., '" 110 I 4 I., ]7 3& I' 
HI I 4 3' 51 5b 30 
ttl! I " 51 11 'b se-
III I " " 91 96 '7& 
114 1 " 91 U., lib 96 
115 I " 111 137 &3b lib 
Itb 1 " tIl 157 aSfI 13& 
II' 1 Q 157 '7' '1' '50 
118 , 

" 111 197 t9b '7& 
119 1 " Ib 3& 55 15 
'ara 1 " 3& 5b 5S 35 
lal I " 56 1& 75 5S 
li2 I 4 7& 9& 95 75 
la} I " 90 lib US 95 
124 1 " lib IJo 135 US 
125 I " ISo ISo, '55 135 
121. 1 4 15& 17b 175 155 



  

      
      
      
      
      
      
      
      
      
      
      
      
      
      

      
      
      

       
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

TABLE F.2C. (contd) 

121 , 4 ,'f) 19b 1~5 17~ 
128' I' II 15 35 34 14 
H!9 I " 35 55 54 34 
13" 1 4 55 15 14 54 
131 I 4 15 95 94 14 
132 I 4 95 tI~ 114 94 
133 1 'Q 115 135 134 UQ 
134 I Q' 13S 155 ISO 134 
135 I a ,55 115 114 154 
S 36 I 4 \15 I~S '94 "" 131 t 4 14 34 -33 13 

·138 '1 tS 34 54 53 33 
159 I 4 54 14 '13 53 
140 I .. 14 qa 93 13 

.S4t I '4 '911 U- 1I! 93 
142 1 4 It4 134' 133 113 
la' I 4 134 154 153 133 

." 144 . I 4 1'.44 U'. ,,3 153 .... '4S 1 ·4 ,14 194 193 IT3 .... 
U1 146 I 4 13 33 32 12 

141 1 4 33 53 52 32 
'48 I 4 53 13 12 52 
149 I 4 13 9] 92 12 
'50 I 4 93 III 112 92 
15t 1 4 tt3 . t33 132 It2 
152 1 4 133 IS3 152 132 
'53 I II 153 It! 112 152 
154 I 4 "3 19! 192 112 
t55 I 41 Ii! 3f! 31 .11 
'56 I 4 32 52 51 31 
'51 I 4 52 12 11 51 
158 I II 12 92 91 11 
159 I 41 92 IIi! lit 91 
160 I " 1Ii! S32 131 III 
161 I 4 t 32 t5a 151 131 
162 I Q ,52 ,Ta 1'1 15t 
163 I ,. ,12 192 191 t11 
164 I Q 281 2fU! 212 21t 



  

      
      
      
      
      
      
      
       
      
      
      
     

       
      
      
      
      
      

       
       
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

      
      

TABLE F.2C. (contd) 

1,,5 1 " aea C!lU 273 . e7i! 
1&6 t " a83 as" 2'4 ' i73 
1,,7 I 4 284 285 275 27" 
1&8 1 " ?,85 28b 2f" ins 
lb9 I 4 aa" 287 277 2lb 
''1~ 1 " ~87 268 218 271 
.ll , 4 288 2SQ 279 278 
17l I 4 289 29~ 280 2.,9 
If) t " a71 a7a afta ibt 
174 I " a7a 213 2.3 2&2 

. 115 , 4 a'13 274 ab4 ibJ 
17& I " 2"" 215 2bS 2614 

. 171 1 l& 215 a7b a .. 61 265 
178 I 4 a76 27" 2 .. 7 266 
119 I " 217 278 2be 2611 
Ibid I 4 27a 279 . i"Q 2b8 
lSI I 4 2"9 28(d 270 ab9 

" 182 1 " 2"1 2bC! 252 aSI . ..... SS3 1 " 2bC! 2bl 25] 252 ..... 
0'1 ta" 1 l& ~ol 2b" 2S&I ass 

185 I Q 2b4 2b~ 255 254 
18b 1 4 205 20& 25& 255 
la7 I Q 2bb 2b7 is? as, 
tSS 1 Q 261 2&6 2S8 2S" 
189 I l& 2'8 2&9 C!5Q 258 
190 1 &I 2&9 210 26" 259 
191 I l& 25& 252 242 24t 
192 1 Q ?52 251 allJ 242 
193 t " 2'33 254 24" 243 
19Q 1 l& aS4 asS 245 244 
195 I l& 255 25& 2Qb iQS 
19b I Q 2561 251 aQ? 24b 
191 t " is., 2Sb 2Q8 247 
198 t " ?Stt 259 249 248 
199 I " 259 ab0 250 249 
2ri10 I 4 241 i42 232 231 
201 I " 242 243 all a3~ 

'. 
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TABLE F .2C. (contd) 

202 I 4 ;t43 244 234 233 
2rt3 t 4 t!44 245 235 234 
204 I' 0 i!45 '!4b 236 23' 
(t0S , II 246 ~tl1 231 236 
206 , II ~47 248 2!8 231 
201 1 II 248 249 239 23ft 
208 t 4 2119 250 2G0 239 
209 I 4 23' a3i! 222 2al 
2t0 I " 232 233 223 222 
211 I 4 253 23" 224 223 
212 , 0 ~34 235 225 224 
213 t 0 ~3S ~3b 226 22'S 
214 , 4 ;t!~ 237 221 22~ 
215 J 4 ;!37 236 228 22'1 
216 , 4 i?38 239 229 228 
217 I Q ;?!9 24~ 230 229 
PIS I 4 221 222 212 ell 

." 21 9 t Q 222 223 2t3 212 . .... 220 1 4 223 224 214 213 .... ..... 221 I 4 <'24 225 215 214 
222 , 4 tt25 l2b 216 215 
223 1 " 226 221 2t7 216 
224 1 4 ~2'1 ifC!8 2t8 217 
225 t II 22A 229 219 2SA 
226 I IS 229 23~ 220 219 
221 I " f?tl 212 2{'12 201 
228 I IS ~ta 213" 20! 202 
229 1 4 2t3 214 204 20' 
230 1 4 214 ~15 2"'5 2011 
23' I " itlS 216 20b 205 
232 I 4 e'lb 211 201 2B6 
233 t 4 211 216 208 201 
23 0 1 IS 218 219 a~<J 208 
~35 I II ;'.19 22~ 210 209 
236 t 4 210 l20 21 7 

23" 1 " 2~0 2!0 41 i1 
Po]S 1 " 230 allA 46 41 

\ 



  

      
     
      
      
      
      
      
      
      

" . ..... ..... 
OJ 

IS 

\. 

i39 
240 

2'" 242 
243 
244 
24' 
240 
241 

I 4 2 lh' 
I 4 is'' 
I 4 20" 
I (I 291d 
1 (I 28t1 
1 (I 9 
1 CI 9 
I 4 9 
I 4 Q 

TABLE F.2C. (contd) 

25d 49 418 
l6kJ 50 49 
21f&t 51 50 
it 51 i80 
31 51 ant 

221 all a0' 
241 as, aal 
ibl 2'S' 2", 
2&1 i!'1 2bl 



   

           

            

            

 

          

          

 
 

  

  

  

 

APPENDIX F.3: REPOSITORY INVENTORIES 

The following ORIGEN output tables were provided by BNI to represent the 
inventory in the repository for the first 30,000 yr. For periods after that 
(up to 106 yr) PNL generated inventories using ORIGEN. These are listed in 
Appendix L. 

These inventions are given for BWR and PWRassemblies. The repository 
for the reference site analysis is assumed to contain the following: 

BWR 

PWR 

TOTAL 

Spent· Fuel 
Assemblies 

151,513 

107,917 

257,430 

F.1l9 

Canisters 

75',757 

107,917 

183,674 



        

                      

 

           
     
     
     
     
     
     
     
      

      
     

            
           

           
           
           
           

             
      

            
           
           
           
           
           

            
         

           
            

           
           
           
           

            
           

            
           
            

          
           
           

           
     
     
     
     
     
     

           

  
 

  

  
 
  

  
  

 
  

 
 
 

 
 

  
 

  
 

  
  
 

 
  

 
  

 
  

 
 

 
  
  

 
 

  
 

 

 
  

    
    
    
    

    
    
    

    
     
    
    

         
         
         

         
         
         

         
     

         
         
         
         

         
         
         

         
         
         
         
         
         
         
         
         
         
         
         

    
          
          
         

    
    
      
    
    

     
         

." . ..... 
N 
o 

H 
Lt 
BI 

C 
CO 
U 
CO 
III 
Gl 
GI 
lS 
SI 
BI 
KI 
II 
511 

I 
.1 
lIB 
IIC 
TC 
an 
RII 
PO 
lCO 
CD 
III 
51 
58 
TI 

I 
II! 
CS 
Bl 
U 
CI 
PI 
liD 
Pit 
Sit 
III 
GO 
T8 
01 
NO 
!II 
Tit 
18 
TOTAL 

TABLE F.3A. Grams of Fission-Product Elements in a BWR Assembly 
DISCIAIGI 1. fI 2. n 5. II '0. III ]0. I. '00. II ]00. II 1000. 'I ]000. 'I 10000. I. )0000. I. 

8.5901-01 8.1201-0] 1.6151-036.11811-01 11.8901-0] 1.58111-0] 1.0651-05 1.9061-.0 2.88]1-21 0.0 0.0 o.~ 
1.OS2E-05 ].0521-05 1.0521-05 ].0521-05 1.0521-05 1.0521-05 1.0521-05 ].0521-05 ).0521-05 1.0521-05 ].0521-05 ].0521-05 
2.28'1-05 2.2811-05 2.2811-05 2.28'1-05 2.28'1-05 2.2811-05 2.28'8-05 2.2811-05 2.2811-05 2.2801-05 2.2161-05 2.2651-0~ 
11.0111-06 II.OHI-06 '.0101-0611.0091-06 11.0061-06 ].9911-06].96]1-06 ].8681-06 J.SSIII-Oli 2.191)1-06 '.1911-06 1.0651-0'7 
'.1191-1] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.J]21-11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5.18)1-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8.1221-06 5.1"1-09 5.1111-09 5.1"1-09 5.1"'-09 5.11.1-09 5.1111-095.1"1-09 5.1111-09 5.1"1-09 5.1111-09 5.1111-0' 
11.62111-06 '.)191-01 1.)191-01 1.1198-01 1.1191-01 1.1191-01 1.]191-01 '.]191-01 1.)191-01 '.1191-01 1.)191-01 '.]191-01 
9.81181-02 9.811)1-02 9.811)1-02 9.Rllll-02 9.81111-02 9.8')1-02 9.8')1-02 9.8"1-02 9.8'11-02 9.8'11-02 9.811]1-02 9.8')1-02 
].0.'.-02 2.9191-02 2.9191-02 2.9191-02 2.9191-02 2.9191-02 2.9191-02 2.919'-02 2.9191-02 2.9191-02 2."91-02 2.9191-02 
8.566100 8_5661 00 8.5661 00 8.5661 00 8.566100 8.5661 00 8.565100 8.5611 00 8.5511 00 8.5181 00 8.11161 008.1221 00 
].112100 ].1111 00 1.1"1 00 ].~'II 001.1111001.1111 00 1.]11100 1.11]1 00 J.1201 00 1.J]91 00 1.11011 003.555100 
5.6021 01 5.5181 01 5.5518 01 5.50'1 01 5.1129. 01 5.2921 01 5.21111 01 5.21101 01 5.2.01 01 5.21101 01 5.21101 01 5.21101 01 
5.189101 5.212101 5.2))1 015.2891 O' ~.16" 01 5 .... 81 0' 5.51191 01 5.5501 01 5.5501 01 5.550101 5.5501 01 5.55010' 
'.]18102 •• 1211 02 1.101102 '.21181 02 1.1651 02 9.1911 O' 6.0181 0' 5.1111 01 5.1121 0' ~.)121 01 ~.JJ21 01 5.1)2101 
1.1211016.911'1 01 6.917. 01 6.916B 01 6.9161 01 6.'161 01 6.'1151 01 6.9'~1 016.9151016.9]51016.91510' 6.9151 01 
5.1811 02 5.1721 02 5.1901 02 5."51 02 5.~281 02 5.1111 02 6.09'. 02 6.1591 02 6.1~91 02 6.1511 02 6.1521 02 6.1J61 02 
11.891.00 2.'151-0' 5.0921-0] 6.S0~I-OII 1.05'.-01 2.6511-0) 8.2511-01 2.'261-02 8.0251-02 2._0'1-01 7.9161-01 2.115100 
11.9'81 02 5.0801 02 5.08'1 02 ~.08111 02 S.OB'! 02 5.0811! 02 5.08111 02 5.0811 02 5.08111 02 ~.08111 02 5.081! 02 5.08'1 02 
1.199102 '_2011021.201102 1.l0ll 02 1.201102 1.20n 02 1.2011 02 1.202102 1.''191 02 1.191102 1.1611 02 1.0911 02 
].60111 02 1. '291 02 ].llO! 02 J. liRE 02 J. Jt 11 02 J. JI1! 02 J.l111 02 J.l121 02 J.1151 02 ). U2I 02 1. JII91 02 1.11211 02 
6.8551 01 7.'291 01 1.'101 01 1.1)01 O' 1.'JOI 01 1.'10! 01 1.IJQI O. 1.110! 01 1._101 O. 1.'30B 0' 1.11101 01 1.'10! 01 
1.851102 '.969! 02 2.0211 02 2.019! 02 2.08tl 02 2.U861 02 2.0861 02 2.086! 02 2.0861 02 2.0861 02 2.086! 02 2.0851 02 
1.2281 01 1.2111 O' •• 21" 01 1.20! 01 1.212! O. 1.2UI O. 1.2UI O' 1.21)1 01 1.2UI 01 1.21" 01 1.216101 1.22l! 01 
'.Slll 01 '.5'51 0\ •• 5"11 01 1.SIIIIB 01 1.51t81 01 I.SI1! 01 1.5116101 I.SUI O. 1.511610' 1.51161 01 '.5161 01 '.51161 01 
1.6111-01 3.1851-01 1. 80U-0 I 1.111161-01 1.9011-01 t. Ot{;1 C, ~. 1)1£-01 II. U'I-!)' II, n""-01 t. 13111-01 '. n,,,-o. '.nlll-o 1 
'.1111 0".2981011.296& 01 1.2'161 0. 1.29U 0' 1.2961 01 '.29S1 01 1.29SI 01 1.29)1 011.287101 '.26810".219101 
'.515100 '.16111 00 ].8151 001.2011 00 2.800100 2.6'51 00 2.6"S 00 2.6"1 00 2.6'"100 2.6"1 00 2.6II'S 00 2.6'"1 00 
1.29'1 01 1.229! 01 7.2621 01 7.325! O. 7.1651 01 1.1811 01 7.18'1 01 1.1821 01 1.18-1 01 1.1B91 01 1.11081 0' '.1151' 0' 
1.65710' 1.5921 01 ].59111 01 1.59118 0' ).59111 01 ).59118 01 1.59'" 01 1.59 .. 01 J.59118 01 1.59111 0' 1.5'1)1 Ot 1.5911 01 
8.0151 02 8.0111 02 8.0"1 02 8.01,. 02 8.01,. 02 8.0111 02 8.0"S 02 8.0111 02 8.0"1 02 8.0111 02 8.0111 02 8.0,71 02 
11.21'.02 -.20111 02 '.11'.021.96'1 02 1.7611102 1.226! 022.1196102 2.)161 02 2.]111102 2.]111102 2.11]1022.109102 
2.12lB 02 2.1818 02 2.2551 02 2.'22S 02 2.622S 02 1.1611 02 1 •• ~9CJI 02 •• 0101 02 11.0121 02 '.012B 02 '.01111 02 ".0171 02 
1.863E 02 1.8591 02 1.8591 02 1.859S 02 I.B591 02 1.8591 02 '.859S 02 1.85'11 02 I.S~91 02 '.8591 02 1.8~91 02 '.8591 02 
11.1611102 1.8)11 02 ).7111 02 1.6151 02 ).6101 02 ].6)01 02 ).6101 02 1.6101 02 J.6101 82 1.610102 1.6)01 02 3.630102 
1.669102 '.1101 02 '."01 02 '.1'0! 02 1.1101 02 '.7101 02 1.7101 02 1.1101 02 1.1101 02 1.1'01 02 '.110S 02 1.1101 02 
5.616102 5.921S 02 6.01111 02 6.1251 02 6.1JO! 02 6.1111 02 6.1111 02 6.'10S 026.'101 02 6.11~1 02 6.'101 026.1)0102 
2.289S 01 1.18111 O ••• 1101 O' 6.2011 00 1.65'100 8.1911!-01 '.1"1-" 0.0 0.0 0.0 0.0 0.0 
1.116102 1.115102 1.216102 '.2911! 02 1.)]~1 02 1.11191 02 1.1112s 02 1.1nl 02 l.ll1l 02 l.ll1l 02 I.Ull 02 l.ll1. 02 
2.1961 0' 2.10)1 01 2.21111 01 2.092£ 01 1.926101 1.1121 01 '.nIS 01 '.8111 0' '.8UI 01 1.8112101 1.81l21 0' '.81121 0' 
,. U8I 0' '.2,51 01 '.)081 01 1. '621 O' 1.6J6I 0' 1.879£ 01 1.9]0! 01 1.911r. 01 1.9]11 01 '.9111 01 1.9111 01 '.9111 0' 
1.99)1-01 1.8901-01 1.881lE-Ol ).1I1I1!-0' ).8811-01 J.8811-01 1.8811-01 1.8871-01 l.881!-01 1.1la,..-01 1.8811~01 3.11871-01 
1.'1~1-01 2.0'9!-01 2.0521-01 2.052!-01 2.0521-01 2.0~21-01 2.0528-01 2.0521-01 2.0521-01 2.0521-01 2.0521~01 2.0~21-01 
1.9)01-02 1.9291-02 1.929'-02 1.9291-02 1.9291-02 1.928£-02 1.928!-02 1.9261-02 1.921£-02 1.9"1-02 '.911!-02 1.91'1-02 
1.'901-03 7.5291-0) 1.529£-0) 1.510t-0) 7.5JOI-0) 1.512r.-OJ 1.5J9!-0) 1.~51!-01 7.6071-0) 1.61'1-0) 1.1051-01 1.1061-01 
1.)91!-06 1.00~!-06 6.8911-06 Ii.R5)!-06 6.8"1-06 6.8'2S-06 6.8'21-06 6.8421-06 6.81121-06 6.8112£-06 •• 8'21-06 6.8'21-06 
'.0901-06 1.8081-0~ 1.'2.S-06 1.9S9!-Ofi '.9681-06 '.910E-06 1.9701-06 1.910!-0~ 1.9101-06 '.9'01-06 '.9101-06 '.9101-0f 
5.199101 S.199! 01 5.'9910) 5. 199E 01 5."91 0) ~.199E OJ 5. 199! 0) 5.19q! 0) 5.'991 01 5.'99! 0] ~.'99! OJ 5.'99! 0) 



         

                      

 
 

 

 
  
  
 

 

  
  

 
   
  

 
 

  

 

           
             

             
          
          
         
           
        

          
           

        
        
        

                 
                 

                 
                 
            

        
         
        

                 

    
 
 
 
 

  
 
 

 
 
 

   
 

   
   

   
  

 
 

  
 

   

"'TI . .... 
N ..... 

RI': 
sr 
n 
I'll 
BI 
PO ., 
lilt 
PI! 
III 
AC 
Til ... 

U 
In 
n 
." e" 
till e. 
!5 
TOTal. 

.. ' .... 

TABLE F .3B. Grams o'f Heavy Elements in a BWR Assembly 

Dt!!C"."GB .. '" 2. '" 0;. '" to. '" 30~ '" '00. '" 300. T" tODD. T" JOOO. '" '0000. '" 10000. JM 

..... ,.!-02 1.)C)tE-02 " •• e~-02 '.OJ"!-O' '.JSU!-O' 2.8021')-0' ft.ott2I')~O' '.".I'! 00 ".221! 00 6.I9J5! 00 '.'''''! D. '.!O.I') O' 
2.2 •• E-01 ••• 01!-01 5.II00E-Ol 9.'86£-01 '.1.II!-06 2.611!-06 '.8'58-06 '.5t28-06 6.585!-06 •• '811'--05 2.529!-05 •• 55"8-05 
2.59JP.-1l 5.1"!-U 8.199!-'J '.6'0!-U 2.t9t!·U 2.'''I')-U '.'"8-12 2.598!-U ).,0;'!-13 '.O"I'!-U J.ltI1E-U 9.82l!-U 
6.1J9!-08 2.02'E-Ol II. 396!-07 '.~8'!-06 •• 8l~I-06 '.958!-05 5.'83!-00; 8.8501-05 '.661!-0. '.'.2E·03 3.!OlE-02 J.832!-01 
2 ...... !-11 '.10)!-U 6.8]~-1t '.22911-.0 '.821E-tO 3.5etS-'0 2.57.!-09 5.0168-08 2.JII'78·06 8."ODI'!-05 '.593!"OJ 1."9!-02 
3.J11E-1. e.56.e- •• '.0'~-'3 3.1"e-.J '.58se-'2 2.2'2S-'t •• ,80e-.0 6.908B-09 ,.11'!-08 1.202E-Ol 11.'578-06 '.1I51t-0~ 
'.91Je-20 6.5l7e-2' 6.(2)!-2' 1.6.6e-2' '.2'2!-2' t.II'6S-20 9.06'!-20 1.60"!-" '.'00t-'7 '.'39!-.6 '.50'!-,5 '.219!-'S 
2.185S-t, ..... 0.!-.3 8.288!-') '.555P.-'2 2.2,.t-'2 •• 21'!-'2 2.6558-" 2 •• 90!-'0 2.85'!-0. 2.'00P'-00 '.2.6S-01 1I.252!-01 
2.0'1!-t6 ••• , .. !-" '.~'8!-'6 2.11"'8-15 1.0Tle-16 ,.O.lU-'5 J.JO)!-to; ,.lItl!-tII '.)2t1!:-13 '.38'8-12 '.'''!-11 0.5Ut-tt 
".J30e-O' II.0"!-oq '.2118!-08 2.1180!-08 6.6658-08 ).858,,-01 3.'92!-06 3.815E-05 ••• SJE-O. J.202!-OJ 1.895!-02 6.62]t-02 
'.08)8-09 2.22'8~O' '.J52!-09 6.6'5!-09 '.2.28-00 '.2)9!-00 9.582£-00 2.60"!-01 8.992!001 2.6'78-06 8.5'8!~06 2.118!-05 
2..82!-0' 3 •• 538-0" ..... Joe-o. 1.301l!'!-0' '.llU-0l.).)22!-oJ '.15.!-02 ).0"J8-02 '.'23!-0. '.392!-0' t.1fi5!,! 00 1I.'62! 00 
5.82J!-05 5.91'!-05 6.106!-05 6.50J!-05 1.'6l!-05 9.825!-OS 1.915!-0. ".5111!'!-01l 1.3811!-0' ".009!-0) 1.2'8!-02 J.602!-o2 
1.165! os '.165! OS '.1651'! OS t.165! OS '.76S! 05 1.165! 05 '.165!'! 05 1.165! 05 1.165! 05 '.161! 05 t.16'! 05 t.ll], 05 
1.)35! O' 6.107! O' 6.]"! D. 6.J2t1! 01 6.J80! D. 6.11'! O' 11.1'080' t.]6II! 02 2.21111! 02 2.650! 02 2.66t! 02 2.61111! 02 
'.5116! 03 1.550! 03 t.5.'! OJ '.5'6! 0) '."82! OJ t ... o~ 0] 1.'''6! 0] 1.125! 0' '.2eO! 0] '.'10! 0) 8.1'5! 02 '.61]! 02 
'.8110!01 2.16t!! 0' 3.4!'51! 01 6.0SS! Ot 9.).5! D. t.659" 02 t.92.! 02 t •• ,,! 02 5.J90! Ot '.04l1! G. 1I.121!! 00 1.119!-0' 
1I.219! GO 2.1t8! 00 2.118! 00 '.996!! 00 '.655! 00 1.889!-Ot 8.022!·02 2.IIOt!-02 2.212!-02 '.11111!-02 8.6511!-0) t.J .. t!-G' 
8.122!-09 J.68"!-09 t.Slot-O' 1.556!-10 2.918!-12 '.999r.-t9 8.1'9!-2" 8.65De-2' 8.'12!-2' 1.161!-2' 5.811!-2. 2.6S0!-2" 
'.2158-09 1.5t2t-09 9.J05l'!-0' t.051!-08 '.02.!-08 9.".!-0! 7.692!-0' S.2.'!-09 •• 36'!-09 '.299!-11 8.280!-" '."2!-" 
'.006!-l' 3. 159!-'S 1.255!-15 '.986!-" 8 •• 02!-.9 8.559!-21 0.0 '0.0 0.0 0.0 0.0 0.0 
1.18t! 05 1.1111! 05 '.18t! OS t.1t11! OS 1.18'! 05 t.7t1.! 0'5 t.181! 05 1.18'! 05 1.1111! G5 •• 18.805 t.18t! 05 '.18t! 05 



         

                     

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

   
  
 

 
 

 

 
 

 
 
 

  
  

 
 
 

 

  
 

 
 

 
 

  

 
  

 
 

  
 

  
 

 

 
 
 

  
 

  
 

  
 
  
 

  
  
  

  
  

 
 

 
 
 
 
 

  
 
 
 

  
 

  
  
 

  
  

 
 

 
 

 
   
  

 
 

  
 

  
  

 
 

  
  
  
   
  

 

 
 
 
 
  

 
  
 

 
 
 
 
 
 
 
 
 

 
  
  
  

 
  

 
 
 

 
 

    
  
  
  

   
  
   
  

     
  
  
  
  
  
  
  
  
   
   
  
  
  

   
   
    
   

  
  

     

 
 

 

 

 

 
 

  

 

 

 

  
 

 

 

 

 
 
 

 
 
 
 

 
 
 

 
 

 
   

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

                   

 

." . ..... 
N 
N 

B 3 
C 111 

eL 36 
1111 511 
F! !l5 
co 'if' 
co 60 
III 59 
II 63 
%II 65 
za 9) 
U 90; 
II 9)11 
lIB 911 
l1li 95 
118 9511 
110 9) 
J1111311 
511113 
51111911 
511218 
51112) 
58125 
TI12S1l 
101511 
10155 
GD153 
'1'8160 
5011'1'0'1' 

'l'O'l'aL 

; ; 

TABLE F.3C. Curies of Light-Element Isotopes in a BWR Assembly 
DISCHun 1. III 2. II 5. II 10. II )0. III 100. ,. )00. ,. 1000. ,. 3000. 'I 10000. 'I 30000. 'I 

11.752101 '.11911 01 1I.211~ 01 3.590;1 01 2.1051 01 8.163! 00 1.6961-01 2.1611-06 1.5951-23 0.0 0.0 0.0 
2.61111-01 2.6)11-01 2.6)11-01 2.6)21-01 2.6111-01 2.62111-01 2.6021-01 2.51101-01 2.33111-01 1.8321-01 1.8561-02 6.9901-03 
1.9691-03 1.9681-0) 1.9681-0) 1.9611-0) 1.9611-03 1.9671-0) 1.9611-0) 1.9661-03 1.9631-0) 1.95111-03 1.92111-0] 1.81101-0] 
2.1161. 01 1.01C1 01 lI.t]~ 00 3.1821-01 5.1991-0) 3.2051-10 0.0 0.0 0.0 0.0 0.0 0.0 
2.I~2. 02 1.6'.102 1.26]1 02 5.6151 01 1.11961 01 1.2281-02 5.6801-10 0.0 0.0 0.0 0.0 0.0 
1.5881 02 1I.5~71 00 1.]081-01 ].0921-06 6.02)1-1. 0.0 0.0 0.0 0.0 0.0 O.n 0,0 
11.11'11 02 1.66]1 02 1.2111 02 2.1621 02 1.1191· 02 8.0201 00 7.q081-011 2.832'-15 0.0 0.0 0.0 0.0 
1.5081-0' 1.5081-01 1.5081-01 1.!>ORI-OI 1.5081-01 1.5011-0' '.5061-01 1.50111-0' '.11951-01 1.11691-0' '.lI]I-O' 1.16l1-01 
2.297101 2.2801 01 2.26]1 01 2.2121 01 2.110101 1.8]21 01 '.0811 0' 2.3961 00 1.2211-02 3.5051-09 0.0 0.0 
2.020101 7.1891 00 2.5581 00 '.1521-01 6.5711-011 6.9511-1) 0.0 0.0 0.0 0.0 0.0 0.0 
9.)001-02 9.3001-02 9.1001-029.3001-029.3001-02 9.]001-02 9.299'-02 9.2981-02 9.2931-02 9.2801-02 9.2]2'-02 9.0991-02 
1.5081 011 ].1601 02 6.6221 00 6.09111-05 2.11631-1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.0321-03 1.1601-02 1.5911-02 2.711111-02 11.27]1-02 1.1991-02 8.8091-02 8.81]1-02 8.8291-02 8.8161-02 8.7711-02'."'1-02 
5.8891-02 5.8891-02 5.8891-02 5.8881-02 5.8871-02 5.88)1-02 5.8691-02 5.8281-02 5.6891-02 5.)011-02 '.1631-02 2.0811-02 
1. SOOI O' 6.6811 02 I. U81 01 1. )1'1-011 5. lIn-u 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.86ql 02 '.01]1 00 8.11101-02 7.1191-07 ].1271-15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
I.'HI-O] l.lllll-0] I.'lll-O] 1 • .,28-0] I.UOI-O) 1.'2111-03 1.11011-0] I.H81-0] I.U8II-03 1. 168 I-OIl I.U2B-OII 1.3981-06 
2.895102 1.20'1 01 ].~'1I1 00 1I.9191-0J 8.1551-08 6.IS8~-l~ ~.O 0.0 G.O 0.0 0.0 ~.O 
2.8911102 3.2021 01 ].51121 00 11.9161-03 8.1501-086.1551-270.0 0.0 0.0 0.0 0.0 0.0 
2.22'1 03 7.91~1 02 2.8171 02 1.2691 01 1.21131-02 1.6761-11 0.0 0.0 0.0 0.0 0.0 0.0 
2.')01-01 2.J971-01 2.36111-01 2.2611-01 2.1151-01 1.60]£-01 6.0711-02 3.7891-0] 2.]001-07 2.0601-19 0.0 0.0 
1.05111 02 1.11821 01 2.08111 005.7921-03 1.18]1-01 2.9011-2' 0.0 0.0 0.0 0.0 0.0 0.0 
6.1181 02 11.95111 02 3.8UE 02 1.7'111 02 5.01111 01 3.11171-01 6.0121-09 0.0 0.0 0.0 0.0 0.0 
1.369102 1.2071 02 9.3851 01 11.1821 01 1.211101 1.6851-02 1.11681-09 0.0 0.0 0.0 0.0 0.0 
2.830101 2.6111 01 2.11091 01 '.8"1 01 1.2631 0' 2.5171 00 8.8601-01 8.7"1·'0 0.0 0.0 0.0 0.0 
1.5191 01 1.3671 01 1.1811 01 7.6681 00 3.123100 2.0701-01 8.3901-06 2.1691-18 0.0 0.0 0.0 0.0 
2.5171 02 9.00111 01 1.11161 01 1.31111 001.00111-01 5.1'01-12 0.0 0.0 0.0 0.0 0.0 0.0 
1.1911103 3.6011 01 1.0861 00 2.9751-051."'51-'10.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.6]51011 3.263103 1.3791 035.9611 022.5521 02 ].tlO! 01 1.1711 0' 3.01171 006.3631-01 5.6681-01 .... 051-01 3.2331·01 

1.175105 3.2671 OJ 1.3801 OJ 5.9621 022.5521 02 3.9101 01 1.1711 01 I.ClUI 006.3671-01 5.6711-01 11.11081-01 1.2361-01 

._.-1 ) 



         

                     

 
 
 

 
 
 
 
 
 
 
 

 
 

 

 

 

 
 
 

   
 

   
   

   
    

    
 
   

   
   
   

   
      

   
    

 
   
   

 
  

   
  

   
  

   
    

   
   
    
   
   

     
   
   

 
 

 
 
 
 
 

 

 
 
 

  
 

 
 

 
 

 

 
 

 

  
 

  
 

 
 

 
 

 
 

           
        

            
        

             
             

         
          
        
        
        

                 
         
        

          
          

        
           
          

        
        
        
        

          
        

             
             
          
          

         
           

             
           
           

                 

                       

~ . ..... 
N 
W 

II 3 
Sf 19 
III 85 
511.89 
511 90 

, 90 
I 91 

'n ", ,n, 9311 
ZII 95 
lUI 95 
Ie 99 
"9103 
"'''ttlll 
:;utOfi 
I1R106 
1'0101 
!Ie 125 
'''25ft 
5"126 
SII126 
51112611 
1t29 

e51311 
CS1l5 
CS131 
1I111]7ft 
C!!1111t 
n'lIl1 
PIl1'"'ft 
.,ft.1I1 
511.5. 
!!01511 
!!O'55 
SOIlTO!' 

TABLE F.30. Curies of Fission-Product Isotopes in a BWR Assembly 

DISC ""fiG!! 1. III '5. tR '0. til 10. '" 100. 'II ]00. 'II 1000. '" )000. '" 10000. I" )0000. '" 

8.3268 O' 1.810! O' 1.1I)'! O' 6. 282!! O. It.l1''! O' '.5)51! O. 2.91'!-01 3.186!-06 2.1958-23 0.0 0.0 0.0 
6.212!!-02 6.212!-02 6.212!-02 6.21Z!-02 6.212!-02 6.21'!-02 6.206!-02 6.19)!-02 6.1111!-02 tI.011!-02 5.sell!-02 1I.51'!-02 
t.1I111, OJ 1.3261 0) '.2I1l!! 0) '.OZII! 0) 1.1I15! 02 2.0n! 02 2.2131 00 5."1J!-Otl 1.211]!-25 0.0 0.0 0.0 
9.'OJ! 011 1.tl12! 02 5.IISl! 00 2.651!-06 1.'221-" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
'.'".! O' '.11~! O. 1.0B!! 011 1.011! O' 8.')9! 01 5.'58! 0) 9.109! OJ 6.9892 00 2.2"!-01 II.))5!!-29 0.0 0.0 
1.181J! 011 '.1'6! 0_ 1.0B"!! O' '.01.! 011 A.9"! 0) 5.'S9! 0) 9.1"! 02 6.9''5! 00 2.2"!-01 8.J)7!-29 0.0 0.0 
'.JOU: 05 '_111t1l OJ 2.lt5! Ot 5.'1I0r.-05 2.259!!-tII 0.0 0.0 0.0 \ 0.0 0.0 0.0 0.0 
II.IIJft!-O' •••• O!-O ••• IIIIO!-O' II.IIIIO!-O' 1I.1I1I0!!-O' ""'0!-01 II.IIIIO!-O' 1I.'J9!-O' '.lIll!!-01 1I.1I)01!-0' ' •• OB!-01 '.JIIIII!-O' 
1.101!!-02 5.86811-02 1.908!!-02 '.Jll!!-O' 2.060!-01 l.5!!!-01 II.J06!-01 1I.211!-01 1I~21~!-0' 1I.209Z-o. ' •• Ae!!-01 '.'27!!-01 
1.88)! O~ ).'1I61! OJ 8.2101! 01 'r.610!-0II ).015!-12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.91'1! 05 1I.)'6! OJ 1.Bll! 02 1.6"!-0) 6.6J2!-12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.0'21! 00 2.050! 00 2.050! 00 2.0S0! 00 2.0501 00 2.050! 00 2.c.'1! 00 J.Oltez 00 J.OII)I! 00 J.nJOI! 00 1.'''II! 00 1.B58! 00 
1.889! os l. '"illl! 02 5. t111!-0' l.1I15!-09 J •• 5'!-J) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.e90B 05 ).'611! 02 5.2BIII!-O' 2.ln!-09 ).1S'!!-JJ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.A'0! 011 1.91)!! 011 1.980! 011 2.5211! 01 8.18'! o. e.916!-05 1.21121!-25 0.0 0.0 0.0 0.0 0.0 
8.)1'Il! 011 3.9J)e 011 '.9801! 01 2.52f1e 01 8.181!! O' 8.9161-05 1.2112!-25 0.0 0.0 0.0 0.0 0.0 
1.1)9!-02 '.1)9!!"'02 1.11ge-02 '.1)9!-02 '.1)91!-02 '.U9B-02 1.1)9!-02 '.139!-02 '.11'9!-02 '.1)8!-02 1.1311t-02 •• lJJ!!-02 
2.0tSIn: 0) 1.6U! 0) '.J5·'! 0] 5.8'1211: 02 1.611'!! 02 1.02'! 00 1.956!-08 0.0 0.0 0.0 0.0 0.0 
1I.115]! 02 ].9)1! 02 ].056! 02 '.'21! 02 11.0088 01 2.S01!-01 1I.111!-09 0.0 0.0 0.0 0.0 0.0 
'.158!-0' 1.158!-01 '.,58!-01 1.1S81t-0' '.'588-0' 1.'51E-01 1. 151!-01 1.155!-0' '.1501!-01 1.1)11'-0' 1.0808-0' '.11021-02 
'.21l11 02 '.621!-02 '.U1I!-02 1.621!-02 '.621!-02 1.6201!-02 1.6201':-02 '.6111!-02 1.6101':-OJ '.581J!·OJ '.5121':-02 1.]'6!-02 
6.]10! 01 1.'58!-01 1.'~8!-0' 1 •• 581':-01 1 •• 58E-0' '.157P.-0' 1.151!-01 1.'S5!-01 1.'501!-0' '.1)1t!-01 '.080!-0' '.1I02!-o2 
11.1'21':-0) 1I.800!-0] 1I.800!-0] lI.eGO!-O] '.800!-0) 1I.800l!-0) 1I.800!-0) 1I.800l!-0) 1I.800!-0) 1I.800P.-0] 1I.1981!-0) 1I.19111!-0) 
J.0)5! 011 1.'~'! 011 1.0)'Z 0'1 J.185! 0] 7.0)1! 02 8.11,!-0. 5.111!!-" 0.0 0.0 0.0 0.0 0.0 
6.522!-02 6.5)2!-02 6.532P.-02 6.512!-02 6.5321!-02 6.53211-0J 6. 5U!~02 6.5]11!-02 6.5)01!-02 6.52U-02 6.512!-02 6.'''1!-02 
'.511! 011 1.5"! 011 1.506! 011 '.1I06! 011 1.253! 011 7.'01l! 0) '.511P. 0] 1.516! 01 '.51)!-06 1.5681!-26 0.0 0.0 
'.'95! 011 '.'SII! 011 '.1I25! 011 1.))0! 011 '.18S! O' 1.'71! 03 '.lt921! 0] '.1I91! 01 1.1188!-06 '.lt8]1!-26 0.0 0.0 
1.581! 05 6.S"! 011 2.66'12 011 1.8'11! Ol 2.'S6! ot ].'88!·01 0.0 0.0 0.0 0.0 0.0 0.0 
1.592! 05 6.502! 011 2.669! 011 '.8111! 0] J.1S6! 01 ].9881!-01 0.0 0.0 0.0 0.0 0.0 0.0 
1.902! 03 1.8021! ot 3.20]! ttl 2.2'6e 01 2.5811')-01 1I.186!-'" 0.0 0.0· 0.0 0.0 0.0 0.0 
2.068! 011 1.65511 O' '.21'! 011 5.15'! 0] 1.5]'! OJ 1.185! 00 1.213!-08 0.0 0.0 0.0 0.0 0.0 
5.702! 01 5.1111! 01 5.100l! 01 5.51'! O' 5.)10! 01 1t.626! 0' 2.1115! 01 6.116! 00 ).3J6!-02 '.1'01t-08 0.0 0.0 
1.'''1! OJ l.l83! 03 1.21S! 0) '.OO'! 0) 6.690! 02 •• .J)]I! 02 1I.65J!!-0' 1I.592!-08 0.0 0.0 0.0 0.0 
9.6eO! 02 8.]181! 02 1.251! 02 lI.l0'! 02 2.28)! 02 1.269! O' 5.'1I11!-01l '.II'2!-16 0.0 0.0 0.0 0.0 
'.5101t 06 1.'1I0! 05 '.121! 05 6.92)! O. 1I.665! 011 2.612! O' 5.0'1I! 0) 5.1I"1! 01 J.3)1! 00 J.28111t 00 3.218! 00 ).0)9, 00 

1. 998! 07 ).'1I9! 05 '.12!! 05 6.92'! 011 '.666!! 011 2.61)! 011 5.0"1t 03 5.1I'1I!! 01 ).3]11! 00 ].2811! 00 J.2'&! 00 ].039100 
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PII210 
PP2111 
81210 
8121' 
P0210 
P021 .. 
P0218 
.. 222 
Jl226 
f B210 
fH21 .. 
1123) 
Pall ... 

UUII 
U216 
U218 

lUll 
..219 
pU218 
PU219 
PU2110 
PUll 1 
PUlil2 
All 2111 1 
I IIlIi 1 
CII2112 
C III II .. 
SOIl'fO! 

fOnt 

TABLE F.3E. Curies of Heavy-Element Isotopes in a BWR Assembly 

DlSICIlUGE 1. II 5. II to. fB 30. ,. 100. 'I 300. ,. 1000. 'B 3000. ,. '0000. ,. 30000. " 

2."1E-'0 3.1591-10 5.1111-10 1.8161-09 1.1201-09 1.01lE-07 2.2"51-06 3.1'''1-05 ..... 0 •• -0. 1.2111E-OJ 
2.9951-0' 5.112E-09 1.91121-09 2.0')1-08 ~.'911-08 3.7101-01 1.91111-06 1.8)31-05 •• 1101111-0' 3.2"1-0J 
2.'281"0 J.1611-10 5.7)91-10 1.816'-097.12'1-09 1.03)1-07 2.211151-06 3."'1-05 ' •• 0.1-0. 1.21111-03 
2.9951-09 5.1321-09 7.9'21-09 2.0'lE-08 5."'7t-08 3.7101-01 1.91131-06 3.8111-05 ' •• 0111-0' 1.2"1-0) 
1.11651-10 2.91121-10 11.5921-'0 I.S1se-09 7.UII-09 1.0lll-01 2.2"51'06 1.1"1-05 .... OU-OII 1.21I7E-0) 
7.6831-09 5_1121-09 7.9.21-D9 2.0'11-08 5."'1-0& 3.7'01-07 1.9.)1-06 1.83)1-05 ' •• 0.1-0. 1.2"!-01 
2.9951-09 S.112!-09 7.91121-09 2.01111-08 5 •• 971-08 1.7101-07 J.9')1-06 ).'))1-05 '.110111-011 1.2.71-03 
2.9951-09 5.'121-09 7.91121-09 2.0'11-08 5.11971-08 1.1101-07 1.9.11-06 1.81)1-05 ' •• 011.-011 ).2.71-01 
2.9911-09 5.1121-09 7.9'21-09 2.0ll1E-OS 5.'971-08 1.1101-01 1.9113,-06 1.8131-05 11.110'1-0. 1.2'71-0J 
it. 1611-06 5. 7161-06 1.2711-06 1. 1991-05 2.0001-05 5.ll81-05 1.89U-0f! 6.5201-0' 2.11161-0) 1.1I171-OJ 
5.S16'-02 5.8121-02 5.S1lB-02 5.8'21-02 5.8121-02 5.8121-02 5.812'-02 5.8121-02 5.8121-02 5.8121-02 
'.21111-02 1I.II'SI-02 .... 501-02 •• 11621-02 11.11991-02 11.7751-02 6.1611-02 9.6JOI-02 1.5821-01 1.8681-01 
5.8611-02 5.8121-02 5.8131-02 5.8121-02 5.8121-02 5.8121-02 5.8121-02 5.8121-02 5.8121-02 5.812.-02 
1.18111-01 1.1921-01 I.S01E-Ol 1.8281-01 '.8701-01 2.0251-01 2 •• '11-01 2.813.-01 2.9.21-01 2.9291-01 
1.B521-02 ).S521-02 3.8521-02 3.85)1-02 3.8~1I1-02 1.8591-02 ).8161-02 3.9251-02 '.087.-02 '.'901-02 
5.8121-02 5.S12.-02 5.S121-02 5.8121-02 5.8121-02 5.S121-02 5.8121-02 5.S12!-02 5.812!-02 5.S121-02 
•• 3661-02 •••• SI-02 ' •• 501-02 '.~621-02 •••• 91-02 '.71SI-02 6.16)1-02 9.6)0!-02 1.582!-01 1.8681-0' 
2.6]0106 2.2501 00 2.250! 00 2.~'91 00 2.2'81 00 2.2"1 00 2.2l01 00 2.1901 00 2.0551 00 1.115100 
2.885102 1.1]01 02 3.1!!81 02 ].0991 02 2.9811 02 2.5511 02 1.'SII 02 ).1101 01 1.5011-01 1 • .o78-01i 
5.161! 01 5 •• 11. 01 5.']11 01 5.~)0! 01 5.')01 01 5.'271 01 5._"1 01 5.)S71 01 5.lS51 01 5.00'1 01 
8._811 01 8.11821 01 8.118)1 018.'851 01 8.'8811 01 S.1I901 018." __ 1 01 S.27)1 01 7.700101 6.2131 01 
2.01910' 1."'51 011 I.S5111: O~ 1.60SI 011 1.2681 O' '.90n 01 1.7681 02 1.582£-02 2.ll51-0) 2.0098-0) 
2.10S!-01 2.1088-01 2.10SI-01 2.7081-0' 2.7081-01 2.7081-01 2.7081-01 2.7078-01 2.10'1-01 2.69'1-01 
2.267101 5."91 01 S.1I71' 01 1.6721 02 2.1998 02 5.2851 02 6.19111 02 '.5'21 02 1.'811 02 6.0]0100 
2.2'SI 00 2.2501 00 2.250' 00 2.2.9. 00 2.21181 00 2. ~"I 00 2.2)OE 00 2. 1901 00 2.0551 00 1.1151 00 
6.199101 1.1201 0) 2.1991 02 ).]OSI 006.5131-01 5.9111-01 '.1111-01 1.1)21-01 7.1151-ol 7.8081-01 
1.S95! 02 1-8211!. 02 1.1561 02 1.56'i1 02 1.2921 02 6.00911 01 11.1111 00 1.91121-0) •• U8I-15 0.0 
2.651806 2.1"B 0_ 1.95111 Oil 1.686! O' 1.15'10' 5.8978 0) 1.09]! OJ 6.2771 02 2.8lJI 02 1.2l1ll1 02 

1.87111-02 6.5501-02 
1.""-02 6.5501-02 
1.87118-02 6.5501-02 
1.8711.-02 6.~~08-02 
1.8UI-OZ 6.5501-02 
1.8'",-02 '.5501-02 
I.S7111-02 6.5501-02 
1.8711!-02 6.5501-02 
1 •• '111-02 6.5501-02 
2 •• 081-02 '.5091-02 
5.8121-02 5.8131-02 
1.8161-01 1."'1-01 
5.8121-02 5.8131-02 
2.8'31-01 2.158!-Ql 
5.1981-02 6.1'91-02 
5.8121-02 5.8111-02 
1.8761-01 I.R6111-01 
9.09_'-01 1 ... a51-01 
2.5811-20 0.0 
11.12-1 01 2.)5J! 01 
1.0601 01 3.9161 00 
1.117!-0) 2.0818-011 
2.6601-01 2.56.1-01 
1. 1998-0J 2.0811-0' 
t.O'.I-OI 1."a51-01 
1.0101-20 0.0 
0.0 0.0 
1.S01. 01 2.'561 01 

5 •• 7 •• 06 2.1.61 O. 1.9551 O' 1.6871 O' 1.]511. O. 5.8991 01 1.09'1 OJ 6.2821 02 2.81111 02 1.2JII. 02 1.S06. 01 2.91JI 01 
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TABLE F.3F. Grams of Fission-Product Elements in a PWR Assembly 

01 !!C"""I! ,. !II 2.11 ~. '" '0. III ]0. '" '00. 'I 100. ·'11 '000. '" 1000. III 'OOGO. I' lOGOO. I' 

2.6"11-02 2 •• '.11-02 2.'51!-02 '."'!-02 '.50211-02 1.1I65!-0] ' •• ,11!-05 '.200!-0' 1I.1I5'1I-2? 0.0 0.0 0.0 
1I.']'!-05 1I.']'!-05 1I.,]1!-05 8.',1!-05 1I.9)1!-05 8.')'!-05 8.')'1-05 11,"111-05 8.')'!-05 11.9,111-05 1I.']1!-05 11."11-05 
6.8'511-05 6.8958-05 6.1I'5!-05 5.119511-05 5.8'511-05 5.119511-05 5.119511-05 5.119'!-05 5.119)1I-0~ 6.1I'0!-05 6.1178!-05 6.1115!-05 
'.2'2!-05 '.2'2!-05 '.2'2ft-05 '.2'2!-05 '.2"!-05 '.2e8!-05 '."118-05 '.'5'8-05 '.Ol'!-o~ 11.1]]11-06 ).6'6!-06 ).2'8!-01 
7.2'J'I!-U 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ,., ,., 
2.6"1!-'0 0.' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 G.O 0.0 0.0 
2.32'11-0' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 G.O 0.0 0.0 
~2731!-05 '.113B-01I 1.11!!-01l '.1')!-01l 1.1']!-08 1.1']11-011 1.11]!-01l 1.711!-08 '.1')!-01l 1.1"1-08 '.1')!-01l '.11)!-01l 
1.1'11!-05 •• 09311-01 1.0'!!-01 1.09]!-01 '.0']!-01 1.0'!!-07 1.0,)!-07 •• 0'!!-01 '.09]I!-G7 '.0"1!-07 •• 09]!-01 1.0'!I!-o1 
3.0'7!-0' 1.015!-0' 1.0ISS-G' ).015~-0' J.015!-0' 1.015!-0' 3.0'5!-0' 3.0'5~-0' J.0'5!-0' ].015!-o1 3.0'5!-0' J.015!-0' 
'.118!-02 '.22'!-02 9.2298-02 '.2298.02 '.22'8-02 9.229!-o2 '.229!-02 '.229!-02 9.22'!-02 9.22'!-02 9.2291-02 '.229!-02 
2.591111 0' 2.5'''! 0' 2.5'~! 0' 2.5'1I! 0' 2.5'8p. 0' 2.5'1I! O' 2.5'1111 O' 2.5'111 0' 2.5'5! 0' 2.511911 0' 2.5701! 0' 2.52111 O' 
'.990! 00 , •• 818 00 '.'II~ 00 '.981! 00 '.'III! 00 '.'1158 GO '.,81! 00 '."2! 00 '.00'8 01 '.00111 01 1.0251! 0' '.O?J! 0' 
'.7031! 02 '.695! 02 '.1I891! 02 '.51211 02 '.5~0! 02 '.608! 02 '.5'28 02 1.591! 02 '.5"8 n 1.5"! 02 1.5"8 02 '.5"1! 02 
1.51211 02 '.57'! 02 1.5115! 02 '.50]! 02 '.625! 02 '.668! 02 '.68'! 02 '.68~ 02 '.61111! 02 '.6111.02 '.6111' 02 '.6111! 02 
1.2"! 02 1.0291! 02 ).'708 02 3.1I02s 02 J.51'1! 02 2.791! 02 '.1I211! 02 1.620! 02 1.61'! 02 1.5'9! 02 '.619! 02 1.61'! 02 
2. ''''I 02 2.101!! 02 2.t05! 02 2. 'OS! 02 2. J05! 02 2. lOS! 02 2. 105! 02 2. 1058 02 2. '05! 02 2.105! 02 2. '05! 02 2.105! 02 
1.63'! 0] 1.621! 03 '.6308 OJ '.61111! OJ '.672! OJ '.1_1! OJ t.8'''! OJ '.1I65! 0] 1.&658 OJ 1.1161! OJ '.II6)1! OJ 1.1158! 03 
1.797! 01 7.1I'5!-09 I.Uoe,,02 '.lI86!-OJ J.0961!-0] 7.']61-01 2.11)7!-02 7.J26!-02 2.1261!-01 1.258!-01 2.1112! 00 7.111 I! 00 
1."85ft 03 '.5]3! OJ 1.5J5! OJ 1.5]5! OJ 1.5J5! 0) 1.5]5!0) '.5J5! 0) 1.5]5! 0] 1.5358 0] 1.535! 03 1.5351! 0' 1.5)5! 0' 
J.57111 02 ].5'1II! 02 J.591! 02 3.59"! 02 ].591! 02 ).591! 02 ).59]1! 02 J.5'O'e 02 3.582! 02 ).559! 02 J.IIU! 02 '.2581 02 
1. lOll! 03 1.01lll! 0) '.021!! 0) 1.001! 0] '.OO5!! 0] 1.005! 01 1.005! OJ 1.005! OJ 1.006! 0) 1.00tl! OJ 1.0161 QJ '.0)1I! OJ 
'.966! 02 2.175! 02 2.11S! 02 2.11'511 02 2.175! 02 2.175! 02 2.175! 02 2.175! 02 2.115! 02 2.n5! 02 2.n5! 02 2.1758 02 
5. 525! 02 5.91U 02 6.HO! 02 5.28U 02 5.J071! 02 5. Jell! 02 6.JOII! 02 6.301l! 02 5.'0l! 02 6.]Ol! 02 6.1061 02 6.l01t! 02 
J.5II1! 01 3.S13! 0' l.5llB 01 l.52t1! 01 3.5211! 0' J.528! 01 J.528! 01 J.52111! 01 J.52'! 0' 3.5JI! 0' ].5)911 0' ).550! 01 
1 •. 8II1! 01 11.92911 0' I.']II! 01 1.912S Of I.!ln Of 1.']6! 01 1.9UI! 01 I.']]! 01 I.']]! 01 I.'JJI 01 11.9]]' 01 1.']]11 01 
'.05fiB 00 1.UII! 00 1.U!! 00 1.'1I! 00 1."1! 00 1.21O! 00 1.2~1! 00 1.2)1I1! 00 1.UII! OO·I.2]U 00 1.238! 00 '.2,1I! 00 
".1112t 0' "_U'! 01 II.,,:;!,! 01 1.12I1! Of I.Ul! 01 I.U,! 01 I. 1Hz 01 I."'! 01 lI.un 01 1.0911101 1I.0J9! " '.tI!!lI!" 
1.1165! 01 1.,"! 0".2]6! 01 ,.on! 01 II.''''?! 00 II.I'''! 00 II.I)'! 00.1I.132! 00 8.1132! 00 11.11121 00 8.1)21 00 tI.l)2! 00 
2.2'0! 02 2.1t1'5! 02 2.1'!! 02 2.2'61! 02 2.22'! 02 2.2JI! 02 2.235802 2.2)'5! 02 2.2J51! 02 2.237! 02 2.2')! 02 2.2SI!! 02 
1.'06! OZ '.082! 02 1.0tl]! 02 '.08]! 02 '.OS)! 02 1.08JB 02 1.08JI 02 1.0!!!! 02 1.0IlJ! 02 1.011)102 1.08J! 02 1.0tl2! 02 
2.1116! 03 2 .... 6B OJ 2 •• · .. 5B OJ 2.1t15! OJ 2.116! 0) 2.11116! 0) 2."16! OJ 2.116! 0] 2.11161! OJ 2.U6! OJ 2.lIn OJ 2.u78 " 
1.26'! 01·1.216! 0) 1.22!! 0) '.170! OJ 1.10tl! 0) '.115! 02 1.231! 02 6.585! 02 6.67'! 02 6.5111! 02 6.6751! 02 6.665! 02 
6.381Z 02 6.571Z 02 5.8098 02 7.JJ9! 02 1.951! 02 ,.5'''1! 02 1.'1I'! 03 1.215! OJ 1.Z35! OJ '.236! OJ 1.2)6! OJ 1.2)11! OJ 
5. 6211! 02 5.61]! 02 5.Ul!'! 02 S.6U! 02 5.6U! O} 5.fU! 02·5.61]! OZ 5.6U! 02 5.6,,! 02 5.6nl 02 5.6UI! 02 5.6n! 02 
1.2!l5! OJ ,- '611! 0) 1."Z6! OJ 1.09ll1! 0] 1.0911! 0) 1.096! 03 1~096! OJ '.096! OJ 1.0"! 03 1.096! 0] '.0961! 03 '.09611 OJ 
5.00J! 02 5.151! 02 5~;51!'! 02 5. 151! 02 5. 151! 02 5.'511! 02 5.'511! 02 5.'51! 02 5.'51! 02 5.1511! 02 5.1511! 02 5.151! 02 
I. 675! OJ 1.781! OJ '.8261! OJ '.851! 0' 1.856' 0) 1.855! OJ '.tlS6! OJ 1.tl56! OJ 1.1156! OJ 1.11568 OJ 1.1156! OJ 1.1156! 0) 
6.66J! O. 5.215B 01 1.001! 01 '.1I12ft 01 1.1I]51! 00 2.1511!-02 2.2711!-'0 0.0 0.0 0.0 0.0 0.0 
J.J50! 02 J.526! OZ ;.611! 02 J.~I! 02 J.'95! 02 I.OJ_ft 02 1I.012! 02 J~'85! 02 J.'7.! 02 J.,,9.02 J."" 02 J.97'! oz 
7. 511 II! 01 ?25I1ft 0' 1_05511 01 6.56)! 0' 5.0'1I! 0' 5.3'~! 01 5.165! 01 5.51'! O' 5.~'2! O' 5.6'21 01 5.5'%! 0' 5.6'2! 0' 
).~2J! O. 1.006! 01 1I.2'J! 01 1I.120! 0' 5.211,! 0' 6.086! 01 6.255! 01 6.256! 01 6.256! 01 6.256! 01 6.256! 01 6.2568 01 
'.211! 00 1.,,11! 00 1. 172! 00 1.'72! 00 '.172800 1."2! 00 '.'721! 00 '.'72! 00 1.1?2! 00 '.,721! 00 1.112! 00 1.17Z! 00 
5.900!-01 6.)211!-01 6.])9!-01 6.]I"!-01 6.]IO!-0' 6.JIO!-01 6.)IIO!-01 6.31011-01 6.)1O!-01 6.] .. 0!-01 ~.JlO!-01 6.!1O!-01 
6.J03!-02 6.296!-02 6.296!-02 6. 296!-02 6.2'6S·02 6.295!-02 6.2'38~02 6.286!-02 6.26'ft-02 6.2'"11-02 6.2)3ft-02 1I.2])!-02 
2.5111!-02 2.511!-02 2.~].1-02 2.5'"Z-OJ 2.5)1!-02 2.5J5!-02 2.5]l!-02 2.511!-02 2.561!-02 2.5115!-02 2.5961!-02 2.597!-02 
2.717!-05 2.5711-05 2.5221!-05 Z.5011-05 2.19'!-OS·2.19,S-05 2 •• '9Z~05 2.""!-05 2.1'9!-05 2.'''11-05 2.""!-05 2.1"!-05 
'.972!-06 1.210!-06 7.72I1Z-06 1.'09!-06 1.'55!-06 1."1!-06 1.'6IZ-06 7."1!·0, 1.9611!-06 1.9611-06 1.951!-06 1.'6It-06 
1.511! O' '.511Z 01 1.511ft 01 1.51'! 01 1.57'11 01 1.51'! 01 1.51'Z Oil '.51,! 01 '.511! Oil 1.51111 01 1.5?'! 01 1.51'! 01 
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TABLE F .3G. Grams of Heavy Elements in a P~IR Assembly 

UISCRlIGi 1. til 2. II 5. III 10. II JO. ,. 100. 'I 100. 'I 1000. II 3000. I. 10000. 'I 10000. 'I 

1.0.'1-0' 1.90JI-0' 2.2281-01 2.8281-01 ).8251-01 8.2111-01 2.16el 00 5.61'. 00 1.19'1 01 1.910101 1.28)1 O' 5.210101 
5.65.1-01 1.2gel-06 1.7961-06 ).0511-06 •• 8))1-06.9.12el-06 1.1611-05 1.58).-0~ 2.2101-05 1.8081-05 1.8111-05 1.19'1-0' 
506"1-13 1.61]1-12 2.8181-12 5.9891-12 8.7751-12 8.1]91-12 •• SUI-12 9.201l-U 9.11"-1) 2.6951-12 9.0211-12 2.6nl·" 
1.0181-07 •• 550'-07 1.1181-06 5.5101-06 1.8021-05 1.8')1-05 2.2101'01 1.6001-0' 5.9661-01 5.0511-01 1.0061-01 1.168100 
1.9061-" '.1921-10 1.9)61-10 ].9161-10 6.010'-10 9.18'1-'0 6.5511-09 ••• 511-01 6.9811-06 2.5811-0. 1.0'51-02 2.0 ••• -01 
2.81)1-11 1.8.11-11 1.5'9£-1) 7.))91-1) ].99)1-12 6.1191-11 ' •• eOI-09 2.05'1-08 2.96el-07 2.1'91-06 '.2121-05 •••• ].-05 
'.8911-20 1.1'01-20 1.1811-20 1.5]'1-20 '.85)1-20 1.0571-20 2.'.11-19 2.2511-'8 1.5011-17 1.210.-16 1.6.51-152.6121·'1 
5.110B-'1 1.51"-12 2.6081-12 5.62'1-12 8.6981-12 1 ••• 61-11 1.8291-11 1.1181-10 8.61.1-09 6 •• 1.1-01 1.7221-01 1.'001-06 
5.0911-1' 2.6151-16 3.'281-'6 5.8591-16 9.8851-16 2.596'-15 8.9221-15 ].9551-1' ).8161-1] •• 01'1-12 '.2901-11 2.166'-10 
8.1901-09 1.9111-08 1.2591-08 8.1981-08 1.9"1-01 1.091&-06 1.1601-05 1.15'&-01 1.1511-03 1.0021-02 5.1.61-02 2.0251-0' 
2.28]1-095.2091-09 8.1111-09 1.6111-08 3.01'1-08 8.1531-08 2.5091-01 1.1011-01 2.]alll-06 6.9151-06 2.26'1-056.'091-05 
50 8151-01 8.6611-0" 1. 15011-0J 2.0011-0] ) •• UI-OJ 9. SUI-OJ ].1'''-02 1.1671-01 11.1251-01 1.)]91 00 11.'601 00 1.2611 01 
1.5011-0" 1.51121-0" 1.5181-011 1.6811-01 1.8591-011 2.5651-0' 5.0121-01 1.21'1-01 ).6111-03 1.06"1-02 3.'11'1-02 9.51161-02 
11 •• ,21 05 •• 1'21 05 11.1121 05 11.1121 05 11.11121 05 11 •• 121 05 11.11'21 05 1.1131 05 '.1.111 05 1 •• ,1105 '.1125. 05 1."16. 05 
2.192102 2.0'61 02 2.0371 022.0"1 02 2.0~61 02 2.1651 02 2.111102 11.0881 026.511.021.6'6' 02 1.1011 02 1.651' 02 
11.18110) 11.2061 0] 11_1811 0] 1.1121 0] 11.0161 03 3.1921 01 3.6)0101 3.5681 01 3."11110] ].111610] 2.)6'1 OJ '.26210] 
5."91 01 8.0621 01 1.0~5I 02 1.7311 02 2.6511 02 '.6911 02 5 .... 111 02 •• 0901 02 1.5101 02 1.5111101 1.6011 01 2.618. 00 
1.11251 01 9.1168 00 8.51111 00 1.'51. 006.1161 00 2.9.'1 00 ).0521-01 9.8)51-02 9.071'-02 1.109S-02 3.5311-02 5.1161.-03 
'.6111-08 2.0921-08 9.11821-09 8.SUI-10 1.61111-11 2.2111-18 6.3221-21 6.2111-21 6.0991-2) So6121-2] e.26I1-21 1.9211-21 
1.6911-081.1]11-08 5.1951-085.8521-08 5.Ii8JJ-0'·S.0921-0Q ".2681-08 2.8911-081.5611-09 2."051-10 11.6621-11 1.lI9I-19 
2.5611-12 2.3281·" 9.25'1-15 5.8811-16 5.9681-1. 6.3051-26 0.0 0.0 0.0 0.0 0.0 0.0 
11.11511 05 1.1151. 05 1I.IIS7s 05 1.11511 05 1.1151, 05 e.1I57S 05 '.1I57S 05 e.151S 05 11.11511 05 11.151. 05 11.11511 05 11.11511 05 
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'" 63 
III 65 
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U '5 
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"89' 
"tI 95 
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TC " , 
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U125 
'111125" 
5,",1'0" 

TABLE F.3H. Curies of Light-Element Isotopes in a PWR Assembly 

I. tfI 2. III 5. 1ft '0. 1ft 10. '" '00. '" 300. TN '000. 1ft ]000. '" '0000. '" 30000. TN 

1. 21'! 02 1.11l1l! 02 1.0115! 02 '.UI! 01 6."'1! 01 2.nn 0' Il.UIl!-OI 5.5221':-06 '.on!-n 0.0 0.0 0.0 
6.115)f1-0' 6.1152!-01 fi.1I51!-01 6.lIlIlIfI-01 6.1I1I'!-01 6.828!-01 6.110£-01 6.6081':-01 6.012!-01 '.lfil!-OI 2.01l'!-01 ,.8"!-02 
5.126!-0] 5.1Z6!-0] 5.126!-0) 5.1Z6f1-0) 5.1Z6!-0] 5.IZ6!-0] 5.125!-0] 5.IZl!-03 S.IISP.-O] 5.0'2!-0) 5.01)!-0] '.19'!-01 
'.5lZ! 01 '.'65! 01 8.~Z2! 00 6."81!l-01 I.OStI!-02 5.8t!'B-'0 0.0 0.0 0.0 0.0 0.0 0.0 
2.512B 03 I."O! 03 1.50'B 0] 6.1tl2! OZ".188! OZ 8.fi"'B-OI 6.1'3!-0' 0.0 0.0 0.0 0.0 0.0 
3.151B 03 '.062! 0' 2.EO'! 00 6. 150!-05 1."8!-'2 0.0 0.0 O.D 0.0 0.0 0.0 0.0 
3.fi2'! 0] ].'81! 03 2.188! 0] t.818! 0] '.116! OZ 6."'B 01 6.861!-0] Z.'5'!-11l 0.0, 0.0 0.0 0.0 
Z.lltlB 00 2.118! 00 2. 118! 00 2.111! 00 2.111! 00 2.ll1! 00 2."fi! 00 2.112! 00 2.0,,! 00 Z.Ofi]! 00 1."2B 00 I.6]]! 00 
3.061! 02 loU!!! 02 ].Ol5! 02 2.'1I8! 02 Z.8J'PJ 02 2.U2B 02 I.tllt1! 02 3.1"1': 01 1.6n1':-Ol '.6111':-Otl 0.0 0.0 
6. 3'1 II! 01 2.259! 01 B.U1! 00 ].620B-OI 2.068!-OJ 2. ,81B-12 0.0 0.0 0.0 0.0 0.0 0.0 
1.0It'B-01 1.0"'B-01 1.0.'B-Ol 1.0"'B-0' 1.01l'!-01 1.01l'B-OI 1.0"!Z-01 I.OII'!-Ol 1.0"1':-0' I.Oltl!-O' I.0'2f1-01 1.0211-01 
2.t'2! O' '.''''! 02 '.'06! 00 1I.65fi!-05 1.""B-13 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.57fifl-0] I.I81e-02 l.fi7'!-02 2."5B-02 '.1'Sp--02 1I.]25!-02 '."U!-OZ '.'67!-02 ,.,62f1-02 ,.,.8B-02 '.II"B-02 '.15]1-02 
fi.2'2B-Ol 6.2'2f1-01 6.2'2!-01 6.2"!-01 fi.2'OB-01 6.236B-OI fi.220B-01 6.117B-Ol 6.02'!-Ol 5.6251-01 '."3B-0' 2.205!-01 
2."OB Olt ,.It,ltB 02 2.0115! 01 1.1167!-01t 7.5'lfl-l) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.396!-02 1.]'6!-02 1.]'fi!-02 I.l'5!-OZ 1.]"B-OZ 1.)81!-02 1.]6t1B-02 I.JOlfl-02 1.10Ilfl-02 6.'811':-0] 1.l85!-OJ 1.]62!-05 
2.575!-03 Z. 58'!-OJ 2.5891';-03 2.58,e-0) 2.58ge-03 2. 5118!-0 J 2.588!-03 2.5f16!-03 2.580!-03 2.56]!-OJ 2.505!!-0l 2. "n-u 
1t.128! 02 '.568! 01 5.0!"! 00 ~.e"8-0' 1.105!-07 8."'8-27 0.0 0.0 0.0 0.0 0.0 0.0 
'.'2~! 02 •• 565! 01 5.051! 00 6.659!-OJ 1.10"!-07 1I.)]6!-21 0.0 0.0 0.0 0.0 0.0 0.0 
).082! OJ I.O'"! 0) ]~'O2! OZ 1.15e! 01 1.005e-01 1.056!-10 0.00.0 0.0 0.0 0.0 0.0 
I.ae,! 02 2.0,.! 01 2.'''! 00 II. 160e-0) 1t."81t!-07 '.090!-2' 0.0.0.0 0.0 0.0 0.0 0.0 
1.1175! 02 6.'U! 021t.1I00! 02 2.2"'! 02 6.2'5I!l 01 ].9278-011.501!-0' 0.0 0.0 0.0 0.0 0.0 
1.611! 02 1.501! 02 '.1128' 02 5.lt12! 01 1.5Jee 0' 9.589!-02 t.8J2e-0' 0.0 0.0 0.0 0.0 0.0 
5.t!23! OIl 9.082! 03 5.161! 0] ].2U8 0) 1.5115PJ 01 3.U2! 02 1.a02! 02 J.55511 01 '.6'U 00 ].U'! 00 2.'"'01 002.019100 " 

2.010! 05 '.0'81 03 5.16l! 0) 3.2"'! 0] 1.586! 03 ].",It! 02 1.,e2! 02 ].555! 01 ,.fi'6! 00 3.321100 2.,",0! 00 2.01'! 00 
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H 3 
51 79 
III 85 
SI 89 
SI90 

, 90 , 9. 
&a U 
.. 9311 
18 95 
118 95 
'tC 99 . 
IU'03 
la.Ol. 
IU'06 
118'06 
PO.07 
sat:l5 
'11125. 
51.26 
nU6 
5"268 

liZ9 
CSUII 
CsU5 
C5U7 
BAU" 
Ca'tlil 
.It ... 
'11'11'. 
n'"1 
Slt51 
10'511 
10155 
SUll'tot 

'totAL 

I' : t ~ . ) 

TABLE F.3I. Curies of Fission-Product Isotopes in a PWR Assembly 

U1SCHUGI •• III 5. 'I '0. III 10. 'I '00. 'I 300. 'I '000. 'I 10UO. 'I '0000. 'I JOOOO. ,. 

2.5511 02 2."11 02 2.2851 02 1.9291 02 '.11561 02 '.1.61 0' 9.'291-01 1.1611-05 '.5861-23 0.0 0.' 0.0 
1.&881-01 1.8881-01 1.8881-01 1.8881-01 1.8881-01 1.8871-01 1.8861-01 1.8821-01 1.8681-0' 1.8211-01 '.6911-01 '.3111-0' 
... 3671 OJ 11.0951 OJ 3.839& 03 3.1621 03 2.2891 OJ 6.2891 02 6.83111 00 '.6nl-05 3.U9I-25 0.0 0.0 U.O 
3.611'105 2.1991 03 2.,.9. 0' 9.7561-06 2.6'5'-" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1. '931 011 3.11081 011 3.)25£ 011 3.0SlI 011 2.729. O. '.6661 O. 2. ""I OJ 2. U81 01 6.1801-01 2.51191-2' 0.0 0.0 
3.61181 O. 3."091 O. 3.3251 O. 3.0881 O. 2.11010' 1.6611 011 2.9651 03 2 •• 38. 01 6.1821-01 2.5501-2' 0.0 0.0 
".18'1 05 6.11031 03 8.5'" 01 2.000'-0' 8.3081-" 0.0 0.0 0.0 0.0 0.0 0.' 0.0 
'.31121 00 '.3113100 1.3'31 00 ''''llli 00 '.lUI 00 '.31l1 00 •• 3112100 1.3U' 00 '.3112100 1.3110' 00 I.JUI 00 I.JUI 00 
9.11271-02 '.6061-01 2.2321-01 1.9081-0' 6.'281-0' 1.0611 00 1.2121 00 '.2151 00 1.2151 00 1.213. 00 1.266. 00 1.211', 00 
6.891105 1 ..... 51 O. J.027' 02 2.1861-0J 1.1261-11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7.013. 05 3.056. 011 6.1101 02 6.0071-03 2.11281-1' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.095.006.12'1 00 6.12111006.12111 006.12111006.12'. 006.122. 00 6.'1" 006.'0'.006.065.00 5.921. 005.552100 
6.872.05 1."91 03 ' •• S51 009.1101-0' '.1911-220.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.87'.05 1.1501 03 '.'Sll 009.1391-0' 1.1'21-22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.591. OS 1.3081 05 6.58'1 O. 8.4051 01 2.7201 OZ 2.9151-0' 1I.1301-Z5 0.0 0.0 0.0 0.0 0.0 
2.861105 1.3081 05 6.!8II1 O' 8.11051 01 2.720102 2.9851-0' '.1301'25 0.0 0.0 0.0 0.0 0.0 
5.1801-0Z 5.1811-02 5.1811-025.1811-02 5.1811-02 5.1B11-02 5.1811-02 5.1811-02 5.1801-02 5.1791-02 5.1751-025."41-02 
6.8021 03 5.1231 0] •• 1291 03 1.9281 03 5.11'61 02 3.17'1 00 6 ••• 51-0' 0.0 0.0 0.0 0.0 0.0 
1.'39103 '.2"1 0] 1.0081 01 '.1081 02 1.1231 02 8.2'21-01 1.51'1-08 0.0 0.0 0.0 0.0 0.0 
3.571.-01 3.5111-01 3.5171-01 1.5111-01 1.51'.'01 3.5161-01 ].5751-01 1.5101-01 3.5511-01 1.50"-01 3.3181-01 2.905'-01 
5.061102 5.0081-02 5.0081-02 5.0081-02 5.0081-02 S.001.-0Z 5.0051-02 ' •• 981-02 '.9711-02 1.9051-02 11.6711-02 '.0671-02 
2.2811 02 3.5711-01 3.5771'01 1.5771-01 3.5171-01 3.5161-01 3.5751-01 3.5701-01 3.5521-0' 3.50'.-01 1.1181-01 2.9051-01 
1.'221-0Z 1 •••• 1-02 1.'11111-02 1 •••• 1·02 1 •••• 1-02 1~"'1-02 1 •••• 1-02 1 •••• 1-02 1 •••• 1-02 1."'11-02 '."31-02 1."ZI-02 
1.12110' 5.0911 O' 1.6311 01 1.1251 011 2.16'1 OJ 3.0031 00 1.1731·10 0.0 0.0 0.0 0.0 0.0 
1.7111,01 1.1'.1-01 '.1"1-01 1.71'1-01 1.71111-01 1.71'1-0' 1.71'1-01 1.1"1-01 1.71'1-01 1.1131-01 1.1091-01 1.6991-01 
1.7861 O' '.6711 O. 4.5101 O. '.2651 O. 1.80'1 O. 2.3981 O. 4.1851 03 ... 7.31 01 '.7711-06 4.1591-26 0.0 0.0 
~5]71 O. 4.'211 0 •. '.1241 01 '.015' 011 1.5961 O. 2.26'1 011 •• 5261 OJ 4.5251 01 •• 5191-06 '.5021-26 0.0 0.0 
5.517' 05 2~2'OI 05 9.looi Oil 6.501' 03 1.5871 01 1.'0'1-06 0.0 0.0 0.0 0.0 0.0 0.0 
5.6181 05 Z.2901 05 9.8001 O. 6.SO'1 03 1.5871 0' 1.'041-06 0.0 0.0 0.0 0.0 0.0 0.0 
6. 6991 03 2. "UI OJ 1.1281 03 1.8051 0' 9.10'1-01 ,. "'111-08 0.0 0.0 0.0 0.0 0.0 0.0 
5.980.04 '.81110' 3.114104 1.68'1 O' '.11851 OJ 2.280. 01 2.112'-010.0 0.0 0.0 0.0 0.0 
1.131. 02 '.7.91 OZ 1.1]61 02 1.691. 02 1.615, 02 1.4091 02 I.J58. 01 1.881. 01 1.0171-01 3.38J.-o8 0.0 0.0 
'.9021 OJ '.5221 OJ '.11a OJ 3.2751 03 2.1881 OJ •• 3601 02 1.5U. 00 1.5111-01 0.0 0.0 0.0 0.0 
3.2051 03 2.7111 0] 2.'011 0] 1.5561 01 1.5571 02 •• 2021 01 1.10JI-03 '.8081-16 0.0 0.0 0.0 0.0 
~5'81 06 1.0561 06 5.6681 05 Z.1551 05 1.'2'1 os 8.1'" O. 1.53'. O. 1."61 02 1.001.01 9 ••• 7.00 9.641. 009.1081 00 

1.291101 1.0591 06 5.6711 052.1551 05 1 •• 25.05 '.1351 O' 1.53,. O. 1.6'61 02 1.001' 01 9.847100 9.611"1 009.108.00 



 

         

                      

 

 
 
 

 
 

 

 
 

 
 
 

 

  
 
 

 
 
 

 
 
 

  
 
 

 

 

  

 
  
 

 
 

 
 
 
 

  
 

 
 
 
 
 
 

  
 

 
  
  

 

 
 

 
 
 

 
   

 
 

  
  

 
 

 
 

 

 

 
 
 

  
 
 
 

  
 

  
 
 

   
  
  
   
  
  
  

  
   
  

  
  
  
  
  
  
  

     
     
     
     
     

  
     

     
     
     
     

    
    
    

     
    
     
    
    
    
    
    
    
     
    
    
    
    

        
     
         
         

    
     

       
         

    
    

         

                       

." . .... 
N 
\0 

'1!2to 
n2111 
.,Uto 
8t2U 
p02tO 
'021' 
'0218 
111222 
1tA226 
TII210 
'fll2)" 
PA23J 
PR2)1I" 
lUll! 
"2)6 
"238 

"Ul1 
1P239 
,.,238 
PU2)' 
P02"0 
Pl2'" 
P02.2 
In211t 
",,2.J 
CII2"2 
c"211" 
SUI'ITOT 

TC!IIL 

TABLE F.3J. Curies of Heavy-Element Isotopes in a PWR Assembly 

OlscnllROI! •• 7ft 2. fR 5. !It 10. 'R 10. f~ '00. '" JOO. '" 1000. 'I! JOOO. 'If '0000. 'If 30000. 'I! 

2.206!-10 '.882!-10 9.)~6!-10 1.~'6!-0' '.190!-08 2.856!-01 6.118'!-06 '.25'!-05 '.J]6!-0] '.,tll!-O] 5.1]3!-OJ J.003!-Of 
5.81]!-09 1.10"!-08 1.8'"r-08 5.t'1!-08 f ... 51!-01 '.01l.!-06 1.'.5!-05 '."2!-01l '.J36!-0] ,.,tll!-O] 5.1]3ft-OJ 2.003!-01 
2.2211-10 11.8858-,0 9.1I00E-'0 ]."lr-09 '.19t!-08 2.856!-01 6.1189!-06 9.25'!-05 t.J16!-0] 9.""!-OJ 5.1]]!-0! 2.00]!-01 
5.813!-0' ,.'01l!-08 '.8111!-08 5.1ur-08 ,.1151£-01 t.OII1!-o6 '.1115!-05 t.,IIJr-OIl '.UII!-O] '.""!-OJ 5.1U!-02 2.00Jl!-0, 
t.2]51!-tb 3.363!-'0 6~81121!-'0 ].2I1'!-09 f.19'!-08 2.S56!-01 6.1189!-0& '.259!-05 '.J36!-03 '.91.!-OJ 5.113!-0! J.003!-01 
8.320!-09 •• tOI!-08 '.8ur-08 5. UJ!-08 1.1511!-01 '.0II11!-06 '.'"5!-05 1.1t2B-0II '.336!-OJ , •• ll1e-OJ 5.1UB-OJ 2.00ll!-0' 
5.813B-0' t.tO'Z-08 1.81IB-08 5.tt3z-08 1.'S1!-01 1.01l'B-06 '.'''5!-05 '."2!-01l '.JJ6!-0] 9."'8-0J 5.13J8-02 2.003!-0' 
5.8118-09 ' •• 0IB-08 '.8'"Z-08 5."3!-08 '.151r-Ol '.01l.Z-06 t.tIl5!-05 1~'.2B-OII '.]]6!-0] 9.91118-0) 5.1338-02 2.00J!-0' 
5.IIU!-09 ' •• 018-08 '.8tlfl!-08 5.1U!-08 1.1151!-01 '.01l.!-06 1.'"S!-OS '.1"211-011 I.Un-OJ '., ... !-OJ 5.UlE-OJ 2.00Jl!-0' 
'.1118-06 1.1I'1!-05 1.865!-05 ].221!-05 5.538!-05 1.5388-011 5.5611!-01l •• ,60!-03 1.J58!-03 2_26119-02 1.368!-02 '."0!-01 
1."5J1!-0' t."51!-0' '.1I52~-0' t.'511!-0' '.1I5,.!-01 t.1I511!-0' 1 •• 511-0' '.II51!!-01 1.11511!-01 ,.1I5'e-01 1.1151e-01 '.IIS1!-01 
1.]1I8!-01 1.1I16!-01 ' •• 3fiB-01 1.'"0!-01 1.1150!-01 1.526!-01 1.9111!-01 2.88]!-0. 1I.613!-0' 5.1111!-01 5.']5!-01 5.II00!-01 
1.1112!-01 1.115'!-01 1.fI'52!-Ot t.1I51B-01 '.IISIr-CH '.n.z-o' '.'51!-0' '.1I51!-Ot t .. I151!-OI 1.1"19-01 1.115t!-01 1.8"!-01 
5.t25!-01 5 •• 5 .. !-0' 5.t8!!-01 5.212!-01 5.1115r-01 5.')5!-01 1.2).1-01 8.II'1!-01 9.008!-01 ".'6e!~1 8.821!-Ot 8."'9!-01 
1.'59!-01 1.159!-01 ,.'S,)!-01 1.160!-01 1.160!-01 '.161!-01 1.166!-01 1.180!-01 1.2251!-01 1.J37!-01 '.5'0!-ot 1.1"2-0' 
1.IIS1!-01 '.11511-01 1.11511-01 t.II"!-O' 1.IIS'!-0' '.1I51!-0' '."'!-O' '.1I51!-01 1.115'1!-01 1.'518-01 1.1151!-01 1.115111-01 
1.IOJ!-01 1.1136!-01 1.1I16!-01 1."0!-0' 1.'50!-01 1.526!-Ot 1."11!-01 2.881!-01 11.6138-0' 5.1113e-Ol 5 •• 15!-01 5.1I00!-01 
9.2]61! 06 1.6J1! 00 1.63OB 00 1.6l8! 00 1.62~! 00 1.511! 00 1.563! 00 1.121! 00 6.911! 00 5.815! 00 ].0811! 00 5.036!-o1 
9.832! 02 1.0511!OJ '.061! OJ '.01l0! OJ 1.001! OJ 8.5611! 02 1I.910e 02 1.052! 02 II.8611!-01 ".56'e-06 6.1111!-20 0.0 
1.1I00!! 02 t.1I2"1! 02 '.1I21i! 02 1.121! 02 '.1I211! oz·' 1. 112J! 02 '.12t! 02 1."13! 02 1.181! 02 1.3111! oz 1.08l1e 026.2011 01 
2.358! 02 2.15"! 02 2.3591! 02 2. J601! 02 2.3618 02 2.1U! 02 2.]52! 02 2. 105! 02 2. 1 lIS! U '.1117! 02 8.525! 01 I.",..,! '"~ 
5.136! O. 5.1I10! 011 5.2'6! 011 1I.52"! Oil 1.568! O. '.]SO! 011 1I.9151! 02 1I.15"!-02 '.581!-03 8.'031-03 ".5058-0] 8.1I'91!-01l 
ft.2,8!-01 8.2'5!-0' 8.J95£-01 8.295!-01 e.2.5!-01 8.2911!-01 8.2"!-01 8.291!-01 8.28'!-'" ".2518-0t 8.'"l!-0' 1.855!-0' 
5.015! '" t.]'1! 02 2.211,! 02 1I.561! 02 1.1'0802 1.1I111! OJ t.1JI! OJ '.269! 03 1I.'39! 02 '.685! 01 1I.1]1I!-OJ 8."'!-0' 
1.621! 00 1.6J'! 00 1.6]OB 00 1.62ft! 00 1.6251! 00 1.611! 00 1.56]! 00 1.1121! 00 6.91t! 00 5.8'5! 00 3.oe'l! 00 5.0J6!-01 
1.1"3! 011 ].113! OJ 1.!61! 02 9.0201! 00 1.55'! 00 1."U! 00 1."26! 08 lI.n)!-o, '.69"!H'J 1.859!-OtS 2.5116!-20 0.0 
1.09'! 02 6.821! 02 6.510! 02 5.851! 02 ".816! 02 2.2"! 02 1.5111! 01 1.268!-0] 1.651!-111 0.0 0.0 0.0 
'.31]! 06 6.068! 0lI 5.529!l O. ".112! 011 J.8]]! 011 1.616! 0' 3.U1! 03 1.1611! 0] 1.1I"1! 02 J.JII1I! 02 2.038! 02 1."'! 0' 

'.932! 0' 6.06'! 011 5.!]0! 011 lI.l1J! O. ].8]1I! Oil t.616! 011 J.1110! 03 1.165! 03 1.""8! 02 ].J81! 02 2.0lI0! 02 1.'18! 0' 
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r APPENDIX G 
GRAPHICAL RESULTS OF HYDROLOGIC 

AND TRANSPORT SIMULATIONS 

This appendix shows the output from the VTT hydrologic model, and shows 
the plots of concentration versus time for the geotransported radioisotopes as 
simulated by the MMT model. The scenarios used in this appendix are: 

PIR1, base case, times 200 and 1000 (Scenario 1) 
PIR2, East Texas field removed, Sabine discharge (Scenario 2) 
PIR3, East Texas field removed, Big Cypress discharge (Scenario 2) 
PIR4, well scenario (Scenario 3) 
PIR5, PIR2, but lower Kd values (Scenario 4) 

G.1 



        APPENDIX G.1 AND G.2: OUTPUT FROM VTT HYDROLOGIC MODEL 

G.2 
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TABLE S.l. Printer Map of Model Results for Sabine-Big Cypress 
Bayou Discharge. Model generated aquifer potentio­
metric surface eft MSL) 

.................................................................................................... 
I , J • , • , • • t. I. ., .1 •• ,5 ,. .' •• " ,. ,. " " " " 

.n u • .,. u' 
.,. '5' •••• , •• s, .s •••• ·.s. .s. ." .,. ... '" .s. ..1 •• , ••• ••• lSI 

., . 
.,1 III 

.,. .n ue 

.se ." ." 

.,e 'U ',f '" 
.S ••• , .SS •• 1 ." 

lSI., •• ,S •• , '" J" 

'" ., •••• 'IS "1 ., • •• , .e •• ,. '" •• , .,. .,S .,, ., •• , ••• , •• 6 , •• , •• ,., 

,.' .S. "5 ••• • ,, •• , •• , •• , ••••• , •• 1 ", •• 1 •• ' ." ••••• 1 ". ,., , •• Sl. ", 

'e. .S' •• , I" •••• " II ••• , •• , •• , I.' •• , I ••• e, '" I •• ,., '.','1. Srr ". S •• 
a.. .SI •••• ,f '" •• , ", ••••• , ,., ••••••••• '" ,., I •• , •• Ja. , •• "I ", '.T ,.S 

••• ., •• s •• ,a •• , ••• 'IS ••• '.2 ,., I'! , •• I" '.1 ••• 'I' ,., 'I. 'TT ", I •• ,., ,., 

a,. as. aI' ." •••••••••• ,' , •• ,., , •• , •• , •• , •• 'I' Jlr , •• '" 'fl 'f' '7' ,., , •• '5' 
••• .,. ,., '.1 , •• I •• ,r, '12 ,., II. III SII ,.. , •• ,., 'II , •• ,r. 'f' '"~ , •• ,., ,.. ". 
'S. ., •• " ••• ", ,r. , •• ". I.. .., 'T' 'T4 ,T' I" ", 'T' ", ". .T. '6' , •• l6S 'S' IS. 

••• .~~ •• , ••• , •• 'T. S •• '6' 16' I" I" ,., ". I" '"~ ", ", Ir. , •• ,., , •• , •• 'S' 'S, 
.,. .,~ ." ". I •• ", J •• ,., J'5 IS' I., ,.5 ,.T , •• I •• , •• , •• , •• ,., '6' ,s. 'Sl , •• 

• ,. .~. sr. 1.2 ,.,.", I •• ,s' ". '5' ,.P. '.S , •• ,.S ,.S , •• ,., I •• IS. '5' 'S~ I •• 

'.. .s. '" ••• ,.5 ,.e 's, 's. ,., , •• I •• I •• ,., 1., ,., '" 'S7 IS. lS, 1., ,., 

••• 1511 ., •• U ". 113 In .71 I •• ,., '" ,6l 'U ,.,1 IS" "6 lS' lSI 14f ,U 'I' 
s.. .~~ .~, "8 ')1 ••• a., ._. , •• ". '" I.' ,., , •• I,r lSS 15' 'SI , •• I') '" ,,1 

I.. aSI .,. "1 'S' •• , •• , ••••••• ,. ,.S ", , •• ,., '" "S 152 la' I.' I.' '.1 ". "I .r. '5' •• 5., ••• , '9' •• , I •• ,.a·4SS '" ,r, I" '5' ISS lSI '" ,., ,., '" I" 11. II. 

". Sa ••••• ,. ,., ", 1.' '" lSI I" I.' la. I" 'S' 'II II' ,,. 
I'. '.1 , ••• ,' •••••• I •• II. IS' '5. ,.T , •• "I III 1,5 ISJ ". ". ", 
I.. 'WI ., •••••• , .,. I., 'T' II' 'Sl ,., , •• '4. ,,1 ". '12 II. I" i24 ,,. 

I'. ", .,. 'S' ", '" I •• ". '61 'S' , •• , •• ,., ", ,J' IJ. I" 12S "I It, I.' 

". 'I' 'S •• , ••• S •• Z , •• 1" 16' IS. ,S, , •• I •• ", ". 'II "6 ,.' '" , •• I.f "S 

I.' .'S "1 •••••• SI. 'f' 'f. 16. lSI , •• J" ,., I" IIJ ". ,,. '" I.' "1 '" ,., ,., 

J,' .t. I" S •• ,., '" 1.1 I •• lSI' •• , •• , •• '" I" ". '" ", I •• 'I' 'I' ". 'II , •• 
... Ita sn In 16. I •• SS. '" IU .1" ,n III lit 125 IU 'II ,.S '11 ,n lie I •• '.f I.. If' ,., , •• 'S, J •• I.' J,' Sl' 'I' , •• '2t JI. 'II ,.S "I •• ' sa. 'I' , •• 116 

'f. " •• S. J,' Jt, JI' 'S. '" 117 I" '2' 'a' , •• I ••• ,. S" 1.6 S., I •• 'I. 

's· ,e, '" "1 ". 'IZ 'i' liS 'ZI 'I' , •• 1" I •• , •• , •• 'I' 'IS 'II '12 J.z 
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TABLE G.2. Printer Map of Model Results for East Texas Oi 1 Field 
Area Discharge. Model generated aquifer potentiometric 
surface (ft MSL). 
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APPENDIX G.3: OUTPUT FROM MMT TRANSPORT MODEL 

Scenario 1. Base Case. Discharge in the East Texas Oil Field. Release 
at 200 years and 1000 years. Simulation runs PIR1. 
(Concentration versus time) 

Pages G.14 through G.12 show concentration relationships 
between 200- and 1000-year releases. Pages G.22 through 
G.39 are concentration versus time plots for 200-year 
releases. 
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Scenario 2. Base Case. East Texas Oil Field removed from hydrologic model 
Discharge points in the Sabine River and Big Cypress Bayou. 
Release at 200 years. Simulation runs PIR2 and PIR3 are for 
Sabine River and Big Cypress Bayou, respectively. 
(Concentration versus time) 
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Scenario 3~ Well pumping case. Well located 6 km from salt dome. Release 
at 200 years. Simulation runs PIR4. (Concentration versus 
time) 
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Scenario 3. (contd) Well pumping case at 15,000 and 30,000 years 
(Concentration versus distance) 
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Scenario 4. Sabine River discharge of Scenario 2 with lower bound kd values. 
Simulation runs PIR5. (Concentration versus time) 
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TABULAR LISTS OF DISCHARGE RATES FOR THE FIVE SIMULATION 
RUNS COMPRISING THE FOUR RELEASE SCENARIOS 



 

        

     

          

         

   

         

            

            

         

         

 

APPENDIX H 

TABULAR LISTS OF DISCHARGE RATES FOR THE FIVE SIMULATION 
RUNS COMPRISING THE FOUR RELEASE SCENARIOS 

This appendix lists the concentration versus time outputs of the MMT 
simulations of geotransport of radioisotopes. The simulation run titles used 
in this appendix are: 

Run 1: PIR1, base case solution mining at time 100 
Run 2: PIR2, base case, but East Texas Oil field removed, Sabine River 

discharge 
kun 3: PIR3, base case, but East Texas Oil field removed, Big Cypress 

discharge 
Run 4: PIR4, well scenario at 6 km from dome 
Run 5: PIR5, same as PIR2, but lower Kd values. 

H.1 



       

  

APPENDIX H.1: EAST TEXAS OIL FIELD DISCHARGE SITE 

Simulation Run 1. 

H.2 



   
        

  
    

  
         

   
  

    
    

    
   

  
    
   

  
  

   
   

    
    

    
    

    
     

     

      
   
    

     

 

 

  

       

 

 
 

 

 

   
     
    
  

 

 

  
 

 

 

PLTCVT PROG~AM bATA SUMMARY 
PIR 1 (TOTAL FUEL ASSEMHLJESl ~ASf CASE IFISSION PROOUCTS 
CONTAMt~ANT • C •• 4 

TONS OF HEAVY ~ETAl FAtTO~. 1.~~00~0 
DATA RLOCK1NG FACTORS. 
ENTRY ~OOE (1 c T(LO~),OT,NCELLS) (I • T(LOW],T("l],NCELLS] HOOE c 
TIME lOw. 1.0~0~ePt+04 
TJME HIGH. 4.0~~~~~t+04 
NUMBER or CELLS a a~~ 
DELTA TJ~E INC~EMENT a 1.5~~~0~l+~1 

fACTt)RSI RAw ~lTA ANO 8LoCK tn OA1& 
MAX, 'l~f c 7.b~49E.W4 
TOT~L ~t'G~T. ~.i~~lE.~3 

HtN. TIME. t,2129E+~4 

PEAK ~E1GHT c t13.~65 
PEAk PARCELS C tl.0~~ 
Wt. LOw'. ~.~~~0E.~1 
WT. HI C 4,0l51F..~1 

SMOOTHING wlNDDW (CELLs)a 

TnTAL PARCELS C 13~1.~ 
PEAK ~EIGH' TIME ~ 1.1t65E+04 
PEAK PA~CELS TIME C l,71b3E.04 
NO. PAkCEL& lO~ c ~.~ 
~O. PARCELS HI c 2032,0 

8 

TOTAL INVENTORY rtlJ~JI£S) c 5.3323b3E.~3 
tNvENTnRY UNDEQ THE c~~wt~r GW'p~ (CU~IES) c 
PE~CE~T OF TOTAL TN~~NTOHV c Q1,l~q 

5.1R2U9UE+12!3 

TIMf n~ MlXIMUM cn~CFNTHA110~ CVfjqSJ c !.6q3750~.04 
MlXJMU" tO~CENT~ATJD~ CMltka~URrES/ML): 9.71e5b9E-~1 
M&XJMUM WATE (CU~tES/YfAHl D 5,~~7)Q2E.01 
tONVE~SlO~ FACTOR ~ATt TO CUNCENTkATloN C 1.933123E-0b 

TpolE (YIor) 
1.C'118t·~Q 
1.)0t~f .. ~q 
t.326i?E."'1I 
t.35~"E"~4 
1, 3R~7E'''''' 
1.4099t:+VJ4 
t.Q311~.VJ" 
1.4&Cl3E+~4 
t • Q q 1 t, E + .H4 

"'~Tt (CII/YW) 

Q, 1 "I 't)t:. - v, i? 
tI.'S~~4t·~2 
'.:i'!\"5f-~t 
f.4.5~l)t-!llf 
1,8~~qt:-101 
2. i?t;QIllf. -vII 
2.671Qt· .... l 
~.~qIHt.·l'J' 
~ • II q., 4 t: • v) I 

TIME (VW) 
2.b,35!.11E+04 
~.bb2cf+Pt4 
i!,f)t.\'iSE+"'4 
2,1\bTE'+~4 
?,14!9E+IM.I 
C!."'11~"(I'I4 
~.7'1t&4E.1i'I4 
2.82~bE+It'G 
i!.tt~a8E .. ",q 

H.3 

.lee POINTS 

P.ATt. (ClJ/Y~) 

t.7c?f,lf·V'l1 
l,64 R8E-t"Il 
1.5607£-01 
l,S19JE-01 
1.4b~SE.Pl 
1,4008£-"'1 
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1.2648£-01 
t,t8 43E-01 



 
 
 
 
 

 
 
 
 
 

 
 

 
 
 
 

 
 

 

 
  

 

 
  
 

  
  
  
  

  

  
 

  

  

 
 

 

 

 

 

    

  
  

    
 

 

 

 
 
  

 

 

 

 
 

  

 

 

 

 
 

 

 
 

 

 
 
 

  
 

 
 

 
 

1.518~!+04 3.8142E.vt t 2.86~I!JE+04 1.0953E .. 01 """'\ 
! 

1.S(HtQlE+~4 4~21",qE·"t· t:!.91d73E+04 9.9943f-02 
t.5732E+04 4,49;2t-tdl ~.ql45E+"'4 8.9906!-02 
1.tt005E+04 4.1111f.i2, 2.9b17f+04 7.9124E.02 
1,b277E+fd4 1.1.-"772£-01 ~.9889E+"4 b,912b!-02 
1,6549E+04 Q.9.7S9E-01 5.01b2!+ItIQ b.0200E-02 
1.bl\ilE+04 S.lA21lt:-1D1 1.a~34E+04 5.1403E-02 
1.7094E+04 S.~i38E.fLll .S.kJ7r~b!+04 4.3~t8!-02 
1.13e.6E+04 4. qq 1 9E.ltH 1.~978E+04 3.667]£-02 
t.7b38E+~4 "'. q:s4 c!t::.iII 1 3.1251E+04 3.0918E-02 
1.791 PIE +ii:H& Q.~C;S;at.-1d1 ..4.15231:+04 2.&212£-02 
t .lU83E+1d'4 ".7bot2t-01 ).179'5E+04 2.2458E-02 
.1.8455E+011' ".~5:l1bt:-0t J.21467£+04 1.9571£-02 
1.8721E+04 4,5l09~·141 l.c!l40E+04 1.7355EII02 
l,8QQQ£+0" ".4~59t-0l :S,2b12E+04 1.5tt41!-02 
1.9272£+04 4.j!822~·lAl 3,2884E+04 1.4338£-02 
1.9$44[+04 . 4.'bb.3t·~1 3.315bl::+04 1.3275£-02 
1,9fjlf.tE+144 4,Qtb~8E.'tH 3,3429~+04 1.2395E-ra2 
2.0Q188E+(d4 3.q1l4~·~1 •• 37~1!+04 t.tbl1!-02 
2.03fJtE+04 3,8967E-v}1 ~.3913E"'0C1 1.0931E.0c1 
i."~33E.~" 3.A27e~-tI'Il .5. 4 245E+04 1.03l4E-02 
2.Pl Cl eSE+il4 3.'51]t:-v.ll 3.Q518E+~4 9.8070£-33 
2.1t77E+~4 3.681'19t-0 1 S.t.&790E"'04 9,3535£.03 
2.1450E+1t)~ 3,5tf33f.-iol 1. 514b2e UI4 8.9,3tt£-03 
2.11a2E+I!)t& 3.Qq3bE-~1 3.5334E+04 8.!tlQ9E.03 
2.1994E+\14 3.1g43E-lttt (.So~7E."'4 8.33Q2E.0] ~'~ ... 
2.i2e.6E.~:a 3.21~1t-~1 .5,5879[+04 8.103SE-03 
2,i53qE.~4 3.t58 5c-""t 3.b151!+04 '.8843E-03 .-' 

2.2S1te+\!!4 3.~;'bE·~1 3.b4C!lE+04 7,b011E-01 
2.3"'83~:+1d4 2.Q"t7t-Vl t 3.bo'JbE+04 7.4720E-03 
2.3 35SE. +04. ~.857.,t·v'1 3.bQb8E+04 7.2b15!.0] 
2.3b28E.t04 2.1b57E-"'1 j.1a"~E+1i!4 ',0504E-133 
2.3900e"'~4 ~.~123c-"'1 3.751lE+04 b.8071E-03 
2,'H12E-H,4 ~,1§1"dE:.·~1 :S.716'5E+04 b.5370£-03 
2.4444E+04 2.4b Cl 7E.-4dl 3,8~S1E+~4 6.2\l153E-~U 
2.4117~+'lJQ ?3C;~"t-~t 3.~l29E+0" 5.8117E .. 133 
2,49~Cle.~4 c». ~CP;~t.~ t '5. ijo~11 E"'~4 5.3093£-0] 
2.52~'E ... ~a ~,tj~~t::-i41 3.8lS74E+04 4.1084E-03 
2.5533E+{tI4 2.~119t.~1· 3,CH4&E+011 3.9581E-IU 
2.58111&1:"'",1.1 I.Ql1"t:.- Vl l .s.-i~ldE"'04 3.07&3E .. 03 
2. b~'7 ~e ... \110 t.8\37t:.- 1tJ 1 3.~bQlde. ... ~O 2.tHt3F..-03 

H.4 



   
        

  
      

  
         

   
  

    
   

    
   
    

   
    

   
  

  

   
   
   

    
     

    
    

    
      

     

      
    
    

     

  

   
 

  

       

 

 
 

 

 

  
   

    

    

       

 

 

 
 
 

  
  

 
  
 

  

 

... 

PLTCVT P~OGRAM n,TA $UMMAWY 
PIR 1 ('"TAL FUEL lSStM~LJtS) ~AS~ CASE IFISSIO~ PRODUCTS 
CONT'~tN'NT • TC-qq 

TONS OF HE~VY ~ETAL FAeTOH. 1.0~~000 
DATA 8LOC~ING FACTORSI 
ENTRY MonE (1 • T(LDW),DT,NCELLS) (~ c T(LOW),T(HI),NCELLS) MODE. 2 
TIM~ LO~. 2.8,~e~~E+0u 
TIME HIG~. 3.S~~~~~E+0Q 
NUMBER OF CELLS • 20~ 
DELTA TtME INCREMENT. !.S0000~~+~1 

FACTORSI RA~ nATA AND 8LnC~t~ nil, 
MA~. Tt~E. 1.~A8~f+~5 
TOTAL ~ftGHT. ~.Ql'~~+~5 
PEA~ wEJGMT c ~~2i~.c~' 

MY''!. TIME c 2. 96E+04 
TOTAL PAtlCEL5 e 111b.0 

3.0118E+04 
3.5'118E+04 

2,e 
388~.0 

PEA~ PA~CELS • Sq.~~~ 
WT. LOW e 1.341~~+~S 
wT. ~1 c c.9bP8~+~~ 
s~nOTMJ~G wlNnvw CCflLSJc 

PEAk w~IG~T TIME c 
Pf.A~ PAkCELS TIME • 
~O. PlHCELS LOw • 
NO. PA~LELS HI • ., 

TOTAL T~VENTORY rCUkTtS) c c.~q37SbE+~5 
JNVtNTO~V UNDER T~f CURRt~T GRAPH (CURIES) • 
PERCEr"T OF TOTAL t~VF.t.jTnRY ebb. 545 

S.!"856c&E+"S 

TIMf of MAXJ~UM cnNLENTHAlION ('EAR~) c 3,~lt75~E.04 
MAXIMU~ ~ONCENTHATIVN r~ttWut~~IES/ML) c 1.183251E-03 
MAXIMUM RATE (CURJE~/YfA~). b.12~9j~E.~2 
CONVERSJON FAtTO~ RATE TO CUNCf~THATIUN. 1.Q3!t23E-0b 

fl~E (Y~ARS) A~O oATF (CU~ItS/YEA~) FO~ THE 

Tl"lf. (VR) 
c? Q')Cj ~E +\:;4 

2.Qb1! E+1141 
2.qb2qE+~1.I 

C'.qfo,Uf.E+f.'G 
2.qb"t-E+I-1~ 
2.qb~5e.+~4 

C!.97~~E+~"1 
2.tH2'E+~4 
c.q7~1/IE:+.oC 

JHTl (Cui, ... ) 
q. 5u ~At:.+vl·-1 
4i • Ci " 3;H + JI :" 

<I. 5"'38t.·/I~ 
U.C;Q'Kt:. •• ~," 
U.ll~I~'t • .(l~ 
C; • ~I ci1 " t + J.) (, 

7. 1ft.,~t::.V'~1 
t.'b~H+"'l ;>.' 'IJut+C·.1 1 

ltt-IE:; (VR) 
.s.J~5bE+0lL 
3.tble~+(II" 
3.17~1t.+~4 
3.17H3E+Vl4 
3.1d.,SE+""Q 
~.1'l"8E.04 
! • !? ~ ! ~1 t + ~ CI 

].~ll.5E"''''Q 
3.21Q~E+~4 

H.S 

tit'l~ PUINTS 

RATE (CU/Y~' 
t,tI53E+02 
1.rtJ:S29E.~2 
Q.5901E+01 
f,. Q 1f.~3E +01 
B,S4Sfc.1E+01 
A.23blE+01 
7.BQ20E+1t'1 
7.438tE+Plt 
".QQ3t.E+1tl1 



 

     

  
 

 

  

 
 

 

 
 
  

 
      

 
            

 

 
 

 

 

 

 

 

 

 
 

 

     
 

  

 

 

   

  
 

  

 

 

 
 

  
 

 

 

 

 

2.9158!+04 3.40ttSt+"'1 3.a~77!+04 ~.5"15!+"1 
"'. 

2.-U77E+IdO 4.86I1bE.~1 3.C!3b~!+Ql4 5,8948E+~1l 
a.~'9St.+04 b.b5i9~+~t 3.2144ae+04 5.35~2!+01 
~.9813E+04 8,t144t+lrH 3.aSa4E+04 4.3145E+01 
a.983~E+011 9,3b57t+~1 3.2Oit17E+04 4.C!900e+01 
2.9850E+04 1.tlI2S8!+1t.J2 3.21189£+214 3.1842£+01 
2. IUb9!+0" 1.0qqlE+~~ 3.2771!+"4 3,3167£+"1 
2.9S81E+04 t,lS71EJt:+02 3.2bS4E+04 3,0137£+"1 
2.990SE+~4 1.210a!+~2 3.293b!+04 2.6081E+01 
2,~924f+0a 1.]"'41£+"2 3,3~18!+04 2.J05CJ!+Qll. 
2,9942E+~Q 1.Q{(J~5E+W2 3,3078!."'4 2.1162E+01 
~,9961E+Pl4 t,5b'2f.+IIJa 3,3139e;+04 1.9537E+01 
a.9979E·0" 1,1215t.+~2 3,3199E+04 1,8220E+01 
2.9991E.1IJ4 t,89tlt6E+l6i 3.3aS9E+04 1,7490£+01 
J."'016E+~1 a,t428E+Itli! 3.3319E+04 t,7379!+01 
3,0034£+04 C!.76t3t:+~2 1.3J7Qe+"'4 t,"2"lE+~t 
.3. ~,0C; '3E +Itlll J.t117..,~+~12 5.)"5I.JE+1lI4 1.61H1E+~t 
3."''''1'E+~'' ".l hQ bt.v.t2 3,3 4 C,ClE.PlQ t.540?E.01 
3. ",0'1fiH! +,." ". q Hit!: .,,'2 1, .s~~9f +~H' 1,4~28E.01 
.5.""t~8E+~~ C;,711J"'E+'12 ~.3btqe:+PH' 1.3Q47E+"'1 
3 • ~. t 2 6 E • ,,)(1 ft."'''t~t:.+'i 3.$b1qf:+~~ 1.3595E+01 
j • ~ ! "5 E • '.:14 5.~1it61~+AC! ~.'73qt:..~" J • 2 cHI" E H.!l 
3.01b3E+"'4 5,1$9GlIjt.+~a 3.3799E+04 l,18t1E+3S 
l.C!11 b~~+~4 lj.l~'3f!.+""2 3.3t559E+0~ 1."'707E.", 
3,Pl2r~E.0" a.8.3g1t+~~ 3.3'1i~e.04 9.916"e."0 
3.~i218E+~4 ".'5ij74t+~1!! 3 • .39tt0t:+"4 q,lf»06E+00 -, 

\ 

3.l'Il01E+""Q ca.""" tE.~2 3.4ic)4"'e+04 8,8187E+00 ..J 
3,1iI383E+04 1.&qJid~+~2 l,,,lJ0E+flI 4 8.5481E+00 
3.04b5E+04 3,~S1..sf:.+~2 3,41bw:t~+GI'4 8,20C!3E+00 
3.p!548E+~4 3, ... ' ?2f. h12 3."~2IdE.Ql4 ?ab7SE+"0 
3.063QtE+0Q 2,7b31t+1r!2 3. QcHSl/It::+e4 7.8292E+00 
3.1671]E.~4 ~,Sb4q~ 'hli '5 ,1.l341t":;+~4 ?,Q778f+00 
3.e 7Q lje.+QlC& 2.~q6at.+lc!Ji 3.1.l"'0'~E+9!4 a.0560E.00 
3.Glla77E.~" ?. ~ 11St. +~J~ 3 ... 4b"'E+~" 7,9675E+"'0 
3.09b~E+~" a.~3ql!t~+'d2 3.caS2wtE+04 7.8975!+00 
3.104C!f!:+04. t • 9~13161! +~2 3,4~b0E+e4 7,85"IE+00 
3.11 20t,.ld4 I. 7b2~'f~ +~a 3. 4f,"~'E+0" 7.9267E+00 
l.12~7E+134 1.1,271~+'I'~ .3."'~ME.04 7.Qa2&E+00 
3.1i'.8Qt,.164 t.IJ~II&~+k1~ 3.~lblE+~" 1,9205f+00 
3. t 371E.+'H' 1.3 .. Jt 1t' h~.? .~. ~8~1 ~+Wl.& 7.8341e+00 
3 .145L1E +kHI t .tl;J.2~~+.1~ 3.~dM1E.k'l4 1.1C:;45E+01(J 

H.6 
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PLTCVT PROGRAM DATA SUMMARY 

PIR I (TOTAL FUtL ASSE M8LIES) BASE CASE IFISSION PRODUCTS 
CONTAMINANT • t.t~9 

TONS OF HEAV¥ METAL FACTOR' 1.0~0ee0 
OA'A BLOCKING FACTORSI 
ENTRY MODE· (1 aT(LOW),UT,NCELLS) (2 I TtLOW),T(HI),NCELLS) MODE. 
TIME LOw. 1.0~0000E+04 
TIME HtG~. 1.1eA000~+05 
NUMBER OF CELLS • 4Ae 
DELTA TIME INCREMENT. i,5M0000E+0c 

RAw DATA AND BLnCKfO DATA 
MAX, Tt~E I. 1.0635E+05 
TOTAL ~EJGHT' e.ce09E+~! 
PEAK ~EIG~T • 31.856 
PEAK PARCELS • 2S.00~ 
WT, LOw. 0.0000£-01 
WT. HI c 0.0000£.01 

SMODTHING:wINOOW (CELLS)' 

FACTORSI 
MYN, TIME' 1.3101E+04 
TOTAL PARCELS • 4998,0 

. PEAK WEIGHT TtME' 2.5815E+04 
PEAK PARCELS TIME' 1,2815E+04 
NO, PARCELS LOw • 0.e 
NO, PARCf~S HI • 0,~ 

20 

TOTAL INYENTORY (CURIES)' 2.28081bE+~3 
JNYE~TORVUNDER T~E CURRtNT GRAPH (CURIES) c 

~PERCENT OF TOTAL J~VE~TORY • 1~1.053 
2,311)4891 E+''') 

:z 
~TIME OF ~AXIMUM CONCENTRAflON (YEARS)' 1.881500E+04 
MAXI~UM CUNCENTRATIO~ C~ICROCURIES/ML). 1.8GI331E~e, 
MAXIMUM RATE (CURtES/VEAH). 9.5251~0E.02 
CONvERSION FACTOR ~ATE TO CONCENTRATION c 1.~33123E.0~ 

TI~E (VEARS) ANO ;~TE CCU~lfS/VEA~l FOR THE 

TIME-UfO 
1.3t25EHHI 
1,ltJ9'E+04 
l,42b9E+QlA 
1.48C1tf+~4 
1.54t3~+"Q 
l,S985E+"''' 
1.t-5S1E+/tI4 
1."129E+04 
1.1101£.+0" 
1.6273E+~4 

raTE (CLJ/Y~) 

&.7i!dt-~3 
i!.3.551~-~a 
3.3V.44E.VI~ 
4.t~17t-",a 
5. 418bt.-I,lI? 
El,'-"Clf-0c 
7.8C,84E-IISc! 
8.T4'i4t.-fI'2 
Q.~4&(U::''''''2 
q.441\!,~,,';"2 

H.7 

TIME (VR) 
b.b"140E+0C1 
f:I.6~"0E.+04 
1.0~0~E+"4 
7.2k!1~"E+Pl4 
1, th'l0.,EH'4 
1.b"'0~E+04 
7.8k!100E+04 
6. (lIk!I""f+04 
8.C!t:I~~E.04 

8.4'h!It'IE+04 

100 POINTS 

RATE (CU/YR) 
1.2510£-02 
1.2521E-~2 
1.2S62E-~2 
1,2553E-02 
1,2468E-"2 
1.2.,S5E-02 
1.23Q3E-02 
t.23S0E-~2 
1.r394E.e2 
1.2460E-02 



 
 

 
 

 

 
  
  
   

 
  

 

 

  

 
  

 

 

 

   

   

  

 

 

 

 

 
 

  

 
 

 

 

 
  
 
 

 
 

 

 
 

 
    

 

 
 
  

 
 
 
 
  

    

 
 

 

 

 
 
 
 
 
 
 

 

 

 
  

 

 
 

 
 

 
  
  

  

 

 

  
   
 

l,a845E+04 9.520,bE-02 a.bd00E+04 1.2472E-02 
1. C)tU 7£ +04 ~.4433t.-02 a.81cJ00!+04 1.251bE'!I0a 
1,9989E+1I14 q.37t8~-v.t2 9.1d"~JI6E+eo 1.2581!-02 
2.05bl£+04 ".2351t-i62 9.iIlJ00E+04 1.2572E-02 
2.1133£+04 9.21c19~E-r./I2 9.41c13Q1E+04 ,,2&07E·~2 
2.1105£+04 ~.tCl05E-~2 9.bltJ016!+S4 1,2555£-02 
2.it2??!+"4 9.~hUlti.~a 9.ald~0!+04 1,2542!-02 
2.2848£+0" 8.8b05t-V)2 l,01d00!+05 1.1bI4E-02 
2.3420£+04 8.6~85e.~2 1.01d2S!."!) 1,1043e:-02 
2,]992E.04 8. ,41 80E-02 1.0051!+05 1.0140E-02 
2,4564E+04 It.2606E-162 1.0016E.05 1.'0e.39!-02 
2.5t16E+Jd4 fl, ]IHClt-i62 1.010clE+05 1.0862E-02 
2.5111'8E+1d4 a,5l00e-od2 1.~127!+05 1,117·2e .. 0a 
2.6280E.164 8.1152e.·iIt~ t.0152E+ra5 1.1709E-02 
2.6852E+"4 8.1862t-1i22 1.Jt178!+QtS 1.1,.81E-02 
i!. 7"~4F.+·N ~'." 1 ""1:-"'2 1 • "J~ ~.;I:: +"':; 1.2123f-02 
a.79QI,F+V)i£ l4.t4~c!t.-··c t • 0c!a8!+~'5 1.2199E-02 
2.145~"E.r,.)'" 7,lll!btf-""2 1.:di:!54E+0!) t,1168E-02 
2.9t4~E+"4 &,~h2~r:.-ltIi t, .-lc 7t.f:;: +05 1.1287E-02 
2. cH 1~!+10!'4 5.3b74t-"~ 1.II!JIISE+0'5 1.0728E .. ait 
1.02l:54E+f44 4.42~lE-1&i2 1.0130!+05 9.81a2Ew~1 
3.0856E+04 3. Sil".·,f:-"';.a \. ;.US~a::+fbS a.8227E-"3 
l,14i"te:+0i£ i? • a Q cH t. _I') o? 1.",3!HE+QtS 8.1512!-0] 
3. tHlfllli'lFo: +~14 ;). ~7~br.-~I~ , • I,Ph) 0 E+ (' r; 1.31t5E-"1 
3.400cae.+tc14 1.1'4tHt:·~a 1.0411r:;+taS 6.5b03E~03 
].b000E+~4 1.5b7'H:,wVJ2 1.0"!)7!+0' 6.",*6IE-03 .. , 

3.80rDQlf+04 1.1411t-~~ 1.,lIc&l:52e+05 S.'2S"! .. 0] ; 

".00~0E+04 1.~,.,~t.-02 1.~S08E+0S 5.4051£-03 
Q.2000e+~4 J.249~t. .. td2 1.1II53JE+IfIS S.ilISE-"l 
". tlAflhlE+04 1,2483f-~2 1.Cl55aE+0; 4.9"41£-03 
4.b00"'E+04 t.')S32t:. wd2 1.oII584E+05 4.5290£-03 
4.800G!!e+1c14 1.;a57q~-Vl~ 1.~ba9E+05 3.8188£-03 
5.0000E+~4 t.2,:>~dt-lOc! t.lUb3qE+05 3.1i126iE-03 
5.2~Ii1Q1E+~4 t.2573f.~i t.~bb"'£+05 2.2b30!-"3 
5.Q~V''''t.+'''4 t.?'53~e-lda 1.lIJblS';E+05 t.5799E.03 
5.b00(11e+ Id " 1.aQC;3E-1!J2 1.·~71tE+k)5 ca.8465E .. 04 
5.80~0E+~4 t .24~..,t.-'1a 1.;dlSbE+~5 5.9961E"04 
6.00ld0E+011& t ,;.1'" H.-Id~ 1.~7blE+05 3.47 75!-04 
6.200C11E+04 t ,23'HI:-ilJC' 1.""ti1e:+~5 1.144~E-04 
b.4"HHille+'II~ 1.241U:"Od~ 1.·\~12~+1/:1') 1."'la8E-~5 

H.B 
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PLTCVT PROG~AM DATA SUM~ARY 
PIR 1 (TOTAL FUEL ASS~MeLI~S) RASE CASE IFISSION PRODUCTS 
CONT'~lN'NT • CS-l!5 

TONS OF HEAVY METAL FACTOR. t.~~000e 
DATA eLOCKING FACTORS' 
ENTRY MODE (1 • T(LOw),OT,NCELLS' (2 • T(LOw),T(HI),NCELLS) MODE c 
TIME LOW.· lt30~~00E+04 
TIME HIGHa 3.2~000P.E+04 
NUMBER OF CELLS • 400 
DELTA TIME INCREMENT. 4.75m~00E+01 

RAw DATA AND BLDC(EO nATA 
MAX. TIME c 1.3~~bE+~b 
TOTAL wEIGHT .• t.5Q~lE+~4 
PEAK wEIGHT • 142.435 
PEA~ PARCELS • 7.0~~ 
WT. LOw. 0.0e0~E.~1 
WT. HI. q.47e9(+03 

SMOOTHING WINDOW. (CEL~S)c 

FACTORS' 
MIN. Tl~E. t.4Q40E+04 
TOTAL PARCELS • 760.0 
PEAK ~EIGHT TIHE. 2.0481E+04 
PEAK PARCELS TIME. 2,0481E+04 
NO. PARC~LS LOW • 0.0 
N~. PARCELS HI c 4238,0 

3'" 

TOTAL l~VeNTORY (CURl~S) a 2.4Q2221E+0Q 
tNVfNTO~Y UNDER THE Cu~~t~T GHAP" [CURIES) • 
PE~CENT OF TOTAL INVfNTOkV. 59.325 

1,41&504E+04 

TtME OF MAXIMUM CONCENTWA110N (YEARS). 1.Q&2625E+04 
MAXIMUM CONCENTRATION (MICNOCURIES/~l). 2.33b0&3E-06 
HAXIMU~ ~ATE (CURIES/YEA~J & 1.208~39E.00 
CONvERSIn~ fACTO~ RATe TU CONCENT~Al10N. t.Q33123E-0b 

TIME (YEA~S) l~D PATE (CURIES/Y~ARl fO~ THE 

Tl~E CYt<l 
t.49i4E+0C1 
1.4.lQA4E.+0 A 
S.t.l9b5t.+~t.I 
1.4.lqe5E"'~4 
'.S0£1bE+04 
1,50i6E+~4 
1.S0"7E+~4 
t,S067~+114 
1. 5~fi8t+/(HI 
1.51~~E+~" 
t .~lcr,E+'~'" 

~Aft rCU/yilt) 
7., -"6Sta~.tr.1 
'.~b54l.vl1 
7.b!St;4t..rt:\ 
'7." 1("~t!-1IJ 1 
7.,~"e~ .. ill 
b.9~"IoIt.-t-'l1 
b • ., 7io'12t-ItH 
b."3~"'t.-1t'1 
" •. ~bCWt.-oI'I t 
t. ,1 ~~~i:.-~·1 
~"CnrA9t-ltll 

TIME (YR) 
i.lli2bE+04 
2.23~0E+~4 
i.2715E+~4 
2.3109£+04 
2,55~3E+PlQ 
?3S9H.+IU 
c • "~(H E + 0" 
~.4be5E+0Q 

~.5~7"t"'~CI 
~.S"73E+~41 
C!.58b~E+~4 

H.9 

100 POINTS 

RATE (CU/YR) 
1. U,Q0E+12I0 
'.l629E+~0 
t,1595E+00 
1.158&E+m0 
',1560E+00 
S.1501E.~0 
1,14t7E+00 
1,1292E+00 
1,1125E+00 
1.09~6E+"0 
1.0624E+0., 



 
 
  
  
  
 
 
  

 
 
 

 
 

 
 
 

 

 

 
   

 
 

 
 
 
 

 
 

 

 
  

 

  

 
 

    

 
  

   

 

     

   

 

 
  

   

  
  

 

 
 

 

  

 
  

 

   
 

  

 

 

 
  

 
  

 

 

  

 

 

  

 

 

  

 

 

 

  

 

 

1.514qE+~4 
1.S11"E+04 
l,Stq~E+~4 

1.S211E-+"'Q 
1.SiltE+1/I4 
1.525~E+144 
l,sa72E+04 
t,S293E+~4 
1.53l]E+."Q 
t.S3l0!+,.,,, 
t.53S4f,+04 
1.5315E+04 
1.Sl95E+~Q 
1.54tftt.+04 
1.543ftE+04 
t.54'HE"'il-3 
1. S4TH +04 
I.SaC,8t+14" 
1.5O;I8E+0" 
t.51)39f+"'~ 
1.555Qf.+1d4 
t,5C;8"'E+~4 
t.5Et0~f+w:Ja 
t • 5b2v.)E +0" 
l,b~15t"ivQ 
l.b4Q1 qe+04 
1.b8 e3£+0f1 
t.7191t.+0C1 
1.7S9tE+fdO 
1.7 Qac;e-+04 
1.837QE.0 4 
1.3713E+,.," 
t ,'H~~E+~4 
1.QSb2E.+04 
1.QQSbE+04 
2.03591f+~4 
2.Pl7 tut+fdCl 
2.t13"t.+~Q 
2.153t1E+0Q 

5:8tt02E-"'1 
5.AJ~1f·.Al 
5.~161~~·\.itl 
5.87;aQE·,U 
fJI.~1d2"t.·0t 
tot. 131 QE·~ I' 
".2&t~C:·~1 
b.4Jl~f!·~1 
b.5b'llf-ldl 
b.&724c·.,t 
",1"~,ljE.'H 
b.8~0EtE.~1 
b.81a4t-VJt 
b.87~"1i..01 
b.856bte~1 
".~.~~4~e·H 
~.191 ,*t-I,H 
1t.1S~4t.-~J 
b. l~"'~(.U!-It' 1 
Et."b4.n .... 1l 
".&S"Hf-01 
b."S41j.:,.ru 
f.t.67~"e-1tJ1 
~.71t4t:.dl 
o ..... ost»t.·..:t 
q.Ql31Qt-~1 
9,'5HH:.-lIlt 
1.at4l5e.~~ 
1.10tSf+kl0 
f.tQ30f+~'-i 

t.'72S~+"'" 
1.,q~4f+!tJ0 
1. i!W 3f)t~+id~ 
1.~1t18C!1:.+"0 
1.20~2E.IiJl't '.t 9 'H£+if.l0 
1.lq02e+¥J~ 

1. t b~1~+I~H' 
t.l1*,lt+"'~ 

?.bib2E+914 
it. bb5b£:;'.~4 
2.'(/J50!+~4 
2.7f644E+04 
2.1618£+04 
~.ai3aE.04 
t!.~u.a6E+04 
;'!.q02~E.ra4 

2. 'h) " lIS ! +04 
2.1J0b0E+04 
1:?91179!+04 
i!.9W19CJE+04 
~.911 9f+04 
i?CJ138E+04 
rl.9158E+04 
!.~t1dtHH' 
~.91·J7EHl4 
~.qal/!+04 
:l. 9231E .~4 
~.qa:!Sbe+~4 
:1. 92 lhe+~'" 
-~. 9i:!9bE+04 
!.931t;E+04 
,~.q3§~!+~4 

~.~.5~~~ ... 0" 
!.9j14E+04 
:'. Ql94fHU 
~.q414t:+04 

2.9433E+04 
~,9453E+04 
~.9473E+04 
2,94 92E+04 
2.951iE+04 
2.Qt;;32E+04 
2.9551~+04 
~.q!s1t~+04 
2.~591E+1i'I4 
2. 'H) 1(flE +P.l4 
2.~b3"'E+04 

:-1.10 

l,0272E+00 
Q,83i3e:-01 
9.30~2E.GU 
8.b5!&!-01 
7 ,a 11fJ!"liH 
?,A244E.91 
5.994&E"'~1 
4.4430!.01 
4.3&64!-01' 
4'.~959!·01 
4.iaS?!-at 
",lb64Ee 01 
4.1071E."1l 
4.0518E.01' ' 
3,9999£.01 
l.94aJ~·01 
3.9059f .. al 
l,8&3SE-01 
3,8278!-"1 
3.?939t.-01 
3,7611£ .. 01 
l,13I6ae·Qll 
l.h99J!-01 
3.&7t7E-cH 
3.b44Jt.·~1 
3,b183E-01 
3.5939£·"1 
3.5126£"01 
3,5753E.r"1 
3,5119£-01 
3,5101£-01 
3,5S9SE·S1J1 
1,5480E-01 
3.5355E·"1 
1.S230E-"1 
3.50R3E.01 
3,4932£-01 
3. 4 115E-01 
3,4bllf-"1 
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PLTCYT PRDGRAM DATA SUMMA~Y 
PJR t [TOTAL FUEL ASSEM8LltSl BASE CASE ,FISSION PRODUCTS 
CONTA~I~ANT • CS-t!5 

TONS OF HEAYY METAL FACTOR. 1.0~0000 
DATA BLOCKING FACTORS: 
ENTRY ~onE (1 • T(LO~),DT,NCELLS' (2 • TCLDW),T(HI),NCELlS) MODE. c 
TIME lO~ • 6.0~~~00E+0S 
TIME HIGw'I.3~00~0f+0b 
NUMBER UF CELLS • 200 
OELTA TIME INCREMENT. 2.500000E+0J 

FACTORS. RAW OATA ANn 8LOCKED OATA 
MAX. Tl~E. 1.3QQbE+06 
TOTAL wEIGHT. e.e~6JE+03 

MIN. TIME' 1.4Q40E.04 

PE~K ~E1GHT • 135.22b . 
PEAK PARCELS • 62.0~0 
WT. LOw c 1.b081E+~A 
WT. Nt c 2.61QSE+01 
SMOOTHING~t~DOW (CELLS). 

TOTAL PARCELS • 4180.0 
PEAK WEIG~T TIME. 1.0163£+06 
PEA~ PAKCELS TIME. I.BT63E+06 
NO, PAWCELS LO~ a 803,O 
NO. PARCELS HI • 15,0 

10 

TOTAL l~V~~TORY (CURIES). 2,4q~221E+04 
INYENTORY UNO~R THE eURRE~T ~RAPH (CURIES) • 
PERCENT OF TOTAL TNVENTOHY. 3~.q1" 

8,116415E+03·' 

TIME OF MAXIMUM CONCENTRAT10N (YEARS). 1,031250E+06 
MAXJMUM CONCENTkATION (HIC~UCU~IES/ML). 6,ge35~5E.08 
~A~I~UM ~lTE (CURIES/VEAH). 3,b12S76E-02 
CONvE~SIO~ FACTO~ kATE TO CONCENT~ATION. 1.933123E-06 

CONTA~lN~NT c CS.13~ 

TIME eYEARS) AND RATE (CUR1ES/YfARl FOR THE 

TI~E. (Viol) 
8.PltcISE+05 
8.fllbc3t.+~5 
(l..ttc0~""'5 
8.1bJ6E+1l!5 
8,2t lSt.h15 
~.2f11:n.+0S 
8.311"'t+·~5 
8.3b0tsf+"'S 
8.41~5E+~S 
ts.Ab03t,tl?lS 
b.St0~E+w35 

FUTE (CU/Y~) 
Ci.~10S~·~G 
1.0I4C;H·~3 
t.'3b6 Gf-.,13 1." 3SIH~.03 
2.t535t·~3 
C .62MU:.~3 
3.tt1~E.03 
3.b~81t-1tI3 
".\lil.5t:.-~3 
".69591:-163 
5.~'i~SI;-~3 

TlME (YR) 
1.~Sij)0t::+f.!b 
1.1i!5S0E+V-Ib 
1."'tl00E+0b 
1.tJb4'iE+0b 
1. "o99E.HI6 
1.~1"QE+~fI 
1.~799E.0b 
1.:lIC$48E+~b 
1.ideQdE+06 
1.~"'''fSE+0b 
1.~'I'IC$t.+~b 

H.l1 

100 POINTS 

RATE~ (Ctl/YR, 
3,5453E.02 
3.50b5E-P12 
3.4S9SE- 0 c 
3,4041£-02 
3.3425E-02 
3,2734[-02 
3.1981[-02 
3,l172E-02 
3.0312E-02 
2.q4~8E .. 0~ 
2.8"&6E-02 



 

 

 
 
  

 

  
 
 
 
 

 
 
 

 

 
 
  
 
 
  

 

 

  
 

 
 

 
 

 
 

 

 

  

 

 

  

 

  
 

  
  

 
 

 

 

 

 

 
 
 

 
 
 
 

 
 
  
 
 
 

 
 

 
 
 

 

 

 

 

 

 

 

 
 

 

8,5598£+05 5.Qa37t:.-1iI3 l,lf.!t41E+0& i,7494E-02 
8,&095f+05 ",5Cft.lif.,.1] 1,1~97e.0" 2."499E.-0i! 
8,6593E+1d5 1.3i173f-"'3 1.U"7E+06 2,5487E-a2 
8.7090£+"5 8.0"45t::-03 1.1191E+0b 2.4464E.aa 
a.7588E+tj5 8,8rs12t.-d3 t.li4bE+0" 2,3437E-02 
8.8085£+05 9.'1blll!-"'] 1.1i96e:+~& 2,2409E.-a2 
8.8583E+05 1,:;'&lle·~2 1.134t:t!+06 2.1385E-02 
8,9080!."'5 1.1552E-.a2 1.139bE+06 2.03b7!-02 
8.9518£+05 1 .. 253bc·.,a 1.1445!+0& 1.9360E.0i 
9, rt"!.115!+1a5 1,35&3£-02 1.14"5E+~6 1,8367e.02 
Q.ItlS73E+05 l.t.I&28E-02 t.t5~S!+0& 1,1389E-02 
9.1070£+05 1.5729E .. d~ t.1595e+(6& 1,642&E-a2 
9,15b8E+~5 t.&8"8e·"a 1.lb""e+"6 1.548&e-02 
9.20b5E+ilIlJ I.ArcH 3t:-02 1.1&9l&E+0& 1,4565E-02 
'1,?!&]!+"'S 1.9185~-02 1.17164E+0& l.l&&&E-02 
9.30b0e+05 2,:;I]&"e"~i! 1.1794E+0& 1.2790e:-0i 
9.15S8e:+05 2. 15S8t. .. 02 1.lbt.l3e+0& !,l94tE-02 
9.4OdS5E+05 2.~7l&bf-1I)2 t.1693E+0b l,U2tE-02 
9.4553£+05 2.3Cf2bt-"'2 1,19l13E+0& t,0331E-02 
9.50saE+05 2, 5tI90E-~2 1,lCl93E+06 9,5726E-03 
9,5548E+~5 a.b21tt:.-\lJ~ 1.2C442E+0b 8,8487E w03 
9,b04SF.+05 2,'7.541 E-02 1.2~qiE+~& 8,tS90£w03 
9.ft543E+ftJS 2.84t5E·~2 1.a142e+~& 7,S05~E.03 
9,1040e.~5 2,q44.3t:"~2 1,219C!f+0b 6,8882£-0] 
9.7538E+05 3.~421t.·.a.l 1.22''1 E+0b &,30&5£-03 
9,8035E+~5 3. t .St.I~e.w"'? 1.2c91E+06 5,7611£-03 
4.8Sl3E.~5 ~.atq5ew"2 .1.2.)41E.~& 5.2511E w03 / 
9.QIlJ3ftJ!+05 3.~911I:w02 1.2391£+0& 4,771SE-03 ..-

9.95i8E+ftJS 3.3ttM2fw~a 1,2"4~E+Ql6 4,3234£.03 
1.0003£+06 ].430ltwd2 1.249IdE+0& ].9035E.03 
1.~1II52E+~b 3.4#'nq~w~2 1.2~""E+0b 3,5056E-03 
l.fI41fCaE+0& 3.5C!~4~w"2 1.a~9I4E+0b 3,1280e .. e3 
t,~tS2E"'0~ 3.5b31!-~2 1.2b.39E+06 2,7715E-03 
1.0202E+"f) 3.5~q"t.·~tl 1,2ba9E+0b 2,4335E-0] 
t.02!:»1E+tlf) 3,M.,56f-1/t2 1.i739E+06 2,1144£-03 
1.Vl.3{Dlg+C16 :3.t, 12 H.-~2 1.C!7;'QE+06 1.1b34£-"3 
1.035tE+06 3.&~qlt.·WJ2 t.a838E+0b 1,4485E-03 
1."'''0tE+0& 3.C;9b8E-"'C! 1.2&8aE+0& 1,1",70E-Gn 
1.Ql 4 50!+'46 3,C;75'H~-d2 1.aQJ8E+"'b 9,t124£-04 

H.12 



   
        

  
      

  
         

   
  

   
    

    
   

   
   
   

   
   

  

 
   

   
    
    

    
    

    
      

     

      
    
    

       

  

       

 
  
 

   

   
  

 

  

 

 

 
   
 
   

 

 
 

 
 
 

 

 

 

PLTCVT PROGRAM DATA SUH~ARY 
PIR S (TOTAL FUEL ASSE~8LIES) eASE CASEI CHAIN 1 
CONTAMINANT • U-236 

TONS OF HEAVY ~ETAL FACTOR. 1.~00~00 
DATA BLOCkING FACTOR8. 
ENTRY MODE (I • T(LO~J,OT,NCELLS' (2 • T(LOW),T(HI),NCELLS) MODE. 2 
TIME LO~. 1.000e0~E.05 
TIME HIGH. 3.00A000E+es 
NUMBER OF CEL~S • 2~0 
DELTA TI~E INCRE"ENT. 1,080100E+03 

RAW DATA AND BLOCKEO DATA 
MAX. TIME. 3.045&£+05 
TOTAL WEIGHT. Z.8Q8QE+ea 

FACTORSI 

PEAk WEJGHT • 636,435 
PEAK PARCELS • 124.000 
WT, LOw. 0.000~E.~! 
WT. HI. 3.2242E.~4 

SMOOTHING WINDOw (CELLS). 

, . 

MtN, TIME. 1.1061E+05 
TOTAL PARCELS • 6556,0 
PEAk WEIGHT TI~E. 1.5350E+05 
PEAK PARCELS TIME. 1,5850E+e5 
NO, PA~CELS LOW • 0.0 
NO,PARCELti HI • 1,e 

5 

TOTAL TNYENTORV tCUkIES). 2.SQS357E+a4 
INYENTO~Y UNDER TME CUR~tNT GRAPH (CURIES) .~2.e9162'E.0Q 
PERCE~T OF TOTAL INYENTORY. 99,982 . 

( "TIME OF MA Ie 1 ~\JM CONCENTRAT JON (YEARS). '1. 575000E+05 
MAXIMUM CONCENTRATION (HICROCURtES/"L). ~.460eI9E.01 
MAXl~U~ RATE (CURIES/YEAH). 4.8q4e58E.~1 
CONVE~SlON FACTOR ~AT~ TO CONCENTRATION. 1.933123E-0& 

TIME (YEARS) A~O ~'TE CCVWIES/YEA~) FOR T~E 

TJME (YR) 
1.,~S0E+05 
1.1236Et"S 
1.t4i'2e.+0S 
1.1c06e.+"S 
1.t7C;4E+"S 
1.1980E+(15 
1.2'tl!6E+0S 
1.2352f+0S 
1.253f1e+0S 

"'ATt (CU/Y~) 
1.~~ObE-id3 
1."1lI~9c."'3 
l.3\IJ~7t.~.s 
Cj.89Qbt.-~3 
C;.Eli!"'H.·~3 . 
'.48f>b~-ft!.? 
2.2V1SbE-fC)2 
3,IS211:-"2 
4.3cs74~·"'i 

TtME (VrH 
i.03S0E+05 
~.~S;,sbE+~S 
2.07c?c~+0S 
2.0~08EHj5 

l.''''94E+'''S 
2. 1281!lf,+PlS 
l.lQbbE+~5 
2.1t)SlE+05 
2.1S3.H~"'05 

H.13 

100 POINTS 

RATE (eu/vR) 
1.&813E.rlIt 
1.6988E-01 
t.7108e·~1 
t.7IS5E-01 
1,1088E-f11 
1,6818E,,01 
1.6498E.01 
I.SCJ34E-01 
1,52iHE.'H 



 
 
 
 
 
 

 

 
 

 

 
 

  

 
 
 

 

 
 

 
 
 
 
 

 

 

 
 
 

  

 
 

 
 

 
 

 

 

 
 

 

 

 

l,a12GE+05 5,9S18t!-1d2 a,202G!+05 1,4433E-01 -""" 

1,2910e;+05 7,9482£·"'2 2,2210e;+0S l,3,,29(e"l 
1.309"e+05 1.!'J398E-01 a,239b!+05 1,2864£-"1 
1,3282£+05 t,3C!81e-W)l 2.2582!+12I5 1,21S5!-"1 
1,3468!.05 l,65CJSE-1I!1 2,21b8£+05 l,159"!-", 
1.3et54£+05 2."'aSbE-01 2,2954£+05 1,1044!e01 
1,3840£+"5 2.4175t·~1 a.3140!.05 1,052,,!-al 
1,4"26£+165 2,8115t.ldl 2,3326E+Ql5 9.9bb2E.02 
1.4212£+05 3,t973E-.al 2,3512£+05 9,348,,£-02 
l,a398!+~5 3.5b38£-"1 2,3b98E."5 8,6357£-02 
l,4584E+05 3,89113£-01 2,3884£+05 7.85ll!.02 
l,loI77"'!+05 Q,tCJS0e- fd l 2.4i670E+05 7.0195£.02 
I,G956E+~5 4,4429£-01 a.GiSb£+"5 6.1554!-02. 
1,5112£+05 4,6l9etE.01 2,444aE+05 5,30b5!-02 
1.5328!.II5 4,1184E .. 01 ~,4b28!.05 4,5031E-02 
l,5514E.~5 4,8&26E-01 2,4814E.05 3,7808£.02 
1,57""t.05 4,893bE-~H 2,5la la0E+05 3,1401£.02 
1,5886£.05 1I,86CJ2e:--'t 2,518bE+la5 2.5927£-02 
I,Et072£+~5 4,7CJ97t-"1 2.S372£+"5 2.1349£ .. 02 
l,b258£+05 4.b93&!-~H 2,5558£+05 1,7542£-02 
1,,,444£.05 4,5598£-'/11 2,5744£+05 1,4407£-02 
1,"63121£+05 4,19Q 9E-01 2.5'130£"'05 1.1740£-02 
l,b51"!"'''5 ~,2~2t£-01 a,bllbE+05 9.461Ze-0] 
t.7la02E"'05 3.98Q9£-"1 2,b.302E+05 7.4560!w0] 
t.7t~ae:."5 3.7b35t.·~1 2,b488E+05 5.1274E-03 
1.7.374E.,05 3,5a'I.&t-'dt 2,"b7QE+1IJ5 4.2559E-C1l3 
1.75b~!,."5 3,2629t-"'1 a,68b0e."5 3.0472E-03 " 
t,774bE+"',) 3 ,"'QI19t: .. " 1 2.7~4bE+05 2,1041£ .. 03 
1,7932£+"5 2.1t~15t .. 01 2,7a32E.05 1,4040E-03 
1.8118E+~5 2.b.:s~ql!·fd' 2,71.&18f+05 9,4006!-04 
t.830 8 £+05 2.4532E·~1 2.1b04E."5 6.6198£-04 
1,84q0e.~5 2,2931t·~1 2.7791/J!+05 5,IU3£-04 
t,861&E.+\15 2,lS153t:.·"'1 2,7976E.05 4.2,b4IZ1E-04 
I,Bab2!.+'" 2,~341E-"1 2,81b2E+05 3.7292£-04 
1.904SE+05 1.CJ3~qt.-fdt 2,8548E."'5 l.4473£w04 
t,92l4 t+"5 t .8412E-'21 2,8534£+05 2,9651£w04 
t.9420£+165 1,17411:""'t a.8l20E.05 2,2809E1'I04 
l,CJb06E.+ro5 t.'2bbE-"1 2,a9~bE+0c; 1.5793£-04 
l,9792t+fd5 t,b9,,4t- ld t 2.91692£+05 9.8086E-0 5 
l,9 cHae+1iI5 l,&"3"'t.~H 2,9c!18E+05 '.lallaE-0, 
2.~tb4e.05 1.~Etotqt.l(Il 2.9"b4E+~5 2,2b21E-05 

H.14 



   
        

  
      

  
         

    
   

   
    

    
   

   
   
   

   
   

  

   
   

    
     

    
    

    
      

     

      
   
    

     

  

 

  

        

 
 
   

 

 

 

 

 

 
 

 

 
  

  
 

 

 

 

  
 

 
 

 

PLTCVT PROGRAM OATA SUMMARY 
PI~ I (TOTAL FUEL ASSEMBLIES) SASE CASEI CHAIN 1 
CONTAMINANT • TH-232 

TONS OF HEAVY METAL fACTOR. 1.°00000 
DATA BLOCKING FACTORSI 
ENTRV MODE (1 • T(LOW),OT,NCELLS) (2 • T(LO~),TCHI),NCE~L&' MODE. 
TIME LO~. 1,00~~~eE+05 
Tl~E HI&W. 2.e"~000E.0b 
NUMBER OF CELLS • 200 
DELTA TIME INCREMENT. 9.500000E+03' 

RAW DATA AND 8LOCKED nAT. 
MAX, TIME G 1.9999E+06 
TOTAL ~EJGHT. 1.1469E.01 
PEAK wEIGHT • 0.~~1 
PEAk PAWCELS • ~~,0~~ 
NT. LOW. ~,0e0~E-01 
WT. MI G, e.00e~f.01 
S~OOTHJNG wt~DO~ (CELLS). 

FACTORSI 
MtN. TIME' 1.1560E+05 
TOTAL PARCELS • 0601.0 
PfAK ~EIGHT TI"E' 1.3813E+06, 
PEAK PARCELS TiME. I,3018E+06 
NO. PANCEL8 LO~ • ,e,e 
NO. PAHCELS ~I • , 0,0 

20 

TOTAL INV~NTORV tCURTES) G 1,14690~E~~t 
INVENTORY UNDER THE CURwtNT ~HAPH (CURIES) • 
PERCE~T nF T01AL rNvENToHy I QQ.221 

TIME OF MA~lMUM C~NCfNTR"10N (YEA~S). 1.995250E+06 
'MAXIMUM CONCENTRATION (MICHUCURIES/ML) .' 1,2512'3E.13 
MAXIMUM ~ATE 'CU~tES/YfAR). b.41i~06E.08 
CONYE~SJON FACTO~ ~ATETO CONCENTRATION. 'S,Q33123E-06 

TIME (YEARS) ANO ~&rE (CU~lES/YEAR) FOR tHE 

T:l11fE' CfR) 
1.14l5E+05 , 
1.16SSt:+"5 
1.194I5E+..,5 
l.i205E.+lI'iS 
1.2"bClt:+0~ 
1.21i.4E+V.5 
t.29S"t.+05 
1.3ZG4E+05 
1.3504~+~S 
1.3164 f+ CilIi 

PATE (ClJ/Vf<) 
'.i4'54E-M9 
7.i!4S4f·~Ci 
'.~4';4t·tlQ 
7.2"154~.iOc) 
".{\it7f-fII9 
q.49b7t..~. 

1.1172t.~f) 
1.i841E.~ti 
1 • 'h1&~t-"8 
1.51141::-08 

T lME eVR" 
9.5~5"E+05 
1.002&E+06 
t,~49"E+Plf, 
1.~~61E.06 
1.1,.36E+06 
1. J 901SEU'f, 
1.2319E+1l'6 
1. c!65i1lE'H1I6 
1.3.520£ • ." 
1.3791£+01:1 

H.15 

1"0 POINTS 

RATE (CU/YR) 
'6. 355~E.08 
6,3110E-08 
&.3815E-08 
&,3913E-06 
&,!94~E.08 
6.3920E-£I8 
6.3862E-08 
6.3112E.08 
6.3466E.ee 
6,32P'SE-e8 



 
 

  
 
 
 

 
   
 
 
 

 
 
 

 
 

 
 

  
  

 

  
 
 

  

  

  
 

   

 
 

 
  

 

   

 
 
 
  
 
 

 
 
 

  
 

 
  

 

 
 
 
  

 
 
 
 
 
 

 
 
 

 
 
  

 

 

 

 

S.4023!+05 1~'147!-148 1."iblE+0~ &,295&E-08 
~ 

\ , 
1,02&3!+0«1 1. 7a0qE .. -H~ l,il73ZE+0& &.2713E-08 
1.4~"3E+05 I.Qli!lE-"d l,5at.laE+0~ &.2521£-08 
l,4803E+~' ?tJ63i:!E.~8 1,5b1:5E+0& &,237&£-08 
1,513&3£+0'5 2. 294"~·\jSl! 1.bltUE+0& &.2252E-08 
1.5323£"'05 2.4823t-d8 1.b&14E+1I10 &.2250[.08 
1.sse3E+05 a. "b4f.j~-\"8 1.7~8SE+0b &,2393E-08 
1.sa42£+~5 2.8"'5~ .. i/Jtt 1.15SSE+06 &.249'l!.raa 
l.b10?,"+05 3,1A3~~E-~8 1,8~2bE+~& '-,2727£-08 
1,&3&2[+145 3.~tt13qE-1d8 1,8\1,18S[+0& &,2774E-08 
1.bb22f+wJ5 1.:HtaSt-l/Ils 1.81"4E+0& &,2821E-Gl8 
1.6882£+f05 "3.~4S""~.id~ 1,8C!~3E+~6 &.2814£-0& 
1,7142E+~S l,7t3fdE-~8 l,aa63e.+06 ~,2927!-ga 
1,14e2t:.+"'~ 3."4JVlt-\'J~ l,8.s22E+0~ &,2982E-08 
1.7&&te.~5 3.Q12<fE- id8 1,8.581[+06" &,3043£.08 
1.7921E+0$ ". t "29E.wfS 1,64 tH'E+0& &,310&£-08 
1.8181£+05 4,~18b~-1d8 1.54QQE+0b &,3174£-08 
1,1344t£+"'5 ","3 \ lqE-IUI 1,8558E+0& ~t3243£.a8 
t,1\101E+"'!.S U,4""a~t.-~R l,8bldE+0Et ~.ll14E.Clt8 
t.8961f+05 4,5~"Ut-~d 1.db71E+0& 6,l393! .. 08 
t .Q2c?tlEhl$ 4.511b~.ilJ8 1. tH3bE+"'b 6,3474!e08 
l,94a~E+i15 U.61l!lil~.~t4 l,8795E+0Et b,3560E.CU 
l,914~E+flj5 4,6~87t.-I/)~ l,d854E+ft1t6 &.1641E e08 
2.0000E+05 4,75~8E.d8 l,a91.3f"'~6 &,3137E-08 
2,0261dE.+145 1.&,79'J9~_\lJ8 1.d97.5E+0et l!I,3824E.~8 
i,I.l9b6E+i()S 5.2S~9E-l!Jij t.9IdlaE+0b b,3813E-09 "~ 

2,9672E+V15 5, 1J 8i»'jt-i/l8 1, 9C1J<fl E+(/H. &,3763£e0& 
.,/ 3,4]11E+tijS 5,a53·'E.VI~ t.9150c."'b &,]821£-08 

l.9G'18le·05 5.812k)E."/j 1. 9i;lJ9E+rttb 6.3894£ .. 08 
"4.3 789E+",S 5.9S5id~-od& t,9i68E.0& &,J9,,4!e08 
4,8095E+~5 b.Ql4~1t.·"'8 1,9328F-"06 b.4032E,,08 
5,3201E+05 &.t2tbE-d& l,<U87E"06 &.4099!.Ql8 
5.7901E+~5 b.t195E.1d8 l,9 C1 f.&bE+0Et ". ill &ae.08 
&.2b13E.~1j b.2i:HHE.lrHi 1.95~5E+06 "',4221£."'8 
b,7"31 9E+05 6,2 Q951:."'{i l,q5~4E+0& ft.4217E-08 
1.2~c5E+~5 ".i'708t-1d8 t,9b23E+0b 6,4331E-QlS 
1,b730E+05 b.~9~~~-t'la l,qb83E.~b &.4l87E-Ql8 
8.143&e .. ~5 b.3~"bi:-iO~ 1.q'ij2E+~& et,4441E-05 
8,b1Q2E.~5 b,J~J?t.~~ 1.Qo.olt::+CI'b et,451lE-08 
9,0848f.+ibS fl.3,7St'.-.'(t 1 • '1 tH> 1/1 c.. ~ b &. 14 584£.03 

H.16 
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\.. 

PLTCVT PROGRAM O.TA &UM~&RY 
PIR 1 Chain 2 

CONTAMINANT • NP-~31 
TO~S OF HEAVY MfTAL FAtTO~. 1.0~0~0~ 

DATA SLOCKING FACTOkS: 
ENTRY MODE (1 • TrLOW),UT,NCE~LS) (c • TCLO~),T(HJ),NCELLS) HOOE. l 
TIME LOw. 1.~000~~E+~4 
TIME HIGH. 8.10~e0Af+0S 
NUMREROF CELLS • 400 
OELTA Tl~~ tNCREM£Nt. c.~0~~0~E+~l 

RAW DATA AND 8LOC~~O OATA 
MAk. TIME c 6.1q24E.~~ 
TOTAL wEIGHT. 8,~~31£+01 
PEAK wEIGHT. 1i9t.~b~ 
PEAK PA~CELS. 1726.~e~ 
WT. LOw.' 0,000~F·~1 
WT, HI. 1.9153f+~2 

SMOOTHING WINnOw CCElLS)a 

FACTORSI 
MIN, TIME. t,4905£+04 
TOTAL PA~CELS • 8132.0 
PEAK wEIGHT TIME. 1.9000E+04 
PEA~ PANCELS TIME. 1.7000E+04 
NO, PARCELS LOw • 0.0 
~O, PARCELS HI • 13,0 

t 

TOTAL I~YENTORV teU~JfS). 8~~7288IE+04 
INVE~TORY UNOE~ THE CU~Rt~T GRAP~ (CURIES) c. 8.364a21E+04 
PERCENT OF TOTAL INV£NTUkY • 103,864 

TI~E OF MAXl~UM Cn.NtENTRATIO~ (YEARS) c 2.100000E+04 
MAXIMUM CO~C£NT~jTI0N (MICHOCUNIES/ML). &~948634E.06 
MAXIMU~ ~AT~ (CURt~S/YEAR). 3.S94511E+0~ 
CONvE~SIDN FACTO~ WATE TO CONCENTRAT10~. t.Q33123E-0b 

TIME ('EA~S) A~~ ~ATE (LUkJfS/¥EAR) FOR THE 

TIME (Yft) 
1.50 pjPE+ltilo! 
J.157~E+ti!4 
C. QI t S?E+ i{;" 
2.cT~"~ .. ~" 
C. 53"'"!f: .lrU, 
i.1819E+l'J4 
3.0I.1SIjE+~4 
3.3030~+~14 
3 .l5b~\bl +0" 
3.81b2E+"'4 
4.V'1St\f+~4 
Q.!333E+1Q4 
".Sfirt1qf.+IOU 
a,8GI;5t:+1!t4 

'a Tt. (CUI y~) 
~.Qt3bt .. t1~ 
3.4355f:. ... ~~ 
:3. 5S~~t-.+VlIA 
!.5j'''~+fI~' 
3. ~11&t:.+"'k~ 
c.i'95~t+.,~ 
8. 832~f -ttl 1 
\ • 8~f,f\t·W3 
c.3~"'t.IH 
3.6V.12~-""3 
~.4","q~-4IJ.3 
! .lIbQ~t·-1I'I3 
1. CI bbl~t- -oq 5 
?'.Ift""foI1t:.- vJ! 

TIME. (YR) 
3,!".!000E+0S 
3,11J~E+05 
3.2353E.+~5 
.5.3"29£+05 
3.470hE+215 
.5.~~~i!E+~5 
~.7059E"05 
3.8ij5E+05 
3.91112E+05 
",1t!~6fiE+0S 
Q.t765£+~5 

".(»941E+11'5 
4."'1"E.+0S 
l.i.5~¥4E+05 

H.17 

100 POINTS 

~ATE (CU/YR) 
e" 4404E-0'3 
3.6403£-03 
5,3503E-03 
t.323I3E-03 
b.80&lE-03 
8.2768E.e4 
4.8seSE-213 
"."8~4E-"3 
2.8930£-03 
4.8c"6E·~3 
3.6440E-05 
8.&316E-03 
2,1253E-03 
'.5S94E-03 



 

 

  

 

 
  

 

  

 

 
 
 

  
 
 

 

  

 

 

  
   

 

 

 

 

 

  

 

 

 

   
 

 

  

 

 
 

 

 
 

 

  

 

 
 

 
 
  

  

 

 
 

 

 
 

 
 
 

 
 
 

 

  
  
 

 
 

  

 

 

5.1QlblE+~" 
5,3e.3bE+0C1 
5,b2Si!E+~~ 
~;.a188E+i64 
e..13b4E+~H' 
b,1939[+1c14 
b,bS15E+ta4 
b.909IE+04 
7,16b7E+04 
7.4242E+04 
7.&aISE."''' 
7.9394E.0Q 
8.1970£+04 
8.4SIISE+04 
8,112tE.~Q 
8,9&97E+0t6 
C).~c!73e."'04 
9,48,,8E+04 
9.74i4E.fd4 
1,0Q100!.~1§ 
1.11 1@tE+irt15 
l.i353E+~5 
1.35ii!9e:+3' 
S.410bE+~5 
'.5882E+V.5 
S.70SCJf,+ft!S 
1.1423~E +,,'5 
'.941~E+vJS 
2.~5a8E+~5 
2,t1&5e+I/JS 
2.2<141€+\tI5 
2.411.l\E+05 
2.529ae,+",5 
2.&41tt:+~5 
2.7b47E+~5 
2.882QE+~" 

2.CJd55!-0] 
Q,5812t.wI63 
l.4rDt5t."l 
'.ll&8E-id] 
~.:A931E-~" 
9.~q9bt.·!d" 
c).~1SQt·ltI4 

1.0ro12~-01 
3.1344E-~3 
5,2555t.-i)3 
].5b35f-03 
1.4t.1&"t.-~3 
1./JU91~-t63 
2. 93~2t.-"\3 
S.4183E-ldl 
~."b8q~·~3 
4.59551:.-1153 
2.S2t;0f-03 
1.<lt91E.1I1 3 
J.t.I"'2~~-.(J3 
1.

'
4S1!-"'] 

3.3ct45t-"'1 
4.~13"~-l(Il 
2.]44ie.-03 
1.lb54E·~3 
3, C;lf~5E-~)] 
4.423ttf:.- IIS ! 
i.32&CJe-":t] 
t.l]E'QE-.n 
'.tb~"t.-1fJ3 
3.~0qbt-1i'!3 

1."'~39E-dJ 
5.",9ttE-d3 
~.~7f)8t-d3 
3.31941:-~.5 
t<t.l7&3E- in 3 

1.1.6 4 71£+05 
",7b47E.e5 
4,8824E+05 
S.~1400E+05 
5,~Cj3~E+05 
S,lliblE+0S 
5.~7qlE+0S 
5.37iHE+05 
5,4052£+05 
5.5'82£+05 
5,b512f+05 
5.7442£+"" 
5.8313£+05 
5.(U~l!+05 
b ,It~a ~3E +~5 
b.llb4E+05 
b,21d94E+2'S 
b.l~24E+Ql5 
b.19 S5E+0'i 
b.41S85E+05 
b.~&15E+05 
b.b 74 5E+05 
&.1b1&E+17I5 
b.ab~"E+05 
b.953bE+P.5 
7.J}"b7E+1olI5 
1.13911::+05 
1.2JcHE+l'!S 
".J~56E+Ql5 
7 • ,,, fHH: ... a 5 
1.5116£+05 
7 • .,1048£+05 
7.&'nQE+05 
7.19~9E+0'J 
7.88,59E+05 
7.971"'~.0':; 

H.1B 

7.2801!-03 
5.&052£ .. 0] 
4.6393!-0] 
1.PlIlSSE.02 
t,e.21SE1I02 
l,&&05E 1I 02 
1,&004! .. 02 
2.8282E.02 
4,&924E.02 
6,l299!.02 
e.,72021!-02 
7.1991!·"2 
1,5~54E .. 01 
1,~902!-01 
1,3821E.el1 
1,8995£.01 
t,&47&E1I01 
1,140&£-0\ 
1,4275£-01 
2.3700! .. 01. 
I,CJ734E-01 
2.3281E-01 
1,5423£-01 
1,3030£-01 
S,4606£-01 
t.1922E-01 
t ,0&21E-01· 
~,5282!.02 
9.0719[-02 
4,0213E-02 
3.'798£-02 
4.0074E .. 9I2 
2,5451£ .. 02 
2,6157£-02 
t.2959£-ot2 
'.8&7&e-03 

--.. 
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PlTCVT PROGRA~ OATA SU~MA~Y 
. eIR 1 Chain 2 
CON'A~INANT • NP-23' 

TONS OF HEAVY ~ETAL FACTOR c 1.0~0000 
DATA SLOCKING FACTOPSI 
ENT~Y MODE (I • T(LOW),VT,NCELLS) (2 • l(LOW),T(HI),NCELLS' MODE. 2 
TIME LO~. 1.0"0~~0E+~4 
TIME HIGH. 4.0e~0~0E+~Q 
NU~eE~ OF C~LLS • 2~0 
DELTA TIME INCRE~F.NT. 1.S0~000E+~2 

F'ACTO~SI RA~ DATA ANO BLOCK En DATA 
MAX. TIME. 6.1~24E+~5 
TOTAL wEIGHT. t.8S~qE+~Q 

MIN. TIME. 1,4905E+04 

PEAk WEIGHT • 138.427 
PEAk PARCELS • lql.~~0 
WT, LOW. e.0000E.~t 
WT. HJ. !.22~0E+0U 
S~OOTHJNG WINOO~ (tELLS). 

TOTAL PARCELS • 612A,e 
PEAk WEIGHT TIME. 2,3~1SE+04 
PEAk PAwCELS TIME. 1.5325£.04 
NO. PARCELS LOW • 0,0 
NO. PARCELS HI • 2017,0 

IS 

• TOTAL tNVENTORY (CURTES). 6.0'28b9E+~4 
INVENTORY UNDER THE CU~RENT G~APH (cuRIES) • 
PERCE~T OF TOTAL JNVENTOH.. b~.0b9 

4,849314E+04 

TIMl OF MAXIMUM CONtE~T~AT10N (VEARS). 2,162500E+04 
MAXl~UM CO~CENTR~TtON tMICHUCURIES/ML). b,~646~lE.e6 
MAXIMUM RATE (CU~'ES/Yf.AW). 3.551~66E.00 
CONVl~SION fACTO~ RATl TU CONCENTRATION. 1.933123E.06 

TIME (YEA~S) ANn RATt (CU~·l£S/'EARJ Fuw T~t 

Tl~E (nil 
1,uB1SEH~4 
1.11SC'l4t:+L1G 
t .~913~HH' 
1. IJQ 32E+(r1C. 
1.afiS1E+It'lQ 
S ,lIQ7"'E+vH' 
1.aC;SC;E+0" 
1.500SE+I!J4l 
1.15027E+04 
, • S04SE +1(14 
1.521"4"[ +.1!l4 

RATe: tr.U/YH) 
i'. 615UI! ... ';111 
2 ,61 r;4f.v:~ 
2.fo.1'iQt:. ... {.!1I 

c.~lS&ll:.h~., 

~. ~ 1 '5~t.H·~ 
i'.bl-;,.~+~~ 
2. ~ It;&ll+vH!' 
2 • b t -; 1.1 E .. "'''.!l 
?.fo.l 1 "1E+I£M 
2."~Vo~f.i1~ 
2. bt~?~lt:. ~Iil 

TIME t\'~l 
2.175~E+~4 
2.2118E+~t 
~. i"8SE+f:4 
2.21)!:»3E+"''' 
2.32i?lE+"''' 
2.3~68E"01J 
2.39!:1b~HU' 
iI.ld24E+~4 
2.4b91E"k''' 
2.5~5~E+"''' 
2.S"~bt"0" 

H.19 

100 POINTS 

RATE (CU/YR) 
3~5503E+00 
3,54&9E+00' 
3,537 1£+00 
3,5234E+00 
3,512&E+'0 
3,4C;C'HSE+ee 
3.4110E+00 
3,4494E+00 
!,4119E+00 
!.37SC'lE+00 
3.332QE+0~ 



 
 
 

 
 

 
 
 

 
 

 
 

 
 
 
 
 
 
 
 

  
 

 

 
 
 
 

 
 

 

 
 

 

 

  

 
 

  

   

  
  

 

 
 

 
   

 

 

 

 

 

 

 

 

 

 

 
 

 

  

 

 
 

 

 

 

 

 
 

1.5083!+04 Z.7140E.ftl0 2.5794£+04 3.2845£+"0-
S.5102!+04 2. '461e.+rl0 2.blbZ!+04 3.2Jb9E+00 
1.5121!+04 2.77al!."'~ i.bS29E+04 ],1815E+00 
1.5tca0!+0" 2.810c!e.~0 2.b597!+04 3.1279£.00 
1.5159£.04 a.8422~·~0 a.1C!bS!."" 3,0'37£.00 
1.5118e+04 C!.87CJ5E+k)" 2.1b]2E+04 Z.91 76e:.00 
1,5197!+~U 2,9154£.00 2.8"0saE+04 2.9110!+00 
1.5216e.+~4 2,95S1e,+1il0 i,8lb8E."4 2.81b6!+"0 
1.5235!.00 2.995i!t+~" 2,8720£+04 2.3685£+00 
1.5254!+04 3,"'l5a~.11'10 2.91472E+Ql4 S.1319!+00 
1.5211E+04 1.r;t7q9e.+~0 2.9~24!+04 1,1490E+00 
t.5292!+0(a 3.1148f+kJ0 2.9777£+04 5,4411E-01 
1.53ltE.rl4 3,t5111E+~A 3.0129£+04 1,2409Ew0J 
1.533Q!E+04 1,,9?U;+0r1 3.",481E+04 2.1065!.03 
1.5]a8e.,,4 3.?235!+00 3.~8J4E.04 2.0110!w03 
1.5367E+"4 . 1.25Q5~+t00 1.118b!."O 2.0633!.0J 
t.5186!+¥lQ 1.2855!+0f.l1 3.1538E.04· 2.1025£ .. 0] 
t.~l.&05E"04 3.11&5t+VJ0 3.1890£+04 2.1011! .. 0] 
I.S4 24E+0<1 3.1415E+"0 3.~t!43!+04 2.0945!-0.3 
1.541 3E+04 1.3185E+Id~ 3.a5~SE+04 2.081bE .. 01 
1.Sl.&blE+~4 3.""9~t.+"'0 3.2'iQ7E+Ql4 2.071&£w03 
1.5481£+04 1.4344t:+P'0 3.Ji99!+04 2.1026f-03 
1.SS~0E+¥l4 1.a4~3Eh'V'I 3.3bS2E+ClI4 2.0830E .. ~a 
t.Sa b8E+04 3. S~H,2t .~0 3."""0"E+04 a.0776E-"'] 
1.b~35E+04 3. lH39t.+1a0 3.4l5bE+04 2.0S14!'-03 
1.&&01f+~4 ·J,4't-3E.~0 J.4109E+04 2,1011£ .. 03 ' .. 
1.e.91tE+~4 3. 477 3f.+vJ0 3.~wbl!+0" 2.0820!-03 

, 

1 •. 1333E+04 3.417]1::·.1tI0 3.54llE+Ql4 2,0523£-03 
1.71~&£"04 3.493"E+~" 3.5'bSE+04 2.0915£.013 
1.8071&E+¥l4 3.4q80~.\Ct.~ 3,b118E+04 2.089ilE-0] 
, .8Ih'E+~<I 3.4o.)(l5!.+·~r~ 3.es4 10!+04 2.4308E .. 03 
1.a409f+~4 3.;0it'2t:."'~ 3.bi4tl2E+04 3.4q~9E-03 
t. CJ tlbE+\44 3.5115~h'\1l 3.1174E+0" 4,be.59E.03 
1. CJ5t.a4f +01.& 3.5209~+0'" .5.1~i7E+04 5.1190E. Dl 3 
1.9912t+01.& 3.5261~+vJld 3.7S79E+04 5.1489E-03 
2.0219E+0 4 3.5314t.~it! 3.SillE+04 5.1615!-03 
2.Ae.41E+V!1.& 3.5411E+"'~ .3.b~8l.&E.04 5.1489E-03 
2.1"'15F. ... ~4 3. 544.:!t +~'-d .s.89~oE+04 5. 1432F. .. 03 
~t13tS2e+"'4 JtC;4~lt.h'l~ 3.q~~~E"Qlq 15.15&3£-01 

H.20 



   
   

  
      

  
         

   
  

    
    

    
   

   
   
   

   
   

  

 
   

   
    
    

    
    

    
      

     

      
    
    

     

      

 
 

 

   

 
 

  

 

   

    
    

 

 

 
   

 

 
 
 
 
  
 
 

 

 

PLTCVT PROGRAM ~ATA SUM~l~Y 
PIR 1 Chain 2 

CONTAMl~ANT • NP.?37 
TO~S OF HEAVV METAL FACTO~ • 

DATA SLOCKING FACTnWSI 
1.01i1000~ 

ENTRY ~~nE (1 • ~CLOW),OT,NCELLS) 
TJME lOw. Q.5~~~~~E+~5 

(~ c TClOW),T(HI),NCELLS) MODE. 

TIME HIGH. 6.0~~~~~E.~S 
NUM8EW OF CELLS • 
DELTA TJME INCREMENT. 

30~ 
1.1bbhbTt.+,,3 

RA~ Dal' 'NO BL"CKEn nATA 
MAX. ft~E' 8.7q2AE.~S 
TOTAL wEl~~T' 3.~3?~E.~4 
PEAK wEIGhT c 3bl.~4q 
PEAK PlRCELS • 2i.~~~ 
WT. LO~' S,~075E+G4 
Wl, HI. 2.T50bF+02 

SMOOTHING WI~"OW rr.£LL~)' 

"'CTOWS' 
~TN. TIME' I.QQ0SE+04 
'OTAl PANCEL& • 1883.0 
PfAK wEIGHT TIME. 6.6408E+05 
PfAK PARCELS TIME. 6,6408£+05 
NO. PARtElS LOk • 6243,0 
N~. PARCELS HI • 1~.0 

1C11 

~TO'Al INVEN10RY CCUWltSl' 6.07287~E.~4 
tNVENTO~Y UNO~R T"f CURWEN1 ~~APH rCU~lES) • 
PERCENT Of TOTAL tNVENTU~" 37.bb5 

(~ ·TJME OF MAXl~UM ro~ceNTPATlON (YEARS)' 6,535633E+05 
~- HArtHu~ Co~tE~T~ATto~ (~lC~UCURIES/~~)' 3.626608E-0T 

MAXIMUM RAft (CUPTE~/YEAk). 1.~1949~E.0t 
CO~VERSION FAtTO~ HAT~ T~ tU~Cf~THAT10N. 1,933t23E-eb 

TJME (YEARS) ANn ~ATE (CURlfS/YEA~) FOR T~E 

TJMt. r'(toIl 
".~CI~8E+"'5 
1.I.585'~+"'':i 
1&. biq 3EH~C\ 
4. til 3&;t:: +;lI~ 
" • 12 7 7 t .. {i 5 
".7b19E;+o(JS 
~.8~f:,tf!+(S 
4.A~rQE+dS 
1.I.,,94bE+.l&; 
".CilSf(E hJ5 
" • 9b 3~t:. +t15 
'5.V21t.'t+~5 

~ATL (ClI/"") 
b.38'iH~-"j 
t..4b"1~·"" 
f,.Eo:IJI,.'4t.-iIIS 
b.7c~7t'.-It)S 

b.C;"'IIIt:.-Vl, 
7.l6*,U-vy,5 
7. 93q4t .''13 
f.C,.b9to1~-ltJ~ 
q. b!)c.;S~·,,"; oS 
1. r,HH7t.-;..c 
1.?.s1.1~-~'~· 
1. 3q~i:!t-tl~ 

Tl~~ (YRl 
b.~14tU:'."'0S 
b.S"4iE+0~ 
b.~13bE.+D!S 
b.&Id~"'E+~5 
b.b'sc!I&E+ers 
b.be19E·05 
~.b91JE·"'5 
b.7i.oIt+{lI'l 
b.7~il\E+"'S 
b.77q~E+[ilIS 

b.H""~E+~5 
~,"J"5~'HlI5 

H.21 

t00 POINTS 

'lATE CCU/Yl{l 
1.91T'7£.-01 
1.9791£-01 
! .4;'160£-01 
t.9b07E-flIl 
1.~~~S£·01 
1.9135E-01 
1.8SA6E-01 
1.84P8E·"'1 
1.8011E-rU 
1.'7567E-01 
t.71'1'l1£-01 
t.Eob38E-01 



  

 

  

 

  

 
 

   

   

 
  

 

 

 

 
 

 
 

 
 
 
 

 
  

 

 
   
 
 

 

 
 
 
 

  

 

  

  
  

 

  

 
   

 
 

 
 
 
   

  

 
 
 

 

 

 
 

 

 
 

 

 

5.0114E+05 
5,1151!+05 
5.1599£+05 
5,2041E+05 
5,2483E+e5 
5.2tJ25E+05 
5.33&7£+05 
5.l81~E+05 
C;.4~52E+05 
5.4b94E+05 
5,5136E+~5 
5.5578E+05 
5.bIZl20E+~5 
5,64&3!+05 
5.b905£+05 
5.73471+~5 
5.7189E+05 
5.8e!llE+~5 
C,.&~73E+~5 
5. tH lbf.+~5 
5.IJ55ae+1d5 
b. ~H"0IQ1~+~5 
&.04421:.1(1'5 
&.07l~£+165 
b.1030E+05 
b.1324e+~S 
&.1619E+05 
&.lCJllE+"'S 
b.~201E+05 
6.aSl1ttE+1(lS 
b.2195E+1d5 
&.31il&QE+i65 
b.3J83E+~S 
b.3~77E+"5 
6.3972E+05 
&.42bbE+05 
&.45b0E+~5 
(,. 4~~"E + !it'S 

1.571ge-0a 
l.77qat-fd2 
2.,,"32E-r4c? 
2,2547E-02 
2.541lt~·162 
~.8763!-~2 
3.259b~-fd2 
3.69b8!.-~2 
4.t9'11E-1d2 
4.7382E-0C! 
5.1"13E-.a2 
&. ·::nJ27E·"'i! 
6.7255~-0i! 
'.13 it 4t-ldi! 
8.3S1IJE-f6a 
q .a57~H~.-t4C! 
1.0191~-11t1 
1.t14bt:·~1 
t.20Q8E-'dl 
'.31d2f.tE-~t 
1.3Qt2c-iH 
t .4I1 4 2E.iiH 
1.'iS"I.IE-1tI1 
1.r;91S1E-~1 

1.fdCJ"f·~1 
1.&131.1':-v'1 
l,714t~·01 
1.14 b5E-1d 1 
'.77it3E-"1 
1.8~3bf-lOl 
1.A292e-iiJl 
1.,I\S1&t.-ldl 
1.8171t·i-ll 
1. q0t4~~.~ 1 
1.q21~e:·,ot 

1.CJ"1t'I8~-01 
1.CJS14~-~1 
1.97ioiWJt:-~1 

b.8b71E+05 
&,,8912E+01J 
&.9i66!+05 
b.95&0!+05 
6. 98S4,! +013 
7."l48E+'" 
1.1d442E+Ql5 
1.073&E+05 
T.111J31E+0S 
1.1JaSE+03 
7.1019E+05 
7.1913E+05 
7.aaa1E+05 
7,i!50i!+~5 
7.i79&E+05 
7.l"'9~E+05 
7.3J84E+05 
7.3blSE+"! 
1,3973!+05 
7.16i!&1E+eS 
7.l6~blE+05 
1.~65IjE+QJr; 
1. '; 11lCJE+05 
1.""'44£+0; 
7.5'3~E+05 
7.b~3iE+~5 
7,b32&E+"5 
7.bbi0E+Q.l5 
7.&91"£+05 
1.72tcJ9!+05 
1. "75.53£+1215 
1. HCUE+QI; 
7. 6t./l'H~+05 
7.HJ8SE+1r15 
1.8&8Il1E+"S 
1 • 81 " 4 E + 015 
1.qab~E+0r; 
1.95b2E+05 

H.22 

1.6Ib3E-liIl 
1.5684£-01 
1,520t!-01 
1,4112!.01 
1.4214!-01 
1,3706E-01 
t.318GE-OJl 
t.2651£-01 
1,2105!-"1 
1,1549!-01 
1,0985£-01 
1.0415!-'H 
9,8416£.-02 
9.2690£-02 
8.1004!-Ql2 
8.1390e-02 
7,5893E-02 
7,055]E·"2 
6.54IqE.02 
6,0519£1I0i! 
5.5894E-02 
5.1515E-02 
4,7513£-02 
4.3902E-02 
4.0541E-02 
3.7493£-02 
3,470SE-02 
3.l205E-02 
2.9Q21E.02 
2.1859E-02 
~.&0t8E.02 
2,4405E-QJ2 
2.296&£-02 
2.1&84E-02 
~.1201E.02 
2.13252£-02 
t.94514£-02 
1,8715£-02 



   

   
  

      
  

         

   
   

    
     

    
   

   
   
   
   
   

  

   
   

    
    

     

    

    
     

      

      

   
    

     

      

 

 

 

 

 

      

       

  

 

 

  

 

 

  

 

 

 
 

 

 

 

PLTCVT PROGRAM nATA SUMMA~V 
PIR 1 Chain 2 
CO~TlMI~ANT • U-233 

TONS OF HfAVV METAL FAcrUk. 1,~~0000 
DATA 8~OCKING FACTORS: 
ENTR¥ MODE Cl c T(~O~l.OT,NC£~lS) (2 • T(LO~].TCMI"NCELLS' MODE. 2 
ll~E LOw. 1.~~~0~~E+04 
TI"E MIGHa 6.~~~0~0E+05 
NU~8ER OF CELLS • 500 
DELT' TI-E INC~EMENT. 1.580P.00E.~3 

RAw DATA A~D eLot~fn DATA 
MA~. 't~E ~ 6,"~31E+05 
TOTAL ~EIGHT a T.3026E+~~ 
PEAK ~E1G"T • 4b4.b61 
PEAK PARCELS • 371.~~~ 
WT. LOw. 0.000~E-0t 
WT. HI. 3,75!'E+01 
S~OOTMING wl~DOW (CELLS). 

FAtTORS' 
MIN, TIME. 1,6584E.04 
TOTAL PARCELS • 27225.0 
PEAk ~tlGHT TIME. 4.6741E.05 
PEAk PAMCELSTIME. 1,4509E.e5 
NO, P'~CELS LO~ • . 0,0 
NO, PARCELS .HI • 621.0 

20 

TOTA~ t~VfNTO~Y rcuQJ~S) a 1,30&534[.00 
INV£NTO~V UNQEQ THE CU~~ENT GRAPH CCuklESl • 
PERCENT OF lOlAL JNVENTORV a 10~.041 

7.30950&E.01: 

Tl~E OF ~AXIMU~ cnNCEI~TRATIO~ (Y~A~SJ c 5,084900E+05 
"'A~ptl.m CU~tENTRATtlJ"I' (MICROCUQIES/Ml..) c 2,916823E-07 
Hj~l~UH RATE (CURlt61(fA~) c 1.509900£-01 
tO~VEkSlON FAtTO~ ~~T£ fO CO~CENT~ATION. 1.933123E-0& 

Tt"1f. (VH) 
t .1 t1 ~f. +it)l~ 
2.52"8t+0~ 
2.~'h:~E+l~a 
1.5r;~l5f+V)" 
4l.11~lf.·~.H1 
4:.785H.+e4 
5. !9fi9f .~H~ 
6.~1"7f+r.·~ 
c. b295f +~]4 
1.C(UIOE "lOCI 
7.~~9?f+0tl 

Cla'f!:. (eU/YJH­
, • CvH5t- -142 
1.I;jB'52t-'t)?, 
1.Q~~9t·i42 
~.ttlSIit::..J)i' 
2.tS71t.VJ~ 
2.'c O..,t-lIJ? 
i.25QC;,t:.·~~ 
2.'-~39r:.i6(,J 
c.t2I!fif-~~ 
2.0.H~t.lec:! 
r..~qqr;t.~~ 

TI Mf (YR) 

4.""~~E+"'5 
CI. h'Jl)q~+f65 

".o!11cH£+05 
4,H71E+e5 
:.a,~~S~EH~'l 
G.~i?fj4t.+eS 
401. 'l)3r;U.+r.5 
t.l.7"liE·H"'S 
4,6~7tE+~S 

".q~~9t!"0~ 
S ... ~,)~dE+91S 

H.Z3 

100 POINTS 

t(ATE (CU/YR) 
1.3915E-fJl 
1.~~99F.:·01 
1,42cCie-01 
1,43&1E.01 
1,4508E-01 
1.4f,49E-01 
1.4182E-01 
1,4901E.01 
1,4998£-01 
1,')065£-01 
t.509~E·0t 



 

 

 

 
 
 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

   
 

 

 

 
 

8,4140E+04 2.2~15E·ilJa 5.1"41E+~!5 1~5089E.01 
9,0888E+04 ~.2532E·1d2 S,i!70b!+05 t,5037£-01 
9.7036£+04 2.25~9E·~2 S,!7fJ5!+05 1,4944P;-01 
1,0318E+05 2.o?]Jb!.~2 S,4S24E+05 1,4806E"IU 
1,0931E+05 2,211'36E-il2 S.5de2E+05 1.4619£-01 
1,1543E+05 2.2~H 8£-02 5.EtCJ41E+05 1,4415!w01 
1,2163£+05 2,2412£-02 5.8000!+05 1,4126!w01 
l,a718E+05· 2.4099£-"2 5.S"64!+09 1,3778!'-'H 
1,3393e+05 2.1Et10E w1&t2 5.tJ.329E+05 1.3332£-01 
1.4001£+05 3.'3215E-"'2 5.9993E+05 1.2858!-01 
1.4&22E.+05 4.iiUb1tf.-02 b.abS1!+0! 1,241Et£-01 
1.5231E+05 Q.&5351-02 &.ll21e+05 1.2005£ .. 91 
l,58S2E+05 C;.1S05!-~2 b,198&£+05 1.1540E-01 
I.Et4b7E+05 5,1~81£·l/Ja b.2ttS~!+05 1,01:)41[w01 
1.7081£+05 b,&1&9E-02 b,3314£+05 1,02t7!w"1 
1,1&9bE+05 1,&540t-02 &,3979£+05 9,45311£-02 
1,83t\e.+05 8.4~tlE.itta &,4tt43!+05 8,1321£-"2 
1,8926£.+05 9.210qt.·~2 tt.53alE+QI'S 8,0&52£-132 
1.954 t£+05 1.A591E-liI:It Et.S!f71E+05 7.3999E..,132 
a.rU56E+1t)5 1.226\E-dt ~,&blbE+05 6,6898£,.02 
2.0770~.~5 t.3159E-..tt 6,73VJ0E+05 3.9455£"O2 
2.138SE+05 1.4711f-\tJl ",79"41::+05 5.2310E-132 
2,200 01 £+11)5 I,Q998f·~U &.8Eta8E+05 4.5932!-02 
2,3059E+1i15 1,41J1E-ldl b.9c!93!+05 ·4,~332E""2 
2. 4 118Ei'05 t.445Se.-flJl b,9QS1E+01! 3.5210E-02 
2.5t7bE+~5 t.42"'2£-01 1.1d&~lE+13S 1.033&E-02 ._, 
2,&2351:+05 l,3949E-04J 7.12SEtE+05 2,5127£.02 \ 

2,1~94E"'05 1.3133E-~1 1.19S0E+05 2,1559£-02 j 

2,8353E+1I)5 1. 35&(1E·~! 1.2bl"E+05· 1,79481:-02 
2.941C!e:"'!dS l,143~E.it!l1 1.3278e+05 1.4884! .. 132 
3,0Q71E"'~5 t.3357E-0t 1.39431!+05 t.22Q8E-02 
3.1529E+"'S 1.33~7~-01 7.lIb01EHJS 1,0120£-02 
3,2588£+05 1 •. 133~E-~1 1.5211£"'05 8,3108E w0] 
3,3&47E+05 1.3.s~a~-1t11 1,S935E+0S &,7892£-03 
3."70bE+~; 1.3"52E-~Jl 7.bb0"'£+05 5,4559£-03 
3.S1b5E"'0; 1 • ~54~f •• ll 1.7~&4e. ... 0S 4.3911E .. 03 
3.b82 4 E+1t'J5 1 • .3"3rH:.-~t 7.1Q~8E+05 3.5139Ew03 
3,1882E+~5 t.~71.1"E.141 1.~5tJ3E+;a5 2.a443E~OJ3 
3.a9QtE+05 1.18'5AI::-401 1.Qc!51E.(dS 2,4541£ .. 03 

./ 

H.24 
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PLTCVT PROGRAM OATA SUMMARY 
PIR 1 Chain 2 

CONTAMI~ANT • TM-229 
TONS OF HEAVY METAL FACTOR c 1.000~00 

DATA BLOC~ING FACTORSI 
ENTRY MOOE (I • T1LO~),DT,~CELLS) (2 • T(LOW),T(MI),NCELLS) MODE. 2 
TIME LO~' 1.00~0e~E+~~ 
TIME ~IGH. 8,00~000l+~5 
NUM8ER OF CELLS • ~00 ' 
DELTA TIME INCREMENT. 1.~150~0E.03 

RA~ UATA AND BLOCKED O~TA 
MAX. TIME. 1.051~E+0b 

, TOTAL .EIGMT. a.0c2bE+0~ 
PEAk wEIGHT • S0,0~c 
PEAK PARCEL$ • 163.~~~ 
WT, LOw, 0.0000f.-01 
WT. ~l' 3.l53~E+00 

SMOOTHIN& ~INDOw (CELLS)' 

fACTORSI 
~tN, TIME' 1.5614E+0. 
TOTAL PARCELS' 29241.0 
PEAK WEIGHt TIME. 3.1439[+05 
PEAK PARCE~S TIME' 1,6306E+e5 
NO. PARCELS LOW • 0.0 
NO, PARCELS HI • 9691,e 

,20 

TOTAL J~vE~TORY tC~~JES). 4.~2588bE.03 
INVENTORY UNDER THE CURRENT GHAPH [CURIES) • 
PERCENT OF TOtAL tNVENTOWY' ~9,420 

TIME OF MAXIMUM CONCENTR'Tltl~ (YEARS) c 4.90~125E+05 
MAXt~UM CO~CENTRATI0N (~ltwOCURIES/ML)' 1,58191eE-08 
~AXIMUM RATE (Cu~'ES/YEA~) c ti.2t4~11E.03 
CONVERSION FACTOR RATE T~ tONCfNTRATIUN. 1.933123E-06 

TIME (VeARS) ANO RATE (CUHIF.S/YEAR) FO~ THt 

TIME (YRl 
1.4~36f+04 
2.1t52f<t04 
2.',JbbE+164 
3.35t\0E+",4 
3,9'941:.+"'4 
4.b008l+~a 
5.2222E+f1 4 
5,84361:+'114 
b,4&50E::+\iJ4 
7.166ttClE+~4 
1.10T8E.+04 

rC'A TE leU/YH) 
i.,3525t:-Vl 4 
Cl.CA41bC-I6U 
b,3c?q~t.v)" 

~.ttibtt·v.''' 
1.t31SE-do! 
t.r~40~·11'3 
1.3547E-i,n 
1.36S3t:.-(!.ij 
1. 3819t:·;;.~.s 
\.335bl:.e~~ 
1.2Cf?lte I'l3 

TIME (VR) 
4.~"0"E+05 
".1"59E+05 
4.21 USt+05 
1I,311&E+0'; 
".4i55E+V'S 
4,5294[+05 
lI.b$S3E+(l!5 
... 141~E+05 
4.8411E+17I5 
4,qS~9E+05 
5.~S88t.+05 

H.25 

100 POINTS 

RATE (CU/YR) 
'.7~12E"'''3 
1.8421E-03 
',9456E-03 
lS,0101E-03 
6.0~&lE-03 
6.1448E-03 
8.11 Q0E-03 
8.2010E-03 
8.21£!3E-03 
8.2133£-.03 
6.2019E-03 



 
 

 
 

 

 

 
 
   
 

   

   

  

 
 

 
  

  

 

 

 
 

 

   
 
 
  
  

  
 

 

 

 

 
 
  

 
  

 
  

 
    

 

    

  

 

    
 
 

 

 

  

 

 
 

 

 

 
 

 

 
 

 

  

 

 

  

 
 
 
 
 

 

 
 

 

8.3aq2E+~4 1.~651t-lI1l 5.1b47E+05 8.1740E-03 " 8.951i1&f+04 t • H 24t.-Vl! 5.21;.rJbE+05 8,1310E-03 
9.572~E+04 1. '3QC;lE:.-v'! S •. 57bSf+DlS a.0&6bE-03 
1.0193E+05 1.3SQ0E-wJ] 5,482caE+05 7,9bC!8E-r;u 
1.0815E+05 t.3b13E-.,J3 5,Sal:t2E+05 7.8628E-03 
1.1QJhf"'~5 t .3b77E-~13 5.b"l41E+0S 7.7l12E-03 
1.20S8E+~5 t.37b4E:.-ic)3 ;.bIDJ0E+,,1j 7.5325E-03 
1.~b79t+05 1.l93Cat..Icl3 S.8bb4E+0S '.2976E-03 
t .• 3 300f +015 '.4Sfl15t.-l6] 5.'Ui!7E+IhS '.AG42E-0] 
t .39a2fH15 1.E,~q5t:.·~3 S.~q91E+05 &.82~3E-03 
1.4Si.&3~+~'S 1.eb9"t,-od5 b,0b';St.+05 6,6571£-03 
1.S1b5t.+1IJ5 2.2~~IDE-~3 b.151aE+~5 6,5057£-03 
1.578&E+'d5 i .~54M:'-'jU b.l"l8~E+0S &.]19~E-03 
1.&401E+ 17I 5 3.1a14E:.-\t.I3 &.2b4bE+05 &.a12Sf-03 
1.7029£+05 1.o12~t.·Vl3 & • .5l~9E+05 5,1811E-03 
1 • 165i11f +05 4,tt45E-163 b • .5973~+05 5.4943E-03 
t.8c!72~+"5 4.~91b1E-1!23 b.'Iol7E.laS 5.248l!-0l 
1.8d9~EhJ5 4.7jCJClE-It'] b.5J00E+05 5,04 49[-03 
1.9514f.+iOS A.QhQl f -1"13 &.S9baE+05 ",8'U1E-03 
2.td13&f+~S S.47q5E. .. ~J b.bt)cHt!+05 4,5949E-03 
2.0157E+~5 tt.35&2t.-Ii1J b.729tE. ... 0S 4,2715E-03 
2.131 QE h'S 7.~'ib31:.·1IJ! b.7 fI551?+0S 3.880&E-03 
2. &I!.iJ"rtE +V)5 '.8~9qE-I/.I\ b.~blqE+05 3,4502£·03 
2.3V1'5qt..~., 7 .~q7u~- .. n t).q~tslE"05 3.0011£.-03 
2.qllaE+~JS .,. 7"~3€-~i3 b.q"'lolbE+~S Z,512bE-03 
2.517~E+i!); 7. & 1 !lIjl:..~' 5 '.(Jbb1l:..~5 2,lt:t21E-03 \ 

?&23r;€+~r; 7.S2V1bt!- v1 3 7.1c!14f!+05 1.'9"lE-03 
, , 

-' 2.7?9i.&t::+0'5 "1.3 7",.,t • .,)) 7.19]7c+1d5 t,487~E-01 
2.835 3l +y,S 7 .~(""2t-i(jj 1,2bft1tf.+05 1,240 3£.0.3 
2.9412f. ... vJS 7.1~~"It:. • ..,3 7.]ab5E+05 1,0S00£-03 
3."'i.&7te:.~5 1.~jA7i:-~1 7.s"'ade."s 8.9874£-04 
.i. 1 Si9f. +05 ~.q~73t:.-d3 7.~Sq2E+""5 7.7~03E-0Q 
3. ?'S1.t8E +1(!5 b,9783t.- ... _~ 7.~t.!~bt:+rtl5 &,5459E-0. 
3.3b~7E+~5 7.r.11r?1tot.-~5 '."'119E."S 5,,4846£-04 
.5.CA7~"f+V); 1 ,ii' ~, 4 t - ocl .) 7.b~ti3e.+US 4,5410e.ta4 
3.51b'5E+I.1S 1.1 i.\3I!t-"') 7.7c<11E.+IIlS 3,745&E-04 
3.hR~"E."~5 7 .3;'1~~t!."'~ 1.7<:f\It\e.+~s 3.1094E-04 
3.7a82E ... ~5 1.a!.&olF!.-Iil.5 7.o574l ... ~5 2.*,S0tjE-0Cl 
3.8QwH>H'1'i '."db~t.-~; 1.q~~~t.+I11'5 2,3Q&2E-04 

H.26 
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PLTCVT PROGRAM DATA SU""ARY 
PIRI(TOTAL FUEL ASSEMBLIES) BASE CASE. CHAI~ J 
CONTAMINANT • U-238 

TONS OF HEAVY METAL 'ACTOR. l.emBsem 
DATA BLOCkING 'ACTDRSI 
ENTRY MOO£ (I • T(LOW),OT,NCELLS) (2 • TtLOW),T(NI),NCELL8) MODE. e 
TIME LO~. 1.00000S£+05 
TIME HIGH. 3.00000eE.05 
NUMBER 0' CELLS • OS0 
DELTA TIME INCREMENT. 5.0000B0£+02 

RAW DATA AND BLOCKED OAT. FACTORSI 
MAX, TI~E' 1,9999E+06 
TOTAL WEIGHT' 2.0460E+e4 
PEAk WEIG~T • 282,e65 
PEAk PARCEL$ • 10.000 
WT, LOW C 0.0000E-01 
WT, HI' 8.1113£+00 

SMOOTHJNG WINDOW (CELLS)' 

MIN. TtME. 1,1291£.05 
TOTAL PARCELl • 10735,0 
PEAK WEIGHT TIME. 1.!12SE+BS 
PEAk PARCELS TIME' I,SleS!+!! 
~O. PARCELS LOW • e,e 
NO, PARCELS HI a 13228,0 

·5 

TOTAL It-IVENTORY (tURIES)' 2.446179E.04 
INVENTORY UNDER THE CURRENT GRAPH (CURIES)' 2,145368£+04 
PERCENT OF TOTAL INVENTORY. q9,~42 

TIME OF MAXIMUM CONCENTRATION (YEARS)' 1,562500E+05 
MAXI~UM CONCENTRATION (MICROCU~IES/~L)' 8,614114E-0' 
MAXIMUM RATE (CUR1E8/YEAR) • 4,456!80£~01 
CONVERSION FACTOR RATE TO CONCENTRATION' 1,933123£.06 

CONTAMI·NUIT • U-238 

TIME (YEARS) AND RATE (CURIES/YEAR) FOR THE 100 POINTS 

TIME CYRl 
I.S2~5E"iD5 
1.1 4 13E+05 
1,1600[+1/)5 
1.17&8[+k15 
1,1 975£+05. 
1,2163E+05 
1,2351'£+05 
t.2536E+05 
1.2125E+05 
1,2913E+05 
1,3100[+"5 
1.3288E+1D5 
1.3415E+05 

RATE (CU/YW) 
1,8618£_04 
1,64 '7E.03 
3.6103£-03 
6,7275E .. 03 
1,139f1l£ .. 02 
1."19f;.-f/l2 
2,56S1E .. 02 
3,5531E-02 
4.82'SE-02 
6,5240E-e2 
8,'!'2'5E.rc2 
l.t432E.iDl 
1.4558f-01 

TIME (YI<) 
2,0600E+05 
2,kHe6E+05 
2.0975£+05 
2,1163E+05 
2,I,sS0f.es 
2.1536£+05 
2.1725£'05 
2.1913E+e5 
2.2100£+05 
2,2286E+05 
2,C!47SE+05 
2.2b63E+es 
2. iH550£+,,5 

H.27 

RATE (CU/YR) 
1.391'£-01 
1.3823E'!II01 
1,3621E-01 
1.3".,2E-01 
I,3425E .. el 
1,3449£,,01 
1.3390£-01 
1.3050E-01 
l,236TE'!IIill 
1.144eE-01 
l,0522E-01 
9.7939E-02 
9,3392E .. 02 



 
 

 
 
 
 

 
 
 
 

 
 
 
 
 

 

 

 
 
 
 
 

 
 
 

 

 

 

 
 

 

 
 
 
 
 
 
 
 

 
 
 
 
 

 

 

 
 

 

 

 

 
 
 

 
 

 

1.3bb3E.,,5 1. '999E-ru a.30l8!-+05 9,ab29E-li 
,.385a!.05 a,lbSb!·"1 a,lii5!."S 8,7901£.02 
I,Q038E.,,5 2,!54C39i-01 a.3"']1.05 a,37iJ4!-02 
1,4225£.05 a,q101£-~1 2,l,aa!.as 7,182U:.I2 
l,4013E.a5 l.2S5 ... !.a! a,3788!."5 '.05aSE-li 
1,4b01lJ!.tdS 3.5b87£-lIl 2,3975E."9 ',i472E.-1lJ2 
1 •• 7aal.a9 3,805b! .. "1 2.41b3E."5 5,3898E-12 
1.497S!."! 4,a815E.01 a.4l,,,!.,,, 4,5606!""2 
1,51b3E+fiI!5 A,2b52E.al 2,O5l8!.05 3,aS41!~a2 
1.53$121£.05 4,3889£.0' a,OTi5E+"'5 3,Jl!9! .. B2 
1.5538E+,,5 4, 0495£-~tt 2,4913£."5 2,9974£-02 
1.57i5e;.ta5 O,4011e-al 2.51a0!.05 2,5374£-02 
1.59tlE.as 4.38281: .. 01 2.5288e.05 a,I551£-"2 
1.619P1E+"S O,2b2bf .. al 2.5475!."5 1,7713£-02 
l,b288E.05 4,13919£.01 a.5bb3!."5 1,0IabE-a2 
1.641se.05 3,90"'£."1 a,58S"!."! I,1131£.S2 
1,6bblE."S 3.6791E-01 2,6038£+0' 8,4'621-03 
l.b850£+"5 3.4421e·~1 a.b225E+05 b,2103!"03 
1.1038E+"5 3.1 9b2E-0\ 2.b413!+as 4,4131£-03 
1.1225£+0'5 2.q4'0E.~1 2.6b00!+0S l,la'I[ .. 03 
1.74131+05 a.&929E.~H a,b788e<lo05 2,45]1!.03 
1.7600£+"5 2.439b!-'" 2,&915!+05 2,0212! .. 03 
1,7188£+05 2,t 991!-QI 2,7163!+0' t,'1911!.-0] 
'.7975£+~' l.99A2i-01 2.73501+"5 1,0808£ .. 03 
1,81&3!+0~ 1,8454E .. _'1 2.7538!+"5 1,31&4[",03 
1,8350£+05 1,7505E-01 a.112S!+0S 1.19ft9Elt01 .. 
1.853S!+"5 1,6875E-0\ a,7913!+05 1.abbl!-03 
l,a725£+05 l,6293~."1 a,1l1a~!+05 5.7,97! .. 01 
1,8913£+05 1.5&t2£.," 2,a288£+05 &.31381-04 
1.911i10E+05 1,4877E-al a,8475!+05 3,91441.04 
1.9288E+05 1.4224t.~t a,8bb3!+0! 2,0325E-04 
1.9475E+05 1.178&E-", a,8850!+05 9.0332(.-05 
1,96b3E+0~ l.lbI3!.01 2.9038e-+05 3.575&!.05 
1.98S0E+05 1.]b&3E.~1 i,9i2,!.0S 2,2583£-05 
2.0038£+05 l,3824E.-~U 2.9 413!""! I,7878E-15 
2.02i5E+d5 1.3975E-01 2,9b00!.05 l,t.931E.05 
2,0411£+05 1,4033E.~I a.918a!.~5 1,1292E-05 

H.28 



   
      

  
      

  
            

  
    

    

    
    

   
   
   

   
   

  

    
   

    
    

    
    

    
     

     

      
    
    

     

  

 

 

       

 
 

  
 

   
 

 
 

 

 
 

 

 
  

 
 

 

 
 

 

 

 

 

 

PLTCVT PROGRAM nATA SUMMA~Y 
PIRICTOTAL FUEL ASSEM8LIEaJ BASE CASEI CHAJN 3 
CONTAMINANT • U-234 

TONS OF HEAVY METAL FACTaw. 1.0~00ee 
DATA SLOCKING FACTORS. 
ENTRY HOOE Cl • T(LOW),OT,NCELLS) (2 • TCLOW).TCHI)~NC[LLI' MODE. 
TIME LOw. 1.0~A00eE.05 
TIME HIGH. 3.e0A000E+0S 
NUMBER OF CELLS • 40e 
DELTA TIME INCREMENT. S.00!000E+Zi 

FACTORS' RAW DATl AND BLOCKED OATA 
MAX. TIME. ~,0000E+06. 
TOTAL WEIGHT c Q.6~30E.~4 

MIN. TIME. 1,0741£+0S 

PEAK wEIGHT. t133.~~4 
PEAK PARCELti • 11S.000 
WT. LOw. e.0e0~E.~1 
WT. ~t. 2.S36fE+Q~ 

SMOOTHING WINDOW (CELLS). 

TO'AL PA~CELS c e0SbS.0 
PEAK WEIG~T TIME. 1.5125E+05 
PEAk PARC~LI T1ME. 1.5125E+e5 
Nn, P'~CELS LOw • . e.e 
NO, PARCELS HI • 6S1!,! ., 

TOTAL l~VENTO~Y (CURIES) D 9,b43279E+04 
INVENTORY.UNn~R T~E CURREN' GRAPW (CURIES' • 
PERCENT OF TOTAL INVENTORY. Q9,992 

TIME OF MAXI~UM CONCENTHAT10N (YEARS). 1.5425A0E+eS 
"AtIMUM CONCENTWATION (MICHOCURIES/ML). 3.420~95E-06 
MAtI"UM ~ATE (CU~IES/YEAR). l.169&72E+00 . 
CONvE~S10N FACTU~ ~ATE TU CONCENTRATION. I.Q33123E.06 

CONTAMINANT c U-?3G 

TIME (YEARS) ANO ~'TE (CUHIES/YEAR) FOR THE 

Tt"E CYR): 
t.0721jf,,+~1j 
S.0~18E+~5 
S.11 t 0E+~S 
1.t3e3E+0S 
1.t495E+as 
1.1&88E+~S 
1. 188P1EH'lS 
t .l073E+05 . 
1.2265E+LiJ5 
1.2C158E+.a5 

ru'T·E CCU/YRl 
2,3010E·.a3 
4,26..,6[."'3 
6,5'7018t-ftJ! 
t,4ts38t-bi 
2,3950f.-02 
3.6620E-02 
5.3&f'9E-"'? 
7.6939E·~2 
l,~667f·~t 
1.51C;Rt.:-"1 

TIME .( YR) 
2.0,350£"05 
2,~S"3E+05 
2.r,u35E+05 
2,0928E+05 
2,1120E+05 
2,IJ23E+0S 
c,l~~5£.05 
2,1698£+05 
2,1890£+0S 
2.&!~63E.0S 

H.29 

te0 POINTS 

RATE (CU/VR) 
5.1111E .. 01 
5,0518£-01 
4,9884£-01 
4.9225£-01 
4,8462E-01 
4,1594E-01 
4.6668E ... fJl 
4,562"£ .. 01 
4.4368E .. 01 
4.2935E-01 



 
 
 
 
 
 
 
 

  
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 

 
 
 

 

 
 

 

  

 

 

 
 
 

 
 

 

  
 
 
 
 
 

 

 

 

 
 

 
 

 

 

 

 

 

 

 
 
 
 

 

 

 
 
 
 

 

 

 

t.araS"E+05 2.la40E II0 1 2.at!75E+a5 4.1191!e01 \ 

1.2S43E+"5 2,8b25E.fU 2.24b8!+"5 3,915ge."1 
1,3035E+{dS 3,8069E.0t 2.26b"!+"! 3,689aE .. 01 
1,3228£+"9 4.9255£-"1 a,2SS3!+'" 3.4364f.01 . 
1,3420!+05 6.1B99£-01 2,3045£+05 3.1704£-01 
1.3613E+05 7,5597!,,01 a.3ilB!+"! 2,9001Ee ral 
1,3805!+"5 8.9931/J!-01 2,]43a!.,,' 2,6362£e01 
1,3Q"8E+0'5 1."468E+raa 2.lb23!.a5 iI,lS79!e01 
1,419ae+fd5 1.1952£+00 2,l81S!+"! 2.1493e-01 
1.4383E+05 1.34"8E+"0 2,4""8!+"5 1,91 44!",01 
1.4575E+05 1.477 4!+00 2.420"£+115 1.6779£-01 
1.4768E+"5 1,5"42e:+0~ a.4l,,]!+,,! 1.44i!9E.01 
1.4960£+"5 l,b837!+"0 ~,4585!+05 1.2i!24E-"1 
1.5t53£+05 1.1410£+"" 2.4778£+"5· 1.a267£.rn 
1.5345£+"5 1,7b66!+"" 2,497S!."! 8,6a85! .. 02 
1,5538£+05 1,7b12E+\!10 2,51b3£+05 ',2269E-02 
I,S130E+~5 1,7480E+0" ~.5l55!+05 b.0l27!."2 
1.59i3E+,,5 1,71]2t+0a 2.5~4S!.a5 4.9678£-02 
1,1,,115£+"5 1.bb37!+~0 .~.'740!+05 4.J193e:.ra2 
1.6308£+05 1.5988£+"" 2.59]3!.'" 3,18117! .. 02 
1,e.500E+ra5 1.519aE+00 2.baaS!."s 2,482b!.aa 
l,b693E+05 1.4270E+00 2.b318E.05 1.9310!-02 
l.ba85£+05 l.l27S!+"0 2.b510e+Q1S 1.5257E","2 
1.7"78E+tdS t.2i!71e:+00 2.&703!.05 1.2573£.02 
1.7i70!+"5 l,l]l"'!+"" a.6S9!E+0S 1.0894!-0a 
1.74bJE+"5 1.04 2b£+00 a.7088e+", '.6015E-0] 
1.7b55!+05 9.b159E-01 2.7280E+05 8,2247!-03 
1.7848e+"'3 8.AS43E.iU 2.7473!.0!! . 6.527aE.a3 
1.804"!+05 8.1335£-01 2.7b65E+"5 O.6aS0E-03 
1.8233e+05 7.4bI4!.01 2.785S!+05 2,8575!.03 
I.BaiSE+"5 b.Sb48e:."! 2,80S0e:+05 1.4&79!-a3 
1.8bI8!+05 6.3830£.01 2.Si43!+05 6.4512£-04 
1.88IBE+"5 ~.OIa8b!.01 .i.a4]Se+,,! 2.3185£-04 
S.9Qt03e+1d5 !,190bf·'U a.abase.0! &.1727£-05 
S.llt 913E +dS 5,&4l0E"~1 2.8820!.05 61.0221£-05 
1.9388E+05 5.5448£.01 2.91413E+05 '.t402£-05 
1.9580£+"5 '.4b22£.,01 l.CJi05E+05 3.0111!.05 
1.9773£+05 5.37b2£-01 2.9398£+05 lJ.28t34E.06 
t. QCJ b'5E .. ra5 S.2848E.l.tl 2.Q5Q0!.05 t,S0SSE-05 
a.alS8E+0S r;.lCJ45e.·~1 2.9763E+"5 0,0000£-01 

H.30 
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PLTCVT PROGRAM DATA SUMMARY 
PI~ICTOTAL FU~L ASSE~eLIES) BASE CASE. CHAIN 3 
CONTA~t~lNT • TH.230 

TONS OF HEAVV ~ETAL FACTUR a 1,000000 
OAT, BLOCKJNG FACTORS' 
ENTRY ~OOE (1 • T(LOWl,DT,NCELLS) fa • TCLOW),T(HI"NCELLSJ MODE • 
TIME LO~ I 1,0e~eeeE+es 
TIM£ HIGHa 7,0~~0emE+es 
NUMBER OF CELLS • 400 
DELTA TIME INCREMENT. 1.500~00E+03 

FACTORS' RAW DATA AND SLOCKED DATA 
MA~. TtME. 1.9998E+06 
TOTAL wEIGMT •. ',29'1£+03 

MIN. TIME. 1,1130E+05 

PEAK wEIGHT c 59.5~a 
PEAk PAkCE~S c 61,~~~ 
WT. LOW ~ ~.0~~P.E.01 
wT. Nl. 3,10~3r+el 
&MOOTHJ~~ -tNOOW (CELLS) •. 

TOTAL PARCELS • 9651.0 
PF.AK WEIGHT TIME. 1.9375E+0~. 
PfA~ PA~CELS TIME 0 5,3515E+0$ 
NO. PARCELS LOW • 0.0 
NO, PARCELS HI • 13620.~ 

10 

TOTAL INVENTORV (CURt~S). C.3~8t40E.03 
INVENTOkV UNOER THE CU~~~Nf GRAPH (CURIES) • 
PERCENT OF TOTAL INVENTORY a 99,912 

TIME OF M'~l~UM CONCENTRATION (YEARS) c 1.937500E+0S 
MAX Ifl1lJM CONCENTRATION (MICROCUR IES/HI.'·. 5,410652E .. 08 
MAXIMU" ~A'E (CURIES/YEAH). 2.196~1'E.e2 
CONVERSJON r~CTO~ ~'TE TU CO~CfNTRATION. . 1~933123E.0& 

TIME (VEARS) A~ORATE (CU~l~S/VEAH) FOR'THE 

TIME (YRl 
1.11i.'5e.+05 
1.1394££+05 
I. !f~b3E +1t'5 
I.J9321::+105 
l.c2VlIE+Ic'IS 
1.cC7~t:+ro5 
l,c T39E+05 
l,30e8t+05 
1.3211E+fD5 
1.35c5E+05 

lUTE (CU/YIot) 
3.642AE~0S 
1.2165E-04 
2.5191~-1i:'I4 
G.3i31E-lo'IQ 
b.&718E-1,14 
l,fJ42~f.itJl 
I.S294f,-idl 
2.t3&0E-03 
2,8S3"~·1c)3 
3.'''&tst.-~3 

Tl"'E (YR) 
2,Cfb81E+05 
3,fJ2t.9E+05 
3,~85"E+"5 
3.14"SE+01) 
3.2k134E+05 
3.2622E+"5 
3.3210£+05 
1.31geE+05 
3.G1B7E+0S 
3.Cl915E+05 

H.31 

le0 PorNTS 

RATE CCU/YRl 
1,1555E-02 
l,t164E-02 
l,01S9E-02 
1,0409E-02 
9.9916E.03 
9,5196£-03 
9.0021E-03 
8,49a8E.0.5 
7.998]E-03 
',5560E-03 

.. 



 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
 
 
 

 

 

  

 

 

 
 
  
 

 

 

 

 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 

 
 
 

 

 

 
 

 

 
 

  
  

 

 

 
 

 

 

1.3814[+~5 4.&8<14E .. 03 3.S5b3!+0S ";11 74£ .. 03 l,40S]!+03 '.7447E.03 3,blS1E.05 b.1231!.03 1,4]52!+05 b,9584!.~3 3.,,'4a'+"5 b,3704!.a3 1.46~t!+05 a.3166!."] ],1liS!+as 6.0a97!,,03 1,0590£.05 9,1395E-03 3,19161+05 5,6748!-'13 1,5159!+05 l,talIE.aiZ 3.a5a4!+05 5,3532E."3 1.5428!+05 1.2841E-02 l.9092E+SS 5.9564! .. Gll ,,5697f+05 1.45a2E·"i 3,9Et8IE+05 4.7652£·03 1.5966!+05 l.bI6lE-0iZ 4. a2b9E+05' 4.4799£ .. 03 
> 1,6235£+0' 1.7b90E.e2 4.1176E+GlS 4.0730!_0] 1,6504£+05 1.9154£w02 4.2083e:+"5 3,&894£ .. 0] t.6113E+05 2,0519E-aiZ 4,29891+05 3.34b2! .. 03 1,7042£+a9 2,1728E.ei 4.389b!+"5 3,0558!.0] 1.730£+05 2.21851 .. 02 4.'80]1""5 2.8018!.03 l,7580f+05 2.3710£"a2 4.5110!+05 2.602.E.a3 1.7848E"il5 2.4714!.az ta."bl?!.'" 2,4ilSE-"l 1,8117E"05 2.5609!waz 4.7SiZ3f+Gl5 2.2789!.-03 t.IJ]86E+"'S 2.6412£."2 4.S430!"05 2.1Sb9£-0l 1.8655£+05 2.111SE.0Z' 4.9331£+05 2.0453£ ... 0] 1,8924E+05 2.1f:tblE-02 5.~iIU!.05 1.9225!-03 1.9193t+1d5 2.7941£.~2 S.U5lE.'" 1.7826£.03 1.94b2E+0S ~.7954!·Ql 5.20S8!.05 1."a96!.03 1,9131£+0'5 2.1131£.a2 5.2964£+05 1,4825E-II3 2.Ql13ra~E"~5 2.131ge.02 S.]&71!"05 l.l4SS!."] 2.02et9E+05 2.6760£-02 5.4778£."3 1.2276£-03 2,0851[+05 2,5bt1E.02 S.5685!+05 1,1208£.0]' 2.1445£+05 2.448U.-\l2 5,6592E.05 1,13282!w03 2.2034[+05 2.3465£-02 5,7498£+05 9.5034£-04 2.2622£+05 2.2549t.02 5.a405!""5 8.1940£-04 2,3210[+05 2,1604E·~2 5.9312£ .. 05 8.09"2£·04 2.3198[+05 2,0656£-02 &.0219E+05 7.3901£",94 2,4381E+,,5 1.91:162£-02 6,1126£+05 6,1360£ .. 04 2,4915E+'45 1.8551£-02 b,2033E+05 6.1849E-04 2.5563~+1tl5 1.7353::-02 b,2939£+05 5.1015£.04 2.6151f+.,5 1.6163£-02 b,.3846t:+05 5.2606£.04 2.6740E+05 t.504 3[-02 e.,47S3f£+05 4,7843£.04 2.1328[+05 1.4051E.92 b.5be,0E+0S 1I.286ge.04 2.791e.e+05 1,319e.e.02 b.bSb7E+05 3.a~89E-04 2.8504E.+~5 1.251iJ5E-itJ2 ~.1011E+"5 3.4523£-04 2. <U'92E +1d5 1.tq"8E"'~2 b.8J80E+05 3.1811£-04 

H.32 



   
       

  
       

  
         

   
   

    
    

    
   

   
   
   

   

   
  

   

   
    
     

    
    

    
      

     

      
    
    

      

  

       

 

   

   

 

 

 

 

 

  
  

 
 

 

 

 

 

 

PLTCVT PROGRAM DATA SUMMARy 
PIRICTOTAL FUEL ASSEMBLIES) SASE CASEI CHAIN 3 
CONTAMINANT. ~A.~26 

TONS OF HEAVY METAL 'ACTO~. 1.0~000e 
O.T, BLOCKING FAeTOHSI 
ENTRY MODE [1 • rCLOW),OT,NCELLS) [2 • T[LDW),T(Hl),NCELLS) MODE. 
TIME LOw. 1,000009E.05 
TIME HIGH. ',000000£+05 
NUMBER OF CELLS • 2~0 
DELTA TJME INCREMENT. 3,~0e00eE.03 

FACTORSI RAW ~ATl AND BLOCKED nATA 
MAX, TIME. 1.9996E+06 
TOTAL WEIGHT. 9.S9~3E.e3 

"MtN, TIME' 1,0955£+05 

PEAK ~EIGHT • 21t.119 
PEAK PARCELS. 119,000 
WT, LOW. 0.0~0~E-0t 
WT, HI. 1,83&8E.01 

SMOOTHING wINDOW [CELLS). 

TOTAL PA~CELS • 531Qi0 
PEAK WEIGWT TtME' 1.1950E+05 
PEAK PA~CELS TIME' 2,1850E+05 
~O. PA~C£LS LOW • 0,0 N". PARCELS ~l • 145S.~ ., 

TOTAL INVENTORY [CURtES). 9.4'7118£+03 
INVENTORY UNOERTHE CUARE~T GRAPH [CURIES) • 
PERCENT OF TOTAL INVENTORY. 97,361 

9,221598E+03 

TJME OF ~AlJMUM CONCENTRATION (YEARS). 1,915000E.05 
MAXIMUM CONCENT~ITION (MICRQCURIES/ML) c 1,231114E-01 
MAXIMUM ~ATE (CUAtES/YEARJ' 6,399560£-02 
CONvEPSION FACTOR RATE TO CONCENTRATION. 1.933123E-06 

TIME (YEARS) AND ~ATE CCUHIES/YEARl FOR THE 

T J"'E C VR) 
1.1050E+05 
1.li30l+11.15 
',,4UE+,,'; 
l,t59u+e'5 
t,177Jl+~5 
1.1952E+~5 
1.2J3?E+1tJ5 
1,2312E+05 
l,2492E+05 
t.2673E+"'S 
1. 28S3£:"~5 

~tTE (CU/YR) 
6.'J99E .. ~S 
(,.'199E-~S 
B.1271f-"1) 
1.4b94it-j/JQ 
c,2553t:.-0Q 
3.,411t-rU 
5,~441E.-~4 
7.12iCE-tHI 
1.031bE-~3 
1.4b9bE-03 
t .97"8£-.1)3 

TIME (YAl 
2.5~1I!'I0E+05 
2,5411E+05 
2,5941E+~5 
2.6412E.05 
2.066c[.05 
2.73S3E+05 
2.7tsl4E+05 
2.8i!94E.~5 
2,81b5E+0S 
2.liil5E+05 
2.fi'Hf:lf:.+05 

H.33 

100 POINTS 

RATE [CU/YR) 
4.6161E-02 
4.3406E-02 
4.0643E-02 
3,7932£-1112 
3,5315E.02 
3,263eE-0i 
1.0550E-P!2 
2.8511E.0~ 
2,f,b8bE-~~ 
2,5031E-02 
2.3411E-02 
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1.3033!+05 2.7240!-03 l.iU 76f+"5 Z,2022E.02 
-, 

1.321a!+05 ].5b28e:a03 3.0b47£+"5 2,0644£.'12 
1.3394!+05 4.5693!.03 l.1118!+05 1,9]01£"02 
1.3514!+05 5.7811E-"3 3,15saE.a5 1,8023£.02 
1.3755£+05 7.t UJ8!.03 3,2059E+0S 1,6191£-02 
1.3935£+05 8,8399£.03 ].2529!+,,5 1,5581E'02 
1.AllS!t05 1.~u,a1!.02 3.3000!+05 1,4399E.02 
1.4295E+05 1.2141£·02 l.3411!+05 1.3236E.02 
1,4416£+05 t ,~Hlt 6E .. 1it2 3,45B1£+05 1,0803E'02 
1.4656£+05 1.7399£.'12 3.5104£+a5 8,9816!.03 
1.4836!+05 2.0122£."2 3.b821!+05 1,7168!'03 
1.501 1 £+05 2,297&E.02 3.7937£+09 6,8080!.0] 
l,5197E+05 2,6060£-02 3,9054E+a5 6.1307!.03 
1.5377£+"5 2.9284£-"2 4.~H 71E+05 5.6332E-03 
l,5558f+0! 3,2515£.02 . 4.1287E+05 5,3608!.03 
1.5738E+05 ].6048I: a I42 4.24041:+05 5,4183!.03 
1.59181:+05 3.9539!-02 4,35211+"5 5,74131..0] 
l.b09IJE+1a5 4,3060£-02 4,4037£.05 5,8S43E.a] 
1,627'1£+05 4.6341£·02 ".5154£+05 5,5829£-03 
l.b459£+0; O,9496E.02 4,&811£+05 ",8bI5!w0] 
1.6lt3Q£+as 5.2112£-"2 4,7987E.as 3.71b2e:-01 
1.6820£+05 '.4255!.02 4,9104!+05 Z,684bE-03 
1.'000£.05 5.5648£-02 5,l2Ia21£+05 1.8815£-03 
1.?411E+05 5,aa2ti.02 5.1137£+95 1.3795£",13] 
1,7941£+05 6,0008!-02 5,2454e+05 1,2054£-0] 
1.8412!+05 b.t446£-02 5,3571E.05 1.1729E.03 
l,a882E+05 6,10601!.02 S,4b87!+0S 1,2257£-133 
1.9]53[+05 b.374bE.QJj! 5,5804£+135 1,3083E"03 
1.98i4E+05 6,]992e .. 0a 5.6921E+"5 1.]\99£-133 
2,0294£+05 b,3857E.02 5,8la37£+"5 l,2S70! ... 0] 
2.137&5£+05 b,340'lE-02 5.9154£+05 l,1291E-QJ] 
2,1235e+~5 6.2588E.02 o.0i11!+05 9.5417e:.04 
2.170bE+k15 b,1404!-02 b,1387E+a5 8,13642£.04 
2.2176£+05 3.Q969E-02 &,2504£+95 &,82631! ... 134 
2.2b47£+05 5,,8263E.~2 6,3&21£+135 5,8233!-04 
2.3118£+05 5,6297E·"2 b.1I731!+05 S.0193E-04 
2.358Ae+05 5,4(,)50E.~2 6.sa54~.05 4,3042E-04 
2.a05QE+Ir'5 5.tS63E-WJ2 &,6 911£+"5 3,1325£-04 
2,ca52QE+05 CL,8915£-02 b,ardS?!>."5 ·],3943£.04 

H.34 



   
        

  
     

  
         

    
  

   
     

    
   

  
   
   

    
   

  

   
   

    
    
   

    
 

    
      

     
  

      
    
    

      

  

      

 
 
 

 
 

 

 
   
 
   

     
 

 
 
 

  
 

 
  

 
 

PLTCVT PROGRAM ~ATl SUMMARY 
PIR 1 (TOTAL FU~L ASSEM8LltS) BASE CASEI CHAIN 4 
CD~T'~INANT • A~_'A3 

TONS OF ~EAVY METAL FACTOR. 1.000~~~ 
DATA ~LDCKING F'CTO~SI 
ENTRY "DOe (1 • T(LOW)~DT,NCELLS) (2 • T(LOW),T(HI),NCELLS) MODE. 
TIME LOw. 1,40~00~E+0~ 
TIME ~lGH. 3.20200AE+t4 
NUM8ER OF CELLS • !0~ 
DELTA TIME INCREMENT. 9.0~000AE.01 

FACToNSI RA~ 04TA 'NO RLOCKEn nATA 
MAX, TIME. l.~JhlE+~4 
TOTAL WEIGHT' 6.'Sl~E+~4 

MIN. TIME' 1,490'E+04 

PEAk wEIGHT c 14'4.0'b 
PEAk PARCELS • '8.00~ 
WT. LOW' 0.~~0~f.-0t 
WT. HI' e.e~00E-01 
S~OOTWING WINDO~ (CELLSJI 

TOTAL PARCELS' 1525.0 
PEAK WEIGHT TIME. 1.~20SE+04 
PEAK PAkCELS TIME' 2,1'85E+04 
ND, PAHCELS LOw • 0.0 
NO, PARCELS HI • 0,0 

23 

TOTAL l~Vf~TO~' ccuwtES)' B.151"5SE+04 
INVENTO~' UNDER THE CUQRf~T GRAPH (C~HIES) • 
PERcENT ~F TOTAL INVE~TONY • lPl.349 

TIME OF ~AXIMU~ CONCE~TRAT10N (YEARS) c 1~49G500E.0a 
MAXIMU~ CO~CE~TRATI0~ (MICROCURIESjML)' 2,011308E-05 
MAXJMUM RATE (CURIES/YEAR) c 1.~'1~8lE.01 
CONvERSION FACTOR HATE T~tONCENTRATIDN c· 1,933123E-0b 

TI~E (YEARS) 'A~D ~lTE ttuwIES/YEAR) fOR T~E 

TI"'E (YIi) 

S.G9"~E"0C 
1,4917E+04 
t .50I(oQEHHl 
t.'!I~41E+~C 
t.5~73f+t1Q 

1.SU5~"0A 
t,51!'E"~4 
t.~tbqE.\H' 
1.5lPH+1D4 

raTE (CU/Vh:) 
l,fl1'St."1 
1. 9I7 1St·"'1 
'.~71St.+l.11 
t."'7'~f+01 
t.!JIbQ7t.+~t 

1,~bE'2t:+';'1 

t.~bb6t:.+l1l 
1,QJb5dE.+~t 
1 • (~e48t:. .. t/J 1 

TIMt.·(YQ) 
c.15~0E+"'A 
i.l b c4E+II\Q 
~.21"7E+~4 
2. i" 71 E+P.4 
i.2794E.~4 
2, 3ft 6E+~4 
2.3""lE+~G 
c.!7b5E+,,4 
~."1D88E+~4 

H.35 

100 POJNTS 

lUTE (CU/YR] 
6,1842E+00 
5.9QT7E+0~ 
5.7617E+00 
5.5197E+00 
5.3993E+00 
5,2254£+00 
5.01~4E+P10 
4.9213£+00 
4.19blE+00 



 
 
 

 
 
 
 
 
 
 
 

   

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
  

 

 
 

 

 
 
 
 
 
 
 
 
 

 

 
 

 

 

 

 
 

  

 
 
   

  

 
 

 

 

 

 
 

 

 

 

  

 
 

  
 
  

 

 

 
 

 

 

 
 

 

 
 

 
 
 
 

  
 
 

 
 

 

 

 

 

l.5il3E+"4 1.~b44E.\il Z.4412£+"4 4,6&08!+iQ 
1.526S!+04 t.0046!.~1 2.4135!+"4 4,5312£+ra" 
1.3297!.\CJQ 1,OJfJ41E+"1 2.5~S9!+04 O,4a6&!."0 
1,5329£+04 1.064tEhH 2,5382e+"4 4.]095E+00 
1,5letIE+04 1,~&3lE+"'1 2.570&E+"4 4,1806E+"" 
1,539]!+il4 1,01625!.lIl Z,ba29E+04 4,0460£+130 
1,54i!S!+i4 ,.a"a7E·"1 Z,b]!]!+"" l,ena3!."" 
1,5457!+04 1,~5a9!+"1 a.&b7&!.04 l,8Ial!+"" 
1.5488£+04 1.9570£+01 a.7"00!.04 ].641·S!+"" 
1.5520£.,,4 t.13541!+ 1Ii 1 2.7324E+04 3.]636e:+00 
1.5S52E+04 1.QJStlE+01 2,1419£+04 3.a71]!."" 
1,5584E+"0 1.OJ485E+~1 2.1515!+"4 ].1726!."0 
1.5&16!+"0 1.04&0E+~1 a.1~1~E"'04 3,0655£+"" 
1.564S!+04 1.04lbE+~H 2.17~~!+"4 a,95aoe:.0a 
1,568a£+,,4 1.34a2e+01 2.1802E+04 2,8l29E+"" 
1,5112E+04 1,13l58!+01 2.1e97E.04 a,1954!+"" 
1.5144!+04 1.0314f.+01 2,7993E+04 2.58]6E+90 
1.5176£+04 1,0i!10E+01 2.8~88!+"4 2,4&70£+"0 
1.5S08!+04 1 ,OJjU5~.01 2.&184£+04 i!.3'17E+90 
1.5840£+04 '.018~£+01 2,828~E+04 i!.237CJ!+00 
1.581ae+ta4 t.~114E.~1 a.a315E+04 2,12]1!+"'" 
1.5904£+04 1,0088!+01 2.&4TtE.0Q. 2.0161E+00 
1.1593b!+04 S .0(442E+141 2.856b!+04 1,9091E+00 
1.5968£+04 I.QlQJ08l+IH 2.S~E,a!+04 1,8045£.00 
1.60~JllIe+ltu 9,9733E.00 2.815aE+04 1.1006!+"0 
1,~3i4£+04 9.1789e:+'4J0 2.a~53E+04 I,6a4"!+"" \ 1.6647£+04 9.5532!+vJ0 2.8C149!+04. t.5106E+00 / 
1.697t!+04 9.3128!+00 2.91d4QE+04 1.4118!+0" 
1.7294E+04 9,1l44E+~0 2,9S40E+04 1.3255E+a!IJ 
1.761SE+04 4.14b14E+"0 2.92]bE+,,4 l.a339E+09 
t.194tE.~4 a.6186E+fcl" 2.9llIE+04 1.23&lE+00 
I.826S!+04 .... 4064e.00 2,Q"21E+04 1.1952E+0!IJ 
1.a588E+04 ~.ta8I;E+~0 2,9saaE+04 1,1189£+"0 
1.8912£+04 '.9531E+td0 2.9618E+04 t.0465E+00 
1.9235£+04 '.'199E+ia\J 2.9114[+04 9.7971E"'01 
1.9559£+04 1,49IUaE+1a0 2.9809£+04 9,1663E-01 
1.9882£.04 '.i?610E+~~ 2,9'105[+04 8.5610E-01 
2.02~hE+04 '.~197t.+0QJ ].~lt)a~E.04 8.011i!e-01 
2.0;cqE+~4 ",ataaE+~0 3,00~e"E+04 '.4b86E-01 
2,085'3E+1t14 b.~8S2t!+00 3,itH9ae:+04 &,9114£.0, 
a,tS76E+~4 b.1~12E"'\6~ j.~c81E+04 6,3&5CJ!-01 

H.36 



   
        

  
      

  
         

   
   

    
    

    
   
   

   
   

   
   

  

  
    

   
    
    

    
    

    
      

     

      
    
    

     

 

 

  

       

 

 
 

 

 

 

 

 

 
 

 
 

 

 
 

 

PLTCVT PROGRAM DATA SUMMA~Y 
PIR 1 (TOTAL FUEL ASSE~gLJESl RASE CAS~I CHAIN 4 
CONTAMINANT • PU-239 

TONS OF HEAVY "ET'L FACTOW c 1,000000 
DATA BLOCKING FACTOP.61 
ENT~V ~ODE (1 c T(LO~),OT,NCELLS) (2 • T(LO~),T(HI),NCELLS' MODE. 
TIME LO~ ~ 1.0~00~0E+0Q 
TIME HIGH. l,10~A~~~+05 
NUM8E~ OF CELLS • 2~0 
DELTA TIME l~CREHENT. 6.00~~0~E+02 

RA~ DATA AND ALOCKEn OATA 
MA~. TJM£. 4.26l2t+~5 
TOTAL wEIG~T c 2.7583E+~c 

J;ACTORSC 

PEAK wEIGHT • 60,261 
PEAK PA~CtLS • 2.0~0 
WT, LOW c 0,0000F-0t 
WT. HI. 4,9434~+0~ 

SMOOTHING WINnow (CELLS). 

~IN. TIME. 1,6733£+04 
TOTAL PARCELS • 24,0 
PEAK WEIGHT TIME. 4,1600E.04 
PEAk PARCELS TIME. 4,2400E+04 
NO. PARCELS LOw • 0.0 
NO. PAWCELS HI • 23,0 

3 

TOTAL I~VENTORY CeURIES). 2.8~77~3E+02 
INVENTO~V UNDER THE CUR~ENT GRAPH (CURIES) • 2.4G2220E+02 
.PERCE~T OF TOTAL INVENTORY. ~b.9R5 

TIME OF MAXIMUM CONtENTHATION (VEARS). 3,920000E+04 
MAXIMUM CONCENTH4TtO~ (~ICkOCURIES/ML). 2.Q06G7Se-08 
MAXI~UM ~ATE (CU~IES/YEAk). 1.503512E-02 
'CONvERSI~N FACTOR RATt TU CONCE~TwAT10N. 1.Q33123E-06 

TtME ("tOll 
1.~80~E+~4 
1.62Sbt+04 
1.97S~E+04 
2.!tb6~+04 
2.2~c4f·~4 
c.40~9'f.+"4 
2.553bE.+"" 
?t,9Q~E+04 

2.I!CUU~E+~Q 

~AT~ (CU/'tft) 
2.0121E- tt1 3 
~.411l1e.~J 
3.210bt-~3 
2.qQ"1t.-~5 
i. t Ci01 t -\13 
t .2lbl)f.-~J3 
5 • 8 1 7 b t .. &14 

~.'iq'5Qt-j,lJ4 

1.Aq3,,",f.-~J" 

TIME (Vii) 
~. qb~i(1t.H'l4 

Q,1"5bE+04 
Q.2S12E+A4 
Q.19tt8E+04 
Q,5424E-H14 
Ci.bH~~E+0A 
9. e.5JtJI:HJ4 
9.97'12E+0l& 
1.~l1c5e..05 

H.37 

100 POINTS 

IU TE CCU/YR) 
9.4184E-05 
2.08S5E.~HI 
4.",,58E-04 
b. , 27iE-RI4I 
Q.eQ60E .. 04 
t. ~046e .. fn 
Q.3tH'bE-04 
7.222Sf-A4 
A,81.151E-04 



 
  

 

 
 

  
 

 
    

 

   

 

 

 
 
 

 

   

  
 

   
 

 
   

 

 
 

  

 
  

 

  
 

 
 

 
 

 

 

 
 
 

 

 
  
 

 
 

 
  

 
 
 
 

  

 
  
 
 

   

  
 

 
  
 
 
 

  
 
  

 
 
   

 

 
 

 
 

 

 

 

 
  

  

    
 

 
 

... -
~ 

a.Q900E+04 5,34'58E-04 1.lri~h.lE+05 3,lb27E-04 .-
3.1 Jb0Eh14 t.~lb3f.-~3 1,11'''lbf+AS 2.3183E-134 
3.281e.E"~Q 3.4~1bE-0.J 1,itl5b2!+01J 2.]103E-04 
3.112121:+04 6,4~&1f-Wl 1."'7~7e+05 2.79A0£.04 
3.5728E+04 9.SltJ3E-id] 1.VJl:S5lE+05 ].4751E-04 
3.7184E+"" t.2qllllE·~2 t.~998E+Vl5 4,210bE.0G 
1.8b40e;+04 t,1I15bE-02 1.1144E+"5 4,8749e:.'14 
4.0~96t+0Q 1. 4 7qbl!~-1tI2 l,laQ0E+05 5,3440!-04 
4,1552E+04 1.~q'lE-~a t.14J5E.0S 1J,59]8E-04 
1I.3k2I18t.+~4 9.3332t.-1d.1 1,t581e:+raS 5,b651!-04 
G.4Ab4E·04 b,477qt:-~3 1.1 " 2bE.01J 5,SS29E-04 
4.S920E+Wt4 l. &"(ill,U~.II)3 1.181c!E+0$ 5.35age-04 
1.&.7376E+04 2.2btSt:-1I1 3 t .2~lLU::+05 4,9105!- ClJ 4 
4.8832£+"''' 2. 34A1E-1tJ3 1.2163£+05 4.4855E-04 
5.02ft8E+~4 3. tt32t f.-~'3 1.23dge"'05 a.0340E-04 
5.1704E+04 S.54b4f-~U 1.~"54!+CII5 J.bb4~E.04 
5.3a~0E+1it4 b.~4RlJt-~l 1.a&a0f,+1t'!5 3.4t2&e-a4 
5 • .:Ibl§&E +01' b, ;~5ljt.!43 1.~74&E+kl5 3.0939!-04 
5,&t12E.~4 S,39M.-,t.-vt3 1.28C)lE+05 i.'831E-1ll4 
5.7S&8E·i!4 l,lb"'6t-ld\ 1.Jld37F.+05 1.Qa19!-04 
5.c)0Z4E+4" 1,7bJ~t..~! 1.3182!+05 t.1841e-04 
&.04~0E.04 7.381ae;-~4 1.332aE+~5 &.aQ8&!-05 
&.193&E+(14 ". :H.""c.,t.-fd~ t.l""4E."'! 2.b674f-05 
b,3392E+~4 4.2'4S~-It!C& t.3"19E+0S 1,V'tl,86E·Ql5 
&. 'H4"8E +1Ii::.! ~, &VlVlb~-"}" \ ,j'b~c:..'~S 8.0li&4E-t1I~ 
b.b304E.~" 4,3S<l4l!-d4 1.JQt"'E+05 a.ll8tE-0b " b.71b0t..~1.1 3.77<.12t-tdQ t."d5EtE.0~ 8.1275E-06 \ 

I 

b,9ilbt;+I4U 3," 1 ~"t..ltl(l 1.'6C!0C!E+05 8.087SE-0b 
j 

'.0bl~E+id4 2~339'l1:..1r)4 1.1I:S~7E+05 8.1158E-0b 
7.21c 8 €+t.1(J l.a9t4E-VJ" t,,,"Q3E"'05 8.1111£-06 
'.3S8~E+QlCl t ,b'~ 1 ~ .• ~Q l,"tt38E+0S 8,115aE-0& 
7 .5~"'''E+0'' t,C;f!\ittf::-"'~ 1.141a4E+05 8,109QE-0& 
1,&49&E+04 1.3ij3i,&t-v){I 1,4930E+"'5 S.t22aE.~& 
".7q5~E+!l'C& 1 .' 1 r,,~t._It''' t,SId7t;E+05 8,la99E-0" 
7 .q'H~AE+~4 ". ,:&1 41 ti-v1., 1.5221t:+ta5 9,4008E-0& 
8 • lH' b 4 t: ... '" ~ b.:.t"?bt-dS t,5Jbb~+05 1.2q73E-~5 
8.2J20f"'V.I" c;. H t lC-L'j5 1.5~1~E!+~S 2.0504E-05 
~.317Mi+id~ 4.8QQ5F.·~5 1.5ttS8E+05 3.1~f)4e.0S 
8.~).ja~+'()~ 4, ~'H 1 t.-~S t.'j~~3E+"5 4.3419£-05 
8.bb88e+~4 5,2bi?';t.-v"l;;; 1.59"qE"'~5 lI,q25bE-~'5 
A.8 Hlt"':. +\1;4 ~.,Iltr;iJt-o':i t • ~rIQ~E +0'; 1l,2~31E-1I15 

. ./ 

H.38 
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PLTCVT PROGRAM nATA SUMMA~Y 
PJR 1 [TOTAL FUEL 'SSt~8LIts' BASE CASEI CHAIN 4 
CONT'~INANT c U-235 

TONS OF HEAVV Mf'AL FACTOR. 1.~0ee00 
~ATA SLaCKING FACTORS I 
ENTRY MODE (1 • T(LO~l,OT,NCELLS' (2 • T(LOW),T[Hl),NCELLS) "ODE. 
TIME LO~ .l,00~000E.05 
TIME MI&Ha !,0~~00~E.05 
NUMeER OF CELLS • 400 
DELTA lIME INCRtMENT. S.0~0A00E.0c 

FACTORSI RAW O'TA AND BLnCKto ~ATA 
MAX, Tl~E. S.7310E.~5 
TOTAL WEJGHT. e.tb~1E.~e 

MIN, TIME. 1.6258E.04 

PEA~ wEJG~T • 2t.'27 
PEAK PARCELS. l36,000 
WT. LO~. b.6P48f-01 
WT. MI. 1.1963E+01 
SMOOT~lNG wINOO~ (CELLS). 

rnTAL PARCELS • 15175,0 
PEAk wEIGMT TIME. 1,6625E.e5 
PEAK PARCELS Tl"E. 1,4125E.05 
~Q, PA~CELS LO~ • 4S~0,e 
Nn. PAWCELS HI • 235,O 

10 

TOTAL r~VENTORY rCURIES). 8.C87~18E.02 
INVENTORY UNDER THE CO~H~N' G~AP~ (CURIES) • 
PERCENT OF TOT4L INVENTORV. 98.13e 

6,132122E+02 

TIME ~F MAxIMU~ CONCENTRATION (VEARS). 1,181500E+05 
MAXt~uM CO~CENTRATION (M1CROCUQlf~/ML). 1,816288E-08 
MAXIMUM ~AT~ (CURtE~/YEAHl. 9,10S989E-03 
CONvERSION FACTOR RATE TU CONCE~TH'TION. 1,933123E-06 

TIME (YEARS) A~D ~ATf (CURIES/YEAR] FOH TH~ 

TIMf (fRl 
l,002SE+f1S 
t,i'l2c~E+ItI~ 
t,~4c4E+"5 
1,062&1[+215 
J.Qt8cJE+0S 
1.t023E+Il'S 
1.Src2E+VlS 
1.S4c2E+~S 
1.t6itE+ii'l5 
1. t 8i'H+"'~ 

ru Tf (Cu/flf) 
6.211j4E.~6 
ti. M~-;9E-:Do 
t,61~3f.;i.t5 
2.5,c5e·~5 
J,&Q32e-"s 
5.3t;t15t-05 
'.(!.7G5f:.-d!l 
t,'''46f.~O 
1 .15c.;~4~.~'" 
i..t141Bt.-~., 

TI"lf'eVR) 
i.""~4i'!0E+(/!S 
~.0~1t'0E+05 
2,0.599[+",5 
2.t'l59Qt;.+P!5 
2,1t'I798E+05 
i.~9C;dE+0S 
c.1J91E,+05 
2.tjC;lE+05 
c,l~QbE.05 
c,t19bE+0S 

H.39 

100 POINTS 

RATE CCU/YRJ, 
7,70Q8E-03 
',5751E-03 
'.4151E-03 
'.4008E .. 03 
',3364£.03 
1,2651E-03 
1,1131E .. 03 
T,0464f.e3 
6,8834E-e3 
6,6"6E-01 



 
 

 
 

 
 
 
 

 
 
 
 
 
 
 

 
 

  
  

 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
  
 

 

 
 
 
 
 
 

  

  

 
 

 

 

 

 

 
 

 

 
 

 
  

 

 
 

 

 

 

1~202Qi!+0S 3~0t50E-0" i.199SE+0S b,4]!7!-03 
~ 

1.2220£+05 4.1a31E-04 2.219SE+0~ b,lb46£-0] 
1.2419£+05 5.5S38e:-~Q 2,2394£+05 S.8740E-03 
1,2619£+05 7,3&~8E.~4 2,2594£+05 5,5129£-0] 
1.2818E+05 Cf,SCfIil8E-04 2,2793£+135 5.2&90E-133 
1,]018!+05 l,aa 18E-\iU 2,2993E+05 4,96B1Ee03 
1.3217E+05 l,5431E-\t3 a.3192E+05 4."7]~E ... 03 
1,3417£+(65 l,9a'3bt..~3 2,3392£+05 4,3861E-03 
1.3bl"£+05 2.1"'95E-03 2.3591£+135 4,101.»5£-03 
1,38161!+0'3 2.1484E-~1 2,3791E+0S 3,8339£-03 
1.4015£+05 'S.2\]PlE-~3 2.399~E+0S 3,5&7se.-,,] 
1.4215!+05 3.6924f-03 2.419~E+05 3,30"bE.03 
1.4414£+05 4.tlS4t.-03 a. tU8ge+135 ],aS08!-03 
1.4&14£+05 4.6522£·~1 2.45d9£.05 2,81304£e03 
t,4813!+135 5. U55!.-a3 2.4188e+05 2,55&7£-0] 
1,5013E+fd5 5,5612£'-"3 2.4988£+05 2,32135£-03 
1,5212E.05 S,9~8s-al a.SlitlE+"5 2,13941E-0] 
1.5412£+05 b,399aE·~l 2.sl87E."5 1,8824E-03 
1.5bll£+"5 &.7967E-dl 2.SS8b£+05 1,"86"E-03 
1.581t!+~5 7.t839E-.a) a.S18&E+05 l,5tla£-a3 
1.lt2l10E+ras 7,5b~af·1d3 a.598SE+215 1,3584£-213 
1.&Z10E+05 7.9302f-l(It] a,b185E+05 1.2304E-03 
\,b409E+05 ~,2835E ... "'3 a.b.5SQE+05 l,127lE"03 
1,&b2l9£+05 ~,bI53E'-~3 2.b~84E+05 1,111411£-03 
1.ba08E+~5 a.91&7t .. 03 2,b183E+215 9.8827!-04 
1.7a08E.~5 9.t791E-163 a.~983E+05 9.44"&£ .. 04 
1.7207E+05 9.3943E-k)3 a.718i!E+05 9,1144£.04 
1',7t.107E+ra5 Cf,5561t-lAl a,738aE+~5 8,8263!e04 / 

1.7b0"E+05 9.b&"'1~-tD3 a,7551E+05 8.5390£.04 
1,78~6£+\15 Q,711141t:.-03 C,77!U!+1'5 8.Z03lE-00 
1,81305E+05 9.6a8SE-~3 2.1980£+05 1,80ra9E-QJ4 
t.8205£+05 9.&lG5E-~3 C!,818YJE+05 7,3133£ .. 04 
1,8404E+0CJ Q,4ablE-l1l ~.8J19E+1t15 6,7428E-QJ4 
1.8604E+05 '1,309SE-iD] 2.8579!+flIS 6,1008E-04 
1,88fl13E+~5 9,i'~3!2E-~3 2.~178E+Ql5 5,399bE-Ql4 
1,9003£+05 11.8,.9be-1tJ3 a.~97~E.05 4,&6tlE .. 04 
1.9a02E+05 ",c;CltaE·~3 2,'''' 771!+Ql5 3,8889E-04 
l,9Q0~E+~5 3.3.s5~t.-J3 a,9371E+05 3.1135£-04 
t.960tE+1C15 3,~951t-d3 2.iS7bE+05 2.2977E-04 
1.9801£+05 7,I!'~l9e.·~3 Ii!,Q77bE"0S 1.5368£-04 

H.40 



   
        

  
      

  
          

   
  

    
    

    
   

   
   
   

   
   

  

 
   
   

   
    

    
    

    

       
     

      

    

    

    

 

 

  

       

 

  

    
    

 

    

    

 

   

  

     
  

  

 

      

  
 

   

 
   
 
  

 
  

  

   

    

 

PLTCVT PROGRA~ ntTA ~U~MA~V 
PIR 1 (tOTAL FU~L lSSt"~LltSl RASE CAbEt CHAl~ 4 
CONTI~t~ANT • PA.c31 

TO~S OF H~AVY ."iTAL fAtTOk C 
DATA blOCKING F'ACTOkS: 
EN1RY MOOE (1 • TCLU~l,nT,NC~LLS) (l • l(lO~),TtHl).~CELLS' MOOt • 
TIME LU~. 1.e~p~~~E+~" 
Tl~E ~IGH. 3.~FM~~~t+t~ 
NUM8ER OF tELLS • 
OlLTA TIME INCAEMf~T • 

?f.I 
1.1G!~000E+It)CI 

RAw OAlA ANO 8LnCJ(Er. naTA 
MAX, TIME' 1.b5,qt.~~ 
TuT~l ~EIGHT' 2.~~'!E+~S 

FACTOR&I 
~tN. TIME' 2.14~7E+04 

PlAK wEIGHT • b.q~l 
PEA~ PARCELS • 78.0~~ 
wT. lO~ •. ~.00r.~E·~1 
WT. ~I' 4.eQbQE+0~ 
$~OOlHING wtNtuw (CELLS)· 

TOTAL P'RC~LS • 113Q,0 
PEA~ ~El'HT TIME. 1.6e5~E+0S 
PEAk PAkCELS TIME' 1.8~S0E.05 
~O. PlKtELS LO~ • 0,0 
~". ~A"tElS WI" 11Q&,0 

:5 

TOTAL I~VENTORV (cu~t~S) c !.Q17~1~E+~1 
INVENto~v UNnE~ TME ruR~t~l G~(P~ (CURI~S) • 
PE5lCEt..T OF' TOTAl. J"I\lf·,,1r)I('f, ~3. 72~ 

TI"'E oF' M.rl~UM CrlNt~.I'JTI.oTloN rVE-lASJ IE 1.6e5000E+f&15 
MAllMU~ tONCE~TkATJUN tMIC~Otu~ltS/~~)' 7.q4q189E-1~ 
MAlIMlIM RATt: (CUlO'rESlffAIi() II: 4.l\i.,qtl~·"'CI 
tONvE~StPN F'tTOR~,Tt tu tU~Cf~TRATIUN. t.q33125£-~b 

T J ME' (yl() 

t.~5V-"'t.~" 
? , Q ~ ~ If! t • i· 1.1 

c. 'i5~~'f .• I{"G 

~. ~0ItlPlt: .~CI 
... , V·SIdV-t. ... ;e(& 
4, t- 9'{I:'I'1't •• J'" 
~.t5vl~t.1(J4 

s. 1 fII'!I~t +~" 
to. 2t;lft'lf, .·1,4 
b. "HH"(IIt.+~4I 

Ita. Tt:. (Cl'''''') 
5, "'!?'" 1': _.l~ 
., , ~ ~ :II t ~. - .,t ~ 
C:;, f:>~ • .q I!- , .. " 

5,~c~n t..·~:b 
8. 7 ~t.l1t. .,i(4 

1.~f!~· 5~·'" 
2 • S":'S 1 I:.-i·' 
, ,''''"t., , 
, ,I!' '1 ./1 , C' - .J ., 

e,v.3i.14t.~1 

ft"'t tVR,.­
i. ':11'J·;¥lEHJS 
;, ';I~"(,6£.~)rs 
i!..~"u~e.V'.r, 
c.>, "~~~t:H~r; 
~.tot7f1t."'~ 

~.et~'lEHi" 
? ," , e ,)E. H~'3 
r. h·"",f.+VI1$ 
~,'5~~E.~':) 
cI,It>41!:+III" 

H.4l 

JUTE U: ... '/\'R) 
t ,5 Sbt·~ ""'4 
',Al.liClt:-04 
1. ~"q;'~ -!lUI 
,.277';,e-Pl4 
\.i\1P.~·0" 
l.14"~f.-0" 
2 • ~, ~ ~ b ~ - 1I " 
1.Plt'S;tf ...... " 
q.UQtllf·~5 
q.0fo,3~t:::-f)~ 



 
  

 

  
 

 

 
 
 
  
 
 
 
  
  

 

  

 

 

 
 

 

 
 

 
 

    

 

 
 

 

 

 
  

  

 

  

  
 

 

   
 
 

   

 

 

  

      

 
   
  

    

  

 

 

 

 

 

 
 
 

 
 

 
 

  

1.l500E+ICJ4 
7,9000f+~4 
8,4500E+I4" 
9.00(Q0E+~4 
9,550~E+04 
1.et0I11E+05 
1 ,,,,,,50f+"" 
1,1200E+05 
1.1'5Ii1E+d5 
1.230ct1E+03 
1.a85V'E+~S 
t.340Ii4E+k'l3 
1.395~E+idS 
1.4S00E+~S 
t.505"'!+~5 
1 • ';''''''~E+~S 
1.bt501t+v·5 
1.,-1(,i"'t!+i.1 $ 
t. H'C,0If:.+il.5 
1.7&v.~~+V.' 
1.b35"'E+~5 
1.8'11c-~f::'+1tJr; 
1.94~"'E..~lr; 
2 .lr<A{1~Jt: +1--.5 
2.1i4294f.+~5 
2.{/I58~E+~5 
2. liH'82E +05 
2.1J7etf+05 
l. 147 1 E +i45 . 
2.1165E+1tI5 
2.20159£+011§ 
2.i!51t:.h)S 
2.e",,7E+05 
2.29"tf.+~5 
2.323~f.+05 
~.35iqt.+~S 

2. 3"24t:, +v'S 
2."11~E·I()'5 
C!.a",;.r~+~5 
i.41~fiot:.+~5 

2.151~9t-"'7 
3.\1"81:."" 
3.12VJb~-"7 
3.817fft:.-iQ7 
'3.1801 t-In 
3.b8i!lf-107 
&.8862t-il1 
1.l.~41E.0& 
t .81q7E-~16 
5.iII53ij!-0b 
2.tJi!2t.· .... S 
t.7S9tt-w5 
2.1..,&bE· 1tI5 
1.9&53t-0!) 
I.A?lQfo-\'5 
4.'53't.-Vl~ 
t • !II'"2t.-1tJ 14 

2.1 qq1t.-w~ 
~.q~84t.-~ta 

3.~8tct.-1!l1l 
3. ,"", J ~.-ltIq 
".I'791t-104 
~.71c;~t.-'&l14 

:5. ~S2b~·'·:" 
3.t583t:.-IIt4 
2.9732t:·~4 
2.84q5t.·~4 
2, ., as 9~-¥'4 
a.tl0r.t2t:-~4 
2.47aC;t.-VJ4 
~.'3549t-r8Q 
~.~5ifJlt.-d" 
2.',,~ijf:.-~4 
2.Jl~7t-vJ4 
2."""'~1t-~4 
,.Q113ti-ldij 
t • q ~I t ~ t -II' q 

1.Kl~1t.-d" 
1.12q.U'· .. ItI~ 
I. ,,,s"'5t-it11& 

~.1'141!+0S 
2."C!3SE+05 
2.,,5aQE+{'I5 
2.8l:5C!"E+05 
i.1;Jl1aE+0S 
a.Q412E+05 
2.97illbE+05 
3.~I4~iolE+05 
3.~lab!.05 
3.~a~ae+0S 
3.2I317E+05 
3.1lJ~03E+05 
3.iIIoa~E+~S 
l.1it15SE+0S 
3.·~tt8~le+~S 

j • 1 (I (.' b f! + Itl S 
3.\1:s2r. ... vl) 

3.1 iS8c+f'S 
1.1jh3t:. ... PS 
3. I ., i:lqt; +~r; 

3. 1 b.3 ~ e: +~j 5 
3,1/tdF.. ... ~5 
5. 1 i.' h ~ t. + vl 'j 
~.~oJl~~+(il'i 
3.21,58E+05 
.s.a~&4e.+G1\S 
3.c.5e.qE+~5 
l.c'l15E+05 
3.2b41E+05 
J.21b7E+05 
3,2692E+05 
3.,S 14 1SE+0S 
3.314QE+~5 

3 • .5~10E+91~ 
3.'s3'i~e. .. ~5 
j. S~~ tE.+it:lS 
.3 •. 4bc& 7E+05 
~. ,H1 !E+~S 
·s. jtlqt!E+05 
3.i.hic'?Qf+Y"C; 

H.42 

8.b314!-05 
,8,19'HE-05 
1,7,,67E-05 
1,3344£-05 
b.9531E-05 
6.7429E-05 
b,532bE-05 
6,32a'U~·05 
6.2325E-05 
6,1426e:-0S 
&,0521£-05 
5.9b28E-05 
5.S7l0!-0! 
5.7822!.a5 
5.bb741!-0S 
5.5~i!7E-0S 
5.·~380E-0S 
5.l233E-05 
r;.20S&E-0; 
5.0936£-05 
Q,'H91E-0S 
4,8644E-05 
4.7ijQ7E-AS 
'".o34QE-ViS 
4.S202E-!a5 
4.4055E-05 
4.2908e-0S 
4.171ge-VJS 
4.~491E·05 
3.9i&4E-05 
3,8036e-0S 
3,'-808E-05 
3.5581E-1tJ5 
3.4353E-05 
3.312bE-05 
3.189IJf-05 
3.0610f-05 
2,Q4 4 3E-as 
2.8215E-ClJS 
2."9~7E-"'5 



      

     

      

~. APPENDIX H.2: EAST TEXAS OIL FIELD REMOVED 
Sabine River Discharge Site - Run 2. 
Big Cypress Bayou Discharge Site - Run 3. 

H.43 



   
      

  
      

  
         

   
  

    
    

    
    

   
   
   

   
   

  

 
   
   

    
    
    
    

    
      

     

      
    
    

     

  

       

 

 

 

 

 

 

 
 
 

 

  

 

 

 

 

PLTCVT PROGRAM OATA SUMMAMY 
PIR2(TOT'~ 'UEL ASSEM8~1£Sl 8ASE CAS! ,'lSS10N PRODUCTS 
CONTAMINANT • C-14 

TONS 0' HEAVY ME'AL 'ACTOR. ',5000000 
DATA 8LOexING 'ACTORS' 
ENTRY MODE tl • TfLOW),OT,NC!~LS) fa • T(~OW),'(Hl"NCELLS) MOD! • 
TIM! LOw. 3,00~0amE+0G 
TIME HIG~. 1,0000001+04 
NUMBER 0' CELLS • 200 
DELTA Tl~E INCREM~NT. 2,a0a0a0!+~a 

RAW DATA ANO ALOC~!O OATA 
MAX, TIM!. 7,54~~!+0' 
TOTAL WEIGHT. 8,8991E+01 

'ACTORS' 
MlN. TIM!. 3.9~36E+04 
TOTA~ PARCELS. 2114.0 

PEAK WEIGHT • 3.~18 
PEA. PARCELS • 29,000 

PEAK WEIGHT TIM!. 4,4300!.,. 
P!AK PARCELS TIM!. 0,79001+94 

WT. ~ow. 0,0A00f-0t NO, PARCELS LOW • 0,a 
WT. HI. 2,6t41E-at NO, PARCELS HI • 35b.a 

SMOOTHING wINDOW CC!L~Sl~ !5 

TOTAL INVENTO~Y (CURIES). 8,925854E+01 
INV!NTORYUNneR THE eURR~NT G~APH (CURIES] • 
PERCENT OF TOTAL INY2NTORY. 98.914 

8.828895£+01 

TIMr o~ MA~l~~M CONC!NT~AflON (YEARS). o,51~0a0!+04 
M4XIMUM CONCENTAA?ION (MICROCURI!S/M~). l.]9b670!~08 
MAXl~UM RATE (CURIES/YEAR). a.813480!-03 . 
CQNvERSlON FACTOR ~.T! TO CONC!NTRATION. 3.8S3949E."& 

CONTAMINANT • C-14 

TIME (YtARS) 4NO IUT! (CURIES/YEAR) FO~ THE t00 POINTS 

T%M£ (YFU ra T£ (CU/YR) TIME (VRl RATE (CU/YR) 
3,9700!+fd4 ".11t4E-04 S.t&800e:."4 2,9598£-03 
4.tlJra0it+~4 4.8"a<JE-04 5.5102[+1214 2.8228£-03 
4.rJ3aae;.,,4 7.t487£-04 5.54~4E+04 a.61f)S!-"3 
4.~'06E.'!4 t.~239f·03 5.S70b£+04 a.52"6!~93 
4,.,908e::."," 1.4030E-03 5.1J008!+Qll& 2,3&02!-"] 
4.1211(1£+04 1 • .,a33!.~3 '5,"31"'E.~4 2.19812-03 
4,15SiE+\lJ4 i.3317E-03 5.bb12E+04 2,0322E-03 
4,181 4E+04 a,Cnl&E .. 03 5,&914£+04 1,859 bE.0l 
4.2S1&E+~4 3.59'3~-03 '5.1216E+04 1.&772£-03 
4.2418E+"4 0,3007£-"'3 '5,7S18E+04 t,4921£"'03 

H.44 
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4.2'c~E+04 S,f416E-fJ! 5,,820£+11" r,3081£-03 
4,3022£+04 S,'~90E-e3 5.8122£+04 1,1291£-e3 
4,3324E+0C 6,5394£..03 5.8424£.04 ~,5155E.04 
4,3626£+04 ',1914E. ... e3 5,8726£.04 '.9613E-04 

:4,3928£ +0G ".'624f-03 5.9028E.04 6.5525£""04 
4,4230£+,,4 8.,066£-e3 5.93.50E+04 5,3466£-04 
4,4532£+04 8,5384E-03 5,9632£+04 4,3632E""04 
4.4834E+04 8.'380E."3 5.9934£.04 3.5654E-04 
4,5136£+04 8.8U'9E-03 6,ta23bE.04 e,9515E.e4 
4,5438£+04 8,'553£-03 6,0538£.04 2,4958E"041 
4.5'40E+04 8,6285E-03 6.0840£.04 2,1193£-04 
4.6042E+tHI 8,4418£-03 6,1142E.04 1,9533[-04 
4,631UIE+04 8.2282E-03 6.14 44E+04 1,1936E.e4 
4,6646E+04 '.9882£-03 6,1"46£+114 1,683SE.04 
4.6946t..,HI '.'''28E-03 6,2048£+04 1,6090E-04 
4,1iSI'E"'04 '.4943E-03 E1,2350E.04 l,5S86£~eG 
4.'552E+04 7.25'5£·"3 6,2652£+1'4 1,5200£-04 
4,'854£'+214 ',0246E-03 E1.2954E+04 1.48419£-04 
4,6156E+04 b.'848E-e3 6,3256E+04 1,4495E-1l4 
II, tHIS8E+04 6,S4t-3E-e! 6.3556£+04 S ,4113E-04 
4.8160E+~4 6,28SbE.e! 6,38b0E+04 1,3656E-04 
4,9062£+04 6.0250£-03 6.41bcE+04 . 1,3166E .. e4 
G.q3bAf+~G S.1b6bE-03 6,4464E+04 . 1.2732£-"4 
4. 111 66f>E+04 5,52 C1J 3E-i/l! 6,4766E+04 1,228SE-"''' 
4,9968t,+04 S.2652t.-"3 6,5066£+04 1.1645£-"4 

/ S,027~£'+04 S,0008E-'''3 6,5310E.04 1.l41TE-EUI 
5.0572E+04 4,8545£-03 6,S6T2£+04 1,1015E-04 
5.0874E+04 ",6b96E-e3 6,5974E.ell 1,-0615£-04 
5,1176E+i'1l ~.506St.-\13 6.6216E+04 t,e31c;E-e4 
S.14l&E .. "4 4.3beS£,-03 6,,,S16E+04 1,0105E-04 
5,1160f,+.,,, ".2il4 4E-C03 6,6680E+04 9.8184£-115 
S,20bit .. 04 4,~90bE·e3 6,7162£+04 9,5432E-05 
S.2364E+04 !.9blbE-i)3 6.1484E+e4 9,246SE-i'S 
S.266bE+04 3,8401£-03 6,1186E+"4 6,9142£-05 
S.29tH~E+0Cl 3,71"af-C03 6.606&E+04 8.4619E-05 
S,3290fh'4 3,5974E-03 b,6.59i5E+fJ4 7.8661E-05 
5.3SC;2~+04·. 3.4600E-03 6.8692£+04 ',1291>£-05· 
S. 3e~cE •. iIi" 3.3560f.-~3 ".8994£.04 6,16 47£-i1S 
S.4196E·+t6 4 !.2i7S£-fl3 6,929f:1E+fl4 4.9598E."5 
5.Q4Q~l:h,a 3,~95bE·03 b.~S98E+04 3,8112Ett05 

H.4S 



   
      

  
      

  
         
   
  

   
    

    
    

   
   
   

   
   

  

   
   

    
    
    

    

    
      

     
 

      
    
    

      

  

       

  
 

 
 
 

 

 

 

 

 
 
 

 
 

 
 
 

 
 
 
 

 
 

PlTCVT PRO~RAM DATA SUMMARy 
PIR2(TOTA~ FUEL ASSEMeLI!S) BASE CASt ,fISSION PRODUCTS 
CONTAMINANT • TC-Q9 

TO~S OF HEAVY META~ 'ACTOR. a.~000~~a 
DATA BLOCKING FACTORS' 
ENTRV NOOE (1 • TCLOW),OT,NCELLS) ca • TCLOW),T(Hl),NC!LLS) MOO! • 
TIM! LO~. 5,89~0aaE+~4 
TI"! HIGH. b.3000aa!+~4 
NUMBER 0' CELLS • 4a0 

\ OELTA TIME INCRe~ENT. 1.a5aa09E+~1 

,ACTDR51 RAW OAT. AND ALOCKEn DATA 
MAX, TIM!. 1.3968£+05 
TOTAL WEIG~T. 2.45b8!+~5 

~IN, TtME. 4.12532+04 

PEA~ wEIGHT. 3936,11b 
PEAK PA~ce~s • 22,000 
WT. LOW. 5.0738!+02 
wT. KI. 1,3~35E.05 
~HOOTHIN~ ~lNnow (CELLS). 

TOTAL PARCELS • lbl9.e 
P!A~ ~EIGhT TIM!. 5.5756£+04 
PIAK PARCELS TIM!. 5,8756!+04 
NO, PARCELS LO~ • 3,a 
NO, PARC!LS HI • 4628.0 

30 

TOTAL I~VE~TORV (CURIES]. 3.8~59a~!.~5 
·INVENTOhY UND!~ THE CURWENT G~A~H (CURIES) • 
P!RC!NT OF TOTAL tNVENTORY. &5.644 . 

2.511531E+~5 

TIMe of MAXl~UH CQNC!NTRATIUN (YEARS). 5.86a&25E+04 
MAXl~UM CONCENTRATION (MICqOCURIES/~L). '.b77078£-04 
MAXIMUM RATE (CURtES/Y!AR). 1.9QZ003E+02· 
CONVERSION FACTOR RATE TO CONCENTRATION. 3,85J949E~0& 

TIM! (YEARS) ANO RATE (cuRteS/Y!AR) 'OA TkE 

TI"'~ (""') 
5.860&E·h)4 
5.3608E+q!4 
5,860QE+04 
5.861~E+ra4 
5.861~~·t1tJ4 

5.8613E+"'O 
5,861 4£.+04 
1J.8616E+"4 
5.8&tlE+I4" 
S.8618!+1(J4 

IU TE (C\J'VR) 
1.Q"'~0E+0a 
'.9Qi!IiJE+02 
'.9Q20e+0i 
1.Q92aE+"2 
1,QQ211tE+02 
t.qq~0f+02 

t.Q920€."2 
1,9920£+02 
1.99a0E+02 
t.qq20E+~2 

TIME (YR) 
5,8816£+04 
5.8826£+04 
5.883J!+1iJ4 
5.8847E+04 
5.8857E+Ot4 
5.88E.1E+04 
5.8818E+04 
5.8888E+04 
5.8S'f8E+1J4 
5,8q~qE+04 

H.46 

100 POINTS 

lUTE (CU/YW) 
1.9088E+02 
1,8991E+02 
1.8907!+02 
t,881b!+02 
1.812se+~2 
1.8&33£+02 
1,8542E+Q!2 
1.8445£+02 
1,8345£+02 
1,824se+02 
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5.8619E+04 1,9909£+02 5-.8919E+04 l.eIJ9E+02 
S,862tt+04 1,9688E+"2 5,8929E+04 1,6028E+02 
5.8622E+.,4 1,9668£+"2 5,8939E+04 1.'918E+1I2 
S,8623E+04 1.9846E+02 5.6950E+04 1.'605E+02 
5.8625E+"4 1.9621E+02 5,89665E+"4 1.7692£+02 
5.8"26E+04 1,980'E+02 5.e970E+04 1,7581E+02 
5.8627E+04 t.9781E+El2 5.896tE+04 1,'413E+02 
5,&629E+04 1,9766E+e2 5.&99IE+04 1.'368£+02 
S.S63eE+04 1,9746E+02 5,9fJlll£+01 1.7266£+02 
5.8631E+104 1.9130E+02 5.9122£+"4 1.6081£+02 
5,8633E+04 1.9744E+02 5.9243£+04 1.4663E+02 
5,6634£+04 ',9758E+02 5,9364E+04 1,32elE+02 
5.8635E+04 1,9'71E+i'2 5.9465£+04 1.1772E+02 
5,8631E+04 I, err8SE+"2 5,9606E+04 l,eS83E+02 
5,6t136E+04 1.9199£ .... '2 5.9127E+04 9,1249E+01 
5.6639£+04 1.9813E+1I12 5.9848E+04 7,9170E+01 
S,8641E+04 1,9627£+"2 5,9969£+04 6,9407E+01 
S,&642E+04 1,9t140E+02 6.0090E+04 6,!IJ4E+e, 
S,8643EH'" 1,9854E+02 6.0ll1E+04 5.4173£+01 
5.6645E+04 ',9853E+"2 6,0332£+04 4. 7902EH~t 
5,8646E+1ZI4 1,9846E+02 6,0454E+e4 4.1977E+01 
5,86 41£+"4 1,9638£+02 6.05J5E+04 3.6ge9E+fll 
5.8649E+1tl4 1.9630E+02 6.0&9e,E+Ill4 3.~IS5E+01 
S,86S0E+04 1.9622£+"2 6 • .,611f+04 2,7996E+01 
S.66StE+t'lG 1.9bt~E+02 6,0938E.04 2.3716E+01 

(' S,6662E+04 , .• Q791E+02 &,1059£"'04 1,9916E+01 
" 5.8612E+I2I0 1.981.,E+02 6.1160E+~4 1,7151E+01 

5.6682E+04 1.9876£+02 6,130IE+04 1,4'''9E+01 
5.6692£+04 1.9876E+02 6,1422£+04 1,2883E+01 
5.8703£+0" 1,9844£+02 6.1543E+04 t,1007E+01 
5.8713~+'~4 1.9180£+02 6,1664£+04 9.6219E+00 
5.8'23E+A4 1.9"21£+02 6,1785£+04 6,6119E+00 
5.8"34E+04 1.9682£+"2 6.19061:.+04 7.31"9E+00 
5,8744f,+f64 1.9b58E+02 6.2021E+04 6,2299E+00 
5,8154E+~4 1,9589£+1212 6.2146E+04 . 5,2035£+1210 
5.e7&IIE+~4 1.9522f+02 6,22b9E+04 4.3916E+e0 
5.8775E+0" 1,94"8E"02 6,239"E+",4 3.688IE+00 
5.8'65£ .. 04 1,9367~H'C? 6.2511E+e4 5,.1169f+00 
5.8795E+04 t,9260£+02 ~.26.52E+"4 2.8770E+00 
5.e8k'6E+~4 1,911\3E+02 b.2151E.+011 2.6295E+00 

H.47 



   
      
  

     
  
         

   
  

    
    

    
   

   
   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
    
    

     

 

 

  

       

 
 

 
 

 

 

 

 

  

 
  

 
 

  
 
 
 

  

 

 
 

 

 

 

 

PLTCVT PROGRAM nATA SU~MAHY 
PIR2(TOT1L 'U£L ASSEMBLI!S) BAS! CAsl l'lSSI0N P~ODUCTS 
eONTAMI~ANT • r.129 

TONS 0' ~!AVV ~ETAL 'ACTQR. 0,500a000 
DATA BLOCKlNG 'ACTORS. 
ENTRY MODE (1 • T(LOW),DT,NC!LLS) (i • T(LaWl,TCWll,NC!LL~) MOO! • 
TIM! LOw. 4,00000~E.~4 
TJM! HIGH. l,400~0AE+05 
NUMBER 0' CELLS • 400 
D!LTA TIME INCR!~!NT. Z.5a~~0a!+0Z 

'ACTORa_ RAW DATA AND BLOCK!D DATA 
MAX, TIM!. l,]!4bE+0, 
TOTAL WeIGHT. 1,1385£+03 

MIN, TIM!. 3,9913!+04 

PEAk W!IGHT • 18,a05 
PEAM PARCELS • l1,0~0 
WT. LO~. 5.0848!-0t 
WT. HI. 0.0~00E.01 

SMOOTHING wINDOW (CELLS). 

TOTAL PARCELS • &269.a 
P!A~ WEIGHT TIM!. 5.a&25!+04 
PEAk PARCELS TIM!. 5,0625£+04 
NO, PA~CELS LOW. 1,0 
NO, PA~CELS HI • a.0 

20 

TOTAL INVENTORY tcu~IESl. 1.1390a1!+03 
INVENTORY UNoeR TH! CURRENT GRAPH (CURIES' • 
PERCENT OF TOTAL INVENTOMV • 100.112 

Tr~E 0' ~AXIMUM cnNC!NTRATtON (VEARS]. 5.031S0a!+04 
M£XIMUM CONCE~TRATIO~ CMICROCU~I!S/HL). 1.993926£-01 
MAXIMUM RAT! (CURTES/Y'AH). 5,1 737a2£.02 
CONVERSION FACTOR ~AT~ TO CONCENTRATION. 3,851949!-06 

CONTAMI~ANT • J.t~9 

TIM! CYE!HS) ANO AAT~ (CURIES/YEAR) 'OH T~E 

TIME CYfl) 
4,0311§!+,," 
4,Ql910E.~4 
4.15b4£+04 
4.215ge+~4 
4.a154f!+ttt4 
4.334aE"~4 
4,l94!E+WjU 
1I.4538E.~4 
O.5133E+id4 
1I.51i7E+l/IO 

IUfE CCU/YH) 
2,&815t.-0] 
3.6035E-"il 
b.2Ql,at:·1cJ3 
1.t951E-02 
1.qa3"E·~a 
2,11ot0E-~2 
l,l",50li.·"'2 
3.89~~E.02 
4.~12~E.02 
4.48t4E-e2 

TIME (VA) 
9.353be+04 
9.5595£+04 
9.1b~3E.04 
9.9112E+Ql4 
1.1It117E+05 
1,~38lE+"5 
1.0S89E+05 
1.~795!.05 
1.1I1'kl lE+05 
t,12~7E+05 

H.48 

UJ0 POINTS 

IU TE (CU/VA, 
6.2621!-0:5 
b.i?495E-03 
6,2320£-0.5 
6,i?092e:"03 
&,1729£."j 
6.1828E-03 
6.1814E.a3 
6,212tE-0J 
6.2162f-0] 
&.2202('03 

.. 
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4,6522E+04 4,Sq22E-02 1~lC12E+Q!S 6.2155£."3 
".691'£+0. 4.3'143E-tJ2 1.lblB£+05 6,2335E-"3 
4.'511£+"4 4.1SQ3£-02 1.1&24£+05 6,2421E-03 
".ele6E+04 3.899'1£-.02 1,2030E+rIIS 6.2289E-e3 
4.6'0tE+04 A.~861E-e2 1.2236E+"'5 6,2309E-.03 
'4.9295£+"4 G.S555E-02 1,2442E+"5 6.187QE.e3 
4.989fJE+011 S.01!6E.e2 1.2648E+"5 6.1441E-03 
5.0485E.,,1I 5.1737E-e2 1.2854E+e5 6.111'E.03 
5.1080E+184 4.6QI8E.0e 1.3059£+05 6.1626Ew03 
5.1674£."" ".6'199E-P.l2 1.30'16E+05 6.0129Ew03 
5.2269E+04 4.S41l2E-02 1.3092£+05 5.9&92E-03 
5.2864';+04 4.55elE-.0~ 1.!108E+flS 5.8539Ew03 
5.3458E."'4 4.GS58t..02 1.3125£+05 5.'3'9E.03 
5.4053E+04 4.J5J4f."2 1.3141E+05 5.6fJ&8E-e3 
5.4648£+04 4.3039£-"'2' '.315'1E+Pl5 5.G1C}2E.03 
5.5241if.+~4 ".341.i(1E-02 1.311]£+05 5.tC)Q7E.03 
5,5637£+"4 4.1b9Q~-02 l,31QHE+05 4.95'14E-03 
5.6432£+04 G.t975E-1II2 1.3206E+e5 ',66QSE-0! 
5.7"2&f. ... 04 3,b4'14£·~2 1.3222£+05 ".4048Ew0! 
5.'621£"'04 2,&422~·e2 1.3~39E+"5 4.15&6E.03 
S,8216E.+04 1.9912E-02 1.3c55E+~5 3.Q206E-03 
5.881t~+"4 1.3711f.'1~ 1.3211£+05 3.6152E-03 
5.94 0SE+04 9.,44L1E-0 3 1.320'1£."'5 3.4?12E-03 
b.E!000e.0C '.954~~"''''3 1.33d41;;.+05 1.090C!E-0J 
6.05'15£+04 ',4549E.1ll3 1.33e0E+es 2,16'54Ee03 

( 
6.2b5!E+0a 6.611.5t.a03 1.3336£+05 2,4481Ee03 
6."12E+~41 ,'.sueE-1lI3 1.3353E+05 2.1622£-03 
6,6'71E+"4 6.3747E-03 1.3369E+e5 1,8902E-03 
6.8830.£+04 6.3398£."3 1.3385E+fJS 1.6359E.03 
'1."S89E+04 6.3JI8f-03 1.3G01E+0S 1.3982E-03 
1.2946£+04 6.3fJ64E-1lI3 1.3418E+~5 1,1664E-03 
7,S"0"E.~4 6,2&991:.a03 1.3434E+05 9.4e96E .. 04 
7.,065E+0" 6,i'631E.Vl3 t.:SG50E+es 1,5626E.04 
1,9120E+04 6.23l1E-"'1 1.34-67 E+05 6.t4S3E.~4 
8,1181E+04 6,1&44E-1I.I3 1.14b3E+"'5 5.5150E-04 
6.32C2E+,,11 6 •• 6lct..11:13 1.3499E+05 C, '253Ew1U 
8.53rflE+flG &,t6'8£.03 t.3!.16E+"S 3,68&tE-04 
8, '3S9EH'IA 6,1521£.-03 . l,.~SliE+05 3. 1020E-04, 
6.9418E.,1)4 b.' 932t..fII3 1.35A8E+flS 2.3176E.,'" 
9,1411E+~4 6.264bt-..,3 1.55'bGE+.,5 t.~331E.0" 

H.49 



   
      
  

      
  

        
   
  

   
    

    
    
   

   
    

   
   

  

   
   

    
    

   
    

    
      

     

      
    
    

      

  

       

 

 
 

 

 

 

  

 

 

 

 

 

 

P~TCYT PA05RAM DATA SUMMARy 
.PJR2(TOTAL 'UEL ASS!MBLIESJ BAS! CAS! 1'ISS10N PROQUCTS 
CONT1MtNANT 2 r-la9 

TONS 0' H!AVV METAL· 'ACTOR. Q.5~0~00a 
OATA 8LOCKl~G 'leTORSI 
ENTRY MOO! (1 • TCLOw',UT,NC!LLS) (2 • TtLOW),T(HI1,NC!LLSl MOO!. 2 
TIM! LOw. 4.00~0~a!.04 
TIM! HIGH. b.0Q~0a~E+04 
NUM8!R 0' CELLS • 2~0 
DELTA TIM! INCREM!NT. 1,0000~aE~0a 

RAW OATA A~O aLOC~!O OAT.FACTORSI 
MAX. TIM!' 1.3546E+05 MIN. TIM!. 3,99IlE+04 
TOTAL W!tGHT' •• 8244!.~2 TOTAL PARCELS' 1459.a 
PEAK ~!lGHT • &.&42 P!AM WEIGHT TIHE. 4,6459!.04 
PEAK PARCELS' t1.000 P!A~ PARCELS TIM!. 4.6450£.04 
WT. ·Le.. 5.0848!-01 NO. PARC!LS La~ • i,0 
WT. Ht. 4,!&~aE+02 NO, PA~C!LS HI • 4810.0 

SMOOTHING WINDOW (CELlS)a 20 

TOTAL I~V!NTONY (CURIF.S)' l.ll9al0E+0l 
INV!~TOAV UNDER TH! eUA~ENT GAAP~ (CU~I!S) • 
P!RC!~T 0' TOTAL INYENTQHY. 59.993 

TIM! 0' MAX1"U" CONC!NTRATION (YEARS). 5.09900ee+04 
. MAXIMUM CQNCENTR1TION (~lCROCU~lES/M~'. 1.760'00E-07 

MAXIMUM ~lTE (cual!S/Y!AR] a 4,56a~41!.0a 
CONVERSION ~.C'UR RATE TO CONCENTRATION. 3,853949£.06 

CQNTA~INANT • 1-129 

Tl~E (YEARS) ANO AAT! (CURIES/V!AA) FOR THE 

Tp4! tvN) 
4,0350f+"'4 
4,049tE+1d4 
4.0632E+~" 
1.0171E+00 
4.0914E+~4 
4.t055E+1tI4 
4.U95!+0~ 
4.tll&E+I,u 
4,1 017£+04 
4.1b13!+04 
4.11SQE+04 

All! tCU/Y~) 
2.746bE .. 1I13 
2.1,]VllE-idl 
2.&l3e.E-03 
2.&t08E .. fci3 
i,S;85at.-IiJl 
2,6590!-ral 
2,884&1:.-03 
3.2909!-03 
3.Q392t"0J 
4.a04t:1E .. 03 
&.i315st·..,3 

TIME (VR) 
5.0500E+QJ4 
5.08iUE+Ot4 
5,S141E+0 4 
5.1Q11!+04 
5.1794!+04 
5.2118E+0 4 
5,2 44 1E+134 
5.27&SE+00 
5.30SaE+04 
5,J4t2E+04 
5.3135E·UJ4 

H.SO 

100 POINTS 

IUT! CCUl'tR) !: 

0,5648E-Ot 2 
4.5616£-02 
4.5619£",02 
4,5&53E-02 
4.5599E .. 02 
4.'i5t9!.02 
4,5417! .. 02 
4.52913!.R2 
4.511.12E-1c12 
4.4979E-02 
4.4809E-02 

---.. 



 
 

 

 
 

 

  
 

 

 
 
  
 

 

 

 
 

 

  

 
 
 

 

  

  

 

  

 

  
 

 

 

   

 

 

 

 

 
 

 

 

 

 

 
 

 

 

  
 

 

 

 

 

 
 

 
 
 

 

,,-

4,190I1E·0C 1,G8111J3E.~3 S,410S9E.CI}4 4.4650E .. 02 
4.204If+04 9, tt~18t..03 5,4382£+11'4 4,4502Ew02 
4,2162£.01 t,t060£.-02 5.4106£+04 4,G3t5£-02 
4,2323E+04 1.3e69E.02 S,S0S0E+04 4.4136£-02 
4,e464£.04 1.5139£w"2 5,5:153£+04 4.3912Ee 02 
4.26i1SE.Vl4 1,'213E.a2 5,5671£+04 4,3855E"02 
4.2145£+1'4 1,933'E.02 S,6"00£+04 4.3909E-1I2 
4,2686E+04 c,t441£w02 5.6120E+e4 4.3995£-02 
4,302'E+04 2.35StiE-e2 5,6239E.04 4.4049E.02 
4,31f.,SE.e4 2.5598£-02 5.6359E+04 4.4009E.,02 
4,3309£.04 2,'5~7£.02 5.6419£+04 4,3793E.02 
4,3450E·04 2.9226E.02 5,6599E+04 4,3344E.02 
4.3591E+f64 3,Gtb,9E.-02 5.6118E+04 4.2607E •. 02 
4,3132E+04 3,t95GE.02 5,,,836E+00 4.1540E.02 
4,3613£.+04 3.314'E..02 5,6"58E+04 4,009TE-02 
G.G014t;;+161 3,/UU0f-~2 5.1"77[+00 3.6215E.e2 
4.1155£+{64 3.5842£-02 5.719'E+04 3.61 4'£.02 
G,4295E+"4 3,1500£""'2 5,73IT£.04 3,3778E-02 
4,4436E+04 3.92'3!·"'2 5.7436£+04 3.1252£-02 
4.4517E·04 4, UI0SEwll! 5.1556E.04 2,8679£-02 
4.4718E+01 4,2501E-~2 5.7616£+04 2.61Ci6E.0! 
4,4859£+e4 ',363lE-"2 5.1196£+0" 2.3901E-02 
4,50""E+01 4,42tbf..02 5,1915E+04. 2.1865E1I02 
4,5324 E+00 4,4455E-02 s.e~35E+00 2,0127E.0l 
4,564'E+04 4.4523t:. w02 5,8155£+04 1,86Ci6E-02 

\; 
4,5911E+04 4,4SS2E-02 5.8214£.04 1,7538E-02 
l.b294E+0G 4.Gb29E .. 0~ 5,&3911£+04 1.6545E1I02 
4,6618E+04 4,G690E-02 5.8514E+04 1.5632£.02 
4,f>94tE+~" ·4.4838E .. 02 5,6633E.0" 1.4725E.02 
1,1265E+04 4.48e2E-~2 5.6753E+04 1,3111E-02 
4,7588E+04 C.4935E·~2 5,8873£+0" l,27"2E.0i! 
G.1912f.+e4 4,5005£.02 5,8992E+04 1,'660E.02 
£.6235E+~4 ",5088E.02 5,9112E+04 1,1'56CiE-02 
G,BSSQE+04 4,51fHf;.·02 5,9232£+04 Ci.S210E.C!!3 
£,8662E+21G G.5274~.02 5,9352£+"4 8,5620E-03 
4,9206E+01 ".S3b3E-02 S,94'HE+e4 ',1109E-03 
0.9529E+04 4l.5Q5tE-142 5,9591£+00 7 i It Ci3£-03· 
G,96!J3E.1/}4 ".55Stt:.-02 5.9711£+04 6,10'6E-03 
5,0tlTf+eo 4.55Q9E-02 5,9630E+04 6, 37f,f)~.e3 

H.S1 



   
      

  
      

  
         
   
  

    
    

    
   

   
   

   
   

   
  

   
   

    
    

    
     

    
      

     

       
    
    

     

 

 

  

       

 

 

 

 

 

 

 

 

 
 

 

  

 

 

 

PLTCVT PAOijRA~ nATA SUMMARY 
PIR2(TOTA~ FUEL ASS!MB~J!S] aAS! CAS! r'lSSlON pqOOUCTS 
CQNTAMINANT • CS.t3~ 

TONS 0' HEAVY METAL 'ACTOR .,0.5090000 
DATA 8LOC~lN~ 'ACTORSI 
ENTRY MODE (1 • T(LOW),OT,NC!~LS) (a • T(Law"T(HI),NCE~~S) MOD!' a 
TIM! LO~. 4.aa~009E.04 
TIM! HIGH. b.000000!+04 
NUMBER 0' CELLS • 200 
DELTA TIME INCR!~ENT' 1.000~~0E+0a 

FACTORS' RAW DATA ANO 8LOC-EO DATA 
MAX. TIM!. 1.9961£+9& 
TOTAL ~EIGHT. 7.7351E+~3 

~rN, TIME' 4.2923E.04 

PEAK WEJGHT • 104.731 
PEAK PAPCELS • 27,000 
WT. LOW' ~,0~00!.at 
WT, HI. l.~204E.0a 
S"OOT~I~G ~rNOOw (CELLS)' 

TOTAL PARCELS • 1999,9 
P!AK WEIGHT TIM!. 0,6050£+04 
PEAK PARCELS TIME' 4.~050!.04 
NO. PARCELS LOW • 0,0 
~o. PAkC!LS WI • bl,0 

20 

TOTAL INVENTO~V tCU~IES). 7,8911351.03 
INVENTORV UNDER T~! CURMtNT GR4P~ (CU~I!S) • 
P!RCE~T OF TOTAL tNVENTO~Y. 97.bb5 

TIM! OF ~AXIMUM CONC!NT~ATl0~ (VEARS)' 4.4950~0!+a4 
MAXIMUM CONCENTRATION C"ICROCURt!S/M~J. 2,5402101.0b 
MAXIMUM ~AT! (CU~IF.S/V!AA). &,59t187!-01 
CONVERSION FACTOR ~ATE TO CONCENTRATION a 3.853949!.Q~ 

CONTAMINANT ~ CS.1l5 

TIM!'('E'~S) AND ~ATE CCUklES/YEAR) 'QR T~! 

TIME (YR) 
0.295I1JE.~4 
4.3~0bE+td" 
4.3tltb2E+0Q 
4.3t18E+~4 
4.3174E+rd4 
".323~E·04 
~,12ebE+0Q 
4,3342£+00 
4,3199£+114 
4,3455E+~Q 
4.351tf+04 

ru TE CCU/YR) 
1.1SIJ4E.0t 
t.3S94E-~1 
',40R9E-"'1 
t.631bE-.a, 
1.81711:-"1 
1,<)342£-01 
i.Qlb10E-01 
2.t91J4t-161 
i.~bllE .. 01 
~,J218E-tll 
2,~04aE-01 

TIrol! CV", 
5.0SvtIdE+04 
5,"bl5E"'04 
S,lllIE."4 
'J.1S0bE.04 
5.164tE.04 
5,2111E.00 
1J.251a!.~4 
5,2C$47~.04 
5,3182E+04 
'5.1518!+04 
S.3853E+04 

H.52 

10a POI~TS 

AAT! (CU/Y~) 
5.6Q23E.Qll 
5,b1~3E-IU 
5. t-594E"~H 
'S.b38tE-ral 
5.~"'99E.01 
5.5125E"~1 
5,S272!·CH 
5,4725!·(;ll 
5,4091E-01 
5,3l6b!·V11 
5.253ge.01 

., .... 



  

 

 

 

 
 

 
 

 

  

 
 

 

  

 

 

 

 

 

 
 
 

 

 
 

 

  
  

  

 

  

 

 
 
 
 
 

 

G,3S~'E+04 
',3623E+04 
4.3679£+04 
4.3'3'5E+04 

"0.3791£.0. 
4.3847£.04 
4.3903£.104 
4.3959£+04 
4.4015£.04 
4.4011E.04 
4.4127E+04 
4.4183£+04 
4,423ge.0a 
4,4296E+04 
4,4352£.04 
4,44~8E.04 " 
4,44bClE+04 
4,4S2/i1F.+04 
4.457b~.lDa 
4,4632E+164 
•• abee-E.04 
a.4744E+~4 
4,0800E+04 
4,5135E..04 
4,54"IE+04 
4,5806£+04 
4,61 4 1£+04 
1I.6 4 "E+,,4 
4.6812E+0C 
4,1141£+04 
4.Tae2E+~a 
4,TBiBE+04 
4,8153E+04 
4.6488E+04 
4.6624£+04 
4,9j59E+~4 
4,9494E+"4 
4,,9S29E+ItIC' 
5,"'65[+04 

2,ft843£-01 
2.I'35E-01 
3,06geEe0 1 
3.2106£.e01 
!,1l802E-el 
3.ft921Ee01 
3.9243£-1111 
4.151"E-"1 
4.1892E-01 
4.6187£-01 
4,843'£.01 
5.06t1E-01 
5.2150Ee i'l 
5,4730£-01 
~.6b67ee'H 
5.6339E. id l 
!»,1)9G7E."H 
6,'3&0E-01 
6,26]bE-1D1 
6,3752t·~1 
6.4613E-01 
.... -;S~IE.01 
6.~"t9E·1/!1 
6.1j"3aE·~1 
6,15050E-"1 
6.4i!64E-01 
&.3401E."" 
b.2836£-01 
6.22t"E.-r61 
6,1332£-01 
&.~5(HE.~1 
5.9118£..01 
5,9164E.~H 
5,SbG6Ee01 
5.8183£a01 
S.16~"E.01 
5,1499E.01 
5,'2f,4E.lt'lt 
5, '~82E-(iH 

5,4166E.04 
5,4524E.00 
5,4859[.04 
5,5194E+"" 
5,S529E.,,4 
5.S065E.e4 
5.620eEH~" 
5,6c56[·.,4 
5,6312[.04 
5,6366£.04 
5,6424£+"4 
5.6Qe0E.04 
5,6536£.0" 
5,6592E+"'" 
5,6649E+ell 
5.b105t; ... i\4 ' 
S.6'bIE.~4 
5.6tH 7E+011 
S.b6'3E.04 
5.bQ29E+.,4 
5,6965E+04 
5,7i1C1JE.ell 
S,'''91E.011 
5,71S3E+04 
5,7c09E+04 
S.126SEt04 
5.'321£+04 
5.7317E+04 
5,7433E+0" 
S.7069EHHa 
5.754bE+ZIl 
5,7602E.04 
5.1t156E+04 
5.'F'flQE+04 
5,1710[+"" 
5,7e26E.~1.I 
5,7tSB2E+P4 
5,1CJ36E+0" 
5,1994[+04 

H.S3 

5.1612E-01 
5,0516E-01 
",9SH!Ew"l 
4.6385E-01 
4.11'IE-01 
4.S81SE"C!.!1 
4.4e61E-01 
4,3S9'E-01 
4.3019E-01 
4,2361E-01 
4.1644E-01 
4,0820E-01 
3.9921Ew01 
3.89UIE-01 
3,7855E-01 
1.6&88E-01 
3,5501£w01 
3,4231E-01 
3.r950E·~1 
3.1621E-01 
3.0214E w01 
2,890:5E-01 
2.1SA3E-01 
2.6101£-.01 
2,4145E-01 
2,3438E.01 
2.2266E-01 
2,1142E-01 
2.0068E-01 
1.906eE-01 
1,8019E-01 
1.7158E.01 
,.6328E.01 
1,6041E-01 

"1,5614£-01 
1.41)31£-0J 
1,4321E.01 
1.3'83E-01 
S.!328E.~1 



   
      

  
     

  
         
   
  

    
    

    
   
   

   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
    
    

     

 

 

  

       

 

 

  

  

 

 

 
 

 

 
 

 
 

 
 

 
 

 

 

 

 

 

PLTCVT PROGRA~ DATA SUH~ARV 
PIR2.tTOT At. FUEL ASSEto1BLIES) BAS! CASi I CHAIN 1 
CONTAMINANT • U-23b 

TaNS 0' HfAYV METAL 'ACTOR. 0.50aa0~a 
DATA SLOCKING FACTORS' 
ENTRY MOD! (l • T(LO~l,DT,NC!LlS) ca • T(LOW1,TCHI"NCELLS) MOD!. a 
TIME LO~. 3.900009!+a5 
TIM! HIGH. '5.500900!+e5 
NUMBER 0' CELLS • 401 
DELTA TIM! INCR!~!NT. 4,0aa00~!+0a 

'ACTORS' RAW DATA AN08LOCM!D DATA 
MAX. TIM!. 5,7068£+05 
TOTAL N£IGMT. 1.4364£+04 
PEAK wEIGHT. . 1&8.68~ 

MIN, TIM!. J.9a71!+05 

PEAK P1ACELS • ".00a 
WT. LOW. ~.000~E-0t 
WT. HI. 7.0924!+~0 

SMOOTHING WINDOW (CELLS). 

TorAL PA~CELS • &846.0 
P!AK WEIGHT TIM!. 4,4]09E+a5 
PEAK PARCELS TIM!. 4,4J0aE+B5 
NO, PARCELS LOW • 0.0 
NO. PARCELS HI • 30.a 

5 

TOTAL INVENTORY lCURt!S). 1.437144E+04 
INVENTORY UNDER T~E CURR£NT GAAPM (CURIES) • 
PERcENT OF TOTAL INVENTORY' 99.886 

1,435503£+04 

TIME aF MAXIMUM CONCENTRATION (YEARS). 4.3980001+05 
MAXIMUM CONCE~TqATJON tMICROCURl!S/ML1. 9.64b50t!~07 
~AXIMUM AATE (CU~IeS/'!ARl. a.5al~17f~01 
CQNVERSION FACTOR RATE TO CONCENTRATION. 3.853~49E~0~ 

TIME (Y!lAS) ANU ~AT! (CURIES/VEAR, ,o~ T~! 

11114£ (YR) 
3.901!J~E+tcJ5 
3.9~tqE+05 
3,9318£+v.J; 
3.q53~E.+~5 
3.qb97~+01§ 
3.9a56E+145 
4.~0S5E+i6S 
4.0t14E+~' 
Q,1lt334f:,+fd5 
4.04CJ3E+~5 
4.0~5t?E+05 

lUTE (eU/VR) 
3.9U1lt-04 
'.8740E-04 
t.SllllftE.03 
2.411se-03 
3.63&2£-03 
S.2138t-03 
'.43&7E-03 
1."2~6l:.0a 
1.312b!·~a 
1.a18tE·~2 
~.374b!.02 

TIM! (VR) 
4.7020E"'05 
4,7119£+0' 
1I.'338E+05 
4.7(l98!+05 
4.1651E+05 
4.181bE"'~S 
4.1915E"'05 
4.8134E+05 
4.8~94E+05 
4.8453E+0S 
4.HbI2f+Rl5 

H.S4 

100 POINTS 

"ATE (eU/YR) 
1.0911f.01 
t.12I334E .. 01 
9,1931£",02 
9,121l15!.0a 
8,9405£.02 
8.~59aE.02 
8,0648E.0i 
8,3400£-02 
8.2!t90!.02 
8.2310E-0i 
a,aab0!.02 

, 
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" 
.-

. ",,,8ttE+"S 3,0SleE."2 4,e711E."5 e,i!120E-0~ 
4,e970E.+0S 3,~465E.e2 4,8930E+05 8,1717E-2I2 
4.U30E+e5 ",'536E.02 4.9090E+"5 6.e961E w02 
4.1289E+01) 1),764.,E-e2 4,9249E+e5 '.9898£-212 
4.1448E;.es 6,R721E-e2 4,9408E+"5 ',8682E .. 1I2 
4,160'EHIS e, 0663E'.~2 4,9Sb1E+0S ','461E .. e2 
4,1'~6E+~5 9,332'E.e2 4,9126E+"5 ',6245E-e2 
4,1 926E.05 1,1I6S6E-01 4,9686E·e5 '.4960E .. e2 
4.2eSSE+"'5 l,r022E.el 5,ee4SE.f1S '.3089E.02 
4,2244£+"05 t,3423E-el S,0ik'4E+e5 T.1814E" f11 2 
4.24~3e.~s l,G846E."1 5,0363E+es T,BeI3E.0Z 
4,2Sb2E+05 1,6285E.el 5,el522E+es 6,821TE.02 
G,2722£+e5 1.'Tt4E.el 5,e682E6 es 6,644eE-e2 
4,28~tE+es 1,91f18E-'H 5,0841E+e5 6,44 "E • .eU! 
4,3e4eE+05 2,~441E.el 5,1"eeE+~5 1l,2039Elle2 
4,3199E+"'5 2,t681£.-"" 5,1159£:+05 S,8T'5E~B2 
4.33~8E+0S 2,2'91£w141 S.1318t.+"5 S,4&66E-02 
4.35t~E+(,1S 2.3728E-01 5,1478E+"S 5,e011E-02 
4,3b7TE+0S 2.41442t. .. 01 5,1 637E+e5 .. 4.5S13!-1\2 
4,383t.E.es 2,4667Ewl/ll S,179bE+e5 4,1030E-02 
4,399SE+fa5 2.5028E-01 5,19SSE+i!5 3.'358E-e2 
4,415a£+05 ~,41eS4IE·el 5,2114~+05 3,4193E-02 
~,C3suE+"S 2,4388t. .. 01 S,2C!74E+es 3.1235E-02 
41,44731:;.+05 2.Jb84E-el S,243'5E+"S ~.R229E.02 
4,4&32£+"5 2,i'813£-01 5.2592£+'-'S 2.51190E-e2 

" •. 4,47"1£+05 2,1846E-01 5.2151£+05 2,1967E-02 
I 

4,"~50E:+0S 2,A6!5E-el S.2 9 10E+05 1.9096E-02 I , 
, 4,5110E+05 l,98B3E.-01 5,3070£+05 1.66'5E-02 

4,52b9E+0S 1.8160£w01 5.3229£+fl5. t,4"00E-02 
G.S428l+e5 1,',2SE-IilS 5.3388E+"'5 1,30B6E-02 
4,5581E+~5 1.,,736E-01 5,.)547£+215 1.1372E .. 02 
4.5106E+05 S .5saeE-'H 5,3n'6E+05 9,6b22Ew"'S 
4,5906E+~5 1.5065£-01 5,36&6E+05 ",el23E-03 
4,6065£+",11) 1,4400£-01 5,4025E+05 6.1034E.e3 
1.6224E+05 S.31507E-~1 5.4184£+"5 4,5016E-03 
4.638JE+05 1.3239£-"1 5,4343E+05 3 .• 1592E-03 
4.654ie+IOS 1.26b9t.-ii't 5,45"2£,,"'5 2,0916E-03 
4,6T0;-E+05 S .2,,89£-0.1· 5,4blliE+05 . 1,2963E .. 03 
4.e.66tt:+05 t,l S~0E"~L !t. 4a21 t+e5' 6.9'ibbE-fl4 

H.SS 



   
       

  
      

  
         

   
  

    
    

    
   
   

   
   

   
   

  

 
   

   
    
    

    
    

    
      

     

      
    
    

      

  

       

 
  

   

  

 
 

 
 

 

 
 
 

 

 

 

 

 

 

PLTCVT PAOG~AM DATA SUMMARY 
PIRZtTOTAL FUEL ASSEM8LlES) BAS! CASEI CHAIN 1 
CONTAMINANT • TH.232 

TONS 0' HEAVY METAL 'ACTOR. a.!9aaaa0 
DATA S~OCKING 'ACTORSI 
ENTRY ~OOE ,t - T(LUW),DT,NCELLSl (i - TCLO~l,T(~I),NCZLLS) ~OO! • 
TIM! LOW. 4.0A~aa~!+a5 
TIME HIGWa 2.00~00a!+0b 
NUM8E~ 0' CELLS • iJ0 
DELTA TIM! INCREMENT. 8.000000E+03 

'ACTORS. RAW DATA AND SLOCKln DATA 
MAX. TIM(. 1.9992E+06 
TOTAL ~EIGHT. 4.733lE.aa 

MIN, TIM!- 4,2t19E+05 

P!A~ W!JGHT - ~.a01 
PEAK PARCELS • ~3.0~a 
WT. LOw. 0.000AE-as 
WT. HI. 0.00a0E.01 
SMOOTHl~G ~lNDOW (CELLS). 

TOTAL PARCELS a 2663,0 
PEAK wlIGHT TIME a .1.8920£+06 
PEAK PA~CELS TJM!. 8,1400!+05 
NO. PARC!~S LOW • 0.0 
N~. PARCELS HI a 0,a 

20 

TOTAL INVENTORY (CURIES) a 4.733291E-02 
INVENTORY UNDER TH! CURRENT GRAPH (CURIES) • 
PERCENT 0' TOTAL INVENTORY. 99,&06 

TIM! 0' MAXIMUM CONCENTRATION (YEARS). . t ,9960"'0E.,,., 
MAXI~UH CONCENTRATION (HICROCURIES/MLJ. l.ilit5?!-t] 
HAXI~UM ~AT! (CU~I£S/Y!AMJ. 3.1~7128!~aa 
CONVERSIUN 'AtTO~ A4Tt TO CQNC!NT~ATION. 1.&S3949!.0& 

CONTAMINANT • TH-i3l 

TIME (Y!lAS) .NO RATE (CURIES/YEAR) 'O~ THE 

Tt ... £ (YR) 
4 .al!100f+~5 
4.2$4Sf.+05 
4.3~q1E·0S 
4.3~3bE+05 
4.418~t+05 
4.47~7E+~' 
4.5213!+l'J1§ 
4.S&18E+0~ 
4.b3b4€+05 
4.b9Q1Q£+0'! 
4.1455E+0i5 

IU TE (CU/VA) 
1. t 111,,,:_,,,,, 
l,tlf7rdE-08 
1,3U,~E.~1i 

t.61a5l-~8 
1.,&8"3£.lIf8 
1,?Oa3!-08 
1.a~4le.-0a 
1,~bb5E-08 
1.8194£-08 
1.8894E-08 
1,98b2t-VS8 

TIto1E (YA) 
IJ.3481E+05 
~.5545E+"'3 
9,7b~4E+0S 
'J,9bb3!+QJ5 
1,'U 72E+0b 
1,037&E+0b 
1.0584!+rlI& 
1.0790e:+0b 
\,0Q9bE+06 
1.12id2E+e& 
~.14~1E+Ql6 

H.56 

103 POtNTS 

"ATE (CU/Y~) 
l.01t5E-09 
3,0170£-08 
3,0824£-08 
l.A869!-a8 
3.0901e:-08 
3,0928E-09 
3.0955£-08 
3,0994£-08 
l.t"!0! .. "8 
3,1024£-0& 
3.1021£-08 

'. 

, 



 

 
 
 
 

 
 
 

 

 

 

 
  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 
 

 

 
 

 

 

 

 
 

 

 
  

 
 

 

 

 

G.800.~E.05 2.eb3C1E-es 1,1613E.06 3,le01E.Pl6 
4.6545E.05 2.2334E.08 l.ltH9E.06 3,09TeE.ee 
4,9091£+05 2.i'03It-e6 1.21'25£+,06 J,09~9£.08 
4,9636E+05 2,~715E.06 I.2231E.e6 3,0880E.06 
"s.elS2E+"S 2.3386E."6 1,2437£+06 3,0631£.218 
5.0727£+05 2.4035Ew08 1.2643E+06 3.0783E-06" 
5.12f3E+es 2.4103Ew08 1.2e49E.~6 3,0'36E-08 

'5,1818E.05 2,5333Ew06 1.3055E.86 3.e689E.06 
5,2360E+05 2.5902£w08 t.l265E.06' 3,0641E."8 
5.2909E+0.5 2.,42IEw08 1.3476£+06 3.0609E-e8 
5.345S[+0$ 2.69188E-0 8 1.3687E+.,6 3,0569E-.,8 
5.0000£+05 2.'362Ewfcl8 1.3698E+06 3,0522E-08 
5.4SGSE+.a5 2.7760E .. 06 1,4109E+"6 ' 3.0464E-08 
S,S091E..es 2,8121E-08 1.4320£.06 3,e406E-06 
5.5636E+05 2.8445£-0.8 1.4531E+06 3,fJ359Ew06 
5.6162E+05 2.81UE-ee 1.4742E+.,6 3.0331E .. 06 
5.6127E+05 2,89)"e.08 1.4953E+06 3,03C!GE-08 
5.12'13E+.,5 2.9127E-148 I.SI64£+t6 3.0525E-06 
S.'6JAE+0S 2.9265£.08 1.5315£+06 3.e330Ew06 
5.636GE+05 2.93'5E-08 1.5585£+116 3.033'E .. 08 
5.8~09E+0S 2.~4&6SE-08 1.5796E+06 3,0341£-08 
S.9GSSE+0~ 2.9531E-08 1. bkllUE+e6 5.0303E.08 
6.1I2I00E+"5 2.9579E-08 l.b~18E+06 3,e349E-06 
6,1154 5£+"5 2.9621£-08 1.64&29E+06 3.0366E-08 
6.~6P4£.0S 2,9159E-08 1.6640£+06 3.04111£-08 

/" 6.4'61E+"-; 2,9851E-08 1.6851E+06 3.0442£-08 ( 6.6122E+05 2.9914£.08 1.1"62E+06 3.0481£-08 
6.8'8!E+~5 2.99'&E.08 1.'213E+06 3.054 7£e08 
'.0840E.05 3.0050E-08 1.1484E+06 3.0631E-1I8 
7.2898E+~5 3.0136E.ft)6 1.1695E+"6 3,0141£-08 
7,4957£+05 3,~2teEa"! 1.7905E+e6 3.0851£.08 
1.1016£+"'5 3.0267£-06 1.811bE+06 3,0986£-08 
7.90'1I5E."'5 3,"326Ea06 1.8321£+06 3,1138E-08 
6.11!4E+05 3.0385~a06 1.853ts£+06 3,0995E.08 
8.3193£.+05 3.IUIJ7£-1lI8 1.87«19£+06 3.l091E-08 
8.525IE·05 3.Ci'481E-~8 1.696"£+06 3.1216E-08 
8.1310£+05 3.P535E-08 1. ~ 111 £+06' 3,1354E-08 
6.936ge+05 3.",593£-08 , • 913 6 2'E+ 06. 3.tClCJ9E-~8 
9.1 426E+013 3.0bSGE-01:' I. 9~93E.06, 3.1£1G1E-08 

H.S7 



   
      
  

      
  

          
   
  

    
    

    
   
    

   
   

   
   

  

   
   
    
    

    
    

    
      

       

      
    
    

      

  

       

 
 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

 

 

 

 

PlTCVT PROGAl" OATl SU""AAY 
PIA2tTOTAL 'UEl ASJ!M8Ll!SJ BAS! eASII CH'IN i 
CONTAMINANT • NP-a3? 

TONS 0' HEAVY HE'AL 'ACTOR, a.!aaaaaa 
DATA aLOC~INQ ~AC'OASI 
!NTRY MOO! (1 • T(LOWJ.OT.NCE~LS) (I • Tc~aw"TCHr),NC!~~S' MOO! • 
TIM! LOh. 4~aaaaaa!.B' 
TIMI MIGHI •• aaatell.a4 
NUMBER 0' CELLS • la9 
O!LTA TIM! INCREMENT. a,aaaaaa!.aa 

AAW DATA ANa a~QCM!D OAT A 
MAl, TIME. l,9a94K~a& 
TOTAL W!IGHT, a,'aS8!.a4 

'ACTORS' 

PEAK WEIGHT. Sll,ab. 
PEAK PAACELS • lll,aaa 
WT, LOW. a,eaeae.a1 
WT, HI' l,tiSSa.a4 

SMOOTHING WINDOW (CILLS). 

MtN, TIM! •. 4.21681.94 . 
TOTAL PARCIU.S , '. . 5598.0 
'EAK wrIGHT TI"I. 4.519a!.a. 
PEAK ~'RC!~S TIM!. 4,41001.0' 
NO, PARCELS LOW • a,a 
NO, PARCELS HI • S248,a 

aa 

TOTAL INVENTORY (CURt!S). 3,5311511.94 
INV!~fO~Y UND!~ 'HI CURA!NT B.A.M (CU_!!S), Z,I.,a7".'4 
PERCENT 0' TOT~L INVINTQRY. 67,91b 

TIM! 0' MAXIMUM CONC!NTAATION (YIAAS), 4,49aaaal.B4 
MAXIMUM CO~C!NT~4TtO~ (H1CRQCUAI!$/HL). 7.90154J!-a, 

'MAXIMUM RATE (CURtIS/V!AR). a.a318aa!.aa 
CQNV!RSION 'ACTO~ ~AT! TO CONCENTRATION. ],a53949!.~6 

CONTA~INANT , NP~a31 

. TIM! C'EAAS) AND ~AT! (CURl!S/VEAR) 'OR TH! lal POINT. 

TIME (VR) 
o.a10C11E"04 
4, ~17 0E ."64 
".283\lEtl04 
4.2909£+011 
1I.2919!+01J 
" ,3CU8E+011 
4.1t18£."" 
4,3188E+00 
1I.3258!+04 
4,33a7!+04 
4,3397E+\U 

lUTE (CU/YR) 
l.2338!.al 
i.il318E-\tl 
2,al3/U;."1 
2.34bl!-"! 
l,2114£-0\ 
4.0If.t8aE .. ~t 
',841 5!-at 
!.39t9E"'''1 
5.93&4!.~' 
'.637S!-'" 
'.~616!.a, 

TIM~ CYR) 
!.3~46!.a4 
5.3510!+134 
5,0893!.04 
5,12S7'.04 
5,154"!.04 
5.1504!+a. 
s.a187E+134 
5.aSl1!+04 
s.aSl"!."4 
5.1153!.134 
3.3~81E.04 

H.SS 

RAT! (CU/YR) 
1,1514!+011 
1.739b!.a0 
1,1217!+a" 
1,711S!."" 
1.7055£."a 
1,6920£+00 
l,"91E."1I 
1 ,'50ra!."" 
1,6363!+"" 
l,6247!+aB 
1.&ll7!+"~ 



  
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 
 
 

 

 

 

 
  

4.I467E+041 8.!293E.el S.38eIE+04 1.6"e9Etlll' 
4.3S!6[+"4 '.43SSE.!, 5.4&29£+154 I,S84S!t.,e 
4,3606£+04 l.e299E+eli 5.4«a52E+IO 1,566GEt"0 
4.,.76E+04 1.1l6SE+ee 5,4776!tI4 S.5466£+.,0 

- 4, 3745£+e4 1.2eese+ee 5.51199Et04 . I. S2G SEtee 
e,3815E+"4 1.2elt'+"&! S,S42SE+e4 1.,921Itlle 
4,3885E+04 I.S658E+el S,S146E+"4 1.44eSE+.,8 
4.3955E+"4 1.4419E+ee S,6"7eE+e4 1.S2s!!+ee 
4,41124E+04 t.5162!+Ie 1,6t21~+e4 1.!e'6£+ee 
4.4e94E+04 1.5906£+"0 S.6"SE+II4 l,2a62E+ell 
4.4164E+1I4 1.6459E+"" S,6221!.e4 1,2.87£+.,1 
'.4ZIJE+e4 1.6994E.00 1.6216E+"4 1,2515£+lIe 
4.430SE+14 1.'SISE+ee 5.6127£+"4 1.2seeE+"e 
4.4S13E+e4 1.796IE+"e S.6179!."4 1,2282[+ee 
G,4442E+04 1.84elEt0e ·5.611!0!+e4 t,2Ies£+ee 
G.4S12E+"4 1.8831£.00 5.6482!."4 t,leaTE.el 
A,4182E+eG 1,922SE+"" 5.6513!+04 1.2e21E+10 
4.G6S1E+04 1.'618E+el 5.658SE+04 l,19,!!+e" 
4.472IE+04 1.99S8E+0" 5,6.'6£+14 1.1924£+e0 
4.47'IE+04 2,e17,!+el S.6688!+"4 1.1875£+"" 
4.4861E+"4 2,1I394E.e" 5,6119E."4 1.1827-E+"" 
4.4930E+"4 2,t!J496[+e0 5.6791E+e4 1.1779£+00 
4.5ee0E+00 2,e4G6E."" 5.6842E+e4 lIITJIE."e 
'.5""[+04 2,e395£+00 5,6894E+04 1,16IJE."e 
4,5393E+04 c,Ie7SE+"" 5,6945E.04 1.1!4!!."e 

, ... 4.5717E+04 1.9T!9E+e" 5.6997£."4 1,1394E."0 
~ 4,6040E.04 1,9541£.00 5,7"49£.04 1.1243E."e '-.. 

4.6J64£.1I4 1.9545E+011 S.Tle0!+"4 1.t09!£+ee 
4.6667E+04 1,91'9E+00 5.7IS2E."4 1,07S6E+SI 
4.71111E+"4 1,90e1SE+e" S.TaeS!."4 l.eJelE.le 
4.'S!GE+"4 1.8815E+"0 S,7255E+04 1."0eSE."1 
4.7658E+04 1.6654E+ee 5,7!e6E."4 '.6916"E.el 
4.7981E+.,4 1.852eE."0 5.1358E+04 9.5272!."1 
4,810SE+04 I,B4t12E+Ef" 5.7489£.04 9.36c6E-I'1 
4.8628E+1/I4 I.BaeSE+"e S,1461E+"4 9,1985E-el 
4.89S2£+"4 1.'152E+01- 5.7512E.04 8.9709E.01 
4.9276E+04 1.'962E.00 5.7564E+04 a,!!8!!."l· 
4.9S99E+eo , I. "'lE+e£l·. 5."15£+04 't 8.1055[-01 
4.9923E+04· , 

:; :~, 7c4 7E+ee:··, 5. "61E."4· ,= • ".~~_~8!:.0 1 .. 
,. . - ... ,.' . . -. !. ~ 

H.S9 



   
      

  
      

  
          
   
  

    
    

    
   
   

   
   

   
   

  

 
   
   

    
    

    
    

    
      

     

      
    
    

     

  

       

 

 
 
 
 

 
 
 
 
  
  

 

 

 
 
 
 
 

 
 

 
 

 

 

 

 
 

PLTCVT PROGRAM DATA aUMMAAY 
PIA2(TOTAL 'UIL ASSEMBLI!S) BAS! CA311 CHAIN 2 
CONTAMINANT , NP.a31 

TONS 0' HIAVY M!TAL 'ACTOR. a,9aaBaae 
DATA BLOCKING 'ACTORSl 
IN TRY MODi (1 • T(LOW),OT,NC!LLS) (2 , TCLOW',T(HI),NC!LLS) MODI. a 
TIM! LO~. . ,,65a0~a!.a6 
TIM! HIGHa 1.95a0Bal.0~ 
NUMBER 0' CELLS • IBB 
DILTA TIM! INCREMENT' l.0aaaa0!.el 

RAW DATA AND SLOCKID DATA 'ACTORS I 
MAX, TIM" 1,98941.a& 
TOTAL WIIGHT a 1.01961.94 
PEAM wlIGHT • i69.aa1 
PEAK PARCILS , 3a,00a 
NT, LOW. a.90641+0. 
WT. HI. 9,31091.01 

SMOOTHING WINOQ~ (CILLS). 

MIN. TIM!, 4.21681.B4 
TOTAL PARCELS I 1191.a 
PEAM ~!IGHT TIM!. 1.801'1.16 
P!AM PARCELS TIM!. 1.80791.16 
NO, PARelLS LaW I 9684,0 
NO. PARCELS HI • 11.a· 

5 

TOTAL INVENTORY (CUAIIS). 3.531258£+04 
IHV!NTORY UNDIA TM! eURR!N' ~~A'M reUAI!S). 9,991452!.03 
PEAC!NT 0' TOTAL INVENTONY. 28,294 

TIM! 0' MAXIMUM CONC!NTAATION (YIAAS), 1.7'25011.06 
MAXIMUM CO~CENTRATION (MICROCURI!S/ML) I 2,5388911-a1 
MAXIMU~ AAT! (CUAI!S/Y!ARJ. 6.387763E.aa 
CONvERSION 'lCTOR RAT! TO CQNC!NTRATION' ].8539491.a6 

CONTAMINANT • NP.a37 

TIM! CYElRS) AND RATE (CU~l!S/Y!~R' 'O~ TH! tall POINT3 

TIM! (YlU IU 1'! CCU/YR) TIM! (YA) AAT! (CUll") 
1.6~Il!l!.0& 2.79&4!.03 I,S000!+06 6,5441£-0a 
1.&~4!1!+0~ ~.7964!-a3 l.sa30!t"b 6.4939! .. 132 
t.6S7"E.~6 ],'~3B!.'13 1.81rt59!t06 6,42591-02 
l,b604£.06 4.saale.a] t.8Iia9!ta~ ',3414!."2 
l,6634E+06 !,Stsae-"l 1.8119E+06 6.2laallaaa 
1,6664£te6 6,6486~-03 1,8149£.a6 6.12941.a2 
1,6693£tll6 7.8952!.a] 1.8178E+96 6,aaSl!e"2 
1,67232t06 9.a272!·a3 1.aa0a!.0~ ',al10e-aa 
1 •• 753!.06 1,11201£·02 I,SZlS!."6 5.1289£e02 
1,,,182£+06 l.t422£-02 l.a2b7!+"" 5,550621102 
1,b8a2E+a6 S.~685E-a2 1,8i97!+e6 5,42761we2 

H.60 
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1,6812£+e' 1.198IE.02 l,!S27E."6 5,2'15E.02 
1,6ITtE+06 1,SJI!I1E-ee 1.6356£+06 S,llIS!.l)e 
1,690tE+06 1.6669E.02 l~eJB6E.e6 ~.9SGJE.e£ 
1,6~1IE+e6 1,8063£-02 1,8416E+06 4.'946E-02 
l,696IEt"6 ' l.9G8SE.ee 1.8446E.06 4,6S46E.e! . 
1,699I1)E+'" E.e'S!E-"2 I,B"'IE+!!.6 4,4146£e02 
1,7"eeE+"6 2,2393E-0e l,eS0SE+e6 4.3145£e02 . 
1"eseE.06 2,3669£-02 1.B!J5!+e6 4.,IS43E-02 
1.7e79E+06 2.5356£.02 1,8564E+06 1.9938£-02 ' 
1,71e9E+06 2,6651E.0e 1,8594E."6 S,SS2GE-lll 
l,T139£+06 2,81S1E-1I2 1.8624Et06 1,'7It£-02 
1,7t68E+06 2.98!7E-e2 1,8653E+e6 S,1086E-1I2 
1.7t98E+06 3.t3bSE.ea l,abBSE.0' I.J455Ee02 
1.Te28£+06 S.2890£-e2 l,871SE+fJ6 S,IBEI!-ee 
1,7258E+"6 • 1.4429Ee02 1,8741E+e6 S,et9!Ee02 ' 
1,7e8"£+06 '.599IE-02 1.8112[.1'6 2,8S'S£-02 
1.731'E+06 3.'562E-02 1.eee2£+06 2,69'2£-02 
1.,54"E+06 1, '2 e8E-lH! 1,813eE+06 2,519"[-"2 
l,.,S76£+,,6 4,e8'2E.02 1,8161£.06 2, seS5E-'02 ' 
1,1406£+06 4,2575E_"2 1',8891 £.06 2,2355£-02 
1,'436£+06 4,4316£-02 1.6921£."6 2,E1geSEr e2 
1."65E+06 4,6091£-02 1,8950E.86 ' 1,9se7E-02 
I.T49SE+'" 4.'891E-E12 1.6~eeE.e6 1.81,,,E-£I2 
1,7525E+"6 4,91e5£.e2 l,9010!*e6 1,,6891E .. 12 
1,7555£+06 5,tSt'E-e~ 1,90c0E+e6· I,S66,£-el 
1,'S84E+"6 S.33e1E-02 1,9069£+06 1.4S38Ee6e 
1.1bt4E+06 S,seS6E.e2 1,9099!*06 l,1441E-ae 
t,'.'4E*e6 S,"41E.-0e 1,9129E+"6 1.2409E-ee 
1.,67SE+06 5.8339E.02 1.91S8E.e, 1,1421£ee! 
1,'703E+e6 5,9831E-02 1,9188E+06 l,ee'5E-e2 
1,1T33E+06 6,1194E.02 1.921SE.e, 9,1558E-0! 
t."62E+fl6 6.24t8E-e2 1,9241E+0' 8,6634E-e3 
1.7'92£+"6 6.S460E.02 1.92,,£ • .,6 l,19,'E-01 
1.7&22E+e6 '.4S32Eee2 1,9301E+06 6, ~,etHt.es 
t,76S2E.e6 ',SetSE-";: l,tl31E." 6,le25E-01 
1.,681£.06 ',SS02Ee1S2 1.9Sft6E.e, 5,!UlIE.e! 
l,,911E.0' ',ST8TE-a2 1,9396£+06 4,3569£-0J 
1,7941E+"6: 6,S671E-e2 t .9l;26E.e6: I,S191£.eJ 
l,791l1E.e6. 6.S"S4f;.~~ 1, 9G~.~t:+06 . ,~,a"'''E-e! 

H.61 



   
      

  
      

  
        

   
  

    
    

    
   

   
   
   

   
   

  

 
   

   
    
    

    
    

    
      

     

      
    
    

     

 

  

       

 

 

 
 
 
  

 

 
 
 

  
 

 
  

  

  
     

 
 

 
 

 
 

 

 

~LTCVT PROGRAM DATA SUMMARY 
PIR'2tTOT1~ PUlL AS~!MaLl13) aAS! CASal CHAt~ 2 
CONTAMINANT • U-2,3 

TONS 0' H!AVY ~!TAL 'ACTOR a 3.!aaaaaa 
OATA BLOCKING 'ACTOASJ 
ENTRY MOOE " • T(LOW),DT,NCELLS) fa • TCLOW),T(Hl),NC!LLS) MOD!. 2 
TIM! LOW. 4.0aaaS0!+S4 
TIME HIGH. Z.0~00aaE+9~ 
NUMBER 0' CELLS • 4aa 
DELT' TIM! INCREMENT. 4.900a00£+03 

RAW OATA ANO 8LOC~!0 OATA 
MAX, TIM! •. 1.98~2!.Q6 
TOTA~ WE!GHT. 4.9~]71.Q4 

'ACTORS' 

PEAK wEIGHT • ]~9.169 
P!AK PARCELS • 1019,aaa 
WT. LOW. 0,aa0~!.~t 
WT, Ht. B.a000!.a1 

SMOOTHING WINDOW (C!LLS). 

~rN. TIMI. 4.6214!.04 
TOTAL PARCELS , . 33303,1 
PEAK WEIGHT TIM!. 1.4831!.3' 
P!Ak PARCELS TIM! •. 4.1975!+95 
NO. PA~C!LS LOW • a.a 
NO, PAAC!L3 HI • 1,1 

a0 

TOTAL INVENTORY (CURtES)' ~.903'4a!.a4 
INV!~TOAY UNDER TH! CURR!NT G~APH (CURIES)' 4,9a9436!+S4 
P!AC!NT 0' TOTAL tNV!NTO~Y • 101.11& 

TIME 0' MAXIMUM CONCENTRATION (YEARS) m 1.64475ar.06 
MAXIMUM CONC!NTRArIO N tMICROCURl!3/M~l' '.9'l',7.wa7 
MAXl~UM QAT! (CURtIS/YIAR) m 5.063786!-0a 
CONV!RSION 'ACTOR ~AT! TO CQNC!NT~ATlaN' 3.8539492.06 

TI~! (V!lRS) AND RAT! CCU~I!S/V!AR) POR TH! t0a POINTS 

TIM! ('tR) 
4.1]5(i1E+~4 
b.4Z97E+0G 
a.08"4E+04 
9.759\1!+~Q 
t,tOl OE+"5 
1.3108£+03 
1,41831+0' 
l,b4 58£+05 
1.aI3l!+Q5 
1,9801!.05 

IU T! (Cu/YR) 
a.IJ&~3t..01 
9,81471·~3 
1.0~44~.0a 
1.aQS,E.02 
9.51~2i.03 
8.7~2b!.03 
a,B215!.Q] 
a,lt&9e:.03 
'11~03E.~3 
'.24]5£-0] 

TIM! Cy~, 
1.1~00!.0l!t 
1,1494E+06 
l,tS8SE.0f1 
t.1862E+06 
l,i176E+0& 
l,a47l'+"" 
1.i765E+e& 
t.3I1S9!.0b 
1,,5353E+0& 
1.3b41E+0& 

H.62 

ru T! (CU/Y", 
3,111J3E.02 
3.2753!.Cl2 
3.3l!t71E.02 
3.Q4,,'.02 
3.54801.a2 
3,6349E.02 
3.7211E-aa 
3,82682-02 
3.9110!.03 
4.0133E.02 



 
 

 
 

  

 
 
 
  

 

 

 
 
  
 

  

 

 
 

 

 
 
 

 

 
 

 

 

 

 
 

 
 

 

 

 

 
 
 
 

 
  

 
 
 

 

 

 
 

 
 

 

 

 
 

 
 

 
 

 
 

 

 
 
 

 

/ - 2,S482E.SI ',IEI9E.es 1.,94IE.e6 «,lSe91-eZ 
2,SI5'E.e! 6.2'0,E.e3 t,4cJSE.e6 O,24'S!."a 
2.4131Ete5 ',1431E.es 1.452'f.e6 4.STaS!-ec" 
2,6506E."5 5,'063E.e5 l,4e24EH~' C,G936E-02 
2.818IE+es 5.'441[""1 t.Sll'Ete, '.6t66E.m2 
2.9655E+"5 1,4IS8E.e! l.SC12E t e6 4,'422E.02 
S.153eE."5 4,9"lE.as l,S'1I6Et'" C,I"6E.1I2 
S.!teSE.e! 0.8S28E-III l.6eeeE+e6 4,977tE."2 
J,4880E.el O,eTS.E.e3 1.6294[+06 1,1I462E-01 
S,6SS4E+IIS 0.5"II£.IS l,641IEt"6 l,e626Eell2 
1.8229[.05 0,6S5fE·1I3 1.6529E.e6 5,e6eSE.e2 
S.99"OE+e! 4.'SI8E.es 1,660TE.06 S,ese9E.e! 
4.1S'SE·.,5 S.6fJ55E.es t,,"4Et"6 S,B1761.e2 
4.32SSE.e5 ',Te93£.e3 l,tteS2E.e6 4.948SE.e2 
0.4928E+e5 1.e9JeE.e2 1.6999£+fJ6 4,849!E.1I2 
4."eIE."S 1,411'TE.02· I.TU1E+!6 4.'176!.02 
G.821'E+"5 1.1933E.e2 1.1234E+e6 4,5S06!.e2 
4.9952[."9 a.1geIE.1I2 l.73seE.e6 4,3402E-ea 
5.t62'E+es 2,lSS8E-e2 1.1469E.06 4.0893£-02 
5.3301E+05 l.t?ee!.IIl! t·, TSe7E+e6 S.82E12E-e2 
5,4916E.1I5 1.94!!E.lIla 1.'lB4E+"6 s.seS8E.02 
5.6651£.,,5 1.8ST5E-IH! 1.7622E+06 1,"81E.e2 
5.8125e.e5 1.9I!lS4E.e2 1.,939£ • .,6" 2,8285£-02 
6,,,e00E"'e5 2,,'29E.12 1.efJSTE.e6 2.1&161E-02 
6,29'11E+"5 2.se19E.e2 1.8114£+06 2,t421!.e2 
6.5862E.01 2."14E-02 1.e292E.06 1,8208£-e2 
6,8&2'e+es 2.2,70E-02 1,8409£.06 t,S217E.S2 
',1165Et.,! 2.2662E-02 1.8521E+06 1.25e41t.02 
,.41 7e6E+05 2.S2'8E.e2 1.6644!.06 . I, e022!.ee 
1.'647E+05 2.3893E.e2 1.6n~2E.e6 ',94961-03 
8.0568£.05 2,4435E.02 1.8'19E.16 6,2073£-03 
8.3529[+05 2.51l86£.e2 l,e991£+06 4.'299E-03 
8.6471E+05 2,5&15E.e2 1.9114E.86 S.56a2E-e3 
6.9412E+e5 2.,,!!!.e2 1.0212£+06 2,6249£.e3 
9.23SJE+es a.Te9TE-"2 1.'349~.e. I.B8QIE-el 
9.529GE+05 2."'0!.02 1.9467£."'6 l,sseSE.e! 
9,8235E+05 2.8582E-02 1.9S84E."6 l.e750Ew12l3 
1.0118£+06 2.9308E.e2 1.91E12E"'~6 7.2C23E.e4 
1.0412Ete6. S",911173E.02 1.981"9E.06 4.43B3E-e4 
1.0'06E.0~ ·S, e9Z 1 E.ea 1.99S1ete6 1.7e21E.011· 

;. 
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P~TCVT PROGRAM DATA 3UM"ARY 
PIR2tTOT1L FUEL A8S!~B~1!') BAil CASII CHAIN I 
CONTAMINANT • TW-229 

TONS 0' HEAVY M!TA~ ,ACTOR. 9.900aa0a 
DATA a~OC~INQ 'ACTORst 
INTRY NOD! (I • TCLOW),DT,~C!~LS) cz • TC~OW),TCHI),NC!~LS' MODI. a 
TIME ~OW. 4.0Ba01aEt01 
TIM! HIGH. 2.0Beaaaa.06 
NUMBER 0' C!~~S • as 
DILTA TtM! INCREMENT. 7,1400001t'4 

RAW 0.1A AND BLOCKED DATA 
MAX, TI~E. l,9996E.0~ 
TOTAL NEIGHT. 2.07aa!+13 

'ACTORS' 

PEAK ~EIGHT , 241,4S~ 
PEAK PARCELS. lSl.000 
Wf, ~ow. a.0a00Iw~t 
WT, HI. 0.00001.01 

SMQOTHING WINDOW (C!LLSJ. 

MIN. TIM!. 4,a4bi!ta4 
. TOTAL PARC!LS • 131a.a 

P!AK WEIGHT TIME. S.7aS6Itl& 
PEAK PARCELS TIMI. 1,576al+05 
NO, PARCELS LOW • a.a 
~O, PARC!~S HI • 1.0 

10 

TOTAL INVENTOR V (CURI!S) _ 2.07317'£+03 
INVi~TOR¥ UNDER TW! CURRENT GRAPH (CURI!S)' l,b']S3&E.'] 
PIACINT 0' TOTA~ INV!NTORY. 81.010 

TIM! 0' MAXIMUM CONC!N1~ATlaN fYIARS). l.~laBal!t0~ 
MAXI~OM'CONCIHTRATlaN CMICAOCUAIIS/"~l' •• ,7'Si91-a9 
MAXIMUM iAT! (CU~I!S/YiAA). 1.i13418i-al 
CONvERSION FACTOR RAT! TO CQNCENTRATION ~ 3.S539.9£.,' 

CO~TAMI ~UNT • Tjof-2a9 

TIM! (y!ARS) A~O :q.lTI! (CURIES/V!AR) FDA THI tall,POINTS 

TIM! cy~] lU l'£ CCU/YA) Tlto1! CYR) RAl'! CCU/YA) 
1,9209Eta4 ".1865£.04 1,0i001t9Et 1,21341-"3 9.aau.e.a4 lI,t3&3!-Qq 1.0388E*ae. 1.2t31!.a3 
t.lb83!.03 4.la65!"~4 1.IiJS7b!.IJEt 1,21271w03 
1,3569!.05 4,186SE.ao 1.07641+06 1.2la4!-"3 
1.~446!+0! 4.t8b51.04 1,0951E+0Et 1,21201.93 
1,7laa!.05 0,21341.04 1.1141!."6 1,2"191.03 
1.92Ia!*05 4.2458E.Q4 1.1la9!.~6 1.20'6Iw03 
2,109tE.05 ",a18tE.a4 1,15111+06 1,2111831.03 
a,2911E+QS 4.3134t.134 t,1105E 4t06 1,21iJ691.03 
2,4854£+05 ,I, ]439t!.04 \,1893£+06 l,2"413!.1I3 
2,bl1bl!+119 4,lll!!.~4 1.2i1Sa!."6 1,2002!_0] 

1-1.64 
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2.6616E."5 4.4118E.e, S.2iJeE.e6 t,196S!-eS 
3,0499E.es '.44S8E.14 1,14SIE.'" l,192T£.01 
S,21e1E+"S , •• ,teE-eo 1,a'46!.'" 1.1ges£·el 
1.4262E+es ,.!IHIE.eo 1.2810E.06 1.1196!.el 
.1.6144E+05 4.1917Elle4 t.Je22E.e6 1.llaeEael 
l.ae26E.es 4.646e£ae41 1.3211E.06 1.I.aeE-es 
J.9te'E.es '.'162E.S4 1.3S99£.06 l,lseSE-es 
4.S'19E+05 S,teeeEe04 1.35e'E.06 1.1 S9aEaes . 
4.361eE.e5 5,4179E.'''1 S.3'71S!.e6 1.1J84!.es 
4,5552[.155 5,'3!'7Ea04 1.3963£.06 l,ll'SE.e3 
4,T434E+05 6,e162Eae4 1.41S1E.e6 1.e9ge!ae! 
0,9315E+05 (,.132eE.ela 1.Gloet.'6 1.0905!ae3 
5.119'E+05 6,247SE.e4 1.4528£."6 1.i1899E-IDS 
5,S018E+e5 6,:l636Ee04 1.4716!.e6 1.1I854E-el 
5.4960E.e5 6.4,toE-e4 1.4ge4E'H~6 . 1.111081-es 
5.6642E • .,5 6,6604£ • .,4 1.5092E+06 1,0545£-03 
5.8723£.e5 6.8014E.eo 1.5280E.06 1,0283E-03 
6.fJ6fSE+es '.fI!!4!.e4 i.IGElSE."6 1.I1i1aOE.,e3 
b.2466EH'lS 7.2034Ee04 1.5657E.06 . 9.1572E-84 
6.4168E+05 ',4614E-04 1.S645E+06 C;,616bE-'4 
6,6250E.e5 ".,S70E""4 1.6031£.06 9,seeSE-ell· 
6.8t31E."5 8.eI17£.eG 1.6i2Sete6 ',1605£*,')11 
1.0013E+0S 6.2863e.e4 1.6C1e9Et.,6 9.2681Ee04 
7.1894E+"5 &.S090E.eCl 1.6597£.06 9.1468E.e4 
1.1116E.e5 6.1eS7Ewe4 1.6786E.e6 ',0229£-14 

/ 7.5651£."5 8 t 91i!IC!4E.e4 1.6"4E.06, 8,8991£-e4 
I 

"'" 
1,.,SS9E.01 C).B992£.e4 1.7162E."6 8.T112!.eell 
7,9421£.05 9.50SJE.e4 t.Tsse£ • .,6 1.66tlE-eG 
8.lseeE."! 9.5&48E.04 1,.,518£.06 e,5568£eeo 
6,3114£.05 9.'263Ew04 1.'7726£.06 e.41251.04 
8.51566£+05 9,93'7E-e4 1.7915E·06 8,:1482£-04 
8.69"'E+05 1,0196E.0:1 l.iU03E.e6 8,2678E-04 
8,S829E.05 1,~S46£.03 1,8291E.e6 6.25551.64 
9,1I710E+05 1.0900t. .. 03 1,6419£+06 1,21lSeE-04 
9,2592f+0S 1.12S!£ • .,3 1,8667£+06 6.1T09E-e4 
9.4414E.05 1.t569£w03 1,8eS5E+"6 8,1182£-184 
9.6S55E."5 1.1"0E.e3 1.9"44£:.06 S.104'JE.04 
9.&2!1E."S 1.t6S2E-03 1.9132[.06' 6.ele3E-'; 
t .e0U!E"06 1.1993E.e3 ~!9420E .. e6 8.e3~3E·e4 
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PLTCVT PROGAAM OlTA SUMMARY 
PIR2(TOTAL FUEL ASS!H9~1!S) BAS! CAS!. CHAIN 1 
CONTAMJNANT • U.a38 

TONS 0' HIAVY METAL 'ACTOR. a.saBelll 
DaTA BLOCK!NG 'ACTORS) 
ENTRY MOD! (1 • TCLOW'.DT,NC!~LS' ca • TCLQW),TCMl),NCILLS] MOO!. a 
TIM! LO-. 1.saaaaas+a5 
TIM! HIGH. 6.aaaaa0!+a5 
NUMBI~ 0' C!LLI • lBI 
DELTA TIM! INCR!~INT. I.3333lll+aa 

RAW DATA AND SLaCKED OATA ,ACTORI. 
MAX, TIM!. 1.99861+0& MIN, TIM!. 3.92622+05 
TOTAL ~iIGHT. 1,22312+84 fftTAL PARCILS • ]725,a 
PEAK WIIGHT • 216,17' PEAK WEIGHT TIM!. 4.39512+05 
PIAK PARCELS • 51,aaa PEAK PARCI~S TIMI. 4,39S8!.15 
WT, LO.. a.aa09!eat NO, PARCELS LOW. I,a 
WT, HI. ],69881+00 NO. PARCELS HI • 3622.0 

SMOOTHING .INOOW (CELLS). S 

TOTAL INV!~TOAY (CURtES). l,221G2bE+a4 
INVENTORY UNO!R 1~' CURAENT ;~APH CCURI!S' • 
'IAeINT 0' TOTAL INVENTORY, 99,785 

TIM! 0' MAXIMUM CONCENTRATION rV!AAS1. 4,3791671+05 
MAXI~UM CONCENTRATION (MIC~OCURt!S/MLJ. 7,97&32]!807 
MAXIHUM ~AT! (CUAIES/YEAR). 2.0696491-01 
CONVERSION FACTOR ~ATE TO CONCENTRATION. ],85]949E-06 

CONTA~INANT • U.~]8 

TIM! (YEARS) AND ~AT! (CU~lES/YEA~) FOR THE 

TJ"4! CY~) 

3.CJa9aE·"S 
3.9498E+05 
l,919SE+"S 
3,9912£+05 
4. 0118E"~15 
4,03291£+"5 
4,0532E+05 
4,073AE"135 
4,094'1+05 
4,1I52!"05 
4,l]!SE."5 

RiT! (eU/Y~) 
2.]91,a.03 
1,591lEw03 
',2.8&E.kt3 
9.'7591£ .. 03 
1,397ae.iiJ2 
l,9174£-0a 
a.5451e·(l2 
l,29"SE.02 
4.t111E .. 0i 
5.22100E-"2 
6,]637E.02 

TIME tyql 
~.9ba5!+05 
4,91:13a£.215 
S.0"l8E+05 
5.I(1i45!.05 
5.0452!+"5 
5.0~5aE.05 
5.0S'5E+0! 
;.11d12E+05 
5.1278E"'05 
3.1"S5E·05 
5,l'92E+~5 

H.66 

10" POINTS 

RATE CCU/YR) 
6,3844!-02 
6,]1001 .. 02 
6.]148!.aa 
'.1998£-02 
6,0269!-02 
5.1974!-02 
5,5224£eIJ2 
5,Z091!w02 
4,a&091.02 
A,41~]!.02 
4.0'45!tII02 

""". 



  
 
 

 

 

 

 

 

 

  

 
 
 
 
 
 
 

  
 
 
 
 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 
 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

41,1565£+"5 1.6151E.e2 S,la,.t+el J,6e46!.ee 
4,1'72E+es 9.11 78£."2 S,210S£+05 3,1386£.152 
4,1978[+e5 l,fJ6'IIE.01 5,2112E+el 2."'4Eoe2 
4,218s£.es 1,2296E.el 5,2518£+155 2,2412E-"1 
4,2J~2E+el 1.!942E.01 S,2125E+05 1.84Y2Eeee 
4,el'IE+"! 1.554SE-el 5,2932E+e5 I.S166Ee"! 
4,2IeSE."! !,Y0S2E-el S.:US8E+0S 1,2230E."! 
4,3lH2E+S5 1.8!3SE.01 5,3:145!+"1 9,9SSSEees 
4.seleE+"S I.OS88E-el 5,S5!2£+e5 e,155!Eee3 
4,342!E+es 1.1I143E-01 S.,758E.e5 6,'568[.13 
G,S6S2E+e! 2.,,583E-01 S.S96S!+!!S 5,64!'Eeel 
c,seseE'''! 2.1'1681E-01 5,41'2£+"5 4.Y"YCEe"! 
G,Ge4S!+"! 2."495E-01 5.43t8E+"5 S,e766E.es 
4,4252E+"5 2,1I628E-", s,4585E+"! J,UIS9E-"S 
4,4GSBe+S! 1,9s51£ .. el 5,4"2£+115 2,1789E.,e3 
4,G66SE'''5, t,e50aE-el 5.4998£'''5 1,TJIGE."S 
4,0872E+e5 I,T560E-01 S,S2eSE'''! 1.186SEee3 
4.5e7IE.es 1.6SS8E-01 li.5412E+"9 1.6342E-e4 
4.52&5£+e5 1.5479£.01 5,5618E."5 4.S'98Eee4 
0.5G92E+e5 1.4404E-01 5,5825£+05 2.5924E-e4 
1.56'8E.es 1.3S29E-01 5,6eJ2E.es 1.3632!-04 
4.Sge5£.05 1,228e£-01 S.61IeE.e! 6,9005E-es 
4,6112E+05 1,1215E-01 5.644It+"S 3,2966E-05 
4,6S1BE,.e5 1.0334E-el 5.6652£.05 1,6426t.0S 
4,6525E'''5 9,e:716E-e2 5.6858£+"5 9.0628E-86 

/_. 4,6'32£+"5 6.T231E-02 5.7e6se:'0S 6.6I1T7E.186 
( 4.6938[+e5 6.1818£-02 5,7272£""5 6,13C15E.06 \,~ 

4.1145E+0! ',565IE-02 5,T478£+"9 1.S2S!!e06 
".7352E+lJ5 '.1751E.e2 5.7.85£*e5 6.6"71£-06 
4.1558£+"5 6.~005E.02 5.'89.2E+e5 6.6"T1E-e6 
". 'Y,65£+05 6,,'240£-02 5,8"98E+05 '.2i21E.e6 
4.7972£+"5 6.6167E-02 S,S3eSE."S 9.'Y98E-06 
4.81'8E+05 6.548bE-02 S.8S12£.05 ".91~Ee06 
4,838SE+"5 6.49'4E-02 5.6TI8£+05 a.a691E-e6 
4.8592£.05 6,4S08E-lI2 5,8925£.+05 T.3629E.e, 
1,8798E+05 .,4102£-02 S.9IS2£."S , ,476'IE-e6 
4.gee5E+05 6.38leE-eli! S.9'38£'''5 6,1924E-e6 
4,921'2E,+05 fI.,312!£.e2 5.9545£+05, 1,8131£.e6 
4,9418E+05- '.S783E-e2 5.9752£.05' C!,3'6~E.e6 
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PLTCVT P~O'RAM DATA SUMMARY 
PIA2(TOTAL FUEL lSSEMH~IES) BASE CAS~I CHAIN J 
CONTA~INANT D U-214 

TONS 0' HEAVY M!TA~ FACfO~. 0.5~~~000 
DATA SLOCKING FACTORS. 
ENTRY MODE (1 • T(LOW),OT,~CEL~S' (2 • TCLO~),T(HI"NCeLL5' MOOf m a 
TIME LO~. l.5000~~!+05 
TIM! HIGH. b.00~00aE+05 
NUMS!R 0' CELLS • 490 
DELTA TIM! INCREMENT. b.i50000E~02 

. AA~ OATA AND 8LOCKE~ nATA 
MAX, TI~t s 1.QQ&8!+0& 
TOTAL ~~!GHT. 2.83~7!+04 
P!AK ~EI~HT • 391,751 
PEAK PAHCELS ~ 120.000 
WT. LOW ~ a.000A!.0t 
WT. HI s 2.99tl!+~0 

SMOOTHING wlNDUW (CELLS)s 

FACTORS' 
MtN. flM~ s 3.7&4bE+05 
TOTAL PA~CELS • 12b85.0 
PF1K WEIGHT TIM!. O.171QE+05 
PEAK PA~CELS TIME. 4.1119E+05 
NO, PA~CELS LOW s 0,0 
~O. PARCELS HI • 7667,0 

5 

TOTAL INVENTORV (CURl!S). 2.a389QSE+04 
INVENTORY UNOER THE CU~RENT G~lPH (C~~lES' • 
PERCENT OF TOTAL tNveNTO~1. 9Q.QQa 

2,8381S8E+04 

TIME OF MAXIMUM cnNCE~T~ATloN (¥EA~S) s 4.318125E+05 
MAXIKUM C~NC!NTRATIUN (~lC~OCU~I~S/ML). 1.91aJ33E~0b 
MAXIMU~ ~ATE tCU~t!SJVEA~l. 5.133ab2E-01 
CONVERSlnN FACTOR RAT£ TU CUNCENTRATIO~ s 3.8S3949E.0b 

TIME (YEA~S) AND ~ATE (CUKt~S/YfAR) ~~w T~E 

T{l'4E (Viol) 

3,7&5bE.+-ilS 
3.781QE+"-; 
3.8tllilt • ..,'i 
3.83i"e+~c; 
1.1)549f.~r; 
3.871~E.1(I5 
3.8QfiSE..,JS 
3.Q~18fh)'3 

3. CU4t€+105 
3.9bb4t;;+VJS 

~ATE CCU/YNJ 
4,t3~2f.-~" 
1.~4?3~-~4 
2. ~~q 1 t.-1I24 
b.M~Q5E."''' 
1.284Q£-1tJ3 
;;" t 71bf-IIU 
.3.3C!~1E.~.5 
4. 7 1n 1 ~ .-'.13 
~.Al~1e-\:13 

1."'lS7t.-i,1~ 

TtP1~ (VR) 

tl.8~H ~t. .. ~'5 
t&.Q~j"E+0S 
4.Qc!S9f."05 
1J.94 82E.+05 
4.9'~-;E+0'5 
u.9Q2SE+03 
S.ilI151EHIS 
'".J314E+05 
~.;i}'lqHE"05 

~ e" 8 2 \ t: +0 '5 

H.68 

100 POINTS 

NATE (CU/Y~) 

1.4311f.. .. i!.1 
1,3qb!e"~H 
1 • 3b25E .. ", 1 
1,3331"-01 
1.3130£-CU 
1.3~21E-01 
1.2921E-01 
1,2b CJ 3E-01 
lt224bE-~1 
t • t 55"E-~H 
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,,"-- '!' 3,9888£+05 1,S16&f.-ei 
.: 5.1044E+05 1.06,eE-01 

4.0111E+E!S 2.41156E-0i 5.1261E+e5 9.6976E-E!2 
4.e334E+I/lS S,6bS&E-ei S,IClgeE+es 8.7198E-02 
G,0S5TE+0S '5,2344E.,02 S,l'H3E+e5 ','8&IE.02 
4.~1e0E+05 7,1240E.,02 5,1936E+05 6.9121E-e2 
4,1003E+e5 9.3607E-02 S.iI59E+e5 6.0886E.,02 
4,1226E+"5 1,2021E .. 01 S,2383E+es 5.2906E-02 
4.1449E+05 1,5266E,,01 5.26£16E."S 4.4988E-02 
4.1673E+"5 1.9214£-£11 S,2829E+es 3.11'3E-02 
4.1896E+"5 2.380&E.01 5.3052E.05 2.9856£-02 
4.2U9E.05 2.8727E.01 5.3215E+05 2.3532E .. 02 
4.2342£+05 3,3507E.01 5.3498E.es 1.85T1E-1Il2 
4.2565E+£I5 3.7769E-01 S,3TilE",,5 1.489:5E-02 
4.2188E+05 4.1"STE-"1 5.3944E.05 1.2284Ee 02 
4."!IS IE+eS 4.4120£-''1 5.4168£.05 1.£I1165E-02 
4.3234E+05 4.7629£-0.1 5.4391£+05 e,16aSE-es 
4.3458E+"5 ".9946£-11'1 5.4614[.05 6.3763£ .. 03 
4.368IE+05 5,12~e£-01 5.'U13.,E+e5 4.'122E.03 
4.39214E+e5 s. U'I84lE-e 1 S.5eb0E+e5· 3,2954E-03 
4,4127E+e5 4,9b 46E-01 5.5283£+£15 2.1624E-03 
4.4350£+05 4,7381E-01. 5.550cE+El5 1.3918E-e3 
4,45'1'3E+.,5 C.4832E-ea S.S'l'l9E+El5 8.4413E.04 
4,4796E+0S 4,2319E.01 5.5953E+"5 4,1568E-04 
4.5019£+05 3,9830E-01 5.61J6E+05 2,4532£-04 
4,52413E+05 3.1167E-01 5,6l99E+es 1.1690E-04 

1"'- 4,5466£+05 3.4239E.el 5.6b22E.05 5.7tlI5E-05 
I 4.5689E+"S 3.1I 4 8E-01 5.b845£."5 3.0131E-05 \ 

4.591i!E+05 2.8140E .. 01 S.7eb8E+"5 2.0421E .. 05 
4.6135E+05 2.542.,E-01 5,T~91E.05 1.1328E-05 
4.6358E+e5 2.3ItH.wel . 5.1514£+"5 8.'5712E-06 
4.b581E+05 2,1225E-01 5.7738E+05 6,4189E-06 
4,681214£+,,5 1.9160E-01 5,19blE+05 3.1158E-06 
4.T028E.ilS 1.6653E-01 5.61841E.05 5.8903E.06 
4.7251E+05 I,T812E-I2I1 5.84e7E+e5 3,7158E-06 
4.741"E+W)S 1.1131£-01 5.6b30E+05 3,'758E-06 
4,1691E+05 1.6545E-01 5,8853£+05 6.9853E-06 
4.792eE+1lI5 1,6019£.01 5.9016E+05 4,6331E-06 
4.~lQle+0S 1,55 S3£.." 1 S.9299E.05 . 3.1758E-06 
4.836bE+05 t ,.5084E,-01· 5-,9523£+"5 ',0231E-06 
4,e5e9E~5 1.4b17£-01 . 5.9746£+05 2.t522E-t'Jb 

H.69 
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PLTCVT PROGRAM DATA SU"MARV 
PIR2CTOTAL FUfL ASSfMeLJES) BASE CASE' CHAIN 3 
CONTAMINANT • TH-a30 

TONS OF H£AVY METAL FACTOR. 0.500~a00 
OATA BLeCKING FACTORS: 
ENTRY MOO! (1 • T(LOW),UT,NtELLS) (a • T(LO~),T(Hl),NtELLS' MQOE. a 
TIME LOw. 1.000000£+04 
TIM! HIGH. 1.0t~000E+0b 
NUM8!R OF CELLS • 200 
OELTA TI~E INCREMENT. 5.000000E+0J 

RAw DATA AND aLOCKEn DATA 
MAX. Tl~!. l,9965E+0b 
T~TlL ~EIG~T. 1.21S1E+0] 
PEAK wEIGHT. 73.177 
PEAK PARCELS • 24.000 
WT. ~Ow. ~.000~!-~1 
WT. HI. 1.5139!+0~ 

SMOOTHING wI~OO~ (C£LL~). 

FACTORS I 
MIN. TIM!. l.939~!+05 
TOTAL PARCELS. 1193.0 
PEAk wEIGHT TIME. 5.0250E+05 
PEAK PAHCE~S TIME. 9,8250E+0S 
NO, PARCELS LOW 80.0 
NO, PAMCELS HI • 1546,0 

10 

TOTAL I~VENTORV (CURr~Sl. t.2429t~E+03 
INVENTORV UNDER TM! CURRENT CRAPH (CURIES) • 
PE~C!NT OF TOTAL INVENTQWY D 95,724 

1e1897&4E+03 

TIME 0' ~AlIMU~ cn~CENTRA~lON C~EAR$). 5,125~00!.05 
MAXIMUM CONCENTRATION (HICROCURtes/MLJ • . l.081QalE-08 
MAXIMUM RAT! (CURIES/VEAN). 5.402~Q8E.03 

. CONvERSION fACTOR RATE TU CONC!NT~ATI0N D 3.85394QE-0& 

Tl~t. (VN) 
3.9~S"'E.~5 
3.q3b4t+~5 
3. CHl77E+05 
3.9S91f,+0'5 
3.970'5E+05 
3.981~E+1I)5 
3.9cB2E+id5 
G.0P14SE+""S 
4.01S9f+kl5 
4,0273E+1tl5 
1.I.038&E+"'S 

lUTE (Cu/YA) 
t."'13"E-tlI4 
1.btJ4f·~4 
1.&13 ... f·~Q 
t.&13Qf-4d4 
1.&134f-04 
2.89Q11!-1d4 
5.;lJ194t-IIJQ 
1.1Q60~-~4 
9.~7b"I:.·1It4 
t.t\95~·1d3 
1.2212~·~B 

TIME (ViU 
&.lS~IdE+~5 
b.a'!J~8e:""'5 
b.3b77E+0S 
&.47&5E+05 
6.5853E+05 
&.&941E+05 
b.lJId29E+'1'5 
b.9118E+05 
1.~a0&E+(1I5 
7 .12(UE+~5 
1.a.5d2E+05 

H.70 

100 POINTS 

$UTE (CU/'1Al 
·3. CII 7&aE-03 
2.7102f-03 
2.4&Q0E-03 
2.2140f-03 
1,9751E-~3 
1.1~94E.0l 
1.54&2£-03 
1,3882£-03 
'.242&E-03 
t.1014E-03 
9.1047E-04 



 

 

 
 
 

 

 
 
 

 
 

 

  

 

 
 

 
 

 
 
 

 

  
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 
 
 
 

 

 

 
 

 

 
 

 
 
 

 

 

 

 
 

 

 
 

 

 

4,e5e0E+05 1.33seE .. e3 7.3"11£+05 6.1500E .. 04 
4.e614E+es t.G421E-k1! ',4559E+05 7,9628E-04 
4.0121E+05 1.5504E-"3 1.5641£+05 ".114IE .. 04 
4.0841£+05 1.63'0£-03 1.6735£+es 6,471'5£-04 
4.0955E+05 t.T164E-"3 1.7S24E+"5 5,8410E.04 
4.1068E+~5 l,19Q8E.e3 1.6912£+£15 5,25e3E .. e4 
4. U82E+"S 1,6811£-03 8,eeeeE+es 4,7529E-e4 
4.1295E+05 1.93e2E.03 8.0629£+05 4.49'9£.04 
4.1 409E+05 1.9!lee.-e3 8,1258E+05 4,2813E-04 
4,IS23E+£I5 1.9317£-"3 8.1686£ ... £15 4,1'81'4£.04 
4,1616E+"5 1.9324E-03 6,251s£+e5 3,9030£.04 
4.1150E+05 S.9331E-0! 6,3144E"05 3,1248E .. 04 
4,1864E+05 2.0261£-03 6,3713£ .. 05 3,5208E-04 
4,1917E+05 2,'191E-03 6,4402E+"5 3.3337E-04 
4.2091E+0S 2.2121£-"3 8,5030E+i'5 3,171eE-04 
4.2205E+05 2.3051 t.-llI! 6.5659E+05 3.0189E-04, 
4.2316E+05 2.3907f-03 8.bceeE+05 2,8666E-lHI 
4.2432E+05 '.4114E.03 8.6911£+05 2.'IT1£-e4 
4.2545E+05 2.S5al~-03 8.1S46f..0S 2.S626E .. ell 
4.2659E+e5 2.6329E.-fIl3 8.81 T4~> .. e5 2.4514E-04 
4.2173E+05 2. 'H02E-i'! e.88d3E+e5 2.3138E-e4 
4.2886E+05 2.7T43£-03 8.~432E.05 2.1816~.f'JA 
~.!0e0E+05 2.8383f·~! 9.00blE ... 05 2.0513E-04 
4. UIt!<8E+fl5 3.11b0C'iE-~3 9.0689£.05 1,9217E-04 
4I.5I'7E+05 3.~61aE-t:'l3 9.1316f+05 1.19~4E.04 

/ - 4.6265E+05 41.36 4 1£..-03 ~ • 1947E+P.l5 ' 1.6675E.04 
! 0.1353£+05 G,7443E.-03 9.2STbE+05 1,5785E-e4 

4.8441E+05 5.0226£-03 9.3205E+05 1.47S5E-04 
4.9529E+05 5.PS4b£-03 9.3633£+215 1.3786E-04 
5,0616£+05 5.3686E.-03 9.4462£+05 1,2911£-04 
5,1 706E+05 5.1941£-03 9,5091£+05 1.22118E-04 
5.2194[+05 S,30 CHE-03 9.5720E+05 I,ll 70E .. 04 
5.3662E+05 S.t3l5E-03 9.b349E+"S 1.1234E-04 
5.497tE+0S 4.91/)59t.·f1I3 9.b911E+~5 1.0526E-04 
5.6059£+05 4,b"b3E.~3 ~.1b06E+"5 9,9109£-05 
5.7147£+05 4.4149f·"'3 9,6235E+05 9,3425E-"'5 
5.8235E+05 ".,91 1£-"'3 9.6864E+215 8.81621E-"5 
5. ~324E+05; 3.'325E-03 9.9"493"£+05 8,2674E-05 
6.e412E+1t15 3.3791E.03 1.~01lE.P.l6 7 • .,AliE-tlS 

H.71 



   
       

  
      

  
         

   
  

    
    

    
   

   
   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
    
    

     

  

       

 
 

 
 

  

   
 

 
 
 
 
 
 

 

 
   
 

 

 

 
 

 

 

 

  

PLTCVT PROGRAM ~ATA SUM~ARY 
PIR2CTOTAL FUEL AS3EMBLIES) 8AS! ClS!' CHAIN 3 
CONTAMINANT • RA-2ib 

TONS 0' HEAVY MET~L FACTOR. a.~~~0000 
DATA BLOCKING FACTORS. 
ENTRY MODE (I • T(LOW"Of,NCE~LS' (i • TCLOW],T[HI),NC!LLS) MOO! • 
TIME LOw. 1.000~00!.04 
TJM! HIGH. 1.01~00~E.06 
NUM8ER OF CELLS • 100 
DELTA TIME l~CR!MENT. 1.000000E.04 

'ACTORSI RAW DATA ANO BLOCK en DATA 
MAX. TIME. 1.9942E+0b 
TOTAL ~ErGHT. 2.5497£.03 

"IN. TIM!. 3.8646£+05 

PEAK wEIGHT. 187.724 
PEA~ PARCELS • 69.0~0 
WT. LOW D 0.003~!.~t 
WT. HJ. 2,8499E.~0 
S~OOTHIMG WINOOW (CELLS). 

T"TAL PARCELS • 1885,0 
PEAK WEIGHT TIME. 5.0500e.05 
PEAK PAHCELS TIME. 5.95~0E.0S 
~O. PARCELS LOW • 0.0 
NO, PARCELS HI • 184,0 

HJ 

TOTAL INVE~TORV (CURtES). 2.5SiS9SE+01 
INVENTORY UNnE~ T~! CUQ~t~T GHAPH (CUHIES) • 
PERCENT OF TOTAL rNV~NTOAY • 105.aS3 

2,687042E+03 

TIME OF MAXIMUM CONCf~THATION (YEARS) a 4,950000£.05 
MAXIMUM CONCENTRATION tMICHOCURIES/ML1. b.22Q496E-08 
MAXIMUM ~ATE (CURIES/YEAR). 1,bt5~9bE-02 
CONVeRSION ~ACTO~ ~ATt TO CONCENTRATION. 3.853q4qe~06 

, 

TIME. (YtA~S) ANO ~ATE tcu~I£s/VEAR) FO~ THE 

"f04E (ylol) 
3.SS"'0E+0'5 
3.&84AE+105 
3.9191E+1D5 
l.9S4C;E+~5 
1.Qa94E+11}5 
t.I.024?E+~C; 
4.0591£+11)5 
t.I.1lI939E+~5 
G.I~8P1e.~; 
4.Jft3ftE+~C; 
4.1"'85~.165 

ru T! (CU/Y~) 

1.91J3E-1d4 
1.Q333t-iiJ4 
1.Q3J3t-"''' 
2.33W112t,,"4 
5.3"33E-~C& 
8.41ftSE.04 
l l1 tat,bt.-VJ3 
1.356"'E·{dl 
1.5M1"e:.-~3 
1.9Cj40t·1tl3 
i.5139f-liJ] 

TIME (YR) 
b.211.sE.~5 
6.281.18£.05 
b.1584E+I2IS. 
b.4l19E+05 
6.5~saE+~5 
b.S790f+(IIS 
ft.bSaSE+05 
6,1i6ItlE+~5 
&, 199bE."'5 
b.8?J1E+QlS 
!:t.~4bbf+0S 

H.72 

100 POINTS 

SUTE CeU/YR) 
6,5357£-03 
b,lS9aE.otl 
5,8f't33E-03 
5. lHt29£-03 
5.0645£-03 
4.6569£-"'3 
",2821E-03 
3.822bE.0] 
3.55U,e·qtl 
3.3412E'.0.5 
3.0637£-03 
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4.2333£+05 3,1137£-03 7.0201£+05 2,'720E-03 
4,2&82£+05 3.&741£-03 7.093'£.05 2,5182E-03 
4,303"£+05 4,216&£.03 7.1672£.05 2.303&E-03 
4.S3TfiE+05 4,'5~tE.ta3 7.2407E+05 2.1314£-"3 
4.3727£+05 5.34aeE.e3 7.3113E+05 1,9249E-03 
4,40"E+05 5.9615E-03 T.3818£+"'5 1.7593E-e3 
4.442GE+05 6.5'50£-03 1.4&13E+05 1,6358E-El3 
4.4773E+05 ',41&9£_03 1,5348£+05 , .505fE.'!!! 
4,5121E+"5 8.3221E-ra3 1,6121£."'5 1.3&25E.03 
4.547f1E ... 05 9.2274E-03 1.6894E+"5 1.2011E-03 
4.5816E+"5 9.94'0£.03 '.1&b'E+e5 1.0274£-":5 
4.6U,7E+e5 I,R&49E.02 7.8439E+05 8.&735E-.IU 
4.6515£+"5 1.1352E-.02 1.9212£+"5 1.3846fe04 
4,&6&4£+"5 1.207&£.02 ',9985£+05 ',43'IE-04 . 
4,'212£+05 1,2799E.02 6.0158E.05 5.6344E-04 
4,156'£+"5 1.3526l-0~ 6.1SS0E+QJ5 4,1511E-04 
4.,909E+r!l5 1,4280£-02 8,2303E+"5 4,12&&E-e4 
4.62S8E<t05 1.5032E-02 8,301&E+"5 3.3538E-0 11 
4,e&06E+~5 I.Stl19E-02 8,3848E·"5 2,7,,91f! .. mo 
.G,8fi!;~E+05 1.5.,26E.-02 8.4621E."'5 2,4488£-04 
4.93e3E+~5 1,6034t."! 6.5394E·05 2,3059£"04 
4,9652£+05 1.5914f..02 6,6161E·05 2.050&£-04 
S,~00Q\t: .. ~5 ',53'0E.02 b.e,9S9E.05 1.7130E .. 04 
5,t3C18EH"S 1.482bt..0c b,171i?E+e5 1.5311E"04 
5.1084E+05 ',4283E-02 8.6485E.05 1,3898£-0.41 

I 
5.1819£+05 l,3SPJ7£-02 8.9258E.05 1,1768E·04 

\ , 5.2554[+05 t,S219t.02 9,003'-1E+05 7,9415£.£15 
5.3290£."5 1.2719E-02 9.elb03E+e5 5,2119E-05 
5,4025£+05 1.2098E-.02 9,lS1bE+"5 5,5174E.05 
5.41&0£+05 1.1456E-02 9.2348E.05 5.3184E.,05 
5,5496£.~5 l,Fl8bbE.02 9,312tE+05 5.t532E-CIIS 
5.6232£+05 t.f334E-"2 9.3&94E.05 4,'862E-05 
5.69 bb£<t05 9,8949E-03 9.IIb61E+05 4.2115E .. 135 
5.1701E+"5 9.a9t3£·(d3 9,5439E+05 3,6424E-05 
5.~43'E+"'5 9.~386t..03 9.6212E+05 3.0090£ .. 05 
5.91721::+05 8.6181E.03 9.b965E+es 2.5156£-05 
5.9';&"£+05 6,.11E»2t-03 9,7757E·05 2.3028E.0~· 
&.0643£+165 ',.5397£-03. 9.s530EHJS 2.11011£-05· 
6,1378E+05 b.9430f..tCl3 9.9303E+1D5 ','l415£-05 

''-.... 

H.73 



   
       

  
      

  
         
   
  

   
   

    
   
   

   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
    
    

     

  

       

 

 

  

 
 

 
 
 
 

 
 

 

 
 

 
 

   

 

 
 
 

 
 

     
 

PLTCVT PROGRAM DATA SUMMARV 
'IR2tTOTA~ FU!L AS5E~8LIES) BAS! CAS!' CHAIN' 
CONTAMINANT • A~.24] 

TONS 0' HEAVV M!TAL 'ACTOR. 0.500aa00 
DATA BLOCkING 'ACTORS' 
ENTRY MOO! (1 • TfLOW),OT,NC!LLS) ca • T(LO~"T(HI"NC!LLS) MOO! • 
TIM! LOW •. 4.aa00a~!+a4 
TIME HIGHt 6,aaaaaaE+04 
NUMBIR 0' CELLS. sea 
DELTA TIME INCREMENT. 2.0000aa!+a2 

PACTORSI RAW OA'A AND BLOCM!D DATA 
MAX, TIME. 5,7!4tE+04 
TOTAL ~IIGHT. l.01!8!+Bl 

~l~. TIM!. 4.aa14E+04 

PEAK wEIGHT • 91.111 
P!AK PARCELS ~ 11.090 
WT. LOw. a.aa00!.Qt 
WT. HI' 0,0000!.al 

SMOOTHING ~INOOW (CELLS). 

TOTAL PARCELS " 3350.13 
PEAK wEIGHT TIM!. 4,3100!.a4 
P!AK ~lRC!LS TJM!. 4.5'001.04 
NO, PA~C!LS LOW • 0.a 
NO. PARCELS HI • ala 

1" 

TOTAL INVENTORY (CURIeS)' l.31!8]4!+03 
INVENTORY UNDER THE CU~R~NT G~APH (CURI!S) • 
PIRC!NT 0' TOTAL INVENTORY • 102.801 

TIMI 0' MAXIMUM CONCENTRATION (YEARS). 4.4900a0!.04 
MAXIMUM eONC!NTRATlON (MICROCURl!S/M~)' 1.614.aIE.16 
MAXl~UM ~AT! CCURf!3/V!AR). 4.189413E.at 
CONVERSION 'ACTOR QATE TO CONCENTRATIQN. 1.aSl9G9!wQb 

CONT""'lNANT II "l1li,,243 

rIME (V! .. ~a) "NO RAT! (CURIE9/Y!A~) I'O~'TH! 100 POINTS 

TIM! (YR, IU T! (ClJ/YR) TIME (VR) SUT! CCU/YRJ 
4.2900!+(U l.t215£.01 5.~'ia0E"04 a.11 a2e: .. a t 
4.2964E+0G t.t2t5!!.0! S,~a94!+04 2,SS6ii·Ql 
4.3027!+04 1.t2tSE.0\ !J,0588e;+04 2.0045E.SI 
4,3091E""4 1.laI5E.flt 5."882!+a4 1,QSil9i.al 
tl.3153E"04 1,2074!.,01 5.tI16£tQl4 ',9B43!-01 
4.3213E+04 1.30112 .. 01 ~,1411E .. a4 1,856a!-01 
4.3282!+04 '.4a80!."! 5.11b~E.04 i.aU4!."! 
4,334SE io d4 1.49]9E.01 Sla~Sge.04 1.7669!.01 
4.340ge·04 1.S741E·~1 s.a3S3!.04 1.7i4ae,0! 
4.34 11E·04 1.6343i!·~1 5.2b47!+04 1.6aU!.Ql 
4.31J3~!+e4 t,7713E.VJl 5.i"l41EtQ4 t,6343! .. 01 

H.74 
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I 

4.360(1£.04 1.ta214E-el 5.3235E.e4 l,se71E-01 
0.36641£+"4 2.C'l6~4E-el 5.3529£ • .,,, 1.5551£-01 
4.3127£+04 2,2229E-el 5.3824£.04 1.4814E-el 
4.3191£+04 2,1836£-el S.41t8E.e4 1.4!32E-Ill 
4.3855E+04 2.S4C3E-el 5,4412E.e4. 1,S19!E.fJI 
4.3918E.04 2.1069£-0, 5.o1e'E.e4 1,1249E-01 
4.3962E+04 2.ST4eE-et S,5eeeE*eA 1.2&40£.111 
4.o0cSE+e4 3.eGUE-et 5,S294EH~4 1.16!!E-'H 
C.4109E·04 3.2e42E-el 5,5382£.04 1.1S61E-el 
4,4113£+04 3,3426£-01 5.54'111£.1'4 1,1301£-01 
4.G2J6E+04 3.46U~E-el S.55S8E+e4 1.1015E-01 
4.430e£+04 S.61~"E_el 5.564EiE.0C 1,"'18E-0t 
4.41364£.04 ·3.12'75E-"1 5,57)4£.041 . 1.0'112E-01 
4.0427E+04 3.8351E-el 5,5&2IE.04 1,0090E-01 
4,4491£+04 3.9438E.01 5,5909£.'4 9.TTflS!e02 
4,4555E+04 4.e0&3£-01 S,S9~1E·"4 9,4T11E-02 
4.4618E.04 4,0612E-01 5,608SE+04 9,IT11E.0e 
4,4662E+04 ",tI6IE-01 5.6If3£.e4 8.8669£e02 
4,4145E+04 4,1449£-0t S.6iblE..e4 &,5611E.1I2 
4,48e9E+04 ",tbll£-in 5,6]49£.'4 8,2512Ee02 
4,4615E·1a4 ',1616E-''1 S,b 43TE+04 ',9SSElE-me 
4.493,e+04 4,16geE-01 5.6524£+04 '.6552£-e2 
4.seeeE+ec ',lIS2E.01. 5,bbI2£+04 1.J524£,,02 
4.52"4E+04 3,9T11E,,01 5.6n~eE.e4 1,e511Ee02 

.r" 4,55eBE+"CI ! ,·e fl.'" E-0 1 5,6168E.04 6,1181E.,02 
. ~. 4,5882E+04 3,6S"JE-'! 5,6616E+ec 6,4251E.0e 

4t.bl"'E·04 3.504C1[-01 5,6'64E.84 6.3295E-02 
4,64'IE+ro4 3,lb55E-Zl 5.1052E.,,4 6.'lseEe02 
4,6'7b5E+04 3.2363£_01 5,7140£+04 6.SgeTE-02 
C,70S~E+0G 3,eQSbE-iJl 5.7227£.04 5,9126£.e2 
4.73S1E+~4 c,9b14E.-01 5.7315E.04 5,,,,6&E-82 
4,7641E+ec 2,8358E-01 S,1405E.04 5.4311E-02 
".794 1£+0. 2.118bE-el 5,7 4 91E+0 4 5 1 t855E-02 
4.823SE+04 2.6e19E.'H 5.75'19E.ec 41 9S69E-e2 
4,8529E+04 2,5108E-." S,T661E."4 4,TS02E-e2 
4.8624E+04 2,4210£-01 S.'I15S£.04 4.5229E.02 
4.9U8E·"~ i!,!361£.01 5,184!E.04 4,S2Y1E-ez 
4,9412E+"'4· 2,'5geE-01 5.1930E+04 . "0 • 1316 E - e a 
4, .. ,ebE+04 2.ta~6E.0t 5.s018E.04 3, Q.I'0EIIWee 

H.75 



   
      

  
      

  
         

   
   

    
    

    
   
   

  
   

   
   

  

 
   

   
    
    

    
    

    
      

     

      
    
    

     

  

       

  
 
 
 
 

 
 
 

 
 
 
 

 
 

   

 
 

  
 
 

 

 

PLTCVT PROGRA~ DATA SUM~ARY 
PIA~CTOT1L 'UIL ASSE~8LJIS) lAS! CAS!' CHAIN • 
CONTAMINANT • pu-a39 

TONS 0' HEAVY METAL 'ACTOR. a.saaaea0 
DATA BLOCKINQ PACTORS' 
ENTRV MOD! (1 • TCLQW),aT,NC!LLS] ca • T(LO~),TCHI),NC!LL') MODI. I 
Tl"1 La"' 1,0aaaaae+a4 
TIME HIGWa a,0a~100!.a5· 
NUMBER a, CILLS • la 
aILT' TIM! INCREMENT' 1,90a000£+04 

RAW DATA AND 8LOCKEO DATA 
MAX. TIM!. 1,7&]11+05 
TOTAL WEIGHT, 8,36401.00 

'ACTORS' 

P!AK W!IGHT • 2.541 
PEAK PARCELS • a,a~9 
WT. LOW' 0.00001.01 
WT. HI' a.00~0!.al 
SMOOT~ING wINDOW (CELLS)' 

NIN, TIME' &,a560!+14 
TOTAL PARCELS , la,a 
PEAK W!IGHT TIM!. 7,6501'.04 
PEAK PARC!LS TIM! ,. 7.65aa!+~4 
NO, PA~C!LS LO~ • a,a 
NO. PARCELS HI • 0.0 

a 

TOTAL INV!NTORY (CURI!S)' S.36401se.aa 
INVENTORY UNDER THE CURRENT GRAPH rCU~l!S" 8.8aa326E+a0 
PERCENT 0' TOTAL INVENTORY • 106,197 

TIM! 0' ~AXIMUM CONCENTRATION (YEARS). 9,750000E.04 
MAXIMUM CONCENTRATION CMICROCU~IES/M~)' 5.S53518E~sa 
MAX!~UM RAT! (CURt!S/Y!AR). 1.l37l20!-04 
CQNV!RSION "CTOR RAT! TO CONCENTRATION' 3.a5]949!.~~ 

CONTAMINANT • pu.a3CJ 

TIM£ (YEARS) ANO RAT! (CURIES/VI_R, 'OR TH! 100 POINTS 

TIME UR, IU 1'! CCU/YR] TIM! (YI1) RAT! (CU/YR) 
5,75"~!+04 1,331ie.04 1.1430i!.05 3.7346!.QJ! 
5.8640!+04 l.]l12E-04 1,15b4f!+'13 3,5886!.15 
5,9780E+04 1,331a£-04 1.1678E.SS 3.4426£.0S 
6.a92ae:.04 1,3372!.a4 J.179al!+05 l.l967!.a5 
b.2060£+04 1,ll7aa-eQ t,1 9061+05 l,1517!.05 
6.3200E+td4 1.3372£-04 1,21a2{1!+115 ].00471.05 
6.43a"E.e4 1,117ae:.04 l.a134!+05 2.85871w05 
6,54801+04 1.3l7aEw04 l.aa4S!+"5 2,11281-0' 
6.6620!+04 t,]l72e:.~4 l,a3baE."5 2.5668e:.03 
b.7160!+~4 1.3372[.04 1,24761£.03 2.42051."5 
6.8900!+Q4 1.]312£-04 1.259131+"5 2.27181t-a5 

H.76 



 

 
 

 

 

 

 

  

 
 

 

  
 

 
  
 
 

 
 

 
 

 
 

 
  
 

 

   
 

 

 
 

 
 

 

 
 
 
  

 

 

 

 

 
 

 
  

 

 

   

 

 

 

 
 

 
  

 
 

 
 

 
 

 
  
  

 
 
 
 

 

 

 

 
 

   
 
 
 
  
 
 

',e000£.114 1,55'2[it"4 1,e184E."5 2;t289£.05 
'.1180E."0 1,1312E."" 1,2818E."5 1,9B29£.05 
7.2120E.04 1,33'2E."41 1,293!E'''' 1,6369E-e5 
7.34'''E.04 1.5372E.04 1.3(006£."5 1,6,e'E."5 
7.46e0E.04 t.S312E-1ll4 1,lt60E+"5 I.S4S0E-05 
7.5740£.04 1,33'2E."4 1,3a74E+"S ",'geE.e5 
7.68e0E.e4 1.JS33£.04 1,13B6E+"5 I,S174E-05 
'.80eeE.e4 t,Set7£-04 I,3szaE+"S 1,'60'!.0! 
1,91b0E·eo 1.311HE-04 I.3616!·"5 1.41eeE.es 
&.eseeE."4 1.2985£-04 1,3730£'05 1,41593E-05 
8.1000£.04 1,2868E.04 1.3844E""5 1,5066£-e5 
8,2560£.04 l.27IiZE-eo 1.3956£.05 1.5538£.05 
8.372eE+e4 1.2636E-04 l."e7cE.0! 1,6el1E-05 
8.4860E.04 l,2520E.I1)4 1.4186E+"5 I,6GloE-eS 
6.6E1eeE."" 1.2403E.04 I,43eeE+"5 1,695'E.05 
8,7100E.04 t.2287E-eo. 1,0414E.05 l,T430E.05 
6.8280E.00 1,2171E.04 1,-526E·05 l,'9E2E.es 
6.9420E.,,4 t,2055E"e4 1,4642£+05 I,GlYSE-eS 
9,eSMIE+e4 t,19S8E.04 1,G156£ • .,5 1,6648E-es 
9.17e0E.e4 l,182i!E .. 04 1.4810E.05 I.9S!lE.el 
9,26410EHI4 I,S1C'lEaEIII04 I,Cl964f+05 1.9794!.05 
9,3980E.04 1.1589£-04 1.5098E+05 !,fJ26'E.es 
9,51~eE"04 1,1 413£-04 I.Si!12!+0!i 2.87S9E.es 
9,626"E+04 1.1126E.04 1.532'£+05 ·2,0639£.e5 

/" 
9,1400E.'" l,tl664E.e4 I.S4'U'E"'e5 2.e!S2£.~5 

\ 9.8511f1E+01l 1.8202E1I04 1,5554[+1'15 1,9864E-05 
9.9660£.,,4 9.'4e5E.05 1,5668E+85 1.9471E.IIS 
1.01'82£.05 9,lf85E-0S I,ST6eE."5 t.909SE.05 
t, 01 'HIE+05 8.8165e-05 1,5896E+"5 l,efe!E.es 
1,0310E.05 8,354'3£.05 1.&~leE.e5 1.6315E-"5 
1,e4i!OE.es '.8925£-05 l.bI2G!.S! t,T928E.e5 
1.0538E.05 '.03A5£-0S 1.bi!36E."S S,T5~1~-e5 
1,,,652£.05 b.9ta8Sf.e5 1.6.552E+05 1.T1S4E.e5 
1.01bf:l£.05 6.5065£.O5 1,646bE+05 1,6166£.05 
l.eAeeE+05 6.0445£ ... 05 1,11560£.,,5 l,f:3'9E-fl5 
1,0994£.05 S.S82bf.0S 1.bb94E.e5 1.~992E.es 
1,1l06E'l~5 5. 12"'6£.IIS s,tte0SE."5 1,5605[e..05 
1,1222E+05 ".6sa6£-0!i 1. b'H!2E.·es 1,5217£-05 
1,133bE+145 '4.1 9bbEIlt15 J.11O)bE+1ll5 1.4B30E-es 

H.77 



   
      
  

      
  

        
    
  
    

    

    
   
   

   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
   
    

     

 

  

       

    

  

 

 
 
 

 

 

 

PLTCVT PROG~AM DATA SUMMARY 
'IR~CTQTA~ 'UIL A$SIMa~II$J SASE CAIil CHAIN 4 
CONTAMINANT • U.23S 

TONS 0' HEAVY MITAL 'ACTDA ~ ~.5a00a00 
OATA SLOCKINQ 'ACTORS. 
!NTRY MOO! (I • T(LO~),OT,NCILLS) (2 • rCLOW),T(HI),NCILLS) HODI. a 
TIME LOW, 3~50a0a0!.as 
TIM! HIGH, '.5aaa0~!.a5 
NUMBER 0' CELLS • 400 
O!LTA TIM! INCREMENT. 7.5aaa00!.0a 

RAW OATl A~D BLOCKEO OAT A 
~AJ. TIM!' 8.5035!.95 
TOTAL wEIGHT' 4.1lI5!.aa 

,ACTORS' 

PEAK ~!JGM' • 1&,&11 
PEAK PARC!LS • 191.0~0 
WT. LOw. 5.39&I!w01 
~T. HI. 9.&9411.01 

SMOOTMJNG WINDOW (C!LLS)' 

~IN. TIM!. 4,7S281.04 
TOTAL PARCELS • ,a277~0 
PEAK WeIGHT T1M!. 1.5&131.a5 
PEAK PANCEL! TIME. 4,313SI.05 
NO. PARCELS LOW • '1S8,0 
Nn, PAAC!LS Hl • 2a32.a 

10 

TOTAL INVENTORY (CURIES)' 4.14656a!.0a 
. INV!NTORY U~O!R THE CU~RENT GRAP~ (CURI£S), 4.S206811.0a 

PERCENT 0' TOTAL l~V!NTORY. 94.31& 

TIM! 0' MAXIMUM Cn~C!NTRATION CYEA~sl. 4,671751!.as 
.MAXIMUM CONC!~TRATIQN CMICROCURl[S/M~). 1.8997\ae;.0a 
MAJl~UM RATE (CURtIS/Y!AR). 4.92927S!.03 
CONV!a510N FACTOR AAT! TO CQNC!NTRATIO~. l,853949!.06 

CONTAMJNANT • U.23' 

TIME (YEARS) AND RAT! rCUAl!"V!AR) FOR T~! 130 POINTS 

TI~E (VA' 
3,5038£+05 
].5309!.05 
3.55811!.0' 
3.5852£+0' 
3,&124E+01J 
3.63'S!!.'" 
3.,&6'!+05 
],693CJ e;+05 
3.7210E·QJ5 
3.'482!+01J 
],175]£+05 

fUT! (CU/YR) 
S.95S1E"~b 
6.0281E-0e. 
&,11 93! .. 06 
6,2542£·06 
6.40GJ8E-il)et 
&,515&!,-QJ6 
&.80g&E.0b 
',0CU a£-d6 
'.3583£·06 
'.&\OSi,.0b 
1,8'l28i.06 

. TIM! nR] 
4.944ISE+05 
4,9772!+0i! 
5'''~tf5!+Ql5 
5.;'419!+05 
5 •• U"2f+05 
5.106&2+05 
5.1389!+01J 
5.1 1 13E+0! 
S.iIi3&e;+"5 
5,i16C!a+i5 
5.2b8l!+a5 

H.78 

RAT! CCU/YR) 
3,4115£.0] 
3,]002£.03 
3,121J0!.a3 
2, c1309£-03 
2,12311,03 
2,5053!.II] 
2.28091!.Ql3 
a.a,tlE.0] 
I.al77!-03 
t.5840£.03 
1,35931.03 



 

 

 
 

 
 

 

 

 
 

 

 

 

 
 

 
 

 

 
 
 

 

 
 
 

 

 
 

 

 
 

  

 

 

 

 

 
 

  

 

 

 

 

   

 

  

 
 

 

   

  
 

s.eeZ5E+es 1.2'79E-1I6 5.30Z1!+es 1.1533E.e3 
3.82Q7E+es e,eSeIE-"., 5,1130!.e! ~,'SJ6E.e4 
3,851:18£."5 '.6S42E-06 S,J65C1E.es I 2868E.e4 
3,884I1E+"5 1.1946£-05 5,3911!+05 , ee~,,£.e4 

3.91UE·,,5 I.SI18E.0S s,ellH!·e5 • e6't9E.'" 
3.93e3£+05 2,695'£.05 5.G6~SE+e! S ltleE.eo 
S,9655£.05 ! ,1 4U!!E."S S.494e£+01 , 1996E.flO 
3.9926£+05 8,817e£-05 5.5272£+"5 3 13es£.ee 
4.1'198£+05 1,2ge,£.01 5.S5'1£+e5 2 3933£.e4 
4.0469E."5 1.'069£.01 5,58'5£+05 . 2 11013E.64 
4,e741£.05 2,2468E."4 S,61'7E."5 2 9E!84E.ec 
4.11112£+05 J,2112E-E!4 S,,4?9!+"! J eme7£.ee 
C,1284£.e5 4.894s£.e4 s."el£""S 2 8665E.e& 
4,15S6E+"5 '.4S6tE"el s • .,eeJE+es 2 2645E-"" 
4.1827E."5 1.11886E.03 5.1185£+"1 2.e4geE.ee 
4.2099£+05 1.49,c£-e3 S.T6STE+fJS 2.Gelf~!.e4 
C.231eE+1II5 1.9620E-03 5.1'89E"!)S I. leeSE-eli 
4.2642£.05 2,4433E.03 s.e~9IE+es 3.23S3£-e" 
4.2914E+e5 2.8818£.03 5,85Ci2£+e5 2.6146£.00 
4.3165£+05 3,1 ge SE-03 5.88Q4E.e5 1,69S2E-04 
4.3451E.05 1.31 41£·e3 5,9196E.e5 1,e166!.04 
4.3728E+"5 J,!2!1£.03 5.9496£+1'5 '.t12eEe e5 
4.4000£+05 S.S102£.,0! 5,9880£+05 5,SS85E.e5 
4.4212£.S5 3,5644£.03 6.0102£.e5 3,3165[.05 

( '.G595£+~5 J,eeeeE-e! f>.04iUI£.f.\S 1."981f.eS 
. \~ 4.4919E.eS 4.0120£-03 6.0'06E+e5 1,IS"5!.IIS 

4.5!"!E+eS ".1360E-03 6.lee6E.eS c.S1S6!-fJ5 
4.5566E+05 4,565eE-I"3 6,1309£+,,5 ',81geE-eS 
4,5889£+05 4.,28IE-03 6.16lSE+e5 '.le42£.e5 
4,6!lJE.es 4,8451E.03 6,1913£+e5 1,4t98£-e5 
4,6556£+05 '.91 41E.03 6,2cI5£+0S S,9914E-IIS 
1,6860E+05 4,925SE-0 3 6,2517£."5 4,l441E.e5 
4,7S83E.05 4."82E.es 6,2819£ .. e5 3.1631E-e5 
4.1507E+05 4.11ISE-03 6.3121,·e5 1.e15IE.e5 
4.7830E.05 4.5911£-"3 6,SCi!E."5 3.1134£-05 
4.8154£.,,5 4.IS81E-03 6.S1~SE.e5 l,SISE!.eS 
",81 7'E·IDS 4, S 11 SE-t3 6.4026£+05' ·1.6261£-05 
l,sselE.1!I5 3.&758£.03 6.4328£+05 6,9948£.06 
.4. 91Zr;~.0S 1.6614£.03 ,.li6seE."S ' .. 2.e906E-06 

H.79 



   
        

      
  

            
  

    
    

    
    
   

   
    

   
   

  

   
   

    
    

    
    

               

           
    

     

 

 

  

       

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 

 
 

  

 

PLTCVT PROGRAM DATA SUMMARV 
PIR 2.(TOT.A1. FUlL lSS!M8L IES) BASe: CAS! I CHAIN 4 
CONTAMINANT • PA-231 

TONS O~ H!AYV METAl. 'ACTOR. a.!aaa001 
DATA SLOCKING 'ACTORSI 
ENTRY MODE (1 • TCLOW"OT,NC!~LS) (2 • rCLOW)~TCHI),NC!LLS) MOO!. a 
TIM! LOW. 4.a0a~ae!.a5 
TIM! HIGHa 7,00aaaaE.a5 
NUMBER 0' CELLS • 20 
OiLT4 TIM! INCR!~!NT. l.590A00E.a4 

'ACTORSI RAW DATA ANO SLOCKEn DATA 
MAX. TIM!. 1,8223E+0~ 
TOTAL welSHT. 1.S914!+00 

MIN. TIM!, 5,58011.94 

PEA~ W!IG~T • 2.~26 
PEAK PARCELS • 21.0~~ 
WT. LOw. a,7S87e:.a2 
WT, Ht. 4.6006!.02 

SMOOTHING WINOOW (C!L~S" 

rOTAL PA~C!LS • 300,0 
PEAK wErG~r TIME. 4.67501.03 
PEAK PAHC!~S TIME. 5,72501.05 
Nn, PARCILS LOW • a38,a 
NO, PARCELS HI ~ 272,1 

! 

TOTAL INV!NTORV (CURIES). 7.a750a7E+~0 
INV!NTORY UNOf~ THE CU~~!NT GRAPH (CU~lES) • 
PERCENT 0' TOTAL INV!NTORY • 107,430 

TIME 0' MAXIMUM CONC!HTRATI0N (YEARS). 4.5a~a00!+05 
MAXIMUM CONCENTRATtON rMICROCU~I!S/ML' .l.481995!-10 
MAXIMUM RATE (CURIES/VEAR). 9.03487SE-05 
CONveRSION 'ACTOR RAT! TO CONCENTRATION. 3.853949!w06 

CONTAMINANT • PA.all 

TIM! (VEARSl ANO ~AT! (CURIES/YEAR) POR THE 

TIM! (V~) 
4.0750E+IlIS 
O.087q!+~5 
4.1 008£+0S 
G.U3~E+01J 
4.12b~E+Q'5 
4,13941+01) 
4.1523£·0'5 
4.1~52!+"'~ 
a.178"£+\1~ 
4.1 909!+\t1J 
4,i0JSE+05 

III T! Ccu/v~) 
1.11bat.- 14 8 
3.1 762E-aa 
1.17&ai .. "a 
3,1 1&2£ .. 0a 
3.t 7&i£908 
3.t 76aEw0& 
3.\1~aE."a 
1.11bae.0 8 
3. I 1&2e:-vl1;S 
1.17&2f .. ldS 
3,176aE- 08 

TIM! tVR) 
4,9635E+0S 
5.IIH29E+0'5 
S,0 4 1Z3E+05 
S,Ql711e+05 
S.1;411E+05 
5.13~5e."5 
5.1599!.a5 
S.1894E+05 
5,i18SE+05 
5.a"/SlE+05 
5.a 77bE"'05 

H.BO 

1"" POIN"S 

~AT! (CU/VR) 
5.2595E.0~ 
5.1080£.05 
4,95~6E.05 
4.SI1Sle.05 
4.~531£.\J5 
4,5069E.05 
4,3S02E-05 
4.25351.05 
A.lib8E-0S 
4.''''011-05 
3.8816!.05 



 

 

  

 

 
 

 

 

 

 

 

  
 
 

 

 
 
  

 
 

  

  

 

  
 
 
  

 
 

 

 
 

 

 

 

 
 

  
 

  

 

  
 
 

 

 
  

 

 
 
 
 
 

 

 

 
 
  

  

4,216'E.05 3,S762E-.e8 5,Je'''£+05 3.6G'SE.e5 
4,2295E+05 2.2]4SE-e6 5,3364E.e5 s.eISSE.as 
4.2424E."5 6."62E.0, 5,3658E.05 3,'769E.05 
41.25!JE+es 1,4118E-.05 S,S9S!E."S S.'446E-es 
4,2682E."5 
4,28I1E+05 

2 • .,960E-"5 
2. 12tH E-.e5 

5.4246£.05 
5,4S41E+0S 

S.'1!4E-eS 
'.4elSE.as 

4,2939£.05 3,3443E.05 S,4835EUIS ',E1acae!-e! 
4.1868E+"5 3.ca685E-.e5 5,5129E.a5 c.",aE-e5 
41.119'E+e5 4.5927£."5 5,5561E+05 I.SleSE-as 
4,'3:526E+e5 5,2168E .. 05 5,S992!."5 2. Ul84E-es 
4.3C1SSE+e5 5.84UJE.es 5.64a4£+"S 2.0924E."5 
4.3583E+.,5 '.4652E-05 S.6856E+e5 2.0763E-05 
1."12E+e5 ',e894£-0S 5,7288f+05 2.04SSE-"S 
4,'8~lE+05 '.3'79tiE.es 5.,'e0E • .,5 1.85915£-05 
1,397ee·"5 '.5l10E-es 5.iI52£.e5 1,6121E.05 
Il, o£t9"E" ~:-; '7 v 6,;rast:."JI) S, b~;'BSE"B5 1.48&ZE-es 
4.4221£+05 '.631ut, .. es 5.9U1SE.0S 1,S4.119E.0S 
4,4356E+e5 '7. CJ84:8e.~5 5.944TEH'JS 1.2395E-05 
4.4Q85~+0S . 6, S 361 E-05 5,9819E+"5 1.1311E .. e5 
4.c614E+es 8. is '74E.-05 6.0311E+0S 1,0313E-05 
C.114C!EH)S 8,4387E-d5 6,0'''2E.05 9.843SE-06 
Cl,G811E+es 8.5899E.~5 6.11·7I.1E+05 9.S146E-06 
G,S00f'1E+es e,'41cE-es b.lb36E+"5 6.9057E-06 
4.S!2'1e+[lIS ".R9~5E.Id~ 6.2"S13E+Ll5 '.9694E .. 06 

~-
4,5423E.05 .6.8t Qlt.es 6,24'1'[+05 6.84ca4E-e6 .- 4.571'E.e5 8.IlS20E.0S 6.a902E+1l5 5"e9SE.B6 ! 

4.MUIE+,,5 6.e646E.0S 6.3333E+05 4.'627E.06 
4,6305£+05 ,.,,'71E.es 6.37'5£.05 4,6228E.06 
4.6599E+05 '.3506£-05 6,4191E+05 4,4628E-06 
4,6893E.09 ',0S61E. .. "S 6,46c9E+0S 4.3429£-06 
4.1186E.,,5 6.8319E-.05 6.Stl61E.es G.l U'9E-e6 
4.7482£+"5 6.6196E .. 0S 6,5192[·1l5 S,64!eE-06 
4."16E.0~ 6.4StelE .. es 6,5924E."5 J,5151E-06 
4.8070E+m5 b.sa32E.05 ft.b3S·bE+es 3,3128E.e6 
4.8364E+.aS S,9928t: tte5 6.6188E.,,5 3,3121£-06 
4,6658E+05 5.8464£-0S 6,1aa.eE.es 3,3713E-06 
4.69S~E+"5 5.'1!01E-.05 6.16seE."5 3.S1e5E-e6 
4.924bE"t'05 5.SS31E.~5 6. 6r46J~,.es l.41·SSE.e, 
4.954tE+0.5 5.4e'7JE"'~S 6.aSlSE.e5 1.46J1E.-e~ 

H.B1 



   
       

  
     

  
          

   
   

    
   

    
   
   

   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
    
    

      

 

 

  

  

       

 
  

  
  

  

  

 

 
 

 

 

 

 

 

 

 
 

 

PLTCVf PRO~RAM nATA SUHMAUY 
PIR3 (TOTA~ 'UF.L aSSEH8LltS) SASE CAS! l'lSStON PROOUCTS 
CQNTAMINANT • C-t4 

TONS 0' HEAVY ~ETAL FACTO~. 0.'0~~00~ 
DATA ALOr.KING 'ArTOASI 
ENTR' Mon! (1 • T(lOW),OT,NCELLSl (a • TCLOw),T(Hl),NC!LLS' MOO! • 
TIM! ~ow. a.~~0~0a!+~4 
TIM! HIG~. 1.~~~0~aE.~4 
NUMaEA OF CELLS • a~~ 
OELTA TIME tNCREM~NT. 2.503~~~E+~2 ' 

RAW DATA AND BLOC~En DATA 
MAl, Tl~E. '.1415c.04 
TOT'L ~EtG"T. 1.St1Q"+0a 

FACTORS. 

PEAK wElGHT • 4.835 
PEAk Pl~eELs • ~5.0~0 
WT. LOW. ~.~~0~E.~1 
WT, "1. 1.2Qb8E-0J 

SMQOTMING ~rNOOW fCELL~J. 

MtN. TIME D l.4191E+04 
TorAL PARC£LS • 1771.0 
P!A~ WEIGHT TIME. 4.0875E+04 
P!A~ PA~CELS TIME. &.&125E+04 
NO. PARCELS LOW • 0.0 
~O. PARCELS HI • 410,0 

5 

TOTAL tNvt~TOMY CCUHtE3J. 1.5~11&0f+a2 
JNVENTO~V UNnER THE CUR~£NT GRAPH (CuAI!S) • 
PERCENT ~, TOTAL INVENTORY. 98.793 

TIM! 0' ~A.IMUM CO~C!NfQATI0N tV!ARSJ. 4,1315Q~E.04 
Mlll~V~ CONCENTRATto~ (M1C~OC~RtES/M~) a 5,0t3t58E-08 
HAlCIl!4l1 M ~ATE (CU~lES/"F.AH). 1.aQ3iSiE-02 
CONV!fofSlI1N FlCTOA QATE TO CONCENlIUTION. 1,87&398E-0& 

TpiE (y~l 

3," 12~F. +~14 
3. q 4e :n. +1,,4 
3, 48"~e +';H" 
1.~t98E+~" 
1.5555~+~q 
3.5913t-+ ... " 
1 ,b21Vtt,+.,Hl 
3.b&21J~+1lI4 
3.bq8~f~+~Q 

3.1343t·"" 
"J.71"'o.tE+ViA 

luTE (CU/Vlo4) 
8.5~l§qt-1d4 
q,l~ft2E·~" 
t.413Qt, .. leIl 
t .cU'''3~.~3 
2.;8~"t"~3 
'3.25"'4ti·~3 
3.q5b4t::.~l 

4.7tft'''Je-'4J 
5. Gq(l6E.~3 
b.?9!;5t .. lIJl 
7.123,)E.·~.5 

lIHE (VA) 
5,~~ti",e+04 
5.C!j58t.+04 
5.c!115E+04 
S.3~73E+04 
S.341fIJE+04 
5.J7aesf+flJ4 
5.~14SE+~r.a 
C;,U503E+04 
5,f48 b0E+04 
5.5cH8E+Ql4 
'5.SS15E+04 

H.82 

130 POINTS 

IU TE (CU/VA) 
3,aS44!-a3 
2.~480E-03 
2,6318E.11I3 
2,3413£,,03 
2,0710£.1113 
1.8307E.0l 
1.60t4!.01 
1.3'#31E-03 
1.2",38£.,.03 
1.03~HE·G\3 
~.q\45E.04 



 
 

 
 
 

 

 

 

 

 
 

  

 

 

 
 
 

 

  
 

 

 

 
 

 

  

 

 
 

 

 

 

 

 

 

 

 
  
 

 

 

 
 

 

 
 
 
 

 

 

r 
3.80S8E+0 4 .,.4;SG1E-e3 S.59S3E+0C .,. &009E·'04 
3.84U5E.04 6, ''''bE-In 5.62,.0£+04 6.5552E-04 
3.6'13£.04 9.15595E .. 113 5.,,648£+.,4 S.&410E-~c 
3.9J3A£+~4 1,0321E-02 5.7005£+04 ".9084£-04 
S.9488E+'14 ._- t.t013E-02 5.1363E+e41 4.3026E.e4 
S,9saSE+04 t.lbC0E-02 5."20E+04 3,S329E-04 
4.e2e!E+e" 1.2146E • .,2 5,8078E+04 S,4461E-e4 
4.11560E+i14 1.2533E-02 5.8435E+e4 3.1406E .. 04 
".e918E+e14 1.2198E-02 5.8195£+1'4 2.6851E-1I4 
4.1215E+04 1.2918E-0~ 5.9150£+0C 2.67!lE-rU 
4.1633E+"1I 1.i69b~-02 5.9508E+04 2.4983E-04 
4.t990E+C14 1.2152E •. 02 5.9865E+04 2i3451E-ell 
4.2346E+04 1.2501f.0! 6.1'223£+04 2.221'4£-04 
4.2'0St;:+04· 1.2186E-02 6.0580£+04 2.1106E.04 
4.3eb3E.+04 J,1832£·"'2 6.0931E+e4 2.11182E.04 
4.34211£+0G 1.1442E-02 6.1Z95E+04 1.9404E.e4 
4.S176£+04 l,lPl21E-0 2 6.1653£+04 1'810JE-04 
4.41St;E+04 t,eb29E .. 02. 6.2rDU1E+04 1.8051E-04 
4.449'3£+04 1.01244E.02 6.23&8£+114 I.T388E .. e4 
4.ce5~E+"G 9.863t>E-03 b.2725E+0 41 1.6684E .. 04 
'.5Zil8E:,+,,4 4;'.5"'2E-03 b.3063E+04 1.5923E.04 
,.556'5E+lI14 l;.t 484£-03 b,3 11 40E+04 1.5119£-04 
A.5923E+~4 8,7999£-03 6.3198£+04 1.44P5E-04 
4.6280t+rcG 8,4172E-03 b.4155E+04 1.3b1bE,,04 
4,&638E+.,4 8. 114;0t:-03 6.4513E+04 1.2940E-04 
1I.6995E+04 . ',8888E-03 b.4870£.04 1.22S9E .. 04 
4.fS5!E+04 1.6132E-"3 6,5228E+04 ',t581E-"4 
4,111'IE+..,4 , .15S1E.r63 6.5585E+e4 1,1008E-e4 
4.8e6l'e+04 1. Ql9Jl f-03 6.54;43E+e4 1,0464E-04 
'.842I5E+~Q 6,8310E-03 6.1>300E.04 9.9563E.05 
4.6183E+04 b.5506E-i13 6.66S8E+~C 9.4662E-05 
4.91C0E+~4 b.24P9~-03 6. HH5E.~4 CJ.m0t6E-ms 
4.9498E+ru 5.9i:'J1t4~."'3 6.7313£+04 1,5S11£-185 
4.4;8SSE+~4 5,t;S1C1E-03 6.773eE+04 '.CJc)15E .. flS 
S.0eI3E+~4 15,1833E-03 6,6068£+04 '.3912E-135 
5,0570E+0" 1l.1S12~.03 6.1I045E+eG 6,11198E-05 
5.eC)29t;+(.\4 CI,3921E .. 03 6.88a3E+~4 5,1CJ68E-IJS 
5.1265E+04 . G.~060t.03 &.91b0E+04 4.'14;1E.05· 
5.1&41£+04 3-,&354t:-03 b,9S18E+~4 3,6997E-05 

H.83 



   
       

  
     

  
        

    
  

    
    

    
   
   

   

   
    
   

  

 
   

   
    
    

    
    

    
      

     
 

      
    
    

      

  

       

 

  

 

  

  

 

  

 

 

 

  
 

 
 

 

 
 
 
 

 
 
 
 
 

 

 
 

 

PLTCVT PROGRAM OATA SUMMARY 
PJR] (TUTAL FUEL ASSEMBLIES) BAS! CAS! "lSSION PROCUCTS 
CCNTA~INANT • TC-99 

TONS OF ~EAVY METAL FACTUR. 0.5~~0~00 
DATA SLOeKING 'ACTnRSI 
ENTRY MOD!'(! • TtLOW),OT,NC!LLS) (a • r(LO~),T(HI),~C!LLS' MOD!. 2 
TIM! LOW. 5.0~~0~~~+04 
TIM! HIGH. 1.1~000~E+0S 
NUMBER OF CtLLS • Z00 
CELTA TI~e I~c~eMENT. 4.0A000~!+0a 

FACTORS. RAW DATA ANO ALOCkEO nATA 
HAX, TIME. 1,1331t+05 
TOTAL WEIGHT. i,8~17!.05 
P!Ak wEIG~T. &1872,&17 

M'~, TiME. ],1000e.04 

PEak PARCEL~ • 28b,a~0 
WT. LO~. d.5124!+02 
WT, HI. 1,6103£+02 
S~OOTHING WINnow (t[LLSl. 

TOTAL PARC!~S • 0938.0 
PEAK ~EIGHT TIME. 5.0&001.04 
P!AK PARCELS Tl~!. 5,4600£+a4 
Nn, PARCELS LO~ • ].a 
NO, P1WCEL5 HI • 27,0 

\0 

TOTAL 1~~ENTO~Y tCtlRtES). 3.e7197l!~~5 
INVENTORY U~OEA THE eUQHENT GRAPH (CURIES) • 
PEAtEN' nF TOTAL INVfNTO~~ • 109.841 

TIM£ OF ~AxtMVM C~NCENT~ATION CYEARS). 5,3890121I21E+04 
~AXI~UM CONCENTRATION (MICROCU~tESJMLl •. l,1aaSll!-0G 
MAXIMU~ ~ATE (CURtES/VEA~l. 9.151'99E+01 
CONV!~SI"N FACTOR RATt TU CO~C!NTRATION. 1.87&398E.0& 

TI~e (YEARS) AND gATE (CU~IES/YE4H) FON THE 

T%II4E Ow) 
5, 38~"'f +(.'4 
S,39 &Af.."''' 
5 • II t 7 ., t. • ,H' 
5,43f:t4E+~14 
5,4S5~E+v;l4 
5, 413CJE .... 14 

5.1.&921t·+~" 
5,511~E+!b4 
5.5303t.+iI'J~ 
5,5G9tt h1 4 

S.5&79EHHI 
5,58b7~+~" 

RATE (CU/YH) 
CJ,1518t+"'t 
1J.1;18t+~1 
9,1578t+01 
9.~0CJ"'E+~t 
9,4~~i!E.Vlt 
9,t4t?3t.+~1 
a,19~~E·"1 
8.1919E+i41 
7.CJS34t..wJl 
'.4178~+!ttl 
b,1b93t+~1 
b.t5ft~t.+~t 

TtME (YR) 
9.00~~E+04 
9,17bIJE+"4 
9.35~9f+04 
9.5l94E+04 
9,10S9E+Ul4 
9,ad23E+04 
1.01659E+~S 
1.~irUr;E+"S 
1.~412f+05 
1,~5Ha~.05 
1.",,'I,tr;E+0' 
1.;,JQ'-'lE+0S 

H.84 

1130 POINTS 

IU TE (CU/YR) 
t,CJ<J33F.+00 
1.9617£+00 
I,CU82!.00 
1.936b!+00 
t,9214£.00 
1,9a18E+00 
t,CJ2J3E+00 
1,9206EHt0 
1,91bb!+00 
1,9205£+00 
J,9140!+Qt0 
1,8983£+"0 

II 



 

    

   
 
 
 

  
 

 
 

 
  

 

 

 

  
 

 
  
 
 
 

 
 

 

 

 

 

 

    
 
 

 
 

  

  

 
 
 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
  

 
 
 
 
 

 
 

 
 

 
 

  
 
 

 

 
 

 

 
 
 

 
 
 

 
 
  
 
  
 
 

 
 

 
 
 

 

 

5.6055E+"4 5.6065E+"1 1,11l8E+05 t,8124E+ee 
5,6242E+04 5, "arIUlE+iH t,lc94E+~5 1,8366E."" 
5,6430E+0' 4.4169E.01 1.1411£+05 '.1934E+0El 
5,6618E+"" 3.8145£+01 1.1641E+"5 1,1634f+00 
5.6806£+04 3.GUJ0E+eS 1.1824£+05 t,'425E+0El 
5.bQ~4E+04 !."054E+"1 l,200mE+"5 1 , '295EH~fl 
S.,t6'-E+04 2. J0!4E+lH t ,2UbE+"! t.1428E+ee 
5,737"£+04 '.4..,47£+1111 1.22ra6E+"5 1.'390£+021 
S,1SS8E:.+t'" 2.t363E+1II1 1.2236E+"5 I.'335E+00 
5.7'45E+04 t.A138E+~1 1,2266E+05 1,1261£+00 
S,1Q!3EHHI 1.1>429E+01 1,2c95E+05 1,1137£"'00 
5.812t£,+04 1,42150£+01 t.2325E+05 1.6964E+00 
~.8S0QE+"4 1,~402E+01 1.2355E+05 1.6829E ... 00 
5,8491e+'" l,e1Q"E+Clll t,2384£+05 . 1.6140E+018 
5,6685£+04 .. 9. 34St>E+00 1.2414E+05 1.6640E.210 
5.8813E+04 8.0921E+1II0 1.2444E+05 1.6458£+00 
5,9061E+"'4 6,9b19E+00 l,24'SE+"S 1,6235E+00 
5,9248E+klCl b.1151E+00 1.2503E+05 . 1.5969£+00 
5.9436E+04 S.3l66E+00 1.2533E+05 I.S546E+0fl 
5,9624E+fr\4 ",806St.+00 1,2!163E+05 1,5088E+"0 
5,961Pt.+~4 '.3012E+00 1,2592£+05 1,4605E+00 
6. 00e0~+0" . 4, t134E.+0i1 1,2b22E+05 1,4t1l5E.ee 
6.1165E.04 3,1801t.+00 1,2b52E+e5 1,3660E+"0 
6.!529E+0G 2.6344E+00 1,2661E.e5 1,32UlE+00 

,-.. 6.S29QE+04 2,33~3f+00 1,2111E"05 1.2145E+00 
\. 6.1eS9E+1d4 2,2~HHt't.+00 1.2741E+05 1,2255E+00 

6.&624E+~4 2.t218E+0e 1,27'0E.05 1,1698£+00 
,.e5&6E+04 2.1115E+00 1.2600[+&:15 l.t5e9£+(110 
1.2553E+04 2.t0b0E+e0 1.2630E.05 1,1320£+00 
,.41118f+tll4 2.0q~5E:+00 t,265~E+0S 1,0175E+1I0 
7.5662E+~C 2,01~lE+0P.1 1.2669E+05 1,028eE+00: 
1.1641E+04 2.etl66E+00 '.2919E.05 9.8Cl&6E .. el 
,.9GI2E+04 c,~balE+0Vl 1.2Y49E+05 9,4685£.-01 
6. It 16f+04 2,5'l517EH10 1.2918E+05 9,1380E-01 
8.294If+v)" 2.e424t:H,)0 I.S008E+05 ",6016£.et 
8,41'0bE+~" r,III401E+00 1.3038£+05 f.,4"'2E .. el 
S,647tE·ta4 2.1II1R8t.+~0 1.3k'1b7E+es 8,1461£.1'1 
6,8235£+t2I 4 . 2.''I129E+~0 1.309'£+05 '.8163E-01 

H.85 



   
       

  
      

  
        
   
  

   
    

    
   

   
   
  

   
   

  

   
  

    
    

    
    

    
      

     

      
    
    

     

  

 

 

  

       

 

  

 
   

   

 

 
 

 

 

 

 

 

 

 
 

 
 
 
 
 
 

 
 

PLTCVT PROGRAM DITA SUMMARY 
PIa] (TOTAL 'UfL ASSEMBLIES) ~AS! CASE IFISSION PRODUCTS 
CONTA"INANT • 1C-99 

TO~9 0' HEAVY METAL 'ACTOR. ~.5~00000 
DATA BLOCKING 'ACTORSI 
ENTRY HO~E (1 • T(LOW),OT,NC!LLS) (Z • TCLOW1,TtHl),NC!LLS) MOD! • 
TIM! LOW. 5.2000a0E+04 
TIMF HIGM. 6,000000!+04 
NUMBER 0' C!LLS • Z~0 
O!LTA Tl~! INCREMENT. 4,0a090~E+01 

'ACTORS' RAW OlTA 'NO ALoeMED OA'A 
MAX, TIM!. S,l33tE+~~ 
TOTAL weIGhT. ~.51t9!+~5 
PEAK W!IGMT. t9356.~aJ 

MIN. TIM!. 3.19401.04 

PEAK PA~CELS • B4,~~0 
WT. LOW. a.S124E+~~ 
WT. HI. S.]515e+~5 

SHOOTHING ~I~DOW tCELLS). 

TOTAL PARCELS • 1228,0 
PEAM WEIGHT TtME. 5.4660E.04 
P!AM PARCELS TIME. 5,4660£.94 
NO, PARCELS LOW • 3.0 
NO, PARCELS HI • 3737.0 

5 

TOTAL INVENTORV reUAJES). l.877 Q7a!+as 
r~VEN'OAV u~oeR THE CU~AE~T GRAPH (CUHIES) • 
PEaC!NT OF TOTAL JNVENTQNY. b3.27a 

TIME OF MAXIMUM CONC!NTHATION lyEAAS). 5.4110~0E.04 
MAXIMU~ r.ONCE~TRATtON tMIC~aCu~tES/ML). b.l84575!-04 
MAXIMUM QATE (r.U~IES/V!AM). S.&473J8!+0a 
CONvERSION F~CTOR RATE fO CONCENTRATION. 3.a7~3qa!.0b 

TIME (VEA~5) 4~O RAfF rCURIES/YEA~) FOR THE 

TIM! (Y~' 
5.31 Qlill t+Ql4 
5.:5 7& ~£ +~J/,' 
5.378bf,.+k!4 
5.38tl9E+c;\4 
5.3a3~E+a" 
5.3855E+"Q 
5.3A1At.hJQ 
s,3Q~tE.+..l4 

5.39r Ue+0" 
5,l947E+04 
5.]1J1Q1E.+1tJ1 
5.3993~+1Ci4 

ru TI: (CU/YR) 
1 • ~i\I'Q£ tiA 1 
,.~~"qE+ltJl 
1.]IH ~E+~t 
t.'3bbtt.itll 
1.43 1 2£.111, 
t .tU4r;E+~1 
1.C§777E+ta l 
'.fl"tqf:.+~l 
1.7~q&t.1I11 
'.91j87e+1A1 
2.1743t+~1 
~.alf.1f!t::+~l 

TIME. (VR) 
5.~lrs0E.04 
5.,,7&5E+04 
5.477Qe+"4 
tS.(J794E+~1 
S.48i!t9E+04 
5.',at!l.&f+r;l4 
5."~H8E."'Q 
S.&l&SlE+P!4 
!t.(.lSb8E+(1I4 
5.4882E+~4 
5.4897EH,4 
;.I.&'H2E+04 

H.86 

100 POINTS 

RATE (CU/Y~' 
1."lB3E+02 
t.6255E+ 0I 2 
t,b127!"~2 
1.59!0E+02 
t,5172E+02 
t.5583E+02 
l,5J~3!+0Ct 
1.5144E+0C! 
t.4898E+412 
t,4b1?8E+0i 
1."359E+0c? 
1.4\1J&0e+A2 



 

   

  

 

 

 

   

 

 

 
  
 

 
 

 

 

 

  

 
 

 

 
 

 
 

 
 
 
 
 

 

 
  

 

  

  
 

 
  
 
 

 

S.00S6E+0C1 2,6'718£+"1 5,4921£+00 t,3;S4E+02 
S.GeSQE+0G 2,QbCar,n ... ", S,G~"I£ .. e4 1,34'6£+02 
s.ceb2E+0G 3,2743~+0J 5,4956E+"4 1,3116E+02 
S,Geese+"4 3,58c7e+t'l 5,49'IE+£l4 1.2166E+02 
s.GleQE+04 3,9033E+01 5,4'-'85£+04 1.2445£+02 
5,0132E+04 4,2359t.·'H 5,500£1£+04 1,2088£+02 
5,4t55£+04 4.Sb6"~+01 5.5151£+eo 8.T1'5£+01 
5.4118£+04 4,Q006E.+"1 5,5J02£+04 '.II'lE+"1 
S,420t£+"4 5,!t!3E+"1 5,5453£+04 6,2210£+01 
5."224£+04 5.51fJ0E+0S 5,Sb04£+f'" ~,645C;E+01 
5,424'£+04 5.'7'9bE+01 5.575SE+04 5,2112E+el 
5.427eE+04 b,DliT2f+01 5.590&£+04 4.9493£+£11 
S.4l9JE+04 6.P52Tt,+01 5.6056E+04 4. 6690£+e 1-
5.4316E+04 6,426bE.'" 5.6~ft'1E+.04 4.7IT6E+01 
5,4339£+04 6. S'69f.+'a 5.6358£.04 4.30geE+ P1 1 
5.4362E.04 6,A4ISbf+"t. 5,bse9E+"4 ',6C;~9E+el 
!I,Cl3fse."4 ., • ra ~i~5t.. ~ 1 C; , btl {, iJ £ + " " J,2 I1STE+"1 
S.44e8E+"4 8,~24~'t..01 S.btJllE+04 ~.980eE+01 
5.443tE+~4 8,R06bE+Al 5,"'ibC!E+l'I'" P.66S6E+"1 
5.44S4t.+.,,, q.C,~33E:.+01 5.'7213E+'-14 c,b741E+"1 
5.447'7E+~'" 1.03~5·E+"e 5.1a6C1E+A4 2.4&61E.{~t 

5.I.I~e0E+04 t ,tl91!.+02 5.1415E+l'IG ?2&'lE+01 
5.41515E+04 t ,t 'UISt+e2 5. 7S66EHH~ 2,1215E+01 
5.lJlSlQt;+04 1.~ilt3E."'C? S,T7tb~+~4 ·1.8448E+01 
5."5uG~+"'4 1.?b1~~.~~ !:I.7061E+04 I, "qSSE+~' 1 

, 
5.41SS9E.A4 1.304IE.-e2 5,8016£+£14 1.2146E.-01 
5.4574E"04 '.34 02E+02 5.8U,C)E+e4 1.12CUE+el 
1i.458R£+",4 1,377 4£+02 5,6320£+04 t,0491£+01 
5,460'E+04 '.4155E+02 5.64'1£.04 C),eQ38E+ee 
5,1l61f\~·04 1.453se.+e2 5.8622£+"4 1,2231E+210 
S,4632E.+~4 1.4891£+02 5.6113f+04 6.2551E+10 
5,Cl6"lE+~Cl 1.5242£+02 5,6924E+04 5.5189E+00 
S,G6&2t.+04 '.SS7~E+e2 5,ge?SE.04 4.6782E+00 
S,1l6'7EHHI 1.581&E+02 5.~226E+04 3,9199E+00 
S,G69'E+~11 1,6053£+"'2 5.9316E+04 3,3232[+00 
5.4T06EH14 1.6235E+02 S,Q521E+04 2.9553E+00 
S,4T2H+ttlll 1,6337E+*'i! ·5.9~78E.e4 3.0262E+;qJ0 
5.4135E+ro4 ',6438£+02 S-,9tlC!9E·"4 3.2366E+"0 

H.B7 



   
       

  
     

  
        

   
  

  
     

     
       

       
        
        
         

           

    
     

     

      
    

    
     

  

   

       

 
  

 
   

 

    

 
 

   

 

 

 

 

  

 
 

  

 

 

PLTCVT PAOG~AM OAf A SUMMAHY 
Pl~3 (TOTAL FU!L' ASS!~~Ll~S) ~A~! CA5~ :FISSlON PRODUCTS 
CONTAMINANT. r.ta9 

TONS 0' ~EA~' MF.TAl 'aCTUH. ~,500~0~0 
DATA "LOCKING FACTORS. 
ENTRY NOO! (1 • TtLowl~OT.NC!LL3' (Z • TCLO.),T(MI1,NC!LLS) MOO! • 
TI~! LO.. l,0~000~E+04 
TIME HtG~~ t,~~~~0~e+~5 

NU~8eR OF CtLL! '. 2~0 
DELTA TJM~ INCR!~FNT. 5,500~~0E+0a 

,~j~ OATA AND AL"CK~n OAT A 
MAX, TI~e. 1,37~6E+~~ 
TOTAL WeIGHT. t,'3~l~+~l 

F'CTo~sr 

PtAK ~!lG~T • 35,578 
PEAK PA~CELS • '48.~~~ 
WT, LOW. 0.~~0~!.~1 
WT, ~t. 0,0~0~~_01 
SMOOT~lNG wrN""~ CC~LLS). 

'~JN. TIME. ].]b2b!+~4 
rOTAL PA~CELS • 4968,3 
PFAK ~EIGHT TIM!. 4,3415!+04 
PEAK PARCELS TIME. 1.2088E+as 
Nn, PAACELS LO~ • O,3 
Nn. PiRC!LS ~I • 0,0 

2(.11 

TOTAL r~VtN'ONY CCUArt~). t,l]~~'lE+01 
INVENTONY,UNOtA T~! CUAA£Nf G~apw (CURIES) • 
PEACENT OF TOT1L tNV!NTOAY. 99,S~1 

1.133633!+"3 

TtME 0' MArIMU~, eONC!NT~ATION (YtA~S). 4.457500E.~4 
MA~IMUM CO~C!NTNATtON fMICHwCURJES/ML). J.871773E-01 
MAJ1~UM ~4TE C~UAJeS/Y!AN). Q.~441~~E.~a 
CONvEkSIO~ 'ACTOA AlT~ TU CONC!~TAATIO~. J,81b398E.0b 

Tl"'~ (Yloll 
3 • 3 5 7 5 t + ,A (i 
~ • ~ ~ J '5 f:. • ~j l& 

3.5~~5t +~~ 
3.5 7 q-;E +".4 
3.b53M'.+'1'I 
.5a'7i''''E+",J'' 
3.P0!~t+1r4 

3.e 7~t-E+"''' 
3. 94Q"E ••. J~ 
4 • r 2 3 " f + ,} a 
~,I{1"'·"f.\~~ 

IUlt (r:iJ/~foII) 

,,]Ql7llt-iJ3 
l.q\(]Q3~·iQj 

",i41?"·~3 
h.~@58~-;n 
q.&5&e.~·V'3 
t.4I4a~t:.~? 

, • Af.i ",'t.-~c 
~ .?/i8 iH .(1C! 
2,732jt:-~2 

3.t» F~tt~·"~ 
3.b44it.t-d~ 

'rf1E cy~) 

Q. 3icl •. ~'-ie:+~4 
9.S"'''I"oIt: .. ",q 
... 11 1 f4 E .. ,~ 4 

<;.'H 7oE+11'4 
1.~t2"f+~S 
1.~3rtqE.~5 
1."c,jSE .. e5 
1.1c'I'~lE+~5 
1.Ii'I(HUt::+05 
1.115jE+1i'l1i 
!,llSqf+"'S 

H.88 

tQJ0 POINTS 

AiTE CCU/"~) 
6.21q5e.~1 
~.?~C51e."J 
~,a.305E-"'3 
~.Ct3alE.A] 
6.2334E-liJ] 
6.~30bF..03 
&,t»2bQE.~j 
b.t948E.",.3 
~.t5~0l::-~5 
~.1~60E-0] 
e.~30SE.03 

./ 



 

  

 
 
 

 
 
 

 

 
 

 

 
 

 
 

  

 

 

 

  

 
 
 

   

  

  

 

 

 

 

 

 
  

 
 
 
 
 
 

 

 

 

 

 
  

 
 
 

 
 

 
 

 

 
 

 

 
 
 

 
 

 

 
 

 
 

 
 

 

 

 

I" 

4,S'1'E+04 4,0493£-02 t,tStSf+eS 5.9213£-03 
4.24S'£+i14 4.4221£-e2 1,I'71£+0S S,6806£-03 
4,S19TE+04 4,68fllE.02 1,19'6E+05 5,4620E-e3 
4,393'E+04 G,8e"E- 0 2 1,2162£+05 - 5.2842E-03 
4.46"£+04 G,8366£-~c 1,2368£+05 4.9913£.03 
4,5Gl'£+04 ",'6!2E.~2 1.2594E+05 4.564fE-03 
4.6158E+04 4,66S1E-02 1,280eE.05 3,5640£-03 
G,6896E+04 C,Sl&66E-02 1.30i'6E+es 1,'562E .. 03 
4,7638£+04 4,4379E-02 1,30S3E.f.l5 . I,S4SSE.fl3 
4,8376E+04 G.3233E-02 1.3060E+05 1.34'lE-03 
c ,9118t; +~4 4,t187E-t12 1.3i)67E+es 1.1514E-03 
4,9858£+04 41,~5'4£.01 1.3115E.05 9,6261E",PJII 
5,eS99E+PJ4I 3.8840£.02 1.31 42E.05, 6,2036E-V141 
5.1339£+04 3,6225E-0l 1.3U,9E+0!i 6,66eeE-CHI 
5,21519£+04 3.2815£ .. 02 1.3196E+05 5,5696£-011 
5.2819E+04 2.92'6£.02 1,3223E."5 4,S962E.~4 
S,35Sge+04 2.46 J 6E .. t22 1.3c51E+05 3,6655E-04 
5.G299E+04 2.CIJl G6E-02 1.32"6£+05· 2,9995E.04 
5.5£139E+04 1,S919t:-~C! 1.3305E.es 2.l893E-EHI 
S.S16~t:."Cl t,Z648Ew02 l,3332E.es 1.9205E-04 
5.65i0E+04 t,fl0t6E .. e2 1.33!;9£+e5 S,5051Ew04 
S,"~b0E+0a 8,23 4 1Ewlc13 1,3387£."5 1,2"57E-04 
S,8f10P1E+"G ',3071E-03 1.3414£+'5 ~,S505E"05 
6.0059E+04 6,6224[-03 1.3441E.0S ','953£",115 
6.2lJ8E+0ct 6,6343£-213 1,3466£.05 6.3914E-05 
",41-1 7T E+'tUI b.S40bEw03 1.34 95[."5 5.5609E.05 
6,6235£+041 6,5023E .. 03 1.3523E.05 5,02'2E-05 
6.f.294E+~4 6.!2P14Ew03 1,3550E+05 41,6338E-e5 
',,3S3E+itJO 11.2658£ .. 03 1,3511E+1I5 4.3206E-0S '.2012E.01 b.~b20f._03 1,3&011£+05 3,9432E-05 
'.G4T1E+f.d4 6.2 464t-"! 1.3631E+05 3,S25SE-PJ5 
1,1I5i9E.~4 b.i'3T4E.03 1.3659£.05 3.l422E-05 
.,,856BE.~4 b,236bE.,03 1.3b86E+05 2.7826E-05 
&."f,47E+V,S4 1I.2362E-IU 1.J713E.~5 2,C229E-1i'I5 
e,271!16E.~4 6,228Sl:,.03 1.3140E.e5· 2.0&32E-05 
e,4'bSE+04 6.Cl284E.03 1.3161£+05 t."036£.115 
8,"8~GE+04 6.2094E.~3 1.3T95E+05 1,3439£-05 
8.888~E+04 6,20 f111 5Ew03 1.382i£+flS' 9,6426E.ru 
9,JlJ91lH;.04 6.l"6tSE-03 1. 3tHl9E+es . 6.2460E-0& 
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PL TCVT P~OGRAM OJ TA SIJMMARY 
PIR] (TOTA~ FUEL ASS!M9LIES] SAS! CAS! l'tSSrD~ PROQUCTS 
CON'A~JNjNT • Cs-t35 

TONS 0' MEAVY METAL 'ACTOR ~ 0.5000000 
DATA 8LOC~ING 'ACTORSI 
ENTRY MODE· (I • TCLOW).OT,NC!LLS' ra • TCLOW),'CHI),NC!LLS) MOD!. 2 
TIM! LOW. 3.0~00~~E.04· 
TIME HIGH. b,00Aa~~E.~4 
~UM9!R 0' CELLS • 2~~ 
DELTA TJM! INCREHF.NT. 1.5~0~00E+~a 

'ACTORS I RAN DATA ANO BLOCKEn DATA 
MAX, TI~!. 1.9"l!.~6 
TOTAL WEIGHT. 7.3a9~!+al 

HIN. TtME. 3.85791.04 

PEAk wEIGHT • 156.8a& 
PEAK PARCELS • 17.~00 
WT. LOW. 0.~00~E.~t 
WT. HI • 3.8519~+A~ 

SMOOTHI NG "'ll~OOW (C!LLS). 

TOTAL PA~CELS • J9~.0 
PEAK weIGHT TIM!. 4.927'!+04 
PEAK PARCELS TIME. 4.9215!+04 
Nn. PARCELS LOW • 0.0 
NO. PA~CELS HI • 5~.a 

10 

TOTAL rNvE~TO~V (CURtES). 7,114a09!+0] 
INVENTORY UNO!~ THE eU~RENT G~APH (CURIES) • 
PERCENT OF TOTA~ INVENTORY. ~A,b5b 

TIM! U' ~AJIMUM CONC!NT~ATION (YEARS). 4.357500E+04 
MAXI~UM CONCENTRATION (MICROCU~lES/ML). z.a944]7!w06 
MAXl~U" ~ATe (eURIES/Y!ANJ. 5.q!a~92E.01 
co~veRSlON 'ACTOR RATE TU CO~C!NTNATION. 3.876398E.06 

CONTA~lNANT • CS.13, 

TIME (YEARS) ANO RATE (CU~lES/YEAN) FON THE 

TfME (YW) 

3.Abi5E.rtl4 
.3.~@J~7f!..~(1 
1.87",~e+r~t.& 
1.875Q1t:+~Q 
3,87 Q2t. +1,H1 

1.1'833e.+~t.& 
3.81)1St+~4 
3.8911t+",O 
.3. 8 9S~F. +~HI 
3.qlllril~fo!.+~4 

3.q""a~f€.t14 

FU TE (CU/YUl 
~,~'H,e .. 0' 
~ ,~, hlt-0l 
~,~1t0E-~1 
2.?7101:.-\tl 
a.l~9bf·~1 
~.471§9t.·1t)1 
iJ.~.?23E·QJl 
~, 7bl'7E-IU 
~.R47bE-0t 
2.q0q7t-~1 

2,<UI8t':-fltl 

TIME (VR) 
l.&.sratllGiE+04 
1l,5~~t.&E+04 
4.558AE+Ql4 
~,5a8a!+QlA 
",~177E+04 
4,b4111:+04 
4.b1~SE.04 
4,7~5qE+"'4 
".73S.5E+04 
a.7b47E+C1I4 
4,1~41E:+~4 

H.90 

t0DJ POINTS 

lUTE (CU/YR) 
5.3a71E-01 
5.8a54E-4lt 
5.80~0E.OIt 
5.7Q30E~01 
S.6b16e-01 
5.IJ3alE-01 
S.blbl!·"1 
5.b334£-01 
5,bttCJ3E"""1 
5,71&1! .. 01 
5.74'53£-01 



 

 

 

 
 

 
 

 

 
 

  

  

 

 

 
   
 

  

 
  

 
 

 

 
 

 

 

 

 

 

 
  

 
 
  

 
 
 

 
 

 
 
 

 

 

 

 

  
 

 
 
 
 

 

 

  

 

3,9063£+0£1 
3,9125e+04 
3,91"E+0C 
3.9~06E+"'C 
3.92SfJ~+0G 
3.929~E+"'. 
3.9333E+,UI 
3.931'iE+0Cl 
3.941'£+01 
3,9458£+04 
3.950fE+04 
3.9S42E+~4 
3,9563£+04 
3.tH~c5E+0" . 
3,966T£+"4 
3.Q'08E+011 
3.9T5RE+011 . 
3.91CJ2~+~4 
3.9633E+",4 
'S.CJR7S£+1/I4 
3.9917E+04 
3.9956E+04 
4.005"Flf;.+04 
4.ec94E+~4 
4.0588£+04 
4.088iE+",4 
•• 117'£+04 
4,1 47 1E+04 
G.l Jf.5£+,,'" 
4.~059e.+04 
4.235~E+I6G 
4.2fl41c+0G 
4.29It£+0G 
4.32J-;E+f./4 
4.3529t,H1G 
4.38C'4~+"t.I 
4.4U8E+04 
a,c4S2t.+"" 
4.410'~+l'I4 

3.Fl537E-"1 
3,21 4bE-.01 
3,3155E-.01 
3,S364t:.0t 
3.6711E-01 
3,,81;3£-el 
3.9~r;bE-el 
4,Fla2eE-01 
". t "5H!lE-01 
",25'2E-"1 
4,314~E-01 
4.5055£-01 
4,65'IE·"1 
4.6~~6E·~1 
4,QbGIISE-el 
S,G'l5I;SE-~t 
5.1"32E-01 
5,2279£."" 
5.30G5~.01 
5.346ge-01 
5.1932£-01 
5.431b£-.01 
5.4728E-01 
5,63Ci8E",01 
5.71/1G50E-0 1 
5.'3bcE-01 
5.,764E-01 
5.850JE-01 
5.8343E.t" 
5,6433£-01 
S,84c3E-~1 
5,6b~1E.01 
5.9110£-0S 
5.9f18",e.01 
Ii, 9165E-~H 
5,CJP41E-01 
5.8701E.01 
5.8a9QE-tlIl 
5.8402£-01 

4,8235E.04 
4,8529E+1\4 
4,8824E.,,4 
4,9Jl8E.e4 
4,9412E+04 
4 .. 97."E+04 
5.0000E+04 
5,011"E+04 
5,0220E+"4 
5,IU3"'E+04 
5,043CJE+e4 
5,054CJE.~4 
S,0b59E+04 
5.0'69E+04 
5,e87CJE+0G 

5.0ge9E+~4 
5.1eCJ9E+0C 
5.12"8E+~4 
5,1318£+04 . 
5,1428E+04 
5.1558£+04 
5,lb48£."0 
5.1158E.04 
5.1867E.04 
5.1977£+04 
5,22161E+"4 
5.2191£.0G 
5.2301E+"4 
5,2 4 11£.04 
5,2521£+04 
5.2b36E+04 
5.214ttE+0 4 
5.2856£.04 
5.29 b&£+04 
5,3&:176£."4 
5 • .5166£+04 
5,1295E+04 
5.3405[.04 
5.3515£+04 

H.91 

5,1197£.01 
5,'462£ .. el 
5.'217E-"1 
5,1980E-01 
S,824UE-0t 
5.1543£-el 
5,5269£-fH 
5,363b£-01 
5.1511E-01 
4.89~TE-el 
4,6188E-'H 
4.487'£-01 
4.2948£ .. 01 
4,0101£ .. 01 
3.6061E-01 . 
3,5934£-&'11 
3,4345£-01 
3,3331£.01 
3.2242E-01 
3,e995e·(u 
2,9&16E-01 
2,631ilE"01 
2.6QSSe-01 
2,5651£-01 
2,4541£ .. 01 
2,252T£-01 
2.~634E-~'1 
1,88&4E-01 
','24 eE .. 01 
1.1)891£ .. 131 
1,4&02£-1/11 
1,3387E .. 01 
t.l420E-01 
1,1131E-"'1 
9,9SQ6£-02 
9.0'''0E-02 
8,8(:'5&:£-02 
6.2011£~02 
',c109E-02 



   
      
  

      
  

         
   
  

    
    

    
   
   

   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
    
    

      

 

 

  

       

 

 

 
 

 

  
 

 

 

 

 

 

 

 

P~TCVT PROG~AM OATA SUMMARY 
PIR~CTOTAL FUlL AS3EM8~1!S) BAS! CAS!I CHAIN I 
CONTAMINANT • U.~]6 

lO~S 0' HIAYY M!lA~ ',CTOR, a.5aaQ,Qa 
O.T, BLOCKING 'ACTORSI 
e~TRY MOO! (t • T(LOW),OT,~C!LLS) (2 • T(LOW),T'HJ"NC!~LS) MOO! • 
TIM! LOW' l.09000gl.Q5 
TIM! HIGH. 5.5t000Q!+05 
NUMB!R 0' CELLS • '59 
DELTA TIM! INCR!MENT. 1.&&6667E.al 

FACTORS I RAW DATA AND BLOCK EO DATA 
MAX, TIH!' 5,49491.05 
TOTAL WltGHT. 1,43901.04 

MIN, TIM!' 3,20522.05 

PEAK WeIGHT • 3'~.a5a 
PEAK PARCELS • 159,000 
WT, LO~' a.0000E-at 
WT. HI. 0,0~00E_01 

SMOOTHJNG ~I~OOW (C!LLS)' 

TOTAL PARCELS • 6956,a 
P!AN WEtQHT TIM!. 4.B75a!.B5 
P!AK PARCELS TIM! ~ 3.99171.05 
~O. PARCELS Law • I.a 
NO. P'~C!LS "I , a.a 

5 

TOTAL l~V!NTORV (CURIES)' 1.439013&.04 
INVENTORY U~O!~ TH! CURREN' G~APH (CURI!S) • 
PERCENT OF TOTAL INVENTORY. 99.901 

TIM! 0' MAXIMUM CONCENTRATION (YIARS)' 3t991~67!.a5 
MAXIMUN CONCENTRATION CM1C~OCURIES/M~J ~ b.62ia95!.a7 
MAXl~UM ~AT£ (CURtES/V!AR). 1.?0alli!-et 
CONvERSION 'lCTOR RAT! TO CDNC!~TRATIOH' 1.a7&39SI,g6 

COr·n AMIHANT • u.a36 

TIM! (YEARS) '''''0 IUT! (CU~11S/Y!A~) FaA THE ",Q POINTS 

TIM! (YR, RATE (CU/YR) TIME Cvrn RATE CCUI'tR) 
].208]!.05 1,033bE.03 4,3500£+05 1.a563!.'" 
3.2l12£+05 t.lb64E.~3 4,37as£+a5 1.a067!-'" 
3.294i1E+09 1,7162£-03 4.l937e:.a5 9.!920!.02 
3.21~8!.05 2.0l1]!·"] 4.41851+05 9.1l80£ .. 02 
3.2991!+05 ],36991,,03 0.441]!.05 8.7047!-02 
l,l2aS!.a! O.48t9E·r,J3 4.4et42e:+QJ3 8.2961£"O2 
].]451!+05 5.8450£.03 0,48701.05 1,901]1! .. I12 
].]~8a!·ra5 7.5120!-03 0.30rJI1E.05 7,5]1]E-02 
3.3910£.05 9,9b67E-Gt3 4.Sla1!!."5 7,18.4E-aa 
3.4138£"05 1.2082E.02 4,55551.05 &,84C!9! .. "a 
l.4367!+05 1,5017E .. 02 '4.5183E.0'3 '.!51 a5!.ai 

H.92 
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3,4S9SE+e5 t.e6tSE.e2 ',6iH2E+"5 6,lIS2E·.,c 
3,4823£+e5 2,2825E.e2 41.6i4eE+0S 5.8576£.152 
J.seseE+"! 2,'650£."2 4,6468£+es 5,5318£-152 
1-,528eE+"5 S,J181E • .,! 4,669J£+0S S.204GE-e2 
s.sse8E+es 3,94!5£-1I2 4.6925£+05 C,87S5E-ea 
J,Sf37[+e5 4.6332E.82 4,11SJE+0S 4,5CS8!.02 
J,sta6SE+es S.3943E.e2 e,J382E+e5 4,21TSE-B2 
J.6193E+"S . 6.2132£-e2 4."lElE+es 3,8919E.e2 
1.6422£+05 J,e8e6E-C2 4.,S38E+.,5 S.5'S5£.e2 
1,665eE+es 7,9919E.e2 4.ee6T!."! 3.2632£.02 
S,6118£+05 8,927SE.02 4,8295£+e5 2,965T£w1l2 
S,71e'E+e5 9,8742£.ez 4.851IE+15 2.6822E-1l2 
3.T3!5£."5 l.e816Ellel 4.&T52E+0! 2,41S8E-e2 
3,'56:1E+e5 1,113BE.01 G.lt8e!+es 2,1648E.02 
S.'792£+"S t,2621E.el 1.9208E+e5 l,9JI7E-ee 
3.8D2PE+05 1,J452E-t'l G.9 4t 31£+05 1.'189E .. 02 
1,8208E+e! 1.4224£.111 4.96bSE.es I,S24IE.02 
3,8",,£+,,5·· 1,491eE-e l G,9893E+1I5 t,SClS5E-02 
s,S7eSE+05 1,5516E-0, 5.0122£+05 1.1840E.02 
3,8933£+05 1,60311E-e l s.eJSeE+e5 l.e376£-02 
3,9162£+05 1,6439£."1 5.0518E."$ ~,04G2E.e3 
3,tU90E."S 1 .61S4E .. IH 5.06"1£+"5 T,8534Ewes 
3,9616E+05' 1.6962E.01 S.lI!135E+0S 6,TT!6!""! 
3,9847E+015 1.'065E.0! 5, UUa3E.eS S.80GZE-e3 

~. 4,e"'5E+05 1,10T4E .. 01 5,1492£+0S 1l,9341E.el 
. t .. 4,15303£+05 1.69'6E.01 5,17211£+e5 4.IST!E-"! 

4,e532E+"5 1,6'92£-01 5.1948E+"5 :S.CTS0Ew0J 
4,eT6eE+0S 1,6529E-01 5,21"E+"5 2.8141£w03 
4,0988E+05 1,6186E.01 5,2405£.15 2,JSeJE .. e:s 
4,121'£+05 1,5f8bE.01 5,2633£.05 1.9015£.03 
4.1445E+05 1.5334E.01 5,2862E·05 1.5303E.03 
4.1613£+05 t,4642E-01 S,J090£+e5 1,21IeE-03 
4.1902£+05 1.4323E.01 5,3518£+"5 9.5696E.0G 
4,21Je£+05 1,3T66Ee01 S.J54TE+es ',44'1Ee04-
4,2J58£+05 1,1238E-el 5,3TT5E+05 5.'384£-04 
G,2S8JE."S· 1,2689£"'''1 5,4"05E+05 4.3925E-84 
4,2815E.05 1,2142Ee01 5.4232E'-05 3,25151£w04 
4.3e43E+1II5 1.1603E.~a . 5.44b0,Et0S e.!3S9E.04 
4,3212£·+"'5· i. UI75~ .. 01 5.4&88E .. 05 . '·'l,6~15E.e4 

H.93 



   
      

  
      

  
         

   
  

    
    

     
        

       
        
         

        
         

   

    
      

     

      
    
    

     

 

 

  

       

 
 

 

 
 

 

 
 

 

 

 
 

  
 

 

 
 
 
 

 
 
 

 

 

 

 

PLTCVT PROGRAM D1TA SUMMARY 
~lR3(TOT&L 'U!L lSS!"SLl!5) BAS! CAS!I CHAIN , 
CONTAMINANT • THe~3a 

TONS 0' HEAVY METAL 'ACTOR. a,S3iaa00 
DATA 9LOC~INQ 'ACTORS1 
ENT~Y MOD! (1 • TCLOW),DT,NC!LLS' (2 • TCLOW),T(HI),NC!LL3) HOD!. 2 
TIM£ LOW. 3~000~0aE.a5 
TIMl HIG~. a,0000al!.0b 
NUM81R 0' CELLS • '~3 
DELTA TI~! INCREMENT. 1.7000001+04 

RAW DA" AND BLOCKED D1TA.FACTORSI 
MAX, TIM!. 1,9991!.0& MIN. TIME. 3,29911+03 
TOTAL WeIGHT. 0,8362!-02 TOTAL PARCELS • 3497,0 
PEAK W!IGHT • 0,00' '11K WEIGHT TIM!. 1,09051." 
PEAK PARCELS. 53.a10 PEAK PARC!~S Tl~!. l,9915at0b 
WT. LOw. 0.0000ewas NO, PARCELS LOW. a,a 
WT. HI. 0.000~!.01 NO. PARCELS HI • 0,a 

SMOOTHING WrNDQW (C!LLS). 20 

TOTA~ INVENTORY leURtES). 4.83b214!wa2 
INVENTORV UNO!Q TH! CURR!NT GRA,H (CU~l!S) • 
PERcENT OF TOTAL INY!NTORY. 99,b06 

TIM! 0' ~AXIMUM eONC!~'RATtON (YEARS). 1~0905a0!.0b 
MAXIMUM CONC!NTRATION (MICROCURI!S/MLl, 1.245488£e13 
MAXIMUM RAT! (CURIeSJY!AR). ].2139J4!-a8 
CONvERSION FACTOR RAT! TO CONCENTRATION' 3.876398Ew0& 

CONTAMINANT. TH.Z3a 

TIM! (VEAAS) A~O QAT! (cu~IES/VEAR) 'OR TH! 

TIHE ,y~, 

3.25501!+"'5 
].3019£+"5 
3,36081..05 
3,1136£+"CJ 
3.06bSe:+d5 
].519Q!+,,5 
3,51&n!+", 
J.6a5aE+~CJ 
],6180£+05 
J.1l09!+,,5 
3.1838,.03 
3,8lb7E+1i25 

RATE CCU/YR, 
l,a945E .. 09 
1,"945! .. ~9 
1.39115£-09 
1.,,905Iw09 
1,62Q8E.09 
a.a9\2E.~9 
2,961&£-09 
3,85471-.09 
4,91,71:,.a9 
5,9168E.~9 
'.ilJ9E.09 
8,7108E.Y9 

TIME (VA) 
1.a13~E+~6 
1.1"'lE+0b 
S.140b!+06 
1,1 759!.06 
1.2112£.06 
t,a"6S!+96 
l,aSI8!."!» 
l,l11t!+0b 
1.JSC!JE+06 
1.381&!+06 
l,42a9£+06 
1.4~8~!."!» 

H.94 

S0r1 POIN'S 

IU TI CCU/YR) 
1.1102!-08 
1,16962.08 
3.1 401!808 
3,1301 E-08 
3.10SZE-a8 
3.13051-08 
3.1119E-13a 
3.0928111138 
3.1039£-08 
S. tS33! .. 08 
J. 11 1J!-a8 
J,05&1!.08 



 

 

 

 

 

 
 

  

  

 
  

 

 
  

 

 
 
 

 
 

 

 
  

 
 

 

  

 
 

 

 

 
 

 
 
 
 
 

 

 
 

 

 

 
 

 
 
 

 

 
  

  
 

 
 

 

  

 
 

 

 

l,6&~5E.05 1,132eE.0e 1.4915£+06 J,e22SE.ee 
S,9Gs.e.,,! 1,1'98E.08 1,5e88E+06 , !.e3!6f.ee 
S,9tS!E."S 1,2741£-08 1.5641E ... ,,6 S,ee96Ee0e 
c,"CB2E."S 1.:S685£.08 1.5994E.", 2,9,seE.e, , 
4.un IE+e! '1.4628£-08 1.~5"rE+e6 ' 1,047'£.06 
c,l519ft"! t.saS2f-08 l,671eE.06 3,0427£."8 
G.2e68E.es 1,7"5fE.e8 1.705!E+e6 ' J,leecE.ee 
4,2597£+"5 1.A281£-06 1.7IGlf..e6 2.9868£.06 
4,J12&E+"5 1.990CE.06 1.12J0E+"6 1,'7"£.01 
4.3655e+05 2.1669£.08 1.'SI8E.06 2.9199£w08 
4,41e3£.~S 2.IC74E.86 1.1406£.06 f."44E.ee 
C,471c£.e5 2.4727E-"e 1,149sr:+e6 2.9614E-e8 
4,5241£+0S 2.5436£.06 "JS8lE.e6 2.9625e.88 
4.5170£+09 2.6146E-08 1,1671£+e6, 2,·~7S3E.ee 
4,629IE."5 2,6634£.-08 1,77&0E+06 e.96sst.e6 
4,6621£+05, 2,6554E-08 1.7e48E+e6 2."C0E.08 
C.7JSbE+0S 2,64'3£-0e, 1.19J6E.06 2,t901E.e8 
4,1885£.05 2.64IU1E .. 08 1.8"25£.06 1,'808£.06, 
4.8414E.~S 2.6419E-08 1.8I1JE+e6 2,9779£.08 
4,1942£."5 2.~439E.e8 1.82elE.e6 1,'7,,!.ea 
4,94J1E.05 1,&459E-ee 1.8~'0E.06 2.."18£.08 
!.0e"i'E.0S 2,69]9E-.08 1.S318E.e6 !.966eE.es 
5.0529E+05 2.1501E.e6 ' 1.84b6E.e, • 2,.'!l11Eaea 
5.4e58E+"5 2,93481:..£1& I, eSSSE.16· e,9,,"Ea08 
S.7SS~~.0S 2.9129E.e8 1.8b43E+e6 2,9443£.1'8 

C' 6.1111E+05 2.8993E.0& 1,8131E."6 2,9409E-e6 
6.4646£+05 2.ca40TE.es 1.662e£.06 2,9386E.e8 
6.8116E."S J,fl34111tail6 1.6908E.e6 2.9380£.e8 
',t'0SE+.,S 1,03115E.08 I.Scali6£+"6 2,9464£.01 
1.5235E+05 3.1I1'IE-08 1,908SE+0b 2,951.,E.el 
1,8164[.05 3,m8&6f..e6 1.9171£*06 2.9460f.0& 
6.2293E+"5 J.10S1e. ... 0S 1.9italE+e6 2,9S6!!.ea 
8.5623£+e5 1.£1760£-08 1.9350E+"6 2.'1"£.118 
a.9J52£.~S 3.1303£.08 1,9438E.06 2.gee3E-08 
9.2882E+11I5 3.0859E.e6 l.9S26!.0'; 2.8193E.08' 
9,64ttE+"! s.e6~9E.ee 1.9blSE.06 2,8823E-08 
9,9941E.05 s.eI46E.'U~ , l,9HllE"'0b 2.88e5E-es 
l,eJCl fEtf66· 3 •. 1311E.06 1.9191E+86' ,', 2.eS94E.l!le 

H.9S 



   
       

  
      

  
        
   
  

    
    

    
   

   
   
   

   
   

  

 
   

   
    
    
    
    

    
      

    

      
    
    

     

 

  

       

 

 

 

 

 

  

 

 
 

 

 

 

 

 

 

 

PLTCVT PROGRAM DATA ~UHMARY 
PtM] (TOT~~ 'UEL ASSEMBLI!S) aAS! CAS!I CMAIN a 
eONTA~tNANT , NP.231 

TONS 0' HEAVY METAL 'ACTOR. 1,50BB900 
DATA B~OCKING 'ACTORS, 
INTAV MOO! (1 • TC~owl.OT.NC!~LS) fa • TCLO~"T(HI'.NCILLS) MODI, a 
TIM! LOw.' 1.00IiJliJra0!+04 
TIM! HIG~' 1.9~0a0a!.ra6 
NU"B!~ OF C~LLS • 400 
DELTA TIM! INCReM!NT. 4,7iS0BII.9] 

~AW DATA AND BLOCKED OAT. 'ACTORS' 
MAJ. Tl~!' 1.9182£+06 
TOTA~ ~eIGHT' l.5699!+04 

MIN, TIM!. 3.8315!.04 

P!l~ w!IGHT. 8045.221 
PIAK PlRClLS' 40lz.zraa 
wT, ~O~. 0.0000!.~1 
wT~ ~I' I.9196!+Bl 
SMO~T~lNb WINDOW fC!LLSlJ 

TOTAL PARCELS • 9613.1 
PEAK wEIGHT TIM!. 1.5431!+00 
prA. PARC!~S TIMI, '.0713!+al 
NO. PARC!La LOW , I.a 
NO, PARCELS HI • '.1 , 

TOTAL INVENTO~V (CURtIS)' 3.571469£+a4 
INVENTORY UNO!R TH! eUqRENT G~APH (CUNI!!) • 
P!ReENT OF TOTAL I~V!NTORY • 101.461 

TIM! 0' MAXIMUM CONC!NT~ATI0N (YEARS). 4.'43750£+04 
MAXIMUM eONC!NT~A'tnN (~ICAOCu~r!S/ML1' 6.Z29741!-06 
MAXIMUM RAYt (CUQt!S/VEA~). t.b07~95i+'B 
CONvERSION ,ACTUR ~AfE TO CONCE~TRATION. 3.816]98E.B& 

CONTA14JNANT • NP.al1 

TIM! (Yf.lR3) ANa ~AT! (CURIEs/veAR' 'OM THE 109 POINTS 

TIM! (YR) ru T! (CUJ"~) TU4! CY~l ~ATI CCU/Y~) 
3,5988E+04 t.ii'~atE+00 9 .. 6b31E+05 5,3166!.04 
5,4604E+04 S.,e90!.0l 9,5543!"13 5.&58&1.04 
7,322t!+04 t.4914t.~1 1.aa<a0E+0E» 5.bi611.a4 
9.18,7£+04 ',:aStSE-\Jt.6 •• aaa7!."b 8,921aE.14 
1.tIUSE+I/J' a.;~Q7E."4 t.0413E+0b Q.CI]ol0E.ra4 
l.i9~7e·05 3.7a~8!."4 1,121599£.06 t.i917!-01 
1.o769t·"5 5.045l!-oJt 1.0Jd'!+06 1.'Ulllee] 
1.&.3~!"0S l.at44!! .. "3 1.QJQ11E+"6 1.1407!.0l 
1.8G~cE .. 0' 5.9a1'~."4 I.li57!.QJ6 3,90601-"4 
i.0l5 4 tt"9 1. G'Gl0t:: ... U 1.ll4 4E.06 I.44!!!."] 
l.i2SSE-05 1.aCJ~71!."a 1.t53~E+06 S.7920!.93 
2, QEJ11E + iii 5 q.~qS"'t .. 04 1.111 etE+0e. '.7'.41."4 

H.96 
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!.SQ!9E+es ',12eSf,-ec h 1 qeeE.EltI t,ell0eE-eJ 
2,le00£.05 C .lt59E-EUI t.elilaSE."ft 1,4055E-es 
2,9662E.05 5.9713E-011 l,eef4!.06 E."95E.0! 
S.lS20E.es 416668~.e4 1.2461E+06 1,6666£-0. 
J,SS!SE."! 6.2654E-fU 1.2b47E.06· 2,4286£-03 
1,524'E."5 1.2310Ee 1l53 t.eeIS!.'" 2,40'6!-03 
1,'108f."5 1.e834£ .. ee l,3E119£.06 1,ISSiE.es 
J,8970E+05 l,t 4t;6E-es 1,12e5E.06 t,oTS!E.eJ 
_.0832E.12I5 G,6962E-04 l,SS9tE~e, 2,ee94E.e! 
4,2693E+05 J,23eeE.ec S.3S78!.e6 2,SICT!-eS 
4,1I555E.05 4.1923E-04 I.S164£+06 2.9989E.0J 
4,641'E.05 1.341I21E-"! 1.1951)£+(16 J,9896E.es 
O,6218E.e5 9,8611E-04 1,4136E+"6 G."31E."S 
5,0140E+05 2.1q61~-e4 1.4122Et06 1',8526E-0S 
5,2002E+05 41,2916£..00 1,45e8E.06 1.062"E-02 
5,S863£."5 2,0466E-'U t.4695£+06 I,GI29E-02· 
5,5725£+05 S,2546E-,,4 l.4eeIE."6 2,2S~3E .. B2 
5,lseTE+e5 l,l416E-e! 1.5e,'E.06 2,44150£.02 
5.94G6E+e5 5,JI19£.e4 1,5253E6e6 2,6S1&E-E2 
6,ISleE+es ,.,,296E-04 1.5439E+06 '.7Ie6£.e2 
6.3112E+05 1,24ee!-!S I.S62SE.~6 ",23112E-02 
6,se3!E+e5 3, '2A9E-,U I,Slt12Et06 4,6634E.E2 
6,6895E."5 2,'6861:. ... 04 1,5998E+06 S,e999E."2 
6.875'E.,,5 2.'686E-e" 1,618GE+e, S,4255£-02 
1."618£""5 ~.t~26E-"" 1.617e£.06 4.4206£-02 
',248I1E.,,5 1.2]21E-0! 1.6556£+06 1,9626E-B2 
7,G341E."5 2."098E-"3 1.6742E.06 '.992IE-ee 
7,62e3E.es 1,1478£-01 l,6929E+06 ',6119E.e2 
7,e"65E+05 a,9524E-04 1.'tlSE+e, 2,6196£.152 
',9taz6E+es 3,9835E.e4 1,7301E • .,6 1,9941Ee02 
e.17e8E+05 5.2565E004 1.74161£.06 1.6986E-02 
8,3650E+05 1.J9tbE-0S 1,1613!.06 Q.SflllE-es 
e.55StE.e5 ',4980E-0G l,leS9E."6 &,6248E.es 
8,7373E+0$ 8,354e£e04 l,ee46£+06 6,402"£.03 
8,9235E+05 3,86f:.7E-e4 l.e2S2!+06 2.45011£.03 
9,le9t>E+es 1.6863E-03 . l,8418E+"6 2,S'!t!.S! 
9.295IE+t'5 t. t106E.es l,8~e4E+El6 l,lat.o!.e3 
~.162~E~05 !.!612E-e4 t.8JQeEte6 '6iG6t5E';'eG 

H.97 



   
       

  
      

  
        

   
  

    
    

    
   

   
   
   

   
    

  

   
   

    
    

    
    

    
      

     

      
    
    

      

  

       

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 

PLTCVT PROGRAM OaTA SijHMARY 
PIR] (TOTAL 'U!~ ASS!MBLIES) aAS! CAsel CHAIN a 
CONTAMINANT , NP.a31 

TONS 0' ~!jVY ~!TAL 'ACTOR. 0.500aaaa 
DATA B~OCKINQ 'AC'ORS. 
!~TRY MOO! (1 • T(LOW1.DT,NC!LLS) (a ~ r(LO~l,TCMl),NC!LL$l MOOI • 
TIM! LOW. l.509Baa!+04 
TIME HIGH. 6.00A03R!+04 
NUMBER 0' CELLS • aaa 
OELTA TIM! INCR!~!N'. 1.a!aa00!+aa 

'lCTORS1 RAW DATA ANO BLOCKEO DATA 
HAX, TIME. 1.9182'+06 
TOTAL ~!tGHT' 2.]173!.~4 

~IN. TIM!, 1,83151.a4 

PEAK wEIGHr • 3i6.39l 
P!A~ PAAC!LS • 171.00a 
WT. LO~. 0.000Q(.al 
WT. HI. t.~542!.04 

SMOOTMING WINOOW rC!LLS1. 

TOTAL PARCELS , 6765,3 
PEAK w!IGHT TIM!. 5.0563!+04 
PEAK PARCELS TIM!. 4,3313E+04 
NO. PARCELS LOW • 0.a 
NO. PARCELS HI • 2849.0 

aa 

TOTAL INVENTORY (CURI!S) D 3.571 47i!+a4 
INVENTORY UNDER TH! eU~R!NT QRAPM tCU~1!8) • 
PERC!NT OF TOTAL JNV!NTOR'. ~4.992 

TIMI OF ~AXIMU~ CONC!NTRATION (V!A~Sl. ·4,96815B,.a4 
~AXtMUM CONCENTRATION (HICROCURleS/M~). 7.l1278ge.06 
MA1IMUM RAT! (CUAtiS/YIAR). 1.a8,4911+"3 
CONY!RSJON 'ACTOR RATE TO CONCENTRATION. l,816l9se.06 

CONTAMINANT a ~P.217 

Tl~E (YEARS) AND AAT! (CURIES/YEAR) FOR T"E 

TIME (YRl 
3.8313!+04 
].83&4E+04 
3,84 tS!."O 
3,a06fJE+04 
l,85S 7EtiU 
3.8568E+\l4 
l.861CJE+04 
3.8670E+04 
3.872cE+00 
3.817]E+04 
3.68i4E+1d4 

RATE (CUJVR) 
3.Htt 4 E.tat 
3.1614e"~1 
3,16t4!-"'t 
1.4760£,.01 
4.04a2!.al 
4.5071E·,U 
4.7&14!.01 
4.9557!.~1 
5.3068£ .. 01 
5,7363e:.al 
&.ll30t,,01 

TIM! eYR) 
4.S"'00E+04 
0.5294!+04 
4.53aa!+"4 
4.5aa2ft04 
4.~11ft!.a4 
4.~471E+04 
4.&1b5E+04 
4,7k159!"04 
4,7353£+"4 
4,1647!t04 
4.1941E+Q4 

H.98 

la0 POINTS 

RAT! (CU/YR) 
1.7517E+~a 
l,74441+0a 
1.73931+"B 
1.7l43!t"" 
1,1295!+"0 
t.7254~+aa 
1,7all!+"" 
1.7S70E+00 
1.7124E""0 
1,7084! .. "" 
1.706i!!+"0 



 
  

  

 

 

 
 

 
 

  

 

 

 
 
 

  
 
 

  

 

 

 

 

 
 
 

 

 

 

 
 

 
 

 
 
 
 

 
 
  

 

 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 

 
 

 

 

   

 

3.88'5E+04 6,415SE.el 4,8235E.154 1."061£+00 
3.e926E+Ql4 ',6980E.el G.a5~9E.El4 l.7e4SE.ee 
3.897'£+154 6,9649E-el 4.6624E.04 1.Te01E.00 

. 3,ge28E+ec '.2272£.", 4.'UI6E*04 1.,eeSE.ee 
3.90815£+04 7,5326£.01 4.9412!.04 1,69T6£+£I" 
3,9131.E+e4 T.4238E .. 01 4,97e6£."4 1,6944!.ee 
3.9182£+04 B,SISBE.el S.0~eeE.'4 1,6e49E+"" 
3.9233£+041 ,.,T0TE-el 5,e294!+,,4 li66S0E+ee 
3.9284E·,,4I 9.2345£·"1 5.04116£.154· 1.6512E*ee 
3.9335£+154 9,1594£.01 5,eSI8E.e4 1,6J5TEtee 
3,9!8bE+04 1,fJ36SE+0e 5,0629£+04 1,6141TE+00 
3,9438£+14 1.0962£+"" 5,e141E+04 I.S901£tee 
3,94e9£+04 1,1 T1IIEtee 5,f18SJE.e4 .I,5625£+e0 
3,95415£+154 1,2457£+015 5.0965E+"4 l,5293E.0e 
3,9591£+154 1,3267£+1515 5.1076£+154 . 1,4884E+e0 
3.9642E+04 1,412'£+00 5. 11 68E+I,., 1.4429£+00 
3.9695E+"C 1,49"E+00 5,1100E+04 1,3664£."0 
3.97.,,£+154 1,57.Sf-+ee 5.1412£*£14 -1,3237E+1I0 
3,9795E+"4 1,651'19E+00 51 1SlSE.eo 1,2626£ .. 00 
3.9641E+"4 1.'1!4E.015 5.1fa35E+e4 t, !l'66E.elr 
3,9898£+154 1.1689E+0e 5.1747£+04 1,1496£+00 
3,994~t+04 1.615&£+"£1 5,1859£.,,41 1,0903£t"e 
C.0eefl£+04 1.8317e+00 5. 191eE+04 1.0S14E+011 
4.0294E+,,4 1.8«»6&E+e0 5.2082E+04 9.6946E-01 

I 
4.eSti6E+"4 1.8659£+.,0 5.2194£+94 9.01252£-£11 , 4.e8&2E+04 1,8640E+00 5,eseSE+04 6,321bE-III 
4,1116E+04 1,&166E+0e 5.2417£.,,4 7,648eE .. 01 
'.147tE.~4 1,8647£+00 5.2529£+e4 '.0193E.1I1 
4.1 765£.+04 1.8503£+04-1 5.2641E+,,4 6,4555E.el 
4.2059£+154 1,8463E+00 5.2752E.,,4 5.9367£.el 
4,2353£+04 1.8484E.0~ 5.2864£+04 5 r !9'bE .. el 
4,P"4'E+04 1,8399£+£10 5.2976£+"4 4.8"~4E.01 
4.290IE+04 1,8252E."0 5,3e86E.e4 4,3043£-"1 
4. S235E+eJ,C 1,8134E+0e 5.3199£+"4 4,1621£.0S 
".3529E+04 -1,8028£+00 S.J311£+e4 J.6S'OE·"1 
4.3824E+0. 1.'9~&£+00 5,3423E+e4' 3,2S2QEIII01 
".4use,+e4 1,"94E.",e 5.3535£*114" 2, 'it,,,TE-el 
4.4412£+04 . t,',r1eE • .,e 5,36"'&E+04 ~,5815~:01 
4·~'r6E.e4. 1.7«»e4E+e~ .S.3158E+04 . 2,2&00E.et 

H.99 



   
       

  
      

  
         
   
  

    
    

    
   
   

   
   

   
            

  

   
   

    
    

     
   

    
      

     
 

      
     
    

      

  

       

 

  
  

 
 

 

 
 
 
 

 
 

 

 
 
 

 
 
  
 
 

 
      
 

 
 

 
 

 

PLTCVT PROG~AM OAT A 5UM"A~V 
PIRl (TOTAL 'UEL ASS!"8LI£3) aAS! CAS!I CMAIN a 
eONTAMl~lNT • NP-237 

TONS 0' HEAVY METAL 'ACTOR. i.5a~aa99 
DATA BLOCKIN1 'Ac'a~Sl 
ENTRV Mon! (1 • T(LOW),DT,NC!~LS) (2 • TCLOW),T(MI),NC!LLS) MOD! • 
TIM! LOW' 1.3~aaa0!+ab 
TIME "IGH' 1.~a0a0~!+a& 
NUM8ER 0' CELLS • 150 
OILlA TIME INCREMENT, 4.011Ial!.al 

RA~ DATA ANO SLoeKED OlTl 
MAX, Tt~e. 1.9ta2E+0' 
TOTAL W[IGHT' t,13612+a4 

,lCTORSI 

'!A~ wIIGHT • 2S4,19S 
P!AK PA~C!LS • 'l,aaa 
WT. LOW' 2.G318!+04 " 
WT. WI. 1.579b!+01 
3MOOTWIN; ~INOOW (CELLS)' 

MtN. TIM!, l.allS!+94 
TOTAL 'ARC!LS • 2641,0 
P!AK wEIGHT TIM!. 1.'300£+06 
PEAK PARC!LS TIME' 1.6310£+06 
NO, PARCELS LOW. '97a.a 
NO. PARCELS HI • 4,a 

5 

TOTAL INVENTORV (CURtES)' 3.571411E+a4 
INVENTORY UNOE~ THE CURRENT GRAPH CCU~lES) J 1,131240!+14 
PE~C!NT OF TOTj~ INVENTORY. ]1.614 

TIM! 0' ~'XIMUM CONC!NTRATION (VEARS). '.6sa000E+a~ 
M.xr~UM eONCENTRATION (MICROCURI!S/~L). I,S74la3!-07 
MAXIMUM ~ATa (CURIIS/VEAR). 4.i352191-aa 
CONvERSION 'ACTOR AATE TO CONceNTRATION. 3.a7~39a!.0b 

CONTAMINANT D NP.a31 

TIM! (Y!ARS) ANO AlT! tCU~EES'V!A~' 'OA T~' "'0 POINTS 

TtM! (YR) RAT! (cu,yH) TIM! (VR) IU T! (CU'YR) 
1.30i0E·06 5,S19S(!.04 t.&~0ftjE+0~ 4,7162!.0a 
1.10801:+06 6.6053E.00 1,&060E+06 4.aal2e.a2" 
l,3t3'1E+06 9."1251£.04 1.6U9E+06 4.8348!-aa 
1.319"I+0e. 1.tS1lE-ra] t.e.119E+0tt 4.8aaS!.02 
1.3258£+"6 '.4928e.~3 1.e.il8!+06 4.7765!.a2 
1.3318£+0& t.7laGE-a] 1,ba9S!+"& 4,7102!-02 
l.l118e.a& t,915bE.~3 1.blSltE+0f.t 0.62181-02 
1.34311"06 a,2et9!-0] l.b"l?!·"b '.!lssa!-..,! 
1.3491E+~b a.ol&81.a] 1."1411!+0b 4,402SI.ai 
1.3556E+0& a,&291£-iIl3 1,bSlbE+0b 4.2188E.02 
l,"361&!+0b a.84bb!.~] 1.&59&£+0& _,1482E-02 

H.lOO 



 
 
 

 
 
 

 
 
 

  
 

  

  
 
 
 

     

 
 

 
 

 
 
 
 
 

 
 
 

 

 
 

  

  

 
 

  

 
  

 
 
 

 

 

  

 

 

 
 

 
 

 
 

 

 
 

 
 
 
 
 
 
 

 
 
 

 
 

 
 
 

 
  

 

  

 

 

 

  

 

 

 

 
 

 
 

 
 

  

1,S616£+e6 S."'B'E.eJ I.t»6Se.E·ee. 4.0tJ0E-e2 
t,STJSE+"6 !.3J!BE.e3 l,t»11SE.06 S 8'2!E-ee 
I.S'~5E.e, J,61elE-03 1.6'''SE+06 S '26ClE-e2 
1,3eS4lE+0t1. 3.9108E-"3 l.683GE+e6 S 5'1'£-02 
1,3914E+06 4.!t21EceS t.66,OE.06 J ClIASE"Eli 
1,39'4E+06 ".1363E-03 &.695G£+e6 J 2C'~E.ee 
1,41e33E+06 5,2221E-0J 1.1fHJE.1I6 J eTt8E-1l2 
1.4e93E+fU. 5.'116E-.03 1.10'~E .. e6 2 8959E.e2 
1,411!2E+06 t».S91218E-03 t.Tl:S2E+e6 2 'IS1E.1l2 
I.4212E+06 ",,79&E.03 1.'192£+06 2 52eaE.02 
l,42feE • .,6 '.6452£ .. 03 1.1252£+"6 2 3452£-1112 
1,4331E+06 8.68T1E.03 1"311E.,,, 1,'6"'E.02 
1.439t£+0& 9.6120£.03 1,13'1£+06 I .ge91E.e2 . 
I.G4S0E+06 1.S61TE.02 1.'430E+e6 1.1201£·e2 
I.GSlraE+0b l,tleSE-se 1.1490E+06 1.6590E.02 
1,4510£+06 1,2674E,,02 1,1550£+06 1,50,.,£.02 
I,G629E+06 I,G12eE .. 02 1."fI'9E+06 1,3t'7E .. 02 
1.1689E+0(, 1.5438E .. 02 1.1t»69E.~6 1.2119E-02 
1,4748E.06 1,6814£-02 1."18E.0& 1,10raeE-PJ! 
t. 4 806E.06 1.82S6'-02 1.1188E"1I6 9.9568E-03 
I.G6bBE+06 1.cab92E-02 1.7eIl8E+e6 8,9211E"e3 
1.4927E+06 2.11T1E.0~ 1.1901E+II' 1,',acE.IIl 
l,G9S7E+0f1 2,2b62E .. 02 1.79"£+1'J6 l,le9se:.e:s 
1.50IbE+e6 2.4S59E-~2 1.8026E+06 6.,!S9SE.es 
1.51e-6f"+06 2 r 566G'E .. 02 1.8066E+l16 S.60S3E-IIJ 
1.5166£+06· 2,'1 11E-02 1.6146£+06 4.9S0l1E ... e:s 
1.522'5£+06 2.8fJ9'it,.02 1.6205E+06 4,360IE .. e3 
1,5285E+06 J,e2S5t.1ll2 1.6l6SE+S6 3,621SE"03 
1,5144E+06 S.t642£.02 1,8324E"06 S,339t1E-03 
1.5G0GE+06 3,34&6t-Rl2 1.&J8GE+06 2.8996Ew03 
1,5464e.+fJ6 3,515"E",02 1,8444£+06 2,5015Ew03 
1,5S23E+06 3,6823£.ii2 1.8503E+5'l6 2,IIJ2E-eS 
l,556Jt.+06 !,8528E-02 1,8563E+06 1.8386E.03 
1,5642E-+06 4.0216E-02 1.8622E+06 1.5515£-03 
1.5102E:+0& 4,le58~-02 1,8682£+06 li29S8£-03 
1. S1112[·+06 4,SQe~E.e2 1.8742E.'" l.est;lE.e3 
1,582t£.+06 4.4816E .. 1I2 1.8S01E'.fl6 8,4110E-04· 
1.S661E+06 4.603.5E-02 1,86b1E+06 ~i3130E."4 
l,~9~0E~06 ... 4.70114'£ .. "2 ·S.89,.0("06 4;.5-621£-<0,4 

H.lOl 



   
       

  
      

  
       
   
   

    
    

    
   
   

   
   
   
   

  

   
   

     
    

    
    

    
      

     
  

      
    
    

      

  

       

 

 
 
 

 

 

 

 

 

 
  

 
 

 
  

 

 
 

PLTCVT ~ROG~AM DATA SUMMA~Y 
PIR] (TOT.L 'U1L ASS!M8LlIS) SASE CA~!I CHAIN 2 
CONTAMINANT • U-21] 

TONS 0' HEAVV METAL 'ACTOR. a.300aeSI 
DATA 8LOC~tNG FACTORS' 
ENTQV MOOE (1 • T(~Q~J.OT,Ne!LLS) (i • TCLQW),T(HI),NC!LLS) MOO!. a 
TIM! LOW. 3.00A~Q~!.04 
TIME HIGH. 2.0a~00AE.0b 
NUMB!R OF CELLS • 4~a 
DELTA TI~! INCR!MENT. 4,9250001+03 

,ACTORSI RA~ DATA ANO aLOC~EO DATA 
MAX. TIM!, 1.9~]4E+9~ 
TOTAL WEIGHT. '.1210!.94 

MtN. TIM!. 4.aa~31.a4 

P!A~ ~!lGHT • 413.9'b 
P!AM PAACILS. 10&5.000 
WT. LOW I 0.000~!-01 
WT. HI 3 a.9000£-01 

SMQOTHING wl~OOW (C!LL31 a 

TOTAL 'ARCILS • 44197.a 
PEAK WEISHT TIM!. 1.38t9!+a, 
P!AM PARCELS TIME. 3.72a9!.a, 
NO. PARCEL3 LON , a,l 
~Q. PARceLS HI • 'ta 

2a 

TOTAL INVENTORV (CUAtES). 5.t2i9951t04 
INV!NTORV UNDER THI CURRENT GRAPH rCURIES) • 
peACINT 0' rOTAL TNV!NTORY. 99. 483 

5.1944'4!+'4 

TIM! 0' ~AXIMU" CONCENTRATION (VEARS). 1.4459381.0& 
MAXI~uH CONCENTRAT!ON (MIC~OeUQIIS/M~) ~ a.02~7'1!ea7 
MAXIMU~ ~AT! (CUArE5JV!A~J ~ 5,a2a542E.aa 
CONv!~SI0N ,1CTOR ~AT! TO COMC!~TRATI0~ ~ 3.a7'398!w~b 

TIM! {YEARS) A~O RAT! (CURIES/YIARl 'OR TH! 

Tt~E (YIU 
4.~H lE+Q4 
'3.1758e.~4 
b.Si03E.04 
7.&b48E.~4 
8.8993£.,,4 
9.9538E+",0 1.' aC)8E'+<JJ5 
1.a24]E"05 
1.]381E+e~ 
S.4133Z!+"5 
1.5~7ft!.~5 

IUT! ceU/'tA) 
9.5 rH0E.i41 
1.~clJqf.02 
S.047 2E .. 02 
9.&855!"~3 
9.23&4E .. 03 
9.~7&"E.0l 
tJ.~&84f..tl3 
9.14a~E.03 
8.a3qaE.~3 
a.33<J4E-03 
7.qI!t99E"~l 

TIM! e'tR) 
l}.lb15E+I3! 
9.464Se,H'! 
9.1b14E+a3 
1,3070!.1I6 
1.~173!.0& 
1.~b1&E+a6 
1.lItJ19!+0& 
t .1282£.13,& 
1.15&5£.06 
t.18SSe+0& 
'.2191E+0~ 

H.102 

tIC'" POINTS 

AAT! U:Ul'tRl 
l.!411E-"i 
3.&338E.02 
3.14351-0a 
3.8&31!·02 
3.9747!.aa 
4.0&41!.la 
4.1739Ee'i 
4.29391.aa 
".40&5£"02 
4.507'5le02 
4,&a60mw02 



  
 

 
 

 

 
 

 
 

 

  
 

 
 

 

 
 

   

 

  

 

 

 

 
 
 

  

 

 
 

 

 

  
 
 

 

 

 
 
 

 
 

   

  
 
 

 
 
 

 

 

 
 
  

 

 

 

 
 
 

  
 

 
 
 

 

 

 

 
 

 
  

 

 

-
1.6621£+05 '.8026£-03 1.2494E.e6 4,1,49£-02 
1.'9f>5E+05 7.Tt13E-.03 1.2191[.,,6 4.6168E-02 
1.9110£+(15 1,51!1£-e3 1.3100£+06 1,"018E-02 
2.0254£+05 , ,2156E.''1 I. J'H~3E+06 5,.,028E.e2 
2.1399E+es 6.VSGUE-0S I.S1i16E .. ,,6 S,eS62E.e2 
e,2S03£+"5 6. 'JU,E.e:s 1,4ra09E.e6 . S,t 526£-182 
2.3688£+05 6.'32TE-03 t ,4312Ettl~' 5,194JE .. e2 
2.Cl6!2E+es 6.T58tE.e;l 1.4614E+e6 S.1993!-e2 
2.5971E .. ,,5 6.5568£-03 1.4"9[.06 5,1219E.e2 
c,1121£+05 6,3986£-03 1.494JE.e6 4.9904E-02 
2.8266E."S '.!6geE.es t .5,le8E."6 C,llI1E • .,! 
2.941QlE+0S 6.3062E-03 1.5272£.06 0.6445E.02 
3.0S55E."5 6,2205E-"3 1,5431£.1'6 O,4144E-e2 
3.'699£+05 6,2210£·1'3 I.Sftllll4te,· 4.1299E-02 
3.28G4E.es 6.21 19£-03 l,5Jb5E+0& 3,8146E.02 
3.3986E+e5 6.3852E .. 03 1.5930£.06 !c4198!-ra! 
3.5133E+e5 &.8e6t,E·~3 1,6094£+"6 -S,12'lE-02 
J.6271E+05 ','191E-03 1.6259E.06 2.T251E.02 
3.14 22E+05 S,164eE-eJ l.b4ls,.e6 2,3412E.02 
3.8S6f,E."S l.e10lL~.0Z l,6seeE.'HJ 1,9842E-02 
1.~"UE.IIS 1,2269£-02 1.6152E.e6 1.6ST4[e02 
4.0855E.05 1.4319£-02 1.6'16£.e6 I,SI"!-0! 
4.20eeE.0S 1 • .,290£.02 1.T~elE.fJ6 l.eJ3]!.ea 
4.31G4E.es 1.~850E-e2 1.1i!45E*m6 8.fJ666E-es 
4.6U4E .• ,,5 2,2b86E-"'2 1,74U.'IE.e6 6.1S3e£-eJ 

,,..-" 4,9203E+05 2.G229E-02 1.T514E.,,6 4.SIIIlE-e! 
- . 5.2233E.0S 2,5'153£-02 1."39£.06 .. !,ZallfE.IlI 

5.5!62E.e5 2.6849E-e2 1.1903E."6 2,3392£-03 
S.S!9!E."S 2.'IS6IE.i:22 1.60~'E."6 1.60'6E.e3 
6.1321E.05 2.12'14E-0 2 1,1232E.06 1, llltE-IlS 
6143S0~+0S 2,8669E-"'2 1.6396£·"1» ",8291£ell' 
6.'1360[+05 2.942bE-02 I.856IE.e6 5.2160£.'" 
",e409E.05 3.ee22£-"2 1.8125E."6 J,4629E-ec; 
1.3439£+05 S.6()84f.02 1.6890£.0& 2,2298£-114 
'I.6468E+05- 3.t3241£.02 1.9054E."6 1,4281E."0 
'1,9497£."5 J,1906E-0~ 1.9216£+06 9."2S9Eee5 
8,2521E.05 3.2593£-02 1,9383£.0t, 5.'IS.0£-05 
8.5556E+fl5 . 1.3483Ee02 1.9541£.15& !i.I,,?1E.es 

,8.8586E.05 ·3,04ge£-02 1.91-'·2£"'06, t.66.f;7E-eS 

H.103 



   
       

  
      

  
         
   
  

   
    

    
   
    

   
   

   
   

  

   
   

    
    

    
    

    

     
     

      
    
    

     

 

 

  

       

 
 

  
 
 
 
 
 

 

 

 

 
 

 

 

 

 
 
 
 

 
 

 

P~TCVT PAOGA.M DATA SUMMARY 
PIAl (TOTAL 'UEL ASS!MBLl!S) 'SASE CASEl CHAIN 2 
CONTAMINANT • TH.a29 

TONS 0' HEAVV H!lA~ 'ACTOR. ~.5Q0aaaa 
OAT. BLOCKING 'ACTORSI 
ENTRV HOOE (1 • T(LO~),OT,NC!LLS) (2 w T(LOW),TtHI;,NCI~~S) MOD! • 
'TIM! LO~. 3.00000a!.~4 
TIMI HtGH. 2,00Aa09!.ab 
NUMBeR 0' CELLS" 109 
DELTA Tl~! INCREMENT' l,~10000E.~4 

'ACTORS' RA~ OATA ANO BLOC~!D DATA 
HAX, Tt"2' l,9QQ8!+06 
TOTA~ w!rG~T' 1.9528£.0] 

MtN, TIMI' 5.1S98E.04 

PEAK W!I~HT • 164.016 
PEA~ PA~C!~S • lt0,000 
WT, LO~' a.a000Ee0t 
WT. HI. ~.0~a0E.al 

SMOOTHING ~1~OOw (C!LLS)a 

TOTAL PARCELS • 3049.a 
P!AK ~!IG~r TIM!. 1,5311!+06' 
PEAK PARC!LS TIM!. 1,7715£.95 
NO, PARClLS LOW • ala 
NO, PARCELS HJ • 0.a 

Z0 

TOTAL IhVE~TOAY (CURI!S)' 1.95a7&41+13 
INV!~TOAY UNOER TH! eU~AtNT GRAPH (CUMIES) • 
PEACENT 0' TOTA( INVENTORY. 91.41] 

TIM! 0' H •• tHOM CONC!~TRATION (Y!ARS). 1.aaa950rt06 
HAtr~uM eONC!NTRATJON (MICROCORIESJML1' 5,506]791.09 
MAXIMUM ~Al! (CURIESJyeAR). 1.4a0489190J 
CONY!ASI0~ 'ACTO~ ~AT! TU CONC!NTRATIQN. 3,87&398!.0& 

TIM! (YEARS) ANO RAT! (CU~lES/VEA~) FOR THI 

Tt"'e CYR) 
5,9550£.04 
1.8856£.00 
9.81b2E.,,4 
1.11071.0' 
1.3ftl11t1l5 
1.5ftQJ8E.~! 
t.7339!+~3 
1,9G~9Et\i5 
i!,1400Et0~ 
;!e3130!ta5 
a,'Z&IE+a3 

SlAT! (CUJ'tR) 
l,244 1E.a4 
2.2"4IE-"'" 
2.l9QJ9E-1tt4 
a,5405E-04 
2,69551 .. 04 
i!.8642Ee", 
3,0la7t..~4 
3.21&4!-QJ4 
3.4012E.S4 
].e.a2lE .. 04 
3.8019£w94 

TIM! (VR) 
l,32t~!+0& 
1.ra"4lEtQJ& 
1.0b3se+06 
1,148l8E+0& 
I, t.a U;t06 
t,t214E.CiJ& 
1,1401E.a& 
1.1600!"(lI6 
1.1793E+a& 
1.198&!.0& 
t.2119!+a& 

H.I04 

103 POINTS 

RAT! ccurt~) 
1.31353£.03 
1,320ge.0] 
t,llS'!e"] 
1,]1982-13 
t,363aee al 
1,37541-03 
1,386a!w"] 
1,]9431.03 
1,40a9!."] 
t ,49712.'" 
1,4129£.03 

--, , 
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/'-

2.'l~2E.eS '.1I021E-e4 1.2372E.~6 I,G119E-eJ 2,9122£.185 4,c062E.04 1.2565E.06 1.41Q8f.03 !.teSJE+"S 4.4131E."4 1,2156£.06 l,02eOEeel 3.2963E+e5 G.6ib8E-0C1 1.2liJ51E.Z6. -1.420I11E-03 3,4914£.05 4,8512£.04 I.J1A4E+e6 I •• ,,4E.e3 J.614SE+es s.ee31E"S4 l,3337E.e., -1,.Q t SSE-eJ 3.8'75E·05 5,31'2E-04 1.1531£.06 1.41",e-eJ 4.,,106E·e5 5,5512£.04 1.3124£.e6 t./JeSlfees 4.2636£+05 5.1861£-04 1.3911£."6 l,cee0E.e3 4,4561£+05 6.el4SE.ee 1.1110!.0& 1.'919E-03 4,6498E+e5 6.2ge6E.e4 1.45e5E.06 1.J818E-e3 4.8428E+05 6,5t 49E-011 1.4496[+06 1.3112£-03 , s.elS9£+es 6.11 49E .. 011 1.4689£+86 1.IS8SE-es ~ 5.2269£+05 6. cH81E.04 1.4612E."6 1,3421E .. e3 5.4220E+05 '7.1266E-04 1,5015£+06 1.la0,£ .. es 5.615l£+05 '.3231E-04 1.5~6eE.e6 1.2"t!-eJ 5.608IE."5 7.s~saE.(Da 1.!CU~'E.06 1.~6&'E.I!lJ 6,0012E+05 1.695b£.04 1.5654£.86 t,cJ4SE .. eJ 6.19412E+.,S '.8952£-04 1.5847£+06 1.1919Ee03 6,3873£.~5 8.0885£-04 1.e,e4E1E+06 1,1578E.e3 6.1804£.05 8,2'15£e0, 1.f.lC!33E.e6 1,1159£-03 6,"'34[+05 8,4844[-04 1,6426£"06 1.e73TE-e3 
, 

6.966SE+es 8.1144£-04 1.&619£+e6 t,~S12E .. ~J 7,S595f+"S 6.9545£-04 1.tI~13t..0b 9,86'6E-e4 ',3526E+05 9,2051£-04 1,1086£+116. 9.4689£-04 1,S45'1f+e5 9.4841£-041 1.7199£+0& 9.0565£.04 1.1381£+05 9.'642£.00 1,1392£.06 8.646eE.e, 7,931&[+05 1,'0051£.03· 1.7585£+06 8.c1l36Eee4 8.1208E+05 1,0345E-03 1,1778£+06 '.855SE .. B4 8.3U'QE+"S I, 0635E-~13 1.1911£+06 1,4747£-04 S.51tflE+05 1,111925£-03 1.et64E.+06 7.1014E-e4 8.1840£+115 1.1.!13Ee0J 1.8IS1E.e6 6.7416E-04 8.897tE+"9 1.1491£.03 1.855eE.06 6.J924E-04 9.e~01E.e5 1.175JE-e3 1.&143£+06 6.I!IG7"E-04 9.Z652E+05 1.2015E-I/)] 1.8936£.,,6 !,1043E-"4 9.47~3[+1Il5 1.2263£-e5 1.~12~E.0' 5,3686£e04 Q.66Q3E+05 1 .. 246C!E-l:I3 1 .• 9322£+06 s.eSS!E.etf 9.8624E+05 1.2689Ee03 1,9515£."6 4.1IB4E-e4 1.0eS5E'+0' 1.2881t-eJ l,9108E.e~ 4.Gu·,e-e4 

H.lOS 



   
       

  
      

  
         

   
  

    
    

    
    
   

   
   

   
   

  

   
   

    
    

    
    

     

      
     

      

    
    

     

 

 

  

      

    

  

    

 
 

 

 
 

 
      

 
 
 

 

 

   
    

 

 

 

PLTCv T PROGRA~ OATA SUMMAWY 
PIR3(rOT 11. FU!L. ASSfMFtLlt:U 8ASt '"~;"t:.: CHAIN 3 
CONTAMINANT • U.~3& 

TONS OF IiEA ~V ,..~ rAt. F ACTUR. QI • .,(:"",jll~YI,", 

OATA BLOCKING ~ACTnR51 
ENTfH MODE (1 • T CLaw) ,nT, NCELLS) f 2 ;; T n.o llt " T (HI), NCEI.I.S) MODE. ~ 
TIME LOW. 3.l0~~0~~+0; 
TIHE HtGHa S.3~00~~E.~; 
NUMseR OF C~LLS • .~~~ 
DELTA fl~E INCQEMfNT. S.0~00~0E+~~ 

FACTORS: ~A'" OATl AND RLoc~~n OAT A 
MAX, Tt~E. 1.9qQ8~+~~ 
TOTAL WEtGHT. t,a2t~'+~4 

MIN, TIME ~ 3.209JE.~5 

PEAk wEIGHT • 11~,91~ 
PEAK PARCELS ~ b2.0~~ 
WT. LOW 2 3.10~qE+0~ 
~T. HI. 6.2~Q3E+0~ 

SMOOTHING ~tNOOW (CELLS)-

TnTAL PARCELS • 154a.0 
PEAK ~E[GHr TIME. Q.~115E+05 
P€AK PAWC~LS TIMe. Q.~t15E+QlS 
NO. PAHCELS LO~ • 4,0 
NO, PA~C~LS HI • 9t3Q.0 

1"" 

TOTAL INVfNTOwY rCU~tES). t.a~3S~~~+04 
INVE~TORY UNOeR THE CU~~~NT GRAPH (CUWIES) • 
PERCENT OF TOr11. lNVENTOWY. Q9.1bl 

TIH~ of MAXl~U~ cnNC!NT~ATJON (YEARS). 3.qb1500E+~5 
~A x It.4UM CONCEI"TR ATtON (P11CRocua lES/ML):a 5.aQS563E-01 
MAXIMUM ~AT~ (CURtf~/YEAW). 1.520aS1E-0t 
CONvERSION F4CTUR RAr~ TU CONCENTRATIUN:I 3.876396£-06 

TP~t: ('ftf1 
3.3 h t;E. .~'; 
3,33 e. ''& ~_ +:1 c; 
3.5S(!2f:-+:Ilc; 
3.31i'E+~'1l) 
3.3Qpl!'+",c:; 
1.411RE+..,,-; 
3. /al 1 toe +~''5 :3." -; t ~E + ,1 C; 
3.47J3E+~1C; 
3.4qt;Je+i4'~ 
3.5tlW1E+'I.I5 

gATf. U.,:\l/YA) 
Cf.~.?"<tt.wt4 

t,1!tot-"'§ 
., .l~ t tJ~·IH 
1. ~bA n.-It) ~ 
S.PI"-t'.5t-143 
ft.711jt-~' 
H.QJ8kt-~3 

l.t5C;i~·V12 
1.41)1~~.da 
, • A35df. _III~ 
e'.~b3~t-v1a 

TTHE, (YQ) 
a • 3 iJ ".llri ~ .. ~ -; 

.~. :\c4'H::+0~ 
1I • .)441t+",' 
4.~bQQE+et'5 

I.i.JUl.I4t::+",r; 
".q."lj~E+~-; 

G."~4t£+~5 
1I.(1414~E+~'5 

1'1.4 b 3 dt: ·It(.''S 
".4IB1E+~5 
4.~143Sf+1it5 

H.106 

'00 POINTS 

glTE (r.U/VRl 
a.QQ'52E-Vl2 
~,b7bqe-02 
,Il.3334f.-02 
~.t13bE-0a 
7.1!'l,54f-"2 
7,h:i38f-02 
'.i.&t18F.·0~ 
7.1 cH I\I!_OI~ 
b.q6~3E-0a 
&.1377E-02 
b.4QQ4f-02 



 

 

 

 

 

 

 

 
 

  
 

 
 

 

 
 

 

 

 
   

 
 

 
 
 
 
 
  

 
  
  

   

 
 
 

 

 
 

 

  
 
 

 
  

 
 

  

 
 

 

 
  

 
 

 
 

 

 
 

 

 

 
 

 
 

  
 
 

 

 
 

 
 
 
 

 

.-

3,S30~E+"S i.,'~~8E.02 4.S~34E.e5 6.256"£-"2 
3,550'£+"5 3.P9fJ4f.-"'2 4,54J2E+"5 6.01Pl9E-02 
3,S10&E+~5 3,e9&2Ewrtl~ 4,5631E+"5 5,1619f·"c 
3.5~04E+05 4.5A3'1E-11I2 4.5629E+05 5,5262E-02 
3,6101E+05 5,2311Ew02 A,6028£+05 5,2912E-~c 
3.630IE+"5 5,95'3Ew02 4,&226£+05 5.0639E-0'I2 
3.6500£+05 6.6~42E.02 4.64 25E.05 4.83CJQE-02 
3,6698E+05 1.45~1Ew"'2 4,6623E+e5 4,6196£w02 
3,6891e+e5 8.2113E-02 4,6622E+05 4,4038E-02 
3,1e95E+"'5 8,~66~E-0c 4,1020£.05 4,1905E-P12 
3,1294E+05 Q.'14QAE-ft'2 4,12tQE+05 1,cn14E-A2 
3.1492E+"5 1.~432e.·el 4,14"E+e5 1.'S~7E.02 
3,169tE+"5 t,tl?eE-01 4,1616E+e5 1,5339Ew02 
3,1889E+W)S 1,t'93E-~1 4,181QE+05 3,2Q1CJEwZ2 
3,8088E+~S t,242St-01 A,8013E."5 3.0506E-02 
3,8286EHIS t .1~H SE-01 4,8cllE."S 2,1949E-,0l 
3,8485E+e5 t,3551E-01 4,8410E.e5 2.5359E.0~ 
3.6683E+~5 1.4,",40E-0S 4.&6~8E+05 2,2195£-A2 
3,8882t+05 1,04lS1t-01 4,8807E+05 2,0326E.~2 
3,9080f+ra5 1.418AE-11l1 4,9~e5E+05 1,1992£-tlI2 
3,921~f+il5 1.SI1lS1e..01 Q,9c~4E.05 t.5626E.r6C! 
3,9071E+"5 t.5159E-~1 4,9402£.05 1.3eGPlE-0~ 
3,9616E+05 t,C;~CII9E-01 4,96111[.05 1.2034E .. 0~ 
3,~814t+0S 1,15\73E-01 4,9799Ett-es 1,03'HE-02 

I 4.0011E+0S 1.5Vl~0~·"1 4,9998[+05 6,9286E-03 
i, , 4.0211E+1tI5 t ,cuHTE-ftl l 5,~H9"'E+05 '.6253E-05 

4,04170E+05 1 ,4b33t:.·'" 1 5,0395E+05 6,4805E-03 
4,0661\£:.+05 1,4329t-01 5.0593E.05 5,4634E-03 
4 ,E'8e)'E .. ~5 ' t.~966t;·"1 5,e192E.fI'S 4.62elE"~3 
ll,S0b5E·05 1.!54ef-0 1 5,~99~E+05 3,89CJbE-11J3 
4,1264E+"'5 ,,~083E-01 5,U&9E+05 3.28t9E-03 
4,lG62f;+~5 1.258 tE."'1 S.1167t.+05 2.1SQ9E-03 
o,1661E+05 l,t-l!'Ib0E-01 5.156&E+05 ~,3141E·03 
II. t 859f +til} 5 1,1539£-01 5,1 784£"'''5 1,9328E-03 
4,2058E+"15 t,103St.-Vlt 5.t~63E.05 1,595.,E-0I3 
".225"'E..0~ '.~Sb0E-"1 S',i!181E+05 t,2962E-03 
4,245Sf.+"5 1.~llqf-i1Ir 5. i.J80,E+e5 1.021f1E-03 
0,2653E+4ltS 9,7131e-02 S.I!~1ee..0$ ,.0651E-0I4 
0.26Sct+0S 9.3401E-02 5.iU11E+fl5 C.95S8f.Pl4 

H.107 



   
      
  

     
  
        

  
 

    
   

    
   
   

   
  

   
   

  

   
    

    
    
    
    

    
     

     

       
  
     

     

 

  

           

 

 

 

  
   

    

 

 

 

 

 

 

 
 

  

 
    
 

 

Pl.ltVT p~rJI.;'lhM nATA SIIM"'A";Y 
"1Ft j (TOTAl,. .. tJ~L .A5St!NhL I ~~J IUSE C AS~: CHAlr~ .3 
CnNTA~r~UJT • tJ-231.1 
. TO~3 OF ktAVV MF.1AL FACTUM. ~,S~~00~0 
DATA 8LOrKING 'AtTOR~: 
ENTRV Mone (1 a TtLow),OT,NCELLS) (2 • T(LOW),T(HI1,NCELLS) MODE. 
TIHE LOw. j,t~A~~0!.0~ 
TIME HIGH. b,~~0~~~E+~5 
NUM~ER 0' C~L~5 • 4~0 
DELTA Tl~E INC~E~F.NT. 7,aSa03~E+~~ 

RAW OA1A AND ALOC~E~ nATA 
MAX, TI~e ~ 1.9q~4!+~6 

TOTAL weTGMT. 3.~S~bE+~4 

FACTORS. 

P~AK WEJr,kT • J5~.3.3~ 
~cAK PA~CELS a l1a.~~~ 
Wl, L~w. ~.~3q~e.~1 
WT. ~t. ?~~7Sf+00 

SMOOTHING ~rNOQ~ C~eLL~Ja 

MtN, TIME. l,a9~4E+05 
TOTAl,. PAHCELS • 15851,0 
PfAK wEIGwT TtMe. l.9bb4E+05 
P!AK PAWCELS Tl~E. 3,857bE+a5 
NO, PAQCELS LOw. 1,0 
NO, PARCEL~ HI a 7322.0 

7 

TOTAL tNvE~TORY tCUQTtS) 3 ].~55844E+~Q 
INVENTORY UNDER THE CUQW~Nr G~AP~ tCU~I~S) • 
PE~CENT OF TOTAL JNvE~r~"y a q~,q11 

Tt~E OF ~AXIMUM CONr.ENTNAflu~ (yEAqSl ~ ],911&25E+0S 
~A~IMU~ CONCENTMjTtON (MIC~UC~QI~S/ML). 1.5~11a~E.~6 
HAXl~UM QAT~ (C~UteS/1~A~) ~ 3.~1a~~q!.0t 
CONvERSION FACTOR NATt:. fl' C\'~Cf!~'lurtoN. 3.I\'h~98E-iAr, 

Tt~E ('HO 
J,Slit-f •• !'; 
3 , t b 1 3 E:. .. Ii: 'S 
3,t~Q9~+v\S 

3.2t8I§e+Id'5 
3.i41i't+IIIS 
3.a7513E+"''' 
3,jIL'Q'5E+~'j 

3.133tEh1C; 
3,3&17~ +~j~ 
3" 39(l1l.1e h.'5 
3,4\qQlE+~r; 

~1 TE (CtI11~) 
t, 7j1tt:."'f~ 
3.6~4'IE-(lJa 
8, J??St.."l Q 

t ,,"vlatt.~l 
2. 7"AI.:'t-~3 
4,3t.f3hf-icH 
b"Jbt.,~-lAl 
" , q 411t1 ~ - -J .i 
t .?l17E:.-·"1! 
t " 71 J a ~ • "'? 
2.3'5itt:.-td~ 

Tt M!:. lyq, 
G. ':)""C,E +ff1t; 
f.4,"~HE:.+OtC; 
f.4.bi18t.+~5 
4,,&I§Vl4E+VC; 
4.fJ 191E+QI-; 
4,70.177E+~5 

""ljb3E+~5 
",lbSCltE+CI!5 
".7'136E+05 
4.~C!22E+Vl5 
",a5a~E+05 

H.loa 

IUTt CCU/'tIoi) 
1.3718E-"'1 
',,29';5E-01 
\,214&E-01 
1.11\4E-otl 
1."'471E-Qll 
9.#)J9Se .. 0(! 
~,787te·"2 
7.q~~9E.OIa 

". CJ 7r;aE-02 
"" "-'3"lSF.·~2 
5.1Jb2E-ea 



 
 

  
 

 

 
  

 
 

  

 

 

 

 
  

 

 
 

  

 

 

  

 

 

 

  

 
  
  
 
 
 

 

 

 
 

 
 

 

 
 

 

 

 

  

 

 

  

 

 
 

 
 

 

 
 
 
 

 

 
 

 

 

 

 

3.4416E+05 3.~T~9£-"C! 
.. 

4,67~5E+"S 4.2464E-02 
3,4Tf,3£+e5 4,43"8t-~c 4.9062E+05 l,48"IE.e2 
3.S049~+"'5 5186'2£-~2 4.~3b6E+0S 2,843TE.02 
3,S33bE+05 7 ,"367t-"'2 C.9654E.~5 c.3161E-~2 
3.5622£+05 fi.6~C;2E.02 4,fi941£+"5 1.8861E-m2 
3,5908E+"5 t.c.,7ge-1D1 - 5,"1227£+"5· 1,5358E-m2 
3.loIt9SE+1D5 , .4755£-101 5,0513E+05 l,21156E-m2 
3.64e1E+05 1.1664Eelill 5.~8eIl!E+0S 9,9863E.03 
3.616"E+1D5 2.~b91E·.at S.lfDBbE+.,5 . 1,84&53E.03 
3,T0scE+1i.l5 2,'3095E-01 5.1173£+05 5,9782E.03 
3.734~E.+"5 2.6537t-"'1 5.1.,59E+05 4,3897E.03 
3.762'E+",5 2.9I1fi£-01 5.1~~5E+0S . 3,09"5E-e1 
3.7913E+05 3. 14V12E-liill 5.2232E+05 2,09T5E.03 
3.8SQ9£+ib5 3.3390£.01 S.2S1bE+fI'5 1.3939E.03 
3.84bbE.+Vl5 3.5096E.·01 5.2604£+05 9.19'2E.04 
3.877 C?E+'115 ~.652"E·.a S.3091E:+e5 6.2316E-04 
3.90!;J8E+l'15 3. 'b~(n~·lal 5.33TTE+05 G.211fiS!.04 
3.~3"5E+t'l5 3,~:57SE .. 01 5,3"64E+05 C'.S118E-eQ 
3,963H.+~5 3.8712E.-"'1 5.3~50E+05 1.9408E.1I4 
3.9911;(: +:,'5 3,Rb~7E-~1 5,4236E+05 1,2388E-e4 
1& .02"'H: +1 .. ,15 3,R~49E-"1 5,41523E+"5 '.5630E-05 
4.049 01 t+ VlS 3.70'5"'E-"" 5.4t50fiE+05 ~.~r;53E.05 
4.0777t+~S 3.t;bR5E·~1 5,5~95E+~5 3.G34~E.0S 
4.1 06!E .''is 3,4It.1c t1t-'!H 5,5382E+05 2,1022E-05 
G.134qf!+~5 3,r17K~·~1 5,5&b8E+05 1.11170E-05 

, , G.1636E+W."5 3.~t'''7t:·''1 5.5~55E+05 1,3690E,,05 
( - . 4.1~i!2l+1/15 i.~3"1t::-"'1 5.bc4tE+"5 &,3618Ew06 

4,22P'Qt.+1.'5 2,,,S6Qf!""1 5.60527E+es t,tc62E .. ~5 
4.249~E+(:'r; 2. 4~~fit·lrH S.~614t:+05 S.4433E.S6 
4.27en·. I '; 2.118Plt.·~1 5.7 I 1i'1t1E,+05 7,5080E .. 06 
4.30b8EH)S 2.1 b23t:-rH 5.738bE+~5 5.8181E-06 
CI.335 4 E+W5 i.~t9"t-"1 5'''67:SE.~S T.5080E-06 
4. 36QPlE+~JS I.A944l-~1 5,1~!t9E+05 '.5080E.5"., 
4.3927t.+1l''i 1.'Bq2~w~1 5.8246E"'05 (',60278E.06 
4."ct3E+1.11) , • 7"'!2f;w.Dt S.6532E+05 3,TS40E-Vlb 
4.c500E+IbS '.b31bE-01 ~.6.H8EH'IS 3.,r;40E-06 
4 • CI 7 6 ~ E + ., -; t.5b8I1!E-0t S,q10SE+0S 6.944~E"'Ql6o 
4.5072t.+v.>5 t .t;~b5t:..~I; s,q391E.05 ". t 326E-06 
".SJSqE+VJ~- 1,G418E·tt)1 5,Qb77£""05 1.671I11E.'" 

H.I09 



    
      
  

      
  

         
    
  

    
    

    
   
    

   
   

   
   

  

   
   

    
    

    
    

    
      

      

     
    
    

     

 

 

  
        

 

 

 
 

 
 

  
 

 

 

 

 
 

 
 

 

 

 

PLr'~T PROSAA" OA7A SU"MAAy 
PSA!(10TAL FU!L AS-fMa~lIS) 8A81 CASII CHAIN 3 
eONTAMI~ANT • TH.a30 

TONS 0' HEAV' H!,AL 'lCTO~ ~ a,Slamase 
DATA 8LQCXINQ 'ACTORSI 
ENTRY -ODE (1 a TrLO~J,OT,NCrL~8) (i Q TCLOW),Tc~r"NCE~LS' MODI 5 a 
TIM! LOW a 3.30a0:~f.e9 
T1M! HIGH. 1.a0~00~~.9~ 
N~M8!A OP C!LLS • 2~a 
O!LTA TIME INCREMENT. 3.35aaaaa.e3 

RA~ DATA ANO BLOCMEO DATA 'ACTaRS. 
MAX, TIME. 1.9973!+1& MIN. TIMI 2 3.a31a!.~! 
TOTl" WlnGHT. 1.3679,'"""01 TOT At. p"ReELS D' 19CJ9.B 
P!AK WIIGHT • 43,5'.4 PlAte WEIGHT TIM!!. 4.55631.09 
PEAK PARC!LS • 26.aaa P!41C PARCELS TIMI. 9.84931.a9 
WT, LOW. 9.6161!-92 NO. PAACELS La~ • ala 
WT. HI. 5.4396!.09 NO, PA~CELS HI • aa31,a 

SMOOTHING _INOQW (C!LLS). sa 

TOTAL INYENTORY (CUR!!S~. l,313437!.a3 
INVENTORY UND!~ THI CURR!NT GRAPH ~CURl!S)' 1.369a951.03 
PIACENT 0' TOTA~ IHV! iTORY. 99,684 

TIM! 0' MAXIMUM CONCENTRATION (Y!ARS) ~ 4.62S2S0F..e, 
MAXJ~U" CONC!NTRAT10~ (MICAaCUR!!S/M~' G 2.4993751.a& 
MAXIMUM lUT! CCURJla/YIM~'.· 6,431333! .. 03 
CONVERSION 'ACTOR RATI TO CONCENTRATION. 3,8163981916 

CONT"Ml~ANT aTH.2la 

TIM! (Y!ARS) ANO RAT! (cURIIS/YEAR) 'OR TMI la0 POINTS 

TIM! (YR) IU 11 (Cu/YR) TIM! (YA) JUT! CCU/YR) 
3.31"8'+"3 1.'67tl.B4 6,Baaal.'" 2. 17a5!-"" 
3.33791+'" 1.6011!.B4 6.11771+'" 1,88432.13 
3.35a21+05 1,7Saa!.B4 6,23931+'" 1,64a31.1] 
3 .. 3789!+99 2.EW2i.11.aO 6,l3291+9' 1,4366!.13 
3.39961.05 2.27B91.a4 6.47a61+eS 1.26171.13 
3,42"3!+"9 2 .44 1.'91.14 6.9882'.'" 1,12041."3 
3,441S!+S' 2,71"8!.134 6.1"!91."! t.B1911.e3 
3 •• 6,7'+99 3,lli84!.eo 6,82351+'5 9.33891.£14 
3,48241+09 ].94c,al.a4 6,94121.", 8.65~7!."4 
3,30]lr+a5 4.9b721.94 7.9Sa8!."3 a,BIBSE-eO 
l,S238!+'" 4.6,.741.94 7,1765!."5 7.4981!·a4 
3.,449!."5 5.]4571.'111 1,294S!."5 6.86591.84 

H.110 
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S.Sb52E+0S 
3.5e5~E+"S 
3.60bftE+~5 
3.b2'3E"'~S 
3,e,48V1E"'''S 
3.66ti1f""S 
3,66~IlE+05 
3.'I~lE+0S 
3.1308£+05 
S.1S15E+05 
3.7123E+rt!S 
3.7C;3"E+~5 
3.S137EH'5 
3.834 4E+05 
3.8SSte+1Il5 
3.S158E+05 
3.SC;b5E+05 
3.9112E"'05 
3.C;31qt+~5 

3.9586E+05 
3.C;1~3E+1a5 
4. ~~~:OIE: + 05 
".1177t,.h'S 
4.~5~:U .• 05 
C.3S2Qe.05 
4 ,,,"0bE:.+015 
4.S8f.2f:.+05 
4.70SQE.~5 

4.6~315".+05 
4.C; 41?t+W'5 
5. Pt5b8t: +l'S 
S.t 1e-f5t: .. 1Il5 
5.~C;"'E+~'5 
~.ClU"E+1c15 
5.S2C;"f;+"~ 
5.641 H .• ~S 
5,7641 7t: h.IS 
5,e6i4t.+~5 

6.21C;lE.0" 
'.'989[."" 
6,S34SE1II0C 
C;.~'Ql7E."4 
l.l53St.,,! 
I,J401E.03 
1,5460£-03 
2.,956E-03 
2.16 Gl£-rt!3 
2.3998E-03 
2.'354[.03 
3,0~0eE""3 
3.479U··V.3 
3,6813E.03 
4,28 14E.03 
4&. e:,2·S0E.61! 
'1,fH"l4E A 03 
5.tJOJVlE.t'l3 
5.~'i3Qt..1iI3 

5.4ib9f.."'3 
5."9461:. .... 3 
5.1535'!'1t-1II1 
5.'335~-03 
5.97391:,-"'3 
6,t657E e kl3 
~.1423E."3 
6.CllZ1E.03 
6.41 0 bE.fd3 
b.21H2E-0'5 
6,~159E."'3 
5.e:,q9"f..~3 
5.21121:.-0] 
1.l.'4~'jE.~3 
4,2 Q4 8E-A3 
3.'5tRt..a3 
3.297JE-{!'J3 
2.861bE- 0 3 
2 ,Ii! t 0f.-'U 

7.4118£+05 
7,S~94E+"5 
7.6411E.05 
','bOTE+,,5 
7,8624E+05 
6.0~IISIISE."S 
e.0601£H'!5 
8,12e2E."5 
6.1603E+~S 
6.2404£.,,5 
8.3"05E.e5 
6.3b0bE.es 
8.42Z1E+05 
8.4808E+05 
6.54B9E+~5 
6.b"S0E+fl5 
6,btlll~+0S 
6.J212E+Q!S 
6,"813E+~5 
8.8'114£+05 
8.901SE+~5 
8.9blbE+1IS5 
9.0217E+2I5 

. 9,~eI8E.05 
9,t"lQt;+05 
9,2~20E""S 
9.2b21E+PlS 
~.3~22E.05 
Q.3623E+0S 
9,,,424E+05 
9.5021)£+015 
9.Sb2bE'H'IS 
9.bi!27E+~5 
9.b6~eE+05 
9,7429E+05 
9.8030£+05 
9.8631E+05 
q,c)i!32E.~5 

H.lll 

6,2431E.e4 
5,6099E-04 
4,cn56E-e4 
4,3926E-,," 
3,8S76Ee04 
3,4555£-00 
3,2623E-04 
3,0836E-00 
2,9181£-04 
2.'611E-00 
2,6307£-04 
2,5e14E-e4 
2,3169£-04 
l.2556£-04 
2.1359E-e4 
2,IH92E-04 
t .9004£.e,.1 
1,7946£-04 
1,6663E.eo 
1,5889E-04 
1,4944E-tHl 
1.402qE.~4 
1,315SE.eo 
1,2346£-214 
1,1596£-04 
1,"919E-eo 
','3219£-04 
~,'tt32E-05 
~.2'52E-es 
6,6242E .. 05 
8.Qe28E-"5 
6.0112£-215 
',bS8SE-2IS 
1,6118E-rlI5 
1,3377E-05 
'I.1008E.05 
6.8823£-05 
6,6'08£.-05 



   
      
  

     
  

         
    
  

    
    

    
   

   
   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
    
    

     

 

 

 

  

  

       

 

      

 

 

    

   

 
 

  

 

  
 

 
 

  

 

 

 

 

PL Tev T pJoiQr~R AM ('4 T A St.JMfo1.un 
PI~3'CTOTAL FuEL ASSe~8LIE~) R_SE CASEs CHAIN 3 
CONTAMINANT • ~A.22& 

TONS OF HEAVV MfTAL FACTU~. 0,5~00A00 
DATA BLOCKING FACTORS I 
ENT~Y HOOE (1 • T(LOW),UT,NCELLS) (2 • T(LO~"TCHt,,~C!LLS' ~OOE • 
TI~E LOh. l.1~A~~~E.0S 
TIME MIGHa 8.~~~~0~E.05 
NUMBER OF C~L~S • 2~0 
DELTA TIHE INC~EHEN1. 2.35~000E.~l 

RAW DATA ANO ALOCKEn ~AT~ 
MAX. TIME. 1.~q2QE.~& 
TOTAL wtIGHT. 3.1244E+03 

FACTORS' 

PEAK wEIGHT • 1~8.~1b 
PEAK PlHCELS • 3q.~~~ 

WT •. LOW. a.001Sf.~~ 
WT. HI. b,2234E+~1 

SMOOTHING wtNDQh (CELLS). 

MIN, TIME. 3,23~4!.05 
TOTAL PA~CELS • Zl19,0 
PfAK WEIG~T TIM!. 4.3458!+03 
PEAK PAPCELS TIME. 4,3458e+05 
NO, PAQCELS LOW • 6,0 
NO, PANCELS HI • 333,0 

1 

TOTAL INVENTORV fr.UR1ES). 1.18b702E+03 
INVENTORY UNOEq TH! CURR~NT GRAPH (CUNIES) • 
PERCENT Of TOTAL INVENTORY. Ql.Q31 

TtME OF MAXIMUM CONCENTRATION C1~ARSl. 4.5t0aS0E+05 
MAXIMUM CONCE~TRAfION CMICROC~RIES/M~l. 1.4t~791~.08 
MAXIMUM RAT~ (CURfES/YFAW). 1.9taiSge-02 
CONVERSI"~ FACTOA ~AT~ TU CONCENTRATION. 3,876198E.0~ 

TJM~ (YR] 

3.3t t"'f.+~5 
l.3S&S;!+Vlt; 
3. U!5 ~f. +r.,e; 
3."S21A~.~S 
l.49814E.'H'S 
3.S41§~E..~1§ 

J.S9iJE"L4; 
l.619tt,+w5 
3. ,,859E+4-1S 
3.73~"t·0~ 
3.1190E+vl'i 

RATE (CU/Y~) 

2.t8b3E-rtl4 
2.921J~E.-~Q 
4.92~i't~-~4 
7.715I/1E.~q 

1.lSI41E.lcH 
,.~.s~St.·"'3 
2.2a79e::,.IdJ 
?93Rlt-(il! 
3,13t 1E·~lj 
4. '58" t E. .,,'3 
5. 48-;1'~.~3 

TI"'E (YR) 
5.~5~I/:JE"0S 
5.b 9b8t+05 
5.1~35e..05 
S.79~.se.+AS 
~.8l71 ~+0S 
5.~838t.0'5 
~.q~JbE+C/lS 
I). 'H' 4E+05 
b.0i~lE.~S 
6.(lI71-'ClE+0S 
b.l t77 E+05 

H.112 

100 POINTS 

lUTe (CU/Y~l 
6.9734e.03 
b.517&e.!t1] 
6,t504E-0] 
5,3SIt15E-03 
lJ.b"b4e.0] 
5,3849£1110] 
'.t460£.03 
".Q030E.''13 
4,&445E.03 
4.3335E-03 
3,Qe38E-Qll 

.. 

....... 
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3.8262E+05 6.11134E-03 6.1644£":"5 3.6128£.03 
J.872~E.05 1.41031E."3 6.2112£.05 1.2409E.03 
3.9197£+05 8.4263E-03 6.251~E+"'5 2,8900£11103 
3.9665£+05 9.G812£.03 6.3041£.05 2.5801£·03 
0.0132£+05 1.~566E.02 6.3515£+05 2.!UIBEee! 
4,0600E+05 l,,1e4t em i! 6.3982£+05 c,1009E-03 
4.le68E+05 1.2856£:'-f02 6.4450E+05 1.9529E-03 
4,1535£,+05 1.40CS4te02 6.4918£+"5 1,8514E.03 
4.200JE+e5 1.5228£-02 6.5385£+05 1.7835E.e3 
4.241IE+",5 1.6266E.02 6.5853E+"5 1.'380E-03 
4.2938£+05 1,71,,,t;-0 2 6.632IE+"5 1.'1'1'2£-03 
".3406£+05 1.7896E·162 6.6188E.+..,5 1.6562£·1113 
0.3813E+05 S.8456E1t02 6.7256£+"5 116046£-~3 
4.41341£.05 t,885'£-02 6.7124E+05 1.5311E-03 
0.480ge+.,5 t.~0e5E.0c 6.819IE+05 1,4G72E-eS 
4.5276E+"5 1.9108E-02 6.8659£+"5 1.3496E-03 
4,5'44£'.05 1.4f028E.02 6.9127£+05 1.21153E.03 
4.b21~£'+~S 1.8898E-02 6.9594£+"5 l.t3eTe.0! 
4.667~E+05 1.6b91E-02 7,0k162E+05 1.0403E-03 
... T1C17E.05 t.8393E-02 1.0530£+05 ~.se58E.f1Q 
4.7615[+05 1,194f'lt;;-02 ',0997E+..,5 8.6851E-e4 
G.80seE+05 1.7518E-02 ',14E1SE+"! 1.90STEIt 011 
II,e5S0E+es 1.6985E-'-12 '.1932E+f15 7.1.,8SE.''', 
4.9018t;+05 l,~"03E.0i> 7.2400E+05 6.5064E-04 
4,9485£.05 1 ,'S752E-02 T.26b8E+e5 S.8455E .. e4 
4.9953E+05 1.50S9f,,,aa 1,3335E+es 5.2025E-04 
S,0421E+05 1.43eSE-0a ".38i53E+0S 4.5526E-04 
S • ..,888E+05 1,1755E-02 7,I211E+05 3.9364E.04 
5.1356£+05 I, 'U57t.02 1,4736£+05 3,3161E-"4 
S.182cE+"5 1.2569E-02 .,. S2Z6E+'fS 2.~283E."'4 
5.2291£.05 t,1995E-"2 7.5614E+e5 2,5612E-~4 
5.27S4fE+1/J5 1,ICl46E-02 1,6141f+"5 2.2812E-04 
5.322"'[+"5 1.~926E.02 7,6609E+05 2.0835E-04 
S.369GE+05 ',"382E-"2 1.70T7E+"5 1.4f255E-04 
5.Gl~2E+t!5 9,8039E-"3 1.1544E+05 1,7857E-04 
S.4629E+05 9.1942E-03 ".6012E+"5 1.6512E-04 
5.5091E+05 8.S861f-e3 . ",6480E+05 1.41196E-04 
5.5565E+05 8.~194fE.03· 'I,894'E+05 1.1964E--04 
S,6'032E+"5 ',48S1E-03 7.9415E+e5 9.4'81E.tlS 

H .. Il3 



   
      

  
       

  
         

   
  

    
     

    
   
   

   
   

   
   

  

   
   

    
    

    
   

    
      

     
 

      
    
    

      

  

       

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

P~TCYT PROGRAM DATA SUMMARY 
PIR3(TOTAL 'U!L ASS!"BLIES) BAS! ClS!1 CHAIN 4 
CONTAMINANT • AH_243 

TONS 0' H!AVY METAL 'ACTOR. 0.3000000 
DATA BLOCKING PACTORSJ 
ENTRY MODE (1 • T(LaW),DT,NC!~LS' ca • TCLa~,,'(Hl),NC!LLS) MOD!. a 
TIM! LOw. l.000aa~!+04 
TIM! MtGH. &,0000011+01 
NUMS!R 0' CELLS. . 100 
D!LTA TIM! INCR!~!NT. l.000000!+aa 

'ACTORSJ RAW DATA AND BLOCKED OATA 
MAX. Tl~e. 5.4al&!.~4 
TOTAL WEIGHT. 1,3463!+03 

MIN, TIME. 3.S4al!.a4 

P!AK W!IGHT • 19~.&75 
PEAK PARCELS. Qa.a00 
WT, LOW. 0,00'110£-01 
WT. Ml. a.0000!-0' 

SMOOTHJNG wINDOW (CELLS). 

fOTAL PARC!~S • 316i.1 
PEAK WEIGHT TIME. 0.a3501.04 
P!AK PARCELS TIM!, 4.90501.04 
NO. PARCELS ~DW • 0.0 
NO, PARCELS HI • a,a 

10 

TOTAL INV!NTORY (CURI!S). 4.34&3a41+03 
INVENTORY UNO!R THE CURR~NT GRAPH (CURI!S) • 
PERCENT 0' T01AL rNY!~TORY ~ l0S.911 

TIM! 0' MAXIMUM CONCENTRATION (YfAAS). 1.~15a00!.04 
MAXIMUM CONC!NT~jTION (MICROCURIES/MLJ.' 2.l1&ae8!e06 
MAXIMUM RATE (CUAI!S/V!AR). 5,975161!.SI 
CONyERSION 'ACTOR RATE TO CONCENTRATION. 1,816398!.a& 

CONTAMl~ANT • AM.243 

Ttr'~1! (VEANS) AND RAT! CCU"IIS/YIAIf] 'OR THI "'" POINTS 

TIHE (VR] IU T! (CU/YR) . Tll1l£ ,VR). RAT! CCU/YA) 
3,8550£+04 i.liUllE.al . 4,5]10E.04 3,41Qa!e01 
3.8b24!+144 2.32LllE-"1 4.5574!·04 3,3294£.'" 
3.8698E+0A i,laaIE.at 4.5819!.a4 3.23341!.Gll 
1,a173!+04 ~.3201E,,01. 4.&UJ4!+IU 1,143taE-il 
3.8841!+04 2.32""E-. lJ t 4.e.lbS'+04 3.13585£.11 
1,892'!·~G 2.'51141::.-"1 Q.bb33E+e4 2.9115E-'''1 
3.8995£+04 2. 71 &9E~~" 4.&8ca8E."4 a,8983E.91 
3. 9cn"~ +04 2.QI9SE,,01 4.llbiE."O 2.S204!.01 
3.9144£+0" 1.la2~f·~1 4.74i1E+04 2,141151:-0\ 
3.921S!E+vl4 3,3668! .. {cf1 '.1b92!+a4 2,6616Ew01 
3.9292E+04 3.&lS2f-0 1 4.7951!+04 a.5815!.al 

H.1l4 
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_. 

4~e221£+e4 3.9!~1E"'0" 3.8637£-01 2,5163E.01 
3.9441£+04 4,1122E .. el 4.6486E.'" 2.4516E-Ill 
1.9515E+04 C.!SeeE.el 4,6151E.04 2,3847E.01 
1,9589E+04 4.6e34E.01 ",gelSE • .,,, 2.3129E-rll 
3,9664E.04 4.8488E.01 4.928eE+~4 2,2470Ewel 
3.9738£+04 5.0943E-1'I1 4.95Is£+e4 2,1862E-el 
3.9812£+04 5.2385E.el C.98u,£·e4 2.1358E.01 
3.9866E+04 5,!629E-01 5.ee74E.e4 2.11608Ewel 
J,99~lE.e4 5,48'3E·l'l S.02eeE+A4 2,,,,e8'£.lIl 
c.eeJ5E+0Q 5.6118£."1 S.0326£.e4 1,94S5E-el 
4,011'9£+04 5.1038£,,0, s.e4S2E."4 1.8825E .. el 
4,0t63£+04 5.'875£-01 5.0577£+,,.1 1.8t!0E.lH 
o.e2S8E+0Q 5.8112£-01 5.e7eJE.e4 I.T419£.l'l 

. G.e3S2E+"4 5,9549E,,01 s.e829E+'HI 1.6688E-Ill 
4,0406E+04 5.9663E-01 s.e955E.UC t,59SSE.lU 
4.046I11E+04 5.95Q3£·"1 5.1e80£.04 1,51T8Eel'l 
4.0555£+04 5.9422E-el 5.12e6£.,,4 1.I445E-II1 
G.e629EHU' . S. c;3e2£.1!! 1 S.lS32E.84 I,S701£.81 
4,e7eSE t e" 5,6974[-"1 5.1458!+04 1,IIIS9!.lIl 
4.11777E+041 5.6Sb4Ea 01 S,tS83!."4 1.2SG9E.et 
4.08S2Eit.J4 . 5,8153Ewel 5,171J9£.1I1 1.16S8E.el 
4.e926E+01 5,7742E .. ll 5.1835E"04 l,0941E.el 
1.1000E.04 S,'710SEa01 5.1961E+"0 l,e212E.e! 
4,1014E·04 5,63S9E.el 5.2066£*94 9,4843£-0Z 
4,1339E+04 5.seS9E,,01 5.2212E.04 8,T606E-e2 

·c 4,1604E+04 5.1175E llt01 S.2338E.e4 8.B568£.02 
4,1868£+04 5.0896E-el 5.24b4!.,,4 T,2902!.e2 
4.2133E+.,. ,4,8645EwlH 5,2589£.e. 6,5497E.02 
4.2398E.00 4.'ZS?E-01 5.2715£+04 5.8319E.e2 
4.2662EHHI 4.5881E~01 5.2841£+0' 5,1390£.Z2 
4.2927E+04 G,A551E.l'l S,2967E.I!Ul ".4&e9E.e2 
4.3192E+"4 ".3311Ea el 5.3092£+1'4 3.8199E.e2 
4,3057E+04 4.2152E.0S 5.3218E+04 J,2989E .. e2 
4.3721£+00 A.e99tE .. el S,!J04EHUI 2.8192E-02 
4,:S9~6E+eG 3.96'"E .. 01 5,S4TeE+04 2,3139£.112 
4,4251E+00 3.8425E.'H 5.J595£.,,4 2,0eelE-e2 
4,4515E+04 S. T2S4·E-ru 5.3721E+e4 1,7525E.e2 
4,4780E.04 !.617eE~el . 5,3841£*1'4 . l,~eOq£~~2 
4.5(1'"5E",,41 . S.5t,e~ .• el S.39.t3E~04 : 1,27S'lE-0i 

H.llS 



   
      
  

     
  
        
   
  

    
    

    
   
   

   
   

   
   

  

   
    

    
    

    
    

    
      

     

      
    
    

       

  

       

 

 

 
  

 

   

 

    

 
 

 

 
 

  

 

  

 
 
 
 

PLTCVT P~QG~A~ DATA SUMMARY 
PIR3(TOTAL 'U!L ASSEM8LltS) SASE ClSEI CHAIN 4 
CO~TAMINANT • PU.Zl9 

TONS 0' HEAVY METAL 'ACTOR. 0.~0i00a0 
DATA a~DCXING FACTORSI 
!NT;V ~DD! (1 • T(LOW),OT,NCELLS) ca , rCLOW),TCHI),NC!LLS) MOD!. 2 
TIME LOW. i.~0000~E.Q4 
TJM! MtG~. a.B0~00aE+05 
NUMBER 0' C!LLS • 10 
D!LTl TI~! INCREMENT. ,,8Q00~Q!+04 

'ACTORSI RAW DATA AND SLaCkED OATA 
MAX, TI~E. 1.5187E+03 
ToTAL WrIGHT. 6.altl!+a~ 

MIN. TIM! I 4,905a!+a4 

P!AM -lIGHT • 3,616 
PEAK PARCEL' • 5.9aa 
WT. LOw. 0.00a0!-01 
WT. HI. 0.000A!.~1 

3"OOTHING WINDOW (C!~LSJ. 

TOTAL PA~C!LS • Is.a 
P!AK W!IGHT TIM!. 6.5000!+04 
PEAK PARCELS TIM!. 6.50002.04 
NO. PARC!LS LOW • 0.0 
NO. PARCELS HI • a,0 

o 

TOTAL INVENfORY tCUMIESl. b.8tlta9E+a0 
INVENTO~Y UNOER THE CURR~NT GRAPH CCURl!S) • 
P(RC!NT OF TOTAL INVENTORY • 13s.Q3a 

TIME OF MAXIMUM CONCENTRATION rV!ARS). 4.700000!+04 
MAXt~UM CONC!NTAATtO~ CMIC~uCURtES/ML). 7.788i92!-10 
MAXIMUM ~4TE (CURtES/Y!.R). 2.009151!-a4 
CONYEAsto~ FACTOR RATE TU CONCENTRATION. 3.&763982e06 

CONTAMINANT. pu.a3Q 

Tt~E CY£ARSj ANO AlTE (CURIES/VElA) FOR THE 

Tlt4! (V~' 
G. 7~Ql0t.+~U 
4,a080! 4t 04 
4.91e."E+04 
5.BcQ0E.~(l 

5.132"E.~4 
5. 24rtlllEi'iJO 
5,34 8Q1E+IQ4 
5.45b0!+1rJ4 
5,5&Ui1lE+1Q1l 
5.&7iH1E+<Jf.l 
5.182"!+1rJ4 

IU TE (CU/YN) 
2.009ii!t.-04 
a. ~"l)q2E·04 
2.0~92E-a4 
2.001J2E-aO 
i,309aE-04 
2.0(r)9aE-04 
2.0I~qa~·\ot4 
2,0It)Q2f-1d4 
2 • ~"')li c E • Ie) " 
a.0IrJQatptJ4 
a.30Qae.04 

TIME (YRl 
'.i41"0!.0~ 
1.t:h108E.~5 
1.031bt+05 
1.~4a~E·01J 
1.Q!S32E+05 
1.0b40!+01J 
1.~1QaE+03 
'.0~5bE+05 
1.09&4E+05 
1,1~12!."05 
S.11&0E+05 

H.1l6 

1"0 POINTS 

RATE (CU/VR) 
i.&412E-a5 
2.5114E-05 
2,3936Ee05 
2,26982.05 
2,1060E-05 
2.0221E-0S 
1.8983E-05 
1.7745Ee 05 
1.&507£_05 
1.52&9£-05 
1.4031£ .. 05 



 

 

 

 
 
 
 

 

 

 

 

 
 

 

  
 

 

 

 
 

 

 

 
 

 

 

 

  

 

 
 

 
 

 

 

 

 
 

 

 

 

 

 

 

 
 

 
 
   

 

5.e680E+"4 2.eeQ2E-04 1.1288E6"5 1.2793E.e5 
5.9960E."4 2."092E-64 1.139~E.05 1.1555E.05 
6.1040E • .,4 2,eeQ2E.eQ 1.15811£.e5 l,eSI6E.eS 
6.21201;;.04 2,e092E-1/I4 t.1612E+05 9.0163E.06 
6,32£10E+04 2.0t192E-04 l.l'20e.05 '.84112[."6 
6.4260E.04 2.eeQ2E-04 1.1628e.0S ~.6e2eE-e6 
6.5360e.0 4 I.Q185E-eG 1.193~E.e5 5,8951E.e6 
6.64UIE+00 1.8864E-04 1.2044E+"5 .. 6,2531E.e6 
6.'520E.e41 1.,943Ee04 t.2152E.05 •• 6,14E.a6 
6,6600e.e4 1.1e~2£-0G 1.226£1E."! 6,9611E.e6 
.,.968eE+eIG 1.6UHf-0e 1.2368e.e5 1.3251E.06 
1.016eE.0G 1.5180E-roc 1,24"6£.,,5 1,6824E."6 
'.1848E+e4 t.4260E-041 1,2584E+"5 6.0391£-"6 
1.2920e.eca . 1.3339E-e4 1.2b92E"05 8.3911£·"6 
1.0eeee.ec 1,2418E-04 1,280eE.05 8.1544E.06 
1.see0EHUI 1.149'£-04 1.2908£+"5 9.1111e.06 
1,6l60E+"C l.e516E-04 1.3016e.05 9~469IE ... e6 
1,12c0e+"G 9.6552£-.,5 1.3124E+"5 9.6264e."6 
1,632~e+0C 8.'344E-"5 t.3232e."5 1.0164E.0S 
1.94.eE+,,4 '.8135£-1lI5 1.33"0E.05 1.0S41e • .,5 
e,04&eE+00 6,892TE-05 l,3QCl8£+"S 1.0896£.e5 
8.1560E+"4 5,9T16E-e5 1.3SS6£+es· 1,1256E-e5 
8.2640E+04 5,05t0£-05 1.3664£+05 l,16t3E-0S 
8,3'20E.,,4 4.6599E-05 1.3T12£."S 1.2565£.0S 
8,4800E+"4 4,5331E-05 1.3880£+05 . 1.3813E-e5 

/ .. 8.568e£+"4 4,4"'tlE.1lI5 1.3988£.05 l,5062E.0S 
B.696eE.,,4 4.2814E-05 l,oe96E+es 1.6311E-e5 
8.6040E.04 4.1552e""5 1.4204E.,,5 ·l,'55ge.e5 
B.912eE+04 41.15291£-05 1.4312E+05 1.6BeBE.es 
9,0200E+"4 3.9029£-05 1.442I1E.05 2,005'E.05 
9.1280£.,,4 3,TT6TE-"5 1,4526E.0S 2.lse5E!tl!l5 
Q.2J~0E·"4 3,6S186E-05 1.463bE.05 2.2554£tilI!lS 
9.3G40f;:.01l 3.5244Ee"5 1,4744£.e5 2,3803E-05 
9,4520 [+04 3,3962E-05 1.4852E.05 2.5e51£-05 
9.S600E+04 3.2721E .. 05 ti Cl960E+flS 2.6300e-05 
9.6680£.,,4 3.1459E-05 1.5068E."5 2,1549E-05 
9."60E.04 l,e 19Tt.es . 1,5116E.es 2.6196£-05 
9.88GeE+04 2.e93SE-0S~ 1.52.64E.0S .. 3.e046E.05 
9,9920e,.04 ·2 .. '614£-e5 . 1.5392£.1'5 !~fl~5!tII"S .. 

H.1l7 
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PLTCVT PHOG~AH DATA SUMMARY 
PIR3CTOTAL FUEL ASSEH~Ll!SJ BAS! CASE. CHAIN 4 
CONTAMINANT • U.a3~ 

TONS 0' HEAVY ~!TAL 'AC10~. 0.5000030 
DATA BLOCKING FACTO~SJ 
!~TAY MODE (S • T(LQWJ,OT,NC!LLS) (Z , TCLOW),T(Hl),NCELLS) MODI. 2 
TIME LO~. 3.00~000E+05 
TIME HIGHw 7.0~~~0~!+a5 
NU"8!P 0' CELLS • 400 
DeLTA TJME INCREMENT. 1.30a~00E+~l 

,ACTORSI RAW DATA AND BLOCkED DATA 
MAX, TIM!. 8.]9]6£+09 
TOTAL WEIGHT. 4~t4tl!+aa 

MtN, TIM!. 4,172bE.ao 

peAK W!IGHT • 12,590 
PEAK PARCELS • 215,a~a 
WT. LOw. 4.75a4!.at 
WT. Nt. ',0361!.02 

SMOOTHING WINDOW (tELLS). 

TOTAL PARCILS' . 21l69.a 
'IAM W!IQHT TIM!. 4,S9SB!.B9 
PIAK PARCELS TIM!. 3,3350!.05 
NO, PA~C!LS LOW ~ 6\45,0 
NO, PA~C!LS HI • 1715,0 

10 

TCTA~ INVENTORY (CURtES). ~,'4&5&4!.0a 
iNVENTO~Y UNO!R T~! eURRENT GR4P" (CURIES) • 
PE~C!NT OF TOTAL tNV!NTOAY. 99,597 

TIME OF MAxt~UM CONCE~TRA'10N (YEARS). ",l3!~~0E+05 
MAXIM~" CQNCENTHATtON ("lCROCURleS/H~l. 1,722498E-0S 
MAXIM~H RATt tCURtES/YEA~) a 4,443S53!~03 
co~veRS10N 'ACTOR RAT! TO CONCENTRATION a l.a7&398E.a~ 

CONT~MtNANT a U-2]5 

Tl"E (YEARS) AND AAT! (eYRIES/YEAR) FOR THE 

'1 M! (Viol) 
3. PI QlS qtl! +0'5 
3.044Q~+wJ5 
3.09Q8€.,,-; 
3.12"7E·"" 
3.1b4f,E+01) 
3.r!0G5E+0S 
3.at&44C'..05 
3.2SQ3F +;~1j 
3. 3a~ 2F. .~JC; 
3,3"411"05 
3,401l0E+0'; 

CIATE (CU'YA, 
a,aI8lE-it!. 
a,99~aE.0~ 
4,"41l3e-riJ~ 
b.7881!·96 
9.4410e.~& 
t.15'i5E-I4CS 
2.0ltbe.fi1! 
3,'548t."~5 
.a.Qe.15! .. Q1S 
',7508£-13 3 
1.18351.0'1 

TtM! (Y~' 
!,a0fi10E.05 
S.0.39Q!.,,! 
5.1JJ79se·05 
3.1191!+05 
5.159bE."S 
S.lqQSE.~'5 
5.a394E+e! 
5.a793!.05 
3.1192e.as 
S.3591E.05 
5.3990E+05 

H.118 

100 POINTS 

RAT! (CU/YR) 
1,2955E.04 
6,175bE-V'J4 
5.2e.75Ew04 
4,5093!.94 
].S531E-04 
3.2143E.04 
~.71]4E·04 
2.]570E"0ta 
2,1287£."4 
1.7861!-9" 
1.&16&£-04 



 

 

 
 
 
 

 

   

 

 
 

 

 

 
 

 
 

 
 

  

 
 

 

  

 

 

 

 
 
 

 

 

 

 

  

   

 
 
 
 

 

 

 

 
 

 

 

  

 
 
  

S,44!9E+"5 1.'S49E-ec S~C!89E+e5 1,4942E.04 
!,4838£+05 2,S23&!-"" 5,4188£."5 t,J926E-e4 
3,S23'f+"S 3,S235E.04 S,SI87E+eS 1,2944E-04 
3,S636£+05 4,'S38E-e4 5,5186E+05 l,18T1E-e4 
3,60!5E+"5 6,3S06E-04 S,!9S5E+e5 1,0664E-04 
3,6434E+05 6.t 733E.04 S,6l84E+05 9,3956E-e5 
3,6833E+es l,fl291EweJ 5.6,e3E+e! 8,13'6E.e5 
3,'23P£+05 t,!b6"E-es S,'S82Et"S 6,94119£.05 
3,'631E+"'5 1,'5190E-03 S,'58IE.~15 !i,1002E-0S 
3,8030£+05 1,'785£-0J S,1980".ttG 4,8623E-05 
3.842QE+~S 2,e351E-03 5.8S'tfe+es 3,9944£ces 
3,8628E+"S ~.2632E-03 5,8778£+1'5 3,2451£-es 
3.9c27t,+6:15 2.1520tE-03 5,91"E·05 2,6281Ew05 
3,91)26£+05 2.'''S8E.03 5.957b[+,,5 2,IS61!.05 
4.eec5E+.,5 2,'7'IE .. 03 S.9975E+"S 1,8293E.05 
4,""~4E+05 3.2116E.e3 b,eS7At."+05 l.",eE • .,s 
4,I'623E+05 S,4523E.03 6,e771E+l1S 1,4978E-05 
4.1cci?E"''''S 3,6~42E.es "streE*"5 l,41T2E-05 
4,162't,+0S 3.9251£-03 ,.1571£+"9 I,J4&2(-.,5 
",20c~E.(05 ',liS4E-03 b,l"0[+0$ 1,2552£-115 
4,24 19E+05 4,26bl£.eJ 6,ilfJlif+"S l,t446£."5 
4,2816f+05 C,!ta"1fe01 6.2768E+es 1,0225E-.,5 
4,3C!1?E+16S 4,G]ca4E.e;s 6,3167£+05 6,9c45E-~' 
4,361bE+0§ 4,4!!JE-03 6,1566E+es '.7590E-06 
G.4015t.+IDS 4.3601£.03 6.1965E+.,S 6,'9seE.e6 

( 4.4CICE+e5 4,2e63f.·~3 6.416""'E.05 6,e210E-06 
4.4613£+.,5 4,t511£ • .,:5 6,4163£+05 5.52''1E.06 
4.5212£+05 1,'724£.03 6,5162£+"5 5,1111E-06 
4.S611E+es 3.15I1eE.tl3 6.5561£.+05 4.'112E-e6 
4,6010E+05 3,,,640E.03 6.59b0£+.,5 4,5898£-.,6 
4.6 4fl9f+£IS 3,1174&[-"3 6,6;559E.05 4,2819Ee06 
4,b8i'8E+0S 2,8425E-03 6,6156£+"5 4,113'9£.06 
G,Tc07f.+0S 2,1l9C1E-ru 6,1151£+"S 3,6ta33Ew06 
4.7b0&E+0S a,1492E-e3 6,1556E+0S 3,3416£-06 
4,ae0SE+es ',e2etE.e] 6,19S5E+:es 2.Q6T1E.06 
C.64t14E+0115 l,S2]t)E."3 6.6154£+05 2.5750[-06 
A.(!.803E+I6S 1,2b46E-"3 6 .8"lSJE.e5 2,1061E-06 
",tW2eZE.0S l,04T2f-e! 6,9152£+05 1,5509E-06 
1,9601£+05 6, '''28E-IU • ~·ti5·j I E .e~, 'I ~k1~6E'e6 
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P~TCVT PROGRAM OATA SU~M1RY 
PIR3(TOT1L fU£L AS8!M8LIESl 8AS! CASEI CHAIN 4 
CONTAMINANT • PA.all 

TONS OF H!AVY ~ETAL 'ACTOR, l,sa91sae 
OAT. B~OC~lNG 'ACTORS' 
ENTRY MODE (1 - TtLowl.0T,NCELLS) (2 • TC~Q~).T(Hl'.NCIL~I) MOO! -2 
TIM! lOW m l.0~0a~9!+05 
TIHE HIGH. 5.000000!+05 
NUMBER 0' CELLS a 130 
O~LTA Tl~E INCR~M!NT. a,a~0a00E+~3 

'ACTQASI RAW OATJ ANO ALOCM!n OATA 
MAX, TI~!. l,b413Et06 
TOTAL ~eIGHT. 4,~0'~E+00 

MIN. TIM£. 4.0890£.04 

PEAK ~IIGMT • ~.401 
PEAK PARC!L5 • 32,000 
wT, LO~. 1,4309[-02 
WT, HI. 8,aI74!.a~ 

SMOOTHING wlNOOW (CELLS). 

TOTAL PARCELS ~ 1786.0 
P!AK WEIGHT TIM!. A.39aae+a5 
PEAK PARCELS TIM!. -.11a0!t05 
NO, PARCELS LOW • 1345.0 
NO. PARC!LS HI • 2384,0 

5 

TOTAL INVENTOAV (CURI!S" \.2&3~2'E+31 
INVENTORY UNOER T~! CURRENT ,RAPH (CURIES) • 
PERCENT OF TOTAL INVENTQMY. 35,442 

Tl~E 0' ~AXI~U~ CONCENTRATION (YIA~SJ. 4.11aaaal+05 
MAXIMUM CONCENTRATION (MICROCUAI!S/ML)' 2,416968£-113 
MAXl~UH ~AT! (CURIIS/YEAR). 6.209i91£.~' 
CONVERSION FACTOR RAT! TO CO~CENTRATION. ].81~]98E.a& 

CONTAMINANf • PA.all 

TIME (Y~ARS) AND ~AT! (CURIES/VEAR) FOR THI 

11"1 (VR) 
3.0100E+145 
3.0a98e+01J 
3."49~f.05 
3,a694e;+rd!S 
J.B8921+~5 
3.1099E+~5 
1.12SS!+as 
l.14S&!+.,s. 
].s~a4rt0S 
3. 18SiE+1IJ5 
3.2aa0E+"! 

JU T! fCU/VR) 
e..2"25E~08 
6.2025E""8 
7.a~59! .. a8 
9,5654£-"8 
1.146a!.a7 
1.3S~9t..~7 
1.!781E.a7 
t.77~a!·"7 
1.9792!."1 
~.2048e:."'7 
a.47111:-167 

TtME (VR) 
4.0a30E."5 
tI. ru9ae; .. "s 
4.a396E."5 
4.0594'+135 
4.a792!+SS 
4,099{1!."S 
4.11S8E+05 
4.13IH.E+"5 
4.1S84e;+S5 
4.1182E+05 
4.198(1£+,,9 

H.120 

1013 POINT3 

'UTE (CU/YII) 
!S.llS!I.", 
5.98191E'0!5 
5.80133£-05 
S,91!7E.", 
6,1"311.as 
6,18161"135 
&.21388£-135 
&.lS6~E-05 
6.11 aa!.a5 
&.00791.15 
5.8612!-Vl5 

.I 

;' 
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J,2278f,.fJ5 2,7903E.01 ',2111r:+e5 !,b64'E.e~ 
3,24'6["'05 3.18S2E-'U C.~316E'05 ~ ,.~e51E-e5 
3.2674£+05 S.6e!'E-e, c. 25 T It! ""'~ 5.2117E-05 
S.28T2E'H!S 4.314TE-e1 c,2TT2E*eS 5.0494E-05 
3.31110E • .,5 5.121!12E.e7 A.297.,E+e5 c,825TE-eS' 
3.3268E+"5 6,tI14E-""1 4.3168£+05 4,6062£-05 
3,346&£+e5 ',3828£.e7 4.3366£+'119 4,,3955E.05 
1.3664E+05 8.9099E.01 4,3564£'05 4.1968[-0! 
S,S66iE+eS l.eTSIE-06 4.1"2E+"5 4,et2IE-es 
3.1060£+05 1,2941£.0, I,JQ6eE+es 3,8424E-es 
3,4258£+05 1.55S6E-e, 4,4158E+e5 3,6875E-15 
3,4456E+05 1.8556£.06 4.4356E+05 3,5463Ee 05 
3,0654£+e5 2,2eI6£.06 4,4554£'05 3,416'£."5 
1.4852E+05 2,6ee0E.~" 4.,7S2E'''S J,2966E-G!l5 
3.5050E+05 3,,0"'5E.e6 4.49S0E.e5 3,1837E-05 
3.5248E+05 3.549,8£-0& 4,Slaef,es 3,0156£.e5 
),5446E+05 4,1l21E-e6 G.5J46E.as 2,'neSE-es 
1,5ttI4t+~S 4, T4Ut.-tllI c.SS40E+es 2,8667E-05 
3.5842E+"15 5,4453E.00 11.5742£+05 2.1629E.05 
3.60Go.E+05 6,23 4 6E-"" 4,59GeE·;'! e.6seSE.es 
3,62l8E+e5 ','191£_06 4,6138E·e5 2,!Si6E-fl5 
3.64J6Et~5 S.IU1E.e, ,.ollllE·"5 !.AIU,0£.es 
3.tt634E+~S 9.226SE-e6 4.6534£+es 2,3389[-"'5 
3.6832E+05 t,0482E-05 4.6f 32E.IlIS 2,2320£-"5 
3.T030E+05 1.1898E-05 A,693"EH~5 2,1261E-e5 

, 3," 228E+05 1.349T[-05 4,1126E."'5 2,E21JE-e5 
3.7426[+"5 1.5296E-05 4,1326£+05 l,9119E.;'S 
3,1624E.05 1.'3"SE.k15 4,'S24£+05 1,8159Ellle5 
3.,e22E+"S 1,-.S43£-05 4,"22£+"5 1,1150E,,05 
~,8e20E.e5 2.2004E.es 4.1920E ... e5, 1.61QTE.as 
3.6218E.05 2,4b8SE.."S 1I.8118E+05 1,5115E.05 
1.6411:1£,+05 2,15'SE-E'5 4.8316E+"5 1.4059£-05 
3.8614[ .. 05 3.1l6~3E-e5 ",.&510E.'5 1,2"9E-"5 
3.seI2E+"5 3,3881E-05 11.6712£+05 1,1&19E-£IS, 
3.90UIE+05 3.f229E-"5 4.e9'''E.es l,e745E-05 
3.9208E+e5 '.e619E.05 ","tiIE*.,5 9,28S8E.06 
3.940f.E+015 4,J990£-\DS ".cr3IDbE+idS '.9151£-e., 
!.c)6l'14EH~5 4, 726.9E.e5· 4"95.,,,[."5 6.62"E.e6 
31ger~E+d5 5.~584E.eI~ C&."~C!~."S ~.4266£,_06 

H.121 



    
  

 

APPENDIX H.3: WEll PUMPING CASE 
Simulation Run 4. 

H.122 



   
    

  
      

  
         

    
  

    
    

    
   

  
  
   

     
  

   
   

    
    

    
    
 

    
     

     
 

      
    
    

      

        

 
 

 

  
   

 
 

 

  
     

 

 

 

 

 
 
 

 
   

 

 

 

PLTCYT PROGRAM OATA SUMMARY 
PIR 4 F1ss1on PIR 4 -

CONTA~INA~T • C-t4 
TONS OF HEAVY METAL FACTOk. 1.0~0000 

OAT. ~LOCklNG FACTORSI 
ENTRY MODE (1 • "LOW),DT,NCELlS) (2 • TCLOW1,T(Hll,NCELLS) MODE. 
TIME LOw. 1.00~000E.03 
TI~E ~IGH' ~.5e~000E.04 
Nu~~e~ OF CELLS • 500 
DELTA TJME INCPEMFNT. G,8~0~00E+01 

RA~ DATA'AND BLOC~E~ nATA 
MAr. Tl~E' 9~13ele+e4 
TOTAL WEIGHT. ~.'430E.~4 
PEAK ~EJGHT-. 25&.967 
PE.K PARCELS • 31.~~~ 
WT, L~w. 0.000~f.0t 
WT. MI ~ 2.S~45E.0~ 

SMo01MlNG ~!~OOW [CELLS)' 

fACTORS' 
~l~. TIME' t.02ebE+P3 
TDrAL PARCELS' 8931.0 
PEAK WEIGHT TtME' 2.2240E+03 
PEAk PARCELS TIME' 3.8560£+03 
NO, PAHCELS LOW • 0,0 
~O. PARtELS HI t 2A6b3.0 

2~ 

TOTAL l~VENTO~Y CCU~lES)' 2.768~01E+04 
tNVENTO~' UNDER '"E CUQH~~l G~APH (CURIES) • 
PERCE~T ~F TOTAL INVFNTORY a 99.be4 

a.T51593E+04 

TIME OF MAXl~UMC"NC~NTQATlO~ (YfARS) • - 1.T44000E+03 
MAXIMUM rONCEN'~ATtON (MICROCUPl£S/MLl. u.A2b16SE.~6 
MAlIMUM PATe (CU~JES/¥EA~). 3.69.,q52E+0~ 
CONVERSJON FACTO~ RATE TO CQNCENTkATION a 1.J97695E-A& 

TIME (YEARS) AND RATE (tuRIES/YEAR) FOR TH~ 

TIME (YIie) 
1.V.2~~E+01 
1,~4"5E+03 
t.f. 7 1flJE+1c.13 
t.~q45E+03 
1.' tt!H,+¥l3 
1.S41~t+~3 
1.1&SlE+~3 
t. 2 tH!~E+~l 
1.2tile+~3 
t.c3SbE+~3 
I, Z592t. +i,3 

~ATf. (CU/Y~' 
8.8980e·"'1 
8.898(,11t-11Il 
8. ~ q~V1~.k'! 1 
! .00b'Ulr.+ltl~ 
~1,tl4"Sf!.~iJl 
l,l!)47t:. • .efA 
1, 4'2b"t. ... r~~\ 
t,"b1~t.+~1d 
, .~~l~E.·hi{i 
2. at4 "~ir..00 
~.~!:l14f+Jt!~ 

TIME (YR) 
8,3176E+03 
8.7~35E.+P!3 
q.129"~.~3 
Q.'5!5.st: ... ",~ 
9.CJ"loi!E+~3 
,.~.s"7E+~4 
1.V.l!)~E''''01.1 
S.11~9E+~4 
t.15b:,E+0., 
1.t971t.+~4 

1.~J1hE+0" 

"1.123 

100 POINTS 

RATE (CU/YR, 
1.6T0bE+00 
t,5931.1E+00 
1.5139£+00 
1.4"04E.P.I~l 
t,3716£+00 
1.3015E+~0 
1.21.1f,~E+0k1 
1,1855E+00 
1.1320E+"0 
'.0731E+00 
1.~22I.1E+00 



  

 

 
 

 
 
 
 
 

 
 

  
 

 
 

 

 
 

 

 

 

  

  
  

 

 

 
 

 

 
 

 
 

 

 

 

 
 

 

 

 

  

 

 

 

 

 
 

 

 

 

l.aaa7Iti! a.34a7 •• "'" l,a,a2!.I' - 9.1347!.lt 
l,lln.al • .,] a.48G171+"" 1.3188Eit0, 9.272~!."1 
1.32911.,,3 2.'3241+09 1.35CJu,.04 a. s":n!.Il 
1.35321."3 a.Ja861+e~ 1.41"9It04 S.41"'&!-"1 
1.37~71.1J! 2.91l91.e9 1.44"61.,4 7,9949£.'1\ 
1.411121+113 3.02fJ61.Gh, 1.4812'+14 1.5917E.al 
1,4238!.03 3,JI39!+ae I,!SaI8.t"4 1,221"£."1 
1.00731."3 !.18a6!."" 1.56aO'+"4 6,'985!.01 
S,A1B8!."! 3.21821+"9 1.5918!.14 4,2891!.'H 
1.09431.113 S.37&~!+9' 1.61921.04 1,5496!.'" 
1.51181+"3 S.4~191+"a 1.&i416,+S4 8,9181!.12 
1.5413!.13 3.5406~+e" 1.67,.aE+I" 8,06461."2 
1.9641!.", 3.5174!.'" 1.7044£.04 '.&315£·"2 
1,58841.93 3.9812!."" 1.13211!+04 '.7909!-ga 
1.6119!.", 3.C;8&9a.9" 1.76122:+"4 '.56'0E .. Ql2 
1.63541."3 3.1191ae.II" 1.789e.!+04 6.9892£-02 
1,6589!."3 1,618&!."ht 1.8181E.04 6,779"e.0a 
1.&824!.B3 3.6530!+a3 1.84&S£."4 6.320lE-Qt2 
1.7"591+03 . ].'?74!.i~ I.B7~9!.~4 '.5991£-02 
1.1295!."3 3,688al."3· 1.90llE+134 6.51CJIE-0ii 
1 • .,S3"i+B3 3.69261."0 1,93U'!.134 6. '''"fCJE-aZ 
1.1765!.03 3.63&]lit"''' 1,9&;31&:+"4 5,9227E-0i 
1.8"13"!."3 3.678?E+d0 S,9fJ85!+"4 5.659&1.02 
I.Ba31i!+"3 3,6baa&.~0 2.(l1b9E.04 5,22B7E-a2 
2,2i94!.,,] 3.Q848&+~1it 2.~lIa5QI!+0Q 5,99131-92 
2.&3531.03 3.32221+0"· iI,013B!+04 .5.1137!-02 -l,a4121.ta3 l,t703£+"QJ a.l~aa~+1a4 5,1II032E.aa 
3.447"t+a3 3.Qt281£+00 2.1l0bE+ft14 O,7333e: .. ga 
3.8929B.", 2,89791+"0 i.1 5Q0!.04 4,!l90Se:""2 
4,25881."3 2.7b391+\t\t 2.1874f+04 4,41Il!-132 
4.66471.~3 2,63&71."" il.2158e:+04 4.2?41E-1!2 
5,'17061."3 2.49611+00 a.il442!+04 4,17591."2 
5,A765!.'" 2.3"'81+913 i.a7i7e."4 3.9240!w0Z 
S,BSill!.'" 2,;}"11!+11tl 2. lid 11 e+a4 l,8179!-02 
&.aat121t+aJ 2,13161."0 2.lciS!.ao 3,55311-02 
6.6941~+93 2.Ql2P14!+0Q 2.3S79E+04 3,6676£-02 
7.10"~f£.0! 1.9l"Q!+w10 2.1863e;+04 3.48341.02 
7.5ra59E+~3 1.83a9!+00 2.4147E+04 3,2'17!-02 
7.911 7e+"3 1.'5b"!+011 2.44]1!·"4 ].2571E-02 

H.124 
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( 
. \. 

PL.TcvT PkOli~AM OATA StJ~l'1lHY 
PIR 4 Fission PIR 4 

CO~TAMINANT • 'C.qq 
TONS OF "tAVYMf.tAL FAC1Uk. 1.~~0~~~ 

DATA ~LOC~l~G F'CTO~S: 
E~TRY M~Ot (1 E TCLO~),OT,hteLLS) (~ • TCLowl,T(Hl),NCELLSl MODE II 2 
TIME LO~ c 1.~~~~0~~.~" 
TIME ~tGH. 1.'~~0~~E.~Q 
NU~eER OF CELL~ • 3~0 
DELTA Tl~E INCH€ME~T. 1.~00~00E+~1 

~AW OATA ANn ~L~rK~O nAr~ 
"AX. Tr~E II 9.1t8~t+b4 
TOTAL w~tGHT. C.3a4~E+~~ 
PEAK wEIG~T 112~8S3.813 
PEAK PA~CEL~ c 3~7.~~~ 
WT. LOW II 1.17~3f+~S 
WT. WI II 3.3131E+~5 
SMOUTH1~G wl~nuw ftfLLb)c 

FACTO~S: 
MTN. TIME E 1,0bT'E+~3 
TOTAL PARCELS. 4747.0 
PEAK ~tlGHT TIME. 1.6~15~+04 
PEAK PAkC~LS TIME ~ 1,6015E+0a 
N~. PAQCELS LO~ • 1163.0 
NO. tJAHtt.Lb 111 •. ,27870.0 

15 

Tl)TAL INV~NTO~V tCl.ltlltS) II 8.813790E+05 
INYEN10~Y UNOtk T~E C~~~fNJ G~&PH (tU~lfS) II 

PE~CE~T OF TOTAL INVe~'~~Y c S~.~~7 

TI~E OF ~Axt~uM co~Ce~T~A110~ (VE.~~). .1.~~25~0E+0a 
HAll~u~ ro~tENT~AT10N C~lC~UCU~lES/HLl. $.i7~~~7E-~3 
MAXl~U~ RAft (CUP'~S/f~AH' c 2.75"~17E+~3 
CONVE~SIQ~ FAClu~ ~'T~ ru CONC£NT~ATlnh. t.191895E.~& 

flM~ (YR). 

1. """Sf +104' 
t. qtHd f+IM~ 

1."11 '~+''''.1 
1.«It l~f.i('~ 
1 • f.I~I?Qt. +1/14 

t • Ci ? e r; f + ~, Q 

1. q 3"~~ +,\,.4 
'.t.lJCi~f.+V!4 
t .t.l",~;af..H;" 
1.4J5'i~f.+it.4 
t.1J5~IIE+1fi" 

PATt. (CU/fh') 
"'~~III'bth)l 
3. CH l~t+«"l 
.~. Jl~1J4t +~11 
~ • 1\ ':' ~ ,2 t. + ~1 J 
3.ij'd '5thil 
!. ,,'j~ t t..~I' 
~.~~71t..~1 
s. ~tIl''''1t: +1' 1 
5. ~c;"~t..~~1 
~.'''H+~jl 
3 • 1 7 7 D't • ~ , 

TIME (VIo() 

1..5'1J0t!t1ill4 
1.59,=,3E+Q!4 
, .• ~'i(lbf.+0D 
t • r;'1;.11QF+ P'" 
1.'';'ilCf+ LII 4 

1.591SE+1t14 
1.S'ltBE+LII4 
1.15fi2IE+1lIC1. 
1.SQ~Cl£+"'4 
1."~C!tI~"~Q 
1. CijQ?QE'+CHI 

H.12S 

HH!' POlNTS 

RATE (tu/yft) 
2.8biQE+r.2 
~.q2q"'E+02 
l.~~1qf+N? 
3.1144£+02 
J.?2t.4f+~2 
3.3285E+02 
3.47=!3E+~2 
J.b2~2E+02 
3.7b8~E""'i! 
J.9S1t~E+1?I2 
4.t1tlE+~2 



 

 
 
 
 
 
  

 
 

 
 
 

  
 
 
 
 

 

 
 
 
 

 
 
 

 
 
 
 
  

 
 
   
 

 
 

 
 

 

 

 
  

   
 

  

 

 
 

 
 

 
 

 
 

 
 

  
 
 

 

  
 
 

 
 

 

   
  

 
 
  

 
 
   
  
 
 

 
 
 
 

 
 

 
 

 

 
 

 
 

 

 

1.4620£;+04 3.71~6c."'0t -1. S~32E+a4 Q.3903E+02 
l. lI b16E."" 3.6b44f.~1 l,5'1j5E+04 4.6253E+~2 
1.Q73~E"'04 3. 7331t ... liltl 1.5'i3!E+04 4,9941E+02 
1.4l88E+04 3.7q~lE.01 1.5941£+04 5.3629E+02 
1.11844E+~4 3.8a3b~.~t I.S944E+QJ4 5.7JI7E+~2 
1.4ge0E+04 3.7S61£·01 1.S947E+04 6.1155E+aa 
t.495~e:+04 3.7tllSE+~S S.5950c+04 6,5057E+02 
1.5rDltE+~" 3.llS'54!+0l 1.59SC!e+Ql4 1.lf~laE+0J 
1.50b7e+~4 1.795at+~1 l.blilllE+04 2,6769£+03 
1.51a3E+04 3.a5~~e:+~1 t.btt)45E+1t14 2.32'9£+03 
1.511QE+04 3.9490F.+lo.1t 1.61117E+04 1.6868E+03 
1.5235E+kJt.t 4.02S1e+iiJ\ 1.611f18f+Ql4 J.~661E+0J 
1. 52cU e+tiHI 4.014~t.+AI l.b140E+~4 ",0681E+02 
1.~l47t!+k)l& " .. )s".~e. .... '.11 1.6112£+04 J.1l3SE+02 
1.Si0~E"'04 4.Qll"~t:"''''1 1.6a3JE"'~4 2.2196£+02 
1.51.159E+id4 ".~lJlt+"'l t.ba35f+~4 1.202bE+~2 
1.5~15E+04 4.'it4 17E+ftJl t.6ab7~+04 ~.l2q2E+IH 
1.557Q!E+<34 ".~';~~f+illl 1.b~98~+04 1.ClI989E+PJl 
1.S62b~+"4 1'.1457t+<bl 1.bl30E+04 ?.2537E+01 
t.~b8~1:.+04 1)."~5~f!.·';1t 1.bjbC?€+Ql4 t .l80~E.ftl1 
1.57.s~F.+~4 1.:H~lt·ftil l.b.,93E+fl)4 S.~707e+~0 
l.S194f:.+IOQ 1.i?491E+~i 1.bt.l2SE+~4 '.1&31E+00 
1.5~S"'I:.+~4 t.94tt!t.+it'!~ 1.tI&4S'e. ... 04 S.1&qse+~0 
1.5853:'+04 t .q~t.,t..\:lil 1. ~"'6~f. +0 /& "." 110E +Qli6 
1.58S6e+~4 2 .~2Q~t:..~12 1.~~~~E+~4 b.~lSCJE+0~ 
1.!\8SQt:,+w.'4 2 .~1(HH~+v'2 ,.~r;;aE+~~ 4.!l~q4E+00 

". 
\ , 

t.58b2t.+0<1 2.12t.l8t.+~i! , .",~I!!E+~4 3.61'56E+~0 ~ 

1 • '!H~ f) 15 Ii! hH4 i.. t 7tUlt·+~2 1.bbl'.lE+Q4 5.4C;27€+0id 
1.53bl'€.~4 2.~:H3i+ilIa t • .,o(HE+~4 &.~8~tE+~l0 
1.5871Eh\" a.1'~~4c."i/l2 1.b01~~+~4 4.12?lE+aid 
l.sa74E+~4 2. Jt:lS"t+illo? 1 • .,110F.+1<44 5.364tE+0J 
1.531b~.+~'4 2.4'H3t..~~ l.b7~2f.+~'l ';.AtA7E+~0 
1.S879E+odftl 2.4bt4t:.~2 1.!)I1JeHI4 5.858IiE+~QI 
1.5.1tlJ2t+144 ~.51Q5f..~i! t.odi'3e:+~<1 4.0il&0E+30 
1."8dr;t:.+~'" ~.""U'.+odt! 1.o".H~+vt4 3.9l&aaE+IJJ0 
1.C;88~E+1iJ4 ~.ft~q'~·~tJ 1."tt~8€+l"4 1. 774~E .. ",~, 
1.53fUE+~'l ~.b~"~t:.+ • .,~ 1 • .!Jq.~..,th'4 S.8~71t:+~0 
1.5dCJQt:+~4 ? 1 $4 "'t. .~Ji!' t .Q~!~E.lli4 &.5535€+""~ 
1."iyr.,1E+?U ;'?7q~qt.+t1~ 1 • .,fib!E+Q;4 5.i5q~E+~0 
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PLTcvT PROGRAM DATA SUMMARY 
PIR 4 Fission PIR 4 

CON~AMINANT • 1-129 
TONS OF HEAVY METAL FACTOR. 1,0~0eee 

DATA BLOCKING FACTORSI . 
ENTRY MODE (1 • TCLOW),DT,NCELLS) (2 • TCLDW"TC"I),NCELLS) MODE .2 
TIME LOW. 9,e0~e00E+02 
TIME HIG~c 1.000000E+05 
NUMBER OF CELLS • see 
DELTA TJME INCREMENT. 1.9826e0£+02 

RAw DATA AND BLOCKED DATA. FACTORS' 
MAX. TIME. 9.1159E+04 ~tN. TIME. 9,9194E+02 
TOTAL WEIGHT'. 2.2821E+03 TOTAL PARCELS. !JeSe,e 
PEA~ wEIGHT.' 22.118' PEAK WEIGHT TIME. 1,2891£+04 
PEAK PARCELS • 92.~00 PEAK PARCELS TIME. 8,0219E+e, 
WT, LOW • '0~e000E.01 NO, PARCELS LOW. e,e . 
WT. HI. 0,0000E.01 NO, PARCELl HI • e,e 

SMOOTHING WINDDW (CELLS). 15 

TOTAL INVENTORY (CURIES'. a.282146E+03 
INVENTORY UNDER THE CURRENT GRAPH (CURIES). 2,245961E.e3 
PERCENT OF TOTAL INVENTORY. 98,414 

TtME OF ~AXIMUM CONCENTRATION (YEARS). 3,3"500E+03 
MAXIMUM CONCENTRATION (MICROCURIES/ML' .' 1,103832£-01 
MAXIMUM RATE (CURIES/YEAR). 9,21416]E-~2 
CONVERSION FACTOR RATE TO CONCENTRATION. l,197eQSE.e6 

TtHE CYEARSj A~ri ~ATE (CUR1£S/YEAR) FOR THE 

TIME (y,n' 
9.9C'i10E+02 
1,2531E+0] . 
1.5082E+03 
1.7f.,2eE+03 
2,0114E+03 
2,272mE+03 
2.S2bSE+03 
2.16S1E+03 
3.0351E+ltJl 
3.2903E+03 
3,S44SE+03 

~ATE (CU/YR] 
6,3092£.02 
6,T9t;2E·"2 
6,,912£-02 
e,50Sge·"2 
6.4599£-02 
8. CH!34E-02 
".~484E-02 
'i,~981t.02 
9,1964£ .. 02 
'i,2USS-f)2 
9.~083e.·"'2 

TIME (YRl 
1.2160E+1I4' 
1.2955E+04' 
1.3149E+e4 
1.3343£+". 
1.3537£+04 
1.3131E+04 
1.3925£+041 
1.4119£+"4 
1. 4 .513£+"4 
1.4508£+04 
l,ofllIt12e.+04 

'H.127 

100 POINTS 

R'ATE CCU/YR) 
e,5'166£-1I12 
8,3919£"02 
8,2431E-"2 
8.0544£-02 • 
1.S161E-Ql2 
1.1918E-e2 
1,6933£-"2 
1,5117£·"2 
'.4429£-02 
',2821E-02 
l,0921E-"2 
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-, 
3.7994!+1cJ3 9.1561E-"2 1.4S9&E+04 b.8319E-0a 
0.0540£+03 I}.Gl9~0E-"2 1,'0q~E+04 b.6748E-02 
4.108'E+01 I}. ca~ncJf: .• 02 1.5284E+04 &.4355£-02 
4.5631t.+~3 9.~"'~E·~a t.5478E+04 6.1342E-"'2 
4.6111E+03 9. ~741~.!tla 1.5012t.+1114 5.74211!-raa 
5.0721E+03 9.Ql56St:.-Idi! 1.5lJfJ6E+VJ4 S.2UbE-raa 
5.326~E+03 9.1211~qE.It1~ 1.e:.0b16E+04 4.411bE-"2 
,,~814E+141 q.1Vl11!·~a 1.33l9E.+It1Q t.a49~E·02 
5.8l~0E·h'1 9.t33~f·"'2 2.0bl1E+rd 4 1.2528e-02 
b.CIIQ06f.+ij3 9.t531t1t·~a 2.2095E+~4 t.2422E-02 
6.3q5t~+01 1}.1&94t·.aa 2.511JE+04 1.248b£-02 
b.5Q91E+03 9.t8Sat-~~ 2.745tE+04 1,21.&92£-02 
b.8543!.+\l)l 1}.2"'SQe,. 1t1 2 2.Q71IaE+04 t,2S71E-02 
7 • HIe AE +~J q.tq12~·a2 3.~iI208E+04 1.2<&60£-02 
1.1~3ae+03 9,tqq5t:.·Id~ 3.42SbE+04 1.2544E-02 
7.t-l&0t.+~1 q.~013t:-~a 3,o~b4E+04 t.2411E-ra2 
1.81itle+~1 q .11SIUE-""i! 3. ~cHli!E +0 t4 1.2529E-02 
8.1~7'€+~3 9.t",~ql'!.·~c 4.11c!~E"'Y'l4 1.236aE-QJ~ 
8,3811E+03 Q.t7Q\E.'-'i! .~. 3"9~f+Ql4 l.a4 42£-02 
8,~];,3t+~~ 9,'f);I}7t-w'~ Q.Sb17E+04 '.i!b14!-0C! 
8.aQ~qe.+~3 q.'5&1~ .. I(li? 4.795S£+04 t.2392E-02 
9 • 1451o&E H~3 9.t.3Qoe-0i! 5.~a33e+04 1,2S3bE-02 
9.Q0I!!glE .. ~3 q.'217t~·Iil~ S.al)11E+Pl4 1,2595E-02 
9,~5"bE+03 9.1 1 ast·~J2 CS." 7 90t. +~'4 1.2438E-02 
Q,.qCl8 7 E+1dl q.t2~4t.tDi! S,7klbSe+04 1,2S&&E-0a 
1.~Q41E+'Cl4 9.1~5H-ilJ2 5.'134ttt.+04 t.2438E-02 
1.:.la37EhJ4 9,1273t-"'2 e».lo24E"'0'J t,24t,2E-02 , 

1 • ~j" 31 f +1i14 Q.t~"ttt • .aC! b.3'1~aE+1t)4 l,2,tl29E ... 0t! 
1.ktft25E+j64 9.i2 t4 1t-.di! &,bl~"'E+0t.l t .25~}9E ... 0a 
1.~6 t 9t +~4 9.t~l5al'!"ldc ~.a4S"'e+04 1.202lE-0i 
1.1~t3F.e" 9 ." 6 I .cH: - id it 7.1!'1151E+Ql4 ',2493E.02 
1.t21t:hE+..,4 9,~fi:15C'1t.-vji 1.JIU1SE+~4 1.2Q31E-02 
t • 11",; C!f +Id 1& 8.Q4b5e.-iUc 1.5a93f.+VlQ t,235&E-02 
1.IS'-bt+iQ!J H."<I~jt.."'~ 1.7S71E+fd4 1.25;;0£-02 
1. t 79~)E +ta4 ~.85"cJ~-~i! 7,96::'~E+04 t.2428E·~a 
1.1984E+1I24 i!t.al:A ... ~·wta 6.c!1~f4~+~4 1,201.&0E-"'2 
1.2t78t+0/o1 a.754"'t.-ItJ~ t4 • ~ 4 ~I fJ E + 0 4 t,25 01 9E-raa 
l.e31~E"i!lq ".61~qlt-lil~ l!.bad4~+"'4 1.l45fJE-aa 
\.~5bbt.+\;)li ~,~t(l5~·~~ '" tt9b2e. ... "'o 1.2425f!-0£! 
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. PLTcvT PROGRAM DATA SU~~A~Y 
PIR 4 Fission PIR 4 

CONTAMI~ANT c CS-135 
TONS OF-HEAVY METAL FACTUR c 1.000000 

DATA 6LPCKINGFACTO~SI 
ENTRY MODE (1 • T(LO~"OT,NCELL&) (cc TCLO~"T(~I),NCELLS' MODE. 2 
TIME LOW. - l,00~0~~E+~3 
TIHE NIG~. 2.0~00~0e+~4 
Wv~~E~ CF CELLS • 4~0 
DELTA TIME INCREMENT a 4.150000E+01 

. RaW OATA -AND BLOCKtO DATA 
MAt. TIME c 1.0626t."~ 
TOTAL wEIGHT. t.6~7~E+~ij 
PEAK wEtGHT- BG.4~( 
PEAK PARCELS a 28.~~~ 
~T. LOw. ~.0~~~F..~t 
WT. ~1 a 3.3~S9f+V3 

SMOOTHING WINDOW CCfLLSl. 

FACTO~SI 
MIN. TIME- 1,2157E+03 
'OTAL PA~CELS • 5505,0 
PEAK wEIGHT TIME. 1,9588E+03· 
PEAk PANCELS TtME. 7,9588E+03 
NO. PA~CELS LOW a 0.0 
NO. PA~CELS HI- - ae30.0 

20 

TOTAL INV~~TOHV (CURIES) a 1.9A84GbE+0G 
INVE~TO~Y UNO~R T~E CUR~f~l GQAPH (CU~lES) c 
PERCENT OF fOTAl INVENTnkY a 83.~~0 

TIME OF MAXIMUM CONCENTRAtiON (YEA~5) 82.!53150E+0! 
MAXIMU~ CONCENTMATIO~ (HICWOCURIES/~L) c 1.3&8702E-0& 
MAXI~U~ ~ATE (CUPIES/Y~AH) a 1.14cS8~E+00 
CONVERSION FACTOR RATE TU CONCENTRAtION e '.191e95E~06 

TIME CVEARG) A"'I~ (.lATt. (CURI£S/YfAR) FO~ THE 

TIME, CVr<)­
l.cI38E+01 
1.2~e,9E+03 
t.22l11E+03 
t.235~E+03 
1.2420E+~3 
t .2495E+W~ 
t ",C?5blf,+vJ] 
t.e639E+~3 
t .27t ~f+0~ 
1.27elf+t13 
1.~853E+03 

RATE CCU/Y~) 
8.63~5t..0t 
e.63'SE.·~1 
e.6315F.-C~1 
R.63~a;E.Vll 
t' • 6 .B 5 ~. ~1t 
".bl.i5~·\11 
H.63J51!- ltl l 
B."~3't.-:,il 
~. fI~"4t:.~' t 
9.'''C!31t-'''1 
9.16't.H:!-lc.il 

TIME tVR) 
e,ll bi2£.+~3 
tJ.S3~cE.e3 
8,94tsJE+fl3 
Q.3b45E+t'!~ 
fi.1«h.'1E.~1 
1.P191E+pQ -
t.~e,t3E.+"4 
1.I"l~t+ill.l 
l.1C&4sE·g4 
1.ISbeE+ACI 
1.~i!T6E.0C1 

H.129 

1~0 POINTS 

RATE CCU/YR) 
l,t521£+00 
1,1321E+00 
1,1325E+00 
t.t3~0E+00 
1.S3r4E+00 
t.131eE+~0 
t.12QQE+00 
1.12Q&E+130 
t.l'!35E+"0 
'.t337E+00 
1.1329[+00 



 
 

 
 
 

 
 
 

 

 

 

 

 

 

 
 

  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

l.a9aS!+0] 9~l325!.01 1.26941!+04 1,1335£+00 -, 

1.2991£+0J 9.5172E·~1 1.3110£+0~ 1,13S7E+00 
1,30ft8!+"3 9,6820f.01 1,35.16£+04 1,1283E+00 
1.314"!+03 9,1133&:;-"'1 1.3942E+"4 1,1299E+0Q) 
1,321IE+03 9,8315E-01 1.4l59! .. ,,4 1,1284E+00 
1.3283£+03 9.9Iitt1E.~' 1.4175£"'04. 1,1304E+ftU 
1.3J5S!+GJ] 9.9699£ .. 01 1,5191E+04 1,1303E+:l0 
1.3426f+03 1,0030£+00 1,5&01~+04 l,1111E+0~ 
1,3498£+03 1,0094E+00 I,S&58E+04 1,0721£+00 
1.3569E+03 1,-0166E+00 1.5708E+04 1,0207£+00 
1.364tE+01 1.0304E+00 1,5759!+04 9,3753E-01 
1,3712E+03 l,~442t::+0" 1,5lJ09E+04 8,1567E1II01 
1.1784!+03 1.~5alE:+r;)0 1,5860£+04 6,4945E.01 
1,3856E+03 1.~7t9f+00 1.5Ql1E+04 4,791&£ .. 01 
1.39iUE+03 1.0a~Bf+00 1.5961E+04 3,0682£-01 
1.3999!+03 1.099bE+00 1.6012E+04 1,6&03E-(U 
1.4070e+03 t.1079~+1(l0 1.6Ub2E+04 7.6372E-02 
t,4142E+03 1.la98E+00 1.&lt3E+04 2,8092E-02 
1.4214!+03 1.111bE"'~0 1.&lb3E+04 7,3213E-03 
1.42aS!+0J 1,113SE+00 1.biI4E+04 2,lal1E-03 
t,43S7!+03 1.1154E+00 1.62bS!+04 1.6555!-93 
1.4425!+03 1,1172E+00 l.b31SE+04 1.614&! .. 03 
1.450e!+0] t.t1 91f+00 1.b166E+04 1,b7&4!-03 
1,457211+03 l,120b!+1d0 1,b416E+04 t,b738!-"3 
1,8733E+03 t.14t3~+00 1.b467E+B4 t,6335E-03 
2,2899£+03 1,13a8f+~0 1,0517£+04 1,6764£-03 
2.70S7E+0] t.13&7E.~kJ 1.&5&a£.04 t,67a4!-03 

/ 3.1219£.03 1',134Sf+00 1.6019£+04 1,&597E-03 .,' 

],538a!+03 1,1300£"'00 1.bbb91!+04 1,6582E-03 
3.9542!+03 t.t329!+~0 1,b7a0E+04 1,&7"16£-03 
4,3704!+03 1.1361£+00 l.6770E+"4 ti 67!9!-ra3 
4.7a&6E+~3 l.t34&E+00 1.ba2IE+04 1,65!SE-03 
5,2027£+03 1,1376£+00 1.61J71E+04 1,6764E .. 03 
5.6189£+03 l,t395£+00 1.6922!+04 1.6594!-03 
6,0351£+03 1.1343£+'113 1,b913!+94 1,61a7E'-03 
6,4513!+03 1.1336£,+00 1.1023!+a4 1,6362!-03 
b,861S!+0] l.t342£+"''' 1.1074£+04 1,714ft!-a3 
7.2836!+03 1,1306£+00 1.1124£+04 t,6320!-03 
7,6998!+03 l,t30bE+00 1.1175!+04 l,b1!4!-03 
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PLTCVT PROG~A~ OATA SUMMARY 
PIR 4 Chain 1 PIR 4 Chain 1 
CONlA~INANT • U-l36 

TONS OF HEAVV METAL FAtTUR ~ 1,0~00Z0 
~ATA ALOCKING FACTORSI 
ENTRY·~ODE (1 • TrLO~),OT,NCELLS' (2 I T(LO~"T'.II"NCELLS) MODE .2 
TIME LOw. e,0~A000E+03 
TI~E HIGH. 1.100000E+05 
NUM5ER OF CELLS • ~~a 
DELTA TIME INCREME~T. 2.5S0~e~E+e2 

RAW OlTA AND BLOCKED OATA 
MAX. TIME' 1.a9S6E+05 
TOTAL WEI'~T. 2.91~2E+04 
PEAK wEIGHT • 362.6e9 
PEAK PARCELS • '4.000 
WT. LOW. 0~0000E-0t 
WT. HI' 2.3395[.01 

SMOOTHING WINOOW (CELLS)' 

FACTORS: 
MIN. TtME' 6.3SASE+03 
TOTAL PA~CEL6 • IS880.0 
PEAK wEIG~T TIME. 2.2916E+04 
PEAK PAHCELS TIME' 2.2916E+04 
NO. PARCELS LOW • 0.0 
NO. PARCELS ~I • 152,0 

25 

TOTAL INVENTORY (CURIES) a 2.910?Get+04 
INVENTORY UNDER.THE CU~kE~T ~RAPH (CURIES) • 
PERCENT OF TOTAL INVENTO~Y • 1~0.221 

2,916612E+04 

TIM.E Of HAKIMUM CONCENTRATION (YEAQS)' 2.164250£+04 
HAlIMUM CONCENTRATION (MICROCURIES/~L). 1.~0e613E.0b 
MAXI~UH RATE (CURIES/YEAR). 1.1'5956£+00 
CONVERSION FACTOR RATE TO C~NCENTRATI0N. 1,19,e95E~~6 

TIME (YEARS) AND R .. TE (CURIES/YEAR) FO~ THE 

TIME (YR) 
6.3825E+03 
9,0376E+03 
9.6927E+03 
1.0346£+04 
1,1003E+04 
1.1~SeE+(/I4I 
1.231'E+04 
1.29 6"E+04 
1.36c3EhHl 

1.427Sf+04 
1.4Q33E+04 

~ATE' (CU/y~) 
5.~306E.~2 
1.9b01t-IU 
p-. 87371::-1"l 
3.'47bE·"1 
".9759I:. a 0l 
b.~bt.,t.a0' 
"."4f,QE-ldl 
b."~89E.0t 
C'i.1558E-ibl 
9.7&121:-(Ol 
1.0151E ... t.I~ 

TIME tYR) 
6.2500E+04' 
~.4C612£.04 
b.b3a4E+04 
6.82!5E+04 
1.~lCl1E"04 
1.2~SQE"04 
7.:S911£+VlCl 
1. StH~2E+04 
".77~CE+04 
1,'i10of.+04 
e.lbl&E+04 

H.131 

Ul0 POINTS 

CUTE (CU/YR) 
1.630'E-"1 
1.6209E-01 
t .6111E-01' 
1.6099E-01 
l.b045£-01 
1.6 tU0E.01 
1.5965E-01 
1.5914E-01 
1.5916£-01 
t,5931£-01 
1.5908£-01 



  
 
 

 
 

 

 

 

 

  

 
 
 

  
 
 
 
  

 

 

 
 
 
 
 
 
 
 
 

    

 

 
 

 

 
 

 
 

 

 
 

 
 
 

 
 

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

1. 59a8!+~U l.a4t9!+~0 8.lS29!+04 I.S8S5E-01 
1.6243£+04 1.1116371:.00 a,5441E."4 1.5911!-01 
1,6898E+04 1.08S3E+00 a,7l53E.04 1,59]4! .. 01 
1.75541!+1I4 1,1001£+0121 a,92b5!+94 1,3874E-01 
1.&2091+94 1,1247!+0~ 9,1177!+04 I,Sa24!-91 
1.8864E+04 1.13981+00 9.3088E+04 1,5773£-01 
1.95191+04 1.147b!+00 9,50002:+04 1,5360!'!IGtl 
2.9174'+94 1.U~47!.00 9,5451!+04 1,5450£-01 
2,0Si9e;+94 1.1684E+00 9.5901E.04 l,5792!-al 
a.1484!+04 1.1 7551+"0 9,b352E+04 1,5973E-"! 
2.2139£+"4 1.lb26E+~0 9,b81a3!+04 1,6allE-at 
2,2794E+"4 1,133lE+00 9,1253E+04 l,b3a4! .. 01 
2,344CJ!+04 1,3185£+00 9,1104E+04 1,5995e: .. 01 
a,/U 04£+04 9,aalle-141 9,S155!+04 1,5531E-01 
2.415ge+"4 a,656bE-"1 9.Bb0!!."4 1,44baE-a! 
2.54141"'04 7.262&(.141 9,CJ05bE+ra4 1,3132E .. GU 
2.6070E+04 5,8540E-'H 9,95071+04 1,1588E-01 
2,6725£+04 4,!6aa!-rn 9,9~5aE+04 CJ .. b3ibE-02 
2.1380E+04 3,665&e-01 1,0\t41E+05 1,6562E-02 
2.8035!+144 3.1327bE-01 1,00865+05 5.ft596E.02 
2.a~90E+04 2,6404!-01 1.~ll1E+05 4,0482E-02 
2,91"SE+04 2.4QCJ8E-01 1,~176E"'05 2.8082E-02 
3.0000E+04 2,4200E-01 1.0aalE+05 1.8587!-02 
3,1 912!+04 2.2975E-01 l,02b6E+05 l,178bE-02 
3,38241£+04 2,2029£ .. 01 1,0311E+05 6.S510E~0J 
3,57351E+~4 2.1098E.~1 1,0356E+0S 2.9681E-03 
3,1647£+04 2,0315!-01 1."43IE+0~ 1.0101E-0l ~ ..... , . 

3.955Q!+04 1,96171£-131 1.04qft!+05 3,8aS0E-04 
I 

I 

4.1 471E+04 1.. Cl 062e-fI)l 1.0491!+Ql5 5,S380!-05 
4.3382E+04 1.8579E-0t 1,0537E+9'3 4.8592E-05 
Q,5294E+04 1.81]2E-01 1,0582E+95 3,b444E-05 
4.720bE+04 1,117~E·i41 1.~b27E+05 3,6444E-05 
4.9118!+04 1,1481E-.ol 1.0a1iE+05 2.1119E-05 
S,1029E+04 1,121Q~-Vll 1.f4717e:+05 a,6831E-0S 
S.2941Ei>04 1.10Q1Cffi-01 1.~1~aE+05 2.429&E-05 
5."~53E+04 1.&7al~-tH 1.0801E+05 2.42CJ6E-05 
5.6 7 &51£+"4 t.&&10t. .. 0 t 1.0dSiaE+05 2.19&1E-0S 
5,8&7&E+"4 1.&502t-~1 1.~ti97E+05 2.9946E-05 
ft.0~aaE+04 t.b3CJ(JE-~1 1. ~~"2E+0S .. 4.2093!·~S 

H.132 
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PLTCVT PROGRAM OA'A 6U"MA~Y 
PIR 4 Fission PIR 4 PIR 4 Chain 1 

CONTAMINANT • TM-232 
TONS OF HEAVY METAL FACTUH. 1,0000ee 

DATA BLOCKING FACTORSt 
ENTRY MODE (1 • T(LDW"OT,~CELLS) (2 • TtLOW),T(HI),NCELLS) MODE .2 

. TIME LOlri 89.0EUIS00E+03 
TIM£ HIGH. . 1.500000E+05 
NUMSER OF CELLS • 2se 
DELTA TIMEl~CREMENT. '.050000E+02 

RAW DATA AND BLOCKED DATA 
MAX, TtME 8 1,5000E+05 
TOTAL ~EIGHT' 1.05'5£_03 

FACTORSI 

PEAk WEIGHT • 0,000 
PEAk PARCELS • 45.000 
NT. LOW. 0.0000E-e1 
NT. HI' '.0200E.01 

SMOOTHING wINOOW [CELLS)' 

~lN. TIME' 9.SS42E+~3 
TOTAL PANCELS • 0186.0 
PEAK ~EIGHT TIME. 9.7478E+04 
PEAK PARCELS TIME' 1.3831E+e5 
NO, PARCELS LO~ • 0.0 
~D, PAPC~LS hI • 0.0 

1" 

TOTAL I~VENTOR' (CURIES)' 7.057~41E.e3 
INVENTORY. UNDER THE CURRENT GRAPH (CURIES) • 
PERCENT Of TOTAL INVENTORY. 99.469 

TIME OF MAXIMUM CONCENTRATION (YEA~S). ·l,t22&25E+05 
MA~lMUM CONCENTRATION (MICROCURIES/ML). 7,3'3095E-14 

.MAXIMUM ~ATE CCURIES/YEAk). 6.155042£-08 
CDNVERSION FACTOR RATE TO CONCENTRATION. 1.191895£-06 

~ONTAMINA~T • TH-232 

TIME (YEARS)- AND RATE (CURIES/YEAR) FOR THE . 100 POINTS 

TIME' ,YR) 
9,3S25E."'" 
9.9162E+e3 
1.0604t:+"C 
t .1~!OIE+11HI 
1.18SSt.HJ4 
1.248tE+04 
1.310'E·04 
1.3132E+04 
t.a3SeE+0 4 
1,'1984£+04 
1.5609£+04 

RATE (CU/Yfo!) 
3,~60i2E .. 0CJ 
3.9&00E.09 
S.0b6eE-09 
5.9T34e.-0Q 
b.5327t.-VjCi 
'.3i1E19E-iD9 
tI.GtlSI;t.-"C; 
9,68t0t.-i?9 
1.t.,09l-llIb 
1.2"9bt.-t'e 
1.4051E-06 

Tl"'E (Y~) 
5.,,155E+04 
5.5626£.04 
S.109bE+e4 
S.8Sb1£+e4 
6.eeJ 37E+04 
6.1~"6E.04 
6.i!97C)£..+04 
6,4449f+04 
6.5920£+041 
6.'390£+04 
6.8661£+04 

H.133 

RATE (CU/YR) 
4.1393£-08 
4,7911E"'08 ' 
4.6445E-08 
4.6989£-08 
G,9S41E-06' 
S.0096E-08 
5.0646£-08 
5.1189E-06 
5.1113£-.06 
5,2215£-08 
5.2686E-Pi8 
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S.~23S!+04 t.'lt~Qi:·~8 '.0332E+a4 5.3131E"'''8 
'. 

1.bablE+0o , .• 1 :;(1 JII' .,,1 ~ '.180aE"00 5.354SE.0a 
1.148"1:+114 1.a~I.:..;,c .. ;;ij 1,327:51:+04 5.3932E-08 
1.811ac~CiJQ i.~'b(Ale .. ~ltt 7.4743E+04 5,4298£.08 
1,e738~."4 2 • Ci!~\l·Y·. ·~8 1.&iH4E"04 5.4&48E-08 
1. 93b3E +;t)4 2.:Hb1t·"8 7.1b85E"04 5,4989£ .. 08 
1.99aQE+"Q 2 .152 r,SE "'''~ 1,915SE+04 5.532bE""8 
2,0b15f:"04 2.',,,9Itr-Vld 8,9Jb2bE+04 1J,5661e·"B 
2.12"0E+~~ 2.~~3"e-\lJa 3.iH3bE+04 5.&169E.ea 
2.28b6E+0~ 2.9a"l0E-~18 8. tUUHE+04 3,&&9I.U:-08 
2.249~~+tJ4 3.~"'ge-v:a 8.&'157E+04 5.1237£-08 
2.3117!+0c1 3.1bAqt::.~·J8 fJ. 9"~8E+04 5.1783E-08 
2.3141E+0 4 1.2&C)2t:.-U8 'feU lbE+04 5.831bE-0a 
2,43b9E+04 ~. 31311:·"J8 9.3C:!69E+04 5,8824£.08 
2.4995E+~4 3.474&E·"'8 9.Sl99~+eo1 5,93"I'3E-08 
2.5620E+IclG 3.S722J:.-Wd .9.7510E+04 S.'Ul1E-aa 
2.baA&E+~Q 3.~b'5':1E-Vla 9.9ba1.1E+0 4 b.013bE .. 08 
2.b87aE.~4 3.7543E:"~8 1.~'llE+0S b.0497E-~a 
a.1497E+04 3.0J6ati-irJ! 1. ~i31!4f. +05 tJ."S22E-08 
2.8ta3E+~4 3.q08"'t..Ii:~ 1.~JS9SE.~S &.11~6E.0a 
2.&74QE+04 3, (H0l:)t:-It.1~ 1. otlth~b~ +015 6.133&E-08 
2.93741E+04 4.~,at tE-t-Jti 1.11d17E"VlS ~.149aE-0a 
3.0000!+04 4.1i15a3f:."~8 t.1C!28t:+"'5 b.t550E-!aa 
3,0&a&E+~'4 ".07Q~E·ida 1.1f.6.s9e.+05 b,1493c-0a 
3.209bE+1tl4 Q.ta09E·~O 1.1&S~E+05 &.131&E-08 
3.3Sb7E+04 ".IS8SE-;du 1.1~b~E+05 b,1",2bE-0&. , , 
3,5031Et04 41 .1913E-itJCi 1.a~73E+f4S 6.0b3ge-08 j 

.J 

3.bS08E·.v'4 .4.2403E-1d8 1.2284E+0S fJ.01S9E-08 
J.7979E+04 4.'H531:·\J~ t.2t.&95E+05 5,971bE-08 
3.944~e+ttJ4 4.310C!1:-~a 1.~1"bE.0!5 S.9262E.0S 
4.0Qa0E+1d4 4.3~&Se.01J l,a'it lE+..,S s.aS62E-08 
4.23gee+04 ".3844F.-08 1.312l'E.05 5.8538e-08 
4.38blE+04 Q.aa29/i."'d 1.3J39E+taS 5.8297E·"8 
4.5332E+VJ4 4.tl&.5l:Jt:.¥Jo 1.3::iS"'f+05 5.8131E-0a 
4.b8"'i?E+~4 4. C;04qt:-~qs 1.3'1011::+05 5.8049E-08 
4.8273E, .. Q4 4.5~aSE.ltla 1.3t.f12E+05 S.81614E-08 
4.9743E+04 4.59311:. .. 08 1.418.3E+0S s.a~H"'E-08 
5.1214Eh14 ".Et405E-ldd 1.4l94E+05 5.aQJ"9E·~8 
,.2b85E+"4 4.&89fdf.~8 1."b05E+05 S.80321!-08 

H.134 



 
 
 

 
 

 
 

 

 
 
 
 

 

 

 
 

 

 

 

 
 

 
 

 

 
 
 

 
  

 
 

 

 
  

 
 
  
 
 
 

 
 
 

 
 

 
 
 
 

 
 
 

 

 

  
  

 

 

 
 

 

 

 
 

 
 
 

 

 

 

 

, 
1.2"63E+01 5.eelSE4>e2 1.6438E.,,3 1.121eE.03 
t.28!~E.0J S.GC3bEte2 1,&526£+"3 ·1.1eS2E+Z3 
1.28"94£+03 s.eS6ef+"! 1.6614£+"3 l,e94SEt03 
t.294~E+0S 6.5881£+"2 1.6702£+03 l,e821E.03 
1,3005E+"3 6. 0 669£+02 1.6"91£+e3 1.0669E.05 
1.306I\E.,,3 ",51157£+02 1.&679E."S t.eS!2E+"3 
1.3115E+03 6.1130E+02 1,6961E."3' l.e36JE."3 
1.317f\£+eJ 6.81B6E+~i! 1,11'55£+1113 l.e186E+"3 
1.3226£+"3 9.4642£+02 t, "'seE+03 . 8.9121E+02 
1.3281E+.,3 1. II 11 4EtE'3 1.64Q5£+2I3 '.8064E+02 
1,3JI6E.+0! 1.0763E+"3 1,9139£+03 6.6567£+02 
1.3392E+03 1.1399£+03 1.9634E+03 6,0""9£+02 
l,scafE."'3 . t. 20esE+03 2.0S29E.~3 5.2374E.1II2 
1.35f2t+"3 1,26(16E+03 2.122SE+03 ' 4.6e65E.e2 
1.S558E+03 ,1.3153E+03 2.1916E+03 4.0924E+C!l2 
1,3613E+12I3 1,3666E+"3 2.2613E+03 3.6446E+02 . , 1.3668E+"3 1.416'E+"3 2.3306E.03 3,2163E.02 
1.3'21£+03 1.4546£+03 2.

'
Ul"2E+"3 2.9536E.02. 

1,3779E+"3 1.4912£+03 2.41)97£+03 2.6660E+02 
I,J834E+01 I.S263t+ fl 3 2.5392E+03 2.3962E+02 
1.3sege+tS 1,.SS53f+"'3 2.b086E+"3 2.1656E+02 
1,3945E+03 S,S6QcE+t13 2.b781E+0S 1.9616E."2 
1.400eE+eJ .1.S964E+03 2,7416E+~3 1.1184£+02 
1,4055£+03 1.5S8U~.~3 2,6170E+03 1.5969E+02 
1.QIIIOE+0J I,S744t;+~3 2,e8bs£+e3 1,4324E+02 
1.4232E+fJ3 1.5591E."3 2.9560E+e3 1,27'eE+02 
1,4320£+"3' 1,5"!lt+~3 3,l1i!5S£+03 1.1355E+02 
1,4408e+03 1,5265E+03 3,0949E+e3 1.00S1E."2 
1,4496E+03 1,StlYQE+"] 3.1644£.03 8.9283E+01 
1.458SE+03 I,G8'9E+e3 3,2339E+03 ',9031E.01 
1,4613[+01 ".468se.\1! 3,3033£+£13 ',0016£+61 
1.c76,tE+03 '1.IJ(i93E+03 3.3Ji!dE.0J 6,2452E.I'I 
I,C811~E+03 I,QJ"i!~+03 3.Q423E+03 5,5942£+01 
1,4938£,+03 1.'HtSE+"3 3,5117£+213 5.0185E+el 
1,S026E+e3 ,t.!'i~6~+03 3,5812E.(l3 4.5414E+01 
1.511I1E.03 ' 1.3753E+"3 3,65211£."3 4.1355E+el 
1,5202t:+03 1.3561E+ilJ 3,7201E+03 G,e26QE.~1 
1,529tE+"3 1.,3416£.+03 !.7ts9bE+03 3.1393E.'U 
1.5379E+03 1.3c44t.03 3,eSC;IE+fl3. 3.1187 3E+01 

H.135 



   
       

  
      

  
         

  
  

    
    

    
   

   
   
   
   
   

  

   
   

    
    

    
    

    
      

     

     
   
     

      

      

 

 

 
 
 

 
 
 

 
 
 
 

 

 

 
 
 
 

 
 
 

  

 

 

 
 
 

 
 

PLTCVT PROGRAM DATA SUMMARY 
PIR 4 Chain 2 PIR 4 Chain 2 

CONTAMINANT • AM.~41 
TONS OF HEAVY ~El~~ FACTOR. 1,300000 

DATA B~DCKING FACTORS. 
ENTRY ~OO! CI • T(~OWl,DT,NC!LLS) (2 • TCLOW),T(Nl),NC!LLS) MOO! .2 
TIM! ~OW. 1.000000!+a3 
TIME HIGH. 4.00000~E+a3 
NUM8!R 0' C!LLS • 200 
DELTA TIM! INCREMENT. 1.sa000aE+01 

RAW OATA AND 8LOC~ED nAT. 
MAX, TIM!. 5.991aE+~3 
TOTAL ~EIGHT. 1.0707!+0b 
PEAK wEIGHT. 4G00~.074 
PEAk PARCELS • 14.0~0 
Wl. LOw. ~.0~0~!.01 
WT. Ht. 1.l034!+04 

SMOOTHING wINDOW (CELLS). 

FACTORS. 
MtN, TIM!. 1.213i!+03 
fOTAL PA~CELS • ta7a.a 
PEAK ~EIGHT TI~E. 1,4275!+03 
P!A~ PARCELS TIM!. l,b225!+03 
NO. PA~CELS LOW • 0.0 
~O. PARCELS Ml • 197~0 

aft) 

TOTAL INVENTORY (CURIES). 1,083800E+0& 
INVENTORV UNDE~ TwE tU~RENT GRAPH (CURIES) • 
PERCENT 0' TOTAL INV!NTOwy • 103.911 1.libI87!+06 

TIME 0' MAXIMUM CONC!~T~Al10N (yeARS). 1.]97500£+03 
MA~lMUM CONCENTRATION (MICMOCU~leSJMLJ. 1.9Ib7]Se-a3 
MA~lMUM ~ATE (CU~t!S/'!A~). 1.b000saE+03 
CDNVe~SlON FACTON qAT! TO CONC!NT~ATION. t.t97a95E-0& 

TIME (YfA~Sl AND ~ATf (CUMI!S/YEA~) ~o~ THE 

TIME (VR) 
1.2179£+03 
1.22313[+03 
1.2286E+03 
1.Z341E+03 
l,2~q6E+\IJ] 

1.241§2,!+(II3 
l,2S01E"'03 
1.2Sb2E+01 
1.2&17E+0'3 
1.2bl1E+ra3 
l,21l8E+03 

RAT! (CU/"~) 
2.329aE.0a 
2.1alJaE.1tJ2 
2.329aE+02 
2. 4 c!b6E.QJ2 
2,1"~2E.I<)~ 
3.t~S&e..~i! 
].t4"'(tiE+Iiti! 
3,a'424~.02 
4.2181E+02 
Q,461bE+0i 
Q.'72"bt.+~a 

TIME (YR) . 
1.5t4b7E+03 
1.5SSSE+03 
I,Sb44E+03 
I.S112E+03 
1.saa0E+03 
1.51'i08E+03 
1.5qqbE+~3 
1.b~~5E+03 
1.&l73E+03 
1.&i&IE+~3 
1.b349E+03 

H.136 

1'110 POINTS 

RAT! (tU/YR] 
t.30&&E+133 ' 
1.28Q0f+03 • 
t.2714E+03 
1.253&!+13] 
t.2351E+03 
1.2179E+03 
1.20la9E+1!3 
1.1841E.03 
1.11 .. 80£+03 
1.1521E+01 
1.13&&Et01 

• 

. ./ 

.. , 
J 
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PLTCVT PROGR&~ DATA SUMMARY 
PIR4CTDTAL FUE~ ASSEMBLIES) BASE CAstl CHAIN c 
CONTAMINANT 'NP.~3' 

TONS o~ HEAVY ~ETAL FACTOR. l.ee000e 
DAtA BLOCKING 'FACTORse 
ENTRY MODE tl • TCLQW),DT,NCELLS) (2 • T(LOW),T[Hl),NCELlS) MODE .2 
TIME LOW. 1.0~A00~E+03 
TIME HIGH. 1.7e00eeE.~4 
NUMBER OF CELLS • 4~0 
DELTA TIME INCREMENT. 4.eee00~E+~1 

R'~ DATA ANO BLOCKED DATA 
MA., TIME' 1.45&0[+05 
TOTAL WEIGHT. 5.14G8E+~4 

FACTORSI 

PEA~ WEIGHT • 251.471 
PEAk PARCELS • 154.000 
WT, LOW. ~.0~0PE.01 
WT. HI' 3.S47GE+0U 

SMOOTHINg wl~DOW (CEllS)" 

MtN. TIME' 1.2044E+03 
TOTAL PARCELS • 11361.~ 
PEAk WEIGHT TIME. 1.!7eeE+0G 
PE~K PARCtLSTIME. t.42eeE+e3 
NO. PANCELS LOW • e.e 
NO. PARCELS ~1' • 4160,0 

!S 

TOTAL INVENTOR¥ (CU~IES). 6,&9220&[+04 
INVENTORY UNDER T~E CUR~ENT GRAPH (CURJES)' 5.140216£+00 
PERCENT Of TOTAL INVENTOHY. 59.136 

TtME Of MAXIMUM enNCENTRATION (YEARS). 1,434000E+00 
M'~IMUM CONCENTRATION (MIC~OeURIES/ML). 4,260102E-06 
MAXI"UM ~ATf (CURIES/YEAH). 3.556323E.00 
CONVERS10N FACTOR RATt TU CONCENTRATION. l,t Q7eQSE-06 

TIME (VEARS) AND ~AT£ (CURIES/VEAR) fOR THE 

TIME (Y~' 
1.2~0"'f.~3 
1.~i5~E+"3 
l.c!0~E+1tJ3 
1.2364£;+03 
t.2Gltif+;,lI~ 
1.2473E+03 
t.2527E+.,,3 
t.25b2E+~3 
1.2636£+.,3 
t.26t;te+03 
1.2145E"5:'3 

raTE CCU/YH) 
2.5eI4t+li'" 
2.5"'I4E+0'" 
2.5It'1t4E+li0 
2.5014E+e~ 
2,5014E+r'l0 
2.SId'4e.+ 1i10 
c.5014t+00 
2.5"'14E+"'0 
2.5289f+1i10 
2.S1Q11t.+~0 
2.6U3E+Id~ 

TIME ('rA) 
H."l?0ME+f'3 
ea..61lSe.+P! 
9.at?35E+03 
9.b153E.03 
t,01.14'E+0G 
1.f.l4~9E.0!4 
1.0b71E+Qu, 
t.l~62E+04 
1.169«1E+04 
1.210&E+04 
1.2~18E+04 

H.137 

100 POINTS 

RATE. leU/YR) 
3.52&0£+00 
J,5272E·"'0 
3.5256E+00 
3.5242£+00 
3.5256E+"0 
3,5C!3&E+ee 
S.5c30E+1!J0 
3,5231E.00 
3.5219E+00 
3,520&£+00 
1.52c9E+e0 



 
 
 

 
  
 
 
 
 

 
 
 
 
  

 
 
 
 

 
 

 

 

 
 

 

 

 

 
  
 

  
 

 
 

 

 

 

 

 

 
 

 
 
 

 

 
 
 
 
 
 
 
 

 

 
 

 

 

 
 

 

 

  

 

 
 
 

 
 

 

1,28001::+0] a,~526E+"'iI 1.a92'JE,+04 3.'274!+'00 
'"\ 

l.28S!E+Q3 a,&CJ18£.ea 1,3341E+,,4 3,53&0!+09 
1,a909E+~3 2,7350&:+00 1.37532:.1214 3,S4fl3(+Q10 
1,29t\4E+03 a,77e-]E+ra" 1,41b5E+"4 3,5551!+"1 
t,3 ra S8£+03 a,808]£+"0 1,457.,!:.,,4 1,5403£+00 
1,3073£+01 a,8221E+"" 1,4988£.,,4 3.52&1!."" 
1,3127'+03 2,835qtL+~" 1,54~0!+"4. 3,3738!+"" 
1,31S2E+143 2,84971+l4f11 1,5422£+04 3,32'34!+00 
1,323&£+03 a,8blSE."" 1.5445E+"4 3,2b91e:+0~ 
t,329S£+03 2,87731.+00 1.1J4&1£."4 3.2125£+00 
1.3349£+03 2.8 fH 1!+~0 1.!490!+04 3.154S!+"0 
t,3Ila0E+"3 2. cU.i48E ."fI1 1,5512£+"4 3.0974£+00 
1,34SS!+"3 Z·,9408E+raa 1.5Sl5E+,,4 3,04133£+00 
1,3909£."'3 2,97&8£+'10 1,5;51=:+04 2.9815£+00 
1,35.,4£+03 3,13128&+00 1,5519£+04 2,93&01+00 
1.3&S8£+03 3,0"'881+00 l,5&0a!+04 2.&9181+00 
1,3&73£+03 3,0847£+k)0 1,5b24!+04 2,848&£+00 
'.37i1E+~3 3.12017£+00 I,Sb47£+04 i.80q&E."" 
1,31821+"3 3,S~~7£.+"0 1,5b&9!+04 2,71011E+00 
l,383&e+03 3,1149E+~0 1,5&92E.04 2,129&1.00 
1.389"+"3 3.t84i!E+ta0 1.5114!+04 2,~a30[.00 
1,3945e.+03 3,t93!5!.~0 1.S13b!.04 ~,b32&!.a0 
1,0"Z0E+03 3,2021£+00 1.5759£+04 a,!b41!+"!! 
1,81181+03 3.38271+aa 1,5181!.04 2,090bE."0 
2,22351+03 3,42321."0 1.58a4!.04 2.3918!+00 
2,&3S3E+03 ],468bl+00 1.582&1+94 i,287ft£+00 
3,1I47t!.0] 3,IIS7ge+00 1.5848!.04 3,1&921."0 
3.A588!.\t] 3,51iJ37!+~0 1.587\'.04 ~,Q)4a7!.90 
3,870&1+03 3,SIS4!+"" 1.58931.04 1,90791.1313 
4,Z8241!+03 3,SaS\!.140 1.S91&E+04 1.7707£+00 
4,&941£+03 ].5iU9!+0" 1.5938!+94 1,b3261+00 
5.1ra59£+03 3.5280!.~0 1,59&1E+04 ',0992£+00 
5.511&£.+03 3,1J2S2E+00 1,5983!.+04 1.3482£+"0 
5.9294E+"3 3.~20"'!+00 1.!t1405E.Q4 1,2112£+00 
b.3412E+"3 l,lJit0!+00 1.&wa8E+04 1,1018£+00 
b,1529E+03 5,51941+00 l.b050E,+0I0 1.13435[+013 
'7,1&47£+03 3.5208E+00 1,&01]!+04 014,&080£-01 
7,57b5£+"'3 '3.523bE+Q0 1,&095E+04 8.5941£-01 
',98821+03 3,5i!32E+k)0 l,bI18£+04 ',"9l3!-01 

H.138 



   
       

  
       

  
         
   
  

    
    

    
   

   
   
  

   
   

  

 
   

   
    
    

    
    

    
     

     

      
    
    

     

      

 

 

 

 
 

 
 

 
 

  
 

 

 

 

 

 

 
 

 

 
 
 
  
 

 

 

PLTCVT PROGRAM DATA SUMMARY 
PIR 4 Chain 2 PIR 4 Chain 2 

eONTAM!NiNT • NP~23' 
, TONS OF HEAVY METAL FACTOR. l,00eeee 
OAT, BLOCKING FACTORSI 
ENTRY MODE (t • T(LOW),OT,NCELLS) (2 • T(LOW),TCMI"NCE~L&' MODE .2 
TIME LOW. 1.~eBe00E+e3 
TIME HtGH.l.10pe0eE+~Q 
NUMSEP OF CELLS • Oge 
DELTA TIM£INCREM£NT. 4.000000E.01 

RAW DATA ANO BLOCKED DATA 
'MAX. TIME. 1,4560E.05 
TOTAL WEIGMT. 5.1046[+04 
PEAk WEIGHT. 251.471 

F'CTOR61 
~tN. Tl"E. 1.2044E+03 
TOTAL PARCELS. 11361.0 
PEAK wEIGHT TIME' 1.0100E.04 
PEAK PARCELS Tl~E. 1.4~e0E+e3 PEAK PARCELS. 154,000 

WT. LOw. e.00e9E-01 NO. PARCELS LOW • 0.0 
WT, HI. J.S4'~E+04 NO, "RCELS HI • 4160,0 

SMOOTHING WINDDW 'CELLS)' 25 

TOTAL INYENTORV(CURIES) c 8.&92206E+04 
INVE~TORY UNDER ,wE CURRENT GRAPH (CURIES)' 5.129139E+04 
PERCENT OF TOTAL INVENTORY c' S9.e08 

TIME O~ MAXJPUM CONCENTRATION (YEARS). 1,362000E+04 
MAXIMUM CONCENTRATION (MICROCUPI£S/ML). 4.235171E-06 

'MAXIMUM :RATE (CURIES/YEAH). 3.536011£+00 
CONV£RSI0~ FACTOR RATE TO cU~Ce~TRAfl0N. 1.19'6~5E.06 

TIME (YF-ARS) ANt> RATE (CURIES/VEAP) FOR THE 100 POI~TS ' 

TtME (YIi) 'ru TE (CU/YR), TIME (YR) RATE (CU/YR) 
1.2C'00£+03 2."882E+00 6.55150£+03 3,5250E+00 1,,255E+03 2,aeS2E+00' a.Q106E+01 3,5263E.00 1,230ge+03 c,0862f.+1r'I0 9,3912£+,,3 !,529~£+00 1.2364£.03 e .1\862E+tl0' 9,6116£+03 3.5262E+0PJ . 1.l418E+03 ?"e8~E+00 1."aS2£+~Q 3.5161£+00 t.e413E+03 2.1IJ862E+e~ 1."653£+04 3.S31216E."" 1.2527E+03 2.086~E+0C5 1. H"14E+e4 3.5236£+00 
1.Cl562E+~! 2.0882£+.'0 1.14'4£+(114 3,5237£+00 1.P1l36E+03 c.t521E+ai' I.J9tSE.('!4 3.5194£+00 1.2691£+03 2,2419£+210 1.cJ!5E+04 3,5178£+00 1.2145E+03 ~. 34361:HH' 1.2156£+".:1 3.5112£+00 

H.139 



 
 
 
 

 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

 

 
 
  

 

  
 

 

 

 

 

 
 
 

 
 

 
 

 
 

  
 
 
 

 
 

 
  
 
 

 
 
 
 
 

  

 

 
 
 

 

 

 
 

 
 

 

 

 

 
 
 
 

 
 

 

  
 

 

 

 

1.2aa0!.0l 
1.28S5E+03 
1.i909!+al 
1.29b4E+03 
1.30'S!+"] 
1.3973£+"3 
1.3127&;+03 
1.l182e:+0] 
1.3236&:+a3 
1.3291l!+0] 
1.3345£+03 
1.140ae+03 
1,3455£+03 
1.]50~E+0] 
1.35b4E+03 
1.3&18E+03 
t.3673E+0] 
1.3727E+"'3 
l.3782E+03 
1.J836!+03 
1.3S91E+03 
1,3945E.+03 
1,400~E+~U 
1.~a{rUtE+i/ll 
2.2412!+03 
2.661S!+"3 
1.0924E+03 
3.5029E+0] 
3.Q235E+03 
4.3441E+03 
4,7647£+03 
5.1853!+03 
5,b0 S9e:+03 
& .,~a&5E+0] 
b.4 tHtE+0] 
~.86"bE+0] 
7.28a2e.~3 
1.7088E·~3 
8,12~uE.0] 

2 ~439·4E.00 
2.5352£+00 
2.63t0E+~0 
2,72b8iE+0!a 
2.1'J'75E+00 
2,8181E+00 
2.1J187~+00 
2.8S~4!+00 
l,8Sg0!+09 
2.9006E+"0 
2,fJ2t2E+~1r) 
2,9418£+00 
2,999")E+~a 
],~48ae+a0 
],t0t4f+"0 
1,tS4bE+00 
3,a"7aE+~0 
3.~!at~f+flJ0 
],]14le;+0~ 
].33~5F.+(Q~ 
1.1""'QE+00 
3.3463E+.a0 
3.]5t8E+"13 
3.4~74E+00 
1.44~2E+210 
3, ~b9~JE +~0 
l.484 3E+00 
1.51a3e:+IIJ0 
3.S2&7E+00 
3.5300E+00 
J.!219E+1ti0 
3.S30se+1d0 
3.5a10E+~QI 
3.S181!+0~ 
3.S1SSf.+00 
1.S2S1Eh10 
3.S179t. ... 00 
1.'5a0&Etra0 
1.5311E+00 

1.317&Et04 
1.35'l7!.04 
1.4018!+04 
1.4438E+04 
1.4859!+04 
1.sa19E+04 
1.570"E+00 
1.ea121!+90 
1.61l4E+04 
l.bI41!+"4 
1. bU»1 c+0~ 
1.bI74E.04 
1.!a187e:+04 
1.baalE+04 
1.&214£.04 . 
1.6ia1E.04 
1.&241E+Ql4 
1.~254!+00 ' 
1.&~b7E+04 
1.bi:!81E+0G 
l,~2q4!+04 
1.&l07!+04 
1.bl21e:+04 
1.~334E"04 ' 
1.tt341E+04 
l,bl&lf+04 
1.b37GE+04 
1.&l87!+04 
l,&4:dlE+04 
1.b414!+134 
1.~427!.04 
l,&441E+Ql4 
1.&"'4E+04 
1.64b7E+04 
1.6451£+04 
1.&494E+04 
1.&SQl7e+04 
l,bS21E+04 
1.&534E+04 

H.140 

3~53I3l!+"0 
3,535&£+00 
3.330&E+00 
3,50i5E+00 
3,3990£+010 
l,2807E+00 
a,8671!.!:!0 
4.456&E.C!1 
4.1524E-01 
].8483E-01 
],5I.UUe-01 
3.2399£.01 
~,9157Ew01 
2,b31&£w(l)1 
2.3274E·~1 
2.0212E·'H 
t.71 9 0E"01. 
1,4149!.al 
1,llt37E.tU 
8.06511.02 
5,1?I233E.02 
1.9815E-02 

-1,0&02£-02 
-4,1020!-02 
-7.1437£-02 
-1."18SE-al 
-S,3221£-01 
-1,62&9£-131' 
1III1,9311!w01 
-2.2353£-01 
-a.S395Ew01 
-2,8431£.01 
'w3,1419£.-01 
-3.4521!-01 
.l,7S63E.01 
-4.Aet05E-01 
.. 4.36 4 7E.01 
-4.et'68'lE·"1 
-4.'l111E .. 0t 



   
       

  
      

  
        

   
   

    

    

    
   

   
   
   

   
   

  

   
   

    
    

   
    

    
      

     

      
    

   
     

      

 

 

 

 
 
 
 
  
 
  

 

 

 

 

 

 

  
 
  

 
 

 

 
  

 

PLTCVT PROGRAM. DATA SUM~ARY 
PIR 4 Cha;n 2 PIR 4 Cha;n 2 

CONTAMINANT • NP.2S1 
TONS OF· ~EA~Y ~ETAL FACTOR, 1,000000 

DATA SLOCKING FACTORSI 
ENTRY HODE (1 • TCLOW),OT,NCELLSl (2 • TCLOW),T(Hr),NCELLS' MODE -2 
TIME LO~. S,0~R~0~E+04 
TIME HIGH. 1,400000E+05 
NUMBER OF CELLS • 300 
DELTA TJME INCREMENT. 3,000000E.02 

RAw DATA AND BLOCKED DATA FACTORS' 
HAX, TtME' 1,4560E6 05 ' 
TOTAL WEIGHT. 3,5231£.00 
PEAK wEIGHT. 252.102 
PEAK PARCELS • 29.000 
WT. LOw. ·5.1538£+04 
WT, HI' 1.4125£+02 

SHOnTHING WINDOW (CELLS)' 

.. 

MIN, TIME. 1.2eOQE+03 
TnTAL PARCELS • 4129.e 
PEAK WEIGHT TIME. '.8SS0E.04 
PEAk PARCELS TIME' 7.5350£+00 
NO. PARCELS LOW'. 11373.0 
NO, PARCELS HI • 19.0 

Ie 

TOTAL INVENTORY (CURIES)' 8.692206E+e4 
INVENTORY UNDER THE, CURRENT GRAPH (CURtES) • 3.429562E+04 
PERCENT OF TOTAL INVENTORY. 39,456 

TIM£ OF MAXIMUM CONCENTRATION "fYEARS)' 1.83see0E+!O 
MAXJ~UM CONCENTRATION (~ICROCURIES/ML)' S.8S48~0[-e1 
MAXIMUM'RATE (CURIES/VEAN). 4.661~48E·01 
CONVERSION FACTOR RATE TU CONCENTRATION'· 1.19'8~5E.e6~ 

TI~£ (yEARS] AND ,RA'T£ (CURIES/YEA~l FOR THE 

TIME eVR) 
5,0150[+04 
5,l Pl 41E+04 
5.S~Q4E+"4 
5,2641£+04 
5.3736~+0C 
5.4635£+04 
5,SS3~E"'04 
5.bae~E+0G 
5,7~26E+04l 
5.6223E+0G 
5. fH20E+04 

raTE (CUlyR) 
4.4512E-02 
5.e1 79E-02 
6. S817~-,0c 
1.~9t4f.01 
1.37~S£-""1 
1.638se-et 
1.6~"3Ea"'1 
2.'4110E-01 
2.3739£allll 
2,59C;2E.-"'1 
2.8"3&!E-0 1 

, TJME [VR) 
~.S000E.04 
9,5691£+04 
9,tl794E+0D 
9.1tJ91E+04 
9,8588E+04 
C'i.9Cle5E+214 
1,01D3SE+05 
1.~jl~8E.0S 
1.~HH8E+05 
1.03~7E+05 
l,.lU97E+05 

H.141 

UI0 POINTS 

RA'TE (CU/YR)" 
4.6417E-01 
4.6564£-01 
4,6703£-01 
4,6823E-01 
4.6~ISE-01 
4.6972E-01 
4.6990E-01 
4.69&6E-01 
4,6901E-01 
4.6601£-01 
4.6611E-m1 



 

 
 

 

 
 

 

 

  

  

 

 

 

 
 

 
 

  

 
 
 

 
 

  
 
 

 

 
 
 
 
  
 

 

 

 
 
 

 
 
 
 

 

 

 

 

 

 

 

 
 
 

 
 

 
 

6.0131'1+94 2.99'6!-01 1.0487!+05 4.6521!-01 
6.Q9t4!+0C1 1.t786!·.at 1.1a57e.e:+eS 4.636eEe01 
6.1S11£+"4 3.3465!-SI 1.0bb6E+0S 4.6200!.al 
&.270l'!+04 3.5021£-01 1.07S6!+05 4.b050E-01 
61.360gE+04 3.6464Ee~H 1.0t:S4bE+05 4.S919E-01 
6.4!02!+W4 3.780S!-"1 1.093SE+"S 4.5814E-01 
6.539Qe+04 3.Q055Ee01 1.I~a5!+05 4.5739!.01 
6.62961+04 4.~227Ee"l S.IIIS!+05 G.5695E-01 
6.7193£+04 4.t329!-01 1.1204E+05 4.5678E-01 
6.8090!+04 4.2]69E-0S 1.li94!+05 G.5682£-01 
6.8987!+04 G.33StE,...,! t.1384!."5 4,5697£e01 
6.9884!+04 4.4216£e01 1.1473E+05 4.5706!.01 
?018IE+04 4.9140E-01 1.IS63!+0! 4.!696!-01 
7.1678£+04 4.5~37~-01 1.1b53;.05 4. S.bIl4!.-0l 
7.2575!+04 4.665<JEe"1 1.174]1£+05 4.5529E-1U 
7.3472E+04 4.1a93E-"1 1.1832E+03 4.5332£-01 
7.4369!+04 4 • .,a32!e0! 1.1 922£+05 4.5029E-01 
7.5266E+04 4,B2et4E-IiS 1.2012E+05 0.4601!-I31 
1.61blE+"4 4.85S2!-01 1.2131!+09 4,4029E-as 
7.7060!+04 4.8785!.l/tl 1.2191E+05 4.J102E.01 
1.7957!+04 4.8872E .. 01 1.2281E+05 4.2405E-01 
7.a854E+04 4.8850E-01 1.a310E+05 4.1337E"'H 
1.Q751E+"4 4.8730Ee01 1.2460!+05 4.0092E-01 
8,0b43£+"4 4.8527E·~t 1.i5S0!.0! 3,8671!""1 
8.1545E+B4 4.8259!-~1 1.2ft40E+"5 3,1084E.01 
8.24I1ae:+04 4.'94b!-"1 . 1.2l29E+'05. l.5337E.01 .. 

8.3339E+04 4.'bt0t:.e01 1.2fHcU:+05 3.3442E.01 
8.4236£+04 4.'272E·"'1 1.2909£+05 3.141bE-01 
8.5133!+04· II. ~90<J1!.lcl1 1.2998!+03 2.9273£-01 
8.60]0!+Yl4 4.663bE-I/J! 1.3"88£+05 2.7033E-01 
8.b9i1E+04 4.6407E-01 1.3178£+05 a.4l16!."1 
S.1824!+04 4.6209E-'11 1,3261£+05 2,2339EIIIVll 
8,&12t£+04 4.6068£-01 1.3351£+05 1.9924£.01 
&.9&18!+04 4.5984E- lrH t.34la?!+05 1,7481E-01 
9.0515E+04 4.5955e-(41 1.3531E+ra5 1.5017E-01 
9.1 Q12!+04 4.5978e-i51 1.3bi"!+1iiI5 t.2596E-0t 
9.2309E+04 4.b044E-0, 1.371b£!+05 1.0116E-31 
9.320e.e+04 4.614b!-'" 1.380bE+05 7.62tl!1I!I0Z 
9.4t03!+fd4 4.6214E-01 t.llS95E+05 5.'1a08E-02 

H.142 



   
       

  
      

  
         

   
  

    
   

    
   
   

   
   

   
   

  

   
  

    
    

     
    

    
      

     

      
    
    

     

       

 
  

 

 
 

  

 

 
  

 
 

  

 
 

  

 

PLTCYT PROGRAM DATA SU~M.RY 
PIR 4 Chain 2 PIR 4 Chain 2 

CDNTAMUiANT • U-233 
TONS OF HEAVY METAL FACTOR. 1,000000 

DATA 8LOCKIN; FAt~O~SI 
ENTRV ~OOE Cl • T(LDW),DT,NCELLS) (2 • T(LOW),T(HI),NCELLS' MOOE c2 
TIME LOW - 2.e0000AE+e3 
TIME HIGH- 1.JR0000E.ZS 
NUM8ER DF CELLS • see 
DELTA TIME JNCRE~ENT. 2.56000AE+02 

RAW DATA AND 8LDC~ED D.T, 
HAX. TI~E. 1.3'05f.05 
TOTAL WEIGNT. 1.5t91E+04 
PEAK ~EIGHT • 10,,149 
PEAK PARCELS • t53.0~~ 
WT. LOw. 4.b1i0E-01 
WT. HI. 1.S057E.01 
6MOO'~ING wINDOW (CELLS). 

FACTORSI 
~rN. TtME. 1,6632E.03 
TOTAL PARCELS • 126QS.0 
PEAK WEIGHT TIME. Q.~600E+04 
PEA~ PARCELS TIME. 1,~208E+04 
~O. PARCELS LOk • ~,0 
NO. PARCELS HI • 9,0 

~tII 

TOTAL JNVENTOPV (CU~IES) ~ 1.5~0b54E+e4 
INVENTOR~ UNDER THE CURR~NT GRAPH (CURIES) I 

PERCENT OF TOTAL INV£NTOWY. Q9.b84 
1,5t5643E+04 

TIME OF MAXIMU~ CONCENTRATION (VEARS). 9,454400E+04 
MA~lMUM CONCENTRATION (MltROCURIES/ML). 2.102254E-01 
MAXIMUM RATE tCU~JES/V£AP,). 2.255S3SE-01 
CONVERSIO~ FACTO~ RATE TO CONCENT~ATION. 1.19'S95E.~6, 

TtME CVFARS] ANO QAT£(CUHIES/YEAR) F~~ T~[ 

TIME (Y~). 
2.1280£+03 
2.9Tc6E+03 
3,61'2E+03 
~.66t6E+1(13 
5,50"4[+03 
6.351~E+k13 
7.t QSf.E+r3 
8,~40~E"'tl3 
~.88ibEHl3 
9.7~fiSE+03 
l.ttt574e. ... i{l4 

RATE (CU/Y~) 
2.tS05E.~3 
2.8cH 11::-03 
G.'!I:q33E-~3 
S.92]lE-~3 
6.9368E-03 
8.28T4E-k13 
1. 0I 1t2E-0 2 
J.18~0E:.·1tI2 
t.~'708t:..0i! 
,.,4T8E-"2 
2.2&5bE.-~2 

TIME (Vrn 
6.1433£+011 
6.3345E"'04 
6.5256£ ... 04 
6.1166£.04 
6.90&IOEH'JC 
'."'992E+04 
7.2903£"'04 
1.4815E+04 
1.b727E+"41 
7,~63C;E+04 

~.1lJ551E+04 

H.143 

100 POINTS 

RATE (CU/Y~' 
',7337E-01 
1,',1211E-01 
1.8238E-G51 
1,6718E-01 
1.9129E-01 
1.9485E-01 
1.9621E .. 01 
2.0071E-01 
2.~239E-01 
2.0388E-01 
2.0598E-01 



 
 
 
 
 
 

 
 

 
 
 

 

 
 

  

 
 

 
 
 
 
 
 
 
  
 

 

 

 

 
 

 
 
 
 
 

 

 

 
 
 

 
  
 

 
 

 

  
 

 

 
 

 
 

 
 
 

  
 

 
 
 
 

 
 

 

 
 

 

 

 

 

....... 
1.1419!."4 a.B4CJl&E-raa 8.2462E+04 2,0853£·"1 '. 

1.i26]!.04 3.71431::-02 8.4374E+04 2.1009E.01 
1.310Se:.04 4.8042f-fli! a.~a8b!+04 a.ll36e .. 0, 
1.3952!+04 5.9299E-02 a.tH98E+04 2.t742E-ai 
S.4191e:+04 7.2332!·02 9.0109E+"4 2.1997E-01 
1.5642£+04 8.8a17E-02 c).2~jUE+04 2.2240e:.al 
t.6 11 86£.04 t.a33)!-"l 9.1933e:+04 a.2116Se-at 
1.7331e:+04 1.S24 6E-01 CJ.S845E+"l& 2.18 Qne:-01 
1.8176E+04 l.a0]4!-". C).bB?"!"'''4 2.0935E-"1 
1.9920E+04 1.2893!-01 9,7~9bE+04 1.9748E-01 
1.9865E+04 t.322&!-01 9.892C!E+04 t .8a78ElI~H 
2.,,709!+04 1.3 IHSE.litt 9.9941E+04 1.634111E-C!1 
2,IS54!+"4 l,544lE-0t S,"0971!+a~ S.4l35! .. 01 
2.2399e:+04 1.7ISlE-a! 1.0a0"!+05 1.21159!-01 
2,324]!+"G l,751bE.01 1.ca302e:+05 1,0944!-01 
2.4088E+04 1.51Ibl!.IU 1.04QSE+"S 9.78b3E.02 
2.49l~E+a4 l.2l&5SE.01 1.0508£+03 8,&80&£-a2 
2.5777E+~4 8.Q249Ew1ll2 l,0bl1dE+03 7.8002E-"2 
2.66222+"4 &,1148e.02 1.~713E+05 ",3091E-02 
2,74&bE·~4 4.7129E.02 l,iI1~lSE+flIS 6.981lE-02 
2.8311E+~4 4.7221E.02 l,0918E+05 6.6a05E-02 
2.9155E+~4 4.96t3f-02 1.1"20E+05 6,3876£ .. 02 
].0000£+04 5,330SE1I02 1,1123:;"05 6.1533E-02 
3.gea5E+04 5.702itf.-"Cl 1.1i26E+05 b.S094E-0.l 
3.27 S"E+QII 6.4495E-1iJ2 1.1l~aE+05 S.se-G6!-e.! 
3.4bb8E+04 '.2412£-02 1.1 1431(+05 5,5249:;-02 
3.6580E+04 8.l1Jb29E-02 1.1533£+013 5.08132E-02 
3,8492(+04 3.870se-0a 1.1b3&E+05 4.6386E-02 
4.0403£+04 9.7519(-212 ' 1.1738:;+05 4,1538£-02 
4.2315£+04 l,0584E-1U 1.1841£+05 1.B0GHE.02 
4,4221E+04 1.1489E.0\ \,1944£+0«.1 ].4901£-02 
4,&139!+04 1,2330E-01 1.a""'bE+0S 3.2392E-02 
4.8050E+04 1.3164E-01 t.2149E+05 3.1365£-02 
4,9962E+04 t.3921E-1tJ1 1.2C!51E+05 3.0493E-0i! 
5.1874!+04 1.1.1708t·CI)I 1.2354E+Ql5 2.9036E-02 
3.318&E+04 t,541C!E-01 1,a4 5&E+05 2.b134f-0i! 
5.5~Ql'E+04 t,5Q24!-.e01 t.25t;ClE+05 2.3089£-02 
5.1&09E+et4 1.&44lE-01 t,~b62E+05 2.1B45E-02 
5.95iSE+~4 l,b9t0t-01 1.2164E+05 1.7QJ22E.02 

H.144 



   
       

  
      

  
         
   
  

    
    

    
   
   

   
   

   
   

  

 
   
   

    
    

    
    

    
      

     

      
    
    

     

       

 
 
 

 
 

 
   

 

 

 

 
 

 

 

 

 
 
 
  

 
 

 
 
 
 

 

 

PLTCVT PROGRAM DATA &UHMJ~V 
PIR 4 Chain 2 PIR 4 Chain 2 

CDNTAMtNANT c TN-229 
TONS OF HEAVY METAL 'ACTOR. l.eeeeee 

DATA BLOCKING FACTORSI 
ENTRY MDDE (1 • TfLOW1,OT,NCELLSl (2 • TCLOW),T(Ht),NCELLS) MODE -2 
TIME LO~. 1.000000E+04 
Tl"£ HIGM. 1.see00~E+eS 
NUMBER OF tELLI • l~Z 
DELTA TIME INCREMENT. 1.400000E.03 

RAW OATA AND BLocKEn bAT A 
MAX. TIME. 1.49'OE.05 
TOTAL WEIGHT - '.4682£+02 
PEAK ~EIGHT • 51.434 
PEAK PARCELS • 25.000 
WT. LOW. '1.1732E.00 
WT. HI-. e.ee00£-01 
SMOOtHING'WINDO~ (CELLS). 

FACTORS' 
MIN. TIME. l,9676E+03 

'TOTAL PA~C£LS. 914~0 
PEAK wEI~HT TIME. 1.1S5~E.0S 
PEAk PARCELS TIME. 6.5300£.04 
NO, PARCELS LO~ • 26.0 
NO. PA~CEL6 HI • 0.0 

10 

TOTAL III/VENTORY (CURtES). 1.499956E.02 
INYENTORY UNDER THE CURRENT GRAPH (CU~IE6' • 
PERCENT OF TOTAL INVENTORY. 93.649 

TIME OF MAXIMUM" CONCENTR.TION (YEARS). 6.070000E+04 
MAXIMUM CONCENTRATION fMICROCURIES/ML)' 9,661395£-09 
MAXI-OM RATE (CU~rES/Y£A~). 8.23i2~9E-e3 
CONvE~S10N FACTOR RATE TO CONCENTRATION. 1.197895E-06 

TJME (YEA~S) ANn RATE (CUHIES/YEAR) ~OR THE 

TIME-CY"'. 
1.070~E.04 
1.2086E+ilQ 
1.:U12E+04 
1.4858E+ID4 
1.t>c'lQE·ff.4 
1.7&30£·04 
t.~016E"0Q 
Z.0402E.04 
l.J188E+k)4 
2.:U 74E.~UI 
2. GSbt'E+tJ4 

RATE (~U/YR') 

"3.3460E-04 
9.34£,0E-0" 
1."'2et:-~3 
S .22".,E-03 
1.3'''3eE.~.s 
1.5462E-0] 
t."22SE-~3 
1.qft'62Ea~3 
2.1,,34E-03 
2.3080t.-"3 
2.52el~·~3 

TIME (VR' 
&.0000E+04, 
6.1366E+04 
8.2772£.04 
6.4158£+04 
e.S544E.04 
ti.~930E.04 
8.&316E+04 
6.91112E+04 
9.1~alSE+p4 
9.241GEH~4 
9.3eb0E.~4 

H.145 

100 POINTS 

RATE CCU/YR) 
6.2289E-133 
8.2301E-03 
8.2204E.03 
8.1995Ea 03 
8.1672E-03 
8.1236E-03 
8.0685E-03 
8.0022E-03 
1.9246E.03 
7,8361E-03 
1.'370£-03 



 

 
 

 

 

 
 
 

 
 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 
 

 
 

 

 

 

 

 

 
 
 

 

 

2.594"£+94 2.1494!-03 9.520"!+00 7;62tSE."3 '. 
2.7332&:+04 2.93&flIE~a3 9,66321."4 " ,508a!'''3 
2,87181+a4 l,t3CUE-0] 9.811t18!."'11 7.3189!e03 
3.01"41+04 3.3238£-03 9,9404Ih011 ',24a8e."3 
3,14901+04 3.919a!w03 1,aa79!+15 1,0940!w03 . 
3,2B76!."4 3.71'52!·03 l,a211!+"S 6,93901w03 
3.4262!.all 3.9118!-a3 1.ral56!+"5 6.7764£-11] 
3.5648r;+B4 4.taSlE-a] 1.a495E+as 6,6066&:."3 
3,70l4!."11 0.3040£-0] 1.06l]!.,,! 6.0]B0!w0l 
3.8420!+94 4,4983E.fI] 1.0772!+0S 6,2473E-"3 
3.98a6!+04 4,&906E-0] 1.09UE+0! 6.0594E-133 
4,1192E+a4 4.88'it0!-03 1. UtoCJ!.", 5,8&671.0] 
4,25781.04 5.3678!."] 1.11881£+0' 5.61rl1!-"3 
0.]9641+"4 5.25371-03 1.1326!+95 S.1I705!-03 
4.5390!+04 5.4374!-03 1.I,c.S!."5 5.2684E,I3] 
1I.6736!.9. 5,6185E-03 1,1604!+05 5,06411-03 
.,St22!+"4 !,1964!-03 1.1742!.135 4,86GUe:·,,] 
4.95!UI."4 5.9709t-03 1,1&811+05 0.6530£w133 
5.0894E+04 6.1414!-03 1,2019!+05 4,taS03!-"3 
!5,iiZ80E+04 &.3078E-~] 1,215se+0S 4.a460!.'" 
!5.3bb6!+04 &.4b<J5£-03 1.~~97E."5 4,"017E-213 
5.9052£+"4 6,6263E-0] l.a435e+"5 3.8382E .. ,,] 
5.o4lS!+0" b.7l80e-0l 1.a5l4!+05 l.6]6"! .. 0] 
5.7824!+04 6.9i!43E-03 1.211 ae+0S l.435S!.-0l 
5,9213!."4 7,"'b47!-a] 1,2851!+2IS ].2381E-0] 
6,059~!.04 7,19891!-03 1.2990£+05 3.a4l!!-"] ", 
b.1 98ae.,,4 7,J2b5!.03 1.lI2S!+"! a,8S2!!-"], l 

,"/ 
.. 

6.33b8!+04. 7,447a!-"3 l,la&}!+"5 a,b6S?!-"] 
b.4154!+04 ',56iabE-0] 1.l41175!+05 2,4834! .. 0] 
b,61 40£+04 7.6663E-03 1,3544!."5 2,303]£-03 
6,1526!+04 ',7b39E-03 1.lbS3!+0! 2.t"l4!-"] 
b.891~!+"4 7.8531! .. 03 1.3821!+0S l. tH37E-03 
7,0a98e+"4 7.933SE-~3 1,3960!+05 1,1340!,,213 
7.1&84!+04 8,0048!-03 1.4098!+0! 1,5642!-"3 
1,3010E+04 8.;I)6&8!-"'3 1.4al7E+05 1,4040E-0] 
7,4456!+"4 8,1193E.~3 1.4l76!+0' l.iS33E-"3 
7.5842E+04 3,lb19E-03 1.11S14!.,,! 1.tl18!.03 
7.7228!+0A 8.t945E-143 1.4bS]E+"! 9.7930f-"4 
7.8614!+04 8.211~E."] 1,4791!+215 a.5564r;-04 

H.146 



   
      
  

      
  
         

   
  

    
    

    
    
   

   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
    
     

     

  

 

  

       

 

 

 
 

 
 

 

 

  

 
 

 
  

  

 
 

 

 

 

 

 

" 

( 
- '.-

PLTCVT PROGRAM DATA SUMMARY 
PIR4(TOTAL fUEL ASSEMBLIES) BASE 
CONTAMINANT • U-238 

TONS OF ~EAVY METAL 'ACTOR • 
DAT, BLOCKING FACTORS. 

" 

ClSEI CHllN ! 

1.000000 

ENTRY MODE (1 • T(LOW),DT,NC£LLI) 
TIME LD~. 7.ee~e0eE.03 

(2 • T(LDW),T(HI),NCELLS) MODE .2 

TIME HtG~. 1.100000E+"5 
NUMBER OF CELLS • 
DELTA TJME INCREMENT. 

RAW DA'l AND BLOCKED OATA 
MAX. TIME. 1.1~11E+05 
TOTAL WEICHT. 2. G46IE+e4 

FACTORS' 

PEAK WEIGHT. 636.159 
PEAK PARCELS. 129.000 
WT. LOW. 0,0~0'E-01 
~T. HI. '.07b6E,-01 
SMOOTHl~G WJNDOW fCELLS). 

MIN. TIME. 6t36T2E+0S· 
TOTAL PARCELS • 5816,e 
PEAK WEIGHT TIME. 1.10Q3E.04 
PEAK PARCELS TIME. 1,6528E.04 
NO, PARCELS LOW • e,e 
NO. PARCELS HI • 136," 

20 

TOTAL I~V~NTORV (CURIES). 2.446161E.01 
INVENTORV UNDER T~E CURRENT GRAPH (CURIES) , 
PERCENT Of TOT~L INVENTORY • 100.244 

2.452IS6E+"0 

TIME OF MAXIMUM CONCENTRATION (YEARS). 1,96t150E.00 
"AIIMUM CONCENTRATION (MICROCURIES/ML1. 1.206078E-.,6 
MAkIMUM R~TE (CURIES/VEAR). 1.00850IE.00 
CONVERSION FACTOR RATE TO CONCENTRATION. 1.191895E-e6 

TIME (Vf'RSJ ANO'~'TE (CURIES/YEAR) FD~ THE 

TIME (yIO 
B,2875EH13 
9,006IE+lJ3 
9.724&E+03 
1.0443E+~4 
S.St62E+~" 
1.188I'1E+04 
l,c5liiliiE·04 
1,3311E+04 
1.4C036E+04 
1.4755E+04 

RATE (CU/YN) 
I,T8GIlE·"1 
2.66~6E.01 
4,511&E-01 
S.c904E·"1 
5,825IE-01 
&,814if..01 
'.5948E-01 
6.2960E-01 
6.C)111E-"1 
~,314IE ... 01 

TIME (YR) 
6.2366E+04 
b, 4i!! 9E.0Cl 
6.&01i!E+04 
b,19c4E+04 
6.9111£.04 
7.163f!E+"4 
1.3483E.04 
1,5336E.04 
1,lU!9E.04 
1.9042E.04 

H.147 

t 0fl POINTS, 

RATE CCU/YR] 
I.S440E-01 
1,,3446£_01 
1.3452Ew"l 
1.3429E-01 
1,3403£e01 
1.3401E.01 
I.S411E-01 
1,3422E-01 
1.3398E-01 
1.3386Ee01 



 
 

 
 
 

  

 
 

  
 

 
 
 

 
 

 
 
 
 

 

 
 
 
 

 
 
 
 

 
 

 
 
 
 
 
 
 
  
 

 

 
 
 

 
 

 
 

 
 
 
 

 
 
 
 
 
 

 

 

 

 
 
 

 

 

 
 
 

 

 
 

 
 

 
 
 

 

 
  
 
 
 

 
  
 

1.5473E+04 9.5723E-01 8."a95e.{iJ4 t.3319!·~1 
1,bt9~!+"4 9.7825E-el 8.2748£.,,1 S.3363!.a, 
1.6910£+04 9,9514!.01 8.4b01£+04 1.3289£.01 
1.1b29£+04 9,9815£.01 8.b454!.04 l.l"5!.~t 
1.8l17!+04 1.001&!+00 8.8l01!+04 1,31l2!.'" 
1,906b£+04 l.aa!)7!."0 9,01b0!."O l,llt2!."S 
1.918Ie+"4 1.0084i."" 9,2013!+"4· l,2891!."I 
2.0'0]!+04 I ,""to!+00 9,3866E."" 1,2516!."1 
2.1222£+04 9,19071.01 9,5719E+Gl4 1.23211!."1 
2,11I1"!+011 9.la33!.'" lI.blb5£+"" 1.2330E •• 11 
2.2&59£+04 8.9124£·"1 9.6bI21+04 l,ala"!.,,s 
a.l3??!+04 8.IS18!.01 9.'''59E+''4 1.2249!.01 
a.409-'E+04 '.2516£·"1 9.7505£+04 l,aaSl!.GlS 
a.1I814E+04 b.2121E.01 9.7952E+04 1,18SSE.GI1 
a.5531E+"4 5,lll2Il1.0t 9.8399£+011 l.tSUtE."1 
2.6252E+01 4.t34S!-01 9.5tSllbE+Ql4 t.~191E.0t 
2,6910E+04 3,2b14e;-01 9.9i92E+"4 9,1862£.02 
2,7689£+04 2.-SSaae.·Ot t 9,9139E+04 8.&595E-"a 
2,8401E+04 2.0\44E-01 l,0~19E+05 7,5084£.02 
2.912&E+04 1.694&E·~1 t.0~1)3E+05 &,3111£-02 
a.9844E+1ct4 1.!1~3!..ral l,~H08E+"5 !,2S95E.a2 
3,,,563£+04 1,4370£-01 1.0153E·."jlJ5 Q.0120!-~2 
3,1281E+04 1,405U.-til l 1.0191E+05 2.9173!~02 
3.l000!+04 I.Grall!.Gll t.raaQ2!+05 2,a7021ea2 
3.2119E+04 1.4020£-91 l,raaS1E+"S 1.4433!-02 
3,I"2E+04 1,3861£-111 t.0l31e+"5 9,6574£.9] 
3,6424!+04 l.l7A!!-"! 1.0376E+05 1J,867&!.1iJ3 / 

3.8217£.04 1,3711!-"1 1,04 21E+a5 2,92812.03 
4.0130E+04 1.362bl!-141 1.04&5E+05 8.0~25E."" 
4.1 983E+04 1.3605!-91 1.051"!+05 3,0988£.05 
4.383bE+d4 t.]S22E·"1 1.1d555E.QJ5 2,¥l81lE.05 
1,5b/j9!+04 t.1455E-01 \.0599E+05 1,6882!.05 
4,l'J42f.,+04 t.1419E-01 t,~t.t44E+05 1.&911£-05 
4,93951::+04 1.]443E-01 1.0bage."5 1,&839£.05 
5.124"E"~4 t.34S2t.-01 1,013]E""5 ',42eaIlE.as 
5,3101£·04 t.142ZE-01 t.0118E+05 1,212b!.05 
5.G954E+164 l,3401E·~1 1.0823E+0S 1.5185£ .. 05 
S.68Z7E+04 t.140lE-f41 1. 0I &b7EtoPl5 1,518S!-'" 
5.8b!t0E+tII4 t,ll&3at-01 1.091iE+(itS 1.2111!·95 
b.0'H 3e+"'4 t,345b!-01 1,0957£+05 l.aI48E.QJS 

H.148 
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PlTCVT PROGRAM DATA IUMMARV 
PIR4(TOTAL fUEL ASSEMBLIES) BAlE CASEI"CHAIN 3 
CONTAMINANT a U-234 

TONS OF HEAYY M[TAL 'ACTOR. 1.eeeeee 
DATA BLOCKING FACTORSI 
ENTRY MODE (1 • T(LOW),DT,NCELlS) CZ • TCLDW),T(HI),NCELLS) MQOE -2 
TIME LO~. 6.00e0eeE.0J 
TIME HIGHa 1.S~0000E.e5 
NUMBER OF CELLS • 200 
DELTA TIME INCREMENT. 5.Zeeee0E.02 

'ACTORSI RAW DATA AND BLOCKED nATA 
MAX. TtME '. 1.48"'E."5 
TOTAL wEIGHT. t.3062~.05 

MIN. TIME. 1.8263E.03 

PEAK WEIGHT. 3541.064, 
PEAK PARCELS- 14b.0ee 
WT. lO~. 0.000~e.0t 
WT. HI. 1.51R9E-02 

SMOOTHING WINDO~ (CELLS)." 

TOTAL PARCELS • SeS9.e " 
PEAK WEIGHT TIME. t.622eE.el 
P[AK PARCELS TIME' 1.1160£.el 
NO. PARCELS LOW • 0.e 
NO. P4RCfLS HI • "40.e 

20 

TOTAL INVENTORY (CURIES)' I.J0~18'E.e5 
INVENTORY UNDER TwE CURRENT GRAPH (CURIES) I 

PERCE~T OF TOTAL INYENTORV • l~e.J4e 
1.311!632E.e5 

TIME OF MAXIMUM CONCENTRATION fYEARIJ' 1."See0E.04 
MAXIMUM CONCENTRATION f»ICROCURIE8/~L)' 6.661860E.06 
MAXIMUM RATE (CURtES/YEAR). 5.561J04E+00 
CONVERSION FACTOA RATE TO CONCENTRATION. S~191895E.e6 

Tl~E (YEARS) AND RATE "(CU~lES/YEAR' FOR THE 

TtME CYR) 
1.8200E+03 
6.4'21E+03 
9.1~G2E.(03 
9.8364E+03 
1.0508E+04 
1.1181E+0" 
1,1853E+04 
1.252'5E+04 
1.3197E+0G 
1.38bQE+"" 
1.115"'[+04 

ru. TE CCU/VfO 
5.Q107EtIlel 
7.~7!6t:.01 
1.4584£+00" 
1.8S86£+00 
2.552t1E+"1D 
3.2932E.00 
4,0110£+00" 
4.SC;C;lE+0" 
5.02c;3~+140 
5.~"C)2E+00" 
5.4f':31f+00. 

TI"E (YR) 
&.2202E+,,4 
~.41'2E+04 
b.6143E+fl4 
6,8113E.04 
'.0~84E+e4 
'1.2054E+"4 
T.4025~.04 
T.599bE+914 
'1.1966E+04 
1.C;937E.e4 
8.1907£+04 

H.149 

le0 POINTS 

RA'E CCU/YR) 
6,7621E-01 
6,7211E-01 
6.6986E-01 
6.6111E- ra l 
6.6264E.'H 
6.594'E.01 
6,S4S~E-el 
6.51!124Ew0 1 
6,4776E-01 
6.43S9E-Q:'1 
6,3'89E-01 



 

 

 

 
 

 

 

 

 

 

  

 
 

 

 

 
 

 
 
 

 

 

 

 

 

1,3213E+04 5.4Z5ae:i00 8.3878!+04 &,36sae.01 
1,38S5E+04 5.4Z07E+tl0 8.5849£+04 b.ll02!e01 
1,6558!+04 5.4016£."3 8,18191!+04 ,.lIS4!""1 
S,723QJ!+04 5,4083£+00 ,,.97901+04 '.2797£.01 
1,7902!+"4 5.4757!:+~" 9.S160!+04 6.2597e,.al 
1.8574!+a4 5.3186e+"" 9.l731!+04 6,2252!.01 
l,924'!+04 5.54a~!+a" 9,5702'+"4 ',22"!e0l 
1,9918!+04 5,5612E+(4a 9.7fa12!+04 5,a877E-"1 
2.0590£+04 5.5371E+lit0 CJ.8~58!+04 5.6523£.0, 
2,1262!+0' 5.4345E.00 <J.B444!."4 5,3457!.'" 
2,tCJ35!+\14 5.2425!+00 «'i,as30E."4 4,Q489!.al 
2,2"''''E+''4 4,Q74\1E+00 CJ.9216!.+"4 4,54a1!.01 
2.3219£+04 4,&244£+00 9,9baZE+04 4.0943! .. 01 
2.39'l!+fl4 4,1733£+00 9.9988£+04 3,b297!."1 
2.4623!+04 3,6341E+"0 1."~l7E+'05 ],1]62£",01 
2.5295£."4 3.052]E+0~ 1.,,"7..,!+05 2,677]£e'U 
2,5967!+04 2,4971E+~" 1.01151!+05 2,2483£,,01 
2.6639E+04 1.9744£.00 1.(dlS.J!+05 l,B400E .. 01 
2,731~!·04 t,52CJ1£+~0 1.0S9aE+05 1,4433!.01 
~. 79150£+04 1,1622£+00 1.0230£+03 1. t 0GraE.cu 
2.865fte.+~4 9.6122E-at l,0ib9!+QlS 8.0031Ee02 
2.9328E+04 8.a242E·~1 1.0308E.05 5,5309!w0i! 
3.00091£.04 7.6448£-01 1.034&£+05 3,6b47!-02 
3,06722:+04 7.5185E-01 1.0385£+05 2.4&&2E.02 
].2643£+04 7,]137£.01 1,0'i24E+0S 1.&147!.0~ 
3.4613£+04 1.28t5E-01 1 ,,,,Ob2!+05 ',0e87!-02 
3.6584£+04 .7.2219£-01 1.0501E+05 4.91""e .. 03 
3.8554 £+04 7.1ISb~t.01 1.05l9£.05 2.3809Ew0] 
4.0525E.04 '.0732E.", 1."'518£+1215 a.38S0!.04 
4.249~E+04 '.12I540£-Wtl 1.0bI7E+05 0. "~""'!.01 
4.4466£.04 7.012'54£-01 1.0b55!+0S 0,0000!.01 
4.&437E·04 6.9843£;-"1 1,0694£+0' 0.""90[.01 
4,8407E·"4 &.9&45t·"1 t.~73Z£+05 a,0I1a0!-0! 
5."'378E.~4 &.9430E-131 1.0711E.0$ 0,0000E-01 
5,23Q9E.~4 b.919aE·~1 1.0810£+05 fd.00~0E .. 01 
5.41t9E+04 6.9"S5E·~1 1.1d848f+05 ","00ra!.0l 
5.629~E+~4 b.8b29E-0t 1."'887!+05 0.0000E-01 
5.&2b0E.04 b.8264t-\ol 1.0fi2SE+05 ".0000E-01 
t).0231e.+04 b.790l7E.~1 1.09b4E.05 01 ~ 0000E.ru 

H.150 



   
      

  
      

  
         

    
   

    
   

    
   

   
   
   

   
   

  

 
   

   
    
     

     
    

 

    
      

     

     
    
    

     

 

  

  

       

 

 

 

 

 

  
 

 

 

 

 

 
  
 

 

 

 

PLTCVT PROGRAM DATA SUMMARY 
PIR41TOTAL FUEL ASSEMBLIES) BABE CASEI CHAIN! 
CONTAMINANT • TM-230 

TON$ Of HEAVY METAL 'ACTOR. 1.e0eeee 
. DATA BLOCKING FACTORSI 

ENTRY MODE (1 • T(LOW),DT~NCELL&) (2 • T1LOW"TCHI),NC!LLS) MODE .2 
TIME lOw. 8.00000e£+e3 
TIME HIGH. 1.5e0000E+05 
NUMBER OF CELLS • 200 
DELTA TIME INCREMENT. 7.tee000[+ee 

FACTORS' RAW DATA INO BLOCkED DATA 
~Ak. TIME. 1.4985E+05 
TOTAL WEIGHT' 3.58'3E+03 

MIN, TIME. 8.6e08E.e~· 

PEAK wEIGHT. 61.012 
PEAK PARCELS-. 19.000 
WT. LOW .0.0000E-01 
WT. HI .e.00e~E.01 

SMOOTHING WINDOW (CELLS)' 

TOTAL PARtELS • ltB8.e 
PEAK WEIGHT TIME. 2,6105E.eo 
PEAK PARCELS TIME' 1.2622E+05 
NO, PARCELS~LO~. e.e 
NO. PARCELS HI • e,m 

15 . 

TOTAL INVENTORY (CURtES)' 3.58T34eE+es 
INVENTORY UNDER THE CURR~NT GRAPH (CURIES) , 
PERCENT OF TOTAL INVENTORY' 97.354 

TIME OF MAXIMUM CONCENTRATION (VEARS)' 4.811500£.04 
MAXIMUM CONCENTRATION (MICROCURIE6/ML). 3.130272E-08 
MAXIMUM RATE (CURIES/YEAR). 3.111361E-02 
CONVERSION FACTOR RATE TO CONCENTRATION. l.t91895£-06 

TIME (VE:AflS) AND RATE (CURIES/VEAR) FOR· THE 

Ttt"lE (YR) 
8.3550E+03 
8.5661£.",3 
8.6183E+03 
9."15180£+"3 
9.2817£+03 
9.5133£+03 
9.74591£+.,3 
9.97b1e;.1lI3 
1.0208E+04 
1.0401'E+04 
1.~f.:I12E+04 

la TE (CU/YR) 
1.4611E.e3 
1.4&11E-03 
1.4611E-03 
1.46I1E-03 
1.64&ZE-03 
2.2579E-03 
2.669&E .. 03 
2.9141E.e3 
3.tS3b~-1i'l3 
3.:S5!lf we3 
3.1184Ew0J 

TIME (YR) 
6.80e0E+04 
1.1059£+04 
7.4116£+04 
1.1116E·+1\4 
6.0235E.04 
8.3294E+1\4 
8.6353£+04 
8.94t2£+04. 
9.Z 4 11E+04 
9.5529£+0 0 
9.8588£+04 

H.1S1 

100 POINTS 

RA1'E ceU/VR) 
2,9211£ .. 02 
2.8T64E-e2 
2.8326£.02 
2.7946E.02 
2.'692E-.02 
2.151'E .. 02 
2.1593E.02 
c,1623Ewe2 
2.'528E-02 
2.'302E-.182 
2.6992E.02 



 

 
 

 
 

 

 

 

 
 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 
 

 

 

 

 

  

 
  

  

  
 

 
 
 

 
 
 
 

 

 

 
 

 
 

 
 

 
 

 
 

 

 
  

 

 

 
  
 

 
 
 

 

 

 

 

 

 

l,090J!+~4 4.11Ss!-e] 1,01&5£+05 2,6496!a02 
1. 1135e;+"'4 4.'19aE.~U l,0471!'HJ' 2,5830!.1I2 
1.1367£+04 4.90 14!w0] 1.011bE+a' 2.5054E-PJ2 
l,1598!.~4 5,271lE-"" 1,108lE+"5 2,02541-02 
,,1830,.04 S,b532!."] 1,ll88!+'" 2.34961.02 
1.20b2E+\t4 b,1I4292-03 1.1691f+05 2,2832£-"2 
1,2293E+04 b,4390E,,", 1,2000!.05 2.22(16£.02 
1.2525£+04 6,8lIJ2E .. 0] l.a106E."5 2.1b77Ew02 
1,2151E+00 '.201bE.~] 1.2396!+e5 2,1543E-0i1 
1.2988£+04 1,5544!."3 t.a48b!.e~ 2,1420!."2 
1.122~e:+04 J.9052!-03 1.2515E+05 2,1306e:-02 
1.3452£+04 a,~32SE."] 1.2e-b5E+05 2,1202£.92 
l,lb83E·0~ a.54"l]E.01 1.2155=:.,,5 2,1104!,02 
1.3915£.1114 8.8481£ .. 03 1.2845!"'05 2,10141w02 
1.4141E+04 9,1 491E-03 1.2935E+"5 i.0929e:.02 
1.4)78E·04 9.4421t.-0] 1.30iSE+05 2,0849e:-02 
1.4bI0£+00 9.13b2£-03 1.3114E+0' 2.0772e.02 
1.48a2E·04 1.,,028£.02 l.l204E"'05 2,010aE .. 02 
t.5011E+011 1.1131bl .. 0a 1,3294E+05 2,063&£-02 
1.5305E+~4 l,W1b"4E-02 1.1384E+05 2.9515£"02 
1.5S37E+1t14 l,0952E-ta2 1,3474!.05 2.05121:.02 
1.51&8£+011 t.1411£·02 l.3Sb4E+0S l.0449E.02 
1.6000£+04 '.1 87tE-02 t.3b51!+05 2.0387£.1fJ2 
1.9059E·0~ 1,1079!.02 l.l74]E+05 2,0328£-02 
2,2118E+04 ,2.Qlb57£,,02 l,l8l]!.05 2.132151 .. 02 
2.517bE+ftJ4 i.la66e-~2 l,3923E+05 2.9252!.02 
2,82]5!+04 l,60t4E-02 l.1I013E"'''S 2.025&[.132 
3,1294E+"4 2.1901£ .. 02 1.4103E+05 2.0214!-02 
3.Q353t:+~1J a. cHsse-ra2 t,tl19aE+05 2.0175£-02 
3.71t2t+1c54 1.00tSE-aa 1.4282E+135 2.0138£.02 
4,0471£+04 l,'153be-~i 1,4372f+05 2.01052-"2 
".352qE+~4 3.090&£-02 1,44b2E+05 2,0013E.02 
4.bS83E+164 3.1137E-02 1.t.aSS2E+05 2,00"2E.02 
4.9641£+04 3,116a~·02 1.t.ab42e+05 2.'''110£''02 
5.210&£+04 3.U t4E-02 1,4131E+05 1,9919!.02 
5.57b5E+04 3.'198e-E.~i! 1.482IE+05 ',9948£ .. 02 
5.882QE+04 1.08~le:·Iili! 1.4911E+05 1.9916[-a2 
6.18SiE""" 1.1.J"69E-.a2 1.51601E+05 1,9883E-02 
b,494tE.01a a.~899t.0i! 1.5091E+05 t,98Sa! .. aa 

H.lS2 
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PLTCVT PROGRAM DATA SUMMARY 
PIR4(TOTAL FUEL ASSEMBLIES) BASE CASEI CHAIN 3 
CONTAMINANT • AA-22b 
" TONS OF HEAVY METAL FACTOR. 1.e00e0e 
DATA BLOCKING FACTORSI 
ENTRY MODE tl • T(LOW),DT,NCELLS) (2 • TCLOW),T(HI),NCELL8) MOD£ .2 
TIME LO~. 6.e0000~E.e3 
TIME ~IGH. 1.500000E.05 
NUMBER OF CELLS • 100 
DELTA TIME INCREMENT. 1.42ee00E.eS 

RAW DATA AND BLOCKED DATA 
MAX, TIME. 1,4965E+e5 
TOTAL WEIGHT. 8,3023E+03 
PEAK wEIGt1T "8 2bC. 938 
PEAK PARCELS • Sb.000 
WT. LOW • ~.0~00E.01 
WT. HI. 0.0000E-01 

SMOOTHING WINDOW (CELLS). 

fACTORSI 
MtN. TIME. 8,3876E.e3 
TOTAL PARCELS • lS81.0 
PEAK WEIGHT TIME. 1.0527E.05 
PEAK PARCELS TIME. 3,9950E+04 
NO, PARCELS LOW • e,e 
NO. PARCELS HI • . 0,0 

Ie 

TOTAL INYENTORY (tURtES). 6.302217E+03 
INVENTORY UNDER THE CURRENT G~APH (CURIES) D 
PERCENT OF TOTAL "INVENTORY. Q4. Q 1 'i 

1.880475£+e3 

TIME" OF MA~lMUM CoNCENTRATION (YEARS). 5,841000E.04 
MA~IMUM CONCENTRATION (MICRDCURIES/ML). ~,62~4!2E.e8 
MAkJMUM RATE (CURIES/YEAH). 8.205585£-02 
CONVERSION FACTOR RATE TO CONCENTRATION. 1.1'i7695E.06 

CONTA~INANT a RA.226 

TIME (YEARS) ANO:RATE (CURIES/¥~AR) FOR T~E 

TfME (yR) 
8.1100e.0.3 
1.0116E+01.1 
1,15i2E+vHI 
1.!CJe7E+Ir!IO 
1.4333E.0C1 
1.5739E+el.l 
1.11'15E+04 
1.8551E.01.1 
1,9'iSbE+0G 
2,1362E+12I4 
2,cTb8e+04 

IU Tf (CU/YR) 
1.4427E.02 
1. C'U!'f.02 
t , 6"tI t 2E-02 
1.6911£-02 
2,14915£.02 
2.4157£ .. 1212 
2.bC)51E·"2 
2.9896f.02 
3,2c)6bE.1d2 
3.61C3E·"2 
3,9429E .. 142 

TIME (YR) 
1.900eE.e4 
8.04ebE+~c 
8.1812£.+04 
8.3~17E.04 
8,462.5E.04 
8.be 29E+04 
8,1435£.04 
6.8641£+04 
c).0246E.~C 
9.1b5~E.04 
9.3k'58E+04 

H.1S3 

10e POINTS 

RATE (CU/YR) 
1,3430E.02 
'.2509E-02 
',1546E-02 
1,0564E.02 " 
6,CJS61E-02 
6.8568£-02 
b.'578E.02 
6.6SCJ8E.e2 
6,5639E",02 
b.4694E.02 
6.3156£-02 
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2.4114£.04 4.28\]!.02 9.4464!"04 &,2833E tII0i 
2,5580£+011 4,57~9!_02 'J,5870£+04· &.1933£-02 
2.b985E+~4 4,SS21!e0i 9.7275£+04 &,1066£ .. 02 
2.8391E.04 5,1292£.02 9,8681£+04 &,0238£-02 
2.9797!·+04 '.40'1!-ld2 1,0009£+05 5,9443£""2 
3.1203E+04 5.6662&.02 1.~U49E.05 5,5659£.02 
3,2609E+04 '.92451."2 1.0290£+05 5,7869£.02 
3,4014[+04 6.1756!-02 1.04301+05 5,7064£·"2 
3,5429!+04 6.41741-"2 1.05711+05 . 5,62671."a· 
3,6826£+04 6,6463!-02 1.0112!+'" . 5,5508£""2 
3.8232£+04 6,860)1!."2 1.0SS2E+"5 5.4787£-02 
3.9638E+~4 1 ,"5871t-1iI2 1,f39q3!+'05 5,4096£"02 
4.1043£+"4 1,24101e02 1.1133£+05 5.3446£-02 
4.244QE+04 1.4065!.aa l,ii?4E+0! 5,2818£-"a 
4.3855£+00 7,5534£902 1.1''10£+''5 5,2118E""2 
1,5261E+i4 7,6829£-a2 1.1555£+05 1).IS10E."2 
4.6bb1£+04 1,796ae.:aa 1.1bQbE+05 5.0807£-02 
4,8072E+1iJ4 7.8938£.02 1.1836£+05 5,0070£ .. 02 
l.fl478E+04 7.9763£-02 t.1977£+"5 4.Q291Ew02 
5.0884E+1iJ4 8.0468e-rl2 1.2111£+05 4.8443! 1It02 
5.a2Q"E+W14 8.t03b!.02 1.2258£+0' 4.7516£.12 
5.3696£+1!J4 8,1413!-r!2 l.al9Q!+05 4,6502£-02 
5.St0tE+d4 a,l788E-rl2 1,2539£+05 4,S400!w02 
5,b501!+ta4 8.1915t..a2 1,2~a0E+05 4,4tCJ9E·"2 
5.7 lJ 13f+04 8.2'",.5£.02 1.2S20E+05 4.2895E-Ql2 
5.9319£+04 8.2001£·02 1,2961::+0'3 .fa.1492!-02 " \ 

i b,072SE+04 8,1841£ .. 02 1.3101E+"5 4.0025E-02 ._i 

b.213"E+V14 8.t.5S8t!..02 1.3242£+05 ·3.85QS!·aa 
b,151bE+00 8.1223£ .. 02 1,l383E+05 3.b9351-02 
b,494iE+04 8.itl199£-02 1.3523!+05 3.9241Ew02 
6,e,3481:.+td4 8.Ql2t6!."'2 1.30~4E·05 3,29221-02 
b.7154E+04 1,9601t ... 02 1.380I1E+05 3,06t7!.a2 
6.9159E+04 1.8931£-"2 1,394';!+05 2.8348E·"2 
7.05et5E+04 7.9aa5! .. ~2 1,41tJ86E+05 2,6105!-02 
7.1 91lE+04 7.7046£ .. 02 t,4~26£.05 2,3888E"02 
7.3317E·~4 7.6680t.-1d2 1.43&1£+05 2.1724! .. 02 
7.4783E+fI14 7,'59t<&£.w02 t.4507E+05 1.96291-02 
7.6188E+oJt& 7.S124t-02 t.4648£+05 1.16Gt2!-QJ2 
7,75C14t.~4 ".429.,E-02 .. , .41""':+05 .. t·. '5642£ .. 02 

. .. / 

H.lS4 
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PLTCVT PROG~AM DATA SUMHA~Y 
PIR 4 Chain 4 PIR 4 Chain 4 

CONTAMINANT • AM.p43 
TONS OF HEAVY METAL FACTOR' 1.000~0e 

DATA BLOCKING FACTORS I 
ENTRY MODE (1 ~ T(LO~),OT,NCELLS) (2 • TCLOW),T(Hl),NCELLS) HODE c2 
TI"E LO~. 8.00000eE+02 
TIME HIGH. 1.1e00~eE+e4 
NUMBER OF CELLS • lf0 
DELTA TIME INCREMENT. 5,4~B0a0E+el 

RAW DATA AND BLOCKED DATA 
MlX, TIME' 1.6135E+04 
TOTAL WEIGHT' 3.28"£+05 
PElk wEIGHT. 3941.435 
PEAK PARCELS • S8.00e 
NT, LDW-' 0.0000£-01 
WT, HI •. e.0000£.~1 

SMOOTHING WINDOW (CELLS)' 

FACTORS' . 
MIN. TIME' 1.2291E+03 

. TOTAL PARCELS • 5155.0 
PEAK ~EIGHT TIME. 1.4210E+03 
PEAK PARCELS TIME. 1',4210E+03 
NO, PARCELS LOW • 0,0 
NO, PARCELS HI .e~e 

20 

. TOTAL INVENTORY (CURtES). 3.281612£+05 
INVE~TO~Y UNDER THE CURRENT GRAPH (CUNIES)' 3.309191E+05 
PERCENT OF TOTAL INVENTORY • 100,655 

TIME OF MAXIMUM CONCENTRATIDN (YEARS)' t.475000E+03 
MAXI~UM CONCENTRATION (MICROCURlfS/~L). 4.99l681E-05 
MAXIMUM RATE (CURIES/VEAR). 4.16'043E+01 
CONvERSION FACTOR RATE TO CONCENTRATION' 1.191895E-06 

TIME (YEARS) AND RATE (CURIES/YEAR) FOR· THE 

TIME nrn 
1,2£1501£+03 
t.217eE+,,! 
1.2269£+1213 
1.2(11219£+1213 
1.2529E+03 
1.264se+03 
l.i'bRE+03 
1.2668[+1213 
1.3008E+03 
1.3121E+03 
1.32a7E+03 

RATE CCU/YR) 
2.6952E+01 
2.6952E+01 
2.6952£+01 
2.6952£+211 
2.691i2E+01 
2.'8e5E+01 
2.9b13E+01 
3.t401E+01 
3.3189E+01 
3.C9T7~+01 
3.S3~b~+al 

TIME tVR) 
8.600I21E+03 
9.21118£."3, 
9.4235E+12I3 
9.15353£+03 
1.0241E+04 
1.0659E.,"1 
1.lfl11E+04 
1. 1462E+12I4 
1.1894E+04 
1.2306£+04 
1.2118E+12I4 

H.lS5 

lee POINTS 

RATE (CU/YRl 
2,0150E+", 
1_9912E+01 . 
1.9156E+01 
1,8436E+01 
1.1129E+01 
1.1114E+el 
1,65121I21E+01 
1.566I21E+el 
I.S212E+PH 
1.4646£+1211 
1,4104E+01 



 
 

 
 

 
 

 
 

 

 
 
  
 
 

 
 
 

 

 
 
 

 
 

 
 

 

 

  

 

  

  
 

 

 
 
 

  
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 
 
 
 
 
 
  
 
 
 

 
 

 
 

   

 
 

 
 

 

  

 
 

 
  

 

 

 
 

 
 
 

 

-'" 
1.33et1E+03 3.5641ei'(H t • .5129E+Pl4 S .356'1£.'" 
1.34 86E-+"J ~.59C;5E+0t 1.l5UIEH14 1.3a47E+01 
1.36~6E+~3 3.6C!70F.+r~1t 1.39SlF.+04 t.2SfJ1E+Ol 
1.31i",E+\)3 l.&q?&f!·~t \.Qlb'5E+04 1.1982E+01 
1.39QSE+J3 3.7~7"~1t01 1.q/7~~+"'4 l,11 7bE+01 
1.39bCle1t03 1.<JB22E+01 I.S1t.l8E-+04 1.0431E-+01 
1."eS5E·03 4.00&9E+0t 1.S60I4E+04 9.1313E+00 
1.4205E+U3 O.1117E+~1 1.SblSf::'+04 9,0.507£+00 
1.432aE-+03 4.t271E+01 1.Sb:UE+04 8.Qa22E+00 
1.4444E+03 4.llli4E+Qt 1.5()I.I&E+04 ,I).Sa&lE-+S0 
1.4564E-+03 4. t 4q~t::.~11 t.5;'621:;;+04 8.6899£-+00 
1.4683E-+aJ 4.H:a0at:+~'1 1.5ll77ti+04 6.513&£-+00 
1.4003£+03 4.1"S2f+01 1.t;bq3E ... ~Q 8,4309£+00 
1.49i3E1t03 .. , 1 &0QE ... ~U \ ,Sh)8E+04 &.2882£+03 
1.5042E+Q3 4.tS~b!+141 1.S1a3E+04 8.1455£+00 
1.5t62f!+03 4.15?4E+\?l1 1.51309£.04 7.9865£.00 
1.5aa2e+03 4.1481E+"'1 1.57S0e.04 7.811Se."0 
1.5402E-+1d3 - lI.t325E.~1 1.5770!+04 7.6365E.00 
1.5521E"'fc13 4.tl~~e1tidl 1.~185E+04 7,4614£+00 
t.564tE+03 4.QlQCf4E+dl 1.58idlE+04 7.2612£+00 
1,51blE+fd] 4.032QE+ltJl 1.S8U,e;+,,4 7.0~10E.00 
1.,880E+03 4.07Vt8E+1d1 1.583t£+04 Ea.8Ea08E+00 
l.fl00~E+03 ".0b46E+01 l.58Al!.04 6.7756E+00 
2.0U8!+03 1.8bS3E+CH 1. 5a6aa.~14 6.8034£+"0 
i,4a3S!+"] 1.7160~.01 1.5878E+'U b.BlS1!.00 
a.8353£-+03 J.5&"0E+"1 1.389lE+'04 6.8S8a!.00 ."', . 
3.2471£+"3 3.4308£+01 1.5908!+011 6,6839£+00 

, 
' .... / 

3.6588£-+"3 3.]01:JE.~1 . 1.5924!+00 &.5096£+09 
4,0106'-+03 3.1 8 24E+91 1.5~3~E+04 6.33S2E+"0 
1.IIS24E+"3 3.~b60E-+0t 1.5955!-+04 6.1559£+00 
4.8~.lE1t"1 2.Q585!+"1 1.5910!+"4 5.911&E+0a -
5.305~E+0l 2.8488E·""1 l.'9a&!+"o '.7873£+00 
5.7176£+03 2.1434E+0t 1.6001!-+04 5.603a!+00 
6.1294£+03 2.6425t.+01 l,bllI6£+"4 5,4295£+00 
6.!III~E+03 2.5396E+01 t .&iU2E+04 5,2561£-+"121 
6.95aQE+03 2.44]Qf+01 1,&"47£+04 S.0821!+Ql0 
7.l647!+03 2.l479E+0t 1.&1d63e:+04 4.9066E+00 
7.1765!+e3 2.~571!·01 1.~078~."4 4.7278!+00 
8.18aa!+03 i!.lbflf»E+01 1. &094i~0~ - - 4.5491 E.00 

H.lS6 



   
       

  
      

  
         
   
   

   
    

    
  
   
   
   

   
   

  

  
   

   
    
    
    
    

    
      

     

      
    
    

     

      

 

 

 

 

 
 

 
 

 

 

 

 

 

 
 
 

 

 
 

PLTCVT PROGRAM DATA 8UMMA~Y 
PIR 4 Chain 4 PIR 4 Chain 4 

CDNTAMINANT ~ PU-239 
TONS OF ~£AVY METAL FACTOR. 1.000000 

DATA BLOCKING FACTORSt 
ENTRY "ODE (1 • T(LOW),OT,NCELLS) (2 • T(LO~),TtHI),NCELLS) MODE -2 
TIME LOW. 2,000000E.03 
TIME HIGHt 5.0~000~E+04 
NU"BER OF CELLS • 2~e 
DELTA TIME INCREMENT. 2.400000£+02 

RA~ O~T. AND BLOCKED OATA FACTORS' 
MAX. TIME ~ . C.6662E+04 Ml~. TIME. 2.285eE+03 

• TOTAL WEIGHT. 5,8941E.02 
,PEAK wEJG~T • Q.A03 
. PEAK PARCELS • 2~.0~e 

WT. lOw. ~.0000E.0t 
WT, HI c 0.0000E-01 
SMOOT~ING WI~OOw [CELLS)~ 

TOTAL PAHtELS • 1024.0 
PEAK ~EIG~T TIME. 2.3120E+04 
PEAK PARCELS TIME. 2.31!0£+04 
NO, PARCELS LOW • 0,0 
~O. PARCELS HI • 0.0 

10 

TDT~l INVENTORY (CURIES) a 3.6~0141E+02 
INVENTORY UNDER THE CUR~ENT GRAPH [CURIES) • 
PERCENT OF TOTAL JNVENTO~Y. Q?038 

TIME OF MAkI"UM CONCENTRATION (YEAPS) •. 2.228000E+04 
MAXIMUM CONCENt~ATrDN (MICRoCURIES/ML) a 1.699334E.06 

. MAXI~UM RATE (CURtES/VEAR). 1.416600E-02 

. CONVERSIO~ FACTUR ~'TE TO CONCF.NTHATION. 1.197695£-06 

TtME (VEARS) A~O RATE rCUHIES/YEAR) FOR THt 

TIME (YR) 
2,3691~f+03 
2.8040[+03 
3.2A8w)E+03 
3.692 tRE+03 
ll.136~E·((J3 
4.5600E+03 
S.fl240E+03 
5.46811£+03 
S.91c~f.03 
b.356'~f.+03 
b.80'WE+05 

ru TE' [CU/YHl 
1.2097t..-03 
1,31:.10£,-"3 
l."15uE-03 
2. t (H&5E·0:S 
2.SC!51E-03 
2.Q'795E-03 
3.4631£-03 
'.6b«i9E-rns 
~.lb"5t.-~3 
l.I.652'7t.-03 
S.~256E-1c)3 

TIME CYRl 
2.4560£+04 
2.5004[+04 
2,~44eE+04 
2.5692£+04 
2.633t.E.04 
2.b160E+04 
c.72~"E+0A 
2.7b68E+04 
2.HllcE+04 
~.t\S56E+04 
~.9"00E+04 

H.lS7 

Ul0 POINTS 

lUTE (CU/YR) 
1,3769E-02 
1,5611E-02 
1.305SE-1J2 
1.3264E-02 
1.3039E·~2 
1.28913E-02 
1.2561E.02 
1,2317E-02 
1,2075E-02 
1.1838E-02 
1.1612£l1li02 



 

 

  
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 

 
 
 
 

 

 

 

 
 

 

 

  
  

 
 
 

 

 

  
   

 
 

  

 
  

 
 

   
 

 
 

 

 

   
 

 

 
 

 

 

  

 
 
 
 
 
 

 

 

 
 

 
 

 
 
 

 
 

 

 

7.2440£+03 '~3774!.il3 2.9444E+04 1.1398!-0iZ 
, 

7."8S0!+0l 5.6971E-i3 i.98S8e+04 I,ll 87E-02 
8.1320£+0] 5.9S80!-03 3.03322'.+134 1.0978E,.0a 
S.51"QI!+03 6.2440£-133 3.077fJE .. 04 l,01aa!.02 
9.0200!+03 b.4ft95E-ra3 3.1aa0!+04 1,0&04!w02 
9.4640E+03 6.6ftI32E-~3 l.lb&4e+04 1.~430e.02 
9.908~!+03 ft.810bE-0] 1.iU08E+04 1.0250E-0iZ 
1.0352e:+"4 b.924]E-~1 1.25S2E+04 l.e067E-rl2 
1.0796E+134 7.0133E.~3 3.cl9'ibE+04 9.87!U!.01 
t.124"E+134 7.~8'511i·03 3.34a~E+04 9.6129£ .. 03 
1.1684!+~4 7.146bE-0'l 3.laS4!+04 9.1I6S0!-03 
1.2t28E+04 '.205U:-03 3. cU2SE+04 9.2S4aE.03 
1.251ae+'44 ?21St! .. "3 3.4172£+04 9.050aE-03 
1.3016!+04 7.3711E.0l 3.S21&E+04 8.St.t97E-03 
1.3460E+04 7.,"86E-0] l.5b&0!+04 8.ft49l1hQ] 
1.3904!+e4 '.&995£."3 3.6UJ4E+04 8.4298£-03 
s.a348E+04 1.94~5E.03 ].6548E+04 8,2118!w03 
l.a792E+04 8,2b""e-l1] 3,b 9 92£+04 7.9982Ew03 
1.523b£+00 8.6S22E",idl 3.743bE+04 7.78S5E .. (n 
1.3~a0E+04 9.~90aE.03 3.78S0E+04 7.5812E.03 
t.blaAE+04 q. $o~Se:.03 . 3.8324E+04 '.37S4E.Ql3 
1.6568£+04 1."a75E-ea 3.81ba~+04 7.t7QSE!-03 
1.11.112£+04 1. 0I 608E.02 3,921ae:+04 ".971C)!-01 
1.1456£+04 l,tlS2E.1I2 3.9f.tSf.tE+04 ~.77I1&E.03 
1.

'
9001E+04 t.t686e·~a ".klliJ0E+04 &,56b2E-03 

1.8]44E+04 1.21CJ1E.a2 4.0544£+04 ",355G!1E.03 
1.8788E+04 1.2b4SE.VJ 2 4,~988E.Ql4 b,1480E .. 03 
1.9232E+00 1.304 4E,. ra a 0.1432£+04 5.944b!-03 
t. 9b16!-+04 1 ,'338aE-02 G.181bE+04 5.7]tJ1E.133 
2.0120E'+04 1.305~E."'a 4.2la0f+04 5,5110E.13] 
2.0564E+e4 t.3847E .. 02 4,27b4E+04 5.270tE-03 
2.1008£+04 ,,40"'1~·02 4.3aia8E+04 4.9999£-03 
2.1 4S2E+0C1 1. II 11 ae:-1d2 4,3bS2E+04 4.7032e.03 
2.1~96E+04 1.0t10E.02 4.41d96!+04 A.l836! .. 03 
2.2340£+04 1.4184E.02 4.4540E+04 3.9114E .. 03 
2.1184!+04 1.4154E.02 4,4984E+04 3.4837E .. 0l 
2.3228E+IU 1.40CJ4E-aa 4.54zaE.04 3.00CJ8e .. 03 
2.3~12E+04 1.Q013E-0a 4.S812E+Q14 2.55481::-03 
i!,411e.E+04 1.3f)QJSa-0i! 4,&31b!+.134 

• 
2" 17.~E .• 03 

H.lS8 



   
       

  
      

  
         
    
   

    
    

    
   

   
   
   

   
   

  

 
   

   
    
    

    
    

    
      

     

     
    
    

     

      

 

 

 

 
 

  
 
   

  
 

 

 

 
 

 
 
 
 

 

 
 

 

 

 

PLTCVT PROGRAM DATA SUMMARY 
PIR 4 Chain ~ PIR 4 Chain 4 

CONTAMI~ANT • U-2!S 
TONS OF HEAVV METAL FACTOR. 1,0~e000 

D.TA BLOC~ING FACTORS. 
ENTRY MODE (I • T(LOW),OT,NCELLS) (2 • TCLQW),T(HI),NCELLS) MODE. 2 
TI"E LOW. c.00000AE+e3 
TIME "IGHa 1,10,000£+05 
NUMBER OF CELLS • 500 
DELTA TIME INCREMENT. i.J60000E+02 

RAW DATA AND BLOCKED DATl 
MAX. Tl~E. 1,499i!E+05 
TOTAL WEtG~T. '.8166£+02 
PEAK ~EIGHT • 2$,233 
PEAK PARCELS ~ J0V.~0e· 
WT, LOw •. e,0e00E-~1 
WT. HI • ' 2.6ts6~E+01 

SMOOTHING WINOOW (CELLS). 

FACTORS' 
MIN, TIME. 2,61'lE+!3 
TOTAL PARCELS 8 10486,0 
PEAk WE1'HT TI~E. J,0620E+04 
PEAK PARCEL'S Tl~E 8 t ,4420E+"4 
NO. P'RtEL8 LOW • . 0.0 
NO, PARCELS HI 812,0 

20 

TOTAL INVENTORY (CURIES) 8 8.0R722'E+02 
INVENTORY UNDER THE CU~RENT·G~APH (CURIES, 8 
PERCENT OF TOTAL INVENTORV. 91.S80 

TIME OF MAX!MUMCO~CENTRATION (~EARS). 2.198000E+04 
MAXIMUM CONCENTRATION (MICROCURtES/ML) • _ 1.668911E-08 
MA~I~UM ~ATE (CUPIES/YEAR). 1.393203E-02 
CONvERSION FACTOR RATE TO CDNCE~TRATIDN. 1.1~,e95E.06 

TIME 'YEARS) AND RATE ,CURIES/'EA~) FOR THE 

Tt"E tyl'<l 
2,540~E+0! 
3,1291£+03 
3.7194£+03 
4,309'£+03 
4.SQ68E+0! 
5.4665£+03 
6.""62£+03 
6.b679E"03 
'7.iS16E+03 
1.6411£"03 
8.43'''£+03 

RATE CCU/Y~) 
9.60321£.-"6 
2.'631t"06 
2.4214£-"5 
4.6369E-"'5 
6.681tJ3E-05 
I, t 3f19E-IiHI 
t.T913E-04 
2.'448t.·~~ 
4.0557E-04 
5.8141E-04 
8,0B19£-04 

TIME (VR' 
5.BS~0E.04 
6', 0~Cl1E+04 
6.2794£+04 
6.4941E+04 
6.7068£+04 
b.9235EHUl 
7.t3b2E+,," 
'1.3~29E+04 
1.Sb7bE+04 
1.18241[+04 
'.99"lE·~2 

H.1S9 

-
lUTE [CU/YR) 

6.04"£-03 
',6902E-.03 
1, '1611£.£13 . 
1,6690E.03 
1,5982E-.03 
',5229£-03 
1,4253E-1I3 
7,2949E.-03 
1. t 350E-03 >. 

f>.9blbE-e3 
6.189"E.03 



 

 
 

 
 
 
 
 
 

 
 
 
 

 

 
 

 

 
  

 

 
 
  
  

 

 
 
  

  

 
 
 

 
 
 

 
 
 
 
  

 

 

 

 

 

 

 

 
 

 

 
 
 

 
 

 
 
 
 

 
 
 
 

 
 

 
 

 

 

  

 

 
 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

9,0261£.03 
«J,b16 4!+"], 
1.0206E+04 
1.0 79"E+04 
1.13l'5E'.94 
1.197SE."4 
1.~5b5E+04 
1.3155e:+OO 
1.31.'44e+04 
1.4334E+04 
1.4924!+04 
1.5S13E+0~ 
1.'103E+0£& 
l,b693E+04 
1,1282E+"4 
1,7872£+04 
1.84b2E+04 
1.90521::+04 
1.9641E+04 
2.023tE+"4 
2.121821£+04 
2.1410E+04 
2.2000£+04 
2.4101£+04 
2.61294£+04 
2.844JE+,,4 
3.0588£+04 
3.2735£+'34 
3.4882£+04 
3.7a29£+Ql4 
3.9t76~+04 
4.13~4E+04 
4.307t,E+04 
4.5618£+04 
ta.71b5E.+04 
4.91J 12E+04 
5,2059£+04 
5. 4206£+04 
5.b353E+04 

1.09~8E-03 
1.4476E-IIJ] 
,t.ab93~-~3 
2.3btiJe-03 
2.9223t.a3 
3.S511f-03 
4.23941!-03 
4.9791£-03 
5.1&10E.03 
e..5732e-03 
7.40)12.·03 
a.238ft!.03 
9.0b&5f-03 
Q'.8729E-Q] 
1."644E .. 02 
t.t365E-02 
t .~IH8E-YJ2 
1.2591£-02 
1.]L<j13e.02 
1.345(.1£-02 
t.3711E.ia 
1.3868£-"2 
1.]929£:-02 
1.3434£-\12 
1.l038E-02 
1.2454!-02 
1.t873E-.,a 
1 •. 130caE-02 
t.12'739E.02 
1.0t8aE-02 
9.6b~I4t!·03 
9.~330e·~3 
8.91Q7E,.r;n 
8.7279E-¥Jl 
8.62491!-03 
8.Sb00!:.w03 
8.4829£-03 
8.3701E.QI] 
a .21,83f:1II03 

'a,i!11dE+04 
8.l4i65E+04 
5.b41e~+0.(6 
Ih85S9E+04 
9.010bl!+,,4 
9.ad5l!"11J4 
9.!~S01!."4 
9.5445!+04 
9.5890e;+S4 
9.e.l34E+04 
9.b77QE+04 
9.72a4E.a4 
9.766!!+04 
9.8113E.04 
9,8558£+"4 
9.90"J!+04 
9.9~47!+04 
9.9892E+04 
1.~\1l34E+ra5 
1.~07a!+05 
1.~123!+0S 
1.01b7!+r35 
1.0212!+a9 
l,0Z5b!+0'3 
1.0301!+03 
1.0345E.05 
1,0389=:+05 
1.0 tU4!+05 
1.047S!+05 
t."S23!+03 
1,"'5671£+05 
1."612£."5 
1,06561:+05 
l,at701E+09 
1.31"SE+0S 
1.1d79I4E+05 
1.08341£+05 
1,08191£+05 
1.0923E+05 

H.160 

6;&347£.03 
6.516S!-03 
6.4495E.03 
I,.4st.aE-0] 
6.548ge-~3 
6.1316e:-0] 
7,QJl66!.03 
T,1655E-a3 
7,2923!.0] 
7,3888£.03 

'1.4135£1193 
1,3323£-03 
7,lI50!-0] 
6.748&!-03 
6.23cHE.03 
'3.6140E-03 
4.91\SI.03 
4,18021-'13 
3.4685!-0] 
2,8186!.0] 
2.297~E.q3 
1.8r3"9E-0] 
1,45231-03 
S.iI2S!-a3 
1.~106E.03 
l.02iUl!w 03 
1,lIJb37E.03 
1.\8911!.03 
1.3829!-03 
1.6275e:·!ill 
1.894aE.tal 
2.14713£.03 
2,3St7!"'''3 
2. 4876E-133 
2,S423E-03 
2.5325E-03 
2.4b55E.~3 
2.41b3!-0] 
2 ,]i!~,~E.03 

'". 
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PLTCYT PROGRAM DATA SU"~ARY 
PIR 4 Chain 4 PIR 4 Chain 4 

CONTA~lN'NT • PA-23t 
TONS OF HEAVV METAL FACTOR. 1.0~~000 

DATA BLOCKl~G FACTORS: 
ENTRY MODE (1 a TCLOW),OT,NCELLS) (2 • T(LO~"TC~I"NCELLS' MODE a - 2 
TIME LO~. 2.0~0G0~E+03 
Tl~E HIG~. 1.'~~0e0E+0S 
NUMBER OF CELLS C 2~~ 
DELTA TIME INCRE~ENT c 1.Q~~~~0E+0i 

RAW OATA AND BLOCKEo nATA 
MAl. Tl~E. 1.50P.0E.0~ 
TOTAL WEIijHT. 2.9597£+01 
PElK wEIGHT • p.~eG 
PEAK PARCELS • 33.00~ 
NT. LOW. 0.0~00E·01 . 
WT. Nt C' 0.0000E-01 . 
SMOOT~INGwtNDOw (CELLS). 

FACTORS: 
MIN. Tr~E c c.6~46E+r.~ 
TOTAL PARCELS • 25~3.0 
~eAK WEIGHT TtME • 4.5~~SE+04 
PEAK P.RCELS TIM~. 9.~085E+04 
~O. PARCELS LOw. '0,0 
NO. PARCELS HI • ~,0 

10 

TOTAL INVENTORY (CURl~S). 2.959612E+01 
INYE~TO~Y UNDER THE CURRENT GRAPH (CURIES) • 
PERCENT OF TOTAL I~VfNTORY. 97.031 

TIME OF MAXIMUM CONCEHTRATION (YEARS). 8,376500E+04 
MAXI~U~ CONCENTRATION (MICROCURIES/~L). 3.46860AE~10 
MAXIMUM RATE (CU~lES/VE&K) c 2.91244~E.04 
CONVERSION fACTOR RATE TO CONCENTRATION- 1.191695£-06, 

TIME (YEARS) ANO RATE (CUWIES/VEAR) FO~ THt 

TIME CVR) 
2.3950£+-03 
3.81 23E+01 
S.3496E+el 
6.S2b9E+03 
6.30 4 2[.03 
9.18115E+03 
1.1259E+04 
1.213bf+tl4 
1.4213E+~HI 
t.5b91E+~4 
1.7168E+"4 

RATE (Cu/VHJ 
1.234~t·"'5 
t.4~59E.ItJS 
1.8971E-,,'S 
i.45b6E-v.1S 
3.l1tge·1tI5 
3.~bI;1f.-~S 
4.'lQ&E-05 
S.59t~f-"S 
b.53~4t:·~l-;' 
, • 55<bl:.·~;'5 
6.&?11o'!t:-!lI5 

TIME [VJ<) 
7. b~b0E+04., 
J.7131E+04. 
7,9215E+04 
6.0b9lE+04 
6.l169E+011 
8.1t>46E+04 
B.5124E+04 
8.bbidlf+04 
6,~1b78E+04 
6.9556£+04 . 
9,103.!E+04 

H.161 

1210 POINTS 

RATE (CU/YR) 
2.8519(.0IV 
2.8719£-04 
2.6866E-04 
2.Q0t2E .. 04 
2.Q093e:-0C 
2.9121E-04 ' 
2.9101~-0Q 
2.9025£.04 
2.0893E-04 
2.8106f .. 04 
2.8463£-04 



 
 

 

 

 

  

 

 

 

   
 

  

 

 
 

 

 
 

 

 

 

 
 

 

 
 
 

 

 

 

 

 
  
 

  

 
 

 
 
 
 
 
 
 
 
 
 

   
 

 

 
 
 

 

 
 

 
 
 
 

 
 

 

 
 

 

1.864'5!+04 9,13"7E-"5 9.25t0!+04 -2,SI67!-"4 
, 

2.~t23E+04 t.~a6aE-0" 9.J988e:+It"" 2,7817E-g4 
~.lb00E+oWlO 1.2~~2t.·~r£ 9.54b5~+04 2,7417£-04 
2.3077E+04 1,311a~-i14 9.b9r:&ae:+G'l4 2,6972£ .. 04 
2,a55se:+04 1.4.5=!~!!.:.:J4 9.o41qr~"04 ~ • .,tla')E .. 04 
2.b032E+04 1.5Cl 47c.-it4 9,'1897E+G4 2,5959(:-04 
2,7509!+~4 1,65341:'.-Q,lQ 1.~137C:+0C; ~.5Q0aE""4 
2,898&et04 1.1575i: .. 04 1. 0a~SE+,~5 ~.4aI6E.~4 
3,214641:'+04 1,8S&IfJI!-<14 1,04J3E+05 2,4209E"04 
3,l Q4 1E+04 1.qQ8'-'i'i.~" 1.0SatE+0S 2,3587E-04 
3.34t8!.+04 2. 0.3"2E-~u. 1.:a1aSE+05 2,2956£,.04 
l,489&E+04 2.I13eE·~Q 1.0tt7b!.e5 2.2324E ... 04 
3,&373E+04 2. I 849E ..... 'Q 1.11tJ24E+05 2,1&95E.04 
3.7SS0!+04 2.~495E-0" 1.1112E+03 2,1017E.04 
3,9328£+04" 2,3~172E.~4 1.1319E+05 2,0474£ .. 04 
4,08GJ~E+a4 2.357ge.04 1.1"61E+05 t.989tE-a4 
4.2~92E+04 2.40i!tE .. 04 1.tblSE+05 1.9332E.04 
4.3759!+04 a.44~IaE .. 04 l,17b2E.OJ3 t,8798E-04 
4.S231E+04 2.41e~t.·!J4 1,191~E+05 1,8289E.04 
4.b71GE+~4 a.49~~t..0(\4 1.a0';S!"0CJ 1.7805E-04 
4.A19tE+04 ~.5aeqE·ta4 1.aa~bE+05 1.7341E .. 04 
4,9b69E+"4 2.';l9~f.04 1.2353f.e5 1,&896£ .. 04 
5. tt G&E .(dO a.5S3f.\E-\U 1.2501E+05 l,b46lE-04 
5.~6a3E+04 2.C;o61E-'J4 1.2649e:+0C1 1,&037£ .. 04 
5,Ot01£+04 i.576qE-ilt4 1.2797e:.05 1.S609E-04 
5,5578£+04 2.S8 C;03E-"'4 1.?~"4t:.0!J I.S167E-"4 " ." 5,705Se:+04 i,59'1l~.~4 1,3"<';~~+0S 1,4703£-04 

I 

5,3S32E+04 2.b~49E.iti~ 1.3240E+05 t.420&EtII04 
&.QI~191!"04 2.&162e-34 1.3387E+05 1,3&69!-04 
b.t4!1E+04 2.6291e- ictQ 1.3535E+05 1.3013E."" 
6.2 9bIJE+0 4 2.&447E-04 1.3b81E+05 1.2""Ue: .. 04 
b.4442e"'04 2.6D~4t::.d4 1.3831E+05 t ,I &.59E-04 
&.59119£.+04 2.~a24E.~4 1 • .3978E+05 1,0&'ue-04 
&.71 Q&E+\54 2.704SE.04 1.412&1:.05 9,98EtlE .. 05 
6.8870£'+04 2.7a~3t::·04 t.4a74E+05 a.Q&92E-AS 
7.035tE.04 2.153I1Se.~4 1.4"22!+05 7,7b&5E.es 
7,ISaS!+04 2.7191E-eo 1.45~9E"'05 &,&179E-05 
7.330SE+04 2. 1'1(1Q7 E-Itl 4 1.4711E+015 S.529&E .. CI'S 
7.0783E+04 2.8.!92E-04 1.48b5E+05 ",5083e:-05 . • " " . 

H.162 
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APPENDIX H.4: SABINE RIVER DISCHARGE SITE 
Lower bound Ke values used. 
Simulation Run 5. 

H.163 



   
      

  
      

  
        

   
  

    
    

    
    

   
   
   

   
   

  

 
   

   
   
    
    

    

    
      

     

      
    
    

     

 

  

       

 

 
 

 

 

 

 

 

 

 
 

 

 
 

 

------------~--------____ .~ .. ~_'~------------------~--F~------~ 

PLTCVT PROGRAM DATA SUMMARY 
PI.5lTOTA~ 'UIL ASS!MBLIES) SASE CAS! .'XSSION PRODUCTS 
CONTAMINANT • C.14 

TONS 0' HEAVY M!TAL 'ACTOR I J,5a0laaa 
DATA 8~OCKING 'ACTORSf 
ENTRY MOO! (I • T(LOW),OT,NC!~LS' (a • T(LOW"TtMl"NCI~LS) MODI. a 
TIM! LOW. ',alalal!.,4 
TIM! HIGHe 1.aleaaa!+a4 
NUM8ER 0' CELLS • awa 
DELTA TI~! INCREMENT. 2.aaaaaaE.a2 

RAW DATA AND SLOCKED DATA 
NAI. TIM!. S,l648!.BS 
TOTAL W!IGHT. 8,8aS7!+al 

'ACTORSI 

PEAK WEIGHT e a.,,3 
PEAK PARCELS , 27.lla 
WT, LOW. a.aaaar9al 
WT, HI' 5.4829!.01 

SMOOTHING WINDOW (C!L~S)' 

MIN. TIMI' 0,05611.a4 
TOTAL PARCILS • 2118,a 
PIAK WIS;HT TIMI. 4,49011.00 
P!AK PARCI~S TIM!. 4,6710'.14 
NO, PARcaLS LOW.. a,a 
NO. PARelLI Ml • 0162,0 

5 

TOTAL INV!NTORY (CURI!S), 8.9365331.01 
INVENTORY UNDIR TH! CURR£NT QRAPH (CURI!S)' 8,1783861.01 
PERCENT 0' TOTAL INVENTORY' 98.2]0 

TIM! 0' MAXINUM CONCENTRATION (YEARS). ",'aaaae!."4 
MAXIMUM CONCENTRATION CMICAQCUAI!S/ML), 3,312263£-08 
MAXIMUM RAT! (CURI!3/YIAR).. 8,5944651.0' 

. CONV!RSION FACTOR RAT! TO CONC!NTRATION. 3,85394'1." 

CONTAMINANT • C.t4 

TIM! (YIARS) AND RAT! (CURIES/V!AR) 'DR TH! 1aa POINTS 

TIt4! (YR) ~AT! CeU/YA) TIM! (YA) RATII (CU/YR) 
".asaa!."" 9.17&5!.04 5.,i011.Gl4 2,8538!a03 
4.a190!+Q4 I, aS3&!.'Jl 5.54941'04 a.&76S!aa3 
4.S9sa£+94 t,5245!.a3 5.5788!.a4 ii.486aa.a] 
O.I382!+04 2.103b!.03 5.&0&2!t"4 2.28011-13 
4,167,,!+,,4 a.7699!.03 5.631"."4 l.019t!-Gl3 
4,1970E+"4 3.ola6!.a3 5.&b7a£.04 1,8671!."" 
4,22&4!.04 O,1427E-a3 5.6964!.1I4 1.66!11-13 
4,2558!.04 0.S8"7!a"3 ,.fa!SE."" 1,4TI2!-a, 
4,a8saE.04 5,6189!.03 5.75,aS."O 1.aSS01.'" 
4.31461+04 6,la"5E.S3 3.1846!.S4 1,IB941-'" 
4.3440e."4 6,9a4a!-V1] 5.aI40£.a4 9,5G105a.~4 
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4,1'14E+"C 
4,4028£+04 
4,4322E+04 
4.l616E+SO 
4,49111£+1'0 
4,!21'4£.04 : 
4,549a£+04 
4,!7~!£+84 
4,6886£+eo 
4,6J68E+80 
4,66'4E+e4 
4.6968E.04 
4.1262£+04 
4.7556E+"4 
4.78seE+e4 
4.8144£+e4 
4,8438E+IO 
4,6'32E+04 
4,ge26E+,,4 
4,'12eE+04 
",96:14E+84 
4.9geSE+,04 
5,e2!!!+"4 
5,""96E+04 
S,e'9"E.'4 
5,1884E+e4 
5,13'8E+04 
S,1612£+"" 
5,1 966E+'4 
1,2260E+04 
S',2S54E+84 
5.28"8£+04 
S,JS42E+04 
5,S436£+04 
5,313I1E+04 
5,4S24E+"4 
5,4J18£.01 
5.4612E+e4 
5,49i'l6E+84 

'.4629'E.el 
',9S3'£.!1 
&,3081E-SI 
l.seeSE-SS 
6,9895E."1 

, 8 .set0E-e3 
SiSI39£."! 
8,369s£.e3 
8.1589E.ru 
7.9181£-SI 
',68S0E-03 
'.44eSE-"3 
'.2068E.el 
6,952!E-eS 
6.693'E.e! 
6.46eIE-el 
~.25S'E.eJ 
6.eS'6E.SI 
5,6734£.0J 
S.'lIHE.e3 
5,5'76EfII03 
5,4687E.83 
5.3616E.01 
S,2458E.03 
5.tlt'f.el 
'4.9688E.e3 
4,ae61E."3 
4,6313E.£lS 
4,443TE.03 
4,25t3E.e3 
4,e'62£.83 
J.9a3SE-es 
3.,82I1E.01 
3,6544E.03 
3,5357e-03 
1,42e7E.0S 
J,3eSSE.es 
I.S1tef • .,! 
l.saefiE."S 

0' 5,81114£+1114 
5.8128£.84 
5.9822£+84 
5,9316£.04 
5,961eE.84 
5.9984£+04 
,.eI98e.04 
6.1'492£+04 
6,e786E+'" 
.,10seE+04 
6.1314'+04 
6.166e!+"4 
6.1962£+04 
6,2256£+04 
6.2550£+1'4 
6.2644E+"4 
6.3138£.04 
6,1412E+04 
6.,726£+84 
6,4020£.04 
6,4JI4£."4 
6,4606E+04 
6,Ggee£.e4 
',5196£+04 
6.5490E.04 
6.5764£.84 
6,6078E+e4 
6,63'2£.£14 
6,66(,6£.04 
6.696e£+04 
6.72S4E."4 
6,1548£.£14 
6"e02E+e4 
6,8136£.,,4 
6,8438£+"4 
6.6124E.e4 
6,9"'18£+04 
6.9312E+e4 
6,96e6E+"4 

H.165 

. 8,t165E-04 
6.9064E-1I4 
S.11S2E-e4 
4,98ee£-,,,, 
4 ,242IE-IU' 
S.63,eE-e4 
l.t,eSE-e4 
2.'7e,£-e4 
2,461eE-eo 
2.19S3E-04 
1.9996£-04 
1.8S2'E-e4 
1.'CISE-e4 
1.6SS6E-e4 
1.586'£-"4 
I.SS'0!-e" 
I,Se,I!!-e" 
1.4YS6£-e4 
1.4441E-04 
1.Cl!Ie:-e4' 
1.18£17£-84 
1.1462£-£14 
I.S086[-e4 
1,26S5E-e4 
l,21'9E-e4 
1.16~S!-e4 
1.12eSE-e4 
l,e691E-04 
1,8190!-04 
9.,e22E.05 
9,2206E-e5 
8,T312£-"5 
8.2459E-0S 
'.6927E-e5 
',,,?eIEeeS 
6,!865!-05 
S.49S6£-05 

. ,4.4219£-05, 
, '/ ':!.4303£.05 



   
      

  
      

  
        

   
  

    
    

    
   
   

   
   

   
   

  

 
   

   
    
    

    
    

    
      

     

      
    
    

     

  

 

 

       

 
 

 
 

 

 
 

 

 

 

 

 

 

 
 

 

 

PLTCVT PROGRAM DATA SUMMARY 
PIR5(TOTAL FU!L ASS!MBLlISl BAS! ClSE ,'ISSIOH PRODUCTS CONT1"IN'~T • TC-99 

TONS 0' ~!AYY M!TAL 'ACTO~. ',5000111 OAT, BLOCKINQ 'ACTORS" 
ENTRY MOO! (1 • T(LOW1,OT,NCI~LSJ CZ I T(~OWJ.T(Hl'.NC!LLS' MODI. TIM! La~. 5,8Ia09~!.14 TIHE HIGH, 6,laaaa9!.a4 
NUMBER 0' C!~LS • 209 OILTA TIM! INCREMENT. 2.501Iall.0, 

~AW DATl AND BLOCKEO DATA 
MAX, TIME, l,3631a+19 
TOTAL W!IGHT. 2.4643!.15 

'ACTORS. 

PEAK wIIQHT. 77a9,9S' 
PEAK P1RCELS • 44.aaa WT. LOW. 5.6780!+02 
WT. HI. 1.35661+95 

SMOOTHING WI~QOW (C!~LS1' 

MtN. TIMI. 3.94361.a4 
TOTAL PARelLS • 165'.1 P!AK W!I;HT TIM!. 5.5638!+04 
PEAK PARC!LST!M!. 5,8638!.~4 
HO, P1RC!LSLOW • 3.0 
NO, PARCILS HI • 4612,0 

1'1 

TOTAL INVENTORY (cURt!S)' 3,826520E+a5 INVENTORY UNDIA TH! CURRENT GRAPH (CURI!S)' 2.568296,.a5 PERC!NT 0' TOTAL INVENTORY. 61.118 

TIM! 0' ~AXIHUM CONC!NTRATION (Y!lRS)' 5.8587'0£+04 MAXIMUM CONCENTRATION (MICROeUA!!S/M~J' 9,596]481.34 M~.lMUM qAT! (CURt!S/YEAR). 2,4909041+"2 CONVERSION FACTOR RAT! TO CONC!NTRATION' ],85]949!.96 
CONTA141NANT • TC·9ca 

T 1M! (YEARS) lNO·RAT! (CURI!S/YEAR) paR TH! l1UI· POINTS 

TIM! (YRJ IU 11 (CU/lA) TIM! (VA) IUT! (CU/lA). 5.1'588'+04 2.IICJ0I0£+ti 5.93S0!+04 1,26391+"2 5,&591!+"'4 2,4900!+9a 5.93&8e+14 1.2096!+02 5.8594!+,,4 a.49aal+02 5,94261+"4 1.1542!.02, 5.8598!+0Q 2,4900e:+aa 5.9Gb51!.94 I.0990e:."2 S.Sb0Ie·"4 2,4900£.02 5.95i3IE."4 I,GUUt,E+02 9,8601)f!+04 a,49"0£+~2 S,IJSl&1!+"4 9,95341.'11 S,86e8'+04 2.09001.'2 5,95791+"4 9.4836£."1 5.a&ll!+a4 a.49'nJE+~2 5.9618'+04 9.0215!."1 5,8&15£+04 2.0871E+a2 5.'l'5&!+"4 8.5836!+01 5,8611JE+.a4 2.08a7!+02 5.9'941+04 8,1799!+01 !.86i2!+04 a.4183E+aa 5.9732!+"4 7,1894£."1 
'" 

5,8&25£.04 2.47l9!+a2 5.~n71!.a4 7,43991.", 
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S.8618E+'" 2,'6ca5E+"2 5.ge"ca£+,,0 1,11153E.el 
5.e'sr!+,,0 2.46StE+"2 S.ca8.,£+eo 6,TT'tE+0S 
S.B6!!!+"0 2,06e1E+e2 S.'I'SE+04 '.4rca6E+"1 
S.86!9!.00 2,ose8£.C2 S.9924£+ee 6,2eS'E.", 

·5,8642!+"" l,aS&4E+e2 5.9962E.ea 5. 96,4E.11I1 
5.8645£+"" 2.0589E+ei! 6,.,ee8E+ec S.'6S0E.01 
S.86.,! • .,4 1,"59SE+02 6,01'91£.11" 5,!JI8E+'H 
S.S652£+e4 2,4S98E+82 6.eI8IE.+e4 4,90'1£.01 . 
S,86S6£+"4 2,0682E+81 6,e272!+eo 1.51,,,£+el 
5.8659E+"4 1,06"'E+"1 6.0Ila2£."0 4,1738E+el 
5.866SE+00 2.:4611E+82 6.e4S3E+eo 1,865SE+el 
5,8666£+"0 2,461IE+e! 6.eS4S!.ec J.53,eE+"1 
5,8669£+"4 2.4615E+"2 6."614E+e4 S,22S0E.01 
5,8673£+"4 . 2,4611E+82 6,0724E+64 1,9SS!E+01 
5,8676E+"4 I,06t9!.0! 6,081st+e4 . 2.627C£+01 . 
S,86eeE+84 1.46!&EtEl! 6.0geS!+0" 2.210IE.01 
5,868SE+04 2,4624E+12 6,0996£."4 1,9S09E+''1 
5.8686E+e" 1,4l126E."2 6,1086£+04 1,6e0SE+e& 
S.8690£+lUI Z.4600E.02 6,JITrE.00 I,S446£+el 
5,86'SE+0G 2.4562E+02 6,1261E.04 I. t 35!Et,,, 
5,8691£+04 2,0524E+e2 6,1158E+ec ',8GeTE.ee 
5.8Tillle+ea 2.4486E+02 6.1G49E.ec e'8sseE.ee 
5.e138£+0. 2,3944E+e2 6.1539£+04 T.~e6eE+ee 
5,&TTTE+04 2,3193E.e2 b.lb30E+e4 T,3364E+ee 
5,8815£+04 2,2383E+02 6.1T2ee+,,4 6.T41SE+ee 

i 5,eBSJ£+eo 1,159'E+02 b.t811E+e4 6.1526E+e0 ,'. 
5,88'IE+,,4 2,eee8E+02 b,l''''E.''4 5,46T5E+e0 
5,8929E+"4 ·2.0128E+02 6,1992£+e4 4,8128E+e0 • 
5,8968E+04 1.9425E.02 6,2082E+04 o.seS'4E+ee 
5"e"6E.04 1,8658E+02 b,2113E+64 4.2112E+e0 
5.9044E+04 I.T888E+02 ti.226SE+04 s.e8Et9E+0e 

, 5.9082£+04 1,'143E+0a 6.2354E+1I4 3,6225E+"0 
5.912IE+04 1,6412E+1I2 6,24G4£.e4 S,1l!65E+ee 
5.'t59E+64 1,5705E+02 b.2S35E+"4 1,t"QE."e 
5,9191£+04 1,5052E+02 b.2b25,E+0C 2.'2'3E+00 
5.9235E+04 1,4424E+02 6.2116!+04 2.6TJ2E+ee 
5,'2T4E+e4 1.:S'93E+e2 6.2806E~ec 2,56118&+0e 
5.'112E+00 l,l190£+.02 6.2CJ'7E+ec 2.S,a:10E+ee 
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P~TCVT PROGRAM DATA SUMMAR, 
PIR5(TOTA~ FUlL A~SE"eLlIS) 8A81 CAS! .'JSSldN PRODUCTS 
CONTAMINANT • 1-129 

TONS 0' HIAVY METAL FACTOR. a,50aaaaa 
DATA BLOCKING 'ACTQASI 
INTRY MOD! '1 • TlLD~),DT,NC!LLS) (2 , TCLOWJ,TCHIJ,NCILLS) MOO!. a 
TIM! LOW' 4.00B0aa!.04 
TIMI MIGM, &,'00001!+15 
NUMBER 0' CELLS • . 409 
D!~TA TIME INCR!MENT. 2.5aa9a~!.ai 

RA~ DATA ANa SLOCKED DATA 
MAl, TIM!' 1.3&2S!.a! 
TOTAL WEIGHT. 1,1391!.93 

,ACTORS. 

PEAK wEIGHT • 16,2&7 
PEAK PARCELS • l2.aaa 
WT. LOW. a,0001E-at 
WT, HI. 0,00a0!_01 

SMOOTHING WINDOW (CELLS)~ 

MtN. TIM!' 4,05&11+04 
TOTAL PARCELS • 6170,a ,!,. waIGHT TIM!. 4,'1251.04 
P!AM PARCI~S TIMI.' 4,'125!.a4 
NO, PARCELS LOW • a,0 
NO, PA~C!LS HI • I.a 

aa 

TOTAL INV!~TORY (CURt!S). 1.139028E.al 
INVENTORV UNDER TH! CURRENT GRAPH (CURI!S)' 1,140&471.13 
PERCENT 0' TOTAL INVENTORY, lBB,14i 

TIM! 0' MAXIMUM CONCENTRATION (Y!AAS). 4,9625001.14 
MAXIMUM CONCI~TRATrON (MICROCURI!S/ML1. 1.&'4850!e07 

. HAXI"UM RAT! (CURI!S/YEAR), 4.91bb4&le"a 
·CONVERSION PACTOR ~AT! TO CONCENTRATION. 3,553949!.0& 

CONTAMJNANT • 1-129 

TIM! (Y!ARS) AND RAT! (CURIES/YEAR] 'OA THI t0e POINTS 

TIMI (YA) fU 1! (CU/YR) TIM! (VR) RATI (eU/VA) : 
4,06iSI+04 ·4,639ra£-03 9.3SaSa+04 ',17561.11] 
4,121a'+04 •• a26WJI-al 9,55812+04 6,2110]lell] 
4.t7fi9!.04 a,9483!·"3 9.76461+a4 &,1983E-Ql . 
4,238&1+04 1."075E-0a 9,97051."4 ',aa36!.e] 
4,297JI·04 2,1395!-02 1,0176!+"5 6,2434!-03 
4,356'!."" a.81129!.aa 1,03821+"5 6,2&371-0] 
4,4108,.\14 3,3521E."2 S,aS88!."S 6.2384!."] 
4,4 735'.04 3.6477£-0a 1.0794!+"5 6.2545!.1I] 
4,5322£+"4 3,93971 .. "2 I, ""Ja!+05 6.24271.113 
4.59091·04 4,2090!-ra2 1,1206!.05 6,2371!-"3 
4,&496!.Q4 4.4866E-3a 1.14121+05 6,25871e 1l3 
4,""83!+'" 4,&3G121-92 1,1tt18'+0S &,21341.11' 
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C."'II[+00 4.698'1E""2 1.S52!E+"5 6.e6"eE.IIS 
0.8258£.114 4.1522E .. 02 1.2029£+05 6.2961E-1I3 
4,8845E.e4 . 4.8ee1£-"2 s,aZls!+es 6,26e3E."3 
".9CS2E.ec 4.8TSSE-1II2 1.24411+"1 6.161IE-es 
S.lIeI9E.e, ~.e55IE.1II2 1.264T£+el 6,0415E.03 
5."'06[+e4 4.IS21£-e2 t,zeSSE+e5 S.SI1SEeel 
5,1193£+04 0.7305E-e2 l.seS9£+"5 1.180SE-el 
S.ITBeE.00 4.61leE-0e 1.le7TE+"! S.ISISE.el 
S,eS"E+"4 4,G135E.02 1.3"96£+es 5.121'1£·03 
5.2955£+"C 4.3467£-02 I.SUG!+e! S.0S'I'IE-"S 
5.S542E+04 4,405'1£-12 I.SISSE.es S,.,elSE-ElS 
5.4 U!9£+"" 4.5T'T£-02 1,31S2f."5 4.86S'IE.e3 
5,4716£+"" 4.5129E-e2 1.31'''E+''S 4.6T84E.es 
S.5ses£+"c 4.21S4£-"2 1.S189£+"! 4.4454!.el 
5,5890£+"4 4,ee52E-"! I,Sie'l!."!· 4.2947E-el 
5.647'E+0C S.8626E-82 1,1216E+es 4.0717£-01 
5.T064E."4 3,5180E-e2 1.3244E+"5 S.8021£-1I3 
5,1652£+04 2,9464£-02. t.326IE+05 1.4915E-e3 
5.8~39E+"4 2.I456E-ea S.S281E."5 3.1T69£-1I3 
5,8826£.04 1.4665£-112 1.3IeeE .. e5 2.862eE-m3 
5.9413E+04 l.e091E-02 I.SSI9E+.,S 2.6136E-0S 
6,0000E+04 1.9562E.03 I.S!3,!.e5 2,38£18£-£13 
6.056T£+04 '.40"9E-13 I.S356£.05 2.1814£-113 
6.2bGbE+eo 6.8047E-e3 1.!l14£+05 1.9446E-03 
6.470SE+04 6.4465£·"3 1.3393E.,,5 I.Te18E-e3 
6,6'64£.04 6.1268E-03 1.3411E.e5 1.4996£.e3 
6.8&22E.04 6.3e48E-e3 I.J4SeE.,,! l,seeSE.es 
'.088IE+e4 6.3183£-03 1.3448E.,,5 1.1656E-e3 
1.2~4I1E+e4 6.21'4E.e3 1.3461!.0! 1.e261£-e3 
1.4999£+e4 6.2T'7£-03 1.34B6£+e5 'e852e£.04 
7.7e58E+e4 '.2462£.0S 1.3500£+e5 '.3395£-£14 
7.911 7E+04 6.2266E-e3 1.3523£+e5 6.eeeSE-e4 
8.1175E+"4 6. I 925E-tU l.l541E.e5 4.9'91E-e~ 
8.3234E+04 6.eIBSE.es t.S56SE.01 4.6"7,E-e4 
8.5293£.114 6.1902£-0S 1.35'8E.es 3.966eE-e4 
8.T352£.04 6.20Tl£·0S I.S591E.e5 3.21S8£-e4 
8.941IE·"4 6.2081E.03 1.3616E.05 2.576S£-"4 
9.1469£+04 6.195IE.03 I.J6'S4E+1I5 1.8791£·£10 
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PLTCVT ~AOGRAM DATA SUMMARY 
PIR5CTOTA~ FU!L A,SEMBLI!S) aAS! CASE ,'ISSI0N PRODUCTS 
CONTAMINANT • es.t3! 

TONS 0' H!AVY METAL "CTOR. a,5aaaaaa 
DATA SLaCK IN; 'ACTORSI 
INTRY MOO! (1 • T(~O~),OT,~C!LLS) (2 I T(LOW),T(MI"NCI~LS) MOO!. a 
TIM! LO~. 4,0000001+04 . 
TIM£ HIGH, 6,00~0a~!.04 
NUMe!~ 0' CELLS • 4~0 
DELTA TIMI INCREMENT. 5.000a00!+01 

_AW OAT. AND BLOCKID DATA 
MAX, TIM!- I.9998!+06 
TOTAL WEIGHT •. 7.68t51.03 

'ACTORS' 

P!AK WIIGHT • 87.t9t 
~IAK PA~C!LS • t4.0a0 
WT. LOW. 0,Ba001-at 
WT. HI' 3.7069E.12 

SMOOTHING WINDOW (C!LLS)' 

MIN, TIM!. 4,31771.04 
TOTAL ~ARC!LS • t233,1 
P!A~ WEIGHT TIMI. !.1275!.a4 
P!AK PARC!~S TIMI. 5.32751.a4 
NO, PARCELS LOW • a,1 
NO, PA~C!La HI • 134,a 

20 

TOTAL INV!NTORY (CURt!S). 1.052167!.03 
INV!NTORY UNO!R TH! CURRENT GRAPH (CURI!S)' 7 •• 3S8631.al 
P!RCENT 0' TOTAL INVENTORY. 94,867 

TIM! 0' MA~lMUM CQNC!NTRATION CYEARS)' 4,477500!+04 
MAXIMUM CONCENTRATION CMICRQCUAIIS/ML). i •• ll266!.a6 
MAXIMUM RAT! (CURtIS/V!AR), 6.827'561-01 
CONVERSION 'A~TOR RAT! TO ~ONC!NTRATION. 3,893949!e06 

CONTjM1NANT • CS .. '39 

TIM! (YEARS) AND RAT! (CURIES/YEAA) 'OR THI 1'''. POINTS 

TIM! eVil) R4TE (CU/VA) TI14! (VIl) RAT! (CU/YR) 
0.3179£+04 2.!384!·"l 5,0i14!+04 5,&848E-01 
4.3224!.04 2.1J384!-01 S.0549!.04 5,&862!·"1 
4.3211! ... 04 2.6125!,.al 5,088'e ... e. 5,6932£-01 
4,33a31."4 2.1005!-01 5.12201+04 5,7081Ee'" 
4,3372£+04 2,8021ell'01 5.155S!.04 ',7a981!e01 
4,3421!+a4 2 .8446£"~U 5.l890E.04 5,7549! .. a\ 
4.347a!+04 2,9685£-01 5.a2Z61"'04 5.71!4!·"l 
4.3520!"'04 3.1095!.91 5,2561£ ... "4 5.7929!-Qll 
4.3569!+04 3.2!94£-01 ,.a89&a+"4 5.788lEeln 
4,3618!"'04 3,41!9!-"1 5,32321+aO '.756S!·"1 
.,3667E+04 3,5aIJ3~·~1 9.3567!."4 5.&916£-01 
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5.19(2E."4 
.. 

4.3717E."4 J.1584E-01 5.S899E-CU 
4.3766£+114 3.9325E-8l S.4231£t"4 5.4490E-01 
4,S6SSE+04 4,1066E-el S.4S'S!+04 S,2643E-01 
4,3860E+"G G.2796E-0, 5.G90eEt"4 5,e41SE.01 
4.S91GE+04 4.GS00E-el S.SI.J!+04 4,71e4E-01 
4,3963E+8G 4.6117E-01· S.SS"9£t"4 4,4632E-0t 
4,41112E+"G 4,7835E-el S.!914!t". 4,122SE-IH 
4,4e61E+"4 4,948SE-el S,lIa.9£t"4 3,6091E-01 . 
4,4111E+"4 5.1tS4E-01 S.6SIS!+04 3.4794E-01 
4,A1611£+04 5.21e3E-01 S.636"!+04 3,3467E-lll 
4,4209E+"G 5.4434E-el 5.6415£+04 S,2149E-lll 
G.42!UE+"" S.6081E-"1 S.6410!+04 3.0911E-01 
4,4seSE+"4 5.7'lBE.el S.6S26!+04· 2.9806E-.et. 
4,4SS1E+"4 5,9328E""1 S.61ItE+"4 2.8878£eI11 
4.4406£+"4 6.ma9aE-"1 !.66S6!+"4 2.8124£-01 
4,445SEt'HI . 6,23T2E-lll 5.6"2!+"4 2.TS36£-"1 
4,4501£HI4 6,374'E-el 5.6T4,!+"4 2.,e84E-"1 
4.4554E+04 6,G987Ee01 5.6802!+04 2.6731E-01 
4.460S£+04 6.61154E.el 5,6818!+"4 . 2,64414£.'''' 
4.4652£+04 6,6924£-el s.6911!t"" 2.6',82E-01 
4,0702E+00 6.1S91f,-el 5.69'8E~eo 2.5899E-01 
4,4751E+00 6,S081E-II1 S.7e!3£+04 2.5542£-01 
4,48e0E+04 6.&25'E-01 5.T079E+"0 2.50,tE-II1 
4.4809E+00 6.8190E,,111 . S.11S4!6"4 2,0454E-el 
4.5185E+04 6.6948E-0l S.1189£604 2.3615£-1'1 
4.552eE+04 6.5319E-01 S.1245e t e4 2,2'28E-11H 
4.S8SSE+04 6,3985E.01 S.TSlJe!.e4 2,1607£-01 
4.6190E+"4 6.2399E-''1 5.1355Ete4 2.0317E-et 
4.6526E+04 6.(II945E-01 S.1411E.04 1.8880E.et· 
4.6861£+"0 5.9614E .. 81 5.7466£.04 1. 'S41E-IH 
4.7196E+04 S.8634E.01 5.1521£+04 1.S133Ew81 
4.'532E+04 5.7852£-01 5.15T1£.04 I,Altl4E-lU 
4.186'E+04 5.732t£.01 5.1632E.e4 1.2516E-01 
4,8202E+04 5,1012E-el 5.1687E.e4 1.1eS8E-llJl 
4,8537E+04 5.6869E-01 5.1142£."41. 9.1e62E-fj2· 
41.8873£+t10 . 5.6821E-01 5.1.,98£+"4 . e.4895£-02 
4.9208E+04 5,6830E''''U 5.1853£.04 1.T345E-02 
4.95G1E+04 S,6844E-01' 5,1ge8E~e4 " 1.eI»IU-02 
4,9879E+04 5.6BSlec01' 0.5. t9e.~Et.04 .. .. 6.2!lSe£.e2, 

• 
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PLTCYT PROGRAM OATA SUMMAR' 
PIA5(TOTA~ 'U!L AS5!MBLlI3) BAS! CASi, CHAIN' 
CONTAMINANT , U-al. 

TONS 0' H!AY' M!tAL 'ACTOR, I,!saaaaa 
DATA SLOCKIN; ,aCTORS. 
INTRY MODI (1 • T(LOW),DT,NC!L~SJ (2 I T(LO~"T(MI"NC!~LS) MOOI, a 
TJM! LON. ].a0a0aa!+as 
TJM! HIGHI 1,59ageB!tal 
NUMS!A 0' CILLS· • 2aB 
OILTA TIM! INCRIMENT. 7.9000091+92 

RAW DATA AND BLOCKED DATA 'ACTORS' 
MAX, TIM!. 1,6966!+05 HIN. TIM!' 2,92.51t85 
TOTAL ~!IGHT. 1.44111+e4 TOTAL PARCI~I • 657 •• 8 
P!AK wEIGHT. 294,766 P!AK WEIGHT TIMI, 3.386] •• 15 
PIAK 'ARC!LS • 124.aaa P!AK PARCILS TIN!. J,l8631.15 
WT. LOW. 5.6301£+0a NO. PAReIL' LOW, 4.a 
WT. HI. 1,3808!.aa NO. PARCI~S HI , , •• a 

SMOOTHING WINDOW (CILLS). ! 

TOTAL INVENTORY (CURIE5J. 1.441536!+14 
INY!NTORY UND!R TH! CURRINT GRAPH (CURIIS,. 1,.J8215,te. 
P!RC!NT 0' TOTAL INYENTORY. 99.710 

TIM! 0' MAXIMUM CONC!NTRATION (Y!ARS). 3.3637!11+05 
MAXIMUM CONC!NTRATION (MICROCURI!S/MLJ. 1.1.IJ22!.a6 
MAXIMUM RAT! (CURlIS/Y!Aa). 2,819&111 •• , 
CONvERSION 'AC'a~ ~A'I TO CONCINTRATION. 3.85!'19!.16 

CONTAP41NANT • u-a3b 

TIM! (YIARS) ANO RiT! (CURIES/YIAR) 'OR TM! tal POINTS 

TIM! (YR) RAT! CCU/YR) TIMI eYR) RAT! CCU/YR) 
3,'1113'+05 4,933bl.a3 3.753a!.," a.24691.12 
3.llat)1!+0! b,46651b91 3.7'86!+'" a.1790!."2 
3.a4S"E·"5 t."]761.112 l.7835!+a! ',1124!.I2IJ 
1.0!S8!+a! 1.358b!.aa 3.19&3!.a5 a." ... 221-12 
3.a707!+"! a.lo.,!.aa 3.alla!.I! 7.'t93!.12 
3,08591·05 2,8619£.a2 3.828al.a!5 7.9Ia"E.la 
3.laZ4!.,,5 3.7189£.12 3,&429'."5 1.84371.02 
3,115ae+"5 4,1352E.aa 3.8577!+'" 7.8"751.12 
3.1301E·05 5.9at3!.~a 3.3726!41"5 7.794te.12 
3,1449!+'" 1.21!5!.aa l.aS141·'" 7.a""3£.02 
3.1'98!+i5 8.1573E-02 3.9aZ3E+"S 1,11421-a2 
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3,lTI6E.e5 1,1I4JTf-el 1,9"I£.6I1S ',eetIE-me 
3,1895E."5 t,2198E.8a S,9S2e£."5 ' 7,le61£.I! 
S,ellIIE.e! 1,llIltJE-el 3.90'8,.es 7,7568E-"2 
1,2192£."5 1,5916£.el 3."17[6.,! '.66S6E.SI 
S.2S0S!.'" t"eS5E.01 S,9'6S!.'5 7. sses!.e! ' 
1.2489E.81 1,9661£-1'1 :S.9914!."5 ' '.J,'SE-1I2 
S,26'7E.0! 1,1048£."1 4,e"62!.e5 '"Y"E.el 
3,27S6E.0! I,SI!eE.e! 4,elUE.es 6,'761!.B2 
S,2'S4!+"5 i,46S4!.el 4,IISI9!.el 6,'666E-e2 
S,Se8J!.e!! 2,S940E.II, 4,eseSE."S ',soeeE.me 
S,S2St!·e! 2,699JE.ru 4,e65'!*"5 6,St2SE.se 
3.338ee.05 2.TT50£e'I 4.lsel£6"5 ',e08TE • .,e 
S,SS28E.e! 1.118SE.el 4,"'5S!."5 . 5, TI9.£.e2 
3.S67T£+05 2,1269£-el 4,tIElZ!.e5 1,4122E.1I2 
S,S8eSE."S 2,leS9£.lIl a,llseE.es S,eleSE • .,! 
I,S9"£."5 2.'428E."1 4,tS99£6"5 .,64t9E.02 
S,4122Et'" 2,6569!-"' 4.1147!.IIS ,O,zse4Ee"e 
I,G271E.05 2.5489E-"1 4.t,96E • ." J,8S'''E.ee 
S,GGI9E.0! 2. 02.61 t;.t" 4,1844£.e5 S.0189!.ee 
J.456S! • .,! 2.2959E-el 4.199'E.,,1 l,eS6'1.12 
1.4716E."5 2,1646£."1 a.2141!+e5 2.6"II£-e2 
1."865E+"5 c.e!T2E.", 4,2290!6e5 2.J42eE-ea 
J.S01IE+1I5 t.9169E.01 a,24J81+e5 e.eSll£.Ele 
!.5162E."5 1.seseE-e! 4.2581E+0' 1.74C!E-II! 
3,5IUIE.e5 1.7"0BE-e, G,IT!!5!."! 1.481SE-ee 
3.54S9E.e5 1.6032E.01 4,288aE.1I5 1,2417£elle 
I,S6"T!+es l,51eT£-lH 4.3eS2E+1I5 l,e255E."2 
3,5T56E+"5 1.4218E-III 4,J181E6"5 1.1261£eIlS 
3,5904£ • .,5 1.1155E-01 4.3129£+e5 6,6JetE-es 
3,6053E+05 1.2521E-01 4,J4T8E."S 5.'661£-el 
1.6201£.05 1,IT26E.01 4,S626!.e5 3,92S8E-IIS 
J,6IS"E.es 1.0985E-I'I 4.3T15£ • .,5 1.9101£e0J 
3,6491EH~S t.eI17E.el 4.J'211.15 l.eS47E-!! 
1,664TE+05 ',T389E.e2 0,4rG'!,.e! 1.4seCE-es 
3.6195E+e5 9,2659E.02 4,4210f+e! '.TatlE-e" 
J.6Q44E.es 8,Qee6E-,,! 4,4169E.05 ',O"91E-1I4 
3.'892E+e5 8.6!44E.e2 4,4SIT£+"!5 •• £1616£.04 
S,T241E<it'S 8.4514E ... e2 4.4666£.1'5 e.G6t9E."41 
!. 'J8:QE+}a5 , .e ~JJt4S~."2 ' 4 •• 8i '4 !4Pe s. l.4"leE-tl' 
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PLTCVT PROGRAM DATA SUMMARY 
P1RStTOTAL 'UIL ASSIMBLlIS) aASI CAS., CHAIN 1 
CONTAMI~ANT • 1M.ala 

TONS 0' HIAVY MITAL 'AGlOR. a.Slallll 
OAT A BLOCK IN; PACTORS' 
INTAY MODI (I • T(LON),OT,NCILLIJ fi • T(LOW),T(HI),NCILLI) MODI. 2 
TIM! LOW a 3.119alll+'9 
TIMI HIGMa 2.1'~11~1.0. 
NUMS!R 0' CILLS • ala 
OILTA TIM! SNCR!M!NT. 1.50B000'+B3 

RAW DATA AND SLOC.'D DATA 'ACTORS' 
MAX, TIM!. 1,99941." MIN, TIMI' 3,I7451tl5 
TOTAL weIGHT. 3,S73bl-al TOTAL "RCI~' • 116',1 
P!AK WIJQHT , a.all PEAK WEIGHT TIMI. a,eS'!I.'S 
PEA. PARcaLS • 19,aal P!AK PARC!~S TIMI' 1,0,931.16 
WT, LOW. a,aaaa!ell NO, PAAC!LS ~ON • a.a 
NT. HI. a,alll!.al NO, PARCELS HI • 1.1 ' 

SMOOTHING WINDOW (C!LLS). ]1 

TOTAL INVINTORY (CURtiS). ].81]6441-a2 
INVINTORY UNDEA TH!CURR!NT ;AAPH (CURI!I), 3.8152511-12 
PIAC!NT OP TOTAL INV!NTORY. 98.234 . 

TIM! 0' MAXIMUM CONC!NTRATI0N (VIARS). ',',aSlal.l! 
MAXIMUM CONCENTRATION (MICAaCURl!S/M~). 9.3!!J"!-14. 
MAXlt4UM AAT! (CURIESJYEAR)" a.4a.,45ie;.a8 
CONvlRSION 'ACTOR RAT! TO CONCINTAATION. 3.85]'49!.a6 

CONTAMINANT • TH.232 

TIM! U!ARS) AND IUTI (CURIESJYEAR) FOR TH! 1'''' POINTS 

TIM! (VR) RAT! (CUJfR) TIMI eYA) AATI (CUJ.,A) 
3.Z1ZSII+a, 1.]11~!.es a.salllltlS 2.42191."8 
3.2]64!.,,5 1,]""5£e08 8,76411."5 2.42631.,8 
3.26021."5 1,]7;)51£-"& 9.3a94,.a5 2.42741it08 
3,2841!."5 1,3135!.18 9.2941£.95 2,4256!-08 
3.308"E+"! t.4101£.08 9.55881.03 2.'2131-a8 
3.3l181.,,5 1.5025!-"8 9.823511+a5 2,41481.08 
],]557£+"5 1.59421-08 1.l2Ja88!+06 1.40641."8 
3.37951+0' 1.686al.a8 l.a3531+ab a.3967!-98 
3.40341+15 1.10541E.08 1.1I6S8!*'" 2.3a.,!-a& 
l,4273!+a! l,11461! .. 12J8 1.0882£.06 2,31481-"a 
3,45111+05 1,12371."8 1.1147!+"6 1,363]1-"8 
],41501+"5 1,7322£-"8 1.14121+ra6 2,3515!."8 
3,49891.'" 1.'393Ie08 1. U~'.!+"6 2.~]96~.la 
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I.S!27E·es 1.7AflSE-e. 1.1941£.06 . 2. 12aeE-ee 
3.5466£.e5 1.,!iSIE.ea 1.2206!.e6 I,I161!-86 
3.57e5E.es 1.'51'E-0' 1.24'1!.e6 2.se'!E.fl! 
1.19,,3£.e5 1.'6G1E-ee 1,!TIIE+e6 2.29.J£-ee 

. J,61e!E.e! 1."'3£-18 l.seeeE • .,6 e.2.72! • .,& 
1.,C20E.e5 1."19£-sa t.SZllE.e6 2.2808£eI8· 
1.66S9!+e5 1.'631£·lle l.1422!.16 ·!.e'S"Ee0a 
3.6e'.£.05 t.'S42E~ee I.S6S!!.e6 2.2'II!E-1I8 
3.'1'6£.e5 1.'414Ewee I.JlaSE+e6 2,26"E.1I8 
!.""E.e! 1.'51IE."8 1.4154£+e6 2.!6!II!we& 
1.7'14£+"5 1.''1 UIE-es 1.426!iE+e6 1.26"!w"8 
1,'Ies!!.,,! t,fa8'E-ee 1 ••• 'I'I.e. 2,2631'E.ee 
3.8e91E."5 l.e0S6E.e8 1.468'£."6 2,2642£-18 
J.IS30E.es 1.8Ie2E-e8 1,4898E.e6 2.26S3£we8 • 3.8S61£ • .,5 t.1148E-08 t.511'6E.06 2,266SEwel 
S,ee07E."5 l.eI95E-ee 1.5319£+"6 2i2682£-ee 
1.9145E.e5 1.824IE-0e I.S!let.e6 1,27"3'-81 
S,9284!.0S 1.12e6£-"8 1.5741E.1I6 2,2121£wes 
1.912IE+05 t.8S32E-0e 1.S952E.06 2.2156E-0e 
S.9761E.es 1.8s,eE-es 1.616Sf.1I6 2.2'181£-01 
4,0eeeE·es 1.8435E-0S 1.617S£:6"'6 e,2&2"E.0& 
4,26Q'E.es l,~e14E.e8 1.6seaE6e6 2,2150Ewlll 
4,5294E.es 1.9655E.0S 1.6795£.06 2,289Ia.e& 
C.'941E.!! 2,el'6E.e8 t.,ee6E+'" 2.2928Ewe6 
S,eS8eE.es 2.0695E-08 1.121,£.e6 2,2968E-e& 
S,SI!!se.es 2.11S1E-ee 1,7428£+156 2,e'9IEelll 
5,58S2E+05 .2,1564£.08 1.'6J8f.16 2,2969E.ee & 

5.8529E."5 2,1913E."8 1.,e49E+16 a"eeSe:eel 
6.tI17E."5 2,2201E-0e 1,8e6IE+e •. 2.Je47e-e8 
6.S824E·05· 2.2564£-08 t ,e21n: • .,6 2,JeI9E • .,6 

• 6,6411E.IS 2,2692Ew0e l.e482E.e6 2,3128E-08 
6.9118E·"5 2.12ecE-IS l,e'93E.e6 2.3165£-el 
'.I,e,SE+~S 2,]066~.ee 1.89IlSE.06 2.3196E.ee 
,.0412£.0S 2,3685E •. 8S 1.tU4!.'6 2.1224£.0£ 
l,7"'59E.e! 2.3S71E-es 1,'S!SE.e, 2,3249£w08 
7.9'06E.05 2.4021,E.0e 1.9536E.06 2.1212E.0. 
8,2!~JE#l5· .c,41!9E.ee t.·U47t+e6 2,S2tSEwee 

H.175 



   
      

  
      

  
         
   
   

    
    

    
   

   
   
   

   
    

  

  
   

    
    

    
    

    
      

     

      
    
    

      

  

       

 

 

 
 
 

 
 

 

 

 
 
 

 
 
 

 

  

 

'~TCVT 'ROGRAM DATA SUMMARY 
PJR5CTOTj~ 'U!L ASSIMBLIIS) BAS! ClSEI CHAIN a 
CONTAMINANT , NP-2!7 

TONS 0' HIAY' M!TA~ 'ACTOR. a.5BSiISI 
DATA 8LOCKINQ 'ACTORS. 
!NTRY "OD!tl • 'l~aW),OT,NC!~LS) fa I TCLOW),T(MI),NCILLS) MODI, I 
TIM! ~ow. 1.0111011.14 
TIMI HIBH. 2.0110001.a6 
NUM!!R 0' C!LLS • III 
DE~TA TIM! IHCR!MENT I 9.950111,.IJ 

TOTAL INY!NTOA' leUR!!S). 3.99,tb71.ao 
INVENTOR' UN9!R 1M! CURRINT BRA~M (CURIIS) , a •••• ll1 •• I • 

. PEAelNT 0' TOTAL INYINTQRY. 11.139 

.TIMI 0' MAXIMUM CONC!NTRATION (Y!ARS) .6.012'011.14 
MAXJMUM CONCENTRATION ("ICROeUAl!S/M~)' 1.6181131.a6 
MAXIMUM RATI (CUAtIS/YllA) .'.19a315!.11 
CONVERSION 'lCTOR RAT! TO CONC!NTAATION' 3.a53909Ial, 

CONTAMINANT ., NP.a37 

11"'1 ('IIAAS) AND AAT! (CURIES/V!AA) 'OR TH! laB POINTS 

TIM! (VR) .,T! CeU/VA) TIM! ,VA) RAT! (CU/VA) 
4.4825,+00 4.19911.", O.la98!*a! 2"7,5IeI3 
5,2188£+04 4,1 9."le"1 4.a034!."5 3.34591-13 
5.9'511+04 O,t9b61"al 4.21111a.a5 3,62'81.a3 
&.6914!+1I0 3,a7111.0' 4.35061."5 3.5339!e03 
1,4271!+9' t.1S3CJI.aa 4.4ll'll!."5 ',9359 •• 11' 
8,1641211+"4 1,31411e03 4.49191.15 2,76262e93 
8,9""3!+04 1.36241:.,13 0.5115a."5 2.44481.93 
9,6J66!+a4 1,2606!.93 4.645aa.a5 2.1'56!.II3 
l.a313a.a5 1.a912!.0] 4.11881:.a5 a ,la861.0] . 
t,1109!+,,5 1,9323!-04 4.1924!+"5 a.GSa91-"3· 
l.tS4b!.'" 1,3aI51.a4 '.SEtIl!!.'" a,salllSel] 
1.2~8~~+0~ ~.4696~.ao 4,9397£.05 3,9212e.13 
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1,3311[+"5 1,4193[.eS s.eISS!.'! c.I'46!-e! 
1.4054E+05 1,4945£.es 5.,,869£.e5 2,IS47£e"S 
1.G791£+0S 1,6446!e83 5,1'1,£.e5 2.Y2S9Eees 
l,5se'E+"5 l,s,eeE-es 5,IS42E*e5 2,5199£-0S 
1.626IE+e5 1,!5IeE.e! s.sefl!.e! 2,'746£eel 
1,7"00E+05 . 1.6019£ees S,JelSE."S 2.9S04EeeS 
I,TT36E+0S 1.5541£.es 5,4551£.05 J,llS5£e0S 
1,14T2£+es 1,28T8E-e3 5,SIS7E.es '.'l •• EeeS 
1,92e9E+05 t,590BE-e3 1.6e!4!+e! 3.1894£e"S 
1.9-USE+05 1.674IE-03 5.6160£.0S J.2196£e81 
2,0681£+05 1.6T13E*£l3 S,,496!.el J,II,.r.es 
2.101,£+e5 1,6642E.0S S,8212£+"5 S"S864!.eJ 
e.2154£+"5 1,S"6e£.0S S,8969!."5 4.1se4£-03 
2,2&90£+"5 1,3494E.03 S,C)T!!£+"! 4.e!e4!.0S 
2,S626E+05 l,I937E.0S 6."441E+"5 S,44e9£e0S 
2.G36SE."S , • e383 Eiil£l 3 "llY8EtS5 l,e519£-02 
2.1099E+"5 ".3414£-04 6,19,.£+e5 1,911i1!e"! 
2.S8!S£+es 8.0483£-04 6,16Ie£+es J.4616E-02 
2,6S'2E+es 1,1 676E.£l1 6.3387E.05 5.4UI2£.ee 
e,TJe8E+es l.f898E'rlJ 6,4123Et1S '.S78eE."2 
2,8040E+£l5 1,9152E.0J 6,48S9!.e5 9,8020E-e2 
2,&'80E+El5 1,951$£.£lS 6,SS9SE.es 1,1"2E.et 
2.9517E+e5 I,T316£.e3 6,6332Ete! 1.ISTIE.el 
S,S2S3E+es 1,2'62E.03 6,106aE."! 1.54'2£.el 
3,e969E+El5 I,J411£-e3 6"eIl4E."S 1,6'62E-'" 

f . I,I'26Et£l5 1,46'1£·03 6,eS4IE."! 1,'646£.el 
3,2462E+0S 1.6329E.01 6,92"E·"S 1.T9'2E.0a 
3.3196£+05 1,'"'"£.13 T,e0ls!.e! 1,6es.e:.es 
1.391SE+e5 1,9212£wel ,.e7Sefte! 1,496SEaet 
3.4671E+e5 2,131'£.£13 7,1486E."5 l,2682Eeea 
3,540'£+05 2,4e11E-es 1,2222£+05 1 ,"69&E.01 
5,6143£.£15 2,5643£.03 1,295&£."5 8,I764E.02 
1,6aeIlE+"S 2.26~8E."3 1,3695Et05 5.a1'1£."2 
3.'616£+£15 1.62S1E.es '.4411£+e5 !,&46E»£-62 
3,8352£+05 1.3766E-£l3 7.5167£.05 2.15elE-e2 
1.98e9E+e5 9,2259E.e4 T.5984E+e5 1,26e3E.62 
3,9ac.s£~05 I.UUGE.es 7.664eE.,,5 ' .. 4,99E.e3 
4. 0.5 &'>1" £....e 5 ' I, '·50'4£.eJ 1, ., 176;;1il" _ ... 5~ ,.ar.el' 

H.l77 



   
      

  
      

  
        
   
  

    
    

    
   

   
   
   

    
   

  

 
   
  

    
    

    
    

    
      

     

      
    
    

      

  

       

   
 

  

 

 

 
  

 

PLTCV? PROGRAM DATA SUMMARY 
PIRSCTOTAL 'UIL lS'IMILI!S) BASI CASII CHAIN I 
CONTAMINANT • NP.2l7 

TONS A" H!AVY MITAL 'ACTOR, 5.!9BBBJB 
OATA SLOCKINQ 'ACTORS. 
!NT~Y MOOI (1 • 'CLDW),DT,NC!LLS) (2 i T(LO~),TCH1),NCILL') MODI, a 
TIM! LOW' 4,0000011+01 
TIM! HIGH. 5,aaaaa~!.a4 
NUMBER 0' CELLS s ala 
OILTA TI~! INCRIM!~T. 9.0199'91.a1 

RAW DATA AND BLOCMEO DATA 
MAX. TIM! • ,7,8534!+09 
TOTAL WEIGHT. 2,39911.04 

FACTORS' 

PEAM WEIGHT • 27'.645 
P!A~ PARCELS • 114.90a 
WT. LOW. 0.a00aE-at 
WT. HJ. 1.9954!.a4 
SMOOTHl~G WINDOW (CELLS). 

MIN. TIMI. 4.39191.'4 
TOTAL PARCILS , 1314.1 
PEAK WEIGHT TIM!. 4,44551+04 
prAM PARCELS TIM!, 4.47a51.94, 
NO. PARCILS LOW • ala 
NO, PARCELS HI • aaa4.' 

29 

TOTAL INVENTOAY (CURIES). 3.995163E+a4 
INVENTOAY UNDER TH! CURRENT GRAPH (CURI!S)' 2.311015e.04 
PERCENT 0, TOTAL INVENTORY. 57.845 

TIMB 0' MAXIMUM CONC!NTRATION (YEAAS). 4,6i75001+94 
MAXIMUM CONCINTRATION CMICROCURIES/MLl. 7,192517!.96 
MAXIMUM RAT! (CURIES/YIAR). 1.86&27a!.01 
CONvERSION 'ACTOR RAT! TO CONC!NTRATION' 3.1539 •• 1-0& 

CONTAMINANT • NJI.a37 

TIME (VEARS) AND RAT! (CURIES/YIAR) FOR THI' lIr10 POINTS 

TIM! CYRl RAT! CCU/YR) TIM! ('t'U RAT! CCUI'tA) 
4.3 IU5e:+04 5,36791.01 5.03711."4 1,7364e."0 
4,3057!.04 5,36791a 01 !.a742!.04 1.73181.00 
4.3099£+04 5.3679£.01 5.111]£.04 1.7268!.09 
4.3141£+04 b.ta391.0t 5,1 483£.04 1,1205!."" 
4,3183£.04 7,13781-''1 5.18541.04 1.1119&."0 
0,3225!.'14 7,64 91£.91 5.22i4!.ao I.1IaB!+"" 
4.3267E+04 7,98011.01 5,2'951.04 1,6839!.00 
4.3309!+04 8,32111.a, 5.2966£."" 1,6628!."" 
4.33511+94 8,&8071.9, 5.333lal."4 1.6358!."" 
4,3]938"04 8,9a39£.al 5,]7071.04 t. 6131 3£."1 
4.3435!."4 9.a0U1E-at 5,4077£.04 1,5394£.00 
4.34772:+04 9.19651-131 3.4~4~~+"4 t ,51'131+'" 

H.IlS 
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G,SSI.,!t"G 
G,3561£t"0 
G,S60SE+"G 
_,164IEt"4 
G,S6S7E+'. 
G,3728Eti0 
G,S'7S!te4 
G,SI12E+eO 
G,SSSG!+S4 
4.S196£+"0 
4."38£tS4 
4.1988e+"O 
G,Ce22!t"G 
G,Ge6GE+"0 
G.tI06E+SO 
4,4148Et ec 
4,419SE.e. 
G.4232£."0 
G.4214Et04 
4.4316£."4 
4,4SS8E+04 
G,4400E+"" 
4,4442£+0" 
4.4813E."4 
G.SIS3E+"4 
4,5554E.04 
4,S92GE+'" 
4,6295£+0" 
4,6665£+04 
4,1e36E+04 
4.14e7E+0,. 
4,T7T1E+"C 
4.8148E+04 
G,SSI8E+04 
4,888'1£+04 
4,9260E+14 
4,96JII£.04 
5,eeti(1E+.04 ! " 

" .. 

9,1SeG!wIH 
1,0196£:t0" 
t,164SE.'S 
l,lBeClE+11 
I,lS.'E+le 
l,lee!E+.,e 
l,2461Et"" 
1,191IE."" 
1.3:195£.30 
I,J881Ete" 
1,C349Et"8 
I,GSeSEt"" 
I,S.38Etee 
1,!6C'E.el 
1,6e4SEtll 
1,6411Etlll 
I ",SGEt.,,, 
1,7"59Et"e 
1,1S6SE+ee 
1.7614Ete" 
1,'861Etee 
1.T914£.8e 
l,801SE+el 
t,8491E+"" 
l,S611Et0e 
1,ISt6!+"" 
1,86t9E+ee 
l,86S4£+80 
1,8SleE.e" 
1,8361!."" 
1.82e1Et0,,' 
S,seS8E."0 
1.79"s£+ee. 
I,TT'7E."e 
l,'6S0Et00 
1.7S53E • .,,, 
I,T476E+"e 

,.t ,741 t 5E+"S' 

5,4811£+"0 
5.5119!.e4 
S,!S6eE+"4 
5,"leE." 
5.6S!l!+"" 
S."'IE4I2I4 
5.10"11."" 
5.,e71!·"4 
1.11Ial." 
S,112'E+14 
5."11&.10 
5,1187£.ell 
5.1211»E.e" 
S.7;II5E.". 
,.T2TIE.'. 
S.'SleE."4 , 
S.7IJIE+e4 
5.7S'"E+!" 
5,7389£t"4 
5,1"18!.84 
5, '''C1E*lua 
S.f4f,!+"4 
S,1seSE+"" 
5,7510£+210 
S.7S63!+!4 
S.1S'I£.'0 
5.1621£t04 
5,16"£.". 
S.167,e:.,,0 
S,'feeE."" 
S.??6!.". 
5."6!!."" 
5.T?94!."4 
5,1123E+"4 
5.7652E.e4 
5.1681£.,0 
S,1910E+e4 
S,J9J9E*eo 

H.179 



   
      
  

      
  
         

   
  

    
    

    
   

   
    
   

   
   

  

   
  
    
    

    
    

    
      

     

      
    
   

     

 

  

 

  

       

 

 
 

 

 

 

 
 

 
 

 

 

 
 
 
 

 
 
 

 

PLTCVT PROGRAK DATA SUMMARY 
PIA5CTQTA~ 'UE~ ASS!M8Llill SAS! CASal CMAl~ a 
CONTAMINANT • NP.al7 

TONS 0' HEAVY METAL 'ACTOR, a,!aasaaa 
DATA 8LOCKINQ 'ACTOASI -
ENTRY MOD!; (1 • T(LOW),Or,NCI~LI) Ci I TCLOW),TCH1),NC!~~S' MODI. a 
TI"I LOW- •. b.aaa00B!+a! 
TIM! HIGH. 1.5aea001+as 
NUMBIR a' CELLS • aaa 
OILTA TIME INCREMENT • '"aaaal!+aa 

RAW DATA AN~ BLOCKED DATA 
MAX. Tl"!' 7.S!34!+05 
TOTAL WIIG"T, t.4!~6!+a. 

'ACTORS' 

PEAK W!IGHT • aaS,alB 
PEAK PARCELS • 37.aaB 
WT, LOW' a.S0~3!.a4 
NT. HI' i,~332!+02 

SMOOTHING WINOOW (C!LLS)' 

MIN. TIM!. 0,]0191+04 
TQT1~ PARCELS-' a64~.a 
PEAK -IJGHT TIMI. .,'4811+'5 
PIAM PARCILS TIM!' 6,9488r+65 
NO, PARCELS LOW • ?5!9,a 
NO. 'ARCILI HI , 53,a 

1'1 

TOTAL INVENTORY fCURt!S). 3.999162E+B4 
INV["TQRY UNO!R THE CURR!NT GRAPH (CURI!S)' 1.135759!.ao 
PERCENT 0' TOTAL INVENTORY I 35.931 

TIM! A' ~AXIMUM CONC!~'RATI0N (YEARS), b.a'ba!Ba+15 
MAXIMUM CQNC!NTRATION (MICROeURI!S/M~)' 6.S111191.91 
MAXIMUM RAT! 'CURIeS/YEAR). 1.78,6ibleSI 
CQNV!RSI0N 'ACTOR RATE TO CONC!NTRATION. 3,553949!.136 

CONTAMINANT ~ Np,.237 

TIME ,Y!AAS) AND lUTE (CUR1!S/YIAR) 'OA THI! laa POINTS 

TIM! (VR) RAT! CeUJYA) TIM! eVR) RAT! (CU/VII) 
6.01S81+05 a,2919!.a3 6.75751.09 1.'392e:-01 
6.013SE+aS 2.66871.a3 6.7Tal!.'! 1.6b4I3E-01 
6,0483£+05 3,93611.13 et.7811!+05 ',6904£-01 
6,a6JI!.'" 4.!!b26!.a3 6.a0t4!."5 I, '1411.'" 
6,0179!+05 5,'&291-113 &.81&6!.05 1.7]47!.01 
&,092&£+05 '.1S45E-0l &.4l14IEt05 l,7,al!wBI 
6,1074!.a5 a.674l!.al &.84621.135 t.166alw"S 
&.12221+05 1,02&3£-02 &.8609'+35 1,7163£w01 
&,l]7f2J[+05 1.20171",132 6.8731£"'05 1,18a8!.al 
b.15t?!+0! 1,39401.02 ",.89051 ... "5 1,7S'5!.", 
&,1&6S!+"S 1,.034£-02 ",,9033!.'" l,1844!.a, 

H.1BC 



  
 

 
 
 

 
 

 
 

 

 
 

 

  

 
  

 

 
 
 
 
 
 
 
 

 
 

 
  
 

 
  

 
 
 
 
 

 

 

 
 

 

 

 

 

 

 
 

 
 
 
 

 
 

 

 

 
 

 

 
 
 
 
 

 
 
 

 

 
 
 

 

 
 

 
 

 
 

 

6,t813E+e5 
6,1961£+,,5 
6,!U~8E.'" 
6,2256E+05 
6.2404[."5 
6.2552E.05 
6,2699£+05 
6.2841E+"S 
6,2995£+e! 
6,3143E+05 
6.J29I1E+05 
6,14S8E+e5 
6.3586E+"5 
6.IT34E+e5 
6.3881£.el 
6.4e29E+"! 
6.'111E+05 
6,4325E+"5 
6.4412E+"5 
6,4620£.05 
6,4168E+e5 
6,4916E."5 
6.se6!E+e! 
6,S211E+"S· 
6.S3S9E~"5 
6,sseTE+"! 
6,S6S4E+e! 
6.see2E+es. 
6.S9S0E+05 
6,609SE+e5 
6.6245E+05 
6,6!93E+05 
6,6541E+05 
6,6689£+"5 
6.6636£+05 
6,69S4E+05 
6,'132E+05 
6.'-260£+05 
6.74~7t+05 

t .8296£.02 -
c,e'!SE.e! 
2.3S58E.02 
1,6t64E.e2 
!,CH55E.e2 
1,2331£.02 
3,156'0E.02 
',9230£.02 
4.2946E.e2 
G,6829E.02 
5.0668£.02 
5,505t£.02 
5,9361:1£e02 
6,"75Eee2 
6,82'2E.02 
',2823E.B2 
',T39'E.02 
1,1"66£.02 
8,6497£.02 
9.0964E.02 
9.5344£.02 
9.9616£.02 
1,03'7E.01 
1,,,"9£.01 
1,1169E-e, 
1,15"'E.01 
1.1914£.01 
1,22'4£·1:11 
1.262'E-01 
1.29'5£-"1 
1.3322E.el 
1.3668E.0t 
1,"014E.01 
1,4361£.el 
1,4108E.0t 
'.5052£ .. 01 
1.5192E.el 
t.5724£.81 
1.6045E.01 

6 .~leeE.es .. 
.,914IE.e! 
6,9496!."1 
6,9644E."5 
6,'7 1UE.0! 
6.9'!9!:.el 
" ae8"!."! . 
",B!!5£."1 
",0182£."5 
'leSle!.,,! 
'.0678£ • .,5 
,.e6l6Et.,5 
.,.09'1£.e5 
'.1121E.05 
T.1269£.05 
',14tTE+05 
T.1564£ • .,5 
7.t"12E.,,5 
',1660Et"5 
'.2""8!."5 
',2155£+05 
.,.2Ie!£ • .,5 
",2451£+"5 
'f.2S"£.1II5 
.,.1'4,E.es 
',2694E • .,5 
",Je42£ • .,5 
.,.SI9"£."5 
'.3!I'E • .,5 
T.348SE • .,5 
'.S6SJE.IIS 
'.3181£.a5 
',SCi26E • .,S 
, ,C""'6£.es 
.,.4224E • .,S 
7.43.,2£."S 
'.4SI9E • .,5 
7.46"£."5. 
. ., .4 81-se"·" ' 

H.181 

1.TY9S[.01 
1,"'05E-", 
I.TS'9£.01 
1,'418E-el 
1.,e2£1E."I 
11'9&6!wel 
1,6'2tE-"1 
1,6421£w£l1 
116e91E.IH 
1.ST34Ewfll 
l,!3S0£w01 
l,494SEwfli 
1.4S19E.01 
1.4e.,TE·"S 
t,3621Ew01 
1l'IS'Ewes 
1,2684E-01 
1.22eSEw"l 
1.ITSe!-"S 
1,1252E.IIII . 
1.ITT1E.el 
l l e29S!w01 
9,81&4[w6e 
9.'419Ew02 
8.86se£-1I2 
6,se6eE.0e 
',9"36E-"2 
',416SE.e2 
6,9243£w62, 
6.4278E-02 
5.9186E-SI . 
5,4e16E-1I2 
4.8810E-02 
4,S619E.e2 
J.6463E.02 
J.24tSE.e2 
2.6&99£-02 

.2,11'5£wIl2 
l:.tSJ9Eliel 



   
       

  
      

  
        
   
  

    
    

    
   

   
   
   

   
   

  

   
   

    
    

    
    

    
      

     
 

      
    
    

      

  

       

  

 
 

 
 

 

 

 

 

• 

P~TCVT PROGRAM OA1A SUMMARY 
PIR5(TOTAL 'UIL ASSIMeLIIS) IAal CAS!I CHAIN a 
CONTAMINANT • u-a33 

TONS 0' HEAVY N!TA~ 'ACTOR. l,se0aBBa 
DATA B~OCKINQ 'ACTORS' 
!NTRY MOOICI • T(~OW),DT,NC!~LS) ca • TCLOW),TCMI),NCILLS' MODI. I 
TIM! LOW. 1,aI000BI.B~ 
TIM! HIGM. . i.IIBele!.,' 
NUMBER 0' CELLS , 4BI 
O!LTA TIM! INCREM!NT. 4 •• 750001.03 

• RAW DATA AND BLOCK!O DATA 'ACTOR" 
MAX. TIM!. 7.862]!.05 MIN, TIMI' 4.3"51.14 
TOTAL WIIGHT' 3.1541!.04 TOTAL 'AACI~S • 31687,0 

• P!AIC .,.!lGHT • 678,9". PEAIC WIUGHT TIMI.. 6,2939!.0! 
PIAK PARCE~S. 1!81.Bai 'lAIC PARCILa TIMI I 3,2591!.I! 

. WT, LOW. 1.1111!.al . NO, PARCILS LOW • ala 
WT. HI' l.aam0!.a1 NO, ,AACILS HI • ala 

SMOOTHING WINDOW (C!LLS)' 5 

TOTAL INVENTORY (CURI!S). 3,1540411.04 
INYINTORV UNDER THI CURR!NT QRAPH (CURIIS), 3.1553221.04 
P!RC!NT 0' TOTAL INVINTORY • la0.141 

TIM. a' MAXIMUM CONCENTRATION (V!ARS)' 6,3436251.05· 
MAXIMUM CONCENTRATION CMICROCURl!S/M~l' 4.932845!-07 
MAXIMUM RATE (CURtES/Y!AR). 1.27994&I-a, 
CQNVIRSION PACTQR RAT! TO CONCENTRATION' ].8~]949!.a. 

CONTAMINANT • u-a33 

TIMI (yIARS) AND RAT! (CURIES/YEAR) 'OA TH! lara POINTS 

TIM! (VR) RAT! (CU/YRJ TIM! ,VA) . 'UTI (CU/YR) 
4.2138!."4 5.5995!_03 ],1847E."5 1,1"441.02 
4,Z570!+04 S.S995! .. 0] 3, ]!5a31.as 1,4682!.a2 
4,a802!+"4 5.59aSI!.Ql 3,Saa0!+05 2."2961.a2 
4,3034!.04 5,59051-13 3 ••• 76 •• 11 2,79901aa2 
4,l2b6E.a4 5.5905!-0] 3.85531."5 ],60381.12 
4.3498!.04 5,59051-a3 0,02291.15 4,3184!.a2 
4,]731!+04 5.590!!.03 4,1 906!.a5 4,8155!wa2 
4,39631·04 5'!9951.0] 4,3!821.05 5,13561.a2 
4,0195E+04 5,59951-0] 4.5259!.1J5 5,4558E.02 
4.40271.04 . 5, 59a5!-a3 4,6935!."5 5,8237E."2 
4.4659E+04 5,5905E-03 t,8&111."5 ',37031.a2 
4.4892!+134 5.59ra5!-03 5,a2Sa!.", 6,97041a02 

H.182 
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•• '1l4E.e, 5.5905EieJ ~S,19'IE+e5 ?,6eeeE.el 
Il,SSS6!+ec 5,5915£."S S,Stt41£t'5 1,26'1!."1 
4,5581t+e4 S,59I!SE.eJ 5.IS17.+.,S 1,9a'9£.61 
.. ,seee!+e4 s,Sges£.es S,69gee."! ',.,T9E.02 
4,6eSJ£+e4 !i,59!!£.es s,8bfeeteS l,ese4E.el 
",bIBSE."", !,!9S5!.e! 6,IJ47Et"5 1,14S2!lIll 
",'llf£+e4 5,5915£.eJ 6,eel!!+"! 1, •• eSE.el 
4,6T49£+e4 5,59t3s£.es 6,e514£+'" 1 •• ,"1£-£11 
4,6981£+£14 S,S905£.es 6.sellEteS 1,2741£·"1 
4.1214£+£14 5,S9!5£."! ',S51,!+.,5 1,2'82£.01 
4,7446£+£14 5,68!9E.81 6,."6f£+"! l,269S!.e, 
4,1'618£+1'4 5,8464£.01 6,4S78!."1 1,1514r."1 
1,1'9UIE+04 6,£1£19£1£.11 6.seIIEt.,! 1,1215E.", 
4,1142£+£14, 6,1'15E.IS 6,SS99E.e! l,lTS3E.el 
4,8S75E+"4 6.SSGIE.,1 6,611eE+!!! 1.1193£·"1" 
4,16e'E+£I4 6,496,£.£13 6,6621E."S li,e66S!·"1 
4,88!9[+"" ".Sgef.ras 6,'lS2Ete5 l,eeS0!.el 
1,ge'IE+e4 ',821'E-el 6,".JE+es 9.4e6IE.el 
4,9SEISE+e4 6,98GS!.es 6.IISGf.,,! 8,"'I£wI52 
4,9S16E+04 1,1468EwB3 6.e665E+e5 1,0114£.02 
4.9'68E+04 1,3094Ew113 6.91f5£.05 T,l'I,Ee.2 
S,eeeeE+e4 '.4119E.11I1 6,41686£.'" '.2259Ewe2 
S,e232E+e4 ',6SClSE-1l3 1,B191E.0S I,S415Ee0e 
6,699'£.04 I.S149EII1l2 7.01e8E+e5 4.458fEwe2 
S,S'62E+04 1.6089E.02 f.1219£.09 1.64S8Ewe2 
1.eeS3E+"5 1.5969E .. 02 ',ITseE+"! 2,9429£.02 
l,lf29£+05 1,188!E.e2 '.224IE.,,5 2,!2SI!eS2 
I.J4B6E+e5 1.3536E."1 f,2"lE."! 1."04!.e! 
1,seS2£+05 1,2586E-e2 ,,3262E~es I,S2S1E.0e 
1,6'59E+05 I.1567E.02 T,31TSE."! 9.S825E.es 
1,8435£+05 1,0186E.02 '.4284E+05 6,6690E.e3 
2.el11E+"5 1,0e16E.02 '.4795£*e5 I,oself-es 
2,1'86£+05 9,S940E.e3 '.Sle6E+e! 2i9,e8E."S 
2.1'64[+£15 6,921 TE.IU '.S81TE+es 1,9641E."! 
2.5141£+£15 8.Sge'E.e! T.6328E.05 1,28591.e:l. 
2.681'E+e5 8.S239E.0S 1.6838E.e5 8,4041£.e4 
2,849,ot·as 8,!9!eE-eJ f' 'S'4,9E+es ' 1,4.,,,5£-04 
3, e 11:0t.e~ 9.1663E.03 'f"78,el+e5 S·,s"ftE~e4 

H.183 



   
   

  
     

  
        
     
  

   
    

   
  
  
   
  

   
   

  

   
   

    
    

    
    

    
      

     

     
    
    

     

 

  

       

 

 

 

 

  

 

 
 

 
 

 
 

  

 

 

• 
PLTCVT PROGR~M OlTA SU~MARY 
PIR 5 Chain 2 

CDNTA~l~ANT a 1H-229 
TONS OF HEAVY ~ETAL 'ACTOR. m,Sd0a~00 

DATA BLOCKING 'ACTOWSI, 
ENTAY MO~f (1 • T(LOW),DT,NC!LLS] ca • TCLOW),T(Hl1,NCELLSl MODE. 
TIME LO~ ~ 1.~0~Q~~~.~A . 
TIM! HIGH. 1.~0~~0~E+~b 
NU~eER 0' CELL! • 2~0 
DELTA T1H! INC~EMe~T. ~,9~aA00E+03 

R_w OlTA A~O 9LOCKEO OAT a 
~AX, TIM! • - l,0945E+06 
TOTAL ~ErGHT. 1.08~0E+a3 

FACtORSI 
MIN. TIM.~ m 4.6923£+04 
TOTAL PAkC!LS • 2081.0 

PEAK wEIGHT • 1~S,S71 
• PEAK PAAr.ELS .' 31,Z0ii:t 

PEAK wEIGHT TIM!. 6.1638!+05 
PEAK PARCELS TIME' 1,6983£+05 

WT. LO~' ~.~0A~F.-~t NO. PARCELS LOW • 0,a 
WT. HI' 1~2~4eE-'~ 
S~OOTHING Wl~OOw (CeL~5)3 

NO. PARCELS HI • 52,0 
7 

TOTAL tNvENTOAV (CUR1ESl. 1.~80~~dE+03 
INVENTOMV UNDER THE CU~Q~N' G"AP~ tcu~lES' • 
PE~CENT OF TOTAL,lNVENTO~Y' qa.9G~ 

TI"! OF MAXIMUM CONCE~TRATION r'EA~5l 2 ~.a13aS0E+05 
MAXIMU~ CONCENTRATl~N C~lCAQCUqIES/MLJ. l,954149e:-08 
MAXIMUM RAT! (CUPtES/YEA~). 5.~12~b7E-0J 
CONvE~SION FACTOR QATE TU CUNCENTRATION. 3.85l949!.0b 

CONT.MINANf • T~~~aq 

TI~E (YE-HS) ANO RATE (CUR!eS/YE4R) FOA THE 

TI~e (YR) 
4.7taSe+~4 
5.bb29':+~4 
b.bJ33E+04 
7.5637E+~4 
~.';t41fhJ4 
9.4b45E+1iI4 
l.{.J415E+05 
l,13b5E+~5 
t.2Jtbf+05 
1.32b6E+0S 
1.4217E+05 
1.51b 7 E+(c)S 

ru n~ (CUI V'" 
2.Z5S7t:.-i44 
2."~45t-34 
3. aa ttU:,-tD4 
G, 244 t t_I,U 
S.OlSAbE-1J4 
5,5bV'a~-"4 
5. r,HH'5t.-~4 
t:t.".439S~·0Q 
b.?,3ftb~-~4 
5.ql"at .. ~q 
;.71014q~·V)1l 
5.4b~1t.-f4q 

TIMe: CYRJ 
S.2i33E.05 
5.3183E+03 
S.4133E+05 
5.Srr:l64E+et5 
5,6d34t::+05 
-S.b'lijSE+05 
S.1915E+eS 
5.8885E+0'3 
5.Qa3bE+1t15 
e,.~18"E+0S 
".1 1)7t+05 
b,?bd1E+"S 

H.IB4 

100 POINTS 

RAT! CCU/YR) .. 
\.6589£ .. 03 
1.9381E-ra3 
2,257ge-03 • 
~,6946E-03 
3,1614£-03 
J,"5&6t:-03 
ta .1l18E-03 
4,5001E-a3 
".79~af~03 
4,9627E-03 
5.liH.tblE-03 
5.0400e-03 

-, ' , 
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1.tJt!7E+0S 5.! 88bt:·~cr -C.3b37E+05" 'I. 6tlC'~~.fI!!.!· 
1.'0beE+~S '.80Qk1c-0C 6.11~c6t+0S 4l,b26'7E-fJ3 
1.801f;E+0S C,S918E-Itl'l 6.5538£:+05 4.3061E-03 
l.e~69E+~5 4.32Q"f-0 41 6.6489E4-05 . 3, 9S6~"E-03 
1.C)CJ 19E+e5 G,"'8Afjf.~4 6.7~39E+0S 3.584bE-03 
2.08f,filE+05 3.8b~8E-~4 6.6389E+e5 3.1953E .. 03 
c,ll1i0£+05 3.6558f-~4 b.9~4(!1E.0S 2.'902E-03 
2.P170E+"5 3.Qb38t.~4 7.0290E+05 2.3803£-03 
2.3721E+es 3.2961E-04 7.1241E+£I5 t.9943£-03 
2.4671E+05 3.1~7't.-"" 7.2191E+05 1,6382E-03 
2.S6~lE+~5 3, CII 38bf.-t1Q ., .3HHE+~S 1.3tI4£-03 
2.,,512f+e5 2,93but- PHl '.41092E+05 1.01A'7E-03 
2.15ii!E+"5 2.87"'1::-04 '7.StU2E+05 '.5684E-04 
2.1.l47!E+05 2.69~bE·0" 7.5993£+£15 5,4163E-04 
2 •. 9423f .. k1S 2.99t9£-011 '7.6943£.e5 3,7496[-04 
3.r37!oE+~5 3.' elet .• ~4 T.1e93E.05 2.5249E .. 04 
3.132~f.e5 ~."4"9E..~" 7.8644£+05 t.t.4S4E.e4 
3.2274t·",S· 3.6iJ46t:.-r.:t4 7.9194E.05 1.016~E~04 
3,3225£.05 4.c547t:-;rJCI 6.074SE+05 6,0532E-05 
3.417SE+&/tS 4.80i!et.·~4 e.l~QSE+"5 3,4119E-05 
3.5125£+"S 5.4:S27t.-~4 ti.2b45E+05 1.601IoJE-05 
3.6Z16E+es 6.Pl4I4'lf.-04 6.3596E+05 9,1695E .. 0& 
3.702bE+0S b.b329E-04 6.4S4bE+05 '.4966E-e6 
3.'917f~il5 '.«,2371:,-04 6.54 97E.05 2,17tlE-06 
3,8927£+"5 7.82113t:·k)4 e.b"47f+05 9,6992E-01 

, .-. 3.~8T'E"05 8.3ts2?E-tII" 8.7397£+05 4.2124E-07 
4. V·&l6E+0S 8.81'b~·04 8.e!QUE.+05 1~8053e.01 
C.1 778£+05 9.!fli:!1E-I/3C S.9e!98E+05 7,'281e-06 
Q.2 729E+VlS Q.5999E.-/CUl 9.0249£+05 2,9499E-06 
4.3b79E+0S 9.Q'IS4l:.-1t'14 9,1199£+05 4,1296£-09 
q.~b29E+"S t .... 2Rb~·1Cl3 9.2149E+05 0.0000E-01 
". ~S~0t:.':.15 J."'516E.~~ 9.!S~0E+05 0.0000E-01 
4,b53G4E+"S 1,"'~17E.1i')3 9. ~u'50E+0S 0,0000f.-01 
4.7461E+"5 l,'085E-~3 9.S""HE+05 1I,0000E-01 
",643 t fH').S 1.1437E-23 9.5951E+05 1.~030E-08 
o,936t£+"'S 1.2~PI~c.03 9.bC;01£+05 0.0000E-CIll 
5.~332E·+w)S l,30"'8t::-~5 'i.7tl52E+05 ~.00"'0E·01 
S~12e2f+eS 1.441 1E-itl3 q,e~0iE.0S 0.0000E-01 

H.ISS 
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II 

PLTCVT PROGRAM DATA SUMMARy 
PIRSCTOTAL FUEL ASSEM8LIIS) aAS! CAS!' CHAIN 3 
CONTjMI~jNT • U-238 . 

TONS 0' HEAYY METAL 'ACTOR. 0,5003900 
DATA SLOCKING 'ACTORSI . 
ENTRY MObE (t • TCLDW),DT,~C!~LS) ca. T(~OW),TCHl),NC!~~S) MOD!' a 
TIME LOW. 2'910000E.'5 
TIME HIGH. 4.5a~0aa!+a9 
NUMBER 0' C!~LS • . 400 
DELTA TIM! INCREMENT. 4.00000A!+02 

,ACTORS. RAN DATA AND 9~OCK!O DATA 
MAX. TIME a 1.9999E.06 
TOTAL WEIGHT. t.i231!+04 

MIN. TIM!. 2,9169E+15 

PEAK wEIGHT. 137.292 
PEAK PARCfLS • '8.B09 
WT. LOW. 0.0000£-01 
WT. HI 8 4.2393!+aa 
SMOOTHJ~G ~lNDOW (CELLS)' 

TOTAL PARCELS • 6691.1 
PEAM WEIGHT TIM!. 3.3341!.0S 
PEAK PARCELS TIM!. 3,3341!+03 
NO, PARCELS LOW • a,0 
NO. PARCELS HI • 7'18,a 

1" 

TOTA~ INVENTORY (CURIES)' 1.223~24!+04 
INVENTORY UNDER THE CURRENT GRAPH (CURI!S) • 
P!RCENT O~ TOTAL INVENTQRY. 99,163 

TIM! OF ~AXI~UM eONC!NTRATION(YEARSl. 3.342000!+0' 
MAXIMUM CONCENTRATION (MICROCUAl!S/ML}' 9,90818t!-"? 
MA~lMtlM RATe (CURIES/Y!AH). 2.51091ftE-al 
CONVERSION FACTOR RATE TO CONCENTRATION' 3,853949£.06 

CONTAMINANT • U-238 

TIME (YEARS) AND ~UTE (CURIES/YEAR) FOR TwE sa0 POINTS 

. Tl"'E (YR) CU TE (CU/Yff) TIME CYR) RAT! (CU/VR) 
2.91SlaE+e5 1,&942£-93 3.8ft31E.05 6.9038!.ai 
2.999CJe;+05 2.2923£-0] 3.alt9!+05 '.8128E-02 
3.0218£+05 3,8835£-"3 3.88~1E+05 ft,a3161!.a2 
3.04 36£+05 '.l494E.a3 3,8895£+05 6,1985E.02 
3,0b55E+05 1.3516£.02 3.8983£+"5 6,1551!902 
3,0874£+135 2.3260E-"2 . 3.9012E.03 &.101,e.02 
3.ta9lE+~5 3.&290£-02 3.9160E+05 6.656l!-02 
3.1312E+05 5,2227E.02 3,9248f+05 6,6014E-02 
3.1530E+05 7,0537E-02 3.933eJE+05 6,5429!-0i 
3,1 149e:+.,5 «a,t0CJ&t-02 3,9425!+05 6,4814!.1i12 
3.1 968£+05 1,1523!-01 3.9513£+135 ',41"!-0l 
3.2t87E+~5 t.4415f..~1 3.9b01E+05 6,348b£-0Z 

H.186 



 

 

 
 

  

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
  

 

3.2405E+05 1.'8113E-1l1 3,9t119E+eS 6,2166E-02 
3.2624[+05 2.leStE.el 1.91'S!."5 6,2008£ .. 212 
3.2843E+e5 2,3481E-01 3.9866E.05 6.1196E-02 
3.3062£+05 2.4942E.01" 3,995'£."5 6.eSS2E-a2 
3.328SE+05 2.55~1E.0l 4.ee4IE.es S".elE-82 
3.3 41 99E+05 2.5682E-01 41,0193!+e5 S,T60TE-e2 
3.]'H8E+es 2.52eSE"~1 4,0344£."5 5,566eE-82 
3.3937£+05 2.4410E-01 4.e49se."s 5,:l430E-02 
3,4156E+05 2.3044[w01 4.064t1E+"S 5,0913£.62 
3,4375£+05 2.1230£-01 4.0197£+"5 4,831TE-02 
3.,o593E+05 t,90S0E-el 4.11941£.e5 4.550GE-ee 
3,4812E+05 1.6694E-01 4,1.,99!+"5 4.258IE-e2 
3,5031E+05 1,4499E.-el 4.1cS0E+e5 3.9614E-02 
3,525~E+05 1.2744E-el 4,141UIE+es 3.6622E-02 
3,5468E+05 1.1391£-01 4,ISSIE+"5 3,1639E-02 " 
3.5687E+05 1.0183E-III 4,lleZE+e5 3,0695E-e2 
3.5906E+""5 6.9942E-02 4,185IE.e! 2.'813E-e2 
1.6125E+~5 '.9534E.02 G.2ee4!+es 2.50e8E-e2 
3,6344£+05 ',2181£.02 4,21SSE."! 2,2298E-e2 
3,6562E+05 6.8292E-02 4,2306E."5 1,9'06E-e2 
3,615IE."'5 6, '3S"6E-02 4.24S1E+es 1,7231E-e2 
3. ,eeeE+e5 ° ',8IebE.ez 4,2608E.05 1.4919E.e2 
3.1219E+e"5 b,9140£_02 4,2759E.e5 l,216s£-e2 
3,'301E+05 6.9498E-02 4.29IeE+es l,e1T9E.e2 
3.'395E·05 6,9806E-02 4.3"ft0E.es 8,975,E-e3 

, 3.,483£+05 '.~BG1E.02 4.32llE.05 '.3720E.03 , 
3.1572E+5:15 T.~232E.02 4.33ft2E.e5 5,967"E-el" 
3,7660£+"5 , ',1351£-02 4,3SIIE.es 4.'624E.03 
3.71~6E+05 ',&,421E-02 4.5664e;.e5 3.748IE.e3 
3.7836[+05 '.0434£-e2 4.3815E+es 2.9251E-03 
3.192'5~+05 7,0403£-02 4.39b6E.fl5 2.21U~E.e3 
3,8013E+05 ',e334E-02 4,411 'E+e5 1,765SE-03 

" 3,810t£+05 1.e235~.e"2 G,4cb8E."S 1.3927E-03 
3,8189E+0S T ,fj U.!SE.02 4,4419E.05 1.1144E-03 
3.8276[+05 tI.99C5E"e2 4.4510E+"5 9,291TE-IIG 
3°,83ts6E+"5 6.9766£-02 4.4120E.e5 8.3881E-e4 
3,645GE+05 6.9556£w02 4.4811£+05 '.4549E.04 
3,65""2E+:05 6.:9317E.02 4,5022E.05 6"6T'~~~4 ... " 

H.187 



   
      

  
      

  
         
   
  

    
    

    
   
   

   
   

   
   

  

   
   

    
    

    
    

    
      

     

     
    
    

     

 

  

       

 

 

 

 

 

 
 

 

 
  

 

    
  

 

 
 

 

 

 

PLTCVT PROGRAM DATA SUMH.RY 
PIRS(TOTAL 'U!L ASSEMBLI!S) SASE CAS!. CHAIN 3 
CONTAMINANT • U-234 

TONS 0' HEAVV METAL 'ACTOR. 0.5aaaeal 
DATA BLOCKING 'ACTORS. 
!NTRV MODE (1 • T(LOW),OT,NC!LLSl C2 • fCLQW),T(HI),NC!LLSJ MOO!. a 
TIM! LOW' 2.50~00~£+05 
TIM! HIGH. 5.000a0~!.05 
NUMBER 0' CELLS • 400 
DELTA TIM! INCREMENT a b.250a00!+02 

'ACTORS' RAW DATA AND BLOCKED DATA 
MAX. TIME a 1,9990£+0& MIN. TIM!. a.8&74!+as 
TOTAL WEIGH? 3.3895!+00 
PE.K WEIGHT. 59&,115 
PEAK PARCELS • 138.000 
WT. LOW' 0.0000!-01 
WT. HI a 2.2189(+00 

SMOOTHING ~INOOW (CELLS)a 

TOTAL PARCELS • t3214,a 
PEAK ~EIGHT TIM!. 3.3544!+0' 
PEAM PARCELS TIME' ],3469E+05 
NO. PARCELS LOW • 0,a 
NO. P.RC!LS HI • &&55,0 

5 

TOTAL INVENTORY rCURI!S)' 3,389698E+04 
INVENTO~Y UNDER THE CURRENT GRAPH (CU~IES) • 
PIRt!NT 0' TOTAL INVENTORY' 99.99] 

TIM! 0' MAXIMUM CONCENTRATION (YEARS) a 3.]531251+05 
MAXIMUM eONCENT~ATtON (MICROCUAl!S/ML)' a,S40]88!.a& 
HAXI~UM RATE CCU~t!S/YEAR). 1.l7001lE-01 
CONVERSION 'ACTOR RATE TO CQNCENTRATION. 3.8539491-06 

CONTAMINANT • u-a34 
TIME (yeARS) AND PAT! (CURIES/YEAR) '01' TH! 1013 POINTS 

TI~! (VR) ruT! (CU/lA) TIM! (YA) qAT! (CU/YR) 
2.8~56E+05 ~,18b7e-04' 3,9313£+05 1,7313E.r;H 
2,8869£"05 5,1557[-04 3.95a61"0'5 t,&840E.01 
2,9083E·"5 1,2904e .. 03 3.9139£+05 1.6224E-01 
i!.9~96E.03 2,433U,-~] l,9952E+05 1,558aE-"1 
2,950 ca!it,,5 4,1179£-a3 4.~Ue,5E.05 1,4981£-al 
2,9722£+05 6,732ge.0] 0,0318£+95 1,44133£-01 
2,9935£+"5 l,3593E-02 4.0591E+05 1,]713! .. 01 
3,al118!+0'5 l,6bl1t .. 02 4,0504E+05 1,]020£-01 
3,13361£+05 ~,6"38E-~2 4,l"18E+05 t,2100!-01 
],0514£+05 4,211rae-02 G.lalIE.,,5 1,1009£.01 
3,018aE.05 b,5864!-"2 4,1444E+05 ca.1529E-0i! 
3,1001E+05 9,9515£-02 4,1"'57E+03 8,3805E-02 

H.l88 
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3,1214£+05 1,4364£.01 4,1870£+eS 6,9764£-02 
3.1427£+05 t .9751.£-01 4.2e83E+05 5,6544E.e2 
3.1640£+05 2,5897£-£11 4,2296£.e5 A.494JE.'U 
3,1851£+05 3,2S33£.el 4,2509£.05 3.52113£-£12 
'S,2066£+05 . 3.93geE.el 4.27i!3£.es 2.'251£·£12 
3,2219£+£15 4.62'4£-01 4.2936£+£15 2.0662£-02 
S.2493£+"5 5,3009£-£11 4.3149£.05 1.5251E-e2 
3.2'06£."5 5.94£12£-"1 4.3362£.115 1,£1886£-£12 
S.2919£+05 6,5096£-£11 4.3575£.£15 ',4452£-03 
3,3112£+£15 6.9661E-01 4,37e8£+e5 4,8518£-03 
3,3345E+05 '.2665£-£11 4.4eel£+e5 3.£1024£.£11 
3.3558£+05 '.3696£-01 4,4214£+e5 1.7Ste£.,El:! 
3,37"lE+~S 7,2620£-01 4,4428£+05 9.6541£-04 
3.3984£+05 6,943et-el 4.4641£+"5' 4.88eSE-ElI 
3.4198£+\15 6,4484E-01 4,4854£+e5 2,2861£-04 
3.4411£+05 5.84121 1£-01 4.506'£+"5 1.05'6£.,04 
3.4624E+05 5.1933£-01 4,528£1£+05 4,5612£-05 
3,481'E+05 '.STi6E-el 4.5493£+"S 2.4958£.es 
3,S0S0E+05 4.01Ql£e01 4,57£16£.£15 \.5859£-05 
3.5263E+05 3.5434E-CH 4, S919E-+es 1.411eE-es 
3.5416E+05 3.1432£-01 4.6133E:..e5 6,6~55E.06 
3.S6ti9E+05 2.6103E·i!1 Ih6.J46E·e5 2.2flSSE-e7 
3.5901£+05 2.5325E-01 4.6559£.e5 5.8903E.06 
3.6116E+05 2.30~7E."'1 4,6112£+05 .6.98S3E-1!6 
3.6329£.05 2.le61E.-01 4.698SE+e5 4.75T6£-06 

( 3.6S42E+05 1.9526E-01 4.'196£+05 6.3051E-e6 
\.. 3.6'55E.05 1.84'2E-01 4.,411£·05 4.f1TT9E-06 

3.69b6E+.,5 1,1S20E-01 4.'624E.05 1.1758£-06 
3.7161E+9'l5 1.'ISe0E-01 4.1836E.e5 1,11&!6£.e6 
3,1394E+05 1.1531E-01 4,8051E+05 2.6053E-06 
3.7608E.05 1.1S11Ew01 4.6260E+05 6.0905E-06 
3.762JE+~5 1.1442£-01 4.64"1E+05 3.7'58E-06 
3.8034f..0~ 1.1348E-01 G.8690E.05 5,8146Ee06 
3,824'E+"5 1.'3031::.151 4,8903E+05 '.3629£-06 
3.84b0E+0S 1.'349Ee01 4.9116E+05 1.3593£w06 
3,8613E+05 t.1475Ew01 4.9329E.05 1IIJ.12l0m0E-01 
3,8886E+(C)5 1.1584E-0J 4.9SC3E·e5 1.0648E-e5 
3 •. 9099£+05 1.1562E-01 4 • 4fl 5 bE. e 5 t,5481E.,06 

H.189 



   
      

  
      

  
         

   
   

    
    

    
   

   
   
   

   
   

  

   
   

    
     

    
    

    
       

     

      
    
    

      

  

       

 
  

 

 

 

 

 
 
 

 

 

 

 

 

PLTcvr PROGRAM DATA SUM"ARY 
PIRSCTOTAL FUEL ASSEMBLIeS) BAS! CAS!' CHAIN] 
CONTAMINANT • T"-230 

TONS OF HEAVV ~!TAL FACTOR. 0.5000000 
DATA BLOCMINGFACTORSJ 
ENTRY MODE CI • TCLOW),DT,NC!LLS) (2 • TCLOW),TCHI),NC!LLS) MOO! • 
TIM! LO~. 2.9000031+05 
TIME HIGH. '.0000001.0~ 

. NUM8ER 0' C!L~S • 2aa 
DELTA TIM! INCREMENT. ].55a~00E+~3 

'ACTORSI RAW DATA AND BLOCKED DATA 
MAX. TIM!' 1.999aE.0~ 
TOTAL WIIGHT. 1.0~59E+03 

MIN. TIM!. 2.9259!+05 

PEAK WEIGHT. 41,420 
PEAM PARCELS • 18.000 
WT. LOW. 0.e000!-01 
WT. HI' a.]801!.+00 
SMOOTHI~G wINDOW (CELLS). 

TOTAL PARCELS • 1~04.0 
PEAK W!lGHT TIM!. 3.3193E+05 
PEAK PARCELS TIM!. 7.0003!+0S 
NO, PARCELS LOW • a.a 
NO, PARCELS HI • 1]17.a 

1'1 

TOTAL INVENTORY (CURI!S)' s.,,~a2a~!+a] 
INVENTORV UNDER THE CURRENT GRAPH (CURI!S) • 
PERCENT 0' 'TOTAL INVENTORY. 101.771 

TIM! of ~AXIMUM CONCENTRATION (YEARS)' 3.7~9750E.05 
MAXIMUM CONCENTRATION (MICROCURIES/ML1. Z.4]4547£.08 
MAXIMUM RATE (CURIIS/YEAR). &.317019E-03· 
CQNvEASION FACTOR RAT! TO CONCENTRATION. 3,8S3949E.a~ 

CONTAMINANT • TH.~30 

TIM! (V!&RS) AND ~AT! (CURIES/VEAR) FOR THE 

TIM! (VR) 
2,9118£.05 
2.9505£.05 
2,9833£.05 
],aSbl!+09 
1.048QE+05 
].0817!.,,5 
3.11 0SE+05 
3,1 4 73£+"15 
3,180tE+~5 
3.21ilJf.05 
3.2457£+05 
3.278S£.05 

IU TE CCU/YR) 
2,7715£ .. 05 
~.7715!tllra5 
a.5~51t. .. 05 
1.7012E-011 
a,~452E .. 00 
4.33&2£-04 
7.~173E-04 
1.0b68!.03 
1.5141E .. ") 
2.~298!.03 
a.~08&e-"3 
3.22tlE-03 

TI"'E (YR) 
0,5034£+05 
",53~8E+05 
4,5bi!ie+05 
4,591&E.05 
4.bi10,!+0!) 
~.b504!+05 
4.bl~IJE.05 
4,70IJlE+05 
4,7387£.QlS 
4.7bS1E+05 
4.7975£+05 
4.a2&1J!.05 

H.190 

100 POINTS 

JUTE (CY/YR) 
3.4967£-0] 
3.4470!-03 
3.3917£ .. 03 
3.]480E .. 03 
].2984£-0] 
].2525!11103 
3.2088!",03 
3.1657£.03 
].1221E .. 03 
3.0711£.03 
3.0]2&£.03 
2.~812E'.03 
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3.3113E+05 3,8269E.03 ~.8S63£."S 2.9~t5E-e3 
3.34111£+"5 4.3605E.03 4.e851t·"5 2.8954E-e3 
3,3169£+"5 4.1497£.03 4,9151£·"5 2.84_88E-e3 
3,4119'E+05 5,0143£-03 4.9446E.e5 2.8e13E-e3 
3.04251;;+05 5.1947Ew03 4,9740£.e5 2,'525E.e3 
3,4151E+"5 5,3039£ .. 03 5.ee34E+e5 2.1020E .. 03 
3,5081E+"5 5,J534E-e3 5,1544E."5 . 2.4229E-03 
3,5409E+05 5,3782E-tU 5,S053£+"5 2.12'8E.e3 
3,5737£+05 5,4t72E.e3 5.4563E.e5 1,8458E-03 
3,6e6SE+05 5,5124£.03 S.6eJJE.es 1.5832E.e3 
3,6392E+05 5.6684£.03 5.1583E."5 1,3533E.03 
J.6'2eE+05 5,89'" £-e3 5.9092E+05 1,1625E-03 
3"e"8£+05 6.0931E-03 6.0602E+e5. 1,0"83E.03 
3.'376£+05 6.2396E-03 6,2112E.05 8.8504E.04 
3.7704E+"5 6,3165E-f13 6,3622£+"5 ',9328E.e4 
S.8032E+05 6.2895£ .. 113 6,5132£+"5 '.2372E.e4 
3,8360£+05 6,1836E-01 6,6641E+e5 6,64SIE-04 
1,8688E+05 5.9669E-03 6,6151E.e5 6,0480E.e4 
3,geI6£+"S 5,7324E-0S 6.9661£·es 5.'109£.e4 
3,934IE+05 S,G4G9£""e3 7.1171£+05 4.5839E.04 
3,96'2£+05 5.tfa18E-e3 1.2t118eE+0S 3,1627£-e4 
4,0000E+"5 4.Q423E.es ,.4190£+0S 2.'i946E.e4 
4,0328E+05 4.7891E-e3 1.S70e£+e5 2,3663E.04 
4.0622E+0S 4,6122E-e3 f,1cI0E.es 1,9088E.e4 
4.0916E+05 4,5S94£"03 1,8720£+05 1,6eeeE.eo 

\".~ 
0.1210E+05 4.4596E-03 8,0229£+"5· 1,4026£.1'0 
4,1504E+05 4.3709E .. 03 8.1139£+e5 1,2715E.1)4 
4,1199E+05 0,2885E-e3 . 8.3c49E.es t,1169E.04 
4.2093f+05 "',2119£ .. 03 8,4759£·"5 l.e84eE .. e4 
4,23e7E+05 4,t3e3E-03 S,fac,eE."S 9.9G65E-e5 
4.266SE+215 G,e2!9E .. "3 8,17's£+e5 9.043SE.05 
4.2915E+05 3.9328E .. e3 8.9288£+155 8.e943E.0S 
4.32b9E+"S 3.8521£.03 9,0798£.05 ',1558E"es 
4.3563E+05 3.'609E .. 03 9,2308£+0S 6,2699E.e5 
4.3857£+05 3.1164E.03 9.3811£+05 5.415IE.0S 
4,0151£+05 3.6560E-\153 9.532'E+05 4,8e39E.05 
4,44A6f.+"5 3.~991E-0J 9,6831E+"5 4.4354£.05 
4,4'UIE+"5 3,5413t..e3 9,8.541£."5 ' 4-,·e~~1~·e5 

H.l9l . 



   
      

  
      

  
         

   
  

    
    

    
   
    

   
   

   
   

  

 
   

   
     
    

    
    

    
      

     

      
    
    

     

 

  

       

 
 

  

 

 

 

 

 
 

 

PLTCVT ~AOGRAM DATA SUMMARY 
PJR5(TOTAL 'UIL ASS!MBLI18) aA11 CASII CHAIN 3 
CONTAMINANT I RA.aa& 

TONS 0' HIAVY M!TAL 'ACTQR, a,!111111 
DATA aLOCKIN~ 'ACTORS'. . 
INTRY MODI (I , T(LOW),OT,NeILL!) Ca I TCLON',TCHI),NC!LLI' MODI I 2 
TIM! LOW' a.aaalll!.e! 
TIMI HIGH. I.llalaat.,. 
NUNBIR 0' CELLS • III 
O!LTA TIM! INCRIM!NT. 1,111911!.13 

RAW DATA AND BLOCKID DATA 'ACTORS I 
MAX, TIMI, 1~9984!.16 MIN. l1MI ,. 2,9492!.15 
TOTAL WIIGHT. 1,12911.13 TOTAL ~ARC!~S , 1172.1 
paAK wlIGHT • l1s,13& P!AK WIIGHT TIM!, 4.12111.15 
PEAK PARCILS , ,1.101 '!AK PARCILI TIHI. 1.92111.1! 
WT. LO~. I.alear-IS NO. PARCILa LOW, 1.1 
WT, HI' 1,9568!.ll NO. ~ARCILS HI • 1 ••• 9 

SMQOTHING WINOOW (CILLS)' ta 

TOTA~ INVENTORY (CUR!!3)' 1,7191191.13 
INV!NTOAY UND!R TH! CURRINT QRAPH (CURI!S), 1.&978211.13 
P!RC!NT 0' TOTAL INVINTORf. 91,1!1 

TIM! 0' MAXIMUM CoNCINTRATI0N (YIARS), 3.811111!.15 
MAXJMUM CONC!N1RATJDN CHICROCURI!S/ML)' 3,11"191-11 
MAXJMUM RlT! 'CURIIS/Y!lR). 1,82812418B1 
CONV!RSION 'ACTOR RATI TO CDNC!~TRATION. ],1539191.B6 

CONTAMINANT , RA.aa" 

TIM! ('fIARS) AND RAT! (CURI!S/Y!lR) 'OR TH! laB 'OINT' 

TIMI (YR) RAT! lCU/YA) TIMI (YR) RAT! CCU/YR) 
2,92BB'.'1! 2,31621-04 4,694'11."5 ",25151-13 
2,9376!.I! a,31621014 4,7fa161."! It,''221!-ll 
Z,9552!.B! a,]1&2!-"4 4,a411!."! 5.7836!."3 
2,9727'."9 2,31621.04 4,914ltl."! 5.5GaB!-"] 
a,99m3!."! 2.3'621.9" 4,98821.05 5,2195!-e3 
3,11079!.15 ],13311-14 5,a6"I."9 5,"a7e!-al 
3,11255!.115 4,6]2ll.l" ',13'2!."5 1I.1511!·13 
3,04331.'" 6.23t61-14 S.2B87!.'" 4.01911-13 
3.13"061."5 7,33a9!.04 S,a823!."! 4,22181-13 
l,a1Sa!.", 9,43'"1.04 ',35581."! 3.95'6'-13 
],0998!."! I,t1981.a3 5,429]!.I! 3.6t119!."3 
~.S!3]1.15 1,2984!."] 5,50291*95 3.43"0!.,,3 

H.192 
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J,lSe9E.es -l,CTTlteeJ SiS7'C!."! S,'geeE.fJJ 
1,ICeS!."s 1 •• !58E-e5 S,6C99!."I 1.94191£-03 
1,1661£."5 I,S6G!!-el 5,7215£.el 1,71IAE.es 
J, U!S6E."S 2,tACBE-e3 !,"7,,£*e! I.Aa2S!.es 
1.2(H2£.e5 2.4214£-03 s,e,eSE.es 1.2'TSE~el 

. 1,21&8E."5 2.6981'£-"1 S,9CCBE."! l,el!9E.el 
1,2164E."5 2.97C6£-01 6,lU '6£."5 s,Oe!8E.01 
1,2S19E."5 I,Set6E-"J 6,117'£*"1 1,6117!-'" 
1,211SE."5 ',6CI6E."1 6.2S'6!.01 1,IG96£.el 
S.289IE."S ',08eeE."! 6,17T".es 1,llseE.el 
1.,e6'E.e! 4,1222£."1 6,Cl976£*"S 9,el"7E.04 
1,'2C2£."5 C,6SICE-as 6,6t'6!.,,1 ',2G61E.e4 
1,IC18E.e5 C,9562Ew03 6.'IT6E*el 1,III,E-e4 
1.1594E."5 S.2!91E-el 6,eST6£."1 A,6t66£.14 
S.IT,eE."! S,5619£-"! 6.91'6£*"1 1,"02E."4 
I,S9C1SE."S 1,8648E."S 1,e"6!."1 1,"SI!eI4 
S.AleIE."! 6.1A21£.03 ',21T.£*"1 e,!eSe!.el 
J.C29'E."5 '.teeSE."1 '.SS'6!."S 1,'6S8E.el 
S,411IE."5 6,6T4TE.01 '.4S76£.,,1 I, S899!.e4. 
J,4(.0IE.0! 6,9408E.IS '.S116£."1 1,esello '4 
J.4624E."5 '.lellE.es 1,"'6E,"1 ',"le!.es 
s.seeeE."! ,.a1S6£.e3 ',IIT6!*es S,.'''SE.es 
J,Sl16£.e5 ',S611£-0S 1.9:11'&.11$ l,eS2e!.11 
S,S91IE.es '.6sI8E-es e,0S"!t"! S,'SI9!.'" 
1.6646E.e5 T,TTleEeElI 8,1176E~"S ' •• SIZE-es 
1.7S62Et"5 ',8122£.es 8.2"6£.'5 2.'6e6£ .• 85 
S.IUfE.e! '.821TE-es 8.41T6£.85 1,"55£.115 
s.eeSIE."! T,T184!-SI e,SI"!.!' 1,!'S2!.e! 
S,9SITE."! '.6961£.e3 e.tlST.!.e! e,12,'E-IIS 
l.eS2IE.es T,S'''6E-e! 6. "'6£.e, . 1,812JE-el 
4,leS8E.es f.426e£-,,! 8.e916E.es 1.'lle£-e5 
'.lJ9IE.e5 T.leS!EeeS c;.e116£."1 t.s,est-es 
4.2529E.es '.1634E.es 9.1ST6£t"l I.CJ99£-1I5 
4,S264E.es '.2426E.0S 9.25,'£6,,5 1,!l6eE.OS 
4,!999E."5 , ,''''lE.es 9,STT6E."1 1."!TE.es 
4,4TI5Ete5 6.gesS£-"! 9.0"6E*e! 1.4191E.es 

k 4,S41"E."5 .. ,6.JeeSE."S .. 9 •. ~1 "ites 1,16e,£.e! 
~~ 

41, 62115E."5:':'. ~.\ ' .. 41eet.ss· .' \ ~ -I ~it 'I,. tes ':~ ~ .. t. 2f28£-"5 

H.193 



   
       

  
      

  
         
   
  

    
    

    
   

   
   
   

   
   

  

   
   

    
    

    
    

    
      

     

      
   
    

     

  

       

 
 

 

 
 
 

 

 
 

 

 

 

 

PLTCVT PROGRAM DATA SUMMARV 
PIR5(TOTiL 'U!~ ASSEMBLIES) BASI CAS!I CHAIN. 
CONTAM1NANT • AM-a43 

TONS 0' HEAVY METAL 'ACTOR a 1,!BeB8IB 
DATA B~OeKINQ 'ACTORSJ 
!NTRY "DO! (1 a T(LOW),OT,NC!LLS) (2 • T(LOW),TCHI),NC!LLS) MODI. 
TJMI LOW. O~BIIBaal.IO 
TIM!. HIGHa. '.0010011.a4 
NUMB!R 0' CELLS. aaa 
DILTA TIM! INCREMENT. 1.8eaaIBI.ei 

RAW DATA AND SLaCKED DATA 
MAX. TIM!. 5.7928!.84 
TOTAL WIIGHT. !~17,a!.'3 

'ACTORS. 

PEAK WIIGHT • 56,982 
PIAK PARCELS • 38.a01 
WT. LOW. 8,eleae-as 
WT. Ht. a,aal01.al 

SMOOTHING WINDOW (CELLS). 

MIN, TIM!. 4.31191.14 
TOTAL PARCILI • 3174.1 
PIAK WEIGHT TIME ~ 0.4750!.04 
PIAK PARCELS TIM!. 0.47581.04 
NO, PARCELS LOW • a.a 
NO, PARCILS HI • I.a 

5 

TOTAL INV!NTORY (CURI!S)' 3.076l6i!.a3 
-INVENTORY UNDER THE CURR!NT GRAPH (CUAIES)' a.955438!.'3 
PIRCENT 0'· TOTAL INVINTaRY. 91.a51 

TIM! 0', MA~CIMU" CONCENTRATION (YIAAS), 0.51'58110!.G14 
MAXIMUM CONCINTRATION CHICROCURIIS/ML). . S.495393£.86 

_MAXJMUM RAT! (CURIES/YIAR). l.88aI581.al 
CONVERSION 'ACTOR RAT! TO CONCENTRATION' 3.15]949!wGl6 

CONT""'INANT • AM.243 

TIM! CVEARS) AND JUT! (CURIIS/VEAR) 'OR TH! 10a POINTS· 

T%MI ('tR) IU1! (CU/VA) TJM! (VR) JUT! CCUJYR) 
4,l150!+04 7,97401,,02 5.05!0!."4 t,96571"01 
4.3298E+04 9.aa9bE.a2 5,"b98E+"4 1,90061.81 
4,3 4461+04 1.24941."1 9,0846!."4 1,913alwll 
4,3994!+04 1,&4531-01 5,09941."4 1.8S961wll 
0.37021.04 2,971'7!-01 5,l142a."4 1,8&45!.ll 
4,31901+04 a.432SI_0t 5.1i90!.". 1.14CU!wGll 
4.4938!.'14 2.7&4211.01 5.1~laE.14 1.8167Ew11 
4,41a6!."4 3,05941.-01 5.1586!.QlO 1.7~45!.ll 
4.4]l4E+04 3.3104£-01 5,17341.04 1,7737!·"1 
4,4082E+&1' 3,51321."1 5,18S21.80 1,7542a-IS 
4,4630£.04 ],6714!w01 5.aa30!.80 1.7336!wll 
4,47781.04 ].7822!·"1 5.21181+"0 1.7179E-ll 

H.194 
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4,4926E+"0 . S,si98E.el . l,eI26'.04- 1.7eeaE·1l1 
C,!B74E+IG S,S7SIE.el 5,247"£+"" l,684eteel 
c,SI2eE+"0 1,8719E.et S,261IE.". l,66TS£·1l1 
4,5JUJE+e" S,aSBIE.ElI 5,!7711£+IO l,6se6tee, 
I,S5I!E+". S,'82SE.'H S,2918E."4 l,6!S!!.rlll 
1,5666E+"4 S,7121E.el S,se66!.14 1,6161£e01 
4,$814E+"4 3,6117Eeel 5,S214E+"1 1,598IE.01 
1,5962£+"4 S,S4TeE-el 1,1162!+14 I,S799E.1l1 
4,61UlE+04 S.46e9E.el 5,SSleE+e4 1.56Ie£.el . 
1,6258£+"4 J,37!9Ee01 5,1658E+1I4 1,1415E.ElI 
4,b4"6E+"4 S,2914E-el S,5Ie'E."4 I.Sie8E-el 
1,6554£+04 3,21!SE.fll 5,5954£+"4 I,G989£.11 
4,6T"!E.04 J.1S66£elll !5 ,'U 0e£+114 1,4T!S£-1I1 
4,68518£.184 J,8618E.el S.GISeE."4 1.4499£.01 
4.,998E+e4 . 2.9893£.'" . S,4'98!+.,4 1.4218E-el 
a,7146·£."4 2.91&4E-01 1,4146!.e4 1·.S91IE-1l1 
a.7e9IE+"0 2.8se~E.el S.0'9a£+1I4 1,15T5!e"l 
a,'04ee:+"0 2.784eE-01 S.4842E.ec l,sellEwrJl 
".,S9IlE+e4 2.7213Ew01 5,49geE+0' 1.e819£.01 
4"T38E+01 2,6618E-el S.SIS8!.eo 1.e404E-el 
G.7886!.e4 2.606eE-01 S.S286!.e4 1,1968E-el 
4i 8014E+e4 2.SSJSE.el S, SG3GE • .,G 1.1517E.01 
G.8182E+04 2.seC2E·.el SiSSe2!.'" 1.1eSSE.01 
4.853Ele+." 2.457SEe01 S.57!0!.0' 1.0ST8E-01 
4.84'8E+"4 2.4126E.01 S.58T8E+e4 1.e091E.01 
C,8626E+"4 2,J693E.el 5.6026E."4 ~.!geSE-e2 
4.8Y74E+"4 2.32'3£-11& S.61YO£+04 9."7e6E-e2 
4,8922E+"4 2.2866E-01 S.6S22E.e4 B.SI68£-02 
4,9"7eE.04 2.24Te,E-el 5.60'''E.04 '.9548E-02 
1,9218E.04 2.21,,'£-01 S.6618E+e4 7,J085£.e2 
4.9366£."4 2.1T6e£w01 5,6'66£+114 6,71198!wee 
4,9511E+04 2,lC41E.el S.6914!+'" 6,0400E-02 
4.9662£+04 2,114'1£.01 5,7062E.,,4 5.3423E.e2 
4.981eE.0C1 2.eB'7E.el 5.7!te!.", 4.6231Ew02 
4.9958E+04 2.e623E.01 5.'156f+04 S.9046E.02 
5,0106£."4 2,e38eE.e& 5.'506£."4 S.16!8£eee 
5.~2SGE+e4 2,elllE.et 5.7654£+04 .. 2,4121£."2 
5.00e2E.04 1,9ge1E-II1 . '. S. 7 eIl2E·+fl;ll·· :.;;. 1.7697£-.,2 . 
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PLTCVT PROGRAM DATA SUMMARY 

PJRS(TOTAL 'U!L ASS!NBLIES) 8ASI CAS!I CHAIN 4 
CONTAMINANT • pu.a39 

TaNIO' WIAYY MITAL 'ACTOR. 1.511alel 
DATA BLOCKIN~ 'ACTORS. 
ENTRY MOO! (1 • T(LOW),OT,NCILLS) ca • TCLOW),T(HI),NC!LLS) MOD!. a 
TIM! LOW. l,0~la0~!.14 
TIM! HIGH- a,aaale~!.95 
NUMBER 0' CELLS. II 
DELTA TIMI INCREMENT. 1.909019!.10 

RAW DATA ANO·SLOCM!O DATA ,ACTORS' . 
MAX, TIM!. 1,1387!.15 MtN, TIM!. O,8134!.14 

• TOTAL WEIGHT' 9,26!8!.Ia TOTAL PARCELS , aa,a 
PI AM W!l~"T - 4,018 P!AM WEIGHT TIM!. 5,75101*04 
P!AM PARCELS , 8,aae PEAK PARCILS TI"! I 7.659IS.14 
WT. LOW, a,aaBBe-at NO, PARCELS LOW • a,a 
WT. HI a a,aBmIE-11 NO. PARCELS HI • a,l 

SMOOTHING WINDOW (CILLS). a 

TOTAL INVENTORY (CUR!!S)' 9.a'5795'.11 
INVENTORY UNDER THI CURRENT GRAPH (CURI!S). 8,188638,.aa 
P!RC!NT 0' TOTAL JNV!NTORY. aa,37' 

. TIM! 0' MAXIMUM CONCENTRATION (VEARS)' 5.1S0010!+04 
MAXIMUM CONCENTRATION lMICROCURlla/M~' ~ b.1156511-111 
MAXIMUM RAT! (CURIIS/VEAR). 1.1!ala6E-ao 
CONvERSION 'ACTOR RAT! TO CONCENTRATION .],853949!_16 

CONTAMJNANT • pu.a31J 

TI"I ('f!ARS) AND IUT! (CURleS/YEAR' 'OR 1HI laa POINTS 

TIM! (YA) ~AT! (CU/YA) TIM! (VR) RAT! (CU/YR) 
5,1!'''1!.''. 1.75811,.04 1,1450!."5 l,4857.I.a9 
S,atl4'!+04 t,7581E-a4 1,1564e.,,! 2,"065!."6 
5,97511!+90 1,15811-114 1,lb78E."5 o.aa9&!w0b 
6,119211!+a4 1.1381!a04 1.17921.05 &,012&£.06 
&.2ab01+04 1,73811-04 1.1906e+a5 8,a1571."6 
6.l2""I+"4 t.7S811.a4 l.aa20e.", 1.00t9!.'" 
b,43411!."0 1.75811ae4 1.2134;.05 t.2022e.a5 
6.54811!.04 t.1S81E-134 1,2248!.05 1.0a251e 135 
6,66201+04 1.7S811.a4 1.il6il*"S 1,6a28!-a3 
6,176"1."0 1.15Sll lliU 1.24 761+a3 I.sall,-as 
6.89091."4 1.75!UI.ao 1.2390,.,,5 2,a034!."5 
1,Sa00!+04 1.7S81!ea4 1.21a4a+"5 2,29311-a5 

H.196 

---. \ 

-" . 
• 

.-" 



 

 

 

 
 

 
 
  

 

 
 

 
 
 
 
 
 

 

 
 

 

 

 
 

  

 

 
 
 

 

 

 
 

 

 

 

  

 
 

 
    

 
 
 
 
 
 
 
 

 
 

 

 

 

 
 
 
  

 

 

 

 

 

T.'1eeEtee ·1.'SII£.04 .. 1 -2818!t"5 e,410eE-es 
T,!lee!teC 1.'SI1E.ee 1 e'S2E.es 2, "~GSE.es 
T.S4befteC 1.'S81E.e4 I Jso.!.es e,eeG6!.!! 
',G6eeEt"e 1.'!S81E.ee I 1161!.CI J.eeG9E.es 
7,11GIEt"e I,TS8IE.e4 1 J214£te5 s.eeS2!.e5 
'.6a8e£t80 1,'S07E.04 1 sseeE."! 3.2T90!.e5 
,.eeeeEt"e 1.6486£.041 1 JIIIEte! l,e99,!.es 
T.916"!.84 l,Sb'5E.e4 1 1616£.!5 1.9!!G!.e! 
a.eseIE.ec 1.G844E.eo 1 J11eE.es 2.'4I1E.1I5 
8,1 40 eEt 04 I,GeeSE.eo I SIGGEte! 2.S618E.el 
a.!see!."o 1.Jee2E.e4 1 J9SIE.es 2.3825E-e5 
a,312IlE"'0 1.2181E.SO I.GeTeE.e, e,ee!2E."! 
8.G8beE.So l,lS60E.eo 1,4186Et e!· 2,eeS9!-eS 
8,6eeS!t.,4 l,eT'9E.04 1,4seeEt!! l,8446!.e5 
8,TloeE."4 9,91'SE.95 1,04&4Et"l l,66!1S!wel 
&,82821[ • .,4 9,1I964E-e5 1.4128Et,,5 l,G8!9E."5 
8,9421lEt04 8,2'S3E.es 1.4642EtfH5 1.S066£.8! 
9,05611Ete4 ',4IAeE.es l.4TS-6Etel 1,12,s£.e5 
9.1,eeEteO 6,63S1£-e5 l,48T0£teS . 9,4&.,SE.1I6 
9,280"t.04 5,8128E • .,5 1.49&4Et 81 T.6ITI£we6 
9,Sgee!."4 4,9909E-es 1,5098£6e5 5,89421.16 
9,!teeEt"Q 4,1698E.es l,selIEt,,! 4.tIl12t.e6 ,. 9.626et·e4· . S.fAeSE.es l,5J26£.(lS s.ses!!-", 
9,7400£.04 3,5e66E-e5 I,S440Et'5 J.leSSE-e6 

( .- 9,850eEt04 3.2T28£-e5 1.SSSOE.'" 3,seS5£-86 
\ . 9,968l1E.04 I.ElS91E.es 1.5668£.es S,5eS5Ee06 
,.~ l,e082£ • .,S 2.8e5S£.~s l,17a2£.115 J,sesse.e6 

1.e196E.05 2.5fI6!.85 1,!S896£t"! !,SeSSE.e6 
1,eSlllEtI!lS 2.S3f8£.e5· l,6eleEte! !.SeSSEeIl6 
l,eG20E • .,5 2,le41£e0S 1,6124£.115 S,S0S5£.06 
1,0SS8[t"5 1.8703£"e5 l,62S8Et"5 I.SS35!.86 
1,0652£.e5 1.6lbllEeeS 1,6352£t", S,seSSE.e6 
1.eT66£+.,5 t.4ee8E-es l,6466£t1l5 s.seSSE.1I6 
t.eeseE."! t.lb91E-es 1,6seeE."5 J,SeS5E-e6 
l,fl994£."5 9,3534E.S6 1.6694E.ms S,S8SS!.1I6 
1.11 e8£.el.; '.II1S9E-06 1,'8e8Etel J,IBSSEe e6 
1,1222E.fl5~ G.618SE.e6 1,6922£."5 !,SIlSS!.e6 
l,t336E.05 2. S~U IIE.eb l.71S6!.,,1 s,5eSSE.e6 
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PLTCVT PROGRAM DaTA SUMMARY 
PIR5(TOT&~ 'U!L 'SS!MaLlIS) aAS! CASI. CHAIN 4 
CONTAMINANT • Ue235 

TONS 0' H!AVY M!TAL 'ACTOR'. ',saelaee 
DATA SLOCKING 'ACTORS' 
ENTRY MODI (1 ~ TCLOW),DT,NCILLS) ca • TCLOW"TCHI"NC!~LS) MODI. 2 
T1MI LOW. i.518aBaB.IS , 
TIM! HIGH. 6.191000&.e5 
NUMBER 0' CELLS • 401 
OILTA TtM! I~CIIM!NT. ',7S1011 •• aa 

RAW DATA AND BLOCKID DATA 
MAX, TIM!. 8.5372!.05 
TOTAL WIIGHT. 4.1419 •• 92 

'ACTORS, 

PIAK W!IGHT • 11.131 
PEA. PARCELS • 2'2.091 
WT. LOw. 3.5468!-91 
WT. HJ a 1.55251.01 

SMOOTHING WINDOW (CELLS). 

MIN, TIMI, 4,7994!.04 
TOTAL PARCILI • 2088S,a 
PEAK WIJQHT TJMI. 3,42311.09 
~!AM 'ARCIL! TIMI' 1.21441.15 
NO, PARCELS LOW • 45'S.8 
NO, 'ARC!L8 HI • 137a.a 

20 

'TOTaL INVENTORY (CURIIS), 4.,47131!taa 
-INVENTOR' UNO!~ THI CURRINT GRAPH (CURI!S)' 4.1912521.12 
PERCENT OF TOTAL INYENTORY • lal.066 

TIM! 0' MAXIMUM CONC!NTRATION (YEARS). 3,4661'5!.05 
MAXIMUM CO~C!NTRAT!ON CMICROCUAIES/H~). a,156511!.ea 
MAXIMUM RAT! (CURIES/YEAR). 5,595589!MB] 

-CONVERSION 'ACTOR RAT! TO CONCENTRATION. 3,a539491.16 

CONTAMINANT • u-alS' 
TIME (YIARS) AND RAT! (CURIES/VEAR) 'OA THE lal POINTS 

TIM! ('fRl RlT! (CU/YA) TIM! ('fR' 'UT! CCU/VR) 
2.5"'14£."5 5.81l51-"" I,alase • ." 2.943'!.~] 
a.514'5!."5 ,.ra!]l!."b 4.0102E.95 2,79011.113 
2.5&41!.", &.31'l2!~a& 4.a5961!.a5 2.6495!-13 

• 2.5949'+9! 6.8414E.e, ',a899E."! 2,5"871.13 
2.62512:.05 7.3533E.ee. I.U&4!.,,5 2,3"22IwIJ 
2.&5521+"5 T.7a95!."e. 4.14T8'."! 2.19551.8, 
2.685.!+,,5 8.007"!."& 4,1772E.'5 1.9944! • .,3 
2,71561+05 S,a442Ewa6 4.2ib6!.'! 1.7924E.03 
2,7051!.05 7.99591."& 4.23bll.,,5 1.5811!.'" 
2.77591.05 8,aalTE.a" 4,2655£."5 l,l8271-.,! 
2,&061!."5 8.27322:.1& 4.2949£.09 1.209&!-'" 
2,8362!."5 a,b61BE-06 4.3243!!.,,5 !.!l52ft!.'" 
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2,6660E.el q.ST"T£-e, 4,I5'7£.e5 9,217IE-1I4 
2,e966E+e5 1.0666E.e5 4,Iesu:+es l,mellE.eo 
2,9268£+e5 1.2176E.e5 4,4125!6e! 6.eUlmE.04 
2.9569£+1'5 1.4700E.05 0.C019E+"1 S.2860E.ec 
·2.9871£.81 1,91T2£.es 4,,,71IE*e5 e.S!19E.eo 
s.el'IE+"1 2.9218£w05 O."DIE.el I.9915!w80 
J.e070E+05 6.98T9£.05 0,146IE.e!5 S,5691£.e4 
s.e776£+e5 I.TS89£.e4 4.S914!.e! s.laee!w"o 
1.1"78£.e5 J,55T8E.04 C.6S'T!+e! 2,466S!w00 
1.1JeeE+e5 5.ge'6£.e4 4.6820E+e5 1.geT8E-00 
J,16el!:+05 s.,seSEweo e,f2'c£+el 1.9210E-e4 
S,198S£+"5 1.250SE-03 4,T'2'E."5 1.'690!.ec 
3,2285E+05 1.'SVS!.es 4,8188E6e5 1. SSSOE.Be • 
S,eSS6!+e! 2.1441£we3 4,86JS£*es 1.2ISI!.e4 
1.2SS8£*05 S,ese'E-es 4.908TE+e5 ',S272E.e5 
s.!19S!+e! 1.568IE.01 e, 9seeEte!. 4. T2SIE.as • 
3,3091£+05 0.161116E-es 4,9991£+0! 4.6selE.05 
3,319S£+05 4I.4959£.el s.e046£+e! 1.'15IEwe! . 
S,409SE+"! 5.e159£-01 5.8899£+.el 7,T2eTE.05 
3,4S91E+£I5 5.289TE.el St IIS3E.e! 7,8419£-05 
3.46Ci8E.e5 5.S9!!E.e3 5.18e6EteS 6.'4I28E-05 
3.seeeE+"! S.3seOE-es S.2259E+e5 5,2se4£.05 
3,5se2E+05 5.tT3S!.eJ 5,2'12£+0S a,996,!.e! 1 
3,5596E+e5 5.eell,£.eJ !i.31b6!.e! 1,60!!E.e! 

.' 
J,SICie!+es 4.843eE.03 S,3619E.es l,ee!!E.es 

I 3.6184E+e5 ",beS9E.Ia! 5.4e12E.es ',lJ14E.e6 \ 
, 3,61178E+05 C,!369E.II 5,412SE+es 9.6e72E-e6 

J,6''72E.''5 4.3939E-01 5,4918£+es 1.·3semE."! 
3,1E166E·es 4,2166!.e3 5.54s2£+e5 1,!SQ6E-eS .. 
3.'36e£+e5 C.9937E.IIJ s.sell!.e! 1,S19SE-e5 
J.1655E+laS 3.9492E-03 5.633S£.05 I,S12IE.e5 
!.7949E.05 !.801eE.e! 5.6791£.e5 1,116!E.es 
3.8~4!E.05 3,674e~.eJ 5,T2441£+01 9.J196E.~6 
3,8S"£."5 s.sseeE-"! 5.'698£+"5 '.'.39E.e6 
3,el3lE • .,5 3.41414£.153 5.8151E.,,5 '.1062E.e6 
3.9125£.05 3.3063E.0J 5,8604E+'" 6,8S'lE.e6 
3,9419E • .,S •.. 3.2326E.03 S.9i1S1E+fJS 6.61S8E.e6 • 
3. 9' ~'E+~~5 ~. .: 3.e89f£.es . .y. 0 S.9It.lt.es o· 6. IH 89E.e6~ . .. ..... . :1 . 

..... 
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PLTCVT PROGRAM DATA aUMMARY 
PIA5(TOT.~ 'UIL 4SSEMSLIIS) 8ASI CA3!' CHAIN 4 
CONTA~INANT • PA-!31 

TONS 0' H!AVY M!1AL 'ACTOR. 9.,aSIIB0 
DAT. BLOCKING 'ACTORSl 
ENTRY "aD! (1 • 'CLQW),OT,NC!~~a) (2 • T(LDW),T(Hl),NC!~LS' MOO!. I 
TIM! LOW. a.,aaae9!.a5 
TIME HIGH. 5.a00IBI!.15 
NUMBER 0' CELLS • sa 
O!LTA TIM! INCRIMENT. 5,a~aalai.al 

RAW OlTA AND BLOCKED DATA 
MAX. TIM!. 1.7273!+0& 
TOTAL W!IGHT. 9. 9369!.9S 

'ACTQRS' 

PIAK W!IGHT·, a.718 
PEAK PARCELS • 55.ae0 
WT. LOW. -6.3969!-a3 
WT. HI. 2.6a9~!+aa 

SMOOTMING WINOOW (CELLS). 

MIN. TIM!. 4,6a88!.04 
TOTAL PARCELS • 17la.a 
-IAMWIZGHT TIHE. 3,47S0a+S5 
PEAK PARCELS TJM~. 4,87501+95 
NO. PARCELS LOW.. 724,0 
NO, PARCILS HI • 1670,8 

aa 

TOTAL l~VENTORY (CURIIS). S.63a7a4!.aB 
INV!NTORY UNDER TH! CURRINT GRAPH (CURt!S). 6.B93B691+aa 
PERC!NT OF TOTAL INVINTORY ~ 70.S81 

TIM! 0' MAXIMUM CONCENTRATION ('ZARS) ~ 3.5250001+95 
MAXIMUM CONC!NTRATION ("ICROCURt2SJM~' ~ 2.QI55331-10 
MAXIMUM RAT! (CURl!S/YIAR). 7.339136!-05 . 
CONY!RSIDN 'ACTOR R4T! TO CONC!NTR4TI0N. 3,153949!.96 

CONTAMINANT • PA.all 

TIME (VIARS) AND RAT! (CURIES/YEAR) 'OR TH! 100 POINTS 

TIMI (VR] JUT! fCU/1M) TIME (YR) RAT! (CU/YR) 
2,5250!+"5 '.9691f..,J7 4,IiI"alE.05 4.2a76!.a5 
2.9545!+05 1,96911-'" 4,aZ95!.0S 4.1132!.95 
2.5841!+"~ 1,9435! •• 7 lI.a!99!.'" 3.9999!.1' 
2.6136,+05 1.8S85!.fl7 4.ae80'.05 3.81431e15 
2,6432!+"!! 1.86191.07 4.11781.as 3,'98bl-a5 
a.flli'!."! 1,93991-07 •• t47aE.0S 1,5872!·a5 
a.7aal!."5 i.cnl'E-II' 4.11b61.05 3.4&78!eI5 
a.7318£+0! 2,9611'.11 4.2i."a·as 3,47131_15 
a,7'1 41+05 2,1I082E.a7 4.2354£*0S 3.3780!.a5 
a,790CJ!+05 2. ~U 44£-01 4.2648,.a5 3,t38611.05 
2,a215!+05 2.137.4E.17 4.29431.05 a.90a6~.05 

H.2Da 



 

 
 
 

 

 
 

 
 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 
 

 
 
 

 

  
 

 

 
 

 
 

 
 
 
 
  

  

 

e.esee!.,,! 2,!gee£ee1 G.JI!TE.e! 2.'2SI£·e5 
2.1195£+e5 2,61IiE-'., . G,!SSII.es 2.S809!.01 
2.gecHE·"! 2,58'2E-m., G.S621!.0! 2.0S'G£."5 
2.'186E."1 2.'719E-01 4.4119£.05 1.lleer.e5 

·2.9682£.es 3.288S!.17 4,4e11E."5 1.611tE.11 
2,99"E.e! :I.8643E-e., 4,4le'E·"5 1,O88'!.'" 
3.e271E+'" 4.6416£."7 4.seelE."! 1.441'I.el 
s.eS68E.es 7.61 0IE-"7 4.514IE.,,5 1.42.'E.0, 
s.ee64£.05 1.e41.,E.e, 4.S2891.es I.I."!.II 
S,II!9E·"! 1,2951E-e, 4.,4S3E."! 1.S'2SE~e! 
'.1455E+"5 2.4298£-06 4,SS.,'1.15 1.e66'!.05 
'.11seE."5 3,9565E-06 4,5721£.05 1,2ellE."5 
s.ee4!E."! 6.3374E.e6 4.5865E.e5 1.1S,'!.0! 
3,214IE.05 8,'982E.86 4.6Ie9E.,,! 1.e726E-fJ5 
3.2636E+05 1.1419E.15 4. '·ISSE.I! l.ee8SE.as 
S,2932E·e5 1,5492E.15 4,629,e.15 9.54SSE.e6 
S.322'E • .,5 2,e4seE.05 4.6.G1E.01 9.2143E.e6 
S,SS2!E·es 3.6184E.e5 4,6585£."S 8.eeS!E.!' 
3,3818E."S S,e2414E.05 4.6729£.05 &.SS22!.e6 
3,4114E+"5 5.!642E-es 4.6S7SE.0S S,2161£.0' 
:S,44e9E.e5 6.3138E ... 0S 4,7eI7!+"5 7.8.,95£.16 
3,47e5£+05 '.24!3E.es 4,.",eE.05 '.S428E-e, 
l.seeeE+es ",4626E-es 4",e4£."1 7.2252E.06 
3.5295E·05 7.S182E.es 4.7446E.0! 6.939S!-e6 

~-
S.559I1E."5 '.!81!9E."S 4.7592E."5 6.6517E.1I6 
S,5884E."! 7,3396E-es 4,7736E."5 6.S6.,9£.06 
1,6118E.e5 '.40'7E.8S 41.,aaeE • .,s 6,""9f.e, 
,.,472E."S ',14S2E .. es 4 • "H24! .0! S. '832!.·1I6 
3,1I766E+05 6,.,82IE-1'5 4,8168E."5 5,4905£.0' 
3,7060£+e5 6.5974E-e5 4,ellIE.'" S.Ise6E.e6 
3.7SS4!."! 6",40E.es 4.1456£."5 5.0126£.116 
3,7648E.05 6,e6"2E."5 4,86eeE.05 S.4T4'E.e6 
3.7942E+"5 5,.,976E.e5 4,8144E.el 5,5368£-116 
3,e23'E."5 5.52f19E-es 4,8888E."1 5.J6ee!.06 
3.8531£+"5 5.2938E.05 4.,e32E."5 5,1'66E.06 
3.8825E·05 5.",.,8E-05 4,9116E+"5. 4.9911!·06 
3.91 '-9E.e! 4.eS3IE-es 4.912e£+01 4,'S4eE.0, 
3.9413£+e5' 4,6526£.05 4,946IE.0', 0·.4aeeE.e6 . .... 
S, 'T"7E+"5 . 4,4651£-"5 . 4.96e7!+"5" .. : .• ! 4.e661!.06 
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NEAR-DOME HYDROLOGIC SIMULATION OUTPUTS 



 

   

  

      

         

       

APPENDIX I 

NEAR-DOME HYDROLOGIC SIMULATION OUTPUTS 

APPENDIX 1-1: PROGI-0UTPUT 

~draulic properties, model coordinates, held boundary conditions, 
element details, and summary regarding total number of nodes, elements, 
boundary nodes used for flow through dome breach. 

1.1 



  

         

   

       

    

           

     

    

    

       

 

        

               

  

 

  

 
 

    
  

 

 

TJMh 1415'S1a! 

.,", ........ , ... , .... , .... ,., ... ,., .. ,., .•......... , ... , .. """.".,.".""."." 
SOLUTION MININII - HAINS,OUT 'OR DETERMINATIQN a, 'LON T"ROU;" IRtAC" ....... , ...... "" ...... , ...... , .. ,., ... ,., .. , ..... ",".'.,.' ....... ,.,.",., ... ,., 

. . _-...... -.-... -..........•....•...••...........•...•.•...••••.•. ' .•......•.......... 

.. _----------_ .........••... -... -...•.•....•...•..•.•.•••••• --..................... . 
CONVERSION 'AcTOR 'oR 'IANllal~ITY DATA 

CONVERSION 'ACTOR 'OR XV-COORDINATI' 

CONVlRSION 'ACTOR 'OR I-COORDINATIS 

CONVERSION 'AeTOR 'OR H!AD(IOTM INITIAL AND I,C,' 
IlTY'! • 

'LAG 'OR CONTROLLINQ THI LEVEL 0' PRJNT OUT'UT, 

, .111111 

I ,Jill 

,,"'III 
IIU 

" 
] 

.--.-_ .. --_.--..... --•.•.....•••...••.... -.. -..... --_ ..••.........• -..••.•....••..... 

PROP!RTl!S 'OR HAT!RIA~ 

CARRIllO AQUI'IR 

I(wX. 
\(_.,a 
IewZ. 
TM!TA-

I 

MI!OIUM COMPR!SSlal~IT' 
'LUID COMPR!SSJ81~TY 
R!'!R!NC! PR!SSURI! HEAD 
SPI!Cl'IC STORAGE COIF'. 

", .. , .. 

0' THETA 

1.2 

13.alaa 
13.23mB 
13'.2390 

11,1""""0 1,""""" I,""""" I,"" II,I"""aal-a3 

\'/T 
LIT 
~/T 

1/~ 
l/~ 
L 
\/1. 



     

 

 
 

    
  

  

 

   

 

 
 

    
   

   

 

 
  

    
  

  

  

  

.. 
PROPERTIES FOR MATERIAL 2 

WILCOX AQUIFER 

K·X~ 
K·Y~ 
K-Za 
THETAa 
MEDIUM COMPREISIBILITY 
'LUID COMPRESSIBILTY 
REFERENCE PRES6URE HEAD OF 
SPECIFIC STORAGE COE~'~ 

PROPERTIES FOR MATERIAL 3 

WILCOX AQUIFER 

K-X' 
.KeYa 
K-Z. 
THETAa 
MEDIUM COMPRESSIBILITY 
FLUID COMPRESSIBILTY 
REFERENCE PRESSURE HEAD 0' 
SPECIFIC STORAGE· COEF'. 

PROPERTIES FOR HATERIA~ 

WI~CDX ",,-UrFER 

Ie-X.' 
K-Y" 
K-Za' . 
THET.' 
MEDIUM C~~PREISIBILITY 

. 
• •• •••••••• 

THETA 

.' •• f ••• 

THETA 

.... " .. 

FLUID COHPRE8St81L'Y -
REFERENCE PRESSURE MEAD 0' THET' 
SPEC1FIC STORAGE COE'F. 

1.3 

2.oeeee 
2.A8eee 
e,A6E1"" 

fI, Ull;eeB· 
l,,,eB00 
I,flllle . 

l.fle 
e.leeeleE.es 

LIT 
LIT 
LIT 

111. 
III. 
L 
IlL. 

LIT 
LIT 
LIT 

. liLt 
tiL 
L 
III. 

2.GBeee ,,'T 
e. Gseee - I.;lT 
I,GSeee LIT 

e,111000B 
1.eeeeB IlL 

_. - .. --I.·eeeee 1·/L 
l,ee L 

e,leeee"E-eS tiL 



   

 

 
 

    
  

 
 

 

 

 

  

 

 

 
 

    
  

 

  

  

 

 
 

    
  

 

 

 

 
 

 

PROPERTI!S 'OR MAT!RIAL 9 

"'II.COX AQUJ'IR 

K·X­IC·.,. 
!C·Z· 
THETA. 
MEDIUM CQMPR!SSlaJI.IT¥ 
FI.UJD COMPR!SSlal~TV 
REFERENC! PRESSU~E H!AO OF THETA 
SPICI'IC STORAG! CO!," 

PROPI!RTI!S 'OR P4AT!RIA~ 6 •••••••• 
WILCOX AQUIFER 

Ie-X-IC-,. 
IC-Z-
THETA. 
MIDIUM COMPRESSIBILITY 
FLUID COHPR!SSJBI~TY 
R!FERENCE PASSSUR! H!AD 0' TH!T" 
SPECl~IC STaAAGI ca!,~~ 

PROPERTIES POA HAT!RIA'- 1 ..... , .. 
~ 

wILCOX AQUI'ER 

K-X-
Ie-Y. 
KaZ-
THETA. 
H!DIU~ COMPRESSIBILITY 
FLUID COMPRESSIBILTY 
REFERENCE PRISSURI HEAD 0' THITA 
SPECIFIC STORAGE COEF'. 

1.4 

~,4a0g" I.IT 
2,48000 I.IT 
2.4300B I.IT 

O. U,ge00 
l.ass"" 111. 
S ,Baa"" III. 

1.30 .. 
0.10alael-133 111. 

2.48090 LIT 
2.4saaGJ I.IT 
2,,4ea'19 I.IT 

0.1001300 
1.00a013 SII. 
I. ""9"'" III. 

l.a0 I. 
a, Uta""a!-,,] SIL 

a.48"013 I.IT 
a.4a1300 LIT 
2,4aaaa LIT 

a.sa"""9 
1.00""S III. 
1.a0a"0 111. 

1,139 L. 
13.100130"!-03 III. 

, , . 
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PROPERTIES FOR MATERIAl. e ., ..... " 
HOL.E MATERIAL 

K-X. UlG,,".e LIT 
K-ya 1£)00B,e LIT 
te-z. UJln~e.e L./T 
THETAa 0.leeeBe 
MEDIUM COMPRESSIBILITY I,eesee IlL 
FLUID COMPRE8SI81~TY I,essee tiL 
REFERENCE PRESSURE MEAD 0' THETA l.ee L 
SPECIFIC .TORAGE COE". 0.leeeeBE.es SIi.; 

•.•• ·.···•·· .•• · .•.•. · •••.. · •...•...••. ···· •. ·.w.· .. · .••••.••.•.••••••••• 
COORDINATEI AND OTHER DETAILS 0' EACH NODE 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
INTERNAL USER X-COORD. 
NODE. NODE' 

1 
2 
3 

" 5 
6 

. ., 
e 
r; 

1" 
It 
11! 

2 
leea 
2002 

! 
le0! 
2ees 

S8el,e 
seee." 
seell." 

10ee0 .• 0 
10e00,0: 
leBee,e 

15e0e,0 
150013.0 
15e00.e 

1.5 

Z.CODRD, tNITIAL TEM' C DEG 
HEAD 

0.e 
-lee." 

-21ee.e 

".e e'lIe.e 
ectee.e 

B.e 
.,ee •. B 

a21ee.e 

e.e 
elee,e 

-2Ull'.S 

65,1 
eS,e 
65,0 



     
      
     

     
    
     

     
     
      

     
     
     

     
     
     

     
     
     

     
     
     

     
     
     

     
     
     

/ 

('...-

'~ 

ele[ 
ele£ ,,1,,£ 

e"E 
el'E 
elG[ 

eletl 
e'e" 
ele" 

el't ,,1,t7 
""" 
e'es 
e'e; 
e'"Si 

e
l

" "'" e',s 

e'''9 e'09 
e'e9 

e's9 elsea 
e's, 

e'Sil 
e',I. 
e"L 

e'eelZ­
,,'eet· ele 

,,1"I!!lZ­
,,'e,n-
e'" 

e'eeu~· 
e'eel­
e'e 

e'eeI2-
,,'eele 
e'" 

e'eeu~­
eleet-
"'I.' 

e'ecue­
,,"et­
e'e 

e'eel!­
eleet-
e" 

e'eeI2-
e'eet-
e'" 

,,'ee,· 
,,'ee'­
e'e 

9'I 

ele 
",'e 
"Ie 

e'e 
e'" ele 

e'e 
0

1

" ele 

e'e 
e'e 
ele 

e'e 
e'e 
"I" 

,,'e 
ele 
"Ie 

~'e 
15'" 
e" 

S'0 
e'e 
ele 

l'\'e 
e'e 
"Ie 

elee"el. 
e'000el. 
,,'e0eel. 

fIj'"e"S9 
0'ee"sc; 
,,'0eeS9 

e'eeee9 
e'eeeec; 
"'eeeee; 

e'eee,' 
!'eeess 
e'eee" 

,,'eee,,' 
e'eeees 
B'eeees 

,Ieee"~ 
"'eeestl 
e'eeest 

e'eeeet 
e'0tl0e, 
e'e"ee, 

e'eA0S;S 
e'ecess: 
0'"e0" 

e'eeE"! 
e'eeer;2 
e'ee0se 

Sitee 
'l"t 
" 
"1"2 
"un 
ttl 

£le2 
[tel 
Et 

lIe! 
elet 
cl 

l1ee 
Ilet 
It 

CIte! 
eUB 
"t 

600! 
.eel 
• 
e00! 
Q6el 
S 

90e2 
'"et 
9 

6[ 
at 
L[ 

9[ 
Sit 
tI[ 

£[ 
2£ 
IE 

0E 
6C! 
82 

Le 
92 
Ii! 

fl2 
£2 
22 

II! 
152 
6t 

91 

" 91 

Si' 
til 
E' . ~ 



 

 

 

 

 

....... 

4e 
41 
42 

4S 
.4 
45 

46 
47 
48 

'" i0 
51 

52 
5S 
54 

I! 
S6 
5T 

S8 
59 
61' 

61 
62 
6J 

60 
65 
66 

16 
le16 
ee16 

tT 
te17 
2el7 

18 
Ie Ie 
21'11 

e0 
lee9 
aeal 

al 
1e21 
2e21 

as 
lS2S 
a8a5 

26 
11'26 
a I'll! 6 

2T 
t62T 
2027 

Tseee.e 
,seee.e 
Tseee,e 

eeeee.e 
eeeee," 
aeeee,' 

seee,e 
seee.e 
seee," 

leeee,e 
leeee,e 
leeee,e 

lS0ee.e 
lseee,e 
lseee.e 

S5eeS',1 
3seee,e 
!seee,1 

4eeee,e 
4eeee.e 
Geeee,e 

eseee,e 
4seee.e 
4SfJee,0 

e,e 
e,e . 
e,e 

leee,e 
seee,' 
seee,e 

'seee," 
seee," 
seee,e 

seee,e 
seee,e 
5~ee" 

seee,e 
seee," 
seee,e 

seea," 
seee." " 
seee,0 

1.7 

e,fl' 
.n,e.e, ' 

.tlee,1I 

e,e 
eleele 

-218,,.9 

e,e 
-Iee.e 

-21ee.e 

ee.e 
eete ee,I 

eS,e 
eS,e 
eS,e 

5s.e 
5S,e 
sS,e . 



     
     

     

     
     
     

     
     
     

     
     
     

     
     
     

     
      
     

     
     
     

     
     
      

       
     
     

r 

e l '6 e"6 
e"6 

,,'ee' sl.eel 
e'"el 

elec 
"lee 
.,102 

e"2 
el 5e 
e"2 

e'et 
s'et 
e'o£ 

e's' ·el·s, 
e',t 

e'"o e'eo 
.,'et· 

,,1St 
"'St e',o 

".Ie; ."1,,, 
e'e, 

,,'e01l­
e,ee'-
e'" 

e'selc­
el",n­
"Ie 

,,'e,ne­
e'eet­
e'e 

·,,'eetee 
e'ee'· 
e'e 

e'eetc­
s'ee'· . e'~ 

,,'eel2-
e'ee'­,,'e 

e'"etc­
e'e"t· 
e~" 

e~ee'!­
~·eBt· 
e'" 

e'eelc­
e'e£l­
"'0 

aOl 

0&0eeel 
e'eeeel 
,,'0e00\ 

s'eeeel 
e l e0001 
0'"eeel 

,,'eee& 
e',,"es 
e'eeeE 

,,'eee' 
e'ee", 
0'000' 

e'eees 
e'eees 
e'eees 

e'eeeSi 
s'eees 
eleees 

,,'eees 
e'eees 
,,'eees 

0'eeilS 
e'ee0; 
e'oo,,& 

,,'eAe; 
,,'ilees 
"'0005 

eleee; 
e'eees 
0'0006 

~'e 
e'e 
e'e 

e'eeeee 
"'eeeee 
"'eeeee 

e'eell" 
e'I,,~eEi' 
e'eees, 

e'eeee, 
s'eeeSL 
e'eeeeL 

,,'eeIlS4i 
0'00e;9 
s'eeeli'i 

.,'esee. 
e·esee9 
e'eeeet 

s-0e"" 
e'000" 
",Ieee" 

e1 e0""'& 
e'eeees 
e'eeeBE 

9[0£ 
9[01 
4i[ 

SEe! 
IiEel 
S£ 

~[ee 
O£01 
O[ 

Etile 
[tel 
t[ 

ere! 
ere' 
![ 

IS:"! 
1[01 
t, 

ere! 
e[el 
e[ 

6£ee 
tleet 
62 

i£e! 
e2el 
e2 

£6 
C!6 
\6 

e6 
6& 
&& 

1.& 
9S 
se 

tt& 
£s 
ZI 

1& 
ee 
6£ 

9, 
1.£ 
~£ 

51. 
o£ 
£1. 

lL 
1£ 
0L 

,. 
e. 
L4i 



 

 

  

 

 

 

 

 

 

,... 

97 
96 
99 

see 
lilt 
le2 

let; 
St0 
III 

t12 
11S 
114 

115 
116 
111 

S7 
teS7 
2e!, 

se 
sese 
2el. 

III 
IfUll 
2e41 

.. 
·leaee.s 
leeee,e 
leElee,e 

ISeee,1! 
15Bee.e 
tleee,e 

2eee0,e 
!eeee,e 
2eeElI," 

JElBeB,e 
sease,a 
seeee,' 

42 sseee.e 
1042 IsaBe,e 
21)42 ·Iseee,e 

"' le43 
2041 

IIeeee,e 
400e0,0 

. ",,,ree. e 

"seee,e 
45",e0,0 
4seee.e 

seeee,e 
SIIJC!lee,0 
.seetu~ .• e 

. .... . .. 
leeee • ., 
te0e~,e 
SBeee.s 

tBeee,! 
teeae.e 
leeee,e 

"",ee,e 
leeee,e 
111116.e 

leeee.e 
'leeee,e 
leeee.I 

U'JeeB,e 
leeee,e 
lDeee,e 

leeeB." 
leeee,e 
leeeB.e 

IBaee,e 
teeee.", . 
leeeEl.e 

lBeEle.e 
teeeB.e 
1L~0En3.e 

teeae,e 
teetH~lDe 
"500e,e 

1.9 

e.a 
-,ee,e 

el:lee.e 

e,B 
e'Be,e 

_21ee.e 

e.e 
_lee.e· 

eZlee,e 

e,e 
elee,e 

-21ee,e 



 

 

 

 

 
 

  

 

  

;-

\" 

"-

e l e6 
.,186 
e'06 

1",6 
e"6 
e'S6 

e'eCI 
e'e"t 
"'eel 

e'er 
e'e2 
,,'e2 

elli! 
e',e 
e',2 

"leE 
e'et 
.,'et 

e',£ "',, el ,£ 

e'etl 
"let 
e'et 

el ,. 

e'" ,,'S, 

e'eele­
,,'''et­
e'e 

I'eeu~· 
e'"cu­
e~e 

"'''eI2-
e'''e'· 
1"" 

eleele­
I'ee'­
e'" 

.,',eele­
e'eel·' 
e'e 

e'een~­
e'",n­
e'" 

orl 

e'ele" 
e'eee', 
e'eez£il 

,,'eeeSt 
,,'eel'" 
e'eeeSl 

0'0ee" 
e'eee" 
"',,eelil 

e' eef"" 
e'"ebel 
e'eeeel 

e'eeeel 
e'eeeel 
e'eee,u 

fl' 0eee I 
e'eBein 
eleeeel 

e'eele~ ,e'eeeel 
e'let. "',,eeel 
ele e'eeeel 

el eell­
"Ieel­
e'e 

eleelee 
elee'· 
e'e 

e'eeeel 
el 00001 
e'eeeel 

e'eeelu 
e'eeeel 
,,'eeeel 

e'00001 
0'''0"el 
e'eezel 

e1eee, 
0'eee; 
,,'e0I'S 

e'e 
"'e ,,'e 

e'"elee 
"',,eeee 
e'EU!J0"e 

Ql1ese" 
e'eee" 
s'eeest 

e'"eeet 
"'ee00l. 
,,'Beeet 

"'eeSG' 
,,'eeeG' 
e'eee;9 

e'ee"efoJ 
e'"Beet; 
eleeeeca 

elee"" 
"'''08'S e'eeess 

'see 
tS"l 
tS; 

[Sie2 
£S01 
£s 

ese2 
esel 
f' 

1&e2 
Iset 
'Ii 

elie! 
"Si01 
£I; 

6f1e2 
6001 
60 

Ite2 
e1701 
817 

"~Be 
L"01 '0 

9f:1e2 
"81 
9t 

L,I 
9f11 

"I 

t7f:11 
£171 
2,1 

ttl 
0.1 
6£1 

a£1 
L[1 
q[1 

;[1 
t,l 
[[t 

2[1 
1[1 
eEl 

621 
eel 
Let 

gel 
G!t 
tr21 

£2t 
e21 
tet 



      
     
     

     
     
     

      
     
     

     
     
     

     
     
     

     
        
     

     
     
     

     
     
     

     
     
      

. ft " 
\ . 

148 
149 
Ise 

lSI 
IS! 
IS! 

194 
155 
156 

157 
158 
s59 

160 
161 
162 

,6' 
164 
165 

166 
161 
168 

169· 
110 
,71 

112 
IT! 
1'" . 

5S 
less 
aess 

57 
le5~ 
2eST 

58 
teSI 
2eS8 

59 
le.59 
2059 

6e 
106e 
2060 

61 
1061 
2e61 

62 
1062 
2061 

6S 
1061 
2063 

IsaB0,e 
Iseee,e 
IseeB,e 

eBeeB," 
eBB0",e 
eesee," 

2sses,e 
25l'00.0 
25eee., 

3e0e0,e 
J1I0e0.e 
seeee,e 

3s0e0,0 
lseeei" 
!seee,e 

4eeee," 
4m0e!.t'! 
lIeeee,e 

45mBe,0' 
4seee"e' 
4seee .• " 

seeee,e 
seeee,e 
!eeee,t 

5sese,e 
sseee,e 
5"5008, e' 

1500111,0 
Ise0S," 
I s.",,~ ,e 

15ees," 
Iseee," 
lseee,e 

lsmBe,e 
IS0e0." 
lseee." 

Ise0e," 
IS00e." 
15eeJl~ Ie 

lseee.! 
lSeee,! 
lleee,e 

Iseee,e 
Iseee," 
IS"eS,! 

lseee,l 
Isaee,' 
tseee.' 

. 150e0,e 
lseee,' 
lseee." 

Isee0,e 
15eee,e 
ISBeB.e 

1.11 

e,e, 
-u~"le 

-21e",e 

lI,e 
elee,e 

e21"".8 

SS,e 
sS,e 
5S,e 



 

 

 

 

 

 

.. ..-

F" 

.... 

else 
e'S9 
e's; 

e'e6 
e'e6 
e'e6 

s'S' e"6 ,,'s, 

e~el' 
e',el 
e'e" 

e'Ie 
e'ee 
,'e2 

e"2 
e',; 
e'sl! 

,'e£ 
lies: 
e'e£ 

1"£ 
I'" ,'SE 

QI,., .Ie, 
g'e. 

,,'eel'­
e'ee,· 
e'e 

e'eete~ 
.g'00'· 
e'" 

e'eete­
,'e"t­
e'e 

e'eet~­
e'e",· 
"'e 

eleete­
e'ee,· 
e" 

e'eete­
e'ee'­
e'e 

e'101e­
I',et­
e'e 

eleete· 
,Iee.-
e'll 

e'Qa"!c 
a'ell'· 
ilS 

2r01 

,'eeeel 
e'eesec 
e'eelee 

,,'e000c 
e'eeeec 
e'eeeze 

e'eeeee 
elileeea 
,,'eeeea 

e""eea 
e'le"ea 
,,'seeee 

e'eee" 
e'e0e5it 
I'eee" 

e'00eSI 
s'e0e,' 
eltle" 

m'eezs, 
e'eeest 
e'oeeS\ 

(II1t:~L'!i~ 
~'", ... !!~~ •. 
e"~~:·A·~. ~ 

~ .... ~ .~~"';' 
;:=mii:~.t 
e·"~i!):-· 

e'ee"" 
"Ieee" 
eleees' 

e'eeElel 
e'eeeet 
eleee.el 

Ileee, 
"eee; eleee; 

"'" e'" e'e 

"I"eeee 
,,'eeeBe 
e'eeeee 

e'eee" 
eleee" 
el,e"s' 

el,eee' 
,,'eeee, 
e'te~0' 

,'eBi)S9 
,,·oees. 
~;I~~~' 

.~!fi00e~ 
,j]tf.!~;;'i 

e'l!e~E:Q 

alec 
eLl't 
!L 

tLee 
ILln 
II 

eLee 
el.et 
It 

6ge2 
6901 

" 
e,e! '.el I' 
19"2 
''let 

" 
9'ee 
"e' 
" 
"32 ''Ie' 
" 
t902 
"fH 
t. 

Hl2 
eel! 
661 

&6t 
l61 
961 

'61 
.,~, 

£6' 

261 
t6t 
061 

6el 
gel 
1.1' 

9&1 
sel .,,1 

[&1 
eel 
tel 

e,1 
6" fI,I 

1.,1 
tiLl 
St' 



 

  

( 
'. 

211U5 
ee~ 
2115 

211 
212 
213 

214 
215 
216 

211 
2ie 
219 

21e 
221 
eel 

2e3 
22~ 
225 

1S 
un! 
2£173 

74 ae1. 
leTe 

15 le,. 
2eT! 

" 1016 
ee76 

11 
1£111 
2011 

11 
UJ76 
eeTS 

as 
106e 
208e 

2eeee,I! 
eeese,e 
eel"e," 

!seee.e 
Iseee,e 
esses." 

sesee,e 
leeee." 
seeea,e 

!seee,e 
Isaeell 
sseee,e 

Geeee • ., 
ceeee." 
Geeee,e 

esese,e 
Gssse.e 
4seee,e 

• 
2eee0,e 
20006,1 
eeeee,e 

2eaee.e 
eeeee," 
eeael,' 

e0Bes.e 
eeeee.e 
2eeee,e 

eBeee,S 
eeeee," 
e00ee • ., 

eeeee.e 
2eee0.0 
zeeee.e 

seese.e eBeee.e 
seeeB,e . eBmee,B· 
seeee," eeeee,e· 

sseee.e 
5seee,e 
551ee,e 

20eee,0. 
eeeee,"· . 
2e00e.0 

1.13 

• 
ele _,ee,e 

·.21ee.e 

e,B 
.lee,e 

-21ee,e 

e,e 
-lee,e 

-21ee,e 

e,e 
-1E10,0 

-211'£1.0 

S5,e 
IS,e 
5s,e 



 

 

 

 

f)"1 
e'se 
e'lie 

.,'06 
0'06 
0'£16 

e'S6 
e' li6 
e's, 

e'eel 
e'me' 
I'eet 

el ,,! 
e'ee ele! 

,,',2 
e',e 
e"! 

e'eE 
s'et 
e'et 

,,',s: 
e'·;, 
e',£ 

"'et1 e'eo 
e'"o 

,,'eet!­
e'ee,­
e'f) 

0'001c· 
e'eel­ele 

e'e~n!­
e'eet-
e'" 

e'eelc­
~'eel­
e'e 

e'eet!­
e l .,el­
e'e 

eleele­
e'eel­
e'e 

e'eeu~· 
c'eete ,,,., 

e·eelc· 
e'.,cn­
e'e 

elern!~ 
elee,­
ele 

t1°1 

e'e"eS2 
e'eeefif 
e'0"eS2 

,,'£leo;! 
el e,,,~,c 
,,'eee,c 

e'eees! 
e'eeefic 
eleeelic 

e'eee,c 
e'eeelie 
e' e0eSH! 

e'eeeee 
e''''000e 
,,'eeeee 

e'eeeEle 
,,'e000e 
e'eee,,! 

,,'eeeee 
f)'eeeee 
"',,eee! 

e'eeeee 
,,'eeeee 
e'eeeee 

,,'0eeee 
0'e0002 
e'eee,,! 

tI'seeSil 
else"st 
fl'ee"Eil 

,,'000el 
e'e0~01 
,,'eee01 

,,'lIe0S 
,,'eees 
e'ee,,£ 

e'e 
e'e 
e'e 

e'"eeee 
e'e0eee 
"'eeeee 

!'eee". eleee;, 
e'eo"" 

.,'eBeel 
e'eesml 
e'eeeel 

e'eee" 
e'e0~" elee,,;, 

e'eeee9 
seeeee, 
e'e"Be~ 

6&02 
6901 
tie 

ee02 
eee' 
ve 

1.&02 
Leel 
lU 

99£12 
9901 
'UI 

,&e2 
6&0t 
5& 

~ee2 
tiS,,, 
V& 

£see 
Ernn 
ttl 

2ge! 
e80t 
ee 

te02 
tsel 
1& 

eSc 
16e 
C!lSC! 

6t7c 
9,,2 
ttl2 

9t72 ,,2 
ttt2 

[,2 
et1c 
tt1c 

ete 
6E2 
SEc 

L£c ,[e 
G£2 

0[2 
££2 
2£2 

U:2 
0[2 
6e2 

&22 
le2 
ewe! 



     
     
     

     
      

     

     
      
     

     
     
     

     
     
     

     
     
     

     
     
     

     
      
     

     
     
     

253 
2S4 
255 

259 
26£1 
261 

26S 
2b6 
26T 

iT4 
2TS 
2·T6 

91 
1091 
2e91 

92 
1I'9! 
2£192 

9S 
le9S 
209! 

94 
1£194 
2£194 

95 
le9S 
2095 

96 
1£196 
2096 

9T 
109T 
2e9T 

. ... 
eeeee.! 
eeeee," 
2010e,e 

eSIIIIB,e 
251B",e 
eSS0s,e 

seeee," 
selee,e 
leeee,e 

!seee.s 
!seee," 
ssee",e 

Aeeee,1 
Aeeee,e 
'RHUle,e 

cse"B,1I 
450"0.0 
GSeee,0 

seeee.e 
seeee,e 
seeee,s 

5seeB,e 
sseee,e 
5seee,0 

eseee,6 
eseee.e 
25e00,0 

250"0,0 
!sel"~.B 
2seeS,e 

2seee.0 
2se0B,e 
25000,0 

as"e!,! 
2see8,e 
2seee,0 

2seee.0 
2se0e,e 
2seee," 

25eee," 
eS00e.e 
2seee," 

2seee.e 
!S0ee,e 
eseell." 

258e0.e 
2s""e,'" 
essee." 

6e800,0 . 25000," 
60e00.0 25000.0 
6eeeB." 250£10,0 

• 

1.15 

e,e 
·.lel.0 
-elee,e 

e,e 
a,ee,e 

a211UI,e 

e,e 
81ee.e 

aelee," 

e,e 
-leee ll 

-21ee,e 

e,e 
eleele 

a2U10.e 

0,£1 
-1£1".0 

-elee.e 

e.e 
-tee,e 

e2tee.e 

rate 
-tee,s 

-elee,B 

• 

iB,e 
se,e 
se,e 
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APPENDIX 1.2: PLOTEL-OUTPUT 

Model and element map plotted using the input deck used for simulation of 
flow through dome breach. 
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APPENDIX 1.3: PROG2-0UTPUT 

Horizontal surface area and volume of the elements used ill uc:terl.!ination 

of flow through dome bre~ch. 

1.40 



   

            

         

            

              

            

           

            
         

  

 
 
  
  

  
 

  
  

  
  

  
 

  
 

     

  
  

  
  

  
 

 
 

  
  

 
  
  
 
  
  
 
  
  

 
  
  

 
  

  
 
  
  
 
  
  
 
  
  
 

     
    

   
     

     
    

    
     

    
     
     

    
     
       

    
     
     

    
     
     

    
     
      

    
     
     

    
     
     

    

 

 

  

  

     

     

     

     

     

     

     

     

     

., ... ",., .... ,.".,." ... , .•..... ,., .. "" .. ", .. , ... , .. ",., .... "., ... " .. ,., .... ,~.,."."."" 
'"IS! DATA AR! PRINTED rOR IHfORHATIOH 0' USER TO HOD If' DIMENSIONS I' REQUIRED 

8!eO~DLY I~ DIHEHSIOHB ARE NOT ADEQUA'~ T"a PROGRAM 18 'TOPPED 

COORDINATES READ AT A TIM! ARI~ 

"A.,MUH , 0' HOD!S. IN ELE". AR!. 

256""IL! PROGRA" IS DIM!NSIOHtD POR 1S6 Noon 

"" . MAXIMUM NoN.ZIRO NOD!' IN !L!M.ARE. 

MAXIHUH SINK OR eOURC! IN A !L!", AR! 

a "HILI TH! PROORAM IS DIMENSIONeD POR 

8 "HIL! TH! PROGRAM II DIMIH'ION~D 'OR 

e DIMENSION!D POR 

18 

III 

PLEAS! NOTE-NoTe-IMPORfANT.' ••• T"E a80VE INrORMA'ION ON DIMENSION PROVISION ARE TRUE ONL' IP REP!AT I' 
. TH! VALuas 0'. NTT. NODHAX, NONZIR, AND NOM AR! UPDAT!D 

.""., •••• ", ••• , ••••• "", •••• ,.,., •••••• ",.,."., •••• '., •• '.' •••• , ••••• , •••••••• , ••••• ~.'."~e8 
N£ I HH a HOD 4 II' Ie '11e4 I~II 112e IB8S 
ESTIMaTION 0' GAUSSIAN INT!G~ATION HA' BrEN DON! POR EL!H, 
.IJeD! 'OR ELEM!NT I 

I e.12 ! n,ll J 1.11 4 e.11 ,e,11 
H! leel NU 8 NOD lee4 1121 IBII lee' 1184 III1 eele 2ee' 
N£ 2 NN SHOD .1 S8 S, 'I le21 lIse lel' IB2B 
!STIMATIO" OP GAUSSIAN INTEGRATION "AI S!IN DON! ,QR EL!"' 
NE lee2 NN 8 NO~ IBII "38 teS1-,111 2121 ItJI .es1 '11. 
H! 1 NN 8 NOD J8 55 94 Sl lIsa 115' 11~4·le'1 
fITI"'TION 0' GAUSSIAN INT!GRATION HAS B!EN DDH! 'OR eLf"' 
NE lIes NN 8 NO~ le18 II5S IBS' le'1 II,a Ie" le~. 2111 
HE 4 NN 8 NOD 5' ,. 11 S' II!' 11'2 1111 18S, 
ESTIMATION 0' GAUSSIAN IHT«OftATIOH "AS B!!N DON! POA !LI"' 
HE 1014 NN a NOD IB'S 1"1 18TI le5. ae" 2811 •• ,' 28" 
Nt 'NN e NO~ 12 '9 '88 11 II" 1189 lea8 le11. 
eSTIMATION 0' GAUSSiaN INTEGRATION "A' 8E£N DON! 'OR !LCH' 
N! 18e5 NN a NOD 1112 ,ea. I,aa ,111 2872 eea. III~ 2e11 
N! 6 NN I NOD a9 1161'S ae tea, lie, lie, leea 
eSTI"ATIOH OP GAUaSIAN INTIGRATION "AS aelN DON! ,op !L!"' 
N! lee6"N I NO~ .'e' "e6 1115 "e8 21a. 2186 2,el 218e 
Nt 7 NN 8 NOD le6 123 122 185 IIe6 lies .,t! ale! 
ESTIMATION 0' alusSIAN INTEGRATION "AS S!£H OON~ 'OR EL!Ht 
N! lee'"" e NOD 1186 112. '.22 1115 2116 21es 2122 21a! 
NE e NN 8 NOD J 20 19 2 1'1' ID!I lei' Inea 
ISTIHATION or GAUSSIAN INTEGRATION HAS eE!N DOn! 'OR !L!H. 
N! IIel NN I NO~ IBel lea8 lel9 1082 2ee, ee28 la" 2el. 
N! • HN. e NOD 18 I' 3' I' IIZ8 ISS7 113. lel9 
ESTIMATION or GAUSSIAN INTEGRATION HAS S!EN DON! ,DR ELIM' 
Nt lB0' NN a NOD 1810 1'31 les. ,e,9 ille raS1 2e36 eel' 
NI .e NN e NOD " 5. 55 J' ,asr la!4 Ie" In56 
!STI"ATION O~ GAUSSIAN INT!GRATION HAS 81!N DON! 'OR EL!"' 

I 

t B.I. 

I 

J 

• 
, 
• 
, 
a 

9 

." 

25118eeee. URU AND VDL " D,ISIEtl. 

r 11.12 I e,11 

l!ee.8el. 'Aft!A AND VOL ~ e,lse!.I' 

.,eIll811, I.RaA AND VOL ~ ',2!1!." 

2!Ullleeee, IAR!A AND VOL • I,!!!!.ID 

lSeeeeB', IAR!A AND VOL • e.as.a.,! 

IS.II"ell. IAR~A AND VOL • e,2'11!.,,, 

! !SBlU! 11ft" , IAftlA A"D VOL • 8,Z'''!.11 

.,ee"lIll1. UREA AND VOL " 8.2511.11 

a,,,e,,ell!, UR!A AND VOL " 1I,15I1UIII 

IlSeaee.", URU AND VOL " fJ.l!leUII 



     
     

  
     
     

  
     
     

  
     
     

  
     
    

  
     
     

  
     
     

  
     
     

  
     
     

  
     
    

  
     
     

  
     
    

  
     
     

  
     
    

  
     
    

  
     
     

  
     
     

  
     
    

  

    
     

    
     
     

    
     
     

   
     
     

    
     
     

    
     
     

    
     

     
    

     
     

    
     
     

    
     
     

    
     
     

    
     
     

    
     
     

    
     
     

    
     
     

    
     
      

    
     
     

    
     
     

    

 

 

 

   

  

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

,--
Ni "Jai loiN I NOD 1.,17 1.,54 la51 IUtl iU?; iG!l4 iilSJ illU 
Hi II .. ~ " NOD 5. U fa 5) ,n4 UIfI I"U 'un 
"TIHAT'ON 0' GAUIIIAU INT~GWAT'ON "Ai IlEW DON~ ,OR ELf"' II j5i"aail., UREA AND VOL • II,i5a .. ,,' 
NEt 111.1 UN I NOD 1154 IQll 1"7" 1"5J iiS. am'l i,,'a aliI 
HI Ii UN 6 "'DO U II ., '" ,a'l ,gal l"a, 1"'1 
IITIH'TION 0' GAUillAN IUT~GA"IOH HA.'lliN DONI 'OA ILIN. ,a alaoll"" ... URU AND VOL • 11.25"'.'" 
NE IlIla NN I NOD 10" ,e •• 11111 1111" ill" ae,. 211a, 2"71 
NI as UN • NO~ II U5 104 I' "" IIOS II~4 la.7 
EITIMATION 0' GAUISIAN INTIGAATION-HA.'.IEN DONE 'OR ELIM' II 2!J8118111G8. aAAU AND va&. • 11,2111"1 11 
NE lau NN • NOD Inal IIIIS Isa' IIIa7 2a •• 'III' 2114 218' 
NE III NN • NO~ In IU UI la4 lias '.2a 1111 II". 
EaTIHAJION 0' ;AUIIIIH IN'IG~ATION HAl eEIN OON£ 'OR ELEH. 14 1IIIIe"l. "RU AND VOL • I,UIU'" 
NE 11114 NN • NOD IIe5 1122 lS11 11.4 alii alii 1111 2114 
N! IS NN • NOb I' I' I. I Imp2 la,9 "1' la" 
EITIM'TION 0' GAUSSIAN INT!G~A'ION HAl .EEN ~ONE FOR ELIH' IS lSa8l11all, IIARItA 'NO VOL • 1I,lIeUl" 
NE Ie,s NN • NOD 1012 1119 I',. ,all aaaa aal9 aaa. aoaa 
t.l 16 NN • NOD 19 56 ss I' ,ea' lal. laSS lal. 
e'TI~ATION 0' GAUIIIAN JNTIG~"ION ~'I I£Eij DONE fOR ELIH. 16 251111102, 'AAU AND VOL • II,Ugu .. 
HE ,ea' NN • NOD 1,,9 las. sass 11111 aal' aaJ. 21111 2al' 
HE " NN I NOD I' n 52 - IS UJ6 sn) usa IUS 
EITIMA'ION 0' GAUISIA~ INTEGRATION HAl IEEN DONE 'OR ELEM, U 111111111111, aARU AND VOL a a,a!lIIIUIIi 
NE ,Ill' NN • NO~ 1116 laSI II'a lOIS all16 2as, 11152 ia)S 
Nl SI Nt. • NOD U n fI9 sa SIS) IBrl 11169 1852 
ESTIMATION Of GAUISIAN INTEGAA'IOH HA, IEEN DONE fOR ELIH' U ISlaOIlU, .ARU AND val. • ',nSUIII 
HI 181' NN • NOD las, ",a 18.9 ,gsa als, ilra al69 2a5a 

...... NI 19 NN • NOD TIl " •• ,9 la'a lae' .a •• la'9 . £STIMA'ION 0' GAUSSIAN INTEGAATION HAl ItEN DONE 'OR ELIH. 19 • "'811 ee 4 , -ARU AND VOL • •• a5llh~" 
""'" N NE 1'19 NN • NOD la,a SlIa' II" le,9 al'. 2118' il" 216' 

NI 2e NN • Non 17 U4 IU ., SI.' 1114 llel IG.' 
ESTI"ATION 0' GJUSIIAN I"'IGRATION HAS IIIN DONE ,Oij ELIH, U IUge"IIII, -AREA AND VOL • 1,ISShll 
HE IUiI NN • NOD 1'" lla. 11al I'" aae, al14 alii 208. 
NE ill NN • NOD te4 iii IU ,as 1114 1III 11211 1111 
'ITIMATION 0' GAU"IAN INTEG~ATJON HAl IIIN DONE 'OR 'LEH' 21 iSImllllll', URU AND VOL a lI,asal!HII 

NE "'ill NN • NO~ 1114 1121 11211 .Ial 1110 arZI Ille ellS 
HI ai NN • Non III 59 sa 41 la41 laS9 liS. 1141 
£",HATION 0' GAUI'IAN IN"GRATION HA, liEN DONI 'OR ELIH. U all 115111"" • a ARIA AND VOL • _,l5lhll 
NE 1122 Nt' • NO~ 1142 I'S' 1115. aa41 214i ae,9 215. "41 , 
NE as NN • NOD 59 " n S' 1159 la" I.'S la,. 
ESTIMATION 0' GAUallAN INTEGAATION HAl IEIN DONE 'OR ELIN. U 15111111112, II,AU AND VOL • '.asahlll 
NE lla1 NN • NOD 1.59 la', 1.1' 185. 2119 2a7' .aY! 21S. 

1511181~O. NI 24 NN I NOD " 9J 92 15 117' 1195 I •• a IPrs 
ES'IHATION OP GAUISIAN '"TIGAATION HAl liEN DOHE ,OA ILIH' U URU AMD VOL a 1,ISIr-11il 
NE 1"24 NN • NOD '1,. 1~9J ,.92 la" i17, 2119) 2192 aD" I NE IS NN • Non u "' lilt .2 I"S Ilia 1119 1892 
18TIM'TION 0' OAUS81'N INtEGRATION MA. IEEN DONI 'OR ELiM' as IIJ III II 1111 , .ARU AND vaL • 1.2Jia.U 
t'E llitlS NH • "'aD 11.5 111I 1'1' 189a il9' 1111 Ill. 219a 
HI a' NN • NOD lU la' 12' 109 1I1I Ila7 112' 111' 
18TI"A'ION 0' QAU8SlAN I~TIGAAT'ON HAl IEIN DONE ,OR ELlH. U 2 !U1" 11116" • IIARU AND VOL • ',aUhl. 
Nl leu NN • Non Illi Ila, tla6 1119 2118 212' 2126 21ft9 
NE il NN • NOD 41 51 n 4a 1,41 liS. II" 1'4. 
ES'IMATION 0' GAUS'IAN IN'IGAATION HAl 8EIN DONl ,OR ELEH, U 84999991, -ARU AND VOL II D.lSlh'" 
HI!: le27 NN • HOD la41 10" II" 114i 2141 2e,. ae5' ."41 
NE U NN • Non .. n 14 S7 I~S8 1175 la'. IOS7 
IITI""ION 0' GAUSSIAN INTEGR'TION HAl SEEN DONE FOR ELIH' U iuallill. URU AND VOL - I.UBUli 
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Ne: ."28 "PI It NOD I""S Illn Ie,. Ie" Ie's 2ft" ra" 2"" 
"E ,9 NN 8 NOD " 92 " 7. Ie" la9! le'l la,. 
85TI"ATION 0' OAU!SIAN IN'!G~ArION HAS S!fNOOH! 'O~ !L!"' 29 2!""8""2, -AnEA AHD VOL • ",!'''!.I'' 
HE 1",9 NN 8 NOD 11'175 11'192 11'191 1~'4 eel! 2"'2 l09S 201' . 
HE 3" NN 8 NOD 92 109 11'18 'I Ie,! Itl'l9 118a Ie,. 
!STIHATION.OF GAUSSIaN IN1!n~A'ION "AS Se!N GON! ~O~ !L!"' . ]11 2'''''''''00, -ARU AND VOL , CI,I!!ClhUI 
H! In" "N 8 HOD 10'2 I.'" 1'118 .1'1'1 ze'2 2sa, 21es 211'1 
NE !I NN 8 NO~ lA' 12f) US '1'18 Itll' It26 112' IIIIS 
!5'IMATJnN 0' OAU~SIAN IN'EGRATION HAS 1t!!N DON! FOR EL!"' 1I 2'''''''''''''. -AREA AND vat. • Ct,!!"!.I" 
NE I"" NN a NOD "." 1126 112' "1'18 2111' 2126 212' 21e8 
N! 52 NN 8 "00 atl S1 '.6 3' le411 Ifl" I"" 18J' 
ESTIMATION OF r.AU~SII~ INT!G~ATIO~ HAS 8fe~ OO~E 'DR EL!H, 3! 24"".,8, -AREA AND VOL • "',!!"'!"" 
NE '~32 "" 8 HOD 'AI~ 1ft', ''''6 tftS' 2'4n !~" 21'6 2"5' 
NE 1] "" I NOD '5f .. ,a n ' '56 10'57 1071 UI13 '''~6 
!STIMATION 0' GAUS'IA~ J~T~G"'TION HAS ft!~N DO~E ,o~ EL!H' 
NE Ift!5 NN 8 NO~ ,,,,, t"'4 ·,e" le,6 2'" 2~1a !ft" 20" 

35 1!'5"""""'III. -UU AND VOL • e,e,.nUle 

NE 34 'IN 8 Non '" ". If" 73 1"74 le'l 10'8 1813 
ESTIMATJON 0' GAUSSIAN INTeORATloN HAS SE!N OO"! 'OR ~t.!". 34 8''''''''''''2, -A"U AND YOL • ",R'''! •• O 
N! Inll NN 8 NOD lfl1. ,e'l t",e Iftl' 21T4 2e'l 2e.,a 28fS 
N! 5' NN 8 NOD "I, lell I'" ,e .e9. IIe8 IleT le,ft 
!STI"A'JO~ 0' GAUSSiaN INTea~ATIO" "AS GE!N DON! 'OR !L!~' IS 209""'. -ARU AND VaL. • ",2~ft! .. " 
NE1"5' NN 8 NOD lA91 ,'88 II'" 1"9" 211" 21ea 21'" f",e 
HE J& NN , I NOD 11'8. In 124 I'" ,,118 It2'5 ISI!4 ,101 
ESTIMA'lnN 0' GAUSSIAN INT!O~AtloN HAS DE!N DONE 'DR Et.!"' 
N~ '''36 NN a NOO 1188 '12~ It24 Ildf ~lfl8 2t2' 2124 21er 

16 114'19""'" "AREA AHO YOL " 1'I,!'8!.," 

- N! J7 NN " NOD 59 '6 " ]8 Ie" ,e" I"" ta,s . !STI~A'ID" 0' GAUSSIAN INTEORATION HAl BE!N OON! 'OR EL!"' " !'C'JeClII"I!J, -AREA AND YOL • ft,l!e!.,,, 
.Illo NI 1837 NN ,8 NOD 1ft]' ,856 18,! 1858 2"" 2e!6 !I!J" 2838 w 

H! la NN a NOD '6 13 12. 55 11I~6 laf' ''''2 .Ct~' 
ESTI"ATION 0' nAUSSIAN INTIORATtON HAI!!!N OO"! 'OR tL!"' sa nell!I!J!!, eAA!A AHD YOL • ".I!"!.'" NI! IIlJfI NN 8 NOD I"~ III1S 18'2 I~" '''56 'If! 2812 2"" 
He ,'HN 8 NOD " '8' 89 ,I Ie"~ le'8 lae, anf! I 

!STI~A'ION 0' GAUSSiaN 1"'EOnAfION HAl e!!N DON! 'OR ELI"' ,. 2911""""4, ·U!A AHO VOL • 1I.2IehID 
HE ''''59 NN II HOO lef] le,C!! lea9 18f' "" 'e'8 '''8' 2e71 
Nt .n NN a NOD ,ft "". le6 fI' Ie'" II"T. 1,8' la,,~ 
UTIHUJON 0' GAUSSIAN INT!GRATION HAS ell!N OOH! ,.e", EL!'" 4Ut "8",,"1''', tAIt!A AND VOL • e,l!!lfl!tUI 
NI! .flU NN 8 NOD le.e .le1 tle& .88' a"" Ittlf 21"6 f,a' 
NE ., NN a NOD Iflf 124 US In6 I'''' II!' 112S IIe6 
tSTIMATJnN 0' GAUSSIAN INTIGRATION HAS BE!H OOH! rOR !~!H' . 41 """Oeet. "AFlU AND VOL , e,21!!.'D 
N~ II!U HN I HOD 11"' 1124 11!3 lle6 Iler 21Z4 II!! z,e6 
NE II! HN I Non " 3. n 16 lel1 1"4 Ie,! ,e16 
!STIMA'ION 0' O.USSI'~ INTECRAtlON HAS SE!H DON! ~Olt !L!H_ 4! ,,!tlCC!l"'. "An!A AHO YOL • e,I!!t!! •• a 
H! 11'142 NN G NOD let1 1~3' t8', 1"16 aOl1 2e,4 .eS! ZOl6 
H! U NN 8 NOD 14 " . !Ie SI IDS. le,1 18!8 alltss 
!STI"aTION 0' GAU!!IAN INT!G~A110N HAS B!!N DON! 'DR !~!~, 41 I!!BOeOl8, -."U ANOVOL It U.l!!UIE.,e 
H! leu NN 8 NOO IB]' ,85, 1858 ,IItJS ae,4 la" IB!! ae]s 
H! III NN e "00 51 ~a 6' 58 10'1 1868 'U6' tl!ft. 
ESTIMATION 0' aAUSSIAN INT!G~ATION HAS S!E" DON! 'OR !L!"' U 19""""16. ·A"!A AHD VOL " " • I!!",!. I fJ 
H! 1''''4 NN 8 HOD ''''', le.8 18" le,e a", 2068 2861 2"'" 
H! ., NN a NO~ 68 85 84 61 le68 leo! IB84 ,e61 
nTl",nnN 0' RAU5SlAN lNTI!GnATION HAS 8!!N bON! '0" !I.!"" 4! l!efJ""U, "Anu AND VO~ • e,!'ft!.IG 
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N~ 1145 NN • NOD 1~'8 la8S SI84 I'" it •• iaas 2el4 aa" 
NE 4' NN a NOD as ilia "'1 80 ll'! 1111 'lal 1064 
IIT1M.TION 0' ,AUSaIAN J~'IGAA"ON HAl 81EN DONI 'OR ILIH. .6 IIIIIIlInll, UREA AND VOl. , a.BSoat.,,, 
loll ,11146 NN I NOD 181S 'lUi 1'1' la.4 aaes i'la 2,G' 2a,4 
Nf 47 loiN a NOD Iia 119 III lal 'Ial .119 'ila Iial 
IITI"ATION 0' GAUI'IAN INTEGRATION HAS IEEN DONE ,OR C~IH' 4J as", 111111 , 'AAU AND vaL - II,B!lIiII.lrI 
Nt: ,au loiN • NOD '1112 1119 III' 'la, 2'8a 2119 al.a Iial 
NI 41 NN I NOD 119 nil lSS .• 11 ,a,9 1156 1155 ,1'1 
£8'I"ATION 0' GAua'JA~ IH'EGAA"ON HAl 8EEN OOHE 'OR ~LIH' 41 nUII'I'. -UlA AND VOL • .,"""1" 
NE 1.141 loiN I NOD 1119 11511 IllS IIII all9 2156 21" 11'1 
N, C9 NN a NO~ a. u sa &s I~I' ,ass lasa lal' 
ESTIHATION 0' GAUSIIAN INTEGAATION HAl lIEN DONE 'OR ILIH, 09 25111111112. -ARIA AND VO&' - a.25I1,.la 
NI 1"49 Nlof I NOD 111" IISS liS. '''1' 211" 2IJIl 2112 aliI ':,'; 
NI sa NN a NOD u III 49 Si 11SS "51 1149 laS2 rJI 
ES'IHATION 0' GAU"I'~ ,NTI,AATJQH HAl SEEN DONI 'OR ELEH' '''' " I!IIIIIen. -ARU AND VO&. .1II.2SllhU 
HE 1"A NN • NO~ tass 1058 11149 lisa ai" aasa 21149 alia 
NE 51 N~ • NOD S, . ., .. 49 1.la la'7 111'6 11149 
EI'I"A'ION 0' GAUISIAN INTEGRATJO~ HA. II[N DONE ,OA ILI~' 5& nallDIU. "ARU AND VOL • a.I!UIUUI 
NE 1851 NN • NOD I'S8 Ig67 II" 1149 al'I al'7 a"". 2109 
Nt S2 NN • NOD " 14 II •• la" 1114 ,,,as 111166 
Ea'I~ATION 0' GAusalAN INTEGRATION NAI BEEN DON! 'OR ElEM. 5~ i!!III a ell 114 • -AREA AND VOL • lI,nOU'1 
N! lisa NN 8 NOD IS" .eS4 t"". "~II al.7 aal4 2111aJ 2 ••• 
Ni U NN I "01' 14 .. I '911 8J laa. 111111 11110 ,1118' 
II'IHATION 0' GAIISSIAN INTEGRATION NAI BEEN DON!,OR ELEH, S! i!l0I11aa6. .ARU AND VOL - a.asahlill 
N, IISI NN • NOD .a14 1''''1 "11 leal al.4 21al alii 218' ..... NI 54 ~N • NOD .. , lIa .u la~ 11111 1118 1117 liDO . 

.j::o !STJ"ATJON 0' gAUSSIAN INTEGRATION HA. 1[1101 DONE ,OR ILEM' ,. ~!lB"111I2 • -ARU AND VOL .. II,ISAU'II 
~ NE 1054 NN 8 NOD 1.11 11,1 1117 llae 21"'1 21.a 1117 alai 

loll 5S "'N • NOD "I US U4 II' 1118 1135 I,J4 1117 
ES'IHATION QF GAUS,.AN INTEGRATION HAS 8~£N DONE 'OR ILfH. 55 UIIUIII. IARU AND VOL • I.uaUII; 
HI In' loiN I NOD II,a 1'35 IIS4 1'17 2111 21SS 1114 all' 
NE s. NN • NOD 15 S2 SI 14 ,.15 alS2 .esl 1114 

URU AND VOL • iI.iSlllhlll ES'IHATION 0' GAUlalAN INT(G~A'ION HA, IECN DONI 'OR ILIH. U 151.1111111, 
NI In .. NN • NOD .8t5 sel2 18S1 a"14 2"a' alsa 181a 2114 
NE 57 NN • NOD sa 49 .. SI IIS2 1149 le41 ,asl 
IITIMA'ION·O' GAtl.IIAN INTiGRATION HAl liEN-DONI 'OR ILl"' n 251188114. ·IIARU AND VOL ., 1.11111.,,, 
Ni 1157 NN a NOD tal2 1(149 .841 ,IJl a.,a 1149 aD41 lell 
NE 'I NN • NOD 49 ... 61 41 aa49 II •• 1 •• 5 la4 • 
IITIHATION 0' GAUISIAN I~TEGRAT.ON HAl IllN DONE 'OR ILIM, 51 ""11112, IIARU AND VOL .. ',IIiUII 
NI 1058 tm • NOD 1.49 116' 1.6' 111141 i1l4' a"" 2116~ la4' 
NE '59 NN 8 t~(lO 66 as Ii 65 II'. '"as lal2 18 •• 
ESTIHATIDN 0' GAUSI,AN INTEQ~ATION HAl IIIN OO~I ,OA ILfH. n I!SDDltlII4. 'AAIA AND VOL •• ,a.8,.&Q 
NI: US9 NN • NOD ."' •• 1"11 Ilia Sill .. ' al'6 IllS 181a al.5 
H' U Nlof I HOO as us 99 a2 •• IS Ilea 1.99 111.2 
ESTIHATION 0' GAu.a,AN INTlGRATloN HAl 8EEN DONI 'OA ELIH, U Iialall ... "Rlit AND VOL • I.UIUlt 
Ni U"I NN • NOD 11.1 1111 119. I,.a ae.1 aile 2199 2181 
HI •• ~N • NOD ,aa IU .. 6 i9 ""'I Ill' III' '199 
EITI"A'ION 0' GAUISIAN INTIG~"ION HA. I'EN DONI 'DR ILIH. U asll.IIII2. -AR!A AND VOL • 1.158 .. ,11 
Nt "'I NN a NOP Ill~ 1117 Ill' 1899 a,a", ill' a,'6 ell99' 
Nl U NN I NOD 117 U4 US I" 1117 liS. I,ll Ill' 
ESTIMATION O'·GAUla,AN INTEGRATION HAS IfE" DONE ,OR ILIM, U aselGla12, .AAU ANO VOL • •• asaun 
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H! 1862"N e HOD 1111 ,,3' 113' 1116 2111 2l,e fS'! lSS6 
N! ,! ~N 8 NO~ 1_ ]S 58 IS lDI4 1"1 la!B Iftl! 
ESTIMATION 0' GAUSSIAN INTln"ATION HAS S!!N DON! ,Oq !L!H' 63 
NE 1'6! NH 8 HOD Iftll 18)1 tft!e lei! lei. 2e'l le5~ Ie,! 
N! &C NN a NO~ 'I 4"., 11 le3, 1041 Ine, lese 
ESTIMATION 0' nAusSIAN IHT!G~ATION "AS D!EN ~ON! 'Oft !L!"' ,. 
NE Ift6' HN 8 NO~ lell 1'48 Ie" IB!I Ie!, '048 le4' IDJD 
HE 6! NN 8 NOD 18 6' ~4 41 IDe8 Ie" 1864 1"4' 
ESTIMATION 0' nAUSS1AN INT!GftATION "AS B!!N aONE 'OR ELf"' " 
NE Ift6' NN e NO~ IBI8 ID&5 tD64 I~" 2848 2B6! II'. !D" 
H! ~'NN 8 NOD 69 81 81 '4 le6! Ina! 1181 I'" 
£STI"ATION 0' GAUSSIAN IHTEaftATIOH "AS SE!N DONE 'Oft !LtH, '6 
N! Ift66 NN 8 NOD II" IB82 1081 1864 2D'! 2el! fell 2e64 
N! 6' NH e HO" 82 " ~8 el Ieee Ie" ID'8 ,nsl 
ESTI'unON 0' ftAUSSIA't INT!OIUTlDN HAS S!!N DON! '0" EUH' " 
H! 1~6' NN e HO~ I~I2 I~" Ie,s lWei res! 2e" 2D98 2181 
N! 68 Nt. 8 NOD "" 116 an 98 1899 IU6 "IS Ie,! 
eSTIMATION 0' nAu~SIAH JNT!CRATIO~ "AS 81EN DON! fOR !LE'" .8 
HE Ift68 NN e NOD 1ft., 1116 III' le,8 2e" 2116 2'1! ee,s 
NE 6' ~N 8 NOD 116 135 152 11!-'II6 113! 11!2 III' 
£8TI"_TION 0' n.U~SIAN INTEGRATION HAS 8E!N DOH! '0" ELE"' 6' 
HE le6" NN e Non 1116- 1135 'I!2'ltl! 211' 21" 21'2 ell5 
HE "NN' 8 NO~ 15 SD 29 12 tel! lase le29 .el~ 
eSTIMATION 0' ~AUSSIAN I"TEGftATION HAS 8EEN DOHE 'OR ELEM, ,e 
HE leu NI. e NUD -lilt! In" un u,e eelS 2n" 2829 2el~ 
HE ,'NN e Non 3ft .T ., 2' 18'8 Ifla, 18a~'le2' 
eSTIMATIDN 0' CAUSSIAN Iht!O~ATIOH HAS SE!N DOH! 'O~ !LEH' 'I 
N! 'I~'I NN 8 HO~ 1"50 18., .el6 1~2' 213' 20a, e".6 282' 
H! ,e NN 8 HO~ .T 64 6' 46 le4, .e,4 1"65 le4' 
eSTIMATION 0' nAOSSIAN INt!CQATIDH HAS BE!N nON! fOR !L!M' 'I 
HE 1ft?! NN e NOD t04' 1~64'1~" 184' e8" 28,. 2"6' 2e46 
HE ?! NN 8 NOD •• . es se 63 le&4 1881 IBsa Ie'! 
!tTIHATlnH 0' nAUsSIAN JNTfGftA'ION HAS S!£N DON! 'OR !L!H- ,! 
H! 1~1J N~ 8 NOD'I~6. 1~81 1~8~ tP63 1864 2"SI !e8e 286S 
HE 74 NN 8 HOD' 81 .8., 8e 188, Ie,s Ie" leI! 
ESTIHATlnN 0' nAusSIAN INTEGRATION HAS S!tN DON! 'O~ !L!H' ,. 
N! 1874 HH 8 HOD 10al Id.S 11'1 1081 2D81 Ie,s 2e" 2881 
NI 7' NN I NOD ,& II' 114 ., ID'8 III! 1114 la., 
UTI",.nON 0' aAunUN INfUIUTlOH HAS an,. DON! 'DR EI.!H. n 
HE' ,87' H" • NOD le.8 III' Itl4 la,' .a.8 ell! 1114 28., 
H! "H" I NOD II! 1'1 13& It4 lal' 11'2 llJI III' 
ESTIHATIOH 0' GAUSSIA" INTlonA'IDN HAS SEEN DON! 'DR ELE"' ,. 
N! 10,6 H" I HO~ 111'_11" IISI 11,4 III! Ill! II" 11,4 
HE ,T NN 8 NOD ,12 It IS II I11I 1129 le'a 1011 
£8TI"ATION 0' 'GAUSSIAN INTeORATloN HAS a!!H DOH! 'OR ELCH. '7 
NE Ie"~ tfN • NO~ 1812 10a'_'B28 lell 2812 2DI9 20lS lell 
NE ,I NN 8 HOD 2' .6 4S 2e le2' Ift46 Ie., IIa8 
!STJMaTl0H OP aAUSSIAN INteGRATION HAS SEE" DOH! 'OR EL!H' 78 
HE le'I NH 8 NOD le2' ,e46 It., lel8 282' 214' .e4, ,BII 
Hf ,. NN 8 NOD '6 6. 61 .S Ie •• le6' 116! 114! 
ESTIHa710N 0' GAUSSIAN IHrCGRATIOH HAS 8!!~ DON! 'OR !L~"' ,. 
N! Ie" HN e Non "46 ,e., "61 1845 2146 ea6' .861 Ie., 
HE ee HN 8 NO~ 65 ,e' 7' 61 IB" IISI ,e7' 1062 
£S'I"_TIOH 0' GAUSSIAN INT!GRATION HAS 8!!N DON! 'OR tL!H' Be 

eQt""'. 'AftEA IND VOL • e,I'8!t'l 

•• ",9.1. .AAEA AND VOL • I,IS!!.'I 
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NE a"''' NN • NUl) hlU uan '079 ,a.iaa.J II" aali al,a 
Hi il NN • NUD 

III) 97 U 19 lUla '197 la9~ la,. 
la'I"A'IOH 0' GlUlalAN INriGRA'lON HAl BliH DONi 'OR ILIH, I' 2I","UJU. URU Al4D VOl. I ".i15u(.,w 
NE lUI NH • NOD &aU li9' la96 1179 iial 119' aa9' ai" 
Hi Ii NN a NOD 9J 114 'IJ 9. le9' "II Ill. 119. 
18'IH"ION 0' GAUltl'N I~'IQRAIIOH HAD OliN DONi ,OR iL~H' Ii 24999991, IAAU AND VOL • 11I.IIQUlII 
NE liii NN • NOD un 1114 III. 119' il9' illl .1'. aD,. 
NI; al NN • Non 114 ,U 110 1,1 'I,A IISI IlIa I'll 
IS'IM4'ION 0' GAultlAN INtCGRATION "A'~DliN DONl"OR CLeM- 11 iU999U. URU AND veL • lI.ilIOhli 
HE un NN I NOD .114 11.1 .ISI Ills·al,4 ill' illl ailS 
NE i4 Nt' • NO~ II it i7 ~1~'lall liaa lai7 1"11 
'.'I",710H u, GAUlaIA .. INTIGMATION HAI'BIIN DONi 'OR ILi"' 14 alUIII". URU AND VOL • a.irH4I.,1I 
Ni Iill HN • NOD Iitl laao IIa7 11111 iill iail aga, aall 
NE as HN 8 HOD ii 4i 44 aJ IQil 1045 IQ4~ 1027 
ESTIMA'IOH 0, GAU.'I'~ INTI'RATIDN HA. Ii IN DOHi 'DR ILIH. n i1S0l1iJIiI II. IARU AND VOL I IJ,ilaOhU 
HE IUS HN I NOD 1128 '~4i 1044 lii7 aoa8 illl ail4 aaa, 
Hi 8~ NN 0 NOD 45 •• ~I '4 1041 11., 1061 104. 
i.TIHATION 0' GAUI.IAN INTiGRA'ION HAl laiN OO~I ,oa '~IH' 16 11/10"'116. URU AND VOL • a,isauul 
HE ",a6 JoIN I NOD 1045 ,06a la'i 1144 aa4S aG62 11"1 aBoa 
NE ., NN • NOD .a " ,. .1 &1162 IS'9 107. 106' 
EI'IM"IOH 0' GAUltlAN IHriGRAYloN HAO 8lEN DONi ,DR 'LIM' n a511100au, URU At4D Vili. • I,IUIl.'" 
NE Iii' NN a NOD 1~6a '~'9 la,. 1161 il62 ia79 aD,. il'I 
Ni II NN INDO J9 .. 9S 7' la,. 1196 119' II" 
E8TIMATION 0' GAUllllN I~"QW"ION HAl BEEN DONi ,OR ILIM, n illlilcno. URU 'NO vel.. • l1I,alllUUl 
Nit lUI NN • NOD I'" Ie, •• ,95 la,a 2"19 10" IIV5 i17. 

..... Ni 09 ~H • NOD 911 IU 112 91 109, IllS 11II 1"95 . Ea'IM4TIOH 0' GAlISSIAN IN'EGAA'ION HA, BIIN DONi 'OR ILIH, 19 iSIiI"illill. IUfA AND vaL • 8.iUhlll .po. 
en HE IIIIi NH • HOO lat6 '11' Ilia 119. a096 illl alii ae.s 

NE tl NN • NOD III 1111 129 Iii IIII 'lSI I,it 'III 
EI'IN&IIOH 0' GAUISIAN INI'GRATION HAl alE~ DON' ,OR ILIM. 91 ili1U"I6, fARU ANO VO&. • I.iHU'hai 
HE In' NN 8 NOD 1111 II'~ IIa9 IIli illS illl ala9 21'2 
HE iii NN • NOD III iJ 2t. 9 lila 112' lea, 1119 
'5TIHA'ION 0' GAUSSIAN INTEGRAl ION HAS BEEN DOHi ,Da iLl"' 91 U999991, URU AND VOL • ".inhhl 
HE 11191 NN • NOD lal. Igi7 'Da' lua9 aD'" aga' iSi6 ala, 
HE 9i HH a NOD i' U lIS a. loa, la4i 104$ lea, 
i.TIHATIOH 0' GAUl814H INTEGRATION HA. IIIN DONi 'OR ILIH. U 249999". tARU AND VOL • I.UGhU) 
NE Ina HN I NOD 1127 1~44 • .,4S IPi' aia, i844 al41 aaa. 
HE 95 NH • NOD 44 .1 " 4S 1144 la'i IQ'~ ,a~1 
ESTIM"ION Q, GlUSllAN INT'GRA'ION HA, IIIN DONI 'OR ILIM. n 24999992. tARiA At-D VO&' • Q.i!.~hl" 
NE UI9I HN • NOD 1144 I~.I '''60 1".1 ai44 21'1 aa,a za4J 
NE 94 NH • NnD 

., 7i " .a 116tl la7 •• ,," la6t' 
i"IN,TION 0' GAUal,&N 'NTiGRAT,ON HAl IEIN DONE ,OA I&'iM' 94 i4999t94. URU UO VOl. I a.iSliDhllll 
HE 11194 NN • NOD la6' Iwr. ,a" IQ'~ a06t, a8'8 iD" it •• 
Ni .t5 NN • NOO U 95 94 77 I"" 1195 I". 107' 
£STIHA"ON 0' GAUIIIAN INTEGRA' ION HA' BIEN DON' ,oA ILiM, 95 i4999998. 'AAU AHO VOl. • II,iHillUU 
Hi 1119' Nt' I NOD '",. 1~95 "9~ IQ77 i17. ilil'$ ioge a07' 
Hi " NN • NOD n U~ au . 94 laliS I III "" 1891 
18'I"AIIOH or GAUSI14H INt'GRATION H" iCEN DONi ,OA iLiM' 9" 2499999., IARU ~ND VOL , liI,a50c.", 
Hi 1196t NN • NOD la95 &lll IIII la94 ia9S .lla illl 2Q" 
H£ 9' NH • NOD 112 129 U. III Illi 1129 "aa 'III 
EI'IH4'IOH U, GAUISIAN INtIGR'IIQH "'~ 811N DOHi 'DA 'LEM. n 14"9994, IIF:U At.D VOL. I ".250£+U 
tolE 1119' N~ I NOO "Ia IIi9 tai6 1111 ill' iliV alai alai 
HI iI NN • NOD 9 26 21· l,aa9 lia. lail "a, 
~$'IM4TION 0' GAUiSIAN Ih'iGAATION HAl BIIM DONi 'OR ILIMt U i!hUHUJIi. URU AND VUL II ". a514!. ua 
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HE II.S HN 1 HOD lee. se.6 1115 slea IBBt aD!' IDa, IDea 
HE "HN I NOD 26 41 41 .5 leI. t14' ID41 ,D2' 
ESTIM_TIDN or GAUSSllN I"TEGAATION "AS IE!" DON! FOR eL!M' 
HE ,1,9 HH 8 HOD lel6 S14' .~.a II.' IDI6 le.1 le42 ela, 
NE lee HN e Non 41 61 ,. 4' Ie., 116' le5. 18'. 
ESTIMATION OF GAVaSIA" INTEGRATION "AI 8EIH DON£ ,OA !LI"' 
HE Slee NN e NOD, 114. le.e~le59 ae4' 2e'! le68 21S' fl41 
HE lei ~N .1 NO~ 68 '" 'f' S9 116e· leT1 le16 lIS. 
ESTIMATION 0' GAUSSIAN IN,rGR_TID" HAl II!N DON! fDA !L!M, 
HE 1II1 NN I NOD 1161 Id'Y le16 le,9 .D61 eell lef6 las, 
NE le2 NN I HOD fr 9~' 9S ft lel' le.4 le.s Ilf' 
EsTIMATION 0' GAUSSIAN INTEGRATION HA, Bt!N DOH! rOR eLIM, 
HE IIe2 NN I NOD teTT le'4 le'l 18Y6 .111 ee.4 ,e's .11' 
HE It" NN I NOD 'I Ifl 'III 9S 1194 1111 1111 I'U 
ESTIMATION 0' GAUSSIAN IHYlaAATIO" "AS BeEN DOH! 'OR 'ELf"' 
HE 1,8S NH e NO~ le.4 III. III,-ae., ,e •• IIII Ille 18., 
NE le4"H e "00'1' III 111 I.e II1I ",8 1,11 I'le 
~STI"'TIOH 0' GAUSSIAN INTeGRATION HAS SE!N DON! 'OA !LtM' 
HE lie."" I NOD II11 II2a 1111 1118 alii 1118 21Z1 III' 
HE ' 1115 HN I NODUli 181 111 111 uee nu' "" un 
eSTIMATION 0' GAUSSIIN INT'GRATION "AI B!!N DON! rOft !LEH' 
N! lie' NH I HOD 128e'lIlIl lUI lUI un 218t 2211 lire 
HE le6 NN e Hon -28t 181 erl 111 1181 1281 12f2 11ft 
eSTIMATION or 'GAUISIIN INTIGRATION HAS 81!N DON! 'OR ELfn, 
NE tie' NN 8 HOD 1281 USI '1272 ura lUI un un un 
NE IDT NH 8 Non 28! II' 2" 212 leSI 128! 111' 11' • 
£STIH'TIOH 0' GAUSSIAN I"T£G"ATIO" HAS 81tN DON! 'OR !L!M' 
HE Ilel NN e HO~ t2S1 III' tlfS Ilrl 2112 22S1 1211 2112 
N! UIS NN I Hon 215 184 114 171 128' 11811 I2T4 un 
ESTIMATION or GAUSSIAN INTIGRnlON HAS Bf!N DOH! paR IU"' 
HE 118a NN I HOD t2eJ IIa4 1214 Ill' 128' 12S1 1111 211S 
"E 2U,I NN 8 NOD 22U azu un 21U un !l811 SI,. 22n 
HI 'ICI NN 'NOD 228S J284 J21' 2211 128S 42S4 41'4Z2rs 
HE .118 N" I NOO'22S! 4284 117. Ilr! 12SS 'la4 5211 21ts 

99 

1118 

- lit 

III! 

lIS 

,84 

Ie! 

I" 

Ie? 

U8 

NE If" Ntt a NO~ 184 18" 275 214 1214 121' un Uf4 
ESTI"AT10H 0' GAUSSIAN INTEGftA'tON ~AS Rft!N DON! 'OA !L!M' Ie. 

NE Ile9"" I ~OD '128' .28' 121' 121' 228"2285 2215 217' 
N! 21e' HH 'NOD 2214 2285 221' 22" ,IS4 J285 S215'214' 
HE ,." HN a NO~ 'IS4 ,285 11" sar. 42S4 42aS 4e7' 4.1. 
N! .le. NN e NO~ 12S4 4285 '21' 4214 5281 lass 521' '17' 
"E 'Ie9 N" e NOD !2S4 ,281 5215 5274 52S. 628! 62f5 ,e1' 
N! 'S' NH a NOD 28' 286 116' 21' 1215 1286 12f6 12r5 
ESTIMATION 0' GAUSSIAN INTEGRATION HAl aEEN DOH! 'OR EL!M' - II' 
HE IIII HN 8 NO~ 12S! 12e6 12'6 12T5 2219 22e6 2216 2215 
HI .11' NN I NO~ 22&' 2216 2276 217' '2S5 ,el' '116 ,ar' 
NE 'lIe NN I NOD J285 J2S6 '116 JI" liDS 4286 4a" 42Y' 
NE 4111 NN I NOD .215 42a6 'a,. 4275 521' 4286 4.,' 511S 
HE 5'1' NN a NOD !aas .286 42" 5275 628' la86 1116 61r' 
HE III NH e HOD 2a6 alT IYf 276 12'6 12D1 '111 ,,16 
ESTI"ATIO~ 0' GAUSSIAN INTEGRATION "AS ar!N OON! 'OR ELfM' III 
HE 1.11 NN 8 NOD .286 laal 1211 121. 228. IIS1 1211 II" 
HE 8111 NN 8 NOD 2286 221Y 2271 22" S286 J28' JI', ,et. 
HE '111 NN I Non J286 ,aSf Jar' 327' 42S6 4asr 4.11 421. 
He .12 NH 'a HOD aIr 28' - ., •• ,' .e8f'I288 111' ,.Tf 
ESTIMATION OP GAUSSIAN lNT!GRATION "AS S!!N DON! 'DR ILEM' '11 

.'''''''''81. tAR!A AND VOL • 1.I!e!.I' 

e!eeee,e, IAft!A AND VOL • e,e,el.11 

'191111111, lA.tI!. AND VOL , ','!I."I18 .. 

I! I"'" ".,. • .AREA 'NO VOL • e.I!IE.II 

1!I"ell!el, 'AA!A AND VOL • 1.I'tl.11 

l!!Iee,,", •• tAReA AND VOL , e.""!.11 

"nu, IAR!A AND VOL • e, •• ,e.!1 

nue, IAA!A AND VOL • 1,"'E •• r 

te"!I, IAAIA AND VOL • e"e6!.e1 

11n, IAREA AN~ VOL • 1I,ITla.16 

1 • .,S9, 'AREA AND VOL. 8,S4IE+"1 
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HE I'la N~ 8 NO~ la" liil li7. aal' aa" iila ii" ai7' 
Hi alia HH • HOD ii., ia., ai" aZ17 Ii" Ji •• Ja7. la" 
HE 111i NH a HOD Ji., Iii' Ii'. Ii" 4aa7 42a. 41" 41" 
Nt ' la. NH • HOD a.~ a6' iYt al' aal •• a6, la" ,a7' 
iiTIMATION 0' gAUa_IAN INJiGRAJIOH HAl liiH DaHl faA 'LIM, ." 
Hi " •• NN • NOD Iii. lia. la,. ai7i ia •• al19 ai" aa,. 
Hi ill. HN a NOD ai" 2a.~ ia'. a.,.· Sill 1119 Ii" IiI. 
HE J.II HN a HOD Ji.6 lile Ji19 lal'~Aaal·G2'O 4i'9,4a" 
Ni 'I. NH 6 NOD i'a a'l a~1 a •• II'Q ,a" la., 'i'~ 
'.'IMA'IOH 0' GAUail&H INJ.'MAfION HAa 8liH DaHl 'OR ILIM' 114 
Hi 1114 NN • NOD .a'd I~" la6, aa.o aa'a ia,. ai6a ii.' 
HE 115 HN • HOD a" ala i'a' i.a ,a71 aa'a li61 Ii., 
UflHUION 0' GAUUUN ,,.UfiNATION HAl iUN DQN~ rOA ILIH' us 
HE IUS NN I NOD UU un UU luaanl jln altai 216' 
NI 1'6 NN • NOD a7i i'l i.1 .6i li'i Ii'S '161 la6a 
£"I"'TIOH 0' GAUI.IAN INTEGRATION HA. ai'N DONI fOA 'Ll"' II' 
HI 1116 NN I NO~ 'iIi li7' li61 ,2.i aaT2 ii" i26S li.i 
HE'll' NH • HOD a,s a,4 i64 a.J li'l aa'4 'i64 la •• 
tiTI"AT,ON OP 'AU.IIAN 'H'~'AA'ION HA, IEIH DONE fOA ILIM; ll7 
HI .,.7 HN I NOD la,. li7. li64 la61 aa'l 22'4 ai64 aa,s 
NE all' Nil I HOD aa,. aa'4 i26. 226S aa'J 5a'4 sa6. 2a6S 
HE Ilal NN I NOD ia,' Ja,. 1164 ia~J aa,s 4a,. 4a64 2261 
HE 4111 NN a NOD aa,. 4a7. 4264 ii~1 ia,s 5a'4 la64 i2.S 
HE III NN • NOD a74 a,' i6S a •• la74 la,s la.5 1"4 
£I'I"'I'ON 0' GAUIIIAN INTEGRATION ~A' alEN DON' ,OA ILiMj '" 
NE lila NH • ~OO 1274 li'~ 12.' ,.,4 ai74 ii" aa6S al64 
NE al,. NN I NOD aa,. i~'5 i265 a2'~ Ji'~ Jal' 126' J264 
N~ JII' NN • HOD 1214 Ji71 la.s 12.4 4i14 4271 4265 4264 
ijE 4111 NN a NOO 42'4 4215 4i.5 4a.4 1274 ii" sa.5 5i64 
NE 51" NN • NOO 5i'~ li'55i~5 Si~4 52'4 'a'5 6a6. 5i64 
HE '19 NH • NOD i7S a7. a,. i~5 lal' lal. la., 116. 
£II'"AIIQN 0' QAU&IIA~ INtEGAATION HA~ BEEN DO Hi 'OR ILIM, lit 
HE III' NN 8 NO~ Ii'S lal' 12'. la,5 ii'5 ia,~ ii6' aa~1 
HE al19 NN a NOD ii15 ii'. ii" a~.5 1175 la76 1"6 Sl6S 
Nt Ila9 HN • NOO Si15 lar. la •• la,5 Gi" 4a,. 42" 4265 
Hi 41,9 HN • NOD 4a'5 ai" 4l •• 4a~' 5ilS 4a7. 4266 5265 
HE 5119 NN I HOD 52'5 4il' 426. 5i6S'6a75 42r, 4a66 6a65 
HE 'a~ NN • NOD ir. i7' a" a •• 121. 12" 12" II •• 
Elfl""ION 0' G4UlilAN INIEGA&fION HAl OiiH DONI ,OR eLIM, Ila 
HI l'li NN • NOD li'~ Ii" Ii.' Ii" ai'. ai', a26' aa.6 
NI alaa NN a NO~ ii" iir' i2., ia.' sar, Ja" 12" li66 
Ni Ilia NN • NOD 127. Ji77 sa', Ii., Gi7' 4a" 4a6' 416. 
HI 121 HN a NOD af' a7a i.. a., aa" la, •• a •• Ii., 
EST,MArlOh PI GAUS.IAN INTtGAAflON HAl aE!N OOHE ,OA •• 'M •• a. 
Nt llal NN • NOO laf' laf. Ii'. li6' ia" ii" 2a" ai.' 
HI ila. NN I NOD a277 ii" aa •• ii6' Jil' Ji7. S2" le6' 
Nl Jlil NN • NUO 127' Ji7. Ji61 li~7 4i77 42" 4261 Gi" 
NE lia NN • NOD if. 279 i69 ab' 'ill ,a'9 la69 ,a~. 
E"I"A'ION 0' G'U"I'~ IWI"R"IOH ~Ai SEiN DDNl 'DR CLE"' ,ia 
Ni llii NN • NOD li7' ,'79 12.9 la~1 i2l. ia" a.69 la.a 
Nt ilaa HN a NO~ i2,a ii79 ii69 22.8 li7. Ja19 J2'Q lilO 
Nl Jlil HN 6 NOD 121i liri )i69 Ii" 4il' 427' 4t69 Gi'. 
NE liJ NN • NOD i,a i" aSI as. ,Z6a Ii., ,all la~1 
1"IHArloN OP GAus'IAN INTiGR4110H HAl aeiN DONi ,OA ELfM, IiI 

li9914. 'AR~A AHa VOL • e.'Je~.~. 

) 
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He 112' NN a HOD 1268 116' II!I "se '26e II" 22~' 1'" 
H! 114 NN 8 HOD 2'1 161 2S. 25'116, 1262.12!1 12"_ 
eSTIMATIOH O~ GAUSSIAN INTIGRATION HAS BEEH DOHE 'OR ELf"' 12. 
HE 112. HH a HOD 126t ,261 tl52 11'1 '161 '26! 22S2 225' 
He 125 NH 8 HOD 262 2"·25' 2521262 1265 IISS 1.51 -

-ESTIMATION 0' dAUSSIAN I"TtORATION HAS BEEN DON! POA ELf"' 12! 
HE -112! NN 8 NOD 1262 126S 12SS 1252 1162 226' IISS ."1 
H! 126 NN 8 NOD 163 a64 2S._ ass &16S &26' 12!' IISI 
ESTIMATION 0' aAUSSIAN INTEGRATION HAS BE!N DON!,OR EL!n, 116 

-HE 1126 HH a NOD 116' 1264 11" 12!S 226S 2264 22S4 21SS 
HE 2126 NN e NOD 126' 216. 22" 22SS 2a6, 5264 31S. 21" 
HE ,I" NN 8 HOD 226S ,264 liS. 11" le6) .1" 42S. II" 
HE 4126 HH a HOD 2261 426' '254 la" 1261 526. SIS •. 125S 
H! I,T HN a NOD 164 26' ." 254 1.64 126' II'! 'I!' 
ESTIMATION or aAusSIAN I~TIG"ATIO" HAS a!~N OOHE 'OR !L~M' II? 
He· '117 HH 8 NOD 1264 ,16' liS! 1.54 21t4 12t! .aS5 liS' 
N! 2127 NH 8 NOD 2264 226' 2255-225' 5264 'a.! I." 'IS' 
H! 512T NH 8 NOD '26' II.' II" "S, ,264.26' '2S' 41!' 
H! .121 HH e HOD 4264 .265 •• " 02" 526. '26! 51" S.5. 
H! !12? NH 8 NOD '26' "6"a" S25' 526. 626! 62!' '25' 
H! la8 NN 8 NOD 16' 2'6.156 ." II'S 1'6' 12!' I." 
ESTIHATIOH OP IAUSSIAN INTEGRATION HAS SE!N DONE 'OR !L!M' I,e 
HE 1III NN e NOD 126! 1'66 12!' 12!' 226! ~166 12!6 2." 
NE 2111 NH a NOD 2265 2166 225' 22S! '26, 5166 S2'6 ,15' 
HE '128 NH e NOD '26' 5i66 '25, ,.S' 426' '266 4,! •• a" 
H! 4128 HH 8 NOD 42'S 4266 425. 42" '265 4266 41" ,." 
tiE "III"N e NOD sn'S 4266 '15' ,.SS 6165 4266 l1li96 6155 
HE 129 NN 8 NOD 266 atT '5' .S' 1166 126' 12" le5. 
ESTIMATION 0' GAUSSIAN INT!&"ATION HAS B!EH DOH! paR !LC"' 119 
HE 112' N" e NOD 126~ 1161 12" liS' 226t '261 11" "S' 
HE 212' NN 8 NOD 1266 2261_ 22!1 22S6 '266 J261 !." S'!' 
H! 312' NH e NOD Se66 ,16' J2S1 ses. 4266 '2., 41S1 41'6-
NI I" NH II NOD 167 ,.1 15a I" 1261 1268 12sa 1.9' 
ESTIMATION 0' GAUSSIAH INT!GRATION HAS 8E!N DON! 'OA !L!H.· ISa 
H£ It'" NN II HOD 1267 1268 12'8 In, 2261 2268 125' 2151 
HE 2'S8"H II NOO 22.' 2268 12,e •• 5' S2', 3a68 S.S8 3." 
HI SI!8 NH 1 NOD 126' 3261 !aSI 1157 1161 4268 4.9 •• ," 
NI 131 HN I NOD 268 26' 199 est 126a 1269 1299 1.,1 
ESTIHATION O~ GAUSSIAN INTEGRATION HAS Be!N DOH! 'DR !L~H'. lSI 
NE 1131 HN II HOD 1268 li69 12" II" 226' 22 •• 12!' 229' 
HE el'l NH II NO~ 2268 2269 225' 229' '16' sa6' 32" S2,D 
HE 313' NH 'HOD 3268 ,269 329. Sl" 426' '269 42" 42!S 
HE lSI NH II HOD 2'8 2S' 241· a.e 125a 12'. 1241 124D 
£8TIHATIOH 0' GAUSSIAN INTEGRATION "AS DE!N DOH! 'Oft ELEH_ 1" 
H! IIlI HN _ II'NOO 12'8 Slsan41 lue 1251 22S1 2241 2ue 
HE I'! NN II NOD 2', 25. 24, -241 12!, 115. 1242 '2~1 
ESTIMATIOH O~ GAUSSIAN INTeGRATION HAS BEEN DOHE ~OR !LI"' ,S3 
HE It" NN I NOD 12S1 12'2 1242 124' 22', 22'2 2242 124' 
NE II' NN 8 HO~ 252 25S. 141 142 12'2 la" 114' ,242 
HE ISS' NN a NOD 1251 t252 1241 ,2'a 225, 22'2 2242 22., 
N~ t,4 HN 8 HOD 252 151 2" I., 1252 &25, la.1 1242 
ESTIMATJON O~ OAUSSI.N I"TEGRATION HAS SEEN DONE fOR E~!"' Il4 

\ 

'I"". 'AR!A ANO YD~ • e".,!+ee 

&"56', 'AREA AHO VOL • 1,1!6!+ea 

12SG6!, 'AREA AHD VOL • I,S2J!.es 

9!1161, !AA!A AHD VOL. 1.'SI!teS 



   

  
  

  
  
  
  
  

  
  
  
  
  
  

  
  
  
  
  
  

  
  
  
  

 
  
  
  
  

  
  
  
  

  
  

  
  

  
  

  
  
  
  
  

 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 

 
 

 
 

 
 
 
 
 

     
     

    
     
     
     
     
     

    
      
     
     
     

     
     

    
     

     
     
     

    
     
     
     
     

    
      
     
     
     

    
     

     
     
     

    
     
     

    
     
     

    
     
     

    
    
     
     
     
     

    

 

     

     

      

      

      

     

     

     

     

     

     

Nl IIJ4 NN • NOD 125i liSI 1241 114i iaSa iaSl iiAS ai42 
HI ISS NN • NO~ i51 25G 244 2~J 125S &a54 li44 li4S 
£&TI"ATION 0' G'U811'~ INrIGRATI0~ HAi i,EN DON' 'OR' ELENI III 
Nl 1115 NN • NOD 1255 1254 li44 124l a2S1 1254 2244 a24J 
NE ailS NN • NO~ iiSS aaS4 i244 ai4J;~aSS .1254' .1144 aa4S 
NE SSIS NN • NOD 2aSl 5i54 S244 li41· iiSS 4i5a 4144 ii41 
HE 4&15 NN • NOD lass 4a54 4244 ii41 aaSl 5254 5144 iiGS 
NE IS~ NN • NOD 254 iSi 145 144 ai54 lass laOi ,a44 
'I'I"ATION 0' GAUIII'N IN"GRATION HAa l,eN DONi 'OR iLl"' 156 
HE liS' NN • NODliS4 la55 li45 &244 i214' iiil ii45 a244 
HE il16 NN & NOD aaS4 aas, 2249 2144 sa 54 lass 1145 J244 
HI 11S6 NH I HO~ J254 12'5 S24S Ji44 4254 .4i5S 4245 4i4i 
HI 41S6 NN • NOD 4iS4 4iSS 424S 4244 &aS4 5ass sa4S Si44 
Ni .1S6 NN • NOD 52S4 sass Si4S 5a~4 5214 ~i55 '145 5244 
NE IS' NN • NOD iSS 25~24~ 145 lil5 liS6 la4. la4S 
["IMATION 0' GAUI'liN IN"GR4'ION HA' .i'N DONE 'OR ILIM, &17 
Ni 11S7 NN • NOD liSS li5. Ii •• la~1 ailS il56 aa4. la4, 
HE alJ' NN I NO~ aa55 iiS. i246 aa~1 sass sai. Si46 S14$ 
Hi SIS' NN • NOD Si51 liS. S246 sa45 4aS5 415. 4a4. 4i45 
NE 41S' HN • NOD 42SS 4as. 4246 4a~. SiSS 415' 4i46 5i45 
Hi 51J' NN I NOD siSS 425~ 4a46 5245 '255 4256 4i4. 624S 
Nl lSI NN • HOD 15~ as' a4' 246 las. las, li4' 114' 
ESTIMATION 0' GAUI'liH INTIGRATION ~A' BalN DONE 'DR ILIN. lSI 
Hi liS. NN • NO~ las. liS' li4' li46 ii" aasy aaay i246 
HE alsa NN • NOO ai5. ail1 ai4' 2246 SiS. sas, la4' .i4' 
NE SISI NH • NO~ SiS. liS' S24T S246 425. 4al' 414' 42 •• 
HE IS9 NM • ~OD as' is. 248 247 la', 121. lial li4Y 
ESTIMATION U' GAUSSIAN IN''GAATIO~ HAa 8lrN DONl 'OR ILeH. 119 
Ni 1119 NN • HOD 1257 liii li41 124' 2iS7 aas. aa41 ii4' 
HE ilS9 NN I NOD II" iiil li46 124' 3iS, SiSI 1141 S'4' 
Nl 1119 NH 8 NOD Si'7 sas& Si46 J14' 4iS' 4a5. 4a41 4i4T 
Nl 14i NN & NOD aSI 119 149 i48 liS' laSi laa, 1140 
E&TIMATION 0' GAUlalAN IN'I~R4TION HAa 811N DON' ,QA ILIH. 140 
Hi Il4i ~N • NO~ lasa liS9 li49 124' ai51 2219 li49 2241 
HE alai NN • NO~ 1258 Iii' iaat ai.1 Jasa Jas, lal9 sa41 
Ni 1140 NN 1 NOD la58 S259 1249 Ji41 425. 4i59 4a49 4i4' 
Hi 1.1 NN 6 NOD i40 14' ill ala laao la41 liSI alII 
i"IHATION 0' GAU"IAN INTI_RATION HAl lilN DONi 'OR ILrH~ 141 
HI 1141 NN • NOD liaD ,a41 &aSI IIID ilAi aaal 2211 aa~a 
NE 14a NN 6 NOD 141 242 ala ill 114, li4. lili laSI 
E8'I"ATION 0' GAUS'IAN INTeGRAtION HA. ailN DONI 'OR CLINO lea 
Ni Il4a NN • HOD li41 li4a lili laSI al41 il4a lala a2S1 
NE 14J NH 6 NOD i42 i41 211 IS2 "24a la41 l.,J 121. 
liTIMA'iOH 0' GAUIIIAN INTCGRATION HAl DIIN DONi 'OR ILIM, 14S 
NE 114S NN a NOD l242 124S 12S1 llli il4i a2411ilJ iisa 
Hi I~Q NN • ~OO 24S 244 al4 aSI laOI 1244 lal4 ,ass 
EITIMA'ION 0' GAUSiliN IHflGRATION HAG IIEW DONE 'OA CLIM, 144 
HI '144 NN • NOQ 124J 12~' taS4 laSSaa4S a244 a2S4 laSI 
HE 2144 NN • NOD 224S 2a44 e2S4 22SS 224S S244 saS4 2211 
Ni 1&44 NN • NOD 2241 5i44 S2S4 2ill 224S 4244 4214 iill 
HI 4144 NN 1 NOD 224S 4244 42J4 aasl li4S5244 sasa ailS 
Hi 145 HH • NO~ i44 a4S iS5 as. 1144 1245 IIII .,14 
i.TIMi'ION 0' GAUSS'AN INT'GRATION HAS lilN DONE 'OR aLIN, 141 

4Si9il. .ARIA AND vo~ • m.4SI£tOI 

SIIIS14. .AREA AND YOL • a.IIII.O~ 
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U1 .... 

. ;" 

He I'" NN 8 HO~ 1144 "4' t8" tiS' e244 22.' 221S 2214 
H! 21., NH a NOD 2244 ea4S 2a" 2254 JI44 ,a.1 J2!9 S2" 
H! 3 •• , NN a NO~ '244 II" SI5S 511 •• 24 •••• ! .135 .2S0 
H! 4t.' NN e NO~ .2 ••• 14S '2!S '21' '244 5145 "'S '23' 
N! 'I" NH 8 HUO 52 •• ,2.5 '2.5 52J4 '244 ~24! 62" "3. 
H! •• 6 NN e HOD 2., 246 ". 21a tl'! 1246 11'6 12J! 
!STI"ATION 0' G_USSIAN INTIGNATION HAl aE!H GOH! ,o~ ELf"' 146 
H! 11.6 NN a NOD 12" 12" 1216 ,'15 224' 224' 22!' 2115 
N! 21.6 NN a NOD 22., 224& 22!6 21J5 124'.3a4' 5256 .JZ),. 
H! ,1.6 H" 8 NOD 3245 S246 5al6 S2SS 4245 42.6 '2S6 '2S! 
HE 4,.6 NN 8 NOD 4245 4a46 42J6 4255 5245 4246 4216 '2'5 
H! 5,e' NN 8 NOD '2.5 42._ '2S6 52'S 624S '146 4236 .62'5 
H! 14' N~ 8 ~OD 246 24'2" 216 1146 1241 12'1 1256 
fSTI"aTION 0' GAUSelAM INTeGRATION HAS BE!N DON! 'OR f~a". 1_1 
HE 'I" MN 8 Non 124~ 11.'I2S' 1,,6 2246 el4f 22J' 22S6 
Hi 21.' NN 8 NOD 1246 224' 22" 2!36 3246 3241 3a'1 '2" 
N! SI4' N~ a Non 5246 5i4' "., 321' 4a4' '2., 4e5' 42S' 
H! ,.a NN 8 NOD 2., 248 I,a; 23' II.' I'4Sl,,8 "Jr 
fSTI"ATION 0' GAUSS!.N INTeGRATION HAS B~!N DOH! fOA !~aH' '4' 
N'II'S NN 8 NOO-Ia., '24~ ,z,al2" 224' 224B IIJ' ,." 
H! 214S NH a NOD 224' 22.8 22SS 22!' !24' J2'& 52S1 SIS' 
He !I.e NH e NOD '2" J24~'2~a "1' 4a., ••••• a3B "1' 
H! I •• ~N 8 NOD a4e 249 .,. I" a2'& 12., liS. IIS& 
fSTI~ATIONO' G4USS,AN INT!GRA'IOH HAS ee!N DON! 'OR !L!"' 149 
He 114' NN e "O~ 1248 t2" 12!' IISS 1248 224' 225, 2"& 
H! 2.4' NH 8 NOD 2248 a24. 22" 22!8 S24& J24' s,s' '2~e 
HE 314' HH e HOG 3248 '24' ~2J9J2'& '248 4149 41'9 .Ise 
N! '58 NN a NOD 2!1I as,·' 221 218 IUI!I Int UIU lUll 
estl"ATION 0' GAUSSIAN INTEGRATION HAS ea!~ DON!'OR eLaN' I!S 
HE 115' HN' I HOD 12!D I'S. 1121 II'. 2218 22S1 1221 222e 
N! ''5' HN a NOD 211 a,a 121 221 IISI '2'2 1122 Iial 
ESTIMATION 0' GAUSSIAN IHTfORATION HAl ee!N DON! 'OR eLI"' '5' 
NE 1,,1 NN 8 NOD 1211 le'2 "22 1'2' 22S1 22!! 1222 Ila. 
N! 151 NH e NOD'S22S1 '2S lIe IIS2 IISS 122' 'til 
E5'1"_'ION 0' GAUSe,AN INTeGRATION HAl eaeN DONE 'DR !~!M' 1'5' 
H! 1152 NH e HOD 12'2 IISS 122S 112' 12S, 21S' 121S If II 
He 151 NH 'NOD 21SI" 224 la' lIS! II" II'. II.' 
ESTIMATION 0' GAUSSIAN IN"GRATION HAa IE!N DON! 'OR eLf"' I'S 
HE 115S NH e NOD 12S' IIJ4 '214 III' 21SS 12" .214 222' 
HE 21!S HN a NOD 12'S 22" 2124 2ell 22SS JIS. 122. ,21S 
H! "'5' NN 8 NOD 12'5 J2'. !224 2221 22S5 '2'4 4124 22e, 
HE 41" NN 8 HOD 12S' 42" '422' 222! 11" az,. !12' 212' 
H! " 1S4 NH ., NOD 254 en us !24 1234 un 1215 1214 
ESTI"ATION 0' GAUSSIAN lHT£GRATION HAS 8!EN DOH! ,aR E~!M' IS' 
N! "!4 NN 'NOD 12S' 12" 122! 1114 22S. 1215 222' 21 •• 
HE 1"4 NH e HOD llJ4 21SS 222! Ie,. ",. J'S' '225 "., 
H! !l5' HH e NOD sn4 3USSU! 1U' 4U' 'U! 4115 UU 
NE 415' HH 8 NOD 42S4 421' '22' 4224 "'45", '225 !I2' 
N! '5." HH & NOD 5as. 52" !12' !224 '.'4 'I'! '21' !21' 
N! .55 NH 8 NOD 2J5 2S6 226 22' 12S! liS' ,e.' aa25 
ESTIMATION 0' GAUSalAN INTtGRATION "AS 8E!N DOH! 'OR IL!"' .,' 

.".18. IAR!A AND VOL , '.1'6£+e8 
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.... -: 

Ni aas' NN 0 ~OO .a15 lal' aaa. aiii iilS iii. iii6 iais 
HE aass NN I NOD aali aas~ aia' aaal J2'1 12J' Jii6. sa21 
Ni 'ISS NN 0 NOD lall lil6 li26 Jial elS5 a216 .2a. 4225 
Ni 4155 NN • NOD 4215 4al6 aii6 aa25 lil5 4216 .,a6 lii5 
Ni 5155 NN • Non 5al5 .a16 4aa6 .aa5 62S1 42S6 41a6 6aas 
Nl a.6 NN a NO~ iS6 all aa, aa. liS •• a., laar Iii. 
EITIM.'ION 0' GAU6.'AN INTEGAATION HAl allN DONE ,DA ILIM. ai' 
Ni 1156 NN • Nap '2S6 la., laa, laa. all' iii' aaa, 22a. 
NI a.,6 NN • NOD a216 22.7 222' aii' las. las, lai, sai6 
Hi Jt5~ NN I NOD Sil6 JiSl 12i' 5226 421' a2.' 4aal 4aa. 
Ni a., NN • NOP ii' 211 ai. aa' aas, aasa laaa laar 
£ITIM.'ION 0' GAUlalAN INflGA4TION HA •• "NDONl 'DR 'LiM. ai' 
Ni II" NN • NOD aas' liJi Iii. la27 a2S' iii. aa2. aaa, 
HE ilSI NN a NOD iisr iiSi aaaa 2aa7 liJ' lill 122. Sii' 
Nf 115r NN a NOD JiJl JaIl Jiaa Jia' 42" aalB 4i26 4ia, 
NE lSI NN a NOD iii il9 ai9 aia laJI .a19 a229 aaia 
fITIM_TloN 0' GAUISIAN INTEGRATION HAl B'IN DONe 'DR ILCH. as. 
N' 1158 NN I HO~ JaIl 12J9 lil9 Iii' ~ill 2aJ9 aaai iii. 
NI 215' NN • NOD aa1a ail9 iiiV aaai Jill S219 sa29 Sial 
N~ lIsa NN • NOD J2SI J219 Sii9 S2Z' 4218 4219 4a29 4iia 
Ni 159 NH I NOP iaa 2a& ill· il~ aaaa liil aall laa, 
(5'IM,'IOH 0' gAUSSIAN INIEGRATION HAl 81EN DaHl ,OR ILlM' 159 
NE 1.59 NN • NOD laaa liil lall laaa iiai iaal iill iiaa 
NE I~B NN • ijDD iii iaa ila all liil 1222 l'la lill 
fsTIH_TIOU Of GAUSalAN IHTiGHATION HAS al'N DOHi ,OR ELIM. l,e 
Hi Il6e NN I NOD liil liii lill lall ai21 iiai iili iill 
HE 161 HH a NOO iia aas aiS ala laa. laas lilS all. 
£6'IMA'ION 0' GAUII14N INTiGRATION HAS 8£EN DONI ,OA 'L'M, 161 
NI I'~I HN • NOD lala saal 1211 aali i22a aial aall a21a 
Nt I~a NN • NOD aas aa4 214 2lJ &221 liao lale lalS 
ESTIMAYIDN 0' GAUaSI4H ,Hf'GAATION ~AI BIEN DON£ ,OR £LIM. 16a 
HE II~a NN • NOD lial laa4 tll4 laaJ'i211 aaa4 2214 a21S· 
NE al.a NN • NOD iia) 22a4 iil4 221J 2221 Siaa salA aals 
NE II'. NN a HOD iaal 12a4 lil4 ailJ 2221 4i2a aal4 ailS 
NE 41,2 NN a NOD a22S 4aa4 4al4 ialS 222S 5224 sal4 a21S 
Hi 161 NN • HOO aa4 aii all a&4 12ae laal lilS 121. 
ESTIMATION 0' GAUSSIAN INTiGAATION HAl BriN DON£ ,OA CLIM,· I'S 
NEI,.I NN • NOD aaa~ 1225 lalS a214 a2i4 22a5 aall 2114 
NE 21.S Nfl • HOD aaa4 ai21 aal5 a214 Si24 Jaas salS S21' 
HE II,J NN • NOD saa4 laa5 Sil5 1214 aaa4 4121 4all 4114 
NE 416S NN I Non 4224 4225 4al5 421452a4 5225 5aas sal4 
HE 51" NN • NOD 5224 5iil 521S 5214 5224 'la5 6il5 salo 
NE 1.4 HN • NOD aa5 aa6 il. ali aaal .aa6 lal6 laiS 
ESTIMATION 0' gAUISIAN IHTIGHATION "AI IIaN DONE ,OR ILIH' 16e 
NE 116e NH INDO aias aia6 1ali lill a2aS laii aal. a215 
NI aai. HN • NOD aias 2izo ai'6 aaa5 Siil Ii" la" sail 
NE la'4 HH • NOD JlaS laa6 lil6 SiaS eaa5 4ii. 4116 4115 
NE 4a.4 NH • NOD 4225 42a6 4216 4il5 5aas ali6 421' 121' 
HE 51'. HN • NOh 5ii5 4a2' 4al6 521i 6225 42a6 4216 6215 
HE I~S NN • NOD 22~ aa' ai' a,' 12a6 12a' laa, 1216 
£I'I"ATION 0' GAUIIIAN 1"'iGR"ION "Ai BIEN DONl ,OR iLIH' 16' 
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NE 116' NN e NOD 1226 1111 lilT 1216 2126 2227 21.t 22t' 
HE 2t6' NN 8 ~OD 2226 2221 2217'221' ,e2' '22T JII' 'II' 
NE S16! NN • NOD J226 S211 ,.,' J216 .,26 .,1' ".1 ".6 
NE 166 NH 8 HOD 227 aaa 111 II' 1221 12el 1III 1117 
E8TI"ATIDN 0' DAUSSIAN IH"GRATION KAS8!!N DON! ,OR EL!M' 166 
NE ,1,6 NN I NOD 112' ,ale .a18 II.f 1211 e2ae IIII 21" 
NE 1166 NN 8 NOD 2221 12al 2218 211' Jla7 J2aa J", !IIT 
NE '166 NN I NOD '121 !22S sela 121' 4227 1228 0.11 leI' 
NE 16' NN 8 NOD lIS 22' 'It9 It I 1128 112" 1119 1118 
EST1~ATJOH Of CAUS8IA~ INTIGRATIOH KA8 eE!H DON! 'DR CLe", 16T 
NE .1.' NN 8 NOD .22S Ila' ••• , 11" 21aa 222' III' el18 
NE' 2161 NN I NOD 2228a22' 22t' 2111 12.1 1219 J.I' !ell 
HE '16' NN I NOD !221 ,za' Jet' '2" 4221 I,a. Ill' oe,' 
HE 168 NN 8 NOD 210 III 281 1.1 1211 11.1 leel Ilia 
ESTIHATION 0' GAUSSIAN INTIDRATION HAl BEEN DONE ,OR ELI"' .Ia 
HE 1168 NN 8 NOD 1'18 ,'ll 1211 IIIe 221~11'1 2e81 Ilee 
N~ 16' NN 8 "DO It' .1' "eel ,.1 1'111111 1181 III1 
ESTIMATION Of GAUSSIAN INtEGRATION KAS IE EN DON! 'OR ELIM' '" 
NE 116' NN 8 NOD 1.1' 1211 128. IIII 1211 11'1 aeee 118' 
NE I,e NN e NOD ItP. 21" '8' 2" I.'. "1'128' 12el 
ESTIMATION 0' GAUSalAN INT!GRATION "AS BI!N DONI 'OR EL!"' 1" 
HE 111e NN 8 NOO'IIII tat' III' 12 •• 2112 22S' 12el 1181 
HE 111 NN I NOD 113 II' ,e4 !I' III' 11,4 lleo II.' 
ESTIMATION 0' GAUSSIAN INT~DRATION HAS 8!!N'OON! ,OR !L!"' 171 
HE I"S NN 8 NOD 121' ,2 •• l~~4 1283 121J 22,0 2110 ",! 
HE II?I HN • NOD 211' aas. '284 22" 22'S J2,. 'leo 228S 
NE ,.1t NN • NOD 12tS sa,. see4 221' eel' 41t4 4ee. ale, 
NE 4111 NN e, NOD 2215 .11"42~4 228. eel' SI,4 !I.' 228S 
HE "2 NN 8 NOD 2t4 21! 28! ee. 11'1 121! tieS ,.e. 
ESTI"ATION 0' GAUSSIAN INTIGRATION HA' I!!N DON! 'OR fL!"' 1'1 
NE It'2 HH 8 NOD 121~ IIIS"til5 ,2e' lil4 221' 228' Ite4 
N! 2tli NN 8 NOD 22t4 221"1205 22el Je,1 '21' S28! ,21' , 
NE !11' HH • NOD 521' J21! S2ft5 J2~4 42t4 '215 428' 418. 
N! .112 NN 8 NOD 4214 121' 42e5 41e. 511' 521! '285 5.e4 . 
HE 5',2 NH 8 NOD 52S4 ~21' ~20' '2eo !210 '621' 61eS ,aD4 
NE I" HH 8 ~OO 2.5 2t6 ae6 ai' t215 S!I~ 121. IllS 
!S'I"ATION 0' GAUSSIAN IHTfG~ATION HAS e!~N DON! fOR !LK"' , '7' 
HE '1" NN 8 HOD 12t5 1116 1186 1.8! I.I! 221' 2,8& 21e! 
NE 21" HH I HOD 2215 221t 2286 22el J215 J21t J2't JI" 
HE JI" NN 'NOD J2,5 "16 '216 seaS 411' 4116 4ee. 4ee, 
HE 41" HN I NOD 42t! 4216 4,et 01.' ,a15 1116 IIe6 'II' 
NE 51" NN 8 NOD 52" 1216 4ae6 5ae' 6.S! la,6 4ee. 1.85 
NE I'. HN e HOD a" '" 2'7 let '216 .11' lIef 12e6 
!STI"ATION 0' GAUSSIAN INTeGRATION HAS B!EN DONE rOR !LC"' 1'4 
N! 1.7. NN I NOD 1216 ,II' 12" I'" 12S' 1'1' 1,8' leD6 
NE 2174 HN e NOD 2216 22.' 228r 2286 !21' JI,7 'Ie, 'let 
HE ."1 HN I NOD J2" ,atl J287 ,186 4116 '1'7 '18' 41B6 
NE .,' HN e HOD 2t' 2,S188 181 III' 1218 •• ,. IIe1 , 
ESTI"ATJON 0' GAUSSIAN I"TtGRATION HAS DE!N DONE ,o~ !LI"' .,' 
H! IIT5"" I NOD 12tY ,II' 'fl' 1'" lei' III' f2e, II.' 
H! ,.r5 NH I NOD 2211 2.1' Ille 121' Jlt7 S.I. 'res JeaT 
H! 51" NN 8 HOD Jlt' J210 ,e88 ,eo' _I" 4218 4.el .,., 
H! I'~ NH 8 HOD Ite al" I.' 18e 1,,1 .1 •• Ila, •• e8 
EaT.MATION 0' GAUSSIAN INTEGRATION "AI eEIN DOHE paR ILlnt I" 

16'61'1. tAft!A AND VOL' B.16!! ••• 
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HE ",. NH I ~OC latd 1~19 li09 'i~1 ilia ial9 iia9 iii. 
HE al'. NH • NOD 2ata 22&9 aal. a2sa J211 la,. saa9 laaa 
NE '1'6 HN • NOD Iii' lal9 I~~' S2.' 421a 4al9 aaat 4ila 
NE a"~ NN I NOD iS9 is 42 41 laS9 saas la4i laos 
ES"MATION 0' GjUeSIAH IN"G~A110N HA. 81eN DON~ ,aR ILI"O I"~ 
N' II" NN • NOD 12.' l~l' 114i S141' ail9 amli a042 aS41 
NE ii" NH • NO~ liSt a~25 il4i i041 sal9 20as aa.a aa41 
HE Sl" NH • NOD sa19 cua5 ilaa 1041 4al9 iOiS asal a041. 
HE Ir. NH • NOD iii 2S9 41 4i la29 laS9 li41 104S 
ESTIM,TION 0' GAUSSIAN IHTiwRA'JOH HA. IllN DOHI '0. eLIM. "~I 
Nt lUI NIl 8 NCO IU9 IU9 lU' IUO ilU9 Ian aDAI au" 
UE al,a NN 8 NCO aaa9 2219 aa41 2140 Ji29 Jas. aa41 204m 
HI JIJ. NN 8 NO~ la~9 ]119 aa41 i040 422. 4219 aeal aoos 
Hi 179 HU I NOO 229 4i 19 ali 'aaa9 IS40 lal9·sal' 
fa'IMA"O~ g, ~'uaal'~ INTEGRATION HAl lIEN DOHI ,OA CLeH. "9 
NE 1.,9 NH a Nao tll9 l~'~ 1119 la&9 ii29 aa40 aal9 a21' 
NI 21r9 N~ • NO~ l~a9 i14~ 20.9 a21t Jilt 2040 alSt Jal' 
HE J,7' NH I NO~ Il2i 2~4~ 20S9 J219 42a9 IOQO lOS9 4219 
NE laG NN • HOD il9 J9 J. al a219 IQJ9 Iml. laaa 
ftYIMA'lON u, '.u&al'~ 'NTIGRATION HA. aElU DONI 'OR ILl"' '10 
Ni III~ N~ • NOO 1219 Iii' IBJI leil iil9 ilJ. iOSI 2121 
NI al60 N~ t NOD iil9 l~J9 aaS.·iSii J219 2aS9 aas. aaaa 
NI 1180 Nt~ a NO~ 1219 il19 2Sl1 aaal ail' ilS9 aas. 2aal 
NI III NN 8 NCO 4 iot il9 il laS4 laS9 aaa, ,aal 
r!T1H"JQ~ &F GAUSSIAN INt"RA'IDN HAO BIIN DONi 'OR ILIM. II' 
~E 1161 ~u i NO~ 10a~ lii9 lil9 aaaa iaSQ 22Q9 ilil9 aoal 
HE ase: N~ • NOD 1314 i209 2al9 asal ilQ~4 lae9 J219 zeil 
NE 11'1 NN • ~on lija~ lila9 1119 aeaa ala. 42a9 0119 le21 
Nt. IU Nil & NOD 0 iill 2U au 10'" 'U6 Uti IUs 
Elil~A'ICH Of GA~C~:.N IHTiG~ATJON HAl BEEN DONE 'OR E~EM' lea 
NE ll.a N~ 8 UOD 100~ laaa ,ale 12~. aae. i2as iila 2asu 
NE .al N~ I MOO • 2.8 all aa~ laC6 '148 121a sala 
~SflMA'!Oij 0' QAU~SIAN rNT'G~A'IOH HAi SEEN DONE ,OR ILEM. 101 
NE 11SJ NH I NOD 'DO~ 1241 1238 lii~ aae, i240 ilill ai~O 
NE I.a HU a NCO • a_a 2S8 148 ,aa. 'a,a la5P al4s 
E£'I~ATIO" 0' GA~SeJ'" INri'NA'IQN HA. BEEN ~ONI 'OR EL£H. ,.4 
HE 11.0 NPI a NOO 10~. 12,9 1250 1141 aaa.·aa., a2S1 2249 
N! la' ~~ • NOD • i'~ Ir9 a.e aaa. la.e liro 116D 
ES'IM"ION OF G4USSXAN IN"G~A'JQN ~Aa BIEN DONE ,OA fLIM. lal 
~E 1115 NN • ~nn IO~b liia "'" la,. '0" 221' 2ara 226a 
N[ 'Il' 'lll 8 ~OD 259 2U I i!5 U59 un UII IUS 
ES'IHj'ln~ Jr GAUSSIAU INfEGA4'ION HA. BIEN DONE 'OR ELt"' S'l 
NE liar Nt! e NOD laS9 12" 1811 ,las 2259 2269 20elaD2S 
NE l'lU Nil S NOi) 22SQ 2269 2BI!I8 IU' san JaU nil aus 
Nf 118' HH • NOD 325' 12" alOI 2125 4259 .2.9 2aae amas 
NE 18b NN • NOD 2r9 289 a 2,9 lir9 1219 ,eol ,2.9 
ESYIM'f!O~ 0' CAUS.IAN IN"GA"ION HAS IliN oa~E ,OA ILl"' ,., 
NE I' •• NN • NOD 1219 12a9 lae. 11,9 22" 2209 aaal 1269 
NE 21e, N~ • NOD 2a79 2219 amaa 22,9 la79 sal9 2aaa Sa.9 
Nf 1186 NN e NCO 5279 ]2S9 aeao 12,9 4279 Aa.9 aaoe 4a.9 
NE IA8 NN I ~CO 219 249 259 as 1219 1249 1159 laas 
Et~t"l'ICN 0' GAUsSIAN INtEQA4TION HAl eEEN DONI 'OR ILIH~ lei 
NE uu till • NOt' un &aU I2S9 1825 2219 2249 2U9 au! 
HE 21 •• ~/I • NOD 22J9 2249 2259 ,a2S 1239 J24' S25' al2S 
NE 1'" HN • NOO 3259 1249 liS9 ala5 42J9 4249 4aS9 2025 

TItth I$tiU142 



  

        

              

  

APPENDIX 1.4: PROG3-0UTPUT 

Simulated potentials with zero flow (condition before breach) through 
dome breach (node 4274, 5274, 4275, and 5275 define hole of 15.8 feet wide and 
31.6 feet high). 

1.55 
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APPENDIX 1.5: PROG3-0UTPUT 

Simulated potentials with injected flow of 10,000, 2500, 3200, and 
700 ft3/day, respectively, at node 4274,5274, 4278, and 5278, which gave 
50 ft additional head at the dome breach. The total flow of 16,400 ft3/day 
was increased arbitrarily by a safety factor of 1.5 and rounded to arrive at 
flow rate of 24,000 ft3/day. 
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APPENDIX 1.6: PROG1-OUTPUT 

Hydraulic properties, nodal coordinates, held boundary conditions, 
element details and summary regarding total number of nodes, elements, boundary 
nodes for determining flow after salt dome collapse. 
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,. 

1.114 

. . \ 

0,9 

.U"'." eSi59.rJ 
Gtl""".a 
-I "g'lIil 
-Sn'IJ,3 
e,74QJ,a 

a.a 
."Ja.B 

.aS09.:I 

a.B 
esaa,a 

.au~a.1I 

• 
11&,3 
'101.3 
116.3 
116.l IU,.' 11',." 
116,3 

la1,3 
la7.3 
1'1'1.3 



 

 
 

 

 
 

  

 

 

 

 
 

 

 

 

 

 

  

 

.. .. ... 
le33 211 6230Q,1 906,7 Ofe tt'.' tesa 12Ts 62309,7 ~S6," -100,0 11'.7 
1035 fe" 623,,9,1 ~Sor7 5130",0 ",.T 
1£]36 32Tt 62309.7 ~r.&,1 .. 5D0,0 11'.' le:51 4;2TI t2309,' 9S6.7 eJec,s It',T 
1'138 521, &2Se9," ~S(,t7 .10U0,e U',' 11339 6271 62109,1 ~$6.1 -13"",S lU',' 

, leQe 127' 62se9." ~56.f 1116T0.0 It'.' HUll 8211 62se~.7 95&," w1100,e lIl.' 

le42 212 6:5695,5 1530,7 c.e 116,3 
leQI 12T2 63695,5 1530,1 wI00.13 116,3 
te4" 227e . 63695,5 l!i~O.l w300." 116,' 
leoS S2'2 63695.5 1530.7 w5Dc.e 116.S 
11346 4212 63695.5 ts:se., .10D.0 lU.,! 
leef S2T2 63695,5 15se • ., wU300," llf~.S 
10e8 6212 8J~j'i5, 5 15S0," c1300.e lif>,3 
Ulll9 T£T2 E3695,S 153O,' 1116113,0 It6,! 
lese 6212 63695,5 15se,7 -1'D0." 116,! 

te!t eTJ eQ61~.4 191:;.4 e,e tiS,' 
~ 

11352 12T, 6461 9 ,11 1913,4 ele".e 115 1 0 
I 1053 . 227S 6461 9,4 1913.4 w300,O liS," 

1054 127S 64619,' 1913." .50"," 115,4 
l"SS GeTS 64619,4 1915,4 -'''e,e 115,4 
le56 S2TS 64&19,4 t~IS.4 .Ul~",e 115,4 
leS1 621S 84&1 9,4 1915.4 elsee," 115,' 
leS8 127S 6461 9," 1913." -16'15,15 115,4 
lel9 leTS 8461 9." 191!.4 IIt'''e,e 115,4 

10613 214 84181,1 1960,4 ",e 115,2 
le61 1214 64161.S lQsa., -lee," ltS,2 
1062 2214 84781.1 1980,4 eS0e,e S15.c 
106:5 32T4 84"3'1.1 1900,4 .S00,0 115,2 
1064 "214 84781,1 1980.4 -10e,0 115.2 
1065 527' 84181.1 1gec l a .U!J0e,0 115.2 
1066 6214 84161,1 1960,4 -1300,0 115,2 
1061 T214 84T&I.1 1980,'1 -1610," 115.2 
1068 6214 84T81.1 1ge0,4 -11ee.e l1S,2 

1.115 



     
     
     

     
     
     
     

     
     

     
      
     

     
     
     

     
      

     
     

     
     

     
     
     

     
     
     

1969 
U17i 
IBTI 
",12 
1a13 
uno 
sa75 

1'116 
la77 
",7S i 

UI7' 
las" 

,a81 
lasa 
la83. 
UI84 
lass 

"J86 
1087 
10S8 
1989 

1090 
Ul9S 
1992 

1"93 
1094 
1095 

• 

a?s 
Sa7! 
227! 
321'5 
a27! 
s2?5 
627! 

a76 
la16 
a276 
3276 
4276 

211 
sa71 
2277 
l277 
4277 

27& 
1278 
2278 
3273 

279 
1279 
ai79 

2sa 
liBQI 
22sa 

84899,4 
848SB,4, 
a49sa,4 
348''',4 8455a,4 
54858,4 
14859,4 

86467.a 
86467.a 
1646'7,a 
86467,2 
86467,2 

88314.9 
88314.9 
88314,9 
88314.9 

1alua,a 
'JaBIE1,a 
9a~1l0.4 

966i9.8 
96629.8 
96629,8 

2009,1 
a909,1 
2009,1 
a"09,1 
201119,1 
2GUJ9.1 
29"9,1 

2678,8 
2678,5 
2678.8 
26'&.& 
2678.a 

3444.1 
3444.1 
3444.S 
3444,1 

4974.9 
4914.9 
4974.9 

6asa,3 
6888.3 
&888.3 

L116 

• 
ala 

.la",a 
el3!O,a 
wl.aa,a 
wU,"',9 
w17aa." 
w174a,9 

a.! 
wlaa.a 

-12S0,a 
-u.a",a 
w21a0,I, 

a.a, 
w,taa.a 

e12sa.a 
-16ila.a 
ealaa,a 

.... - --. 

a.a 
-s"a." 

ela99," 
walaa,0 

Bi" 
.11/)9." 

-aI0".0 

0.0 
-100.0 

-215:10." 

IIS',a 
liSta 
'I5.a 
11S,3 
115,2 
IIS,a ,,!S',a 

113,! 
113,5 
113.5 
113,5 
Ill,S 

111,7 
111,1 
'U,7 
111.7 

'fiJ8,a' 
S0D,a 
10B.! 

U13,4 
1~3.4 
103.4 

'. 

-



 

 

 

 

 

 

 

  

 

 

 

   

 

   

 

 

• • 
t.,fit! 281 S2Sem,e 'l', II <e,e 11' ,S 
seQ1 1!81 62500." e,a .U)0.0 SIT,S 
U~Q8 2261 A2500.0 e.e .s"0.e UT,S 
leqca S28t 62SDe.e t,e .see,e ItT,S 
llee '2&t 82500.0 e,e - .. ,ee,e 11f.S 
ttel seet 62seD.e e.t' -to"".e 11 7,5 
ue2 62et 82se0,0 e,e -lsea,e 117,5 
tl03 'JI!61 &2500,0 etB -1,'e.0 tlY,S 
lteC S281 62500,e e,1 alT"e,e liT,S 

III'S 202 640ee,0 e,e e,e St',El 
lle6 128! 8GBee,1I 0,e .,ee,6 116,e 
11"f 22e2 6GeSe," e," eJee," 116.e 
lUJ8 le6! BGSee.e II." .S"",0 t16,0 
'109 G2S2 BGaee," e,e .Te",e 116,e 
lite seS2 64se0," e.e e'''''0,e 116.6 
1111 6282 6Geee." e,e -lsee,e 1l6,O 
1112 7282 80000." e,e "161e,e U6,0 
1113 626! 6Geee,e e,e el1em." lt6,e 

lS14 2es eseee." e,1! D,e U5,e 
11t5 teos 85e00,0 £I," elee,e t15,0 
tll6 228! 658150,0 e,e .3me,S llS,e 
lltT 1283 851'00,0 rIl,e esee,e 11S,e 
1118 4263 85~"H'),e ".e .7ee,0 llS,e 
Itt' se8S eSfJ00,e a.e .,0013.0 '1S,e 
1120 628! 650fJ0." e,e elJee,0 11S,e 
1121 726S e5eee.0 ece -167e.e llS,e 
t122 &2a5 eseee." ",e e,f"e,e US,e 

112S 2B4 851f5.0 o.o e,e 114,8 
1124 1284 8517S." e.e .10e,e U4,6 
1125 2e8A 85175,0 e," e!ee,e 11C.8 
1126 se84 aS17S,0 0.0 .501',0 11 4 ,6 
112T 4284 e5"S.0 ate .7ee." 114.6 
1128 5284 eSt15," 0,0 -U!l0C,0 114,6 
1129 6284 85175,21 e,a -13~e.e 11",6 
lise 7284 eSl1S." e,e -lbla.e lI",8 
USI 82e4 8511S,e e,e -lTee,0 114,6 

1.117 



 

 

 

 

 

 

 

 

   
   

      

.. .. 
. -
<~ .. 

1132 
1133 
1134 
1135 
t13~ 
1137 
ls38 

1139 
1149 
lS41l 
lloa 
1143 

1144 
1145 
11461 
1147 
1148 

It49 
11911 
1151 
11S2 

S1S3 
1i.54 
SI55 

1156 
11S1 
1158 

289 
1259 
2289 
32S! 
4289 
5289 
6a89 

286 
128& 
2286 
328& 
4aa& 

287 
laS7 
2287 
]281 
4281 

ae8 
12S8 
2288 
lass 

al9 
128" 
228" 

291J 
la9~ 
aa'9 

89299," 
85299.a 
3529B.a 
8525a.1 
89259.9 
852sa,0 
85aS0,0 

87a""." 
17a0B." 
170S9,a 
a70""." 57111,a 

899"",9 
39all.9 
89aa",9 
89Qhll1, II 

930"9,a .. 
930""." 
930a"," 

98~1I".a 
'1811"".8 
98a""." 

TOTAL NOD!S IN SYIT!M. 
NUMB!R 0' SUR'ACI NODIS 

ala 
". iI· a,a 
a," 
0.a 
I," 
a.a 

0,9 
ra,' 
a." 
a.a 
".a 

".e a," 
a." a.a 

ala 
a,a 
a." 

a.0 
-UUJ." 

wI350." 
aS6""." 
-1&70.0 
wl7ara,a 
.1141.a 

a.a 
.·saa,a -sas"_,, 

wI6a"." 
w2111,a 

a.1 
.,1 a" "" -saS9." 

-16I1a.a 
waUla,a 

!J,a 
.UH1.11 

wla5"." .au,,,.,, 

a,I 
.U"'. I 

w21S9.9 

a," 
wlB"." .cuaa," 

"AXIMUM NUMBER ASSIGNED TD THI SUR'ACI NODI 

1.118 

114,a 
tlA.a 
114,3 
114,a 
St4,a 
114,a 
114.1 

113.1 
113,a 
11l,a 
113,a 
Ill," 

lll.a 
UI,a 
lSl,a 
Ill," 

la.,.1 
1')1.0 
UJ1.a 

u,a,B 
102.9 
'0a,a 

1lS8 
aB·S' 
290 

-, 

-. 



        

               
               
               
               
               

               
               
               
               
               
               
               
               
               
               
               
               
                
               
               
               
               
               
               
    

                   
                 
                 
                 
                 
                  
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 

•.. -......••.........•.. ~ .. -... -... -•• -.. ~.-....••..•• ~···--········.··_.·····.·-··.··········1·~~ ••• ~ •••••• ~.~.~~ ••• ~. 
TOTAL NUMBER OF NODES "ITH PR!SCRIB~D HlAD 8,C,AAf~ " .P_ .. ~ ................ ~ ........... _ .................... · .............. _ ........ ~ ........... ·· .... w-•• _ •••• ~ • •• - ••••••• _ 

HODU I HUh 2811,118 NODU 11181 HUDII 21111,lIa NODU UBI H!!ADlI UII,ElII NODU .1 HUD! 2ee,ae 
NODU 11121 HUD .. 211J1I,all HODU !fila HUO. 11111,1111 NDDU 41 H!AD, IIICI,IID NODU aUI HUD" ue,ee 
NODU 21141 HUO_ 2118,IIEI MODU U HUD .. 21111, "" NODU U6I H!AO. 18E1,811 NODU 1861 HUO, ,,",ee 
NODU 81 HUD .. eell,II" NUDU 'Ieel HUD" 21111,ee HODEl leu H!AOt 211111,lIe NODU tel HUO, ne,ee 
NODU 11111 HUDII 1f1l',1111 HDDU 21l1li HUO. UII,ee NODU III HEAD! II", ell NOOU lUI HUO, 2811 ,lie 
NOOU aUI HUO- 21111.ElIi NODU .. I HUO- ..,II.le NDDU "41 H~AD' aee ,lie NOOEt 2&41 HUo, ulI.ee 
NODEI 161 H!AP_ lee."e Noon 116t HUO. lee.ee HODU 'U' HeADi IIII1,e" HODel UI H!Ao" JIIe,lID 
NOOU 1181 H!AD. Z8e,e, Noon lUll HUOI eall.G18 Nonu II! H~AD. U,ee NOOU Ulta HUo, u,ee 
NODU un HUD- '",ell HOOU 4e HeAD. u.ee NOOU Ie'" H!AO, UI,ee NOOU lue HUD' '8,ell 
NOOU 611 HUO. I",DD Noon 111611 HUD' ,".ee NODU U6IJ H!Ao, U,III HOOU 81!1 HUD .. UI."" NOOU leea HfAO" tII.1UI NOOU UIII HeAD" 111.118 NODEt UII HEAD, Ie,'''' HODU 111111 HUo, U,ee 
HOD!I lUel! HUD. 1".8e Monu 1111 HUOIII u.ell NOOEI lUll H!ADt ID.ee HODEl Il2e HUD" ''',all' 
HOD!' ue HUO- se,1UI NDDEI 1148 H!AO' U.III NODEt ItU H!AD. 111,1111 HODEl UL'I HUO. lII.e" .. 
NOD!' Il6e HUo. u.ell NOOU 1168 HUO" lII,ee HODU ue H!AOI U~D" "ODU 1188 HUo" le,e8, 
"ODU Iue HIAO, IB,III11 NOOU UII H!AO', U.IIB NODU Ulle HaAOt u,ea Noon leDe HUDI ",.ee 
NOOU • HUh IU.BII NODEI aea HUO, I fII. "e Noon 208 H!AOI! In,lIe NOOU an HUoll UII.ee 
tlODU 1114 HUOII ne.lle NUOU III H!AD" I",,,e NODIt I" HIADt "e,1I1I NODU IU HUDI UD,.,I 
HOD!' 114 H!AO" ne,e" HOOIt eal HUD' UlI,ea NOOU III H!AD. ",",88 NODU 213 HUO. ue.ee 
NOD!' 1!4 HUDII ,18.1111 NOOU .,1 HUD" I fII, 118 NOOU .,2 HEAD" In,ee NODU an H!AOt UD,ee 
NOD!!' n4 H!lO_ lu.ell NOOIt 141 HUD" In,ell NOOU I., H!ADI I'" .lIe HOOet 143 "!AD' an,,,e 
NODU 244 HUD, IU.lle NOOU lSI H!AO' l1e.8' NOOU IU "!AOI I n.1I1I NODe. I!5S HUD, UD,IIII . 
NOOel ", H!!AD, I u.lle HODU 261 H,AD' IU,ea NODU 261 H~AD' a n.811 NOOtt 161 H!AD. UI""I ...... NOOU 164 HUO_ lTe,e' NODU 2U HIAOI 1711.18 HOOU Inl HtAO" lTe,IID "DOlt IU HeAD. In,ee . ..... NOD!' n. HUD" ,n.ee Noon III HtAD' UII.18 NODIt III H!AD, I fI,lIl NOOIt au HUDw "I,e. ..... NODU 184 HU~ lu."e NOOU 1.0 

.~._ ••• _ •••••• _ •••••• 4._W~ •••••••••••• _~~~ •••• _ •••••••••• ~ •• ~w~~.~ •••• ~ ••••••••••••••• ~~ ••• ~.~ ••••• w.~ ••••••••••••••••• 

ELf" •• , ORDERON! "AU I TOUI. Noon CORNU Noon T n It • I leY 'Ulf In6 leet 
!L!H', 2 Ol'O!AON! HAU • TOTAL HOOU CORN!,. Noon " 4f 'II 26 Ie" ,eoU 1146 ,e26 
!LfH'. 5 ORD!RON! ''!AU I TOTAL NODES CORN!R NOOU 41 U U 46 Ielf IBn ae .. •••• EUH'. 4 ORO!"ON! "AU I TOUL HODII CORN!R NOOII .., 81 86 66 1867 "If 11'16 II" 
EU"', ! ORD!RD .. ! HAU I TOUL HODU CORN!R NDDU 81' III? U6 16 a 1181' IIDl' "n 11116 
!L!"'. 6 OROERON! HAU t fOUL HDOU COltH!R NOPU lilT 121' ." aet "1117' IUT' ".6 ,,116 
eLf"'. l' ORO!RON! HAU , TOTA'" NODES CORN!" NOOU ·111 • lIT au U6 ".,. 114' "16 til' 
!!L!H', 8 ORn!RON! HAT' , TOTAL Noon CORN!R NODU 147 161' I" I'" "'" 1161' 1166 .ut 
ELf"', • ORD!ROH! MAT' • TOUL NDOU CORNU HODfS I., liT 186 166 lin IUT U86 'U66 
fL!H', Ie ORD!"oH! HU' I TOUL NODes CORNeR HODes " 16' n , aee. 1826 au!S lees 
!L!"', " OROUON! MAU I TOTAL NoDU CORfI!R NODU 16 46 41 IS ICl6 III" Ian 1.2S 
fL!H'. n ORD!RON~ "AT' I TOUL NOO~8 CORNU NOOU U 66 " .S Ie 46 I." I"" &e1S 
!Le",. u ORO!RON! MATI I TOTAL NODEI CORN!R Noon 6(1 86 IS " 1866 len 188! 1"65 
ELfH', 14 ORD!"ON! HATe • tOTAL Noon CORN!" HDon 16 116 US 85 UII6 UII6 au, a 15 I!! 
I!L!"', I! ORo!"nN! HATO a TOTAL Noon COftN!" NOoea let I" au UI "'" 1116 au, lUI! 
!UH', 16 ORD!"DM! "AU , TOTA'" Noon CDRN!R NODU ,U 14' I" U! "16 U" UI! lin 
!UH'. n ORO!RaN! MAU I TOUL NODU CORN!R Noon 146 a66 us 145 " .. U66 un u.S 
!L!H'. IS OROeRON! HAU I TOUL HOOU CORNER NOOU 166 18& II! US "66 1186 , .. , 1165 
EL!"', S9 ORO!RaN! HATI • TOTAL NDOEI CORN!R NODU S as 24 • leI!! lees leu leu 
!L!"', 1!0 OROeRON! "AJ' a TOTAL Noon CORNU Noon IS .. .4 U un "US ,eu leu 
!L£H'. 2a ORD!AO"! HAU I TOUL NODU CORN!R Noon ., 6S 64 4. IU! 1169 leU leu 
EL!H'. 22 ORD!RaN! HAT' t TOTAL HOD!S CORN!" HOOU n I! 84 64 le6! I I lUI IflU 11164 



 

 

   
 

   

  
  
  
  

  
  

  
  
  
  
  

  
  
  
  
  

  
  
  
  
  

  
  
  
  
  
  

  
  
  
  

  
  

  
  
  

  
  
  
  
  

  
  
  
  

  
  
  
  
  
  
  

  
  
  
  
  
  
  
    
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 

 

 

 

 

 

 

 
 
 
 

 
   
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
  
 
 

 
 
 

  
 
 

 
 
 

 

 
 
 

'.".' ~ .!t7,: ~I,i. 

IUH'~ II OMPIRONI HU' , 'OUL NOOn i CORNiA NOOII 15 ,,,. Ull 14 '"I Uil "1lI4 '1114 
EUH', II oaOIliiONI HU' , TOTAL Noon I CORNIA Noon 'el UI 1111 "'4 lUll IUS IU' 1114 
ILEH., II OAonoNI HlU , TOT'L NOOU • CORNIA NODII US U, 141 UI lUI lUI IIU II ill 
ILlH., if!, ORaiAONI HAU I faTAL NODII '·COANla Noon 145 16. , .. 141 un '16' Il61 '144 
IL£H', a7 OMPIRONI HA" , 'OUI. NOOII • COiNIA Noon ... 101 114 ... U6I 116. "" .. .. 
ELlH', U OiOaRONI MAU I TOTAL Noon I COANIR NOOII 4 14 as I 1114 lU4 l'aI I"". 
ILlM',' it OAOlRONi HAU I fOTAI. NODII .. CORNIA NOOII 14 44 as II 1114 Ul44 lilil IliI 
IUH', llil DiDIRONi HU' I TOTAL NOOII • CORNIA Noon it u 6J 4J 111411 ",U Ian 114. 
EUK', II OADIRON' MAU I fOUL NOOII o CORNIA· NOOel I, .. 14 II ., USU '1"" ". I'U" 1.61 
(LIM', sa OROIAONi M4f' I 'OUL NOD II o CORNII NODI' •• 1114 III .. 1161 III II"S IllS 
ILlM', n DROnGHI HU' I TO'AL NODU • COINII NO 011 Ul4 114 UI Itl UI. llae lUI ,,,'I 
ELlH., 14 OiDIRONI HA" I TO'AL NDDII o CORNU NOD II &a4 UI '41 UI IU' .U' . lUI lUI 
EUH'. II OADIAONi HAU • TOTAL Noon o CORNIN NODII '41 16' ; 161 UI ,&141 U" U61 lUI 
ELIH'. Itt OiOIRONI . MAU , 'O'AL,NOOII I CORUIa NDDU au U4 UI ItlS' I'U UIA lUI U.I 
tUH •• If OROUON, HAT. • Tg'AL Noon 8 CQIlNIA NOOEI I U' .a a "II leal naa ua. 
IUH', 16 QiOIRQNI HAU • fa"" Noon I COIiNiR NOD" iI 41 U Ii uas ,'U llGa lail 
IlIN'. J9 OROUONi 144ft I 'OTAL Noon I CORNaR Noon as .. u II 1"41 U61 seu '''U ILiH'. 111 OROUONl HAU I fO'AL Noon • CORNIA NOOIt 6J II Ii 6a leu lUI "'01 lau 
fUH'. 41 QilOlAo'~1 HAT. I fOUL NO~ II • CQIINIR NOOil II .n . ",a aa aUI .UI lUI "'" IUM'. n OIiOIRON' HUiI I TO'AL NOOII • CQRNIA NODII III III na laa lIal llal lua Ilia 
EUH'. u QROiRONE HAU • 'OTAL NODII • CORNaM NDDII u. an 141 &aa lUI IUS. ... a Ilia 
EUH', til ONOINON' HU. I TOTAL NOOII CORNaR NOOEI au 161 .61 14a 111$ lin lin un 
ELIH •• 45 ORDIRONi ItAU I '0"1. NOD II CORNU NODII ,U UI III IU .... 'UI ,ua Ufi • 
EUH'. U ORDER ON' H,U I 'OUL NOOII CORNU NOD" a ia aa I Ilaa lua 1121 Iial 
ILEH', 4J OHDIRON' HAU • 'O'AL NOOel CORNU NODce Ii! 4i .1 al lua lUi IIU leal ...... ILEH •• 41 DRDIHON' HU. I 'OUL NOOII CORNIA NODII 4i U .. •• 11141 llU I"" 1841 . ..... ELlH •• 49 ORGIRON' HU. • fOUL NOOII CORNIA NODII U Ii .1 .. lua llOa 118a 11161 

N IUH •• sa DADUONI HAU I TOUL Noon CORNIi NODU •• IU 1141 01 Ilia aua lUI 1111 0 
ELEH'. •• OROIAONi MU. a ,orAL NOOII CORNIR NOOII aii IU laa UI lua 1121 Iua .,," ILEH'. n ONDIRONI! HAT' I TO'AL NOD II CORNU Noon ua 141 14. III 1121 al4I ,UI alii 
11.114', n ORDIAaN. HU' I TOTAL Noon CORNIA NOOII .41 au .. I 141 .U. IU. 1 .. 1 . ... 
EUH., 54 QROIRDNI HAU I TOUL NOOII CORNIA NOD II UI IU lIa "I un lua au. lI'a 
ilfM'. 55 OIlOEAONI KU' I rO'AL NOOIl CDRNIA NODIa it " UI .. aall lI1a I.,. aa58 
ILlH'. III ORoeRONI HAf. I rorAL Noon CORNIR Noon " •• 9a JIll un . 11iI91 '.9S 114'14 
ELlM', n ORPIAGNi MAU I TaTAL HOD II CORNIR Noon 9a ... UI " .... 1111 U.e a 119" 
ILlM., 16 ORO iliON' 141ft I TOUI. NQOU CORNU NOD It IU IU Uo III &lU lUI aua un 
IUH'. 59 OROUaN' HAU I ToTAL Noon CORNIA NODii lSI III 1114 I iii 'UI lU' .... I"" ELlM', '" ONOIAON' HAT' I TOUI. NOOII CORNU NODII III ". Ifil nil .UI Inl Un ,UI 
ILlM', •• OIiGliOH, HU. I TO"L NOOII CORNIR Noon au a91 u. 1111 ana 119. '19' ."a 
EUH'. n OROIIiONI HAU I TOUL Noon II CORNIA NOOII sa fI •• " I !DIll UTI 116' 1"49 
ILlH'. n OROUONI HU' • TOTAL NOOIa o CORNIA Noon n 911 It ,. ""II letl a"" III" ILl"'. U OROIAON' HAU I TOT AI. NOOIi • COilNI. NOD II " "II lit 19 11911 'UII nat lin 
ELIH', n OROUON, HU, I TOUI. NOOII • CORNU NODII ue lSI li9 UI' lUll lUI uat aU9 
ILEH •• " ORDIRON' HU' .• TOTAL Noon I CORNIA Noon na nil '49 lit lUll IUIII 1149 lIi9 
ELEM', " ORDERONI HU, I TO"L Noon • CORNU NO 011 till IT' I" '"~ USII un un "" ELIH •• 61 OROIRO.4' .. AU I fOTAL NOOEI I CORNiA Noon In Itll tI. UI .UII U,,, III. U". 
II.IMI. 69 OIiOiRDNi HAU a TDrAL NOOel • coaNU NOD II .. " .. III &en Un 1m .. .... 
ILEH'. '" OROlAON' HAU , TOTAL NOOII • CORNU NOOIl •• at II •• ,au lilt "61 Ulta 
'UK •• " OROIIiON' HAU I TO'AL NOOEI • CDRNIA NODII .t In UI II lau ""I lUI U" E!.EH •• ra ORDUONI HAU • TOTAL Noon I CORNIA NOOII . ." &19 aa. all 1119 IU' IU' u". IUH •• n ORO'RDNi HU. , fOTAL Noon I CORNIA NDon UI u. . .. UI .. at lU9 u .. &Iii 
ELEM'. n OADiAONI NU. I TO'AL NOOII " CORNIA NDDII ,at a •• a .. a •• un u., lUI au. 
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!UM'. " ORO!RON! MAU , TOTAL HODU :, CORNIA NOOIS 169 In". U8 u. 1169 1189 II" 1168 
fLEM'. f6 ORDIRON! "AU I TOUL. Hoon IS CORN!R HDon u 68 61' U 1114' le68 11161 .II'T 
!LfH'. n ORDtRDN! HAU I TOTAL NODES 8 CDRN!R NDDU . 611 ell, lit 6T 11168 sees I"n "'6T 

. ELfM'. .715 ORDERON! MAU I TOT A" hoon e CORNU HODU 88 le8 ' .ar If nea lUI "'" Illn 
n!H'. " OROEROH! "AU I TOUL NODes CORNIR NDOII ua 118 IIr IfJr un IUa un IUT 
IL!M'. a8 OIlOfROH! HAU I TOTAL HODti CORHER Noon nil .. a . .., .. T lue II lIS 'UT 112T 
IUM'. 81 OfltO!ftON! . HA" I TOTAL NoDes CORN!R HODU ,01 '61 161 .-T 1118 1168 un ... ., 

. !LEH'. ee OfitOEROH! "AU I TOTAL NODU CORN!R Hoots "I 181 U' ,., . 1168 UU 1181' 1161 
ILEM'. as OfltD!ROH! "AU I TOTAL Noon CORNER NODIS " .1 19 " U'8 leur len .e,9 
II.!"'. .. OROnON! HAT. I TOTA" HODU CORN!A NOOU u 6e !9 J9 , ''''8 "'611 In. '"'' rL!H'. " OROERON! MAU " I TOUL NOOU CORN!R tJOD!I 68 ee " !9 ..,." uaD len U" 
fU .... 16 ORDEIION! " "AU I TOTAL Hoon CORNER NOOU Ie lee· " " leea lUll U'9 len 
ILIM'. n ORUROH! "AU a TOT AL NOOU . CORNU NOOU ue . '28 II' " I",,, 112& III' I"" 
ELl"'. ee OROUONt: "AU I TOUL NODU CORNIR NOOU Uta '08 .,. : 119 lUI 110" un 1119 
EL!"'. 8' ORDUUN! HAU I TOTAL Noon CORN!R Honn lat 1611 I!I' IS' lue lUI "" un 
EL!"'. .e ORDERON! MAU • TOUL HOOfS e CORN!R Noon l6e . .08 In 159 IUD lue un 1159 
!LfH', ., OftO!RON! "ATI I TOUL Nooea e CO"N~R Noon UD lUI .,. 17. 118" lUll 1199 111'9 
fl.!"'. tI ORDER ON! HAU , TOTAL NOOU , CORNER Hoon It Jt III II III •• len "un !CIIS 
EL!"'. n ORn!ROH! HAU I TOUL NODU e CORNU NODU It " sa 58 ",n III!' I"SS ,en 
fl.!"'. u " ORD!RON! HAU . I TOUL NODU II CORN!R NODU " l' 1'1 sa In. ..,n 11171 .851 
EL!"'. 9! OROERDN! HAU "s TOTAL NOOU e CORN!R tlOOU " .. 91 " un ,e99 I 119 a un 
!L!I1'. 96· OROERON! HAU "" I TOUL NOOU • CORNER· HOOU •• ··-1 .. ··111· .. . Ill" "" uu· ,,,. 
fLE"'. " ORDERON! "AU I TOTAL Hoon a CORN!R NOOU "' 139 131 IU lit' au. un lin 
fL!H'. te OROUON! MAU I TOUI. NOOU " CORN!R NODU I" an 151 138 "" ",. IISS IlJa 
eL!M'. 99 OROUDN! "AU • TOTAL HODES e CORN!R HODU ,n '" "118 lSI In' "" lIT" lUI - EL!"'. "'" ORDEN ON! ,.AU I TOTAL HOOlli CORN!R NODU ". an 198 IU It" It" "'0 un . ..... ELEH'. 181 ORO!RON! "AU I TOTAL HOOU eDitH!,. HDon IS II " If III' lUI sen Illn 

N IL!"'. lea ORDER ON! "AU I TOUI. NOOU CORH!R Hnon Ie !Se !7 " UII un len ,D,., ..... fL!"'. In OROnON! "AU I fDUL Moen CORNU Noon Be fit " 57 usa Ie" letT In, 
e,,!",. 1114 OfltO!RON! "AT' I TOTAL NOOU eOR"!R "Don n 9S " 11 UTI un " 11191 IlIn" 
IL!"'. III! ORO!RON! "AT' I TOUL NOon CORH~R HDDU 98 In "' 9f • ."a u .. .. IT Ie" 
ELfH'. 1116 OROERON! HAU , TOUL HDDU CORHtIt Noon 118 111$ 111' ." Uls Ina un u" 
!U"'. I'" ORDER ON! MAU • TOTAL NOOU CORNU NOOEI us ns In UT Iua 11'11 U57 un 
fl.!"'. lee OROERO.'! "AU I TDTAL HODU CORN!R Noon Ule ua In 157 1158 I"a un U!T 
EL!"'. 1119 ORO!RON! "A" t TDUL NOOU CDRN!R NODU IT' .. a 191 In 1171 1&98 1191' un 
!t.!"'. ue OROERON! HAU • TOTAL Hoon CORH!R MODU If n 56 16 I"IT IUT leu 1"1' 
EL!"'. III OR('I!ROH! "ATI I TOUL HODU CORN!R NODU " " 56 " len U!5T an" "1156 
tl.EH'. IU ORn!RON! "AU I TOTAL NODU CORN!R NOOU " n 76 5' ..,,, ,err '''76 ."" EI.E"". In ORO!RON! "AU • TOUL NOO!8 CORN!R HDon " " .. J6 un III" le96 IIIU 
fl.!"', 114 ORDfRON! "AT' I TOTAL NDO!S CORN!R NOOU " lIT I" .. lin UIT .. .. un 
fL!"'. U! ORDERDN! "AU , TOUL NOOU COR"!R NODU '" ." 116 116 II" un "I' UU 

ELf"'. "6 OROERON! "U' I TOTAL Noon COftH!R NODfS '" ISf 156 116 lur II Sf aU6 IU6 
rl.!M'. In ORO!ROH! HAU , TOTAL NOOU CORN!R HODU 1ST .n If6 I" "" "" IIU 1156 
EL!"'. 118 OROERON! HATI , TOTAL NOOU CORN!R NODU If' .., 196 n. .. " un "'6 lin 
ELf"'. In OROUON! "AT, I TOUL Noon CORHEA HOOU ,. '6 I!I .S til 16 11116 I III !I 1"1' 
ELfH'." 12e OROERON! "AU I fOTAL NOOU CORHER NOOU J. !l6 " J! un ,eu 10" IU' 
fL!H'. UI ORb£RONE .. AU I TOTAL Noon CORfI£R NODU 56 76 " !I !I I"" '''16 un US! 
!LEH'. ,U OROERON! "U, I TOTAL Hoon CORN!R HODU " .6 " " un leU U'S I.,n 
ItI.!H', ,n ORn!RON! "'AU • TOTAL HODel COR"!R Hoon 96 116 '" " ID" 1116 un I"" 
ELf"'. ,,. ORO!RON! "AT' I TOUL HODU CORN!" NOD IS 116 I,. U, .. S 1116 IU6 113' .U! 
!L!H'. In ORD!RON! "'AU • TOTAL Hoon CORN!R HODEl IU 1!l6 I!S IS' U36 I Uti 1I!I!5 IUS 
!L!"'. 116 ORD!RON! "'AU I TOTAL NDDU CORN!,. NOOU t!6 In IU· IS! "" lin .IfS "" 
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1&.l"III. 111 ORDaRaNI ttAft I fOUL NOOII • CORNIR NODII if' au u. an "" "16' lUi un 
IUM'., III ORDiliONI HU' I tOU&. NOOII a COIlNIR. NCDII . " II II 11 '1'1 IISI leu· , ... 
IU"'. 119 OItDUOHI N," I fOUL NODIl I CORNIR NOOII II IS I. J4 IISI IISI US. laJIII 
IUH •• ala DRDiliONI HAU I fOT"&' Noon I COIINII NODII .. " u •• '"I .eu leu .. St 
ILlH'. UI ORDIRONI HU' I fO'A&. 1.10011 • CORNU NODII II .. •• fa 'I" .,iI la'4 It .. 
ILIH., ua OilDIAONi HU' I fDU" NOOII • COILNI. NOD,. " IU ... .. 1.'1 IUS· " .. lau ILl"'. 'IJJ ORDIADNI "u. a TOT"L. 1.10011 I CORNIR 1.10011 III US 'II Ul 'UI 'US U54 1"1 
ILiH.. no ORDiRDNI """ • TO' 'L '40011 • COllNl1 NOOU au I .. U. IU lUI "51 u .. an. 
IUH •• 115 OHOUONI HAY' • TO"L NOOII I CORNU NoDl1 III UI ,U III lUI a'" IIJ4 u •• 
IUH •• In OROUDN' M'" I fO"L NODII • CDIINIII NOD I In u. au IU 1171 U" 1194 UU 
11.114'. II' OROIRONI MU, , fOUL 1.10011 , COlmlN Noon u II JI' n ,IU ,U4 ,an IIU 
iLlH •• U' ORDCRONE HU. I ,g,,1. NOOII I CDAN'" 1.10011 III •• II .. liU leu lass IIIU 
ILlM •• 119 ORDIMONI HU. t 'DTAL NDDU • COiNl1 NODU sa 14 n II I"" ,,,. len 'USI 
ILIH_, lie GRDiliDHi NAf' I fOUl. NDOU o CDlINl1i NDOII U U is 'n'; IIna al94 'I" lUI 
iUM'. IU ORDUONI HAU a TOT"L NO~ II o COiNU NOOII ,. au IU 91 Ult4 u .. un ."e. IUN •• lOa DAOIIIDt'. HA" I TDULUOO,. • CORNIA NOc/1I IU 114 UI aU uu usa IUS un 
ILEM., 141 ORDIROHi HU. I TOUL Noon • GORNIA 1.10011 IU "4 UI u. IU4 U .. lUI IUS 
ILlH •• IU OHDIAQNE HAU I 'Of"L NOOII a CORNiR NODII '14 a,. In 1" Iua UU un un 
ILEH.. 145 OROIRONI "A" a fO'AL Noon • COIINIII Noon I" IU us US UU Ute un, un 
£LlH •• 146 OROUGH, HU' I fOT'&' NOOII , CORNII NoDIl as IS II U 'In '151 Ina ,,,U 
£UttI. 141 GIiDIAONa NU. I fDT'L NOD II o COANIA 1.10011 II 51 sa sa un llil ,ala ,ilia 
iLlH •• au OROIAONt "At. I tOUL NDOII 6 CORNIA NODII II n n .a ,all len "na 11111 
fUH •• 14. ONDIRONI MA'. I 'O'AL 1.10011 • CDRNIi NODII n u .. fa IUS UI9I ,an una 
IUH., Iii ORDIAQNI HAU I fOUL NOOII I CORNU Noon 91 IU ua ta aats un lUI uta 
iLlH •• UI OiOIRONI "A" I TOUL NOOII • CORNIII NOOII au In asl ". un IUS aua un 

...... ILIM., Iii DRDUONI HA" I TOUL NClon • CORNIA 1.10011 aSl nl usa IS. un lUI usa IU2 . 11.114'. US OR PiA ONE NU' I 'O'AL NO~ II 6 CORNIII Noon I" In In ua UIS un lUI II Ii ..... IUH., '14 ORO IN ON' HAf' , ,g"L HOOII • CORNER '~oon us us &9' u. un 1191 1191 IU' N 
N IU .. '. a55 ORDIRONI HU. , tOT'L 1.10011 • CORNili Noon aa sa II 1I U&I aua lall &iii II 

IU14'. 156 OIlDIRON, MAU I TO"L. Hoon • CORNIA 1.10011 sa sa II sa IISI I ilia la., lall 
ILlM •• "' ORDIRQN' HU' i 'OTAL NODII i COIINIII'NODU II n ", tI aala IIU 1171 UII 
IUH •• no ORDIADNI MAU a fOT4L NODII 6 CORNIi NOD II U 9J 91 ra lira ''lea la9' aau 
ILlH •• U9 OilOIAONI MU. I 'OT'L NO~ II I CORNIN Noon ta II. III 'I lat. 1111 I'" 1181 
IU14' ... , O"DiADNE NAU I TOUI. Noon • CORNU NODca au lIa lIi IU UII lua USI 1111 
aLEMiI. • •• QRDIRONI HAU I TOTAL NOOII • CORNIA Noon . u. III UI UI lua lUI "II lUI 
ILiH •• 162 ORDaRONI MAU I TOTAL Noon • COIINIR WODII I'; .. I 171 II' USI lin "JI lUI 
fLlH •• au ORDIRON' HU' I TO'AL 1.10011 • CORNiR NODII·'· " " "e ,·, ... 1' ; 'i7l1 IIU 'aUI""UI~' "u' 
ELIM'. IU gROIMON' , HI." I tOtAL NOOII I CORNIA UODII I.. al 'af. ~a .... lau uu 'If' ILEH'. an OROUONI HAT' I fOUL NDDII • COIINIA NOOII, a.I·- UI', an a uu sau ,an lin 
'UH'. I" OAOUO"E MAt. I TD'AL NOOII i CORNER NOOU III au 174 an 1111 III. 1174 un 
fLIM'. I" OMDIRONI HAU a 'OTAL NODU • CORNIA Noon 114 III an IU IU' 1111 IUS lau 
11.114.. '" OAOEAO"! HAft , fOUl. NODII i CORNIA Noon .81 II. '" In lUI .... II" 1.,5 
ELlM ... I'" OROERONI HAU I TO'AL Noon i CORNIA 1010011 I" . ., .n au IIU .. It I.n 1176 
ILEH'. UII OROIAOHI HA" I 'OT"L HODIS i CORN'" NOgU "' ... .,. ." lin lue I'" lin 
ILlM'. nl GROIAQN! HAT' I TOTAL NODII I CORNaR NO II ill .n In in 1111 aan &an IIU 
IUH •• na ORDIRONE HAT' I TOTAL NDOII • CORti.. Noon .09 .91 all art lilt 1191 UI. U19 
ELlH'. IU OROlAGNI MU' a TOUL NOOU a CORNIA Noon u, .n 1601 .'1 "" lafa u .. .. .. 
ELlM'. au ORDERONI HU' I TOTAL Noon i CORNU NODII In .n .u au u,. IIf' UU 1161 
ELlH'. US OROlRONI MU. , TOTAL Noon • CORNIA Noon an IU IU 161 un I'" 116' 1161 
ILlH'. In OROUGN! HA" a TOY AI. HODlI • CORNU 1.10011 ,70 an 168 a64 IIU IIfS '161 "" EUH •• In DAOlRD"'1 HU' I TOTAL Noon • CORNIR Noon u. I" a66 .61 un ,.16 "66 I." 
EUH'. In ORDIRONI HAT. I 'O'AL Noon i CORNIA 1010011 au . " au ., . II" un ,au ,.u 
ELlH'" an DRDIAONI MAU I TOUL NDDII • CORNIA NOOII ." I,. au an lin IU' U6l' 116, 
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ELf,..,. tel! ""DI!RDN! HAU I ToTAL NODES e COIU~!R HOD!! eu In !n 168 teU un 1269 un ELE,,, •• e. ORO!ROH! HAU· I TOUL Noon e CORN!" Noon en '8" e7l' 1ft. 1119 UeG ,,," ""., !L!H'. lSI ORO!RON! 1'1 AU I TOTAL NODES • COnN!R NOOU 161 I6t 2'2 !BI 1161 1162 12!! II!!II 
!L!H'. ,I" ORD!RDrf! "AU • TOTAL Hoon e eORN!n NODe! 162 In I!' !St 1261 12n II!!! I." !L!H'. Ifl. ORO!ROr~! "AU I TOUI. NaDU • COnH!n NOOU 16' 1611, n4 .n un 1161 12'4 II" I!L!H', Ill! ORO!ftON! "'AT' • TOUL NOOU It CORN!R "O"!II 2611 16, ass "4 U~" IU! II" US. 
I!L!"'. 1116 ORO!RON! "AU , ·TOUL HODU II CO"H~" Noon 16' 166 .,. 

US '26' 1266 . 1I!!6 US! 
ELf"". liT OAO!RONI! HAU I ToUL Noon 8 COnN!" MOOES 166 an .,T R!S6 1166 IUT II" IU" !LEH'. ue O"D!RDHf HAT' • TOTAL Noon a COFfN!R Noon 267 1&8 ", 25, U!61 .2&1 ,!Sit 1251 
EL!H'. 189 ORD!AON! HAU I TOUL Moou 8 COftH!" NOOU 168 2" 2" IS' un un U!I' u,e 
lL!H', .'" ORO!RoN! HAT' , TOTAL Noon 8 CO"NI!It HOOU 16' In "" ." un leTt 11611 u" EL!H'. "I ORO!R(tN! "'AT' , TOTAL NOOU e CO"N!R NODES "~I e'! 14! '4. usa 1152 124. lUI 
!L!H'. '192 ORD!lfON! HAU I TOTAL Noon e CORN!R Hoon 1!'2 UJ US !CII . un II!!! IU! lue 
EL!"', nJ ORD!RON! "AU , TOTAL NO DEI fI COR"!n Noon us I!" IIU 141 U55 II,. , 124" teU 
EL!H'. 1911 ORO!RON! HAU t TOTAL NDDU II CORN!" tIOO!S 254 '" 14' III' 1I!1I U!I' 114' II" !L!H'.19!5 OR"!RON! H_", I TOTAt. Noon e CORNER NaO!S 25' 1B6 e46 '"' In, 12'6 1146 ,24' 
!L!'" , • "6 ORO!ft""! HAU , TOUL Noon II CORN!R HODES !!6 I!T UT U6 U!!56 at" 124f U!4ft 
!LEH'. 191 "RD!"ON! "AU I TOTAL NDDU e CORN!R Noon '51 t!l I!U 14' 115' 12'8 '148 .,41 
I!L!H'. "It DRDUON! HATI I TOTAL Noon e conNER MOOU 1!!I8 .. '" u. US 12'" I'"~ I2U 1248 
EL!H', 1.9 ORD!"O"! HATI I 'fOUL HODEl 8 CORH!R HOD!! ", '68 1511 149 II" UMI I !!III un 
!L!H'. ntl ORO!ftON! HAU , TOT_I. NODU e COltNt" NOOes Ut IIII! ue I!, U'" lUI Inl! un 
!L!H'. "'I ORDERO"! ",-,at I TOTAL HODU e CORNtR NODes 2111 all' IS! 112 11112 aUI un lUI 
fL!Mf. rll2 a"OEIIION! HAn I TOUL NOOU e CORN!R NODES 145 ell" UII !!! U.' uu U" IU! 
!L!"'. 2I'JJ ORDUON! "AU , TOUL "DOn e CORN!R Hoon 244 Iq! II' 1311 IU" IU' un ,n_ 
!L!H'. !84 O"OEROti! HU' S TOUL HODee e COR~tR Nooee lit!! 14& I" 235 UU 1246 ust. 1255 - fUH'. 2ft!! ORO!RON! HAU S TOTAL Noon e CORNER NOOU 246 24' IS' n. un leaT un 12'6 . ELf",'. 28ft OflO!It"N! "AT' t TOUL Noon e CORN!" NOOU 241 148 us ISf l!Of IUD uu un ..... !LE"'. !!'" o lilt) !;ft ON! HAT' t TOTAL NOon e eOftN!R NOOtS U8 21\1) en 1!l8 U!4I! U4t un lUll N 

w fUH'. nit ORO!RON! "AU , TOUI. Noon e COR .. !" NOD!" 24. ,,,, U8 '!I, 124~ I!!U'J un JU9 
!U"". 2l'9 CROUON! "AU I TOlaL NOOn e CORNen Hoon UI ne U2 Us lUI IU! UI!! U!I 
ELf"". 21G OROf"ON! "'AU I TOTAL HOOf! e CDR"!!' HODes n! IU eu tal! lUI! lIS! lUI nl!! 
fUH'. 21' ORO!RON! HAU I TOTAL NOO!~ It CO,,"!" Noon en au 224 en un ,154 afU un 
Uf"'. 212 DRDUOH! HAU I TOTAL NOD!S S eORN!R NOOU nil U!J !It! 1111 uu tn, Ie!! uell 
!L!"'., 215 ORO!"ON! "aU I TOUL HOOU e eOA"!" "oaU U!! n6 rl!6 re, 125' U!6 1226 tI!!' 
tLEH'. !J II DRD!""N! HAT' t TOTAL NOOU (I COR,..!R HaDE! zn 231'· UT U& IU& IUT U!T U!& 
!L!H'. 21' ORD!RON! "AU I TOTAL Noon " COlt"!" NOO!8 131 23& rn !n un 1230 112t! lIn 
fL!"". 216 OnO!RON! HAU I TOTAL HODU II CO"H~" Noon ns 259 en 2U .us un leu Ins 
!UH'. lI1 ORO!RON! lUff • TOTAL Nopn It CORN!I! HODn 239 lUI! ue 12' un 12411 ,uC! un 
!\.!"", 2te ORDUDN! HU. I TOTAL NOD Ell e CORH!R HOOfS 221 en III 2" lUI len UI! ,Ult. 
ELfH'. 2'" ORO!RONf "AU I TOUL HODU " CO""!A HOD!8 U! In elS 212 len un un leU! 
!L!H'. 220 . ORDeR ON! "'u • • TOTAL HOO!S 8 CORN!R Noon us 2211 till en un 12211 us. IU!I 
!Lf"', us OROEnoN! MAU I TOUL NOO!S co .. "'!" NOO!I 224 12!·· U! elll I!U IUIJ Ut' 1114 
ELf"'. 222 ClRD!RON! HAU • TOTAL NOOU tORN!!R Noon U!I 226 216 ." un 1226 IIU tlU 
IL!Pf'. 213 ORDeR ON! 'UTI, . I TOT)L NOOU CORNER HOCU 226 22' eaT 216 1226 .• 22T liST 1216 
!UH'. 2211 DRO£RON! HAU t TOUL NODU CORN!R NOOU 221 228 218 an &227 12211 11111 1217 
ELf"', U' ORDEllaN! "AU I TOUL NODU CORNER Hoon 2U 229 .1' IU 1228 122. U&9 un 
ELf"'''. 226 OROERONl "AU I TOTAL NODES CORNU NOOU .,. IS" IU 2" t'" llJO ,22., un 
ELfH'. 221 DRDERONE MATI I TOTAL I'IODU Ce"H!R .'oon IU 212 ,.,. UI nit sa&! &2112 nOI 
EL!"". nil OROERON! HAT' I TOTAL NODU COAN!R NOO!S .. 112 .. ,., .. 18' "" ' lall - .au un, un 
!Lf"'. 129 OROERON! HAU I TOTAL NOOU CORN!R NODES a13 214 101 lei, uas uu UBIt un 
!L!"". !Ie ORDeRON! "'AU , TOUL HOOU CORNIR NOOU 2". '" ID!! "'4 .2111 121' IU! "'" !L!"'. 2U OROUOH! HATI I TOTAL HOOU CORN!R NOOU au 116 U6 U! un us, 1206 UD5 
!L!"'. !Sf ORDUON! "AU I TOTAL HODtl COflN!R Noon 116 In .111 286 U16 lilT uer 1t.6 



           
            

           
           
           
           
           
           
           
           
           
           

           
           
           

     
     
     
     
     
     
     
     
     
      
     
     

     
     

     

           

              
              
                

              
                
               
              
              
              
              
              
                
                   
                  
                   

               
               
               

                       
                
               
              
                 
              

              
              
              
              
                 
                
              

ILIMi. US OIlOiAONi "AU , tOT'" ~UgU tlCOIIH ... NOoil a,', au III an IIU &2U UIII Ii'" 
IUN,. au QROCAO"'I "U, I '10141. Noon • CORNU Noon au au an ill aau lal' IlIIt ua. 
£LIN •• iJl ORDIRO~I HAU I TaUI. Noon CORHU NOQII au iii III IS9 nit lua &ala un 
iUN •• iU DROERONI HU. I TOT"" NODal CDiHIR NOOII lSi 211 if , II.a 'Iii ,sar "un 
'UN •• iU aNDIRON' MAl. I TOf"L Noon CORNIA NODti iiO na n if .UII IiU lau • .,u 
ILIN.. ill OIiDUON! "AU • 'OT,1. HOOU COIINlR NOOU au 24a 46 n usa U4; IU. ,eu 
ILiN •• 219 OIiDiAONI· NAU I TOUL NOOII CORNU Noon I'll ita 4i9 u 1111 ,ail la"9 UIU 
eLI~'. au DAOIiiONI .. "u I TOUI. Noon CORNU NODII au au te 49 I a !ill Uftlil tail 16149 

ILlM'. au OROIAQNI HU' I tDT'L NOOU CORNIA NODII au ara .. '" 12U Ian lUI 11l1li 

ILf"'. au DIiOUONI MU. I TOf"L Noon CORNIR NODII 291 U II au Uta IIDU aan laaa 
ILlM •• i4J DAOIiiONI HU' , Tof"L Noon COIiNIR HODU na II II ara lua lali ai" lUll 
ILIH.. au ORGERONI .. AU I TOfAL NOOII CORNIA NOOU • aal au ua .ea9 ,UI lau uru 
IUH •• 24. OROlRONI MAtt I totAl. Nooaa COANU Noon 9 1111 asa la. un lau USI UU 
fUH •• 246 ORDUOHI M4ft t 'OY'L NOOCO CORNiR NOOIl • au all "I un UU &all .ata 
IUH •• iU OHDiRONI HU. , TOT'1. HOOII CORNiA NOOil 9 au au .. , aaat a&o& un U" 

.---... --.--........ -•.••...........•....•.•. -.~ ... -.~ .•......•...••..••• ~ ....•.. -....... -••..••.•...........• _ ...•..•• 
TOTAL NUHalR 0' UNKNQW~' AR,. aat.' 'Will Noon AU A' DIVIN III..OW .. _--....... -•....•..•.••.•...•.•.•.•..•...•..•••• --..... -.. -.-..•.. -..... ~.~ .•..•......•••....••. ~ ..•..........•.•.•.. 

a lalla iIIia J Ian 111111 .. &11114 1l1li4 S I88S all'" 
, 1'"6 iii II. , 1811 allln "119 aaat 181' UIiI9 saat .. 119 JlI' lee • II I'll II" Ii 

Ula aala IS IIIU lin I' "14 fal. &I 1',.1 III' U 1l1ll6 RlU " aa" aaa' II IIU aan &9 un 1119 aa 1121 11111 as 11111 aau .. ..... 11124 lIa4 IS a 1121 11U. a. .... 1126 If IIiU llilf JI las. IISI SI . ..... lISa ana n a lIS I ans 14 IIU 111114 II ,." lUI ,. 1116 IU' " N un au? U lUI '1111 J9 lin au. III ,Ie. lUI n usn IUS 4ft 
~ 

1144 aeu 4S 1141 IUS 46 IIU 1146 ., Il14f Ian II lau lUI 49 
1149 all4' se 11151 aesil II aasl liS, ,. IllS. 1111 n ,aU 1'5' 54 
1154 11114 IS un aess ,. lau II" " "" II !If 51 U51 1111 59 
I lIS 9 2859 U lUI a"" .. un 1861 64 a16' IIU \, IlL' .n, •• U •• la., " UU al" .. '8" I"U .. U6t ID .. Jill UU .n, " lar. III" u IIIU Ilna n lin am'll 14 lau aa14 n ,UI aan " llr' 11116 " I'" Ilin II I"e allYl 19 lin ..,J9 ., lUI lall II 
II6S alu 14 1.111 aa ... II I'" aUI " leu lea6 If I,n aan .. 
UII alllil 19 1169 In. II 11911. an" 91 ,,,., Jetl tI ,au 11191 '1 
un 119J ,. ,6'4 1"" ., U91 U9!l 96 .... U .. tf , .. , 110191 t. 
U9' alt. 99 '1199 11199 Uti Ital lUI III III' liaS. lBl II" .". u.s 
IUS aUI ",. "'" .U6 U, III? IU' III "" •••• '''' &&.t 1111. III 
I"e allg I" ,"I IIU Ha lin IU' IU .U, .UI "' '"' IU. IU 
IllS· 2111 ... IU. "" IU UIY IU' III lua aUI u. .. n I .. t lal 
lua aua In 'II' 1111 &24 Ullt IIU las IU' IU' IU IU6 IU6 in 
un iUU. UI 1121 ilia 129 ,U9 au. 1111 IU' lUI UI 1111 ana na 
Inl lISa IU us, aUI n4 uu IU4 an lUI .us IU IU6 IU6 an 
un In, IU UII aUI 119 un au, IU UU .u. 141 lUJ lUI 140 .... 1144 145 lUI lUI U. 1146 il460 ,U IU' lin ,U "" lUI 149 
U49 au, 151 1151 aUI nl lUI 115' UI lUI 2ua lIS UII alS. "4 
IIS4 U54 an IUS un I" u" an. IIf Illf IU' U. lisa 115' 119 
1159 ant 162 u" 2&61 IU ·U6J • '61 164 ,,,a IIU "II 1161 .... , .. 
"." a.66 . ., u" au, 166 '161 116' '" u .. au. '" . In. lUI u. 
l"t an. 111 lin aUa IU U1I au, u. .u. a.,4 ns un an, 17' 
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lin 1116 tn lin "n na Ina 211'8 in In9 I!ln iu uel 2t8e In 
lie! lin ,8,. US4 !u. 185 tie') 118' 186 lIe6 IIU HIT 1181 RUT tee 
Ilea IUle 189 liS' 2189 198 I"" Inc ... .". a.,. tu un I 19 I! . ., 
lin Ins ... 119. 219C n' "'" II" 196 UU 1"6 "7 un 1197 1'8 
Ins 21'11 I"~ "n "99 IZ!I enl Jl!et uel !lll'l 6!'" nOI lin I lUI! n8' 
nel! 4I!1'J2 !'2ft2 UIJ2 '2112 Uti! un 1!21'lS nn IIIl" !l1UJ! 6103 un 8203 I 1ft II 
22M nu ~l1!4 !lU. 62011 7 !!ell 82"" eD! un 12'" '211! 1121" '2'" 6U' !B6 
12'" UI!lfl !"'6 "U6 U, U(l1 !n1 12'" 4!C" RIll lee8 2208 Jl!M In un 
221'19 . 218 nlll 22t" 1211 i!l!1l "U Ull ,ell 61UI 1'21l tlu. 1212 22l! !eU 
4212 !S!n 62l! nn un uS' ~2t! UIS 4213 Sf IS 62n un II!!U 1211 fll" 
n •• 421e !l214 f1U4 121'1 821" I!t' un un !I!I' 4!11I 5219 UI!! till 6 UI6 
2216 UI6 I!U !n un un '211 4211 IU ule If!te 31!1G au-, Itt9 un 

228 IUC' 222ft lUI 2221 l!!1 -11221 !lEU 622, U21 812' U::i! !En un "U2 
'222 6U! 1222 8!22 I2n 2223 un 4223 !n! un 7223 IIU3 .UQ 2<!i!. !1!i!1I 
U20 52Z0 &224 7224 ei!U 22' 122' U2! 52!! 422' !ez! fit:, 226 12Z6 2226 
n26 4226 221 UIJ un !I!U 4I!i!1 128 1228 U2e nle 2n un un "e 
U!" 221ft 'UI 2231 !UI lUI !lUI flU. uu eUI un U3~ 52n C;23~ !'U2 
un 12'2 11232 IUS l2!!3 JU3 U33 '233 6en un 8l!~' I!!!!\ n::4 !2!1I IU. 
52:S0 62]/1 ,u" 811' U, 12" !U! 'U! .Utl ,n! fln, IH U:!fI U!" 3U6 
US6 UT un un un IU1 us lue 213" 51" 23' 12:9 22l' &(~ 12." 
224" trill 2241 3241 4241 !1!41 n41 TUt eus un 22'2 nile "i!.1! !iCCe! 6242 
1202 11202 nliJ 2243 nils 12U '24'5 621' 7143 11111) leu 2£QC 32l1li otlli; 514' 
62 •• 124" e~"" U! lit 4' 2211' !UIJ 420' 5211' flee, 246 12Q6" 2246 !tl:~ 42116 
U1 12117 2241 31!~1 4217 III" 1208 nil!! !ue 14' un 2tA? 2'" lt5~ 22 !I II .,,' 2151 3251 '25' "" 6251 125' enl 12'2 U,2 !2'2 4£'2 '2~n ~;~;! fI!'! 

.-. 112" 12!s 22~! 325' "'" '2" 6253 7r5] ee" 12,0 22!5I' 32'" u:a !!t!:11 U!I . 1254 815. 255 U,' 22" U5' 425' ,;55 U" .,6 12!56 21:16 !I"~ .i:~& I" - 12~H 22" 3251 4157 ne J1!5" U5A . ·n5" n~ 12" ~e!l' _ t6(' 1£(;0 rue 1161 . 
N 
U'1 2!U JUt 4Ut '2U 6261 161 uu lUI uu un It&t 5C:6~ 6E62 1Ut 82621 

1263 2!U !aU un !2U 'en 1265 826' 11611 2e6' "". .r~o !t64 uu "611 8'68 !", IU5 2265 316' "26! '26! 6e&! U6 H!66 2266 3166 IIt&6 26' un 
UfIf UfIT .,.67 !68 un U68 J268 en un 126' In ltiO U1n UTI 22" 3211 112H !211 "" UTI UTI 1212 un SUI UTI !l2f1 U1I! l!TC e211! 12n 
2273 !2n 42?! 911' nu un un un In. J1l7. 41'. 'aTO UTIt 7214 It!U 
27' UJ! 2215 un IIU! !!l!7! .. " en 1116 un '116 11116 err U!7T 22n 

32" ,.,n f111 nu un !US u~ un nn IS" 12eo tin leet ri!!!1 !l!U 
02111 !UI 6281 Ul!I 11181 UU 22S! nil! "(I! !!lI! 61!1I1! 1to::! el!tl~ Ill" un 
nil' 41e! !2e!l 6!S3 U!!3 8en ue- !1!1I4 !1S4 4 lIS II !rGO f!l!e~ nell ne- Ie, 
IU!! !a!!'S :UII' un 5285 61n 186 U86 lIe& JU6 4ret 201 laa1 2U1 SlIJT 
Uft7 288 UIHI 22811 J2811 en US9 l!8fJ !t9 I Pol'" Ut" 

,~ ••••• , •• ,.e"""""~f"""""""t""f'f""'""., ••• ""r.,.,.'troe!,e"~'t'f'~'r'~.".r.rfe,.e"'#f'' •• e ••••• ' • 
. -

DIMENSIONS IN OTHER '"OGnAMS HAV! TO !! e!T ~Dn 'OL~O"J"n HAI1HUH VALU~8 
TOfAL NU"8ER 0' fUA'ACE NOO!!CNTSURr). Ie!! 
MAXIMUH NUH8!ft ASSICNtO TD SUnrAC! HOD~3CLNPT'. no 
TOTAL NOO!S IN THf ~'ST[~ t~'T'. " ~p, 

THE ~Dl~O"INO PARA"!T!R8 AR! n~~~T!O TO 8.e 
TOTAL NUH!!R a~ POT!NTIAL etc. PREscnle~D (NOrTe,- IJT 
TOTAL NUM!!R O~ ~~UX B,C, 'R!SCRIO!O 'NO~Ptc,. e 
TOTAL NUHBER 0' ITn!A"! B,C, PR!lcnIB!D CNSTR£"). u 

TH~ fOLLowING THD rARA"tT!RS AR~ R!LAf!D TO STJ,rN!S3 KAlRIR 
T~TAL NU"8ER 0' UNKNOWN'""" lefll "fe •••• "".",.,., ••• , •• ,_, •••••• , •• ~., •• ,.,.,.,.", •••• "ft ••• "e'.4 •• f; •••••• ee._ •• '.'ee~'~'~~e'."I' •• 'G.'f,.,f"" 
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THI 'OLLOWlijG P'~AHITEA' AMI .I.OCIATEO WITH I~IHINTI 
TOTAL WUMIIA 0, IURFACE ILIHINT.CNIIUR', • 

"'.IHUH ~UH'IA ,alIGNED TO SURFACE ILIHIHTCN8'LEH'. 
TOT'L NUMIIR 0, ILIHIWTICNILIM) • . 
MAXIMUH HUHBER 0' NODE' aN ANY ILIHINTCNOO"AX). 
H&MIHUH NDN-ZIAO NOD'I IN. ANY ELIHENT.CNONIIA) • 

TH' FOLLOWINg II RILATID TO HAT'RIAL NUNIIR •• IIGNED 
"AX1HUK NUMBER "'JGNID 10 "ATIHIALCH'TH) , 

807 

141 
"a • • 
• .... , ...... ,., .....•... , ..... , ...... "."." .. " ............... " ...... , ....... ,.,., ........................ , ......... . 



  

         

              

             

          

            

 

,. . ~PPENDIX 1.7: NEWMAT-OUTPUT 

Material number associated with each element. All the elements below 
164, 165, 166, 173. 174. 175. 182, 183, 184, 191. 192. 193. 200, 201, 202. 
209, 210, 211. 218, 219. 220, 227, 228, 229, 244, 245, 246. and 247 •. surface 
elements are associated with the collapsed region and, therefore. are assigned 
material number 8. which has twice the· hydraulic conductivity as that of the· 
Wilcox aquifer. 

1.127 



   
     
     

                
     
     
     
     
     
     
     
   
    
     
          

    
     
     
          

     
     
     
     

     
     
     
     
     
     
     
    
     
      
     
     
     

      
       
      

      
      
      

      
      
      
      
      
      
      
       
      
      
      
      

      
      
      
      
      

      
      
      
      

      
      
      
      
      
      
      
      
      
      
      

     
     

      
      
     
      
     
     
     

    
      

     
      
     
      
      
     

      
      
      
      

      
      
      
      
      
      
      
      

      
      
      
      
      
      
      
      
      

MATERIAL NUMBER AS READ c ;. 
-1011i:l , 1 1001 a a 1 10"2 I J I a 4 , '''''4 e I & ,""5 I 

~ 1 l",e~ I 7 1 '00' I - a , 1""0 a 9 I '''''' a a" , u"o i 
It L "n 1 a li! , lila a 13 I 101S a '0 I ,e14 a '5 -S &iUS e 
16 I "H6 I IT t UH' a la 1 una a I. 1 un. a a" t '0a0 II 
al I 10al a ai! t '''22 a as I usas 2 24 I 1114 a as , Ul25 a 
26 I 1026 a 27 I ,e2T a 18 , 10aa a 19 I 1129 a s" , ,"J" it 
:51 I '''51 a sa , '''Ja a SJ , usss I '4 , '''S4 2 ss- t '''S5 a 
36 I '036 2 ST t '''.7 a sa t '"SO a S9 t '"'9 I 40 I ,,,4" a 
41 I '041 a 4a t lli14! a 43 , &1143 a 44 I te44 I 45 , ,"45 I 
46 1 1046 2 47 I '047 a 48 I 1"41 a 49 , -104' • SI , '''50 2 
51 I nuu 2 Ii I &elsa 2 53 I 105' a 54 , '"S4 2 55 , 1"'5 I 
St- , 10S6 a 5' I 1017 a 58 I '''50 a S9 , t0S9 a 6., , ill"" a 

" I 1061 a 62 t '''62 I 6S I '065 I 64 , ,,,I., a 65 , ''''5 it 
6t- I 1"66 2 67 I le., 2 68 I .,6& a 69 , '''69 a '" , 'i'" e 
71 L ''''I 2 'a t una a ,. a ID" I '4 I '''''I I ,. , 'D"- a 
'6 t 10" 2 " 1 til" I '8 , 11'1 it " I 11117' e .e -, seae a a, L 1081 2 82 I le6a I as , leal 2 14 , ,aG4 a IS , 1015 I 
86 I UII6 a 8' , 18" I a8 I ",,' I 19 I '0" • '0 I 1"0 -I - 91 I 109t 2 92 t 1092 I 9S , 1091 I 94 I lB94 I .5 , 109' I . ..... 9, I 1896 2 '1 I ,,,., I 91 , "''0 a 9' , te,' I 1"0 I liD" a N 

co lei I 110' 2 UI. I 'lei a 101 , lUJS I le4 , Ilea I 115 1 1115 I 
1"0 I II'" a Ie, I I,a, a ,ea I lUll a .t89 

t """ 
I ,US I Slle I 

III I lUI 2 ua I ula 2 us , IUJ a 114 , "t4 a 't5 I "15 2 
1t6 I Illt. 2 tt' I Ill' 2 118 I Ula I 'I' t 1119 2 I aRt , '180 a 
lal 1 1121 a lea , 'Ia2 2 las I 1123 I la4 I lla4 a tiS I tl25 I 
tab 1 tleb a ,a, I lIa7 2 126 a I12a a la9 I '1.9 a I Jill t tl30 I 
ISS I ItSI 2 lSi 1 U32 2 ISS t 113S a ,J4 I .tSG a 13' , "SI a 
136 I IIS6 2 l:n • 113' 2 IS8 I lIsa ill I" , 1,19 2 ,II" , It40 a 
L4t I 1141 2 ,41 , I,.a a IOJ t '14' 2 ,44 I 't44 a ,"5 , '145 I 
14t. 1 114b a 14' I 114' I 148 , 1148 I 149 -S ,&49 a lSD I liB" I 
lSS I ttst a sse I ilia a 153 I 1'51 2 154 , &'54 I &5' , 1155 2 
I'll l 1156 2 15' , "5' a ,51 , 1,56 a 159 I 1,,9 a 1'1 , Ilbe I 
16t I It61 2 _ 162 1 lu.a a 161 1 ,,63 it 164 a 1'64 a 2164 a 1&64 • 4164 8 5S64 a 6164 8 1164 a 165 6 1165 a au,s • S'6. • 41" 8 SI65 8 

61'5 8 '165 a lfa' 8 116t. e 2166 8 JUab 8 4Uab 6 SU.' I "tt6 a "b6 a 
I" I "61 2 Ilb7 J 3161 4 416' 5 'I" 6 'I" , 'S" I ,tt. I Itb8 a 

2168, S JI68 4 416& 5 SU~8 6 169 I '&69 a It69 J .169 4 I'" , 11'0 a 
21Y" J 3ll!., 4 I!I ~ H!! 2 it" S ~!~ 1 'tfa •. '!I • It'S .~ ~~!~ G . _.-- . . - - - ... 



   

    
    
    
    

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    

   
   
   
   
   
   
   
   

   
   
   
   
   
   
   
   
   
   
   
   

   
   

  
   

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

   
   
   
   

      
      

     
      
      

     
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

      
      
      
      
      
      

      
      
       
      
       
      
      
      
      
      
      
      
   

           
          
             
            
           
           
            
            
            
            
            
            
            
           
            
            
            

           

31T3 8 41T3 8 5115 " 01'. IS rS13 e STet .e liT. e IST4 (I 31T4 e" 4STQ I 
5114 8 6114 8 TI74 8 U'! 8 IITS 8 ai" 8 JU'! • 41T! 8 SITS 8 "T' • TI7S ., lT6 I UT6 2 21T6 3 '176 4 4176 5 SST6 6 61T6 1 11T6 8 STT I 
tl77 2 2177 ! !ITT 4 41T7 IS 51T1 6 ITS I 1178 e 1178 , 'tTl .. ,." I 
1179 2 2179 3 StT9 4 180 t 1180 2 2180· J 181 I St8t 2 ,8a 8 Ilea 8 
2182 II !I82 8 .fI18a I 5182 8 6102 e TI81 8 t8, e Its' " lUI! ., '183 8 
418) 8 5S8J 8 618' I 718! a 184 I tl84 8 2184 I !184 8 4184 8 "IIQ I 
6184 8 TS84 8 18! I lies 2 2tftS ! Jt85 " "I8! 5 Sl8! 6 61es T TI8S I 

S86 I 1186 2 2186 ] 3186 4 4186 S !t86 6 18T I '187 a 218T , '18T Q 
t88 I 1188 2 2188 J ,,8e 4 109 I t189 2 2t89 , ,9" tit'" I t91 I 

1191 8 2191 8 3t91 8 QI91 " SI"I D 6191 I TI91 8 1'1 I 1192 8 2192 8 
31ge 8 4192 8 15192 8 6t92 8 7192 8 ,9! 8 1193 8 219' 8 319] 8 tU93 8 
519, a 6193 8 71" 8 194 t 1194 I 2194 , '19l1 • "1'4 ! !194 6 6194 T 
7194 8 195 I 1195 2 2195 S 3199 4 419S S "199 6 '9" , 1196 e 1196 J 
3196 4 197 I IS'1 2 2197 .3 3197 II 198 I 1198 2 21'S S 199 I 1199 I 

2BB 8 1200 8 22t'10 8 1200 8 4200 8 S2e0 8 'e0~ 8 TI0e 8 Ie, 8 IIBS 8 
2201 8 3201 8 4201 8 5201 8 6201 8 1iUJI 8 202 8 1202 "2202 8 J291 8 
4202 8 S20! e 6202 8 7202 8 20' I 1203 2 22a! , II'" -4 420!- ! !Jels • 6203 , T203 8 2"4 I 1204 I 2204 J J204 4 420" -5 '214 6.20S I 12"! 1 - 2205 , 3209 4 206 I 120f) 2 2206 3 3206 4 201 , leeT' t 2201 J lei I . .... 1208 I 209 8 12B9 8 22"9 8 !209 8 42111' IJ 52e9 e 621' 8'f209 I Ise- • N 

\.0 1210 8 2210 8 321" 8 4210 8 '21" 8 '.1" 8 7210 8 lit 8 t211 8 2111 8 

!211 8 4211 852St 8 "211 8 7211 I 212 I tIle I 2212 ! S2al! 4 4.1. I 
!212 6 6212 7 7212 • It! I 12t3 1,12"'· J 3213 4 -411""-' !Jeas, ~ .. _ 114, _ 1 . 
1214 2 2214 , 3214 4 II! t 121' 2 221' ; IltS 4 116 I sel6 I *~I' J 

211 I 1217 2 218 8 121S 8 22t8 8 J218 8 "218 8 1118 I 6el8 8 ?118 8 
219 8 1219 " 2219 8 12t9 8 11219 8 SIU' 8 621' 8 TIS' 8 aea ., 121" 8 

2220 8 '220 a 4220 8 5220 8 6220 8 7220 • 211 I 1211 2 2221 J S211 4 
4221 55221 6 6221 1 7221 , 222 S 12!2 I 2222 , J221 'I 4212 9 9222 6 
22' t t223 2 222' ! J223 0 224 I 1214 2 2224 , '214 " fa, , '112' 2 

2225 , 226 I t22' ! 227 e 122T 8 2221 8 322T It 422T e 122T 8 te.1 8 
1221 8 228 a 1228 8 2228 8 3228 e 4226 8 9228 a 6ea& n T22e 8 22. e 
1229 e 2229 e J219 8 ,,!a9 e !229 8 622' 8 T229 8 aJe I 1210 a 2230 J 
3230 4 4230 5 5230 6 6230 T 12'" • 23' t S231 ·e 2a:.'1 , 323t 4 "III ! 
5231 6 232 I 12'2 e 22J2 3 3212 ,. I!J' til'S I IS!! J 3233 4 ,Z34 I 
1234 2 12!4 ! aS5 I 12JS 2 2S6 , IIS6 I 2'1 , 12!1 e 230 I U!'8 I 
2'9 I t2" 2 240 t 1240 2 241 I 124' ! 242 I 1242 I 24' I te4, I 
244 e 1244 I) 2244 8 J244 8 424,. 8 5244 8 6244 8 Ta4A e 2Q, . e 1245 e 

2245 e S!"! e, 4249 8 S2"!! 8 6249 ,8 1245 8 146 I S246 e 1146 8 J24. , 
4246 a . '2116 ; 8' 6246 ~!a 7ili6 s 247 ' 8 1247 a 2247 8 3247 8 4247 -' 85a4T. a 

8 -T247 ' 8 ;, ,~ . --\< " J- - , " , 624' , 



  

          
     

APPENDIX 1.8: PROG2-0UTPUT 

Horizontal area and volume of the surface elements used for determination 
of flow after salt dome collapse. 
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Nt •••• NU • NOD ., •••••••• , •••••••• , , ••••••• ",r 
Nt •• ~ I HOn ,.R I.' .,. ., I'" IllY 1111 II.' 
11'1""10N or caU.'IIN ,N"I"'ION HI. IEEN OONt '0' ILIM' I. 
Nf ,1., NN • NOD .11. I'lf '1.1 "" "18 IllY "., 18" 
Nt ., NN 'Non II' I" II. I.t II'Y III' III. III' 
'StI"nION 0' ClI/IlUIN 1"",lInIO" "II 111M OOllt ro. ILlH' It 
Nt ,1.2 NN • NOO •• " .," .1', "1' ,.1' ,.,, IIII '11' 
M( ., NN I HOD " " ,.,. • •••••• 1, ••• ,a "., 
I,TI"."aN 0' I,US •• '. ,""8'&'IOH "A' I!I" DOHl '011 ILIN' II 
Nt "al NN I NOD ",1 •• ,1 I." "1' lall lall '1" •• ,. 
Nt •• "" • Non II I. ., .1 .111 •••• • •• , I'JD 
11'1".TION or I'U'SIIN IN"I'IT10N .... IllN DON! '01 ILl'" •• 
N[t ••• NN • Non ,",. , .. , It" ,1" .n. ,u .... , lin 
N£ ., NN • NOn ••. ., •• .f I'" I •• , II.' .", 
£'"II"'ON or ,'U",'N ,N""",ON H" .rEN OO"E 'O~ ILEM' ., 
HE , •• , NN • Nao I'" , •• S •••• • •• , ••••••• S ••••••• , 
NI •• NN • NOP ., .Z .t ••••• , I ••• II't ., •• 
I'TIM'tloN 0' I'U""~ ,Nt,c •• "aN NaS lIEN oaNt 'OR CLIN' •• 
Wt , ••• NW • NO~ "" I.,r ••• , .1 ••••• , '1., .1., , ••. 
wr ,'NN, Non Ir •• ,. II •• ,r ••••••••• , •• 
1"'Maf'o~ or •• u •••• " INtla'a"ON "I' .ErN DONl 'o~ CLI'" ., 
Nt .,.' NN I NOD I.iz , ••• ,... •••• ' •• 2 'W •••••• t.,. 
NE " NN ,NOD •• ..' II' ,. I." ,.,, I'" I." 
,.,,~'t'O. 0' I'U"". rN'IS""O~ NI. 1'1" DO Nt '0_ 'LEM' .1 
NE 1'" NN 'NOD I." .1.' III' .',. ,., ••• tl , •• S ., •• 
NE •• HN • won ••• ." IJ! II' 'I" 'ISl •• " .11' 
"T,~."nN or IAUsCrl. IN"""ION Nal .11. aON( 'O~ ILIN. I. 
Nt •••• NN • NOD II.' .1'. 11'2 1'1' , •• , "J! •• ,1 '115 
Nt ,. NN • Han I' J' " I' '1" ",1 Ii.' Ie. I 
I"IM".ON or laV'SII. ,N'I""ION N'S 'EIN ODN[ 'OR ILl"' ,. 
ME II,. NN • NOO I •• ' II" I.Z' I'" "1' II" ,e •• 'Itl 
NE " NN • Non " I' •• .t I.'. IR" Ie" '1" 
'I"MI',ON 0' I'V",'. IN''''''ION Na, .rlN aDNE 'ORILIN' ,. 
Nt •• '1 NN • Non '1" ••• , ••• , •••• '.JI I •• ' •••••• ,. 
Nt ,. NN • NUD ., .' II •• .1.' I... I"S I." 
II'I".T,ON 0' "U",'N ,N""ITION NI. l£tN DONE 'Oil lLIM' " 
Nt •• ,' NN • NO~ ••• , I'" , •• , tl" "'f f... ...S , ••• 
Nl f' NN I Non •• •• ., 'S ••••••• , ••••••• , 
I".""'ON 0' lau,S,IN ,NtIS"T,ON MI' lEI" 80NE '8~ ILIN' ,. 
Nt •• " NN • Nao •••••••• " •• , ••••••• 'a" , ••• I •• , 
Nt ,. NIf • Non .1 •• ., •• II., I"~ •• ,' ••• a 
"'tMAI'ON.O' .lu,I,IN IN"s.",nN N.' .ttN DON! 'O~ ILIM' ,. 
Nt .". NN • Non "1' •• ,. I." ., •• "1' ., •••• ,' r." 
NE ',NN, HOO •• .., ••• ., •••• '115 'I" I'" 
11"""'IUN 0' lauslt'N INllla",ON M" .trN GONt 'OR ILIM' " 
NE •• 75 NN • NOD II'. '11' 'Ifl , •• , •• ,. "" "" , •• , 
N£ JI ... , • NOli It' nl U' "' lin lUI! IU' 'U' ,,,,"'''011 ", UUSSIIN 1",,, .. ,,nN NIS IUN 00"£ nil tUM' ". lIt ,8" .. N • NOli , •• , ,'1' •• SI ,." .,.5 .I'f .,J •••• ' 
NE " NN 'Non •• " p, ,. 1"2 "" ,.,. "11 
'",MIT.nN II' "VIIII'N ,NIII;"",O" "UII!!N ~ON! rail IUN. " 
HE ,I" NN • NOb ••• , •• ,.. ,.,. '.'1 .el' 'IZ' ,.,. ",. 
NI ,a NN • Non •• •• ., 'I I~~' "., '11'5 I'PR 
UUfI/".ON .", .AI'U,," ,"'fU_'TlOH MAS .UN OUNt 'OIIUM, fI "I I'" MN • Non "" •••• 1~'5 •• ,. ,.,. '146 ' •• 5 "i. 
N£ ,. NN • Non •• ., ., ., I ••• I •• , , •• Z l"~ 
IS',N'TID" UF "U.I.a" IN"'_'T'ON H" .ElH UO~t 'OM Ill~' ,. 
11£ ,If' Nil I HOD ....... 1 1161 .115 , •• , it" .lIn •• u 
Nf .a N~ •• 00 " II ,. ., 1"$ ••• , •• ,. "61 
IITI~"'O~ 0' 'lua1,'M IN"'".rION H" lIEN DDNf 'OR ELI"' •• 
Mf •••• NN I MOP •• ,J •••• I." ., •••• ,. 'I.' •• ,. , •• , 
HE •• NN I NOD '1 " " "I'" •• ,' •••• ,.,. 
'I"""ION 0' Ilu,allN ,N"I_'TION N" IrEN DONE 'OR tLIN' II 
WE "'1 NN • NOD ••••••• , II ••• ", •••••• ,' .1 •••• " 
ME ., NN I Non .f ,.. "J ,. I." ••••••• S Ie,. 
"'IM,f'ON 0' ,au.a.I" J"'I;~.'ION NI •• 11. OONf '0' ILIN' ., 
NI ••• , HN • NOD t." •••• '11' II" I." ".' '111 '1 •• 
NE ., NN • NOD J'" .11 II. '1. lit' 1.,1 I"~ , •• ' 
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,' ••••• r. ..Rl& 'Na VOL •••• "It., 
••••••••• ."'1 aND 'OL , 1."I.t,' 

I~I""'. .,RI' INO 'OL • '."'!tl' 

·",".11. .aRU 1.0 vaL ••• .,IUII 
.'a •••• I. ..RI& AND vaL •••• '.Et,' 

11 •• 'I.a. .'.ca.~ VOL • I."'!.,' 
"""". ',.el INO VOL .... 15.1 •••. 

'11 .... 11.· ."U'NO VOL" •• nnt •• 

. ""."', ".U INO VOL • '.',.,t,' 
IS ••••• I. .,.!, .NO ,aL • ' •• ,IC.,. 

•• ".".. "11' aND VOL • I,','!t,' 

••••••••• "'!' IND VOL • ,.15Rt ••• 

.' •••• 11. .'R'I 'NO 'OL • ,.,-,It ••• 

"al."'. "~!I 1"0 VOL • '."'1-.' 
I........ .a.ll .NO VOL • '."'1"" 

I'....... "_EI AND VOL ••• "al." 

a ••• ,.". .'.,a 'NO VOL • '.""+" 
.,a.a.,., "N~I IND 'DL , '.1'11'" 

•• ,...... ".!I IND VOL , •• I,et.,. 
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1"I""ION u, "uaa". l"tIGI"'O. ""."," OOMI '01 I\IM' ., 
~I , •• , N~ • NOD III' 11.1 "II II.' ill' '111 .,,, il.' 
HI •• HN • Haft ,. II .t """ '1.1 'I" ,.,. 
I",NI"O" u' IIUI."" INTII."ION "'I DIIM DONI 'D' ILlN' ., 
NI , •• , NN I HOD 1'1' '1.1 'II' ,II' .1.1 ."1 Z'I' Z'I' 
NI . ., NN • NO~ II .a •• ., I'Z. "., I'" I'" 
1"IN"10N 0' 'IUI.I,. 1.,1; •• ,,0. ~,. 111M aON' '0' 1\1.' I' 
NI , •• , HN • NOD 1'" 1'" , ••• ,., ••• , •••• , •••• 2 •• , 
NI I. ~ • NOD ., ., .,. •• "., , •• , I." , ••• 
I."N"'D" A' "ua"I" 1""""10. N" aiiN ~ONI '0' ILIM' •• 
N, "" HN • NO' " •• 1"1 I ••• " •• Z'" ••• , ••• , a ••• 
NI •• ~ • NOD •• ,. •• .1 "., I •• ' I." 11.1 
II'IN,'IO" 0' "UI.' •• '"'IG""O. MI, .11. DON' '01 I\IN' ., 
NI I ••• HN • NOD I'" I'" •• ,. ,," i'" I ••• Z'" Z'" 
HI •• NN • NO~ ,. ,. .J ,. ,.,. "" I." , ••• 
1",M,flOM or 'lUll". 1""""10 •• ,. ICI. OONI ,oa 1\,M, •• 
HI •••• NN • HOD II" I." .," ,"1 I.'. 'I"~ 2""2'" 
Nt It MN • NO' •• 'II ,.. tt 'I"~ "I' " •• "., 
llflNlflON 0' ,.UI"'. ,.'II",rO. HI' ICI. DONI ,al·CLIN' •• 
NI , •• t Na I Noa 'I" II'S 'II' ,.,' I ••• '1.' ,,1' aa •• 
NI 9' HN • HOD II' 11. I" II' 1'1' II" II" 1'1' 
II'I~"ID. or "uSlla" 1"'1; •• ,.0. "_I IIIN DONI '0' 1\1.' ,. 
NI .1,. NN • NOP I'" 115. , ••• III' "1' II~' '1" 'II' 
NI ,. H" • NoD " I. I. • 'I" I'" "" , ••• 
11',N'f'ON A' •• U .... N IN'I""IO. MI. IIIN DONI 'D' ILIN' •• 
NI .1'1 HN • NO~ 1.1' I'" I'Z' I'" •••• I •• ' ,.,. ZI., H' •• HN • NO' ., •• 4' 2' II.t I ••• I'" ,'Z. """"'0. 0' IAu ••• a. l~rIG"'Ja. H" allN DONI '01 ILIN. •• 
HI , ••• HN • NO' , •• , , ••• , •• , I'" ••• , a ••• "" •••• 
NI •• HN • NOD •• .1 ,. • •••••••• , , ••• , ••• 
1."M,f'O. A' .'u ••••• '""ea"la. M'I I". DON' '01 ILIM' I' 
NI I'" H" • HoD I." " •• I ••• , •• , J ••• ZI •• 'I" a •• , 
HI ., NN I ~OD ., , •. " ,. , •• , •• ,. ,.,' , ••• 
II',N"'ON 0' I.UII,IN •• ,aGI",o. "" 81,. OOHI fDI ILIN' t. 
NI ,1".. • NOD , •• , I.'. ,.,' ,I" 'I" Z'" Z'" z ••• 
NI ,. H" a NOD fa " 'I , ••• ,. , •• , I.t. , •• , 
11'1",'1ON 0' IIUI.". IN'IGI.'IO. M'I 111M DONI 'D' ILIN' ., 
NI ,I,,"" • NOD ,.,. 1 •• 1 ,... ,.f. I.'. I •• , Z.,. Z •• , 
"' •• N" • NDD ., III '11 •• "" 'III III' I'" 
I"I."IDN OP IlUII,I. INrIGI",O_HAI BII" DONI 'DI ILIM. •• 
N, I'" N. I NOD I." 'III "1' •• ,. I." III •• 1.1 ,.,. 
NI .f NN • Na. I" "t .,. III .11. Iii. "" III' 
II'I~I"OM 0' l,u.I, •• IN'leaa'IU. N'I .,fN DONI '01 '\1"' " 
NI """M • HaD till ltl' ,t •• Itl' 11" il" at I. 1'1. 
HI .1 N" • ~D • ,. II • , •• , .'Z' "ZI ,I" 
'I"""IDN 0' I'UI"'. l"""'f,a. M" l'IM aUNl '01 lLIM. t. 
Nt I'" HN a NOD I ••• I'" '.i' , ••• , •• , "Z' ,.1' "" 
HI ".M' HOD . I. •• •• II , ••• , •• , , ••• ,I.S ,.i i .... i" .. UP ~.U!l' •• " l"I&~.IIII". ,. .... ~& .. "UN& ~U" tLt. .. ,· 't. 
Nt " •• NM • NOD 'II. ,.IS ,.Ia "a' ZIZt i •• 1 II.a '.,S 

·NI I •• NH I NOD IS ,. I. 41 , ••• "" I'" , •• , 
!,T1"al.ON u. laUallaM lH'I~la'.OM "'I 111M DON' '0. Il&M' , •• 
HI .... N" • IIUG '". U" .. " ... , lit" I ... 21" llli 
NI ","N •• OD •• " ,. , ••••• ,.,' .". l'S' 
'I'IN.'ION 0' I'UIII_" 1"'I;I'f,nM H" 111M DONI '01 ILI~' .,., 
HE II" NN • NOD •••• I'" I.' ••• ,. , ••• I •• ' I.,. 21" 
NI •• , NN • NOD " •• •• ,. ,1" •••• I." , ••• 
II'IN'fIO" 0' IAUI."M ,H"II'f,ON MA, IllN DOH! '01 ILEM' , •• 
NI '1., NN • NOD I." ._, ••••• II" a,', I.,. Z". 2.'. 
NI , •• NN I NOD •• .11 ". .S , •• , '1" 1'" ••• , 
'1"."'0" 0', "U"'aN IN'EGI.TIO" ""~ "E" DOHI '01 !LEM' , •• 
NI " •• HN • NOD , ••• IJ'I II" ,.,. il" II1I ".1 2 ••• 
Ne , •• HN I MOD 'I' la. II. I" '1.1 Ilil 'II' I'" 
I.'I."IOM g, IIU",'M ,N'III",OM HA. 'I'M DONI '0' ILl"' I.' 
NI ,1.4 NH I NO~ "'I " •• 'I" "I' .," II.' "I' I.,. 
NI I., N~ • NOD I" I.. .,' '" I'" "I' 1"1 1'" 
"'I •• "DM O' laUI'laN lMII,I"IO. M" II'N DO~ ,oa I\IN' .a, 
NI II.S N. I NOD ".1 11.1 1"1 II.' I'" II •••• ,' Ilf. 
NI ••• NM • NOD i., .1' .,. .,' ,all la •• ,'7' "'1 
I"IN"'DN D' I'US"_" INT'GI.T10N N" I.,M ODNI '01 ILIN' , •• 
NI , ••• HN • NOD Ii •• Iii. I.'. , •• 1 .a •• I'" I ••• "'1 
NI I.'"H • NO~ I.. .., a.. .,. 1"1 ., •••••• I.f. 
IIT,.I"DN U, l'US',a" INrIG •• fION .11 al,. OO~ ,DI ELIM. '" 
NI 'I" N" • HDn •••• , ••• I.'. I'" " •• "., al" 2 ••• 
HE , •• NN I NO. I.. ,.. .,. a,s II" I ••• 1'" II •• 
!"IM'TIDM a, .IUI.16M '"'I'I'fIO" N" IEIN 00"1 '01 'LI"' 'I' 
N, "I' N" • "00 1111 1111 In. lIT' UII ..... IT. un 
NI i •••• " • ~OO 1.1' ai" "" ta,s "., J •• , SI" I". 
HI JI •• NN • NOD I ••• J.,' "" .,,, a'.1 ." ••• ,. 21 •• 
NI I'" Mil • MOD .1 •••• 1. &If ••••••••• , ••• S.T. a.fl 
NI I,. N" • HOD I.' •• , .,' .,. I." 1III 1,., .ar. 
1","'fIDN OJ ,IUIII'" IM"G""O. ""~ 111M DONI '01 '\IM' I" 
NI .. " HII • 1100 .111' III' lIn .. ,. II" un ran u .. 
NI ., •• 11M • NO. '.1' ••• , I." I'" J." S •• , S'" la,. 
NI JI" HN • NOO J •• , S'.' JI" , •••• ," 42.' •••• t ••• 
NI f'" Nil • NO~ "., I'll •• fl .". 5.'. "" "" ,.,. 
NI " •• "" • NO. , ••• "" S." ,.,. I.' •• ,., ••• , " •• 
NI 'I' 11M • HOD •• , .1. I.. If I I'" IZ •• I.f. "r, 
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•• ,...... .aRIA AND VO\ • 1.1;8'.,. 

is •••• '.. IAJI. 'NO VOL • ',IS81'I' 

'S."'I'. ., ••• aND VOL •••• s ••• ,. 

iSlI""t. UU' IND VOL ••• n ... " 

Z,....... lallA aN. VOL ••• ISI.'" 

I'....... • •• 1' aND VOL • ',IS'I'" 

.,....... "RIA IH. VOL , 1,""'1' 

a'....... 1'111 'NI VOL • '."11'1' 

I •••• ".. "11' IND VOL • '.1511'1' 

I ••• "... I'll. 'N' VOL • '.1""1' 

.t.,..... ,al'. AND VOL • _.1'.1'" 

I........ "I" .NO VOL , ••• 5.1'1' 

••••••••• "III 'N' VOL , •• ,,1'.'1 

Z."'"" "11' IHD VOL • -.1,.1,1' 

'.""". 'ARI' AND VOL ••• 1,.1." 

.,....... IlRI' .N' VOL ••• "1',,, 

.".'.". .al.' ''' •• UL ••• i5.eol' 

"....... ,'Ila 'HO VOL ••• I,.fo.t 

II"". '.RII 1,,0 VOL • '.'&"'" 

'I"'. "Ila 'NO VOL • '.'~"." 

I"S, e&Rl& AN' VOL •••• ,.10" 



          
            
             
            

             
            
           

           
              
               
              
             

          
            

          
             
               

           
             
            

              
            

           
            

           
         

           
               

          
             

            
          

            
            
            
             
           

          
            

              
            

           
            
            

         
             

            
            
            
            
           

          
            

            
           
            

          
            
            
            
            

         
              
            
            
             

         
            
              

         
            
            

         
           
            

         
            

             
            
            

           
         

              
           
                 
            
           
            

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     ""NArION 0' G.US"AW IHr'G •• rrON "" If IN ~ON! '0' CLIN' ... ''''' . 'A~l' 'NO WOL • 1 ••• ,._.7 
N! II.' "N • NOD '2G! .2 •• l.r. I'" 12.S II ••• 2r. 121S 
N£ 

'"' NN 
• Na~ 121! II •• '2" I'" Si" ,.a. JI16 12f! 

N! SIll 1111 • NDO 12e, ,.e. 12., I'" .ae5 '2', •• f_ '2" 

~/~~: 
N! •• 11 "N • "C~ ,~., .Ie. '2" "1' 52.5 '2" •• ,. Si'S 
HE 

"" loll 
• NO~ 'ilS .~ ••• ,1. SI" .i" ., ••• a" "" 

NE II. N .. I Non , .. £If IIf ••• Ite. liD' .efl ,.,. 
f.fIN.tION 0' '.UI.,'N 'Nl&; •• "OIl ""~ .E'N DONI 'OR fLIN, lIS ... It'. "~E' INO VOL • I.'tl£." 
liE IISI ..... • NCO I ••• 1~'1 '21' I'"~ .,e. 12&' 12" "la 
III III' "N • NOD •••• ile1 2,ff I." 121. JICf 12" S2f. 
liE JII ..... • NOD S2 •• J2.' saf' s" •• el. 'a., '2" .i'. 
Nt 11'"" • NO~ I" let en I" 11., ,a •• I.'. ,2f' ,'RE' AND VDL ••• J.'l-" I'"M.TION 0' "UIII.N ,NT""'ION N'I .EIN DO~! 'OR ILIM' III sun" 
Nl .111 NN • NOD .2., .,.. I'" II" .,., .2 •• I.'. '2" 
Nl ,.11 N .. • NOD 12., ,.1' lar •• ", sa., J2a. I'" SI'f 
H! IU' N .. • NOD 11., "" "r. SI'f .2" ., •••• ,. ,2" 
HI 'U Nil • NOD .18 .19 er' I" II •• IIa9 I." II" 

.ARI' 'NO VOL ••• ill[." •• tJ .. IT,ON 0' "Ut"IN ,N'tG"f,ON HI' .11N DON! 'OR £~IM' IU nu" • 
N! II tJ Nfl • NOD 12 •• I'" I'" 11,' 12 •• 1,.9 Ilf' 12" 
II! 1113 h" • NOD .a ••••• , 121' la,' SI.I II •• ",9 J'l' 

;;"~~~;:\. 
N! s.t) NN I ... no Ill. J28' '2" 11" ., ••.• ,., "f' 1~1' 
Nl .. ' liN • .. un UI III Ul I.U .". '2'1 12'1 ,2.0 
UfJ"'fJON ." "IIS1,IN IN"II"UIIN If" IfIll OON[ 'all fUNf U' n .. ", "~fA 'Ntl VOL • •• llff ... 

tlf '"' "" 
• NO~ I'" ,.,. 12., I'.' "f, 1"1 "'S ir.~ 

'" II! .IS II .. • Non '" IU IU ,.1 .t" 1111 .262 ,261 
UT."UtnH 0' 1II111S"N ."'Uuno .. H ... UN DOllE ,OA ELfM, In "8'1, ·"u 1"0 VOL • •. "r.!." 
N! 11" "tl , NUO .,fl •• 72 "" .161 raT' "f' 12~r t2" 
NE 116 'I" • Non ", '75 US .,' "" I'" .,., 1~'2 
l",,,,,.n,, 0' lau".I .. ,"'ID •• 1IDN MIS IttN DONI 'O~ ELfM' IU U.,,,. ..ilEA aND VOL • 1.II,e ... 
NE II.' liN • ~OD 1'72 .", "., .," "" I,r, "., "., 
NE tt' lit. • Non au '" U' .~, "7' 12" .,., ••• , !",""'nN 0' 'IUS'S.N III'EC"',UN M" ,[[N 00111 ~Uq [LEII' II' I ..... "." IND val. • .... n·" 
tiE 1111 liN I 1100 .", 1,,1 '2~' 1161 12fS 2'f' .e" 12.' 
NE .,,, "" • 1100 '2f, •• ,' ,t •• "., tl" 'tf. I~" It., 
Nt JU1 .. " • Non "'I J21' ,t •• 126' 12" I". Ir.' .2.' 
"I ' .. ' "If , lion '21' .r'. I, •• "as '2f' 5", " •• I •• ' 
Nl "I "" • HOII 

,n If' It!! I.' .". I'" .,., 11,1 
U~r"HIOtl or .aUUUN ,"Ilr. .. ,.o .. MAS Ifl" DOllE YUA ELE'" "I 6n!. UIIU , .. 0 'OL • 1.6,.e ••• 
N! " .. ",. • ~OD "'4 II" .,., It ••• 1'4 '2f' .,., 12.' 
Ht tU' II .. • Men ,,'4 ,e" '2" 12" 12" 'r" "., ,~ •• 
.:~ 11 .. "N , Non "'. ,." "., , ••••• ,. 'r" .,., ~ao' 
N! ,I\B "H • "~D '2'4 e'" It$~ er •• "r. "" ,~., S2';. 
til 5118 .... • N~n 'If' 5:" 'I"~ ".4 ,rr, 611' '~6' S~~I 
N! '" "'1 , .10" It, '" rn •• , '2" '27~ •• ). 1~" 
U,,"ITlII,. UP ,AUsaU., l"neQuso" Mil IUN 'JOII! HIli [L~"' "'I """. .aR!' aND VOL • I.IIIZ.'A 

---
ME III' Nil • "00 .," .:, •• e~. II.' I'" ~~l. tc~' 2~" 
tot! ,,,'I Mil • NOD .," ,21. 126. "., I'" JcTb '2" J2.' 
~l J II. II" • NOD "'! ",. 1~'6 "., •• ,' .~" 'i" 4 •• , , tIl ... ' IIH I liDO '2f' I'"~ 'r~. e26' I,f, •• , •• 2 •• 5i6' 
Nl ".' 'IN • 1100 !I" .". "6' "., 6'7' "" 'f ••• ,., 
"f U' liN • NOD ef. If' '67 I.' 11,. 'a" .,.T I'" 
IST!"lf.nN 0' C'U!"I~ I~'t"a"sn" H'S It( .. OO~! 'OA ILlM, III '''''411. 'aR!1 aND 'OL ••• s.,z ••• 
II! II~" .... I "OC .". li" 1,., 11'6 ,'f' "f' ri" ii •• 
Nl 'If' "N • Non "" ,r1' 2261 Ie" .al. 1", ".r s, •• 
liE JIZ~ .. " I NO~ "'t "'1 '~6f J2" '2" 12" "~1 1'6' 
1/£ UI "'I • NO!! 11, en UI f.f S," Irr~ IZ6a I'" 
UY,".1\!) •• 0' IIJUUUII I"TeIlIlATlDOI .,AI IU" Ol/N' '(I~ ELEM' U. UUII. ""E' ANO ¥OL • ,."" ••• 
liE Illl "N • NO~ "'f 1'" "~~ '2" rlf' 12,e 12.8 "~' 
"E II" II" • NOD .", ,Z7. lib~ 2?~f ',7' Jir~ J2~' 32&1 
OlE JIll NN 8 NO~ 12" ,'7' '2~' Je~1 '211 42'" .,.1 12t' 
lil U2 .... • Non ne. fJli u. •• e Ii" i~'~ 'SQ' ., •• 
t"IMI'lnN 0' '.US!laN IN'I~.'TIDN ~,. IE!" VONE ,~. [L!M, 1t2 .... I •• .,qra INO ¥OL • R •• ,,! •• a 
NE lIn IItl • Non 12'8 to" Ir~' IPt' rl" t2f~ .~~, 2i •• 
Nf ,112 .... • Non 12" 12:~ rr~' "" ,.,. J,?' l£t. Ji.' 
IIf JU2 liN • Non 12" '1" l~" sr •• 1£18 '27' '2" IZ6D 
Nl IIJ t'N • IIO~ ... 16: UI 15D .,.,. Itt: '.'1 .". 
U"M.unN D' .uu~ .. I .. ,"T1:lIt11TJON II.S IHN I)OIIE rllll CLEM. III 17,.,.. UftU , .. 0 VOl. • •• 'f'~.'1 
M! \lpJ II" • NUO I'" I'" "" "!! , ••• 1~.1 1"1 .", 
liE \lie N" 

• "01' 
I~I 2U ,~~ . IS. ".1 Ig~ lO!'2 Ill'" 

[S'S-ITrnN U' CIUSS'I" '''TEG'''ION "A' eEfN D~Nf 'OR CLE"' U. "'IU, "~l' ... 11 'DL • •• 111 .. " 
Nt Ill' IIIJ • "Oil HlU 121'2 1:,' 1151 '1'1 lH2 .Z'i! U5! 
liE U, " .. • "t'I' '''' UJ U, 152 1162 1.&' i'" 1~'2 
E"I".Ttn" 0' S'U!"'" I~TtG."la~ Hal IEfN DUllt 'Oq ELEM' . ", ,,,1\5, • • lilt , AND VOL • -,5IfE." 
liE UU liN • NO~ 12~2 1261 I~" 125' "'2 1~~3 22" "52 
NE IU liN • NlIn U, i!~. .,e ,s, 1'~3 126~ 1154 ,.53 
E'TtM.'fn~ U. 5'U~'I'~ tNltc-aTION IIAK .!t~ DO"! ,u~ ELl"' In ,,~,.,. .Utl IN!; YI)L ·1I.n" .. ' 
NE tlU "N ~ "D~ '2'" II •• '.5' 1'" 1'" "~. ",. 125J 
IIf fI" totN • NOD "6J "". 2'" 1151 21.' )'.b' II!' 225' 
Nt JlI' .... I Non 2'~J I'"~ "~,I I." .,., 'Z~' It'. 115' 
"E 1.,6 "N • NDn a,.J .,.' 12" It" .,., 5, •• 5'" .", 
~! .21 Nil 

• Will' '61 In ." I!' I'" I'~' .", "~' "Tl'I&"nt' 0' CAIIUlaN ,"TUttn.nll MIS IElN on"! 'DII eLfMI I2f .... ~. 'AAtA 'ND vnL ••• 4~!! •• r 
HE IIU II .. • NUD .,., II~' .r!, I'" " •• 11~' "" '25' 
Nl "" Nil , NOD '2" .2t' Ir" i.,. J,'. Srt' "" S2" 
HE JI.' liN • "Dn ".4 'Z.' J." ,," II.' .'6S 'r" .,51 
NE UP' liN • Non I'~' .,., I"~, .". ,... 5r., ,." "~,I 

Nl '''' NN , IIDn ~'.4 !f~' ~I" !". ,r.' .2., .", "5' 
N! .18 liN • "on In P •• .,. "5 IZ'~ I,. ••• ". '25' 
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11'1.'f'OW OF lauslla. ,."0"'10. H&' .I.N OONI '01 ELIH' 1.1 
NI &111 II. • Noa I •• ' I." II" llS1 I"S II •• 'I" IIS1 H' al"" • 1101 IZ.' Z,.' I.,. "'S SI.' J'I' J." II" 
NI Jill N. . NOI J •• , ,,.. ',S. JI" '1" .,.. .," "" 
NI .,.... • NOI C." .,.. C.S' C.SS SI.' CII' c.S' ,.'S N, St.1 N. • ~I ••• , C," "S' S.S' ••• , 'II' '.,. ..S, 
HI .1'... • NO. ••• .., .S, IS' I •• ' , •• , I.S' I'S. 
1",N.'IO. or I'VI11'. ,"'IOI"IOM "II a •• N OONI 'D. ILl.' 
NI .... II •• "" .,,,,I"·U" lIS' " ... 1" Usf Ust 
111.1 •• NN • NOI I ••• I •• ' •• " •• " , •• , 3 •• '·'I,r '1" 
111,11. N •• lIot J", J •• r J", J.S' l.I' "Ir .•• " .", 
NI IS... • NOI .,. II. a,. .sr II" t.I' liS. I'" 
I"'""'nw OP lau.",. ,N'IOI"10. N" IEIN ~ONI '0. ILl.' 
III Il"" • IIOD II" III. I.,. I." "" •••• 11" ,,,, 
NI ,1" N. • NO ••• , •••••• 1" •• S, s.lr , ••• JI" S.S, 
NI 'ill N •• NO. S.I' S." SIS.·'." c." '.1' '.S' •• S. 
Nt I" N. • NOI ••• Z'. .,. ,S. 11.' II •• I". I'S' 
1"1"".0. 0' 'Ivs'I'. 'N'IO"'laN "'I III. OONI Fa' ILIN, 
NI III." • NOI I ••• " •• 1". liS' a, •• , ••• 1". 11,. 
MI I.Sl" I NOIIZ •• 21'. 11,. liS' JI •• SI.' SII. SIS. 
III SI'." • IICft JI •• SI •• SII. 'I" ., •• ' ••• 'al. "s. 
NI lSI" • NO. 2S. lSI "1 I •• 1'" la,. I".·a'" r"a""lftN OF "u~'la. 1"'11"'10. ",. III. OONI ,01 !lIM. 
III usa liN • NUl IISI t'Si IU, I'" us. IUt U.t "" 
NI I'S" • NOI 'S. lSI I.. ••• 1"1 liS. 11" II" 
1"llIafION O. "US'I'N ,IIIIO""aN "" SII. oONI ,0' ILIN, 
N' IISI.. • Noa II" II'. 11'1 11'1 II" I.S •• ,'1 II" 
NI IS' lIN • NCft 'S. lIS .,., I" IISI .'SS I.'S II" 
l.r,N.'.aN 0' "UII.,. IN"O"'ION ",. a ••• OONI '01 ILIII, 
NI ,.S' N. • HOD I'SI ,'SS II1I 1"1 "'1 "" II" "" 
Nt . I.S" • ~I '" '" I.. I" II'S 11" II" 11" 
11'1",rlON OF "V"I'. ,NTIGI"laN HI. IIIN ooNt '0' ILIM' 
NI I'S' NN • NOI tlSS liS. I •• ' .,., aa,s liS' II" al'. 
NI II'S NN • NUl ,,'S I." '1" .,., "S' J,s. SI" I"S 
III S.'," • NCO liS' J.S. SI" la.' '1" .as. '1" 1 •• , 
NI 'ISI lIN • NO •• ," a.s. I, •• I'" "I' ,.,. ! ••• I •• J· 

In 

U. 

UI 

U. 

US 

U. 

UI 

NI IS. MN • llCO a1' lSI •• , a •• I.!' lass II" I'" 
Ilt,N"ION 0' .au.ll'. ,Nllc'.r.a. "'I '1'. OOKI ,01 ILl'" Il' 
III liS' N. • 1100 lIS' 'IS' II.s I'" "" 11" 11" I." 
NI .IS. N. • NO. "" I." I'" II" S'S. JI'S J'" S, •• 
~ JIS'" 'NOD S11. SIS1 "" 1'" aas. a.SI 1.1, .", 
NI 'IS' M. • NOI "S ••• 's "" ., •• "" '1S1 , •• s SI.' 
NI 'IS'" • NOD ,.~ •• ", , •• , ~ •••• ,S. "S1 "" SI" 
NI IS'~. • MO" I'S .S' ,.~ ,., II" I,S. I'" I." 
1"'M'f'o~ OP Gau.,., •• ~'ICII'ION H" II'~ DONI rOI ILIM' I" 
III liS' lIN • MOO liS' I.S. I'" 1 •• ':1." I.,. I'" .,., 
NI IIS'~. ,NOO I'SS .," I.', •• C, SI" S'S' JI" SI., 
NI 'IS' NM • NOD S.'S S", SI" S,., 1'" liS' I", I." 
N •• ". MM • NOO IISS "S' ••••••• , '.Sl.I,S. Ila. S.'S 
NI •• " lIN • NOO SI" .'s. I.,. "1' •• " I". I", .,., 
NI IS' MM • Mnn I" •• , ,., , •• I'" I,S' I'" I." 
.1',N'tIOll Of GaUl" •• IN'Ie •• tlO. Mal elt. noNl '01 ILINI 
Nt liS' NN • NO~ ,.,. II" I." II" ,.S •• ", "., I'" 
NI liS' MM • NOD I." ,.S' "., ., •• S". J,S' S'" J.I. 
Nt JIS' MM • NOn ",. s's, ".r s ••• I,S. II" I,., •••• 
NI IS.~. • Non ZS, ". , ••.•• , I'S' liS' I." I'" 
II'INI"O.·OF .,vISI •• fNftC •• fleN N" 111M DONI '0' ELIN, 
III IIJ.' lIN • HOI Irs, I." II •• · •• '. I,sr .'S' II" I." 
Nt 'IS •••• NOD "" 1'5. I." II.' S". J,S, JI'.·SI., 
NI JIS' NN • ~OO J.,' S.S' llc. J,.' "" """" ."r 
Nt I" H. • NOD .,. IS. ••• II' 1"1 I,S. I.'. I'" 
11'IN"lo. Of laUI.I'. 'N'I~".ON N" II'. ~ONI ,a. aLEM' 
NI ., •• N. • NOD \1" liS. \11' 'I" '1" 'IS •••••• ,., 
Nt II" liN 'NOD "" ,,,. I". "" S." J'" s, •• S.II 
III JI" N. • NOI ,'S. "'I , ••• S' •• 11" •• , ••••• "., 
NI I.' NN • HO' ••• I., lSI IJ. "., 1.'1 I,JI lIS. 
l,r,"lf.nN OF CIU,.I'. lNflcl'rlo. "" SliM DONI '0. 1\1.' 
N' II" N. • NOI 11" I'" 1,'1 II" II" " •• IISI I'S. 
NI lei liN • HOO· '" •• , lSI .SI III' II" II" 1"1 
1"IMI'ION 0' "V.I.&N .NfEOIITION ""~ lIEN OONI '0' ILIM' 
NI 'I" Nil • NOO II" II., 1"1 tl" II" 1'1' •• SI ., •• 
NI .4' NN • NOD ,.. I.. '" III III, •• " I." 1.3. 
E"I""'ON 0' .'UlllaN IN'IG'''I~M Ha. lIE. 00111 '01 [LtM' 
MI I'" NN • woa II" II.S "" I.SIII', II" IISS liS. 
HI II. H. • ~n ,., II' I'. I" I.'. I, •• I'S. I"S 
l,f,Ma'lnN OF .ausI.IH ,.'I""IOM NA, 111M OOHI '0' !LIM' 
NI I'" NN I ~OD I'" III. ",. 1.,1 I'" I, •• I." •• " 
NI ,'4' lIN • NOD 'I" II" liS. "SI 1'" J ••• SIS. liS' 
NI J." ~N 'NOI I'" J." II" 'IS' III ••••••• S' liS'. 
NI el •• N. • NOI ••• S •••••• , •• ,SI I." " •• "SI II.' 

III 

U' 

••• 

I" 
1" 

II' 
IU 

HI liS lIN I NO~ ••• 'IS ISS 1,1 .," "., I.S, •• ,. 
1"IN,rlo. 0' .aUIII'. 1"'I;I"IOM Ha. III. OONI '01 ILIN' ,., 
Nt II" lIN I Not I'" .,., IISI I'S' I." ••• , •• " lIS' 
HI ••• , N. I NOO II" I." I.SS liS' SI" J.I, "SS JI'. 
NI II" NN • NOO S." S'" SISS S'S' •• ,. "1' liS' •• SI. 
NI '1" H. • NOD 4, ••• ," '.S, "S. SI •• '.,' SISS "S' 
III 'II' HII • NOI " .. !II" 'lSI "14 SI" I,., IU' snl 
III Ie' II. .~. '" ••• IS. I,S I'., II" liS' I'S' 
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SS •• ,., .al.I 'NO 'aL • ',"lit" . 

tI .. lS, "'1' l-e 'aL • ',I""" 

''''II. "I,a IN, 'aL • ..'.SI'" 

IJJU •• "'.1 'N' 'aL • • •• S'I'" 

"I .... • ,.,. AWl 'OL • ""tl'" jf'.'.'.: 
.. 

f • . .. 
. . 

un". _A'la aNi 'OL • ',1"1'" 

,JlU •• -'11' 'NI '0\ • ',""0" 
.. S .... "'1' 'N' VOL • ",'.1'" 

1I1U .. , "'1' 'Nt 'OL - '.1,1"'. 

,IU'U. .,.1. a.1 'OL ••• 1 ...... 

lSIIJJ., "111 I •• '0\ • '.ISI"'. 
.. ,.NiI 
.:.:d' 

''''''', "'11 ANI 'OL • ' ••• "". 

.n"s. ·".U 'ND 'eM. • '."110" 
lun.,. t,Pt, MID 'OL ••• Iasl'" 

''''tI. "R" 'NO VOL • _.J.tl •• 1 

"".'. .,.,' &NO ,aL • '.IS".'. 



        
            
            
            
            
            
            

        
            

            
            
             

        
             
            
            
            

        
            
            
            
            

        
              
            

        
            
            

         
            
             

        
            
            
            
            
            

        
            
            
            
            
             
            

        
            
             
            
            
            
            

        
            
           
            
            

        
            
               
            
            

        
            
                        
            

        
            
              

        

             
        

             
            

        
            
            
            

            
             

        
             
            
            
            
           
            

     

     

     

     

 

    

     

    

    

     

     

    

     

     

    

    

    

    

     

 

( 

ES',~a',o" 0' "US'I'N 'N'I'~'TlnN HI' IE!N DONI 'O~ l\lM' .e. 
NE I." NN 'Non I'" .," .,,. ,"5 I." ., •• I'" "" 
NE , ••• NN • NOO "" I'" I'" "J' "., J," JI'. '2JS 
HE , ••• N~ • NOO "., " •• ",. 'lIS I'" •••• ",. I'" 
HE •••• NN ,Han el" ., •••• , •• t,' S •• , ., •••• ,. SI" 
NE S." NN • HOO "., ., •• •• ,. st,' .t., ., •• "" .," 
Nt - I" NN • Non ,.. '" I" ". tl" tl" II" "" 
11'IMaTloN U' IJU,SIIN IHIIII.TION "II IEIN OON[ 'O~ I\[N' •• , 
Ht I •• T NN 'Non .," .,.T .t" II" "" I"T ~'JT I.'. 
HE I •• T HN • NO~ I." I'" II" 12" I'" JZ.T IZ,T ",. 
HE , •• , HN I Non ,," "., "" "" I,., .,., "1' ",. 
NE ••• HN • Non ,., ,.. "1 ,J' "., "., .," ,'J' 
I'T,MI'ION 0' ~IUS'IIN IHTIOI"ION Na. I,!N DONE 'OR E\EH' '1' 
Nt I." NN I Non I'" .," II" II" III' IZ" 12" IZ" 
NE I." NN 'NOO 2'" 'Z" 1'" I." 11" "" ,.,. 'f" 
N~ ,," NN • Non 52" S'" ,.,. '2'7 .,., .t ••• ". ,t" 
N[ '" N~ • Non I" I.' 1,. IJ' ., •• "" II" Il'. 
1"IH.'rn~ U' 'IUSII,N INTIRI'TION HI. IE!N DONE 'OA I\EH' I" 
Nt .,., N" • NOD t, •• It ••• 1,' II" a," I'" a21. 12" 
NE I'" NN ,NOO t'" I'" II" I." "" ,r" ,.,. S". 
NE , ••• "N • NO~ I'" "., ",. ", •• , ••• , •••• ,. 42J. 
Nt "~I ~ • Non "~ l'l "I '2' I'"~ 11'1 1221 IPIV 
E","nl"ll 0' Ga\l'IIIN IN'UU'IO" Mil IUN DUN! 'all ILEII' IS" 
NE 11,1 NN • Hon ,.,. 1III .'11 tl'- I.S' 22J. rz,. '2" 
liE '" liN • Non UI U2 III 12. lUI 11ll! lin IPlI 
E",N'TlnN 0' GIU",I" 'N'Ir.~"ln" .. a, IEfN DON! '011 t\t"' lSI 
Nt tiS. "., • NIlII .UI un u" lUI lUI un lin Ii'll 
NE '" NN • Non IJ2 P,' PI' ,,2 It" "" .,2' .P'~ 
II'I"'TIOH 0' IIU,III .. ,N'IO"TION HA, ItlN DON! 'O~ E\fM, I"~ 
Nt "S' NN • NOn IISZ I"J II" 'f" f2" "" "2' 1"1 
Hf IS' NH 'NOn II' .,. .,, , •• IIJ' IIJ' II" III' 
'S'IMa'ION 0' .lu,SI.N IN'IRII'ION HIS IEIN ~ONI 'OA lLE"' IS' 
Nt II" NN 'NOn lIS' II" 1.'1 II.' IIII '2" "" I'" NI I.S) NN • NDO "" ",. "" "23 I'"~ 'f" ,,'I "') 
Nt ,." NN • N~n I.S' "S' II.' 1213 1.3' "J' "" III) 
Nt II" NN • NOD II" •• ,. I". ",) I.'S ")' ",. 112' 
Nt .~. N" • Non I" I" '2' '" I'" I." t", 11" 
UrINITIO'1 0' G'u~n'N 1NTUU',ON "" IUN DDN£ 'O~ ILlH' lS' 
Nt II" N~ • NOD II" "" II.S II" "" I'" I'" 122' 
Nt ,.,1 N~ ,NOD '21'-"" f'" "1' ,," "" "" " •• 
NE S.,. N~ • Nan ",. I." "" II" .". e", "" "2' 
N[ •• ,. NN • NOD "" I'"~ "., .". ")' "" "., "f' 
NE SI" NN • NOD ,,'I "'5 ~",-,.,. ,.,. "" •• " "~,I Nt ." NN • NOD ", I" I" .,' I." "1' II" I'" 
ES'INlrloN 0' DIU"IIN IN'IG.",OH H'S IEEN aONt 'D~ E\!M' .S, 
Nt I'" NN • NOD I.'S II" I'" II" •• " "S. III. 2'" 
Nt I.'S NN I Non II'S IIJ' Il,. II" J2" S'S' S,,' "" 
"£ ,I"~ NN • NOO "'5 'ZI. ',.6 I'"~ "" ." •• , •• I'" 
Nt '1" "N • NOP II'S I'" I, •• "" SI" •• ,. I." ".5 
Nt ,." NN • NOO ,." I'J. "" S215 1"5 "S' '2" II'S 
Nt I" N" • NOn I)' IS' I.' II. I." II" III' ,P." 
1"INITION 0' 'IUSI,IN tN"III'ION HI' II(N Oo~[ 'O~ ILf N, ." 
Nt I." NN • NOP 1.,' I." III' 11" I." I'" .,., •• 2. 
NE 'I" NN • Non ",. I'" "., II.' '2" JI" ,,'T ',2' 
N( JI" N" 'Non '21' II" II,T JI" ", •• ", '22' "2' 
N( ", NH • _OD f" '" .,. '" I'" 1,,1 1.2t III' 
EI'INITIDN 0' GIUsSI.N INIEAI.TION H" .EEN DONE '0_ l\E~' IS' 
Nt ",'"N • NOD lIS' III. II •• 1.17 ,.1' .". II.' III' 
Nl I." NN • NO~ .", .". III. II" JI'f ",. "" Sl'f 
NE JI" NN • Non J.,f ,.,. J2 •• , •• , I." '2)' "" 6.,f 
Nt .S. NN I Non 'SI I" I.. '" I." II" II" II" 
E"'""I~N 0' ,IU.IIIN IN'E'~ITI"N HI. II(N OON! 'O~ E\I'" '" 
Nt "" NN I NOn t.,. tl" tl,. I." I'J' "" I'" II" 
Nt II" NN • Non .," ",. Izr. lIZ' Jll. "I' I.'. ,". 
N! J," NN 'NOD "~"~ J.,' JI2t "~" ',J. "" "" ,.,. 
NE I" NN • Nan I" ,.1 II. t.1 11.1 II'. "ll "., 
II'INITION 0' GIUSII'N 'NTI.~'t'ON "AS IEEN DONt ,o~ l\fM, I" 
Nt 11" NN • Non ",. lilt .'11 .21' 112. 211. 1111 "'1 
Nt 16e NN • NOD II. III 1.1 "1 1111 1'" 1111 1111 
rS"~I'.DN 0' 'IURIIIN IN'£OlllION HAS IEEN DON[ 'O~ ELEH' I.e 
HE II" NN • NO~ 1111 Iitl .'11 ,.,1 "II till "I! ,.11 
Nt I •• NN • Non II. 12S II' I.' Ilf' III' II.' "II 
E"IN"'DN 0' l'USlr.N IN'EC~ITION HIS IEIN OON! 'O~ 1\IH' ••• 
NE •••• ~" • N~O Ilff .',, .'1' '!., "2' "" f'" "" 
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APPENDIX 1.9: PROG3-0UTPUT 

Simulated potentials with 50-ft recharge head at the collapsed region. 
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APPENDIX J 

DOSE RESULTS 

Listed in this appendix are the computer output from the PABLM dose model 
calculations. Dose burdens are reported by radionuclide, by organ, for times 
of intrusion 100 and 1000 yr after closure, and for differing time periods of 
ingestion. All doses presented are for total lifetimes, taken to be 70 yr. 

The term "plant life" refers to the time of ingestion of salt. This is 
also included in the title information of 1/70, 10/70, 25/70, and 50/70, 
respectively, representing ingestions of 1, 10, 25, and 50 years for the 70-yr 
lifetime. The term "MI" stands for maximum indhidual, taken to be a person 
who consumes 1800 9 of salt from the contaminated mine each year. The terM 
"POP" stands for population doses, taken to be .for 15 million such maximum 
individuals. 
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NN ill .u 0 .0 0 ,0 0 .0 0 
I'1:i llO fI,il." .. II , .u·u 0 .0 0 ,0 0 
III ill,) 2,IE-OI II S.7£-07 II .0 a .0 0 
PU llO .0 0 4 0 0 .0 II .0 0 
hP an 1.9'.Ql 0 4,U-01 0 .0 0 ,n 0 
fill UI iI,U-OJ 0 I.U-OIt 0 ,0 0 .0 0 
I,j in ,~ 0 .CI II .0 0 ,0 0 
f" lii .11 0 ,0 0 ,0 0 .0 0 
re. las ." 0 .0 0 ,0 0 .0 a 
At liS ." 0 ,0 0 .0 0 .0 0 
U i!U ..... £·OJ oJ 7,"'·U 0 ,I} 0 ,0 0 

'" 2111 .11 U .0 II .0 n .0 a 
P' IU" .u 0 .0 0 .0 a ,0 0 
PA a.", ,0 0 .0 0 ,0 0 ,0 0 
t M clll I. 5t. ·uS II J,5"·0'i 0 .0 0 ,n 0 ,u 211a I.lt. .at 0 2,U-01 0 .0 0 .n 0 
HP lU ." 0 .0 0 .0 a .11 0 
PU l1i It. U.o.s 0 I,U-Ol 0 .0 0 .0 0 
PU llill S,llttoo Iii ft,lEtOl 12 .0 iI .0 0 
AH 2111 l.U·Ol I 7,OEt1i0 I .u 0 ,0 n 
HI' lJ9 2.7£·01 0 S.IIl-OIi 0 • II. 0 .0 0 ,u au l,thOI! 9 II.SEtOl i ,0 0 .0 0 
~w i .. , I • .it .uo u 1I.'t.-",. 0 .0 it .0 0 , .. 241 I. ,,£to I U IhJUU 17 ,0 II .0 0 

•••••••••••• •••••••••• -.. •••••••••• .. - • ••••••••• .-- . .......... ••• 
'UtALi i,JUOI 100 s.5[t02 100 5,0,-011 100 _.11·0' 100 
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CUMBI~!O paTHwa, AUM"A'" TOTALS PAnL" VERSION2 OA!IT' 
tJ'ILS 6Y ~UCLIO! 'UR SPECIFIED OPO-H! fl~f!R~AL D08!! ONLyt 

caSt' T'TL!I RU" 'OR -ISAP SOLUTtO~ ~ININQ, olArc, l"a!!TIO~ 1000 Y!A~ OtCAY, toi,o ,np 
._. ~OS! CO~MI'"!' SUMMARY 'Oq OD8!-Y!IR 70 0' • 10. YEAR PLINT LI,! ••• 

IRRIGarlON CROP PATH"AV, D" 
AIR DEPDSITION CROP PAT~. 0" 

IYU.TIC '0008 'ITH~IV. ON 

Doers AND TOTALS RtPD~T!O 1" HIN_R!'" 
R'DIONUCL1DE fOUL BOO. • eON! I LUNGS I TH'ROSEt • •••••••••••• •••••••••• ••• •••••••••• • •• • ••••••••• ••• .. ......... • •• 

C U I.JUOS 0 t i JEt (III ., I. SUO! U 1.5!.05 0 
.'11 59 2.JEtOIl b l ... !to! t'I .0 0 .0 0 
''41 ", .,!tfte" 0 I.U'O! 0 .0 0 .0 0 
S! " ,.Utlll 0 .0 0 .0 (I .0 It 
PO 101 ". '" toO 0 .0 It .0 ., .0 ., 
~ 210 lI.ntOS 0 6.n t 06 0 .0 ., .0 0 
II Uti !I.S!tO' 0 8.IIU05 ., .0 0 .0 0 

, ZR " ,. Set 01 0 1J.6!'02 ., .0 (I .0 It 
NU en .. r.SttOl 0 J."UOl 0 .0 ., .0 0 tc " I.BUO! 0 ,.aHU ., n.!I!+ol " ,., ., 
SN 126 ,.,e:fU 0 l.fUO! " .0 0 I ,6ft'" (I 
se IU'" .0 0 .0 II .0 0 .0 0 
88 U, 1.6!tao 0 I.B!tOI 0 .0 0 s.n·Ol CI 

• In l.nt05 0 ..n·u 0 • 0 o. ".0" os "' . c... C8 In l.lEU t 0 5.1£+011 0 J.,tfn u .0 0 .... eM 1'51 l."[tOO 0 6.5"01 " .0 II .0 It w 1M Uo 1I,~!tOJ 0 1.6£+05 0 .0 II .0 CI ". n .. ~i'!tll~ 0 lI.nu" " .0 0 .0 0 
R~ au ,0 0 .0 II ,0 " ,0 0 
pe 210 ",'!to! It ,.eun 0 .1) It .n It 
!II .10 I,IUOU 0 ~.5UOO 0 .0 " .0 0 
PU 110 .0 " ,0 " .0 ., .0 " "<IP 217 ,.'un 0 6.1)! tOb II .1I 0 .0 ., ,. iJJ I.SUOO " 2.2£+01 0 .0 ., ,0 (9 
U us .0 0 .11 II .0 0 .0 ., 
'Ii In .0 0 .0 0 .(1 ., .n ., 
HA 225 .0 0 .0 " ,0 " .0 " .t P.!! ,0 0 .0 0 .0 0 ,0 It 
II 1J!t &.5UOO ., t ,1[tOft 0 . ., 0 .tI 0 
1" nil ,II 0 .0 " ,0 (I .0 " Pi lSI'" .~ 0 .0 0 ,It (9 .0 0 
PA ZU .0 0 .0 0 .0 0 .0 It 
CN Ul 2. nUl (I ,.tUn It .0 It .1) " PU IIIl1! I. itU05 IJ J.&!+Ob " .1) 0 .0 0 "I' l!8 .11 I) .0 !I .0 0 .11 0 
"IJ lJ' 9.it,+04 (I I. "HOb 0 .0 0 ." It 
Pli lau 1l,1J! to' III 1.0Ettl' n .0 0 .0 " ... 101 II.OE+Oe. 1 1.0[+0(\ I .11 ., .11 0 
.. II nq ".UhOO tI ,.afto' n .n 0 ,n n 
Ptl 15" J.nto' " ~.8t;·oe " .0 It ." (I 

PII lIIl l. 'UIII 0 '.IHol ., .0 n .0 n 

.'" ZII l,5~",e 1) 11.11"-011 71 .n n .0 n •..•........ •••••••••• • •• •••....... ••• •••••••••• • •• • ••••••••• -.-
'Uhl.S J,J[+"19 toll ".2£-011 too 7"ttn 10" o._HO! U" 



      
        

             
             

   
    

   

  

 
 
 
 
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
 
 
 
 

 

 
 
 

  

 

 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
 

 

  

 

 

CU"Yl~'D P""WAY aOHHA~Y TOJALS P'AL" ~(R8ID"'i! oean' 
JOlALa BY ~UCLIDE fnR SPICl'IED OPGAN. (JNTE~NAL 00111 ONLY' 

CAU 'I'Ltl ~U~ 'OR -IS4P aULUfJUH ~INING, DIRECT INGESTION 1000 YflR DrCl., 2';JO HI 
••• ou~£ CU~"11~El aUHMARY 'ON DOIE-yEAA 70 0' A 25. YEA A PLANT LI" ••• 

IRN'GAflU~ CPOP PATH~lY' Off 
lIN OEP08IT!JN CROP "THI 0" 

AWUAflC PUcDS PATHWAYI D~ 

i1QSES AND TOTALS REPORTEO IN AIM 
IUOHINIJtLluE lUJ4L oUOY • BONt " LUNGS " THYROID • •••••••••••• •••••••••• .. - •••••••••• .-. •••••••••• .. .. . .... _ .... "' .. 

t 1/1 5,';'·011 0 2.U·OJ 0 S.U-04 114 S.5f.04 0 
HI 59 1./f,·01 .0 2.U·02 G .0 0 .0 0 
HI bI B.II[-Oll 0 i.U-Oj! 0 .0 0 .0 0 
IE 19 I.U·O" 0 .0 a .0 0 .0 0 
PO IOJ 7.5£·07 0 .0 0 .0 0 .0 0 
U lie J. &l-U 0 l.lUoo .. .0 II .0 a 
u Ub ~.lE-oJ 0 1.5£-01 0 .0 0 ,0 • IN 'I I. If! ·011 0 9.IE·05 0 .0 0 .0 0 
NI! tlpI 4.ClE·Ott 0 !I.U-OS 0 .0 0 .0 0 
TC 119 If. 11.1111 " I.U·OS 0 I.U·OIf II .0 0 
8N lib '.U·OJ 0 4.5E·U 0 .0 0 2.U.04 0 
86 UCI'" .iI 0 .0 0 ,0 0 .0 0 
SI' Ih l.lE-OII " ,.OE-o" 0 .0 a ".U·oe 0 
I Ii' i,UE.·Oca 0 l.U·OS 0 .0 ft I." .. -Ill n 
Cli U5 i.if-OJ u S.U·OJ 0 S.5E-0II U .0 0 c.... ,.- 15' 1l.4£-01 0 ,. u-" 0 .0 0 .0 0 . ...... rt~ iJO 7.U-oll 0 2:4E·oa (I .0 0 .0 0 

~ fU U~ !l,U-OI 0 6.U·01 0 .0 0 .0 0 
.. t. ill .11 0 ~o 0 .0 0 .11 0 "I' III) t. U·U 0 I.U-U a .0 0 ,0 0 
III ill) 5.IE·OJ " 9.U·07 0 ,0 0 .0 0 
PU llO .0 0 .0 0 .0 0 .0 0 
NP au ".III·U 0 ,.0Uoo " .0 0 .0 0 
Pi UJ ... n-oJ 0 J."-"b 0 .0 0 .0 0 
U HI .u 0 ,0 0 .0 0 .0 0 
1M 119 • i~ II .U (I .11 0 .0 0 
Ai US .~ 0 .0 0 .0 0 .0 0 
it US .0 0 .0 0 .0 0 .0 0 
IJ lIll l.tl·02 0 1.8f·ol 0 .0 0 .0 0 
r~ lJII .u \I .0 0 .0 0 .0 0 
PA uaM ,u 0 .0 n ,0 ft .0 0 
PA lU .u 0 .0 II .0 0 .0 (I 

(;" lUI. 5,61-05 u S.bt ·011 . 0 .0 tI ,0 " PU au 2.1£ -01 0 'S.u-.,. II .0 0 .0 0 
~p U~ ,II 0 .11 0 .11 ft ,0 0 
pu lSI' 1.111·01 0 Z."·OI c .0 ft .0 II 
PU lliO r,~I·OIl 'Il I.SE.+U U .0 0 .0 " Af't ;»111 b.IE-OJ I I.Clt tOI I - .0 0 .11 0 
t.P 2.SQ fa. n-Ol \I 1.U-OS I) .0 0 .0 0 
PU lJ9 Q."'tOO II ,.,'lull " .0 ft .(\ /I 
~u c!"1 'J .lIt ·u., 0 1. if. ·011 II .0 0 .0 (I ,'4 l'" J. " ... 01 " 9. Jt.tllj! 77 .0 II .0 /I 

., ........ ~ .. ........... ., ..•.•..•.• .... . ..••••... ..- . ... ~ .... ~ ... 
TUli1.1 ~,'l.C\' \\1(1 \ .Zf +01 IOn 1,~~·'" 101) I'~ e.I.-1I1 tao 
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" COlfSIH!D paTH~" !U_~'R' TOT_loS "1,,1." V!RUOlf' lI~un 
fOTILI 8Y ~UCl.rO! PO~ SP!er'I!D 0~OIN8 (I~TIRN'L DOS!! ONL" 

C-S! '1TI.£I If'J'" 'Oil lIuap SOI.UTlDN "IHINO, "1"EeT I~G!STION 1000·Y!aA DtCAV, ~!i10 POP 
••• DU!! CO~HIT~E' 8UM~'" 'UII Dust.Y!lft 10 0' a". vtl" PLaNT lot'! ••• 

'RRIOITIO", C~OP PITH~IY' o,r 
AIR O[PO!JTrlN CROP PITHt "" AQUITIC '0008 P'TH~'Yt o~ 

DO!!l!! IND TOTAU RepO"'!o IN .. ANd!'" 
IIIDIUNUClIDl. 11)T-l 800' • bOH[ I LUNCS " THynOID • •••••••••••• •••••••••• ••• •••••••••• • •• • ••••••••• • •• • ••••••••• 'I •• 

e I" e.UtO) II O.IHU ., e.Stu! •• e.!uu II 
I'll 5" .,.nto' I) !. 5! t o!s " .0 I) .11 II 
~J U I.UU' 0 l ... [tG! 0 .1) 0 .0 I) 
Sf: J!J •• "!US 0 .0 " .0 0 .0 It pu 101 t.IUOI 0 .0 0 ,II 0 .0 " U 1]' l.lEU" S.1£+01 II .0 " .11 II 
U l1fJ 1 .... !t05 2.2!+Ofl 1I .0 0 .0 II 
ZI' "1 J. '!t0l S •• UOl 0 .0 0 .0 (I 
!'<Ie "1M ft."[+OI 8.ft[·02 I) .11 I) .0 I) 
Te " '.OEtOI l.eUOII ., 2,2!40J 11 .0 0 st. ,Z& 1.9Holi 6.eF. t ll'1 0 .0 0 !.ntllS II 
Sit Uflt1 .0 ~o 0 .11 0 .0 0 
9" Ih I. "Etot a.ntOl 0 .11 0 ".n-ol 0 
I 12" !..oUOl '.lttU II .0 0 2.nt06 ~" t9 tS! l.lEtOI 1.'['011 II fII.ntU "a .11 0 

c.- S" 151 6.flHOO 1.6[t02 0 .0 0 .11 II . 
.... ,14 U~ 1.IUO' '.'Etll'5 0 .0 0 .11 fI 
U'1 ". "., ,.o[tOft '.'JEtOe. 0 ,0 0 .0 0 

HN llZ .0 0 .0 II .0 " .0 II 
FIt! llo 1.6Uo' . 0 ".6!t~! ~ .0 II .0 0 

'til lto 1 • .,!.fCIIJ I) 1 •• [t"l " .0 0 .0 0 
PU ZIO .0 I) .0 " .0 fJ ,0 0 
'Ip IJJ 6.6(+OS 0 1.5[+0' 0 .0 I) .0 " p. in ".ftftoo 0 !.'5E t OI II to 0 .0 II 

" ~JJ .n 0 .0 II .0 0 .n " 'Ii nIP .v II .f) 0 .0 " .0 0 
IU lZ5 ." I) .0 0 ,0 " .11 ., 
-c U5 .v 0 .0 0 .0 0 .0 II 
U U" 1.6£+05 (I !.fI[ttl6 0 • .0 II .1) " 'Ii n' ." 0 .1) 0 .0 n .0 II 
p. lie" .0 0 .0 0 .0 II .0 n ,. 1511 .v 0 .n 0 .0 0 ,n 0 
Cf4 ,u2 5. ruOl " I.JEtO'1 n .0 (I .11 " ttu ~a, '.v! tn 0 II.I! + (1ft II .0 " In " ..... UI! .11 U .lI n .0 I) .0 (I 
I'U lSI! i. if .,,5 U II.SE+O." 0 .0 n .0 " PU 1011 1.'Hu8 ,,, 

~.3ltO. I, .0 0 .0 II _t.4 
,la, •• If.tOft 1 l.II[+o!l t .0 (I .n n .,p HII I.ul:+'" U 1./lE+t:lZ " .0 0 .0 0 

PU ".s~ 7. J!. + III " 1.1F.+O" e .0 (' ,0 II 

'''' ~"l :;.~ltut :: 1.1\[' OJ j) .0) 0 ' .0 0 ,M IClI S. If to 15 J) ',.IIJ.,,, " .0 n .n " ............. . .•..•.•.• 'I •• ........... .... . •.....•.. • •• • ••••••••• • •• 
HIt AI.S 7.'f 4""1 , 0" 1.l)f·'O '00 t.'!!t oa til" 1.a!tI)6 Un 
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tUMllNID PA,"WAY aU"H.~t T~"L' 'AElL" YERUO"iZ nun 
TJ"L' By NUCLIOf 'UR SPiCIFIED URgANS rIN'ER~'L oua£1 O~LY' 

SoiJO CAU lULU QUN 'OR ~1'4P 'DL~TIO~ NIUIN~, PIAEeT INalaTION 1000 YEAR DECly, HI 
••• DUI, CU~~ITME' aUMMA~Y ,OR DOSE-YEIA 70 OF , 10 • YEAA PLA~T LIFE ••• 

IARIGATJUH CROP P"H~'Y' 0" 
AlA OEPU3IJI)N CROP P""I 0" 

'UUATlt 'OODS P"H"4YI 011 

DOSES AND 'OTALI AEPOIUED IN REN 
IU DI O""JCL 10E 'orAL 8UO'l' I BONI II LUNU II ' .. YAOID II 
•••••••••••• •••••••••• -.. .........• .-- ........... -.. • ••••••••• .. -e: IQ 1.11-0.5 0 5.5t.-OJ 0 1.1F-0I 4" I.U-OS II 

HI 59 J.dE-OJ 0 4. n-u II .0 0 .0 II 
HI U 1.ItE-OJ 1/ ".lr·Cll ., .0 a ,0 0 
S£ J9 l.SE-04 0 ,0 0 .0 0 .0 II 
pn "', '. st-Oll 0 .0 0 .0 " .0 0 
U is'' I.IIE-Ol 0 i.UUO " .0 0 .0 0 
U lib I.n-ol 0 ,.U-OI 0 .0 a .(1 0 
,~ 

'" 1.9E-OII 0 l.tE-04 0 .0 0 .0 " Nit 9114 '.lE-O .. 0 I.U-OII 0 .0 0 .0 0 
Tt '" 9."'-1)4 0 i.U·OJ 0 2.9£·0/1 II .0 0 
Ii'll u. i.IIl-OJ 0 9.0£-02 0 .0 0 5.U·OC! " 88 Uff" .0 0 .0 0 .0 0 .0 0 
8M Uti 2.Sf·0. 0 •• OE-OII 0 ,0 0 1.21-07 0 
I U9 lI,uh04l 0 1.111-011 0 .0 II J. u-", ~. c.... ttl U5 ".n-os 0 ,. U-ol 0 1.IE-n lUI ,0 0 ..... Srt 151 8.n-07 0 I.U-OS D .0 0 .0 D 

Ol 

'" iJO 1.IE-U 0 3."E"'02 0 .1) CI .0 0 
H& Zltl ~.i!E-0i U 1.1EtOI) 0 .0 0 ,n 0 
I4N in .u u .11 0 .0 0 .n 0 
Pit llo l.lt-OJ u 1I.IlE-Oj! 0 .0 0 .0 (I 

Itl 2111 I.U.-Oe. 0 1.1lE-0f! 0 .0 0 .0 0 
Pl' 211) .11 0 .0 n .0 0 .0 It 
~p 217 p.U-tIl u I.U+OO 0 .0 0 .0 0 
Pi iSS I,U-OII U 7.4E-oll 0 .0 0 .0 0 
U llJ ." I) .0 II .0 0 .0 0 'Ii l~q .~ 0 .0 0 .0 0 .0 0 
u llS .tt 0 .0 0 .0 0 .0 I) 
AC 2l'i .u 0 .0 0 ,0 0 .0 0 u an 2.U-U u 3. n-Ol I) .0 " .0 I) 
riot UII .0 U .0 0 .1) " .1) 0 
Pi 2J~'4 .... " .0 0 .0 0 .0 0 
PA lSO .11 U .0 0 .0 0 .0 0 
tl4 l'" 7.,t-1JS u l.n-03 0 .0 0 .0 0 
PU UI lI.lf-Ol I) 8.J[-01 0 .1) 0 .11 0 
'jp lJ~ .11 II .11 ., .0 I) .0 0 
PU 2.511 l.jf-Ul 0 ~. n-UI 0 .0 0 ,n II 
PU aliI) I.UtUI tJ iI.Ol+OI! ., .0 " .0 " It .. i43 1."EtOO , i!.bttOI , .0 0 .0 I) 
,.. .. iJ'l , .U,-OD " I. Sf. -u5 n .0 /I .0 0 
• J c;; I.Ut;,;~ ; I. it "I.'t 8 .11 I) .0 0 
PU lll' e. If -UD II i!.If.-llQ n .0 " .n 1\ ,,, '''1 ~. UtUI PI , • bE t (. , " .0 " .n CI ............. •••••••••• .... .•.•...... _.- . .•....... -.. . .....•... • •• 
'uraLS !I."!fOI IOU '?IIE+uJ , "n a.Sf .. n, , !III J. n.ol tOft 

./ 
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cUHet~!O P~THWIY !UMHA~' TO'A~S PIAL" V[ft!llO!ol2 e~lJ1'J 
TOTALS 8Y ~UCLrOt 'OR SPEC"I!O O'GA~8 tINT!RNAL OOS!S ~NL" 

CAn fl'LEI ~v~ 'UR "ISAP suLu'IO~ ~ININO, OI~EtT I~Q!8Tl0~ ,noe YEAR O'-CAY, ,0/10 I'OP 
.,~ oust CO~"I'V!, 8UM~ARY 'OR OO&E.YtIR 10 D' • !.,. Y!AR PLINT Lt,! ••• 

IRRIGITI~N CROP "ATHW"t'~" 
AlA O£P051TJON e~op pATHI 0" 

'~UlrIC 'ODDS ~"H.'" O~ 

Done AND TOTAL! IIftP'llinO IN M"~.R!" 
'UPI iJNUCL 10[ fOUL paor I( SON! S LUNOs • T"YIitOID I 
•••••••••••• •••••••••• ••• •••••••••• ••• • ••••••••• • •• .. ..•...... • •• C II I .• ,uOt " !.JEtOa 0 1.7!t'" .. I.nu. ., 

~I 5. I,Uto!! 0 7.0£tll, ., .0 0 ,0 0 
'u U !.u..,_ 0 7.2!to, 0 .0 ., ,I' I) 
SE n J,ntos 0 .0 0 .0 0 .1' It 
PI.' II" i.JEtOI " .u .. .1) n ,n ., 
U z,a !.IHOft 0 3.1I!+01 " .0 0 ,0 (I 
V i!'" Z,7UGS 0 o.Qttll" 0 .0 0 ." ., 
ZR "J 7, JEtOI " 2.8tt01 " ,0 0 ,0 (9 
"'8 'I," 1,ll!t02 0 t.ntO! 0 .0 0 ,0 e 
It .,. I.'Uo" II '.'£.(11 I' •• /f!tn II .CJ " 8" ,,,e. 1.8E t o. 0 I.II[+U 0 .0 0 7."HII) 0 
SI;t 116'" .0 0 .0 0 .0 0 ." 0 
S8 Uet J.!ltl)l 0 ,.ottol n .0 0 1 ... ttOO II 
I Ii" f).uEto) 0 !.I!tU 0 .0 0 ".J!tllb ~9 
t9 In fI.SHo. 0 ,.&£to! 0 t.7UII" u ,0 ., 

c... S" 15. • .UtOI 0 3.1E+02 0 .0 0 .11 " ..... '" lJl) 1.1tt." 0 !I. JHO! 0 .0 0 .0 0 ...... fl • li!ft l.lEU7 0 1.?EtO? 0 .0 0 .0 I) 
RI. III .0 " .0 0 .0 ., ,0 0 
"It 21(1 •• IUOII 0 ,.oUO!! 0 .0 0 .0 " 81 llO I.U·OI ., Z.PfUI II ,0 It .0 " ,.U 2'0 .0 ., .0 " .t) " ,0 I) 
HI' U1 '.t£+Ofl 0 !.II!+u1 " .0 n .It 0 
JI. U. I.nu. " 1.IUIIl " .0 0 .ft II 
IJ 2U .0 0 .0 0 .0 " .11 II 
tit 1I" .0 0 .0 n .0 " .n ., 
RI U'S .0 0 .0 0 ." 0 .0 II 
It 2P~ .IJ " .0 " .1' 0 .n II 
U U" ).)f+ll5 0 !'.!EtOet " .0 0 .n ., 
TN UIJ .0 0 .v 0 .0 " ,0 II ,. UGH ,d 0 .0 ., .0 0 .(1 II 
pa 2,11 .0 0 .0 It .0 " .n II eM ~1Ii' I.IH." 0 2.6"t,HI n .0 0 ,I) .,0 
!lU lQ2 !I. u!.tO'l 0 t .3E t UT I) .0 0 ," II ,.P If" ,0 0 .0 0 .1) II .0 II 
PU UR 5."EtIJS U J.JE+Oet I') .0 I' .0 I' 
pu zao I. 'Hoe 11 3.1E+1I~ Ii! .0 0 .11 0 ... ll) 1.5!tII1 , ~.!!Efr.~ , .1) I) .0 II ,." lJ? I.Ot.H" 0 J.7£+ftl n .p I' .0 II 
PU lJ'l , .lE t 06 " l!.'U ."" " .0 0 .(1 0 ,.., 

~ ... · ., .. " .. .; ,. ~f."'" " .1' 0 ,II " '. .... • ....... 0' 4-

.'" ill' o ... !toe 711 ".QE·II' " .(1 n .0 " •••••••••••• •••••••••• .... .... -.•.. - . -. ..•....... • •• •...•.•.•. -.-HllaLS I. sun 11111 3.11' +tl' 111ft s.ntO Il '00 1.7f+(lf, Inn 



 

 

APPENDIX K 

SITE CHARACTERIZATION 



 

 

          

          

          

          

         

          

           

            

          

         

         

           

   

  

 

           

             

            

          

             

     

           

          

        

         

           

APPENDIX K 

SITE CHARACTERIZATION 

This section contains a summary of the important geological and hydrolog­
ical characteristics of the Hainesville Salt Dome and the surrounding region. 
The following discussion provides the type of local and regional geological 
information that is necessary for evaluating the suitability of siting an 
underground nuclear waste repository within a Gulf Coast salt dome. 

Unless otherwise noted, the material within this chapter has been taken 
from a report written and prepared by Law Engineering Testing Company LETCO-­
(1979b). Because this study is only a methodology exercise as applied to a 
reference salt dome, no detailed regional or local site investigations were 
performed. Rather, the geologic information was obtained from the existing 
literature and previous studies. For an actual site assessment, detailed 
geologic investigations would be conducted by ONWI to remove as much uncer­
tainty as possible from 
the resulting analyses. 

REGIONAL GEOGRAPHY 

This discussion of the regional geology is restricted to the region within 
a 200 mile radius of the Hainesville Salt Dome. The salt dome itself is 
located in the central part of Wood County in northeast Texas (Figure K.I). 
The regional surface generally slopes from northwest to southeast (Figure ~.2). 
Elevations range from-more than 2000 ft MSL in the Ouachita Mountains to below 
100 ft MSL near the coast. 

The region surrounding the Hainesville Salt Dome is composed of the four 
physiographic provinces shown in Figure K.3. Within this region lie the 
following major cities with populations exceeding 100,000: Dallas, Texas; 
Fort Worth, Texas; Waco, Texas; and Shreveport, Louisiana. The northeastern 
portion of the region drains easterly into the Mississippi River through the 
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FIGURE K.3. Regional Physiographic Map 
Source: Law Engineering Testing Company 1979b 
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Red. Ouachita, and Arkansas Rivers. The southwestern half of the region drains 
to the south toward the Gulf of Mexico, through the Sabine, Neches, Trinity, 
and Brazos Rivers. 

REGIONAL GEOLOGIC SETTING· 

Pre-Mesozoic Geology 

Precambrian outcrops occur only in the Arbuckle Mountains of Oklahoma and 
in the Llano uplift area of central Texas. The altered sedimentary rocks 
include metamorphosed sandstones, shales, and a limited amount of limestones. 
Intrusive igneous rocks, chiefly granite but also including diorite and more 
basic rocks, have intruded these Precambrian sediments. 

During the Paleozoic, the Ouachita geosyncline formed along the southern 
margin of the North American Precambrian craton. Through most of the Paleo­
zoic, sediments were eroded from the craton and.were redeposited in the geo­
syncline. Sediments deposited in the interbasina1 areas of the craton were 
mainly carbonates, with smaller interstratified beds of clastics. Sediments 
depOSited into the geosyncline, however, were mostly clastics with small 
amounts of carbonates. 

Geosynclinal sedimentation terminated with the Ouachita orogeny during 
Early Pennsylvanian. The Ouachita belt is a complexly deformed zone that 
developed .as a result of northward oriented compressional forces. Most of the 
regional site area is south of the Ouachita orogenic belt. Knowledge of the 
Paleozoic history of this area is sketchy at best; however, deep wells have 
encountered unmetamorphosed Paleozoic sediments on the Sabine uplift. Other 
geophystcal evidence shows that much of the area is attenuated continental 
crust bordering oceanic crust ·to the south. 

Mesozoic and Post-Mesozoic Geology 

The Gulf Coast geosyncline was initiated in Late Triassic by the combi­
nation of block faulting and rifting of the continental crust. The northern 
boundary of the basin was faulted along the southern flank of the Late 
Paleozoic Ouachita orogenic belt. 
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The Gulf Coastal Plain to the south of the Ouachita oroganic belt is an . 
area of low relief that borders the Gulf of Mexico. It is underlain by sedi­
mentary formations of Mesozoic and Cenozoic age (Figure K.4). Depositional 
patterns in the northern Gulf Coastal. Plain consist of periods of inundation, 
characterized mainly by deposition of limestone, alternating with periods of 
delta progradation and deposition of clastics. A generalized geologic column 
of the stratigraphic units of the site region is shown in Table K.l. 

Post-salt inundations began with the Smackover carbonates in the Jurassic 
and continued into the Cretaceous. A subsequent period of deltaic deposition 
culminated in the deposition of the Wilcox Group in Early Tertiary. Succeed­
ing deposits were alternatively marine and non-marine. Late Cenozoic deposi­
tion consisted of terrace and valley-filling alluvial deposits in the interior 
salt basins. These deposits grade into marginal shoreline deposits, which 
parallel the present shoreline and grade into marine 'sediments offshore. The 
sediments generally have a regional dip of about one degree to the south; 
however, posiments and negaments interrupt this pattern and form the predomin­
ant structural elements in the Gulf Coast basin. 

During the Mesozoic, subsidence initiated the development of a boundary 
fault system above pre-existing basement faults. Subsidence on a geosynclinal 
scale began in the Lower Gulf Coast basin during the Cenozoic. This period of 
subsidence initiated several new fault zones in the Gulf Coast basin. 

The development of salt domes has caused localized structural features. 
Movement of salt (to form salt ridges) within the Louann Formation began 
during the later part of the Jurassic Smackover deposition, and continued as 
additional sedimentation occurred. Diapirism was initiated in places where 
salt was sufficiently thick. In the interior salt basin, diapirism climaxed 
during the Mesozoic. In the coastal salt basins, diapirism did not climax 
until the Late Tertiary. 

Over the past 30 to 40 yr, surface level measurements in the Gulf Coastal 
Plain have shown recent vertical movements. These measurements are subject to 
variations of local, natural, or human-induced subsidence mechanisms. The 
cause and possible long-term effects of this movement are not yet conclusively 
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TABLE K.1.:Stratigraph1c Column East Texas Basin 
Source: Law Engineering Testing Compan¥ 1979b 
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known. However, studies of Quaternary terraces have shown that there are no 
significant variations in level of the terraces, indicating that there has not 
been subsidence or uplift resulting from recent tectonism. 

LOCAL GEOLOGY 

East Texas Salt Dome Basin 

, The East Texas Salt Dome basin occupies the central portion of,the East 
Texas embayment •. The embayment.;s a coastal depression which occupies about 
44.000 square miles of northeastern Texas. Embayment boundaries are defined 

, . 
by the Sabine uplift on the east and the Angelina-Caldwell flexure on the 
south. Sed1ments in the embayment range from Jurrasic to Mid-Tertiary and 
Quaternary in age. The East Texas embayment is thought to be controlled by 
down-faulted blocks on the southeast margin of the Ouachita foldbelt. 

The limits of the East -Texas Salt Dome basin are rather arbitrarily 
defined, but occupies about 4000 square miles (or about 10%) of the East Texas 
embayment. Elevations within the salt dome basin range from 200 ft above sea 
level in the south to between 400 to 500 ft toward the Sabine uplift to the 
east and the Mexia-Talco fault zone to the west. 

The basin is characterized by a marked thickening of Mesozoic and Ceno­
zoic strata toward ,its center. The strata generally dip toward the Gulf at 
angles slightly steeper than the regional slope of the land surface. Tertiary 
strata form concentric outcrop patterns in the baSin, being younger in ,the 
center and progressively older toward the borders. 

The sediments of the East Texas Salt Dome basin record a system of marine 
transgressions and regressions superimposed on a progradational depositional 
·basin. A summary of stratigraphic units from Nichols (1964, 1968) is given in 
Table,K.2. 

As a result of subsidence, between 24,000 and 25,000 ft of sediment was 
deposited in the basin. From the Jurassic to the Late Mesozoic, sedimentation 
virtually kept pace with subsidence throughout the basin. Subsidence had 
essentially ceased by Mid-Tertiary. 
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Based on the average maximum sediment thickness over the basin, and 

assuming that subsidence is related to i~Qstatic adjustment from the sediment 
loading that occurred since the Louann s~'t deposition~ calculations indicate 
an average subsidence of 0.0358 mm/y~ar. During the Tertiary, subsidence 
decreased significantly to an average r~te of 0.0065 mm/year. This subsidence 
produced a gentle basin-wide warping of the sediments. As such, each succes­
sively younger bed is less warped than the older underlying beds. 

The East Texas Salt Dome basin contains 14 shallow salt domes (within 
2000 ft of the surface) and three intermediate salt domes (between 2000 and 
6000 ft of the surface). There are nine deep salt domes (more than 6000 ft 
below the surface) that mayor may not be diapiric structures. In addition, 
there are several salt ridges that tren~ parallel to the basin axis. 

In general, there are five external features that are characteristic of 
most salt domes: the salt dome, centra1 graben, growth faults, rim synclines, 
and unconformities. The salt dome or sa~t stock itself consists of a large 
column of salt extending from the sourc~ layer (Louann salt) to varying depths. 
below the surface. The diameter of the stock is usually at least one mile and 
is often much greater. 

Central graben faults tend to be radial and bound the salt domes. Local­
ized faulting adjacent to the sides of a salt dome is common and is believed 
to result from shearing'of the sediment~ because of the relative upward move­
ment of the salt dome. 'Salt domes located within the East Texas Salt Dome 
basin are not necessarily independent structures, but are often associated 
with larger salt ridges and pillows. In some cases, several salt domes will 
develop from the same salt ridge. 

Rim synclines are structural depressions that partially or completely 
encircle most domes. The depressions are thought to be formed by the sinking 
of overlying sediments into the space lc;t by the lateral flow of salt into 
the salt dome. The ages of the sediments that thicken into the syncline 
indicate when the salt flow began. Unconformities, which are localized above 
the salt dome, also help to indicate whan ~alt flow and dome growth began. 
Each unconformity marks an interval of ~~lative uplift of the dome area with 
respect to adjacent sediments in the basin where deposition was continuous. 
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The rock salt in most salt domes usually consists of elongated halite 
crystals (NaCl) between 0.25-0.5 in. in diameter. Water insoluble residues, 
such as anhydrite (CaS04), generally constitute 1 to 10% by weight of the 
rock salt. The salt is generally deposited in layers. The layers may be pure 
white, gray, or sometimes black (containing high amounts of impurities such as 
anhydrite). Layers range in thickness from one inch to tens of feet, and 
generally have gradational contacts. Observations in salt mines indicate that 
salt generally flows first laterally and then vertically upward to form the 
salt dome. 

Boundary shear zones have been identif.ied in almost all coastal salt 
domes. However, shear zones have not been identified in most of the interior 
domes. ,This lack of identifiable shear zones in the interior salt domes by no 
means conclusively suggests that they are completely lacking. Boundary shear 
zones were not recognized for the first 60 years of mining in the coastal 
domes. The existence of such boundary shear zones in the interior salt dome 
is probably more a matter of their not being looked for. Research could 
continue on the effect that these zones would have on the long-term isolation 
of radioactive waste and should be addressed more carefully in any actual site 
analysis. 

Caprock is the term applied to the varied mass of rocks, predominantly 
anhydrite, which covers the top salt layers of many salt domes. Gypsum 
(C~S04 H20), calcite (CaC03), and sulphur are often common constitu-
ents. Caprock is generally brecciated ,and sheared. It may cover the entire 
top surface of the salt dome and in some instances may extend down on~ or more 
flanks of the salt dome. In addition, the caprock may be mushroomed to form 
overhangs, and in some cases the caprock may even extend under the overhangs. 

Currently, there are three theories that account for the formation of 
caprock. The theory of residual accumulation is based on the assumption that 
the caprock is formed at the top of the salt dome as salt is dissolved away by 
ground water, leaving less soluble materials such as anhydrite. The hypothesis 
of precipitation 1n place assumes that salt brine rises along the salt dome 
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stock and precipitates the caprock on top of the salt dome when the dome top 
comes in contact with a fresh water aquifer. The modified precipitation in 
place hypothesis may suggest that some of thecaprock material has been brought 
up along with the developing salt dome from beneath the mother salt bed. 

Using a stratigraphic approach, it is possible to deduce the volume of 
salt that has moved per unit of time (Martinez et a1. 1975, 1976, 1977; 
Loocke 1978). When this method was applied to the Vacherie salt dome in 
Louisiana, estimates indicated a vertical uplift rate of 0.2 mm/yr during 
Mid-Cretaceous, 0.02 mm/yr during Late Cretaceous, and cessation of movement 
about 30 mi 11 i on yr ago. 

Netherland, Sewell and Associates (1976) studied rates of movement on six 
domes in the East Texas Salt Dome basin. They relied on structural data, 
measuring the amount of local uplift of a formation in the vicinity of each 
salt dome. Their results indicate that salt dane movement ceased in Late 
Paleocene-Early Eocene, and that rates were greatest in Late Jurassic and 
Early Cretaceous (0.153 mm/yr and 0.044 mm/yr) , and then slowed with time. 

Law Engineering Testing Company (1978a) performed a 'growth study on the 
Minden salt dome in the Louisiana Salt Dcme basin and found maximum growth 
rates in the Middle Cretaceous with slower rates during the Mid-Tertiary. 

While all three salt dome growth studies were carried out on different 
salt domes in different basins using different approaches, they all support 
the argument that dome growth ceased approxmately 30 million yr ago. 

SITE GEOLOGY.AND SUBSURFACE HYDROLOGY 

Site Surface Geology 

The Hainesville Salt Dome is the northernmost shallow piercement salt 
dome in. the East Texas Salt Dome basin. The Hainsvi1le Salt Dcme has been 
excluded from consideration for a nuclear waste repository. The site area 
consists of rolling hills and prairies and encompasses approximately 
542 square miles. The site area includes a structural feature known as the 
Mineola basin (Eaton 1952), which has been described as the area of influence 
or the rim synclinal area of the Hainesville Salt Dome. 
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Only Eocene, Pleistocene, and recent strata crop out in the site area. 
The Eocene strata consist of a 1 ter'nat i ve mari ne and non-mari ne sediments rep­
resenting cyclic deposition, while the Pleistocene and recent deposits consist 
of alluvial sediments (Figure K.5). Generally, the youngest units, exclusive 
of Quaternary deposits, are exposed in the center of the area with the older 
units exposed around the periphery of the site area. No surface faults are 
described 1n the literature and none are shown on geologic maps. 

Site Subsurface Geology 

External Structure 

The Hainesville Salt Dome is a shallow piercement salt dome located 
approximately in the center of the site area. Data used to decipher the size 
and properties of the salt dome include 11 wells penetrating the salt, one 
seismic reflection line crossing the salt dome in a southwest to northeast 
direction, a basin gravity survey, and data from other wells in the vicinity 
of the salt dome. 

The dome pierces 16,OOO.ft of strata ranging from Late Jurassic to Early 
Tertiary in age. 'An overhang exists from -10,000 ft MSL to near the dome top, 
with the largest diameter of the overhang·occurring between -3000 ft to 
-5000 ft MSL. Below -10,000 ft MSL the salt dome develops a broad shoulder­
like base down to -17,000 ft MSL, where the salt dome stock connects with the 
top of the Louann salt (Figures K.6 and K.7). 

Subsurface mapping indicates a rim syncline adjacent to the Hainesville 
salt dome. Some peripheral faulting at the boundaries of the site area is 
also indicative of rim synclines in Late Lower Cretaceous to Early Upper 
Cretaceous rocks, as shown in Figure K.B. This subsurface mapping of the 
Woodbine and Austin Group indicates two peripheral, normal faults, which are 
related to rim syncline development during Lower Woodbine deposition. These 
faults have a displacement of 100-200 ft and are confined primarily to Upper 
Cretaceous rocks. Well data and published reports also show a fault offset­
ting Early Tertiary strata. This may be related to deeper Middle Cretaceous 
faulting (Dillard 1963). No central graben or radial faults have been mapped. 
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Internal Salt Structure 

Internal salt dome structures are those· that are related to the character 
of the caprock and dome salt. Well logs describe the dome salt principally as 
crystalline halite. However~ wells on the south portion of the salt dome indi­
cate the presence of sane shale inclusions; wells .closer to the center of the 
salt dome do not indicate a similar presence of shale inclusions. 

Caprock is believed to drape over the entire top of the salt dome. The 
thickness of the caprock ranges from 49 to 265 ft, with the thickest portion 
of the cap rock being in the northeast quadrant of the salt dome. The cap rock 
can be divided into three zones. The upper zone is disseminated pyrite (FeS2) 
in carbonate, the middle zone is gray shaley carbonate, and the lower zone is 
white, clear, very dense anhydrite (CaS04). 

Host Sediments 

The local.stratigraphic section is made up. of more than 18,000 ft of 
Mesozoic and Cenozoic sedimentary strata that overlie Paleozoic substrata. 
This discussion will concentr~te on the Upper Cretaceous, Tertiary, and Quater­
nary rocks in the vicinity of the Hainesville Salt Dome. The stratigraphic 
groups within the follOWing systems or series will be given in ascending order. 
All these groups are generally conformable and constitute a series of hydro­
logic aquifers and aquacludes. Because of their importance to the hydrologic 

. analyses, the stratagraphic section which surrounds the Hainesville Salt Dome 
is presented below in additional detail. 

• Upper Cretaceous Series 

- Woodbine Group: The WOodbine Group-consists of- sandstone interbed­
.ded with shales and mudstones. The thickness of the unit at the 
salt dome is about 70ft. The Woodbine Group conformably underlies 
the Eagle Ford Group outside of the area of salt dome influence. 

- Eagle Ford Group: This group is recognized as a group only at the 
outcrop and is recognized as a fOl'mation in the subsurface of the 
basin. The thickness of the formation at the salt dome is 690 ft, 
and the formation primarily consists of a thick shale sequence with 
lenses of porous and non-porous sands. 
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Austin Group: This group is about 1795 ft thick and can be divided 
into three units. The lower and upper units are chalk9 and the 
middle unit is marl (c~lcareous clay). 

- Taylor Group: The Taylor Group is about 2235 ft thick at the salt 
dome and is divided into three units. The Lower Taylor consists of 
shale with an upper sand unit. The Pecan Gap is composed of thick, 
dense chalk, and the Upper Taylor is thick, uniform calcareous shale. 

Navarro Group: The Navarro Group is about 1550 ft thick and is 
divided into three units. The Upper and Lower Navarro are both 
shale and are interbedded with marly, calcareous sandstone con­
taining thin bentonite layers. The Nacatoch sand is a massive 
quartz sandstone. The contact with the overlying Tertiary Midway 
Group is unconformable. 

• Tertiary System. 

- Midway Group (Paleocene Series): This group is about 1695 ft thick 
at the British American #B-1 Weisenhunt wel" and it consists mainly 
of calcareous and non-calcareous shales. At the salt dome, the 
group is a thick shale with thin discontinuous beds of sand. The 
Midway shales have a very low hydraulic conductivity, and in the 
study area is considered to be an aquiclude. The top of the Midway 
represents the bottom confining surface for the overlying Wilcox 
Group. 

- Wilcox Group (Eocene Series): The Wilcox Group consists chiefly of 
silts and sands interbedded with clay and a few thin beds of lig­
nite. The group is about 735 ft thick at the British American IB-1 
Weisenhunt well. The sands and shales of the Wilcox group are 
unconformably overlain by the Claiborne Group. On the northeast and 
southeast flanks of the basin9 the Wilcox dips to the southeast. 

- Claiborne Group (Eocene Series): The Claiborne Group consists of 
five different formations and is generally composed of alternating 
sands, silts, and clays with occasional indurated layers. The five 
formations of the Claiborne Group are described below. 
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,- The Carrizo Formation is about 150 ft thick at the Hainesville Salt 
Dame and is the only formation that does not crop out in the site 
area. The formation is, composed of interbedded sands, silts, and 
clays. 

The combined Carrizo-Wilcox aquifer represents the most significant 
aquifer in the study area •. Though in some places a shale layer , 
separates the two aquifers, they are hydraulically connected and are 
generally considered to be one aquifer. 

The Reklaw Formation has a total thickness of about 70-100 ft and 
often contains highly fossiliferous layers and some lignite in the' 
upper portions of the formation. The Reklaw generally consists of 
slightly glauconitic clay with smaller portions of sand. Regionally" 
the Reklaw is assumed to be an aquitard, but this assumption has not 
yet been proven. The Reklaw is Significant hydrologically as a 
semi confining layer overlying the Carrizo-Wilcox aquifer. 

The Queen City Formation is 200 to 500 ft thick, becoming thicker 
towards the salt dome. This formation sometimes contains petrified 
wood and some plant fossils, and is generally composed of interbed­
ded sand, silt, and clay with some lignite. The Queen City aquifer 
is extensively used as a municipal water supply because of its 
thickness and areal extent. Coefficients of transmissivity range 
between 3000 and 12,000 gal/day/ft, and the'hydraulic conductivity 
ranges between 10 and 130 gal/day/ft2• A hydraulic condu~tivity 
of 50 gal/day/ft2'is probably representative of the aquifer as a 
whole. Many of the wells giving these data were not screened through 
the entire sand thickness. (The percent of thickness screened for 
the pump test has an effect on the calculated coefficients.) 

The Weches Formation contains highly fossiliferous strata and has a 
thickness of about 70-75 ft. The formation basically consists of 
glauconitic sand and clay with occasional layers of glauconite. The 
Weches Formation is not considered important to the hydrogeology of 
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the area. It has a very low hydraulic conductivity and is con­
sidered to be an aquiclude or aquitard, depending upon its loca­
tion. The formation is. generally an ineffective separator between 
the Sparta and Queen City Formations. 

The Sparta Formation is composed chiefly of layered, unconsolidated 
sands, silt, and clay. This formation occasionally contains petri­
fied wood and leaf fossils. The Sparta is only 50 ft thick at the 
site area. This aquifer is not very important, even though it has 
reasonably good hydraulic properties, because of its limited areal 
extent. 

Quarternary System 

A small, isolated, Pleistocene alluvial terrace deposit exists along the 
Sabine River, southwest of the salt dome. The deposit is about 60 ft thick 
and consists of sand, silt, clay and some gravel. Recent alluvium is also 
present along portions of most of the creeks in the area and consists of 
sands, silts, and clays. 

SALT DOME DEVELOPMENT 

The following geologic history concerning the development of the Haines­
ville Salt Dome is primarily taken from Loocke (1978). 

• Upper Jurassic. The Louann salt was depOSited on a relatively flat area 
of a restricted marine environment in the East Texas Salt Dome basin. 
Flow of salt within the Louann formation resulted in a thicker salt bed 
in the site area. Salt pillow formation began as a response both to 
continued salt flow and to irregularities that existed in the pre-salt 
surface during this time • 

• Lower Cretaceous (Comanchean Series). Deltaic progradation characterized 
the beginning of the Lower Cretaceous with deposition of the Travis Peak 
Formation. This major transgressive sequence marked the end of the lower 
Cretaceous Comanchean Series and resulted in continued salt dome growth. 
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As the salt dome growth continued, the structure developed from an 
initial thick area of salt deposition into a low, broad salt pillow into 
a better defined and centralized salt structure. By the end of Lower 
Cretaceous deposition, .the salt pillow had evolved into a salt ridge • 

• Upper Cretaceous (Gulf Series). The Upper Cretaceous is marked by 
deposition of the Woodbine Group during a regressive interval and by 
deposition of the Eagle Ford Group during a minor transgressive inter­
val. During deposition of the Woodbine, salt dome growth reached its 
maximum rate of 800 ft/million years. 

Erosion of the salt dome occurred in Late Woodbine time, when the top of 
the salt dome was several hundred feet to 1000 ft above sea level. Near 
the end of the Upper Cretaceous, salt extruded from an eroded hole in the 

. underlying salt structure (Loocke 1978). The volume of salt lost during 
the extrusion stage resulted in collapse of the underlying salt structure 
(the original salt pillow). The collapse of the salt pillow created a 
space below the units undergoing contemporaneous deposition and resulted 
in the development of an inner rim syncline adjacent to the salt stock. 
Loocke suggests that this extrusion continued during the Tertiary. The 
growth rate slowed to 150 ft/million years by the close of the Cretaceous. 

• Tertiary. Regression marked the beginning of the Tertiary and resulted 
in deposition of alluvial deltaic sediments. A permanent salt overhang 
developed during the Tertiary. This overhang was caused by lateral salt 
movement induced by collapse of the salt dome flanks during extrusion 
when vertical loads above the salt dome exceeded the lateral confining 
pressure. 

• Quaternary. Sediments of Recent age overlying portions of the salt dome 
are unaffected by the salt dome, suggesting that the Hainesville Salt 
Dome has been stable throughout Recent time .and possibly as far back as 
the Middle to Late Tertiary. 

MINERAL RESOURCES 

On a regional scale, mineral resources include oil, gas, lignite, clay, 
salt, asphaltic sands, peat, iron ore, rock aggregate, sand, and gravel. 
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Oil and gas ~re by far the most important resources in the East Texas 
Salt Dome basin (Figure K.9). However, hydrocarbon accumulations are notice­
ably absent around shallow piercement salt domes. Commercial hydrocarbon 
occurrences within the imme~iate vicinity of salt domes have been sporadic and 
scattered (Netherland, Sewell, and Associates 1975). Sufficient drilling has 
been performed to prove that most of the interior salt domes are predominantly 
free of significant hydrocarbon accumulations. However, additionalhydrocar­
bon resources may be concentrated on the sides of salt domes that have not yet 
been fully explored. 

In the site area, exploration at the Hainesville Salt Dome has continued 
since the salt dome was first discovered in 1927. Oil was first produced in 
1956 from the British American #1 Weisenhunt well in the southwest quadrant of 
the salt dome. A second producing well (British American II Amos) has been 
drilled northwest of the first producing well. As of 1977, these two wells 
have recovered 3,897 billion ft 3 of gas, 191,301 barrels of condensate and 
19,067 barrels of oil. 

Production to date has been limited to the Lower Cretaceous Travis Peak, 
Lower Glen Rose, and Paluxy Formations, as well as the Upper Cretaceous, Wood­
bine, and Sub-Clarksville Formations. In 1978, three new producing wells were 
completed on the east flank of the salt dome. Five new wells are currently 
being completed in the area. 

Lignite is a low-grade coal that is becoming a major energy resource in 
Texas. On the regional extent, near-surface deposits (less than 200 ft deep) 
occur in a bank following the outcrop pattern of the Wilcox Group, which 
essentially parallels the basin's western boundary. Geophysical evidence 
indicates that deep basin lignite deposits (greater than 200 ft deep) exist 
in the Wilcox Group throughout the basin. Regional development of these deep 
lignites would probably require some means of underground gaSification, 
because of the limitations of present subsurface mining practices. 

Sands comprising the Queen City Formation are abundant at the site, and 
do represent a resource. Development of these sand deposits could affect both 
the hydrologiC characteristics of near-surface aquifers and the present 

K.24 



 

   

   

 

  

         

     

I 
I;) 

t , 
'\ A 

1\ (' C" ~{\ o ' 
~ , 0 

, 
e '0 
~~ 
(1' ',,\ 

, 
, 

""" 
, 

-1\ 
~' .. 1.1 i .. :') 

,~.\ '- \ 
;-. " b: 

/, 

.. ) 

Explanation: 

., Oil field 

o Gas field 

• 

0 

<";, ,. , 
-ei 

Go ~. ~, 

-, ,\.1 

r-) 
I 

. 
'. 

~~ s- " .. • .!..,t ' , ~ .) l-' 

0 "0 
r:- ~.I 

• • " ' • '-' 
.~ C-

,. I" '"I 
., 0 '. . , '" 

''eo ~ .... 
, ~ 0. .. ;~? 

", i-~ -;.c ':) ", " 
~ ,....~~.~\ 

\ .• () '.. oJ')· .. ·:... 

East Texas '-'", ... 
salt dome basin 

• 

FIGURE K.9. Basin Oil and Gas Map 
Source: Law Engineering Testing Company 1979b 

K.2S 

.! 



         

          

          

              

          

   

           

            

           

          

            

       

  

           

           

           

 

  

           

            

            

            

           

           

           

            

            

            

          

         

     

drainage system. However, because sand deposits are extensive elsewhere in 
the area, resource development at the site should not be necessary. 

No cornmerical salt mining occurs in the Hainesville salt dome. However, 
the salt dame has been the site of gas storage since 1950. Caverns for the 
gas storage were created in the salt dome by solution mining. 

FAULTING AND SEISMIC CONSIDERATIONS 

Several fault systems are present in the site region; however, none of 
them are considered to be capable. Capable faults are those which have the 
potential for generating significant ground motion at the site relative to the 
Integrity Basic Earthquake. Earthquakes that have occurred in the site region 
have been few in number and small in intensity. These minor seismic events 
have not been directly correlated with known faults. 

Boundary Fault Systems 

Boundary fault systems are those fault zones which tend to define the 
limits of the basin. They include the Mexia-Talco fault zone, the Balcones 
fault zone, the Mt. Enterprise fault zone and the Rodessa fault zone 
(Figure K.10). 

Mexia-Talco Fault Zone 

This fault zone extends through east Texas. The zone, located 43 miles 
northwest of the site, extends from north of the Sabine uplift west towards 
Dallas, and then south into southern Texas. The zone forms a nearly contin­
uous series of en echelon normal faults and grabens and is considered to 
represent a zone of major fracturing and graben formation associated with the 
upper portion of the Gulf Coast basin (Murray 1961). Displacements along the 
faults range from none at the strike termination of individual fault segments 
to 2500 ft at various places along the fault. Surface displacements are usu­
ally contained to Upper Cretaceous or Eocene beds and rarely exceed 300 ft. 
Movement on some faults may have occurred as late as mid-Tertiary. The amount 
of movement on the faults has generally decreased with time. Pleistocene 
terraces extend across the fault system without interruption, indicating that 
movement probably ceased about Eocene time. 
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Balcones Fault Zone 

The Balcones zone is situated east of the Ouachita frontal zone,and over­
lies the Ouachita foldbelt, forming a great convex arc gulfward through central 
Texas and paralleling the oUtcrop of Upper Cretaceous strata. The individual 
faults are normal and generally dip down toward the coast. Maximum displace­
ment of up to 1700 ft occurred across the fault zone in central Texas. Plio­
cene terrace deposits indicate that movement along individual faults probably 
ceased du~ing Late Tertiary. It has been postulated that movement on the fault 
zone may be a result of uplift and tilting of the crust west of the Gulf region 
(Kehle 1978).{a) 

Mount Enterprise Fault Zone 

The Mount Enterprise system of faults is an en echelon series of displace­
ments roughly parallel to the present coastline. The zone extends from the 
southwestern portion of the Sabine uplift westward along the southern edge of 
the East Texas Salt Dome basin. The faults generally have displacements rang­
ing from about 35 to 60 ft. Movement began in Early Cretaceous. The Mount 

'Enterprise system is probably 'closely related to the hinge line or transitional 
zone between the attentuated continental crust and the oceanic crust. The 
differential subsidence along this hinge line resulted in tensional stresses 
and the faulting that began in Early Cretaceous time. Possible recent fault­
ing has been identified on the Elkhardt fault (part of the Mt. Enterprise 
system). Little information is available at this time and, as such, is not 
addressed in this report. Any additional studies in the area should focus on 
this faulting so that it can be considered in detail in future studies. 

Rodessa Fault Zone 

The Rodessa zone is a series of en echelon down-to-the-basin faults com­
priSing a zone on the north flank of the Sabine uplift. It extends partly 
into the East Texas Salt Oome basin. Faulting in the Rodessa zone is believed 
to have been initiated 1n the Early Cretaceous and to have ceased in the Middle 
Tertiary. 

(a) Kehle, R. O. 1978. "Tectonic Framework and History, Gulf of Mexico 
Region. 1I Unpublished report prepared for law Engineering Testing Company, 
Marietta, Georgia. 
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Faulting Related to Basin Salt 

Faulting that resulted from movement of salt is common in the East Texas 
Salt Dome basin. The faults may be related to movement of salt at depth or in 
piercement salt domes near 'the surface. Both types of faulting exist in the 
site area. Because this type of faulting is related to the mobility of salt, 
these faults are considered non-tectonic in origin. 

Ginger Fault Zone 

The Ginger fault zone extends from the southern edge of the salt dome 
basin northward and eastward, terminating east of the Hainesville Salt Dome. 
This zone is related to the movement of salt along a deep salt ridge. The 
faults do not have surface expression and die out 1n Cretaceous age rocks, 
indicating that movement ceased during the Mid-Cretaceous. 

Site Area Faults 

Peripheral faulting associated with salt dome growth at the boundaries of 
the site area has been reported by Loocke (1978) and Eaton (1952). At the 
Hainesville Salt Dome,these peripheral faults are normal faults, upthrown 
toward the salt dome, with displacements of between 100 to 200 ft. The fault­
ing occurs in Upper Cretaceous and Lower Tertiary rocks. 

The central graben and radial fault patterns that are characteristic of 
many east Texas salt domes have not been mapped at the Hainesville Salt Dome. 
Fisher et a1. (1965), however, describe a central graben overlying the salt 
dome. According to Fisher, the graben affects Tertiary age Claiborne rocks at 
the surface. 

Nearly all of the fault systems in the region surrounding the site"with 
the exception of coastal growth faults, have 'not been active since before Late 
Tertiary (approximately 1.5 million yr ago). As the coastal growth faults are 
considered to be 'aseismic, there are no known capable faults within the region 
of study, with the possible exception of the recent movement on the Elkhardt 
fault, which is currently being investigated. 
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Faulting Related to Sedimentation and Subsidence 

Two other fault zones are also present in the site region but li~ outside 
of the East Texas embayment. These two fault zones are associated with sedi­
mentation and subsidence in the lower Gulf basin and are described below. 

Fisher Fault Zone 

This fault zone has a length of 30 to 40 miles and trends west-southwest 
from Sabine Parish, Louisiana, across the Sabine River and into Sabine County, 
Texas. The fault zone 1s about 5 to 10 miles wide, and the maximum length of 
any fault segment is about 10 miles. The individual faults are shallow, normal 
faults that produce a series of horsts and grabens, and step faults that par­
allel the Angelina-Caldwell flexure (Durham and White 1960). Displacements 
vary from more than 250 ft in Louisiana to displacements on the order of tens 
of feet in Texas. 

Init1ation of movement is believed to be post-Cretaceous, because most of 
the faults die out above the Cretaceous. According to geological maps, fault­
ing does not extend. into Pleistocene terrace deposits, indicating that movement 
ceased in Late Tertiary. Movement appears to be related to extension of sedi­
ments, resulting from Tertiary sedimentation and subsidence in the lower Gulf 
basin. 

Growth Faults 

The movement on growth faults produced by and occurring simultaneously 
with periods of sedimentation is rather slow, unlike the rapid movements that 
are generally associated with earthquake-generating faults. As sedimentation 
ends, so does the faulting. Major growth activity on these faults ceased in 
the Miocene, as sediment depocenters moved further gulfward. Recent movement· 
of some of these faults has occurred, resulting in measurable fault scarps and 
movement rates. The recent fault movement has disrupted human-made structures 
over short time intervals. This recent fault movement is believed to be the 
result of subsidence associated with the withdrawal of ground water and 
hydrocarbons. 
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Seismic Considerations 

Investigations of the regional seismicity of the Hainesville site area 
have resulted in the following conclusions: 

• The region is tectonically stable and subject to only occasional earth­
quakes of low intensity. 

• There are no seismically active tectonic structures and/or capable faults 
within 200 miles of the site. 

• An Integrity Basic Earthquake (IBE) equaling 0.10 g was conservatively 
selected for the site. 

• The Operating Basis Earthquake (OBE) was estimated to be 0.05 g, with a 
- return period of 470 yr. 

• Acceleration and displacement time histories and design spectra were 
derived for the site's surface and subsurface structures. 

Historic Seismicity 

locations for epicenters of all recorded earthquakes that have occurred 
in the Hainesville site area with an intensity greater than IV-Von the Modi­
fied Mercalli scale (MM) are plotted on Figure K.ll. As the figure illus­
trates, there have been 22 historical earthquakes within a 200 mile radius of 
the Hainesville Salt Dome. 

The Gulf Coastal Plain has experienced only a few earthquakes during the 
historical period. The region has numerous surface and subsurface faults, but 
the faults are not directly correlative to earthquakes. The mechanisms under­
lying earthquakes in this region are not well understood. Therefore, all 
folded areas in the region are generally given an equal earthquake potential. 

Historical evidence suggests that an intensity IV MM earthquake can 
probably be defined as the maximum earthquake for the Hainesville site. 

Integrity Basis Earthquake (lBE) 

A conservative lBE having a surface acceleration of 0.10 (Intensity VI MM) 
was selected for the site •. The IBE selection was based on a conservative 
evaluation of the amount of ground motion that is remotely possible, considering 
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seismic history and geological structure. This level of acceleration would 
not be exceeded during a size VI MM intensity earthquake (the intensity of the 
largest provincial event). 

Operating Basis Earthquake (OBE) 

The Operating Basis Earthquake for the Hainesville site is postulated to 
have a peak horizontal acceleration of 0.05 g.This acceleration 1s equal to 
1/2 the IBE. 

SURFACE HYDROLOGY 

The Hainesville Salt Dome is located in the Sabine River drainage basin. 
It is bounded by the Neches and Trinity River drainage basins to the west, the 
Red River basin on the northeast, and the Calcasieu River basin on the east 
(Figure K.12). The Sabine River drainage basin drains an area of 9700 square 
miles. The Red River flows into the Mississippi River, whereas the Trinity, 
Neches, Sabine and Calcasieu Rivers discharge directly into the Gulf of Mexico 
(Figure K.12). 

The Sabine River flows southeastward from its headwaters in Hunt and 
Collin Counties, Texas. Its course changes to southerly as it nears the 
Louisiana border to its mouth on an estuary of the Gulf of Mexico. The river 
meanders through its floodplain with numerous sloughs, overflow channels, and 
marshes. 

The climate of the Sabine River basin is sub-humid to humid. Annual pre­
cipitation averages about 48 in. About 25% of the precipitation fills streams 
as surface runoff. The distr.ibution of precipitation is often uneven, making 
the construction of reservoirs useful for flood control and water supplies • 

. Lake Tawakoni Reservoir is located on the Sabine River. The total length of 
the dam is 5.6 miles. The Carl L. Estes Reservoir has been authorized for 
construction but has not yet been built. It will be located downstream of 
Lake Tawakon;. 

The Lake Fork Creek is the largest tributary of the Sabine River and 
flows over the southwest rim of the Hainesville Salt Dome site. The Lake Fork 
Creek drainage basin has a watershed area of 685 square miles. Mean annual 
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fIGURE K.12. Index Map Showing Sabine River Drainage Basin 
Source: law Engineering Testing Company 1979b 



             

             

        

             

            

             

 

 

          

             

          

           

          

     

 

   

   

    

   

   

   

   

             

  

          

           

            

      

precipitation is about 43 in., and surface runoff is about 25% of the precipi­
tation. Construction has already begun on the Lake Fork Dam. This will be an 
earthen dam with a reservoir capacity of 67.5,800 acre-ft. 

Haines Creek is a very short creek, which, in addition to Lake Fork Creek, 
lies within the area above the Hainesville salt dome. The entire Haines Creek 
drainage basin lies within Wood County and covers an area of 24 square miles. 

SUBSURFACE HYDROLOGY 

Regional Characteristics 

Of interest are all waters that conceivably could come within proximity 
of the repository site. The repository is assumed to be 2000 ft below land 
surface (-1600 ft MSL). Therefore, all water movements in geologic formations 
are above -3000 ft MSL were investigated. A sectional view through the 
Hainesville Salt Dome (Figure K.6) shows that the following formations and 
groups are important 1n this analysis: 

Geologic Unit 
l. Sparta Formation Aquifer 
2. Weches Formation Aquitard/Aquiclude 
3. Queen City Formation Aquifer 
4. Reklaw Formation Aquitard/Aquiclude 
5. Carrizo Formation Aquifer 
6. Wi 1 cox Group Aquifer 
7. Midway Group Aquiclude 

All aquifers below the Midway Group are quite saline and therefore are not used 
_,to supply water. 

The Carrizo-Wilcox aquifer is the most important aquifer in the study 
area. Most of the larger municipalities and industries in the region obtain 
their water from this aquifer. Some ground water is used for irrigation when 
rainfall is insufficient to meet area needs. 

K.35 



             
           

           
            

           
     

           
             

         
            
            

        

           
 

       
      

        
          

       

          
           

            
          

             
          

           
            

          
              
  

In the study area, the portion of the Wilcox group that contains water of 
usable quality ranges from 0 to 2400 ft. Coefficients of transmissivity are 
dependent upon the aquifer thickness as well as upon the permeability. Because 
of its great thickness, the ~ilcox portion of the aquifer exhibits large coef­
ficients of transmissivity at some places within the study area, despite the 
relatively low permeability of its sands. 

In the site area, the Carrizo-Wilcox aquifer crops out in the northwestern 
half of Wood County (Figure K.13). The water in the outcrop area is generally 
unconfined. However, artesian pressures may exist locally in places where 
water is confined beneath lenticular bodies of clay that have a limited areal 
extent. The water table is generally shallow (about 50 ft) and commonly is 
near the base of streams that cross the outcrop. 

Pumping tests made on eight wells in Wood County produced the following 
aquifer characteristics: 

Coefficient of transmissivity = 600 to 19~000 gal/day/ft 
Discharge rates = 50 to 490 gal/min 
Specific capacities = .8 to 9.7 gal/min/ft of drawdown 
Hydraulic conductivity = 4 to 700 gal/day/ft2 (However, an average value 

of 50 gal/day/ft2 is considered more realistic--Broom 1968). 

The variations in transmissivity result not only from changes in hydraulic 
conductivity but also variations in sand thickness. None of the wells fully 
penetrated the aquifer, so the measured values are less than the true values. 

Water levels in the Carrizo-Wilcox aquifer range from land surface to 
300 ft below the land surface. In areas of heavy pumping. water levels have 
declined as pump age has increased. This decline does not necessarily mean 
that the water will eventually be depleted nor that pumpage ;s exceeding 
recharge. Water moves through an aquifer at a rate that is proportional to 
the hydraulic gradient; therefore, if pumpage is increased, the water level 
must decline to a point where the gradient is sufficient to move water at a 
given pumping rate. 
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Water levels in the Sparta-Queen City aquifers range from the land sur­
face to approximately 150 ft below the land surface. Water level fluctuations 
result from variations in precipitation, evapotranspiration, and changes in 
pumping rate on the outcrop-area. No apparent dm~nward trend in water level 
exists in either the Carrizo-Wilcox or the Sparta-Queen City aquifers. This 
is an indication that neither aquifer is developed to its potential. 

Ground-Water Flow 

The Physical Control Volume (PCV), through which ground water flows 
through the region, consists of a complicated layered system. The bottom 
layer is the Midway Group, an aquiclude which represents the bottom flow 
boundary. Above the Midway is the Carrizo-Wilcox aquifer, which is the 
primary aquifer in the PCV. 

The remaining layers do not exist over the entire areal extent of the 
PCV. The next succeeding layer is the Reklaw Formation, which is an aquitard 
on a regional scale, but may locally be an aquiclude. The Reklaw separates 
the Carrizo-Wilcox aquifer from the Queen City sands. The Queen City aquifer 
is extensively tapped; however, its limited thickness and areal extent elimi­
nate it as a primary aquifer. Above the Queen City is the Weches aquitard, 
which ineffectively separates it from the Sparta sands. 

The Carrizo-Wilcox is an unconfined aquifer throughout its outcrop area 
but it is assumed to be leaky elsewhere in the PCV. The Queen City is also 
generally unconfined, but there are numerous local exceptions. The Weches 
Formation is an aquitard, and thus the Queen City is locally semi-confined. 
The Weches, however, is considered to be an ineffective separator between the 
Queen City and Sparta sands. The Sparta is an unconfined aquifer throughout 
its entire areal extent. 

Potentiometric Surfaces and Flow Directions 

The overall flow pattern for the Physical Control Volume described above 
is so complex that more than one potentiometric surface can be measured; that 
is, waters flowing within the Carrizo-Wilcox aquifer have an identifiable 
potentiometric surface, while the waters flowing within the Queen City aquifer 
most likely have a different potentiometric surface. 
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In most of the region the Carrizo-Wilcox aquifer is under artesian condi­
tions. The storage coefficient typically ranges between 0.00007 and 0.00027. 
The typical flow direction is toward a stream or pumped well. The fiow in the 
southern portion of the study area appears to be controlled·by the structural 
dip of the Wilcox Group which is toward the southeast. 

Within the site area, the most important aquifer is the Carrizo-Wilcox 
aquifer. It can be seen from Figure K.6 that the Wilcox Group is in contact 
with the Hainesville Salt Dome caprock. 

On a regional basis, the Queen City aquifer occurs under various water 
table conditions. Confined, semiconfined, and perched water tables exist 
locally~ where layers of clay and shale hinder vertical movement of water. In 
other areas, where the water is not confined by impermeable layers, the move­
ment of water is mainly controlled by the elevation of the land surface. In 
semi-confinement, the water usually moves in the direction of dip of the 
~Quifer. 

The Sparta aquifer is unconfined within the study region. Flow within 
the aquifer tends to be topographically controlled and is thus towards streams· 
in the immediate area. In the site area., the Sparta-Queen City aquifer is 
unconfined throughout its areal extent. Because of hydrological difficulties 
and inaccuracies in the data, no potentiometric surfaces are available for 
either the Sparta or the Queen City aquifer. ·However, some of the waters in 
the Sparta-Queen City aquifer are discharging into nearby streams. 
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TABLE l.l. Curies of Light-Element Isotopes in a BWR Assembly 
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TABLE L.2. Curies of Fission-Product Isotopes in a BWR'Assembly 
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PMI!f1 I.CJ1 t uu .. 1.5'+\)llIf tt • 8 II t (If' 1 1.4U+(:",J 7",4+UOc.. b.lIu-oM; .no .00 
9'11 !)' o.,1+oJI b.lltVl11 b.u,!·"." 5.b"tO(t1 , •• db··,,,S 2.1tHI,OI 5.bS+OOU 2. "'-on2 
EUI ~c, 1.~U.OIIJ l."HUlIS I.Htt.,uJ, '1.71+0 0 2 lI.ontO"&! 1,'17+u." 1.01 .. oell 2.l2-0Ib 
EIJI,S q.flOtoui! b.)~"UU~ J.UbtUIJIt 1!.IUtUlIl ".'9J.""J 2.2tS .. alll .no ,Ot) 
9lJdllJ' I. Cic!hlClb J •. Utaue:; , .t!:lt'J&J~ ~.~btoUt& ?.7"tc;nQ 5.0"·"03 ~.Jl+(JoI J,"5+000 'IJ' At J .4.?tOOb J,~~tUuS l.iQ·UUS; q.~btuoa 2.I'J+lttlq S.oa+no] 5,lU'Hit J.QlJtooO 
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TABLE L.3. Curies of Heavy-Element Isotopes in a BWR Assembly 

INITIAL 1 • T .s. f 1f1. t ~,.) . 't IOU. y 300: v 10no. Y 
PH210 2.lal-olu J.bej-"Iu ",S!)-Iftll 1.tu-uo9 1.01-"07 2,2"-UOb 1.10-005 cs,Jff-Onq 
PdllQ i,qU-ou" S,ll-"u'J , ,. !.I-thJ~ 5.a9.tJu6 J.ln-oU7 3,9).006 3. 82-U05 It.3''-00'l 
Slill., '5,i9-tjUf! J.ba-I,h, d.So-utu '.to-OU9 I ,f)].",,' 2.t?Q-UOb 3.'0-00S 4,39-004 
8121:1 l. t)l.hOlJ,* '5., }-(1t).l 1.1 '''!ltH' S."9"\lU8 1,1".ut)1 3.9.s-0nb 3.82-on5 4.19·00,. 
PUi!l (I 1,,,, .. .,111 J.lq·ou£t e,ll.Ullb .7 •• i.UIJ9 1.03-u07 2.2".OOb 3. ~O.OU5 4.39-0041 
PtJiaq fJ,~o·II"'* ~ •• )-Otl"l I, I'. -ooS s.a9-UIJ8 5.1ft·u07 3. 9 ]-()Ob ].,,2.C1n5 Q.J9-."". 
Pul18 2. qtt-u.''* 5.1)-uI.l 9 1.IIt-ell'h S,q~ .. ()"8 l.1u-v".? 3, ''-'-(JOb 3,82.-0('15 ".JCf-UOq 
RN2ll ~.9~-u"'I, 5.1.s-"U~ I.,u-ul)tt S,d'l-O,U\ 3.10-u01. J.ff] .. Qnb 3.8i!-OnS Q,J9-0uq 
nAi.!b ,S, \I" IOU"'" 5.1'-uu'J , .1 ".1I1)1j S,Q'""o" l.To-un1 l,91-00b 3.62-u05 ".39-(JOQ 
ftf2.su eI,lb_""" S,'I·nuo d.""-uUb l,llU-UUS 5,.l7-u05 1.89.onq &.50-00Q ~.111-()O] 
fHi!.h .nu S.i~·"lJd I.S'l·01t7 S.~,* .. (JU7 I,CS9-""b 5.28"'000 l.se.(J05 5.&»2-005 
rtf.? J'" '3 • 'HI'" (J ell S.'" "iHI~ 5.",-1)"2 5.81-r)lJ~ 5.HI·u02 5,61"'f)0~ 5.8'_()n~ 5,81-('U~ 
P~lH 1f,ll·v Ul ct.5f1-UUl ~.H·oni! q."'-UlJ2 q. "'1.\'02 b,09_002 q. &O.CJ"2 '.5~"oOI 
PAtHI,Ht 5 .8~.UI'c! 5.'!I'-U(J~ 5. H t -'J(I~ 5 .'U -''''2 S.tfl .. uU2 5.61-00i! 5. 8 1-002 5,"1-0 1)2 r-. p-l J/, .OJ ".lil-Our:, ".8t-u(,S 5.81-,'05 5.8t-1I0S 5.81-"05 S.81.01l5 5.AI-on~ 

tTl u2.U , U,) l.utt·uIJ1 ~.Otl-\J01 I • eJi ... (hI b S.Au-l'U~ 2.19-005 8.98_ci O'i " .lUI-UOQ 
U«Bet '.7d"'ollt 1 , 19-.)0 l 1."'.0(11 \.b1-,IOI ~.n2-ult. 2.',0 .. on, i!.82_u(tl i!.Cf3-00, 
Ulio; .1)0 ~. ~IJ-'fi'tt 1,51f-lH.7 S.~CJ·U01 t .59-blU) 5.2"-00b ,.56.nltS 5,22-005 
tJ21b S.65-0"~ 1.!JS-"Ul 1.d:;-:,ful :5.8S-U02 J,85·0(12 1,87.002 3. 92-""2 11.07·002 
uc!H .uo '«4, !S7-0'" Q.qi-unt J,I~·"111 t .lS-tln, Q. 7~ .. t10J ".OQ.007 2.1b Ill Oi!1 
LIlJA 5.",·.,,,.! S.L1."'uUC! l§,ttl-(JOc! '),"-1-0"2 s.n,-v,,!!! S.81 I11 Of)2 S,81-002 9,81-,"'2 

NP2.H l.I,fb-""~ If. ~D-ttl.'l q. " -·,Ol q.U-ult2 q,,,q.uol 6.09.0(J2 Cf.bO.OOl 1.'5ci-oo, 
NP2.s9 t!,bt+O"D 2.',; • .,uo ;P, 'I;' ;)0" 2,.~tutJO 2,1Q+uOII 2,13+01'" l.09+00U ',flbtun" 
PLli!~" .! .R'h uti l ~.'ltutJl J. , U !,t,).! i!.9b+VU2 2.5''*''02 t.Cl1+fJ02 3.'0+00' t.3J-Ou, 
PUZJ9 5.15+u ll l 5.q;?+I!/JI 5,!fc!tl)Pl S.qatM'1 C;.81t',OI 5.IIOtOI)I S.31+(J", 15.21+001 
PUl~r, "."S+u'" tt.l~+o"l tt.~DtuOI 6.2ttt"ot K.lDtuOl 8.2C!tuol ".05+uo, 1.Q9+001 
PUlCf, l.I,'Uu'J" I.Votl)lt:.t 1,7,.""t. t.l~.t"lq 5. uut'lfl.! 1.89+tH,1 l.h2-0l)2 ',41-uI1 
PUllti! l.7tt-oUI i..1!)-""1 2.1i1-"ul ~ , 1,'· 'HI t 2.10-"01 l,70-on, 2.70-oot 2.b9.n n, 
AMi"'l f!.?,b+uul '; • " tit iJ ttl 1.I"tlJlJl l.f\tttuIl2 ~, UfUU~ ".27+001 "."OtO,,2 1.50+0"2 
AI'12:11 l.tll+ijl'U i • I C; + ItI' () i • , I) + " U (' i,1~+uu" i!,"I+h(JO 2.13+"00 2.('()+ooo 1.9&+01)0 
CHt!r.ti D. 1 d .tt." t.J,+~.", '5.nntuUl '.t'-u tt ] 3.tli,-vl1 .QU .I}U .00 
Cl12QtJ I""uoul 1 • 17t jJ\l ~ ,.blltJUl 1.2b+unz 5. h &f t tto I q,oo+"ou 1. 89• on l q.]Q-ol!t 
5Ulilul 2'~:'·"Ub l.I'H t,,,q , .Ib t .)1, • I.lbtu"q 5.9'1+uu~ l.U+""l b.JotOf\i! 2.81+(JOl 
TUllL ~ • l)" tor, n l, I " • \.t' ~ I • "5. a ,I q 1. ·~"tUttCl S.~q+nIJJ 1.II+Ou3 b.l iHOUC! 2.83+0u2 



  

 
 

  

 

  

 
 

 

 

 

 

  

    
  

  

 
 
  

 
 

 
 
 

  

 
 

  

 

  

 

 

   
 

 

  
     
    

  

 

   

      

   
    

     

  
  

 

     
  

   

     

   

  

  

  

  

  

    

 
 

 
  

 

 

    

  
  

  

   

 

 

 

   

   

 
 

   

 

 

 

   

 

  
 

  

 

 
 

 
  

 

 

 

     

  

 
   

 

 
  

     

   

 

 

 
 

   

      

 

  

  

 
  

 
 

 
   

   
  

  

   
  

       

  

  

 

 

 
 

 

 

 

 

 
 

 
 

  

 

 

 
   

 

 
  

 

 
 

 

 
 

 

  
 

 
 

 
 
 
   

 

 

 

 

 

 
  
 

 

 

 
 

  

   
 

  

 

 

      
 

    
 

 
 

    

   
 

 

  
   

  

  

 

TABLE L.3. (Contd) 

IN'l)AL,. jll" a. 't "'hHII' • Y 1U",,0. r ~(lUOI). y 10UOOO. Y ~ouuou: v 1,000,000 y 

fLlu1 ~.~S"u"'l ij.tll"UUb ~.l~"",uS l •• !;-uUII .,.~9-uU'l I.U·"Ol t.Bb-hUI 1.8d-Utl] 
JLlOb 1.ul.,lIu l.i,-"I)" U.lu"uu9 i.9h.""b S.Ol.uu tl 1.U~-o07 ~.Q,,-un1 l.na-"oo 
rL~u9 " •• i-IJ\I' S.ll·u"" ~. '1' -Uli~ 1.11-uuU o,lj-uoq I.lli.u"l 1.31_001 l.il-uol 
Ptilu9 '.t!D·UoJ~ ~.H-lj\l!4 l.S'I-UO} '.50-vue! ~.~b-i.Ht.t 5.dtl-liOi ,~IiO_I,)C)' 1. 'U.-iHH 
pua I (I I~. j'l-(,U" 1.1'-lIlij 1.~'·Il\l~ o. r,~-"lJa 9.di-'H1Z '.~Z.IJOI I.J8_UOI 7.91-01,2 
pdal. ~.'S-\JIJI '4.ti,,-uUb q.~II.UU~ . j •• b-uUlI (».51-01.1'1 t.lc! .. uftl ,.8d.UOi 1.f1B-"Ql 
PbiH2 l."'!)-uu'l o. 1 S·U'J~ l.~l·uOd K.Ub-Uhd I.UI-uul i. 9j-oU7 '.IiO-""b i .1il9-CJ{Ua 
Pdlll4 ij.1 q .(,., .. .i.t!l-Ol),i 1.tS/.uuZ D.5l.UlIl ".bJ-"ul 1.~l.OQI • lb_lIC) I 7.IilI-OlJl • lUllU ij. VI_UIl" j.~S-lJilS I.ttl-Oot b.52-,,1)2 9.A~_uol 1.5~.on, •• Id-Ulil 1.91-"Ol 
lUll I ~.S~-uc)1 ij.Ulj"U.I,., ij, bl' -nus I.ID-CU" ".SI-""" t ,li."Ol I.Hd-U ft l 1.8tt-Olll 
dUll ,. q~-uI''1 b.I')-UIJ'i 4 ,1~-tliID tl..Ob-"Uh &,'''-''01 2.9"'-uu7 l.SO-uoo 2.99-0Jo 
ij1213 I.ftb-U"~ ~''')·uOq i.~Y-lJuj t • St'-UIIC! 2.Hu-"ul ~.8u·uoi! 1.5u .. ulIl 1.lI~-llot 
d12'~ " • 1 'I. (,I I, ij 1.itl-uOi , • tt , • I) II C! o.~~-uui 9.Hl-uI)l l.Sa-Un' l.i8-un, J.Ql-on2 
PUllu l4.i'l-uulf j ,l ,-"I)i I.d/·uul 0.Sl-uu2 'I.ltj-uUi I.S.!-/IOI 1.3ti-UQI 1.91-00 1 
Pullli l.bQ-ouY l.elS-U llb 1.4'1-01)7 9,4d",uu7 t.'IS-UOo 3. 90-000 S. bS.tHao S.05 111110b 
PUlli J .l;·ul'~ ~. ~/~-I,UII J./,f'i-uUd 5.10-008 9.02-"Uti l,d1-uo7 9.t.O .. a07 1.9'-OOC» 
pulll '.~j-uu':a J.lh-"ltij 2 ,l)i.U,t ~ 1.4'."02 i!.HI-..,.)2 5.7!a-UOl I."'.UOI 1.4J-OUI· 
PIll' &I ~.\"-ou'" j.ll-"!).$ I. U.uol b.S~.UUl 9.H,5-ulJl '.5~-uOI 1.]8",(101 1.9l-00l 

r- PUlii !2,';~·lIv1 ".tlq-IJUD ".~,,·uOS 1.lo·"Uq b.51-uo" l,ll-uOl 1.IUllunl ·1,8HIIUIlJ . PU~lb I • q~.·~,\s't b.l,)lI"llll t.l~.O\l~ ij.Ob-OOij 1,"1-"07 2. 9 l • .,o7 1.50.I)I}0 2.Q9-uno en 
PUllS ~.''i.I/IJ'f i.~3·lIl1l l.ti/-uO,e b.5i-uuC! 9.h~_vO~ 1,5l.'IClt 1.\cl-IlOl 1.9t-(H;,; 
4 Tl17 l.tst)·uJ';l i •. S l-'i iJ II 2,o;Y-alii I • ~h,.utl2 ~,dh-Uua 5. db_OO2 1.'iO.U()t 1.Ilo-001 
RNl19 ~.':i'l·OlJl ".till-Ullb 1.1. "I,-bO!» 1.lb-0014 b.St-{IU" 1.li-flO) •• ijd.,,,. J 1,A&-oul 
RNl~li • • 'I ~ ""IV 'I CJ.1S-ulI-# 2, .1~-IJOb ti.Ob IO U06 1.'11 .. u01 a. (H-lull 1.50-uOo l.9Q IO UOo 
HI.lla Q.\9-uUij 1.tl lO uvl l.tS1·1.I0C! b.S~.uUi ~.Hl.IIUi 1,5l-001 1.3&-dOl ·'.Q'·OO~ 
FH~.t1 I.~O.(H,I~ l.ii-U"~ .i!.59·u01 1.5"."02 .t,l'thuUl 'i.ed-una 1.5U.uot 1.~b-(lOI 
fHa,1 ·'.11·uii'i b.I'-u\J~ b.ll-UIII q.,u-uuo 9.1~-"Ob I,H~.uC\5 2.0'l_UQS a.o"-uo~ 
RA&!ll S.S~aoul ~.tt""Oll~ q.U\i-UU' ~.lo-UUq a,S'-"U~ a.la-UOI I.H&-iJl)l '.8U-001 
R~lc!" 1.'I~·1J"'I b.J~-'JO·l iI.it-O,,& u.ocallUUS '."1 .. \)&)7 2. 91-u01 ,.I)U-(lOo 2.99-000 
RAltS I.Uti-uu'2 l.Jl3-ull" ".~"'·ullj t.S(j-UU2 c.bb",uul s.aU_UOi I.50.00t 1."u-OOl 
RAllb ".i~"uu" 1.tl-OLll ,.tj"uo~ b.5c!-002 '1.Hl.UOc! .,5~."OI , .IH.tlOl 1.91-0ua 
HAll& ,.Q~·"'IJV b.l !3·UIJ~ i.i,.·oOb d.OC,"'UI)1t '."I-uOl 2,9j-007 1.50-UOo 2.99-()Ob 
Atii.5 I.tid-",,:;, ~. j 1.

'
1"'" i,)II-uOj I.Su ... IlO&! tl.ltb-lIlli S.Oti.una I.SO-QOI 1."b-CiOI 

I\Cl.:l ~.IS~",Ol)' '1.till·OVb ij • ij II - U 0 ~ 1.tb-UU'I o.~J-"U'l t.l~-uOl 1,8&-UOl 1.6S-00.t 
AellS I • 'I~· U u 'I b.IS-v flY '!.S;'·1I0~ " •• 'b"'IIU .. I.CiI-UI)1 2. 9}-001 1.50-(1)0 2.Q9-00o 
TI1i!~l ~.41·uu' 4. 17-ljilQ Q.'~.llnj ~,12.lIUq Q. i.I~.lJl.lq I.JU.O(\l 1.80_UO) '.Ae;.",uOi 
'H~lH '.C)~"'UU~ b.IS-,HI'I l.Jt'-UUIi U.liO-UUI:! 1."'-"\1' 2.91-U()1 1.50,,0IlD i.Q9"uOb 
THl.!" I.n/j",,,,u~ ~.j~-u"''' 2,S~.IJOl 1,5u.UU2 i.UU-UOl 1),lib .. O(\l ,.50.'101 I."a-ulll 
THi~O t..l.It·hU~ 7, l& -"" l I. "1I-iJc,l b .IU~"UUi ".7~.lJlJl 1.5u-01I1 1.IS.CU)1 7.91-onl 
TI1~.U ~. j?~-'JU':a I. )l-'JU~ ".o~·()UQ I.OUaU!)] 1."i·UI)5 1.71·utll t. 8b-UIl1 t.8H-UClj 
rHl~i 1.'I!;-uU'i o. J S"U,l'l l.l~·uUIj b.Ob-l,OS J,&lI-l!ol ~.9j-OOl I.50.0"b a.99-0Ub 
TH~Jtq ~.ijJ"ulJc! ~.tit· .. uc! 'S.Sa"lUll S,81-UU2 !a,dl-uul 5.HI-OOZ S.al-OOa 5.81-U02 
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TABLE l.3. (Contd) 
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TABLE C4. Curies of Light-Element Isotopes in a PWR Assembly 
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TABLE L.5. Curies of Fission Product Isotopes in a PWR Assembly 
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PUll I 41.11.,,0'1 's.tSl-uuts 's,19.001 l • '19. fa IJ b S,ItI .. "Ob l,ott.005 ,."q.un5 I ,~1I~·1J05 
pu21? oS. 7 ~ • t1., ., 1.18-oud Q.!f.-u,,~ I. 5~·OI11 i.b~.lIu1 5.ltY .. O(l7 i.ftl.UOb 5.bU-Ol)b 
Pui?13 ~.&lH.i.I"'3 tl. b7-"u', 1.I'5-UU1 tt,,~b·lJU.! 6, 11 .. "u2 1.&1)-0"1 4.25 .. 001 't.13-l)ot 
ptJ21 Q I ~ } j.\J IJ l ~~ttb-UIIJ 5.711.u"~ , ".,.,;'\hJt l.uo-uul It.bl-oo, Q.O)_Onl l.tl-I)OI 
PUliS I.db-I)~b 1.~7-uu" t.c!b"oocl 6.3r?-OIlQ 1.11-(103 3. "7-lJ()] 1I,,97.(lOJ 4,CJb-OOJ 
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R'.2~1I S _ f\~"l1tii., 1.t\q·t,Ud b.~'1-"(J8 2. 37-..,()7 a.ltt-ao7 8,5d·U.,7 11.19.('''0 8.74-0Ub 
RNl~i I,-B-uIJS Y. t2 b-"U.s ~. 111 e uO i 1 ,"'i-uUI 3 • tIC" ." 111 ". b t -0" I ",,0]-001 2.12-out 
FHili 5.b:)-UU:t b.!5 c-U"" 1.Sa·""1 Q .1~-Ot·i li.ll-OUt , .7U •• ,0, 0.35.001 4.22-001 
Ffo(2c!l f! • \) q " iI" Ii 1.1!:1 e "u1 1.11.I)Ob I. t b-(,"" i.. " ".l)u5 IJ. "a-tInS b.CJ~.nos tt.91j-005 
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.e21'S ".bU-\JlJ~ b " tt 2 .. 1,.1 ,H, 7.~I-\lO~ tI.lS·vOl ""32-,,u2 1.10 .. .,,,, ".15.0nt CI.l'Z·OOl 
.Clc!7 1.c4o""Ub I • ~ 7 ellll, 1 .lb·UUI~ 8.1i .. CH'" 1.11-0Ul l,el7 .. oo) 11.91-003 CI.CJb"UOl 
4Clt& I).h')-O"'I l.tU-OdK b • " 9 • IJ\) Ij l.11-IJII7 ".lit.n(I' 8.S"-l107 ".lC,.uOo 8.7Q-O"0 
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TABLE l.6. (Contd) 

itH' J AL JUuo, t I U IHI",. '( )"000. Y 50uoo. Y IOOOOU, Y 50o~oO: y 1,000,000 y 
p~~U 1.4b-u OI) I. ~7 -:,1)':; .,1QeOO'l b~Ji~UO" 1.7.-.,01 1,47.00l 4.91.~01 ",9Q-OI)1 
PAl.U ",Q~·uul !:a,~}·IJOI S,"~-uO' S,"..!-''''l 5,ltt-lI.jl 5,29.001 ",oS.oot l,9a-uOl 
pAi!~4n ,.qS-uUl ',"!:a-Udl l,Q~·ul)l '.&I~-UV' '.Q~-·'U' '.'IS-UOl 1,'IS-OOl 1.'15-001 
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r- UlH t),I.II)"'OUI U, 'I ,·0 II I d.77-.,O, b.l7-out 7.99-0,1, l,lq·OOl 1.1(J-uo, 1,91"001 . 
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APPENDIX M 

LONG-TERM DOSE CALCULATIONS FOR SOLUTION 
MINING SCENARIOS 



         
       

            
         

   
    

   

     
        

   

           

       
      
       
        
        

        
           

         
     
           
    

         
         
         
    
         

           

       
          
       
         
               
          

         
     
          

           
         

          
      

       
       

          

       
      

      

COP!81"ED PATH"" Stm"ARY tOULS pm" ,USION! . hffio-----
. .' tOTALS 8J "UCLIDE ro~ SPECIfiED ORG""S flNtERNAL DOSES ONLY' 
--·-------Cisf"tTiEt-i£GHsoiiiiioN iiIHl"GscfHjRIo. S;[Nf·,liti. ilo,Don ,Iii -HLt iHsts·fION.- Hi 
_ .. _._. ___ ... ____ . __ ._. ____ ... ____ ._'''! .. DOSE_.C;.o~~H.''n.Su-"''A~.' .. ro!'I)Qs[~'E''''. 1._ ~t A .5Q_ .... YEU~~"T l.~E ••• 

IRRI6ATIONCROP PATH'.,. or, 
----------------------------------------~.~I~R~orPc)slTiOH~-PAT~i~FF 
. __ . __________ ._._. __ . ___ ... ________ ._._. __ .. _ ... _"qu~!._C: ... rOODS P.T""~y .• ON ....... _ 

·----.---.-... ----------.. -.-- .. -.-.-.-.----.- OOSES-iNjj iofiB-Rt;'ORi£o ·i.f fiE'" 
"ADIOHUCLJDE tOUL 800" 80ff[ , lU"SS , 

--------- --- '"'''010 I 



 
      

         
         

   
    

   

    
        

 

         
       

        
       
        

         
        
        

       
         
        
        
       
      
          

     
         

     
          
         

         
        
          

        

        

       
          

        

          

     
      
         
          
         

       
         

   

           

 

. IAAIGUION CROP PUNIUYa Of:,.' ___________ ...,.. ___ _ 
AIR DEP051TJON CROP PlfN.'--off 

. _______________ .. ~~~.!lI.~.J.99!!.S_.~~ ~H~!.lL~ ___ ........ _._ .. _____ . ___ . _ ... __ . ___ . 

-----.------------·-........ -.--.. --POSU."A-NP-.TOi"ii.-S-JiEPoil£o" iN iiti"- --. --.--.- .-- --.---.--.... --.------. _ ... ----- .. 
IUOIONUCL IDE 10UL BODY ., 80NE' , LUNGS , THYAOID·. 

---------- ... ---.. -.--- --- ---------.- ---
C lit 3.6[-0_ 0 1.8[-03 0 ).6E-fA n 3.61-011 0 

-.--.-- iii-59 ·-1-;3[=02---0----·-8;O£J02 '-"-0-'" -;0---"-0'-- .11-----·0-·- ...... - ----
SE 79 2.2[-01t a .0 Q .0 a .0 0 ---·---HO-il--·------ .. i;·2[~1i6-·-1i----·-;O-···---·-O·--,"--' '" ;0:--"- 'f-----~o-···-·-·- u _ ...... "-
PD 101 1.5£-06 0 '.0 9 .0 0 .0 0 . _____ . __ 
U 234 1.1t'-010 Z.2UOO a .0 0 .0 a 

____ -Y.. __ !36 .. !.!.!~:Q2._~ ____ !.!.!~:~J. ___ P .. _ .. ___ . ___ ! ~L. _______ .~L _ .. ____ .. _ . ..!P. _. ___ ._. Q 
ZR 93 1I.9E-06 a 1.9[-011 a .0 0 .0 0 

__ .. __________ N8 UN . 9.ItE:gL ___ . __ O I.~'.:O,_ .... Q ____ . __ ._ ... .!.~L. __ .. _. ___ Q_ .. ___ ._ .. __ !'9 .. _._ ... _. c:a 
TC 99 9.0£-01t a 2.3£-0' 0 2.1E-~ II .0 0 
SN 126 2.'t-U 0 a·.g:Q2 L .0 0 ... 9£-a-' 0 
58 126M • a 0 .0 0 ,0 a .0 0 

.. -·-------·I@-·1it-------!·;~;S: g----I:U~~: ---g----.. -.. · .. ,·:X -'--'--B'--'~-- tYl;8I--'-'9:' ..... 
3: 

t5 U5 5.6[-03 0 1.'E-02 0 1.ltE-U 69 .Q 0 --·--·-·-·-TH .. -·Z3D···-·----.. -·--·-·i;iE~oi--·ii· . j;il;;ol·--·o·--·---.o"·--" ·"-0 -.----- ~O·-·-·--·- I)" . - -. 
if II 226 3.St-Ol 75 '.8E-01 16 .0 0 cO 0 
RN 222 .0 0 .0 Q .0 r 0 .n--o-------.. -N 

P821D 9.1t£-&J2 0 2.6£.00 0 .0 a .0 0 
--.-----n-'''}'ID------·--'·;lE~oS-·--"D----i;bL ;;115 .-- "0-' .--. -..~., --'--"-0' - .. -.--- ---;0'-- - ..... "0' 

. PO Z10· I.SE-oZ a 6.2£-02 0 .0 a .0 0 ---·-··----u- '-'215 ···-·-·---l;9t.;ij.--.. --o------);U;;;ijJ---·-g -.. ,- -; 0- .. -----u----.. ----;a a -
TN Z3I a.IE-1I 0 1.8£-09 0 .e 0 .0 0 
PII 231 S.iE-us 0 1.IiE-u] Q ;-0 , a - .0 b 
At 227 '.IE-OS 0 6.6£-0' Q .0 0 .0 0 '.-- ,,- .. "if ... Uf' ... . ..... - "', ;6£;'0'---' -0- -... "-"'5~5t';ui .--. 0-'" .. ~~. . - - -'0 - .. ··-;D· .. -.. -· .. · .- a 
Ri 2Z3 II.CE-O" U Z.O£-03 0 .0 0 .0 a 

..... -.. - --NP" "'l1 ... - -- -'''''-, ~S[;o2-·-o·-· .... -- .... -·1 ;j£iiio --... Q "-'" .. ;t -'--"'0' -" .. ·----;0 - -.. '''0· -' 
PA 233 I.SE-06 0 8.8E-06 0 .l' 0 .0 0 
U 2]] 1.SE-D3 ·0 S.8£-Cr-"O .t·--o .0 0 
TH 229 8.lE-iU a 1.6[-01 0 .>t Q .0 0 

. -- .. -·_·Ri .. ·Z2S .. ---· .. · _·· .. -.. -'-;o£;or----o -." ·--·· .. I;U;bl· - '0 .0 Q "';DO 
At 225 6.7£-06 0 I.ct-Oll Q .r 0 .0 0 
lihi - Z~iE~02" o· i~6t-ti 0 ;C Q .0'" a 
TH 2311 101E-a6 G 3.8E-t5 0 .1.' 1.1 .0 Q 
PA 23,.H o~- (j -·;O----u-----;,----·ll---------;u----.,---· 
PA 231t • Cu. tJ a .0 a .0 Q 
pu' 2\2 -;1[-D2'0 8.5£;'0'; Q .to u ~o'g 
NP 218 • CO. 0 Q • " CJ • 0 II 

. PU 238 . ; t Q • t\ 0 • r. G • 0 D 
PU 2 .. 0 If • 5E. iJ(J 9 9 0 6E • &; J 32 • r 0 • " 0 
AM fitS .. ---it;·u·;or-u-----Iar.o·r--·· .. J· ... ; j" -._- - "ti ---.. --;,. .. - .. ··-···tf------···· .. ···-· 
HP 219 5.6E-:J7 ,. 1.C£-05 0 .(1 . J .t' a 

-pu :19 6~~i..iie u 1~1t."2 *'1 .r 0 .". D _____ ~ ______ " .. _____ ........ .. -r-.-.. . ...... _. ___ .... _ .. ___ .. ___ ... ~ .... ~--;-____ _ ----_ .. _--
3. IE -01 .. 104) 

\. , I .. ,- ..... 



 

      
      

       
           

    
    

   

     
        

           

       

      
       

       
         

     

          
         

         
      
         

         
           

      
         
         

         

        
 

 
  

 

 
   
 
 
       

  
  

 
 

 

 
 

   
    
    

       
   

   

   
       

     

  

 

      

      
        

 

 

 

  
 
 

 
 

 

                         

CO"BIHED PATHWAY SuHHARY TotALS PAStH .{nSl0H2 120580 
. TOTALS !IT NUCLIDE FOP SPtCUl£O ORUMS ftNf[PlflL 005£5 OPfLU 

---..,----c: AS[ n":'il-"A[&is-sotliTiOH"l"J"G"SCENAiiio'~' s~["f-fijh, j-j(r'i:H,o,1f i-sAl y'lfiofUlc;;f;-'pop 
_________ .. _______ . ____ ~_!~_~_~5..f __ .~!H!~IT.!'~r.~U~A.R.!J!I!! .O~~~_:Y£AR __ J ... Of'.A5~~ .. _~~A.". ~ •. ,!! .. lIt::E !. •.•.... _ ...... __ . 

IRRIGATION CROP PUHVl'T. OFF 
AIR OlPOSIlI0H CROP PlTHi-OFF~-----

-------.• --- ________ . __ ~!Jl.'.~_'1.~ .. .!I).O'D.S ~.n!:fil.T.~.~" ______ ... _ . ____ ._ . ____ . __ .. ____ .. ____ .. 

----.-- .---.----.---... - ---'-'--- DosEs'AtfO·TOT.LS"R·[Poii'itO iN "~if;ftt~ 
RAOIOHUClI0£ 10ULBOOY II BONE • lIJ.!!.s~_=~'_._~T,,:,H~TR~O~l~D~~-=~'. ____ _ 
------._---- ---------- ---------- ----_.---- ----------

C.l' l.lE'02 0 S.!E'O~ 0 .. It'02 It 1.lt.cn a ----.. T-S9···-----------ii;OEiOj--O--·-----f~'ijE.Oit- -0-- ...... ';0 .. - -- -0 -.-.. - .... ---- ~o- .. -"-'0--'-' 
SE 79 6.1['OJ 0 .0 0 .l' U .t' 0 -----·"0--'3· ·-------·-j;it.:cr-.. - 0----- -. ';0" -- --"0- -- .. ~ b - -...... - .. 0'-'- -···----·-~·D .. - ----.. II ...... 
PO 101 •• $E·OI·O .0 a .0 0 .0 a 
U 2311 ".IE4011 0 6.7[405 0 ~ 0 .0 -0-----
U U6 1.~E'Ol 0 l.tt.OS 0 .rt . 0 .0 a -'---'-zir -n .. -.. ---·--l;5f4oo·-·0---·--~;7[.fjr--ri-·- .. -· ... ; fr· .. · .... -·-.. - .. G-_·-- .. -·_-·-;O· . 0- - -....... -..... 
HB 93" 2.8['00 0 3.SE401 0 .0 a .0 0 -.. --·-----fE---n -.------.... ·2; .. 7fi·02-----· .. ir-----6~eE.·Or· -- ff-""'--"- .. ft;ilHiir---U·---- -----·-;0 .-...... - fJ - ... 
S" 126 1.2E.02 0 2.SE401t 0 .0 a 1.5£.02 0 
S8 126-" .0 - 0 .(1 0 .~ 0 ~----D-----
S8 126 S.'J(.OO 0 1.2E.OI 0 .0 0 2.1t[-0' a -... -.---- i- ii9 ---------·i.2E.02·-·-.. ··ii .. ----· .. ij~2t.til .. -.. - 0 - ~ti .. ' ....... 0-" "'-9;~fiOii'99' 

3 . cs US 1.7[.U3 0 •• IE.03 0 ... !E. 02 69 .0 0 -"'--TH 23jj-·-5.li:.Oj .. --·-ii---.. ----i~7t.ij"5 .-- 0- .r ·----·-b-· .. -........ -;t! .. ----- .. o· 
If A 2Z6 '1.3E401 11 1.9E.G1 15' .0 D .0 ~ ____ _ 
RN 2ZZ • r 0 .0 II • " 0 .0 a 
P8 210 2.8[40- 0 fteDE'05 0 .C 0 .0 0 --- -'--'n- '210' - .-.. --... --- i ~iiEHJi' ·-0----2;"[iOr--- if-...... • e - .. -.-.- D ... ;" -. - - 0 . 
PO UD -.5E.&)3 0 1.9E.OIII 0 .0 0 .0 0 .... ----... - ii' Z35 ·-·-·-·-.. ··5~ij£.oi----·-o--·-·-,~&t.02- .--fj---..... ;~ .. - -.... -0 ...... -.- -·;rt 0 
TN ,31 2.IIE·05 0 5.3[-0" a .0 0 .0 0 
PA 231 2.!t'Or 0 6.ot4{j2 0 --';lj-----o----;o---r-----
AC' 221 1.IIEH" U 2.3[402 0 .1' 0 .0 a -_ ..... _. -.- ... fit" 221 .. _ ........... _.. ·it.1[~U2--·· if-'~'- ···-···-l o.6i:iiJfj -····°0--- .t;0 D ~" D 
RA 12J 1.2E'02 0 6.m:'02 0 .r 0 .• 1' 0 

- .. · .. if" 237 ·3.Jt.oli o·"-~---"" 8~.t.O~ d ~t! Ii .. ~D . a 
PA Z13 ".U·Ol 0 2.6£''''1 0 .to 0 .0 0 . 
ti Z 3l I. fEiijJ- 0 r;7[.o- '-0 -;f.'-- u • [t lJ·----·----
TN 229 3.6E'05 0 1.IIE'0" 0 .n 0 .~ a 
ttl ~2S--'-'-- 8~~tiOj'-o'''-'''''~~StiO~'-' Ii .1:1 0;(1 0 
AC 225 2.I:E400 0 3.~401 0 .r 0 .0 0 
u ~ 3B 6 ~ lit. ol" 1.1£ it, t; 0 0 It 0 • ., 0 
'" zn 3.3E-1l1 a 1.1E'ut 0 .r. 0 .0 0 

--"---p:i:'Ar--iijiH .~---·---o-----";r.--·------·1J-··----·;l",---·- .. --iJ--...... --~·----If'-------.. ·-
Pl 23" ." 0 .r 0 .r u .0 0 
PU ?Iii i.eE.!JII 0 3"TEH~ 0 .to :; .0 0 
HP 238 • ") D • [I 0 • (' Ii • (' 0 
PU 238 .r u .1 0 oF.' 1I .tI 0 
PU 211D 2.~£'U~ H 1t.2E.l·' n .ll ;j .0 0 A" '''3 -------·T;7Fos--·-··O-.. ----·i;,E.~~··j .f ·" .......... ·-.-tr----·-.. "U-·----.. · 
HP 239 1.1E-;Jl C !.IEof\" 0 ." :; • !'I 0 

-... "pu '739 2.1t.oot: til S.~E.iJ-; it" .r :J .f'I b 
---------- ---.------ ._-_ .. ----
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------- COHBlHtOPATHIlU SUHH4RY fouu---PiaLH VtRSlON2 12u5io--'-
_____ . ____ .. _____ ... _ ... ___ .1QHU..!.L!tM~~l~L'_2ILSP[~HU~ ~R~~~.~_._._!J~_'{~!I~~ J.)q~E:~ .. ~~~:t ~ __ .... _ .. _ .. ___ ... 

CASE lITLE' lEGIS SOLUTION HININ6 SCENARIO. S'[NT FUEL i 10.000 YA, SALT INGEstION, POP 
••• DOSE CO""IT"£T SUHHAAY FOR DOSE-YEAR 10 Of A 50. YEAP PLiNT LIfE ••• --.--.-_.---- ........ _._._---_._-_. __ ... _._----_ ...... -_ .. _._._.------.. - - -- -.- ." _ ... _. - ... -.- ._. -_ .. __ ..... _ .. , .. _- -•... ~.-.- ..... -.- - .~-. ,.-

IRRIGaTION CROP PA'H~AY' OFf 
AlA DEPOSlnO*, tAOP"1ii"lHICf'=---------------

.. _. __ . _____ .. _____ ...... __ ._. _______ . ___ . ____ ... ~9Y!U~.I!HHtS_!~!~II.~~.L !!L .. . 

..... ------ ..... - ... -.----.- .. --- --.-.... - .. ·~ .. ··DOSES-·AijD Toiii's'REPORTEO"IN"NlH';'it-H 
IUDIO~UCLID£ tOTAL BODY' BONE , L~ . .:.:N:::.G~S __ ~':..-. ___ T:.:H.:.::Y~A""O:.::.I:::.O_~--.;:':-__ -.. ----.------ --------- -.-.... --- --.-._-_.- .,..- ---------

------------ -----_.--
1 .• C)E,ot ~DO 

I. / 



        
          

            
            

   
    

    

              
      

       
        
        

    
        

      
          

         
        
      

         
      
         

                            
         

       
        

        

       
   

        
             
         

       
         
        

  
         
     
         
 
         

           
        

      
         
     

       
           

        

:3: . 
Ul 

COH81tf[D PAT""U SUf1HAU TOUlS Pi8lH Y[~$lON2 nona 
'OTALS Bl NUCLIDE 'O~ $P£CI'IED ORSANS . 'INfERNAL DOSES ONLY'.­

CASETJTlt'-:iEGiS·-sotlifioH·:;;INIHG ··SCE"·.Rfo~· S;·ENnuti.· j-so.ootjYR,-Ul f 1"6£Sfloii~' ifl' 
. ____ .. ___ ••• _I1~~J: ___ ~C!"-"_n~.f:'SI!."".R.! __ !_Q'! ..DO~f:~YUIt_ .. :_I~r: __ •... 50.YEA_". ~~~N' lirE .--

IRRIGATION CROP PA'"UY. 0 .. .,. .. ______________ :-
.Iq DEPOSITJON CROP PATH. rFF 

__ ._. _. ___ .:.. __ . ___ . __ . ________ . _ .•.• q.u .... ,H:J~.Q~_S._~.A1HIIA' .• _ ~N ._._ .. __ _ 

........ --....... ---.-.-.-.----- .. ---.. - ... - --." _······_· __ .. _··Dos£s·-ANo·_·ToTALs·-REPoii£o iij fif" -.. ---._-_.-. ... -, .-" -0_. 

RAPIOHUCLlO[ 'OTAL BODY. BONE • __ -.J..1'!tlt! • '"YROID .,--------_.------ --._------ .. _------- --- ._._--_.- --- -----.. -.-
t 1_ 1."E-08 0 !.lE-01· 0 1. "E"08 0 1.Itt-D8 0 -------·"1 59 -----·-r~9E.;O~--D------i;iE-~ii3·---o--- ---··-·.r·-· .---- -O---"-'-'---~1J--' '--'-"0--' .--.-. 
SE 19 2.9E-06 .. 0 .0 0 .l' 0 .n 0 

-·---"O-9J-------i·~-r[-09---··-ti ---·------~~·ir-··--·-- 0--'-" '.e--·-··-- o· .... M ••• --••• rr- ... ---.- -a--- . 
PO 101 2.9t-1J8 0 .0 0 .0 . 0 .D 0 
U 2311t 2.5£-03 0 lit. 1£-02 0 ;0 0 .0 ,,-------
U 236 5.5E-0' 0 8.9[-03 0 .e 0 .0 0 

-----i;r-9j··-~-----9-;';E-08 --0-----3;·1[;D6--·-0-·-··---·--- ~ti------"i:i--'-"-----;n .-' --.--.- 0'- . 
NB 93" 1.9£-01 . 0 2.3[-06 0 .t- 0 .n 0 -'--'---n 99·--·-------·r;-6£;05-0--·--·--ij"~0[-=05-·····i:i - ----- -~;9f';06""'1ii "'- '-';If-" - '---0 
SN 126 3.1£-05 0 l.n"03 0 .0 0 1.5t-06 0 __ ----
SB 126" ./'1 0 -;0---0-- .Ii 0 .n .0 
SB 126 Z.5E-:11 0 6.0[-01 D .D 0 1.2£"08 0 -. -----r--u9--------fi~~;;.ofi 0 -·1~8t;.;b"···--· ti .-.-.. -.-~ li-~--- -- -0-'-- ----6.·!t~O!-- -fl'- --.-- .. 
CS US I.IE-Ollt 0 r.lE-OIIt 0 %.9£-05 85 .0 D -··---··---f"H· .. --2:1i]·-----1;·~£;-ar--·O----~-;5E;;02----jj------.-- -.15 ----·--·-··rr-- -----·-;0···------- a -- -.... -- . 
RA %26 1It.5EtOO 98 6.1E.00 18· .0 0 .0, 0 
RN 222 .t:' 0 .n 0 .D 0 .0 D 

! PB 210 .9.9E-03 0 Z.IIE-OI 3 .n 0 .0 0 -----··01"- fio-·--·----i j";·8E;O'·-·--O--· --Ii-;;.f;;D6---·-D-·-----~U-·--... - 11·-----·- ;11'--" .. -- D-" . 
PO UO 1.6[-03 0 6.St-D! 0 .n D .0 a 

------.-ij -.. ·2j5·-·---·-.. -r;U~ij5--0----Z·;(lE;;O-----a--------_;tr-- - ----0 .-. . .. -- "~Il-;"-" --'a" 
TH 23l ... 11£-12 0 1.It-l0 0 .0· D .n , a 
PA 231 2.3E-05 If 5."ii1-=iJ1i 0 • f 0-" .0 oii----· 
.C 221 I.U-05 0 z.It-OIt a .c D .0 0 ---------·fii2Zf· -------- -ii ~ 3f-iie - -- jj---- .. -.- - I.~£ ~il6 .~--.- 0-'---' • C! .-. - ---.- -D'-' .- -.-.-- .0--- a 
R. 223 l.lE-ll11t o· s.ttt-c.- 0 .r 0 .0 a ··-------Np··- 237--- .----.- 2~iit';d3---'ii----'-5;5E';iJ2' .. - o· -- - "-'-';1"- - --.... 0 . --.. - -;'0' --. -- - a-"-- --.-.-
PA 233 3.0E-08· 0 l.lt-01 a .0 0 .0 0 
u UJ 3 ... r=lJlI 0 S.~=U3 0 .t: 0 .0 U 
TH 229 2.1£-03 D 5.6[-07 0 .0 D .0 a 

. irA -- -225--··----·--- -'6 ~ 1£';0,-"-'-0--- -------·!;iit ~D'" - 0';' DO. 0-" "-0 
AC 225 1.5E-U6 0 z.![-a~ 0 .e 0 .0 a 
lJ HI!'- ~.!£';Jii ···-·c .. --.' '7.!E-L!· 0 .r· 0 .ft a 
1H 23" 2.2£-08 0 1.6E-Ol 0 .t 0 .0 a 
PA 23IiH .e 0 --~--'1i .If- 0 .0 b 
PA 23' .'! U .1) a .t' u .0 0 
PU 24~ I.tt~jj 0 ~.3£-i..~ D .r i1 .If D 
NP 2 38 • n U .ll a • (' D • C 0 
PU '231r ~.. "-0 ." 0 • t' .. .('1 D . 
PU 2110 2.7[-;)3 rJ -.6E-tl l o· .r. 1.1 .n 0 
i" 2113 J.1E=J" " -r.jE~lT--o·-· ----·-;f--·---···cr----- .0 ·-----11·-------
HP 239 3.~E-lO 0 5.6E-... o U .1:' U .a 0 ----"'''U''-,n 5~~£·'J2---1 1.?E4l;'; .4 .t; a .f! ~--- .. -.. -. 

.. &=:::;;~.:=----. ---------- ---
. _TO~AlS_ ... 



     
       

           
               

   
    

      

     
         

  

      
       

      
      
         

         
         
           
        
       
            
     

         
          
         
      
         
         
         
       
         

     
       

          
       
    
         

         
      
         

         

         
       
        

         

       
         

       
        

        

            

 

COMBINED p"Hwn SUHHARY TOULS PAUL" VE.IIsIOH2 120510--
_-..,...-________ . _______ JQ.rill.JtLNuCLlDE_ro!tj.~f"lU'L~B@~~~_.H~T~.~~!k~.OSnJ~~.byJ_. __ .. __ .... _._ .. _ .. 

elSE tllLE. A[GIS SOLUTION MINING SCENARIO, SPENT fUEL i 5D,000 YA. SALT lNiESTION. "' 
. __ -.....!!!_Q!!SE CO""ll,.£1 SY!t11~R!_f..!!~LDgg~!UI!. .. llt.9L~~. Y£~!Lt&.~! .. UfJ ... !~~_ .. _. __ ... __ _ 

JRRJGA'I~~ CROP PAIHWAY, or, 
AIR DEPOSITION tAOP 'A'HI or, 

___ . ______ . ___ ._. ____________ .. _69.Y.Hl~ .. '99Q~.J~~.!~~~.'U .. CUt .. ____ -' .... _. __ . _______ .. .... .... __ ... 

RADJOHUCL IOE 'OUb BOpy 

DOSES AND·TO,ii·s··AE~ciii'iD-·iN-Ri" .-... ' - .. _ .. -.-.... 
, DONE •. LIIH6S • THYROID , -... _-------- ---------- ---

PA 211 1.9[-0C, 0 1.9[-02 U .0 U .0 0 
At 221 5.lE-~1l 0 9.0£-03 0 .0 0 .11 0 -··-:-·----fW- 2Z7---······· -1;2f~o6·---U·-····-"7.5t~O!···--Q--···· .. ';U -··-----·0···- ... ;D-- .... O-
RA 223 5."[-03 0 2.1£-02 Q .0 Q .0 D 

-· .. ·----· .. P··Zl',- .. ----·· ······_·-··s;Ii{";;U2 -- O--·-·1;9[·i1i~··-··· cr' ·-····-··_···-;0·- _········0"·- ·"---';11 . ·0-
PA 233 1.5[-06 0 8.7[-06 U .~ 0 .0 U 
U 233 1.7[-02 0 2.8£-01 iJ .0' u .n a-
TH 229 9.1£-02 0 1.9[tO(l Q .0 U .0 0 

..... ···--iri -·225"--·-·!;it~l~r·-···u ---I;1tibll u ~D· ~-~lJ . 0 
AC 225 1.6£-U5 0 l.lE-O] 0 .0 0 .0 Q 
U .. 238 .. i; lFu2 . ·0 ... . '3 ~ 6E ~o r . 0 • I) U • aD· 

___ --:'iriHr--231f 1.1£-U6 0 ].8E-tiS 0 • ('I 0 .0 D 
pi Diir • d (j .0 ----u . r- u -;u----.o..---
PA 23/f • (I 0 • n D • (I J .!? 0 

...... ·Pij- zii23.;SE-lli····u···· ·1;8E;'(;1 0 .~ Q .0' Q .. 
NP 218 • t'I 0 • ('I 0 • !l ~ • tt 0 

.... _ ... _ ..... PU 23& .r ti" .1 0 .b " ;0 D 
PU 2 .. 0 7. 11 £-1:12 U 1.6E e u" 0 .r .J .f.' 0 a" 2"3-r.IE-irZ---u -----2:9E-irr-·il·--· ...... --. ~r -_ .. o--------;t;--------lJ -----.-.-. 
NP 219 1.5E-lJa u 2.e[-", 0 .(1 U .0 0 

.... pli···· 219 f ~9(.u,r i .. _.~~.it~_l_._ U _ ..... __ . __ ~!. ____ ._~_ ..... __ ._. .0 .. _ ~. _____ _ 
-------; .. .:-~.;.-:.;;.;.:..-=.- ---------- -------.- --------- .. -- -----.----
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COMBIHED PATH"h SU"MARY TOULS PABLH VERSIOH2 1f000fo----

---'--"-' -c'ASt '"(I~U~t$~Ior·:n~2~";~;ii~p~u~nvo :!';:~~f ;~l~T~~~a~ oggs~: ;~;U I· i hGli 11iH; ,- (top 
__ . __ . ___ . _________ . _______ .~.! __ Q_~~L~O,,~U!'.£! __ S'!""_.R! _rOR DOSE-YU". I Of' •. so.~. YU_~._"~_~Nr I.I'_E ••• 

IPRI6.,ioN CROP P.'HV.'t Of" 
----------------------rA!iJR~DHE:.ie>:.:O~S~17Tr-JO" CROP ·'ilitrli',. ... ----
. __ ._- -----._---_._._--_._----- _. _______ ~c,~~t!_~.!~_OPS _~A.J~".A.~.! ON. __ . _._. __ ... ___ ,. __ .. _ . ___ ._ 

- ---- - ----.. -- --.----.... ------.-. - -------1)Osti-- A,.O -foni's -iiEPo;tT[O i""_,.;';'RVr --- .-.--.--
RADIChUt110E TOUL 800'1' DOff[ • _-.J._t'.!!!!L_' '"'ROI,! • 

C tit I.I£-OC. 0 5.6E-or a 1.1£.00 a I.I£.OD 0 ----"1-5'---··------- ---··2;-~Eilij--o-·----- ---- i .1titili--·- 0-- --- ~ e -- ·----0-·--· .. --.-.-----. ';'-ir' -.. -.--- -i:J -. --. --.- -- ... -

------·-·-~~·--l;-···-·-----·--·--i:~~!gf--··g-·--------:g -····-·--3-·- :~ ~- .. ----. :g.-.- ··-----·3 
PO 101 ..... E-OI 0 .• 0 11__.17 0 .0 0 
U 23" 3.8E-0" 0 6.IE-[5 a .[1 0 ---·--;0----0-·---

... ____ ._. __ .~_?~~ ___________ ~.~~~~g~ .. _g _____ J.~1~!~L_._!l_ _ ___ __.b a .0 0 
2R 93 I.~E-OO 0 5.6E-Ol a -·~i'i··-------·O-····--· ~o . --- -off - ----
He 93" 2.eE-00· 0 3.5E-01 0 .1.' 0 .0 0 -·------------,c--·,,·- ---------2";-f.or--ij------ 5~9Eit2--·i;_ -- .. ---- -T~_Eitif-- - lit - -.b --- -.-- b -- - .. -... 
S" 126 5.5[-D2 a 1.9£4011 0 .(1 0 I. IUD! 0 
SB .126" .11 - 0 .0 - 0" - .t 0 .0 0'------
58 '126 3.8E-00 0 a.9£-OI.' 0 .0 U I.P£-OI 0 

---.- --. j - i2,---·--··-----i·.2ti[j2'---·D-----·ii~2E.-Or-- -0-''''---.~ f! o-,~~t.(t. - n . 
CS 135' 1.1E-a3 Q II.IE-O! 0 ".3[.07 !!IS .0 0 .-.-. - TH --uir-------j;Uioit' --:--u-----·-·-~. ttitif;- -- jj----.. . .. - ~., -·-----·0-· ---- - ------;n 1'-
IU 226 6.7E-07 9a 1.0[.08 78 .tt 0 .0 0 
RN 222 .n b .0 0 --;l' 0 -;-rr--.-"lJ------
PB no 1.5£.05 0 ".2E406. 3 .c 0 .0 0 ----·ol---} ilr-:--------, ;UiU----U----r;n iU----·O-··-· ---- . ~ t' ----.--.--- b .... ---- -. eon' ---- -.. . a - - ... 
PO 210 2.3£.11" 0 9.1[.011 . 0 .0 0 .0 a - ... - ----u· !3s---------·---·---1·;U. ti~ -----0-------, ~t'1titj!-----·O--- -.-.. - -._- ';n--'- ~--- -- 'f . --- -----.~------- a ---
'" 2.n 1 • 3E -05 a I • 6[ -03 a • 0 0 .0 0 
PA Hi 3.5E-02 0 8.2£.03 0 •. (1 G .b 0 
AC 227 2.0E-02 0 3.2t.O! 0 .0 0 .0 0 ------- .. fM :21---------·- ·6;5E-Df~-"jj---~--·-----2.2t.Df---' D··- '~(I ·-0----· -- .-;L'---- .. D 
RA 223 1.6E.U3 0 e.JE.u 0 .r 0 .0 0 --N"- -231-'----- --- :;;6£io.-----0--- -8.3[ii./5"-·-0·· .t -0 ~D .. -... a 
P. 233 11.5£-01 0 2.6E.Ol:' 0 . .t'. " .0 0 
U 233 5.lr.U3 0 i;"£.r;-II--d----.r· -ji·---:----;u-----O-----··--
'" 229 ... "£-0" 0 8.3E-05 0 .co 0 .0 0 
RA 725-·--·i~OE.OS· 0 s.t'EiL!r o· .t' ci .0 a 
AC 225 2.3E.Ol 0 3.IIE-U2 a .r 0 .['1 0 
U 2]8 6 • ,t .113 . 0 I. it i c. ~ 0 • tI fI • tt a 'H Hit 3.3[-01 0, I.IE-'" 0 .ft 0 .0 0 
PA 2311" .n - U .0 --·o------;r-----·· -~-----__;lJ"-----U__.-.--.. ---
PA 23" .n a .0 0 ." u .n 0 
PU 2q2 •• 7E.OII C 3.ilt.tlS 0 .r ~ .(9 0 
HP 238 .0 U • ('! 0 • r 0 • f' 0 
PU 238 • '1 0 • i' d • fI D .0 0 . 
PU 2 .. 0 3.1E-·J" U 6.9E"'!S 0 .t' .., If'! 0 -----ITzR" hJ -------T.,fiijJ-v·_--·---T;'ricr; 0 -~':' -.. -.- .. ···lr----·---~(I---·----·-·-tI - ----.--- .. 
NP 239 1I.'S[-,j3 D 8.IIE-(:- 0 • r il .0 0 
pij' H' ._.JJ"£'.~_. I ·I~~£.l:., __ l.!..___ -!..r_ . jj .!J a _._--------- ... _----._. . __ ._----- .-._------ ----------._. __ 'OTALS •• 9&"07 ,IfX' '.'&'0&,. S'.cifC2,. I~ '.'f!'Df 1ft! 



      
        

             
             

   
    

     

     
         

          
          
         
         
         

          
        
        
           
         
         
         
          

       
         
       
         
         
         

          
          

         
         
           

           
         
         
         

        
         
         

            
            

    
     
       

   
  
     
     
     
     

     

 

   

 
   

   

   

    

      

3: . 

COK8INfD PATHWAY SUIt"'AY TOULs PABU w[ASlOllla 12OSio-----
lOTALS BY NUCLIDE fOq SPECifIED OAGAhS IINTERNAL 005ES ONLY • 

.. ---------- CASE 'ifL"[.·" EGISSOLUfloHMiii ft.GSCEifiiio;-·SPENY-fUfi.- j·-5D.ODO- iA 'Sil t-lNGEil'loN;-POP . -
____________ . _____ ..!!!_ DO~~.£q_'!!!!!1!U~\llt.!! ~~y .r 9~ 9~ U~.¥.[~!I_. 19 .. C!~_ ~ _~~L~AR J~h ~!_q~~ . ~~~ _ ... ___ . 

IRRIGATION CROP PATHWAY, 0" 
---------------------rA1r.Il~D;;i[-;posnroN CROP lilA 1H' OfF 

________ . __________ ~QUUI£_!~OD S _~!.IH!t~!!. _ ~~ _______ . _____ . ___ ._ . __ . ____ .... _. __ -

-·--------------------·-OOSfS-ANO·TOiiisR"EPoiiiEiJ ii .. iiAN.;;iit ...... - .-.---------.- .. ----.- - ... ---.-.--. -. 
AADJO~UCLIDE tOTAL BODY' BONE II' LUNGS , THYROID , 

--------- ---

U 23/1 1.9ft1l6 Q J.CJc:tOl g .0 0 .0 g 
U 236 1I.l£t05 0 6.6Et06 0 .0 0 .0 0 -----ZA"-93-·- l;3£.iir-0-----2;8[.01---0--------;·0--·---··0--·-----;if'-·--0----'··-- - .. _" 
N8 93" 1.1i£.02 0 1.1[t03 0 .0 U .0 0 ·------·-fC-H----·--1.2Etiiij--·U-----j;ii-.'ii--··- ·if------j;Utor--lii--·--;iJ -··_----·-0 ------- .-- .-
SN 126 2.7£.0" 0 9.7£t05 0 .0 0 5.6[-05 0 
58 126" .0 D .0 0 .0 U .0 b 
58 126 1.9E.~1Z 0 1I.5Et02 0 .0 0 9.11:.00 0 --.-. ·----j---129------·,;Ot.jj-, ---g----l-;n.oj--·o-·-------·-; 0---'--- --0---- ';-'liQ£---·V9 --- -----.- -.--
CS US 8.UtO. 0 2.O£t05 0 2.l£tU' 85 .0 U ---.. ---- iii--2j'o------f;1i£.O-s -O----Z;Uiijl·--U·---· --.- ;cr ---··-----i;---------;u·------a .. -. -- ..... -

, AA 226 • 2.8£t09 98 3.8Et09 78 .- .0 0 .0 U 
AN 222 .0 0 .0 0 .0 11 - .4 -,---
P8 210 7."[.01. 0 Z.DEt08 It .0 Q .0 Q 

-----Bl·-2Iir----l~6l.iir--·lJ--6;lLiiil---·u -----·-;·-0--------0' --------. -;0 -- ._- 0-' - .. -
PO 210 1.2£.06 a It.8£t06 0 .0 0 .0 0 -------U--235----·---';2£.03 D I;5t.·05--g-----·--;·~-----··--··cr---·-·----~-D------·-D 

TH 231 3.6£~U3 0 7.9£-02 0 .0 U .0 0 
PA 231 1.2£ t o" 0 2.8E.05 0 .0 0 .0 0 
AC 227 8.5Et03 0 1.IIE.U5 0 .0 (j .0 0 -.---- --·-·'H--Z27·---·--· .. ··-·----··j;2tilir----ii----·----·-1 ~jHD3··--·--o·--- "'-- -; 0------ .--. 0·-----·-.. ·--;0····--·---- -" 0 .. ~ . -"'-' .-
RA 223 8.1£tO.. o· 1I.lEtOS 0 .0 0 .0 0 - ·-··-----NP--217 -'--··---·-1;3£.0,---0·-----2.9£-i07--- 0-'- ·_-----·-··;0----·--·· -0-------·-;0 .. --.-- -_. 0 .----
PA 233 2. 3[.01 0 I. 3E. D 2 Q • tt 0 .0 a 
U 233 2.5Et05 Q 1I.2ttO' 0 • O' Q .0 g----
TH 22' 1.flE.06 0 2.8E-Ol 0 .r 0 .0 a ·--··---·-A.--Z2S----·_--··--·-·-s;iitio'---·--o·------z;sE.iit---·· .. o ~'(1 -0 ;0 -0 
At 225 1.l£t03 0 1.7tt,," 0 .r 0 .n a 
it-- 238 -·:S~2£.OS-·- o·-"--·-·S~itE.l!6 0 '~r 0 ~tt·- a 
TH 23" 1.6EtDI a 5.7Et02 0 .to 0 .0 U 
Pi Hit" .n li .n ~ .~ D .tr---·-u--· 
PA 231t • D " • no. (\ " • 0 U 
PU··--2I1Z 5~j[-.1i5"· u-· 1~2Et(J'f (I .tt il··~O a 
NP 238 • ., 0 • r'J 0 • r " • 0 0 
fU - 2 ji ~ {I . ij ... • h Q. r Ii .• 0 0 -
PU 2/t0 1.1[t06 (j. 2.-E.07 U .r. Q .0 U 
A" 2 .. 3 To-iE.US ---n----i;3£'iii1.--.. O---- ... ----;ir --_ .. ·u··---------;I!-------li·------·---· 
NP 2J9 2.3£- .. 1 ~ II.ZE."" i1 .r ~ .n 0 

"-------'PU "'239' . 2;.[.':;7' "I"" -.". :"-,.;2£.'" IS ~r C· .0 D' -----.-- ~.-...... -----_ .. __ .. ..--.-..-"------------

i 
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. CO"8IN£O PATHWAY su,,".n TOULS PABL" ,fRSJOH2 Uftseo 
. TOTALS BY NUCLIDE FO~ SP[CIFIED ORGANS 'I"TE~N.L DOSES ONLY' 
----TASE'nLE.-·-AtGli·-soiijTiON;n"IHG--sctNARi6·~- ·sPfNY,Uti."j-ioo,oOOYlfii- siU-··U,fjt5t'iOfi •. ill 

--' ______ ...:.. _______ .. _____ .• ~!_Q~~~_~~"-~H'!.E!_~.l!",,~R,. _f_rlP. J~~SE:-YF;AI? Lt!f' .... ~~!.. .. _'_~A". ~._N!. q~~ .••• 

IRRIGA'ION CROP PATH".,. OFF 
----------------------------------------~A~I~R~O·rFOSIl1oN CROP plfH.~~Ff~----------------------~------
__________________________ . __ , __ ~~U.!I_c:F~ODS .!_~.!HII~" ... o.'L _______ . _ .... ___ .. __ . ________ . __ 

---~-- .. ------.. --.-- --'---'oos£s-AiiiifoUn REPoifft'D iN liE" .-- .-.----------- .. -- . "-'---' -.- ---
RADIOHUCLIDE TOUL eoo,' eONE • LlJf(GS • THYROID , 
----------- 7 ------.;...- --------- _.------- --- --------- ---

C lit 1.1E-10 0 8.1E-I" D l.lE-l0 0 I.n-Io· D ---- NTs'---·----T;2£:;a-" --·O-----7~iit-;.ijif·--·-lJ------- - ;[I---··--o··------.u·--·-·-·---··o·- -- ..... --.-.---.. -
5E 19 1.1E-06 0 .0. D. .0 0 .0 D 

--------"09j~- --2~iiE;.:U-·-O-···------· ;(9.-.-.-----,,--.. -... -.- "~o'---- ----ff·-···--·--·· ~fi'- 0······ 
PD 101 2.9E-08 0 .0 D .0 0 .0 0 
U 2311 2.2E-03 0 3.6£-02 0 .0 Ii .li 0-' 
U 2J6 S.SE-lIlt 0 8.9£-03 a .r 0 .0 0 

----iZ""R- 91--------9-;5[:08· ---0 -j~6E;06---·fI-·----··-- ~ti -.- --.--.-. 0·----- --.0 -'---'--0--- .-... - .. ---
NS ?3" l.eE-Ol 0 Z.3E-06 0 .t! 0 .n D 

·--·-·--·-·'c-99---------I~-3E;.;05--D·-----f;IiE;;05---·o----··Ij;2r-06 -If-·-----·--·· ~b -"'-'-'---0 .. --- --- ..... 
5N 126 2.6£-05' 0 '.1£-0" 0 .0 0 !5.!t;..--=06~ __ jDii-____ _ 
SB 126" .0 a .0 0 .0 0 ~ 0 
58 126 1.8E-Ol 0 ".2E-Ol a .0 0 8.6E"rrJ D -- .. ·--- .. --·1-·--rz9----·----·8;·06-06--·-0-----2.8E:~66- --0----·----· ';0- ··---· .... if----- --,;!t;;oS-' ,,-. 
CS 135 I.IE-a" 0 2.1E-0"· a Z.8[-05 1!1 .0 a 

3: ... --.... --- nf'-nir ----·--·- .. 2-;; n=03-' 0---·-· ·-;;;'E;,;.02·---a----· .- -.• D"--'" U-"- .• D· ------- 0'-'- - -.. - ..... 
ID RA 226 6.9E.00 99 1.0[.01 90 .0 0 .0 a 

RN 222 .0 0 .0 0 .D U .0 --no------
PB 210 1.5£-02 0 ".lE-OJ:S .0 0 .ft a 

---·---·--n--ffD-----1·~IiL_lRi·--. -a----r;lt~Dr-·lf-·--.. ------._O .. -.. ----- .. 0------ .--.-- .'0' --.- -- -IJ-'---
PO 210 Z.IIE-U.s 0 1.0£-02 0 .0 0 .0 a .---.----u .. - .-. 21!------l;·sr.lI~---Ir---- 2 _!E ;;Dli -.---a----- .. ---·;o- -. -·----11 ----. -.--.-;; C!.--- ---- . o· -.-.. 
TH 231 6.2E-12 0 l.lE-le d .0 0 .0 0 
pl 231 Ii.8E-U5 0 1.IE-03 D .0. b .0. 0 
AC' 227 2.1E-J5 0 ".IIE-&." 0 .0' 0 .• 0 a 

.----.. -.. -- - T",221--- ·--"·---lr;9E"IJ~····-·" -------.-~~ U~;;D~ '''--'0--'-'- -'-0 0"--'- ... - .0 '-O' .. 
RA :2J 2.1E-OIt a 1.1E-03 a • ~ u .0 a 

-----.---.- -HI'-" 2lf------··-----f"~·"t;D3···· -·-«r---·5."E";;01----·- 0'.----: .. - .•• ,.. . 0- .-.- ... -Ii 0- ... - ---'-'0" --- - -. 
PA UJ S.flE-Utl 0 1.1£-01 0 .0 0 .0 a 
o 233 6.iE=ti1t 0 - 1.t7t~2 0 .1' 0 .0 0 
TH' 229 !i.!E"03 0 I.IE-OI 0 .(1 0 .0 a 

---.. - .. -·---·ftJ·-'2S--·-- ---.-. -"-'"I;Ii(~JZ -.-- -1'--'- ------li.IJE;;~'··-·· 0'-- _r. .. -0.0 0 
AC 225 J.IE-U6 G ... 6E"0'5 0 .0 0 .n . a 

.. U 238 .. It • !E~olt U '~!E -l'" 0 • r " .t' a . 
TH 23111 1.ZE-iJ8 0 1.6E-['1 0 .1) 0 .t! 0 
pl 2]"" .r- u --;l1---o----.tr--·~-----_;tr---u___ 

PA 23' .r! 0 • (! a • [1 0 • ., 0 
pu2if2 1.n';'03 0 2.nt-t.' ts .t' D.·t'· 0 
HP 23e • ~ 0 • t' 0 • [' &I .0 0 
PU ZJA ;~ 0." 0 .r 0 .0 a 
PU Z .. O 1.!E-OS n 2.1t';'..," a ." " .n 0 
A" 21t3 J;~E-t:6--r---~t~(i!-'-- ~.----- ... :---; r- - ------o···--·-·--;rr------."..------·-
NP 239 3.SE-12 0 6.'E-II 0 .r D .0 0 
1'\1 239 1.'C,,;,uZ·f; 2.9E-OI Z .r [j .n . 0 .. ---0...-......;;--_ .. - _. ____ ..... ___ .. ~ __ . ___ =__ ... ~ ____ _ 

------------ -----.. -_. ---------- ---------- ---
_._. ______ T.!JTALS 
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CO"81~D PATHIIAY SUtfKARY tOULI PABLN UASlON2 1205.0 

------.:.--- CAS£ InLE!I!·llil-s@:o~~n~:E "~~j .. :"~mnYij!ftinaY ,~I~·§!!t~~;&g~l~R:NUh-jiiGdftoti.- .. i--
•• , DOSE CO"t!J!.!:!IL~!LI!H'RY foR Q!!U-=Y.f~ .. L.!!t.2L!.,.!QL!!AA.P.LA~!...Yf[_.!_~L ______ ... 

IARI6l'ION CR2P PAIHY'YI 0" 
AlA DEPOSITION CROP PllH."bf' 

___ ~Qu.nc fOODS PUH~AY'_~ ___ _ .------- --. ----- . __ ._-

DOSESANDTOTii:SREPimtEiflif·AEM-----,;--------··-.. -·-· .-----.-.--------... 
I BOH£ • LUNIiS • YHYROID·. RADIOkUCLIDf TOYAL BODY 

----------- .. -------- ._. ---------- -1- -._---_.- ---
C lit 8.1£-09 0 1I.1t£-U8 0 ,.7[-09 D '."'-09 0 

--~NI:---:59- 6 -;U~~-g---T.n;ti}-ll----··-;·1r Ci -.-;0------0---.---.... --
st 79 8.5£';'05' 0 .0 D .0 0 .0 0 ---"0 n r;2£-09 a --·;0---- D .--.--;l1----g.----.---;U-- ---, 0··_ .. ··-.... - .... - .. -· 
PO IG1 1.5E-06 0 .0 0 .0' a .0 0 

liN liz .0 b .0 Q .0 b .0 a 
PB 210 7.6£-01 a 2.1£.01' II .0 a .0 Q 

-·---8r21Ir-·--J;'I£;;~D----'-;st;nr____u_---.o-----a .. ----·-- ;D·---·-~-·D--··--·---"-"" 

PO 210 1.2£-01 0 5.0£-01 0 .0 a .0 0 -------T--'1U-----l;·Ij[;;lli---I['----';n;;of"---U----··---;u-------li·-----.-u-----u--- .. --..... 
IH 231 3.1£-10 0 6.lE-09 a .0 a .0 0 
pi 231 I.U-lll Q S.9£-02 o· .0 Q .u a 
AC 221 1.2[-U3 0 1.9£-02 0 .0 0 .0 D 

-·----11.-·-22',--- .. --.-;sr-c;r--·O----l;s[;nli----O---- "-'--;0"-'- ----- Q-'-"--- .0---' -----r-··· 
AA 223 1.1£-02 O' 5.6£-02 Q .0 0 .0 0 ·----·---NP--·nr·----.-;u;uz·---o·-----,;n.-o"--a-.. ·---·---;,,--~--·-- .. CI---·--.O·---·-·-1J-·----· 
fA 233 1.5£-06 0 8.6£-06 a .0 a .0 a 
U UJ1.OZ-QZ g 5.tIt-el Q .0 a .0 a 
IH 229 1.9£-01 0 3.8£.00 0 .0 Q .0 0 .- -.----.RA --'} n-----··-· ';U;;ilr--g--'---'- J;iil i gjj- . "Q --" -.- ".0 .. ---"--'0 .-.. --- .. '- .0' ... - '-"'0 
AC 225 1.5£-0" 0 2.3£-03 a .0 a .D D 
if'-Ue'--" --" ---2-;U;Qz·····O·-- j~6E-or o· . ·.OU .0 "'D 
IH 234 1.1E-06 a 3.8[-G~ 0 .t! (j .0 D 
pi Z3IfH .0 U .U 0 ---;r-- (J .0 a 
PA 231t .r. 11 .0 0 .0 a .0 a 

·-·---pii·--2_2-·------···-··-]~it[";.Q2·· 0 -. 6.9[-d 0 • II 11 '.0 0 
NP 238 • 0 0 • n IJ • C' 0 • 0 0 

.. fiii '-ljj" ";r. il ~'l '. o· • r oJ .0 D . 
PU 21t0 ft.It£-I,;" j) 9.1t£-&l3 0 .c' U .0 " 
iM 2113 -r.r-Uit-- J r.Jc:or·--r-----··.l'·-----~---·---_;(f--__a-----·-···· 

NP 239 1.7£-U: 0 3.2£-09 D .n u .0 0 
T"lIU'---U9' "~1£-':;1 "-11 -- 1;'1[.012 .r - I'; .... .t' . D··· .-,.----- --.---.--.. ~ _ .. - ... _--- ._.--_ .... ----------------- .... _- ...... - .--._----- _.-------- --- --------- ---

. __ ..... _ .. !9.!!~.~. I.~QL ICQ 
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COP!BIHED PATH"" SU!1,.ARY TOULS phlP! ,fRS'l'ONr t28fU--------
TOULS BY NUCLIDE FOR SPECIFIED 'ORGUS nNTERNU DOSES ONU • 

.. -----.--.. _.--.. - -0----"--'-' "-cAsf',lllf'i" '.fils' sfiluf iON' "tHiNG' -SCEH_"to,'-Sf-tii' futl i' tod,otto ylli-- SA""" l'is!'STlftH, "0;; 
._. __ ..... _ .. __ . ___ . ____ ...... _.~~Qt\st __ c:OP!~IT."P .SU,,"IR.,,--,.OIJ DOS[-Y[A" .1 OF A SO •. 'EU PUNT l.I": ••• 

IRRI6ATI0ft CROP PATHW"'O', 
-----,-----------------~A,..;l;.;,;R· DEPoS:nro'NC'RoP-;;fftii- OFF ----

. __ .. __ ._ . ___ .... ___ . __ ... _ .... _. ___ ... ____ . __ . ___ . __ ._ .. AOl!'T.JC .f.OOD_S ."A.T.HWAJ' 0",-..... 

.. -... _ .. _..... ···-·~-OOS[s···A"D·fotAi.!··RtpORi[o iN "AN~Rt"· 
__ .....;R.....;II.;.:D::..::I;..;:O;.;.:N~U.=Cl=ID:;..:E=--_......;T.=.O~"';;.:L=-=-BOD" 80NE , ____ !:~.!!!L. __ '_._2H'~_. , _________ . ___ _ 

------------ ---------- --- ---------- ---------- --- ---------- ---C lit 2.6E-J!' 0 1.3E-02 0 2.6£-03 0 2.6£-03 0 .. ;;1"··-5'-·-········ ·--··-T;n:.'U·---·o .. ··-·-··· .-.. i.iEilFi· -. ii ---.. -.. ;a- - .. -..... o· '--.1) ---- -'d- .. --.... - .. 
S[ 19 2.6£.01 0 .0 0 .0 0 .0 0 "0' ;3" ... -.-. J~5E,,;ati·-·- Ii .- -··-·--···.0· ··-·--···0 ...... - .. -.- ~t,_ 0 . .0' a-" 
PO 1 01 ... It[ -01 U .0 0 .0 0 .0 a 
U Z3. 3.U.O" a S.iiE.oS 0 .~ cr--- .n-tr--·-·------·--
U 236. 8.2E.0] 0 1.3[.05 0 -.0 0 .0 0 ..... -. lR' U' ··-·------.. -·I;iiFo(j .. ---o----S;~tiDr--O-···-· .. ;tI····-- .. D- ······-.;0 .... 0-
N8 93" 2.7£.00 a 3.IIIE.OI 0 .0 0 .0 0 

.. ·ff·· 99···----· . z~Ot.02-·-·-0·- .. --·- 5;0£.02 .... - ti -·"--"&;3[iU····U ... - -.fJ ......... " 
SN 126 3.9[.02 0 1 ... E.O" 0 .0 0 8.~.0' 0 
S8 126" .n. - 0 .0 ---0 .n----o------;tf------o----· 
SB 126 Z.7E.OO 0 6.3E.Or. 0 .0 0 I.!E-OI a -T·-·h,··· --·-·-·--···1.2[+U2--- o-------·~.zt.Dt .. ·- 0"-- ..... '~o" .... - rf - ·9.~titj' --" 
tS U5 1.7£.03 0 ".(1[.0] 0 ".2£.02 81 .0 0 .. 'Ii" 230 .--.-., j ~2E. o. ---if··----- ·--I.m: iO(,'--" a --.--........ o· -..... -.. ii .--... • ft· .. -.-. 0 
RII 226 I.OE.08 99 1.6£.08 90' .0 0 .0 0 
RN 222 .0 0 .Ii - 0 .0 u- .n· D 
PB ZID 2 • .,E.05 0 6.5£.06 3 .0 0 .0 0 -.. -·----··81'- ZlO---"-- -----I ~J[iJ2-· .. --ti--·---r;9·!ill'--·rr--·- -.-- .• U--'--"-- a .-_ .. - ..... 0"- .-._. a 
PO UO 3.6£.U" 0 1.5E.O'S 0 .0 0 .0 ' a .-- .... "u - 235-----·· ,--.- ·f.2£iOf----o--··-·---J.1E iti!--·- 0--·-··· .-. ";0 ... -- -.-. o· .-......... 0 ----. "-a 
TH 251 9.3E-OS 0 2.t'E-O] 0 .0 (j .0 0 
PI 231 7.2E.02 0 l.fEiiiil 0 ';11 u .0 D 
at ~21 ".1E.02 Q 6.6[.0] 0 .l" 0 .0 0 
fH' 22''-' 1.![ibO -'''0 .-- ii.6E:"40'''- a ~t! 0 ".0'0 
RA 123 ,."E.U3 0 1.7[.0. 0 .t' 0 .0 0 
NP ·231 3.&(iijij--·-,,·· - ---"-8~lt.u~ d .(1 d - '.0 0 .. --
PA 23] ".5E-ol 0 2.6E.01' 0 .t'. Q .0 0 

----;U~-i2'33· 9. I Fin 0 l.st·iOr-o .0 '--U- .0 ---0------
TH 229 8.3E.UIII 0 1.7E.U 0 .0 0 .0 0 
IU··~25-·-···· ·'~I£.b5- .. ·-·il- .. ·l~C't.i)5 0 .0 D .n a 
ac 225 It.U.OI 0 6.9E-01 0 .rJ 0 .0 0 
U ~38 6."[."! ... 0 .' 1.It.U~ 0 .(1 0 .n 0 
TH 23" !.3E-Ul. 0 l.tE."1 0 .(1 0 .0 0 
pA 2311" -;:;-- u ;tf'---li .r---.----.. -"1J---.. ---;"'.---cr--.-----.--
PA 2311 .!' 0 • t' 0 • t' 0 • 0 0 
PU ~il2 i.5t.(jii l: !.~.o~ a .r II .f' 0 
NP 238 • ~ 0 • " 0 • r 0 .0 0 
pij ~ 38 • 11 • " tJ • r cJ • " 0 
PU 1110 2.f:'E.D~ U II.lE.C! 0 .r u .r 0 ----i,,"'"":-.;,2,,;. .. y-----s.;;tiJr---u--·--T;_rin-·--·--o "'- "-"-.~ t" -----·,:r .---------."tr-------wO--
NP 239 S.Z!:-tJ~ 0 9.6E-,,1I 0 .r ~ ." 0 "'u "2.3,- 2 • IE ... J!- L "~II£ ill, . 2 .• f' If • t' . o· ___ .... __ ._ ....... __ .... _ •. _ ......... ___ a ._ ..... ---:;...------------ .. _-- --- -- ------_.. _e. 
fOULS , ."'.08 tot-. _ . 



        
        

             
             

   
    

       

     
         

           
             

            
            
        
     
          
      
         

     
         
       
           

        
               
         
          
      
           
          
         
       
          
        
          
         
         
      
         
         
          
         
         
        
           
        
         
        
        
        
          
         
         
        

         

COHBl~Dr:rT"IIAY SUltHAAY TOULS PASl" VERS.aON2 12ono---.--
TOTJlS BY NUCLIDE rOR SPECIfIED OAGANS 'INT[A~'L 005[5 ONLYI 

------------ ---- ---·-c-;;sCliil-E-.-A(GiSSOlUiio;nilHjNG-sctNiRio'~--sjifNffutl i-AoD.nDa-vit;· SALt INGtSTIOii,' pOP 
._ ... _ .... __ . __ . _____ .... _._._ ... _. __ .'!!.!' _.p.~u..-f~!!!!J.!!'U. ~~~~R! JOP ~95~-YUA 10 or .A. ~o~ !EA~ PL:.~~ qf~_. ~ •• 

IRRIGA1IDN CROP PA1N~'Y' Ofr 
----.....,...---------------·'-;I~A~DrposITlON CROP ,., .. ;-.'0,..--------------
_ .. ___ . ___ . __ . _____ . ___ ._._. ___ .. _ .. _. __ ._ .. ___ ... ________ ~9y.~'u~_no.p.~ . .f!'N~ ,~. o~..... ._._., _ ._ ........ _ 

... - -- .-_ .. - -- -- .-...... - -.- .-----.. -----... . .. -. --"---POS[-S~-iNO "fOT AL"S -ii"t"PORiED' IN H' H-RE" 

RAOIOHUCLID£ TOTAL BODY. BONE • lU~GS~_--::;'~_.....;...TN;.;.Y;.;R;.;O~I:..:O:..-_--= • 
... ------- ---------- ---------- ---

C 1" 1. !E-Ol 0 6.6E-OI 0 1.3E-tl 0 1.1£-01 D ·---·-·-·---.. ---NI'--·59---·---- ---';2£.JJ_----··O -.--- - "5 ~5E.05--- . 0 -'" . -.- .. -;0"-'--' -'-'-0'--" --'---'-';0 -... -- .- . Q 

5[ 79 1.3E.03" .D 0 .0 0 .0 0 .- .... -iio- 91 ···--···-·-----l.St:.U2--··- 0- ---- ... ';0" .--. ir--'- - --;0' . -. a · .. ---·~o .. -. 0 
PO 107 2.2E.Ul D .0 0 , .0 u .0 a 
U 23. 1.7E."6 U 2.7£.07 0 ;'0' g .0 -lJ--------· 
U 236 lI.lE.,,5 0 6.6£.06 0 .0 0 .0 0 -"-.. -·-zA--9j--.. ---------l;iiioi--·-ij----t;·ii:.ijj---O .. ·-----........ ~t!.-... u" ..... ~o . '''0 
NO UN 1.U.U2 0 ,.1£.G]. 0 .D Q .0 a . -.- .. -- '''-U-' 99·-" --- .. --··-·I;of.o .... --· Ii -----·Z;·SE:.oii-- -"0--- .--- 3; U;.O'--· -'2' .. -.--. ;0'- - . -0 
SN 126 1.9£.a.. Q 6.8E.(l5 0 .0 a ".0£.U3 0 ... -_____ _ 
58 126" .0 - U .0 - 0 .'O-----g--- .0 - b 
58 126 1.lE.J2 0 3.2EH,2 0 .t' U 6.5£.00 Q .... -. i --u,""---'--" "·-·,;iit.u] -"'--0 .. -----. 2~i[.03 -.---. ,1" .... -----... ~ 0 .. -----. u .. · .. -- ,,;1£.06 -'9 

..... ----"~~'-"H~'--' .. ·-·----·-tuia,-·-·!~~·~-l;~l:S;·--l--··- .. -2!~[· .. Q"-·-"·~l------·-" :.g.--.----- -g - ... 
Ai 226 ".lEt09 99 5.8[.09 89 .0 U .0 0 
:'?H '!22 .0 0 • ':' a :D 0 -7'0--,-.--------
PB 210 1.1E.07 0 3oU.08" • 0 0 •. D D -.--. '''--'--Br-''2iJJ-- ....... -.- .. -.-. 5;5£.0']'-- g-----';}ti'l--· ,r- -- -- -·~i,.· .... -. 0 -'-'-'- .--.. ;0 . 0"-
PO 2\0 1.8[.;)6 0 7.!£.1i6 0 .(1 0 .0 0 
U 235 ·--"i~it.DIj--·-·o .-.---- i~ilE.os--a· ~cr' Q' ~O' Q . 
TH 231 ".6E-U3 0 1.0£-01 a .0 0 .0 0 
PA 231 2. 5£. i,l1f 0 5.8[.05 if ;0' 0 ~--oR----
AC 227 1.8£.U,. 0 2.8Et05 a .0 0 .0 0 

.- ","" 2'i7"6 .1tiill-" '0' -.-...... - ... 2~3£.U3 0'- -. .0 '0 .. ~ 0 . -.. ., 
RA 223 1.7[t05 0 8./iE.05 0 .0 0 .0 0 .- "NP'- 237 .-. i;2£iQ6 -.. - u .... --.--. ·-z;itiC;'--·· .. Q' -.-.- .... ; 1;'" ... -·-u -;0 . . .. 0 
PA 213 2.2E.OI 0 1.3E.02 0 .0 0 .0 0 . 
U 233 ... 5£.05 0 ?S!'i'ii6 0 a- 0 .0-----0-------·-
TN 229 2.8[.06 0 5.7£.07 a .0 0 .0 0 

'511' 225 -- 1 ;t!£iQ7 .. -',f - --. 5 ~2t.Ol iJ • t' - 0 ... 0 D 
AC 225 2.3i.U] 0 3.5E.0" a • ., u .0 0 
If 238' 3~2t.U5 0 -- 5._t.b6 g • ('I ~ .0 . 0 
TN 23" 1.E-E.!)l 0 5.7[ .• (;2 0 .[1 0 .0 D 
PA 23,." ---;o----~-. ---;O---·---ij-----.ii - --.. -·--o-----.'r --- -0----- ------.- .... 
Pi 23" • ~ 0 • 0 a • f1 a • 0 a 

.... PU 2 ~2 5. i E .Il~ i: i .1lE. L '7 Ii ~ 0 11 • b b 
NP 218 .~ 0 ." a • r u .0 D 
PU 238 • -: 0 .0 Q • (1 0 • 0 0 
PU 1110 6.H.u1 U 1.IIE.t~ a .r> .I _ft a 
A" 21t] -T.1E+J]--O-------·_-;9n~i·-·e;-.r . t -·-;ft-- .. -.. ·-·-lJ------·--··---
NP 219 2 .~E-1.i1 IJ ... I!E-C2 (J • ( ., .0 0 

__ P_u . 239 7.~(.~t "(1 ~.~~~~l .1' . __ ._ .0 __ 0=-__ 
_ .-•• _------ •• =~~~~ _._------- ---------- •• -------- ---
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. CO"BINED PATHWAY SU""-'" TOTALS PiBt"'~niioN2--·--nii5eO---'·---··" 
___________________ . ____ ._. __ ._1oJ~ .. LP!_~U~UQE_~.QIL~P~~lfnIL()nQ~_ ~ ____ .nJ~R.~~ .... P.~$r:_~_O~\.Yt_.". __ .. _.. .. "'_ 

CASE TITLE. AE61S SOLUTION "INJN6 SCENARJO, $'E"' FurL I 500,ono YR, S_L' IN6tSTIOM_ "J 
_._._, __ ... __ ......... ___ . _________ ._. _ .... . DOSE. COPl"U"E! .SU""UY FOR POSE~'EAR. I. O.~ ~ .5Q,,_Y~A't ~~N:T LIFE ... 

lltltll.!Illl~L~~.PJ.U!!!.nl_.n[L ___ .. ____ ._. ______ ._. ___ . 
AJR DEPOSITION CROP .. _THI orF . 

_____ ._ .. __ ' .. ,._. ____ . __ . ___ . ___ .... ~~u.'I(: ~OOD$."ATHIUYlON. __ .. .._ .. _ . __ .. 

. - ,, ___ ··_M_. --.... --_.," .--.---.. --_.', --.-.---.-.--. -'--iioSESANO 10TAl"S Ri;"",!-ij IN ttt" .-_ ............ ~ ... -.. _, . 
IUDIONUCLlDE 10UL_ft~PY it eo~ it ______ ,,~J!!!.s it THYR~ID ___ ...!.._. _____ . 
----.-.----- -.._------ --- ---------- --.-.~---- --- ---------- ---



      
        

              

         
   

    
    

    
         

       

              

                      
        
         
         
         
          

         
     

      
         

       

                         
        
         
         

         
          
          
         
        
         
          
          

        
         
         
         

         

         
         
          
        
         
        
         

          

IPAI6AJION CROP PAJHWAYa 0" 
Alq DEPOSitiON CROP Plt~. Of' 

........ __ .. _____ . ___ ._. ____ ._._. _________ . _____ ~9.!1..!ll~fQPg ~ !'~l~~ ~!,_ JtN_~ ... ___ • _______ . _____ .... __ .. ____ . __ •. 

.. - ---------··· .. --·--··-·-·----.. ------OOSESAio·iofALS"iiEPOiiiEo:iN 'REM- ------ " _ .. ---... -'" .. ----... -.... -
RAoIONUClIo£ JOUL BODY' BONE , LUNGS , THYAOIO , ---.- .. _-- -.. - --------- ---

Id 59 1.9£-01f 0 leU-OJ 0 .0 Q .0 0 --.--...... "5["19--'-- - ·· .. -·-i~2f;;.06-- .. 1i--------;ij-·---· -g-----........ ~b·--------u '-;Ir---~ . __ ... _-- --.----

. "--' S~L~~Z·----·-··l!;~;g~-S-------i!~t-;1iI---8------·-----.:g.- --~.~.-.: ,---·--;8· .-- -'·-·-·3---"- ---
U 236 2.1£-02 0 · ..... E-OI 0 .0 II' .0 0 
ZA 91 1.9£-U6 0 I.SE-OIt a .0 U .0 0 
HB 93M '7.5E-060 9.IIE-05 a .0 0 .0 0 ··-·-·"iC·-·99-·'·--------"T.8£";O;;----ij----';s£;;Oi---g-- '---"-- 5;ft';;~S·--it--·---· '-"';a--'--- --" Cf .---. --- .. -'-" 
5N 126 8 .2E-~5 0 2.9£-OJ 0 .0 0 1.7£-05 0 ..... -"--'8 '-'126"-- -·-·-·-·--·;o----~if ... ---·- ~o· - .. -. ·--Q-- .. -~ti ----.--.Q .. --.--.- .. --;O---.... -- --0 -- -... -... 
58 126 .0" • 0 0 • 0 0 • 0 0 
I 129 1.9E-0" 0 I.U-U" D .0 0 s.ot-oj 99 
C5 U5 ".9£-0] a 1.2£-02 a 1.2£-0] 95 .0 0 ·'iii--··210·----- ·-·~---·-··-6·;-£~OZ·---U .... ----····"2; itiij"jj '----"0' - ~ -u' .. _-_._-- ···'r-·----------- .0·--····· - 0'" ---' - -_ .. -

:::: . 
. ___ ~~ .. _~~f!' __ . __ . ___ ._. ___ .. i~5~!,g.L_?~_ ..... _ .. __ .. '.'[tQ2 _.!~ __ .. __ ._~~. ____ . __ .q ____ . ___ ~~ ... ____ .~ 

RN 222 .0" .0 a .0 0 .0 0 
fa 210 6.lE-OI 0 1,9£!OI.. .0 0 .0 0 
BI 210 1.lt-01t Q 5.1E-0- 0 .0 D .0 0 
PO 21!1 1.1£-01 0 .... E-OI 0 • a 0 .0 Q - . ·-it· ... 235 --.---._. -·-7;,[:ij .. ---·o-----·1 ~2E ~of---" Q' -- -- .. ··-;0 .--. ··-'-0 ._- -.--- - ~ 0"-' .. --- .. g 

~~ ... nt-·-----·-··- -- l:u:!~---·g .. ---·-tu:~;-·---·-g .. ··--· ·:8---·-·--- .. g ... --.-.-.. ;g.-... .g 
AC 221 1.6E-g3 0 2.5[-(,2 0 .0 0 .0 0-.:.. ____ _ 
TN 217 6.1£-06 0 2.1t-0" 0 .0 " .d If 
AA 221 1.5[-U2 0 7.6£-02 a .0 Q .0 0 .... -.-... P .. 2J-;1~2E,;.Q2----·D------· -i~6£.Oi\---· 0·------ ~o'" · .. ··0 ... ~d ... b· .. · 
Pi 23] 1.1£-D6 o· 7.5E-06 D .0 Q .0 0 u'--'-Hl ._ .. _ ... --. 1 ;Of-':''02-'" .. -g-.. ---........ i .2£ .ilf -- . Q - '-';0' Ii ----- -.- ~ Ii\-' - 0 
TH 229 II .8£-01 a 9.1£fOC 2 .0 a .0 0 
Al 225 1.8EtOO 0 8.U t OO i .0 0 .0 0 
AC 225 ".OE-O" 0 S.9£-C.' Q .0 0 .0 a u·--·Ui·_·- .. ···-· .. ··-·-2;U:az · .. ·-O----- .. -·j~6t-ul··· (1 .0'0 - ...... ;D 0 -
TN 2311 1.1[-06 0 J.8E-oe a .l' 0 .0 0 
PI 2 3it.. ~!l .. " . ; D' 0 • il Q ~ 0 0 
PA 231t .r. 0 .n 0 .(1 " .0 0 
PU 2"2 l.lE-.. 2 0 :s.iiE-ul'Q ~r. 0 .0 0 
NP 238 .1] 0 .0 D • " Q • 0 a 
pu 238 ... to ." a • r. 0 ." D 
PU 2~9. 5.6F;-U6. 0 1.2E-C.t 0 .0 u .0 0 ------------ ---------- ------.-.- ----_.-_.- ---------

____ luO:..:T~A~l.:..S ____ -..liloJ.uf~'..:..*o~a=--...!I:!:!:OO:..... __ -.:iIs.dh~~_ .... _. __ h~:..QI_I~ ___ -".Jo..:.,.:::"--..;-O::;:I=--..:::.lOO= _____ _ 
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.---­, 

CO"BINED PATHVAY SUM".RY TOuLS PiSlH flliSIoN' I2RJr 
, TOTAlSD' NUCLIDE FOR SPFCIFtEO ORGAhS IINTERNAl DOSES ONLY' 

.------------ -----··--·CASElntfi·uirU·sOlUfioff itJHiNif'sCEHARIO; 'siitl'tt ·'UlL·a 50oiol1ftYJ;. SALT IHftUtlCtH.· Pf)II' . 
__ ._ .. _. ________ ._._. ____ . _____ '!!. •.. D.OS~ co ... ~n~~.L~U~~RY. FOR OOS£-YUtt .1. or: .. ~ .. 51).~._!EAR PU"T .. _Ll!,E_.!*. 

IMlGATlON CROP PATHVAYt OFF 
------------------------------------------~A~J;~~0~E~P~o4s~I~fr.lo~N'·~PrA~'H~.~O~F~F~--------------

A0!l).tJC .. F.~OOS .. ~A..!t:'.~.~.,.t. OPt 

--····-··---·-···--·----····--------···DOSES-·ANO--y'Oi h 5" ii[PORit o·'i" "AN;jfl;ij--'-
'UDIOHUCLIOE tOTAL 800l. eoHt • LUt4GS • TH'ROIO 

-------_.- -----~--- --- • 
NI 59 5.8£'01 0 3.SE'D? 0 .D D .0 0 -··------.. 5£19------';6[;'01--1,------- ;;; ···-···--0- .. --·-·--·· ~ 0'-··-----··0------·-·-;0-···---· tI 
PO 107 . 1t.2E-::U. 0 .0 0 .1' 0 .0 0 ---··U2 ji\-------1.6t. DIt·--O--··-··--2~·6E. Dr-a-' .--- ... ---. -.• ' 0 .. --.-_ .. ii .--. .-.---~ b--·--· .... D -.. 
U 236 . 8.1E.03 0 1.3E'D5 D .tI D .1' 0 
lR 93 1.2E'UD 0 IIt.SE'Ol 0 .0 a .0 6--------
H893" 2.3E'00 0 2.e['01 0 .0 0 .(1 0 ----·-·fC-99- ·5.5[.iil 0 ···I;U.Ol--ij··--······r~ffiijJ· .. ··· .. -·· .. ~n-' -.- ..... - Ii 
SN 126 2.IItE'01 a 8.6E'01 D .C! . Q 5.0£.00 a ---.'-_. 5ii--12;;-" -·----·;0- ·---0·------ ~ti .. ------0----- ---;0·-····--·-0· '-_·-'-'-·'·;0 ..... --. 6 .- -,. 
58 126 • n D • D a • " U • 0 0 
1 129 1.2E.02 0 ii.1[',,1 0 .0 u 9.1£'d4 99 
CS 135 I.SE'03 a 3.6£'D3 0 3. 1£' &;2 9S .0 " ------·itf230 -. i-.ijt'oil·--o---·-·ir;3t.ti!--- 0··--·----- ·~o - .. -.--- 0··-----· --;0-"-"'- D 
PA 226 9.2E'07 98 I.IIE'De 1.19 .0. 0 • ., D -·--·-··-···--··RH·-Z2Z·--·-------;O· -----li------·--;n -·----a------;fj·------·o--· -.- ....• n·-- - .... 0 
P8 210 2.!!E'OS D 5.7£'D6 J .0 D .1'. 0 
81 210 9.SE'ol 0 I.TE+02 b .0 0 .(1 D 
PO 210 3. 2E' (lilt 0 1.3E'0~ D .0 a .0 I' 

-·--·-----U ·-235-----'·~H.ijf"-O ,·;n-iur-··a·- ···---·-··;ft·-··-·--··--c _ .............• 0' -... --....... - a 
TH 231 9.~E-tJ5 D 2.ot-t;! 0 .0 0 .0 a 

--·--·----PA·-231------··9;,E.b2·-0-----f~!Eitiij-·-O··-··--- ... -~l'----'.---.- a .. --.. - ';0·' ---- a 
AC 227 5.SE'02 0 8.9E-03 0 .0 a .n " 
TH 227 l.eE'pD IJ 6.3E'01 0 .0 0 .0 0------
RA 223 14.6E'03 0 2.3['011 a .C 0 .0 D - .. -............. ". -,." ··-i3J-·-·--·--·-~-·-3· .-rtioii ---·o----·~·--·-···,·~ 1[.lC5- -"·0' -.. _-' ... ---~ "0 -, .- ....... ' 0' "'0- ._-_.... .. ~ rr _ .... - -- a 
PA 233 3.9E-Ol 0 2.3[.0~ 0 • o. " .0 a -... ---. -.-. U--2jj --.----.. ····2~lE.O~-·······O .... -.- -- .. 3.5[.05--- 0 - -.• ~ . -- .. --. -0 .-_. ; ir· - 0 
TH 229 2 .IE' as 0 It .It£ '"6 2 . • 0 0 • " a 
qA 225 5. !E'as U 2.6E'0I) I .0 0 .6 0 
AC 225 1.2E'02 0 l.eE'03 a .0 U .0 ., .. ----..... ii .... 23s--··-----·-fi·;ijftijj-··--··ir----· --·-T;U4rS"··· 0 • t1 --... u· ·.tJ -... '.--' '·0 
TH 2llt 3.3£-01 0 I.IE'OI Q .0 0 .0 D p" hi." ~o -.. ti ' ~ n· d • f! U • D D 
PA 2311 • f' 0 ." a .0 Ci .0 a 
PU 2112 7.5£.03 0 I.SE'CIS 0 --.U·--T .0- 0 -
HP 238 • J ., .0 0 • r (, .0 0 
PU Be···· ~ ~ 0 • " . 0 • 0 (j ; r. 0 
PU ?3!__ ~!.~~.lJc. 0 5.?£~~~ 0 .r " .n a 

------------ ._-------- --- ---------- ----_._--- ---------~ ---
TOTALS 



      
        

            
            

   
    

    

     
         

    

         
         
            

         
         
         
           
        
         
         
         
            
           

             
          
        
       
        
           

          
       
         
       
           
          

         
        

         
         
         

           
         
          
       
      
         
       

         

      

IRRIGATION CROP P'THWAYI 0" 
,AlA DEPOSITION CROPPUHI 0:"=-----

____ ._. ___________________ .. __________________ ._________ ''!~~HS _f~~~.!~!~~ .~Y! ON 
I 

--.--- ... -.-.------.--.--- ------.-.0.-.- .... " .. ------oous·--iND "tOl,'(5 A"[poifito' 'IN" "'N~lftii --_. , ... ---.- .... 
RAOIOHUCLlOE 10TAL BODY' BON£ , LUNGS , THYROID , 

:::: . 

- -. . .. . . .... - . -----......... . ---------- ----------

} 
./ 
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CO"BlHEO PATHWh slIHfuih TofUs PAoLHl"fRhtIH2 Izm-u---'--
TOTALS ay NUCLIDE FOR sprCIFIED ORGANS 'INTERNAL DOSES ONLY' 

------··--·.----CASE fIflE,·AEGiS··so[ijfjijii-;;UfNG·"seENhioi"sHN'''·'iiti.· i' iiODO,OOtriR, ~.Lf Uot5Ubti.· .. t 
_ ............... ___ ._ .. _ ...... _._._ .... ___ .. _.~ •. P~S.c~O~"n!'~T.~ . ."."AA'_.r~!!.DOSE·YU" 1 0t:.A SO. J[U .. PLJ"'. P~~..... '_"'_' 

IRRIGATION CROP PATHIAY, OFF ---------------------rlA IR o[P"OsiTiiiiiCiiOP·pi'fiii .. (\fy--:----·------·-------·-· 
................. ____ . ____ .. _._ ... AQUATIC F,o.OD.S .PHHII.". o.~. _. . ... 

.. ...... · .... ··· .. - .. DOSES·AND·Tohi.SRE;;Oii'itO·lif fiE;''' ...... -........ .. .... - ...... 
RADIONUCLIDE TOUL BOD" 80Nt • L-'!!!~. I _ THYROID I __ ........ ____ _________ _ ___ .... ___ ___ _ ____ .... __ e __ 

BI 210 3.6E-06 a 6.2£-06 a .0 0 .a D 
PO 710. 1.2£-03 0 !t.e£-03 a .e 0 .0 a -_ ...... ·-.... _-u .. - 2'j5"--"'-'-""1~5t;OS--D----l .. ~5t;oi·--- .jj.------, (I .... -- .. -- 0" . ;rt ........ -... a-"'" 
TH 231 6.2E-U a 1.3t-ltl 0 .lY 0 .0 a "P •. Hi" .... _ .. -- -"6~5f~05'--'" 0"-'''--'1;5[;'03 - .... 0-···· .. ·-·_·.0·.. if .- .. ~O D - .. 
At 221 3.1E-05 0 5.9£-[;- a .0 u .0 a 
1H 221 1.2E-07 0 1 .. 2[-0& d ;-0 0 .0 0 
RA 223 3.DE-0" 0 . I.SE-03 0 .0 0 •• 0 0 

.. "p' 'n·---"·-·--··1~8t';ijJ-'·"·D··"- --'f~·(jt;;fJ1--·- ·a....·~tI·· .. '-·'-"0-" .... ;".. 0" 
PA 2J3 2.2E-08 0 l.lt-01 a .0 C .0 a 

"U· 23!-""--·-·-·-·-I~iiE;';b!--"O·--·---·-'f.!E;';i12-""·G -.~t" u ~o A" 
TN 229 1.'1[-02 0 t.8E-OI ill .0 0 .00 
RA 225 J.llr;"ij}- I I.ll-lit 2 .0 Ii .0 0 
At 225 1.1[-06 0 1.IE-OII 0 .0 Ii .0. a 

···u . ., 3e---ij'. Jl;"iI . 0 _._ .. _--... ,; Jt ;,iiJ··.. I! ." . if .• 0 0 
TN 2311 2.ZE-08 II 7.6t-L1 a .(1 I.l .0 0 
PA '''13'" .D 0 .t' 0 .l' 0 .n 0 
PA 73" ." V .f! 0 • D 0 .0 0 
PU 2clZ 2.~E-UII C 1I.i5t-O~·- D --;tJ·_-- 0 .('1 0-----
NP 238 ." G ." 0 • t' 0 • ~ 0 
pij l38 • ~ iI -- • t " • " 0 ." . b . ___ e. __ .... 

fonls 
-----------_._ ... _----_ ... _. -_ .. - ~ .... -... _ ... --. --- "."-- -.... ------.----.---------------~ 



      
                

             
                

    

     
        

     

         

         
        
         
          
         
           
         
          

         
            

         
          
         
          
         
         

         
         

         
         
         
          
         
         

         
      
        
          

         
        
       
         
         
           
       

      
    

COHBINtD PAT'tUA Y SUHHAAY tot lLS·i'Iii"HWfA-iIoW2 120510---- --.--
_________ . _ ......... _____ ._.JUALLBL.tnI.eUU _HULSP{CJfUPQijli~HS ... jlyn@~U_ Qg~n __ O~"'I. ____ ._, _ ... . 

CASE TITLE. A[GIS SOLUTION MINING SCENARIO. SPENT fUEL a 1.000.000 YM. SALT IM&£STJON. "' 
_ .. _ .. ____ .. __ . __ . __________ .. _._.!!~j)!l$t .tOHt!.IJ.t!t1. .. SW4"~IJY. f9..! .Oost~YUR .... lO_Pi ._ !iQ~_ 'fU~P"~,( J.1FJ_ ~ •• 

-1Rlli.W.Q!l_~9U6lHif.!.u.-5lff 
---------.----------- AIR O[POSITION CAOP PUNa [I" 

---.----_. __ . __ .... -
. ______________ . ______ . _________ . _________ . ____ .. _ UUnU; .. f.o.op$.PUH!I~yL!t ... __ ._ .. __ 

DOSES 'NO tOTALS REPOR1ED IN R[" 
__ -'H;:.J6 ... 0~Iu:O~N-=-U""Cl=-:I ... O ... t'--__ T~O:.:.T~l&l-lQ...,.O.2L--L- BONE , .J,UH!.!S • THYj!OIL • --------.. -------._- --- ----..... -- ---____ ~LU._. _____ .. ___ ~.!~(~g_6 __ .Q.. ____ .J.!R~O~ __ i1 .... __ .. _____ ... tP ____ .-1L .• ______ ~ ... ______ Q ________ ... ____ .... 

SE 19 5.9£-09 0 .0 0 .D 0 .0 Q 
._. __ .•. _._.fP. __ lg:L ____ ._~!U~IU_.Q.__' ___ .. ___ IR. .. ___ .. _U __ ._. __ ._ ...... ,P _____ .. _.Q ........ ____ .!!.!! ... ___ ~ ... _ Q. .... 

U 23' 3.U:-D2 0 5.IE-OI 0 .0 a .0 Q 
U 236 2.1£-Q2 Q ... 3£-01 Q .0 D .0 0 
lA 9J 3.1£-06 0 1.2£-U' 0 .1.1 0 .0 a 

._ .. ____ ~! __ !l!! ___ ._.!.!.Q~..i __ g,. ____ !.t~ ~Q! ___ Q. _____ . ____ ! p. ___ ._. __ . P. __ . ___ . __ ._! fL ____ .. ___ P. __ ._ ... __ _ 
Te 99 Je5£-05 0 8.9£-05 a I.I£-OS I .D a 

____ .. _JtL_.!~~ ___ . ____ 2 .6~.:,g~ __ g ____ . ..!.!!Ii.-O.L_. __ .JL_ .. ___ .. ! V _. ________ Q_ .. ___ ._I~ ~~.P.! ___ Q __ ... ___ __ __ .. 
S8 126" .0 a .0 a .0 a .0 0 
S8 126 le8E-08 0 ... 2£-08 Q ----LP 0 8.S£=.!~Q.. __ _ 
I U9 3.6£-0" D I.II£-D' U .0 a 3.0£-01 99 

3: . __ . ____ .. _.n __ 1~~ ___ . ____ ~,.l~=gl._Q. ___ lf~~.P.l_. __ Q ____ ._ .. __ .. 1!n~~J. ___ .. 9.J. . __ .. __ ._._._ .. !~ ____ ._._JL _. __ ........ 
IN 230 3.5£-02 Q 1.2£.Q(! Q .0 a .0 0 

.. ___ RL.1Zfl ________ I • ..!t!Ul_JJ ... ___ ..1.!?t!91_.-!.n _ ___ .. _._ .. ___ ~P ___ . __ __ L __ . _____ !~L __ . ___ V_. ___ ..... _ 
RH 222 .a 0 .0 0 .0 Q .0 g 
'-fa ;;lQ l.7£-Ol D ,1.DE.till" tD D .. v 'I 
BJ ~10 1.8[-011 0 3.1£-011 Q .0 D .D U 
PO 1.0 5.8£-02 0 2./i[-01 a .0 0 .0 U 

0-' .' --··~·----u-2·j5·-------·--1 ;'£-0'1 ---0 I 1.2f:;02-··-~-1i .... _.--.- ..... -";'0 --··-··-~···-·ii·--- .--.-.~~---;0---" --"'- II .,-"._. ----_. ---~ 
.... _ .!tL_ ~U_ ... ___ .. ___ .. !.!!~:~lg._. __ p. .!'!!'=Q9 __ .Q ......... _. ____ .! ~ .. ___ ._._. __ ... Q. __ .. _ .. __ .!.~_ .. _. __ ...... ~ . __ . __ ... _ 

PA 23J 2.2E-03 0 5.3£-112 0 .0 a .0 Q 
,ole 221 1.6£-0] 0 2.5£-02 0 .0 0 .0 g 

--_ .. _----_ .... 

) 
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,,' 
' .. I. 

'! " 

CO"8INEO PATH"'" SU''''An TOULS Pi8iti,fiiSiftN2 ------Tz05io-... ---.... --· - ... _. 
__ .... ______ .. _ .. _._ .... _ ..... ___ . ____ .J(tl}"'s._e.L!f~~ ... I~E_.fOO".~~{~Jf.J~O .OR~~!,S . ...1H."T~It~.k"O~~$. O~L'ft _. _... .... __ .. 

. CASE TITLEt AEGIS SOLUTION "IHING SCEHARIO, SPENT FUEL I 1,000,000 yR, SALT INGESTION. pop 
... _., ... _ ._. __ ._ ... _ ... ___ . __ .. _ ..• ~ .•. OOS~ ~O""U."U ... SU""AR' ro"ooS[-'Ult ....... O.f.~ .50 •. fEAIt PL .,,' .L1FE ••• 

. ______ .... IL!l!'"!n.!1U!L~!'_O.~f~THII.!.!J .. OFL_. ___________ ._ .. _._ .. , ... _ .. 
AIR DEPOSITION CROP PATH, OfF 

AOU~nC FOODS .PATH"'" O.N 

.. ,. ·_-OOSE'S·AHO·'OT ii S 'ftEPOft'EO iN "_;;~'ni:"'" 
___ -:R~A::.!0~JLOl!lH~U~ct.~Ilt;QEIr___~TOJ.!J.....80p~L_ eoHt • __ l,,~ft6S ___ !. ____ TH!_~c!!L ___ ' ________ ... _ .. __ 

'-~---.---- .---_._.-- .---.... _-- --- ---------- _ .. -

----------_._----------_ •.. _-_._ .. - ......... _- -._ ...... _ .. _ ... _----_._-_._-_ .. 
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\. 

toKUH£D PUHIIAY SUHHARY TOlAU PAaL" wtRSlON2 U05l0 
TOTALS 8Y NUCLID[ top SP(CIfIED ORGANS 4IN',RNAL DOSES ONLY • 

..... cist··1"i'ii:Ei···hJ;is·SOlUiioN HiNiNGSctNiAIO, sHut FurL.i i,OOO.ODO WA, SAlf tNGU"o~. POP 
....... __ . • •• pos~.cO"HH~£T ~~~~AAY 'OIl.qOS[~Y~AIt .TO 0t: .. ~50 •. ![~R PLAn LIFE ••• 

IRRl6aTION CAOP PAtHWAY, O'F 
'------------....;..-------.... U:;R::::-.;O:-:[;.:;P:-=O.;S~I UON CROP PilH,·--';:O-=,Fi:---

AQUlTIC fOOO~P~lH~lY' ON 

. ··o·OS£S -AND ioud A[Poilj[o IN K'N~A£'" 
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EA-06l 

NRC REQUEST BY J. KENNEDY: 

COpy OF SWEC PROCEDURE FOR UPGRADING DATA CLASSIFICATION 

SWEC RESPONSE: 

SWEC does not have a project specific written procedure for upgrading data 
classification. The Project has established a methodology for using data 
obtained by others in an unknown control manner (shelf data). This includes use 
of Project Technical Procedures and/or approved calculations as deemed warranted. 
The process used in a particular study is indicated in the Technical Report and 
the reviews employed include Independent Technical Review. 

An example is drill stem test data obtained from thousands of wells in the Texas 
Panhandle and surrounding areas. A report entitled Hydrogeologic Investigations 
Based on Drill-Stem Test Data, Palo Duro Basin Area, Texas and New Mexico (copy 
enclosed) was issued based upon this data. The report presents the screening 
process and classification system devised and used to evaluate the quality of DST 
data obtained. This resulted in approximately only twenty percent of the data 
obtained being considered usable for the purposes of this hydrogeologic 
investigation. Sections 2 and 3 of the report primarily present the methodology 
used (as indicated in the attached copy) and the other sections present the 
results from same. 

The Project is presently formulating a written procedure(s) that will entail the 
following: 

o 

o 

Classification of procured data as to the level of confidence of same based 
upon Project participation in the controls used in obtaining data. 

Guidelines and requirements for use of data for the various classification 
types. 

o Classification of deliverables to indicate authors prescribed limitation(s) 
for the use of information (including data) contained in same. 




