
WSRC-TR-93-093

SANITARY LANDFILL LOCAL-SCALE FLOW AND TRANSPORT
MODELING IN SUPPORT OF ALTERNATIVE CONCENTRATIONS
LIMIT DEMONSTRATIONS, SAVANNAH RIVER SITE (U)

MASTER
Ot45tntt .q_._ t l.).

Westinghouse Savannah River Company -._" .r_
Savannah River Site _ _ _ _ _'_

Aiken, SC 29808 " -" " "m,..f w '_t. L-._

s^v,,,m,u_xtv_ sir[

Prepared for the U. S. Department of Energy under contract No. DE-AC09-89SRI8035

I:_1_I[3UTION OF THIS DOC;UMENT IS UNL|MITF--..O



WSRC - TR - 93 - 093

i

DISCLAIMER

This report was prepared by Westinghouse Savannah River Company_
(WSRC) for the United States Department of Energy trader Contract No.
DE-AC09-89SRI8035 and is a.v, account of work performed under that
contract. Reference herein to any specific commercial product, process, or
service by trademark, name manufacturer, or otherwise does not necessarily
constitute or imply endorsement, recommendation, or favoring of same by
WSRC or by the United States Government or any agency thereof. The
views and opinions of the authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency thereof.

iiii ii i



WSRC-TR-93-093

Publication Date: 19 February 1993

SANITARY LANDFILL LOCAL-SCALE FLOW AND TRANSPORT
MODELING IN SUPPORT OF ALTERNATIVE CONCENTRATIONS
LIMIT DEMONSTRATIONS, SAVANNAH RIVER SITE (U)

Authorized Derivative Classifier:.

Prepared For:

Westinghouse Savannah River Company
Environmental Restoration Department
1995 S. Centennial Ave., 992-4W
Ai.ken, SC 29803

Prepared By:

Van A. Kelly, James A. Beach, William H. Statham, and John F. Pickens
INTERA, Inc.
6850 Austin Center Blvd., Suite 300
Austin, Texas 78731

Prepared for the United States Department of Energy under Contract/_o_ _,C09-89SR18035 ., ,_



TABLE OF CONTENTS

PaQe

1,0 INTRODUCTION ................................... 1-1

1,1 Background .................................. 1-1

1.2 Objectives of This Study ......................... 1-2

2.0 HYDROGEOLOGIC FRAMEWORK ....................... 2-1

2.1 Geologic Setting of the Area ....................... 2-1

2.2 Hydrostratigraphic Framework ..................... 2-2

2.2.1 Meyers Branch Confining System (I-II) .......... 2-2

2.2.2 Steed Pond Aquifer (I/ilC) ................... 2-3

2.2.3 Hydraulic Properties ....................... 2-4
2.3 Groundwater Flow .............................. 2-7

2.3.1 Wetlands ............................... 2-7

2.3.2 Groundwater Recharge from Precipitation ........ 2-8

2.3.3 Discharge to Upper Three Runs Creek .......... 2-9
2.3.4 Head Surfaces ........................... 2-10

2.3.5 Vertical Gradients ......................... 2-12

3.0 CHARACTERIZATION OF CONTAMINANTS OF CONCERN .... 3-1

3.1 Distribution of COCs ............................ 3-1

3.1.1 Groundwater Distribution of COCs ............. 3-2

3.1.2 S_epline Sampling for COCs ................. 3-4

&

4.0 GROUND FLOW AND TRANSPORT MODELS FOR THE

SANITARY LANDFILL AREA ........................... 4-1

4.1 Conceptual Flow Model .......................... 4-1

4.2 Two-Dimensional Areal Flow Model .................. 4-3

4.2.1 Code Selection ........................... 4-3



TABLE OF CONTENTS
(Continued)

Paae

4.2.2 Model Grid and BoundaryConditions ........... 4-4
4.2.3 HydraulicParameterization .................. 4-5
4.2.4 Model Calibration ......................... 4-7

4.2.4.1 CalibrationApproach ................ 4-8
4.2.4.2 CalibrationProceduresand Results ...... 4-10

4.2.5 Water Budget Analysis ..................... 4-13
4.2.6 SensitivityAnalysis ........................ 4-13

4.3 Two-DimensionalVertical Flowand Transport Model ..... 4-15
4.3.1 Code Selection ........................... 4-16

4.3.2 Model Grid and Boundary Conditions ........... 4-16
4.,3.3 Hydraulic Parameterization .................. 4-18
4.3.4 Model Calibration ......................... 4-18

5.0 TRANSPORTPARAMETERIZATION ..................... 5-1

5.1 Effective Porosity and Bulk Density .................. 5-1

5.2 Dispersivity and Free Water Diffusion Coefficient ........ 5-2
5.3 Distribution Coefficients .......................... 5-3

5.3.1 Organic COC Distribution Coefficients .......... 5-4
5.3.2 Inorganic COC Distribution Coefficients ......... 5-5

5.4 Dominant Degradation Processes and Associated
Half-Ufe Values ................................ 5-8

Ii

5.5 Source Characterization .......................... 5-11

5.5.1 Spatial and Temporal Nature of Source ......... 5-11

5.5.2 Waste Types ............................ 5-11

5.5.3 Source Loading and Implementation ........... 5-12



TABLE OF CONTENTS
(Continued)

6.0 EVALUATIONOF CAPPINGSCENARIOS ........... ....... 6-1

6.1 Hydraulic Response to Capping .................... 6-2
6.1.1 Areal Flow Model ......................... 6-2

6.1.1.1 Transient Simulations ................ 6-4

6.1.1.2 Steady-State Simulations ............. 6-7
6.2 Effects of Capping on Contaminant Transport .......... 6-10

6.2.1 ParticleTracking Results .................... 6-12
6.2.1.1 Areal Flow Model .................. R-12

6.2.1.2 Vertical Cross-Section Model .......... 6-14

6.2.2 Contaminant Concentrations Under Capping
Scenarios .............................. 6-15

7.0 TERMINOLOGY FORTHE PRESENTATIONOF ACL

TRANSPORT RESULTS .............................. 7-1
7.1 Estimation of Attenuation Factors ................... 7-4

7.2 Estimation of Absolute Concentrations ............... 7-6

8.0 TRANSPORTCALCULATIONS IN SUPPORT OF DETERMINATION

OF ALTERNATIVE CONCENTRATIONLIMITS .............. 8-1

8.1 ACL Transport Model Assumptions .................. 8-2
8.2 ACL Transport Model Conservatisms and Uncertainties ... 8-4
8.3 No-Cap Conditions ............................. 8-7

8.4 Scenario 1 Capped Conditions ..................... 8-10

iv



TABLE OF CONTEN'_,"S
(Continued)

Page

9.0 LATERALEXTENTOF CONTAMINATION AND DERIVATIONOF
THE GROUNDWATERTO SURFACE WATER DILUTION

FACTOR ......................................... 9-1

9.1 Determinationof LateralExtentof Contaminationand

DischargeArea ................................ 9-1
9.2 Groundwaterto SurfaceWater DilutionFactor .......... 9-6

10.0 STUDY SUMMARYAND CONCLUSIONS ................. 10-1

10.1 Summary and Conclusions ....................... 10-1
10.2 Data Needs in the Sanitary Landfill Vicinity ............ 10-5

11.0 REFERENCES ..................................... 11-1

LIST OF APPENDICES

Page

Appendix A Maximum Concentration Distributions for Sanitary
Landfill COCs ............................... A-1

M

Appendix B MODFLOW Data Input for Steady-State Calibrated
Areal Flow Model ............................ B-1



LIST OF FIGURES

1.1 Location of the Savannah RiverSite, South Carolina .......... 1-5

1.2 Site Map of the Sanitary Landfill and Vicinity.. .............. 1-6
1.3 Relationship Between Local Scale Ftow Model and Regional

Scale Flow Model ................................... 1-7

2.1 Schematic Relating Stratigraphy and Hydrostratigraphy to
Groundwater Flow Models ............................. 2-13

2.2 Yearly Precipitation from 1987 through 1991 from a Rain

Gauge at the A/M Area ............................... 2-14
2.3 Monitoring Well Network at the Sanitary Landfill ............. 2-15

2.4 Head Maps from 1987 and 1988 (Fourth Quarter) Monitoring
Events .......................................... 2-16

2.5 Head Maps from 1989 and 1990 (Fourth Quarter) Monitoring
Events .......................................... 2-17

2.6 Head Map from 1991 (Fourth Quarter) Monitoring Event ....... 2-18

2.7 Historical Water Level Elevations in Three Wells at the Sanitary
Landfill .......................................... 2-19

4.1 Finite-Difference Grid and Boundary Conditions for Areal Flow
Model ........................................... 4-21

4.2 Head Contours from Calibrated Steady-State Areal Model ...... 4-22

4.3 Head Residuals from Calibrated Steady-State Areal Model ..... 4-23
4.4 Histogram of Head Residuals from the Steady-State Calibrated

Model ........................................... 4-24

4.5 Scattergram of Simulated versus Observed Heads for the

Steady-State Calibrated Model ............. ,............. 4-25

4.6 Water Balance Summary for the Steady-State Calibrated Areal
Model ........................................... 4-26

vi



LIST OF FIGURES
(Continued)

Page

4.7 RelationshipBetween Hydraulic Conductivityand Recharge for
the Calibrated Row Model ............................ 4-27

4.8 Location of Cross-Section Model within the Sanitary Landfill
Area ............................................ 4-28

4.9 Cross-Section Model Finite-Difference Grid ................ 4-29
4.10 Calibrated Water Level Elevation in Cross-Section Model ...... 4-30

5.1 Transformation of PCE/TCE Under Methanogenic Conditions ... 5-18
5.2 Transformation of 1,1,1-TCk Under Methanogenic Conditions ... 5-19

5.3 Estimated Loading History for the Sanitary Landfill by Quadrant .. 5-20

6.1 Simulated Head Change at Selected Locations of the Sanitary
Landfill in Response to Scenario 1 Capping (100% Efficiency) ... 6-19

6.2 Areal Head Change at the Sanitary Landfill (under

quasi-steady-state conditions) in Response to Scenario 1 Capping
(100% Efficiency) ................................... 6-20

6.3 Variable Precipitation and Recharge History Implemented in
in the Variable Recharge Simulation ...................... 6-21

6.4 Location and Reference Number of Grid Blocks Monitored during

the Variable Recharge Simulation ....................... 6-22

6.5 Simulated Head Change at Selected Monitor Blocks in
Response to Transient Recharge (North-South) ............. 6-23

6.6 Simulated Head Change at Selected Monitor Blocks in

Response to Transient Recharge (East-West) ............... 6-24

vii



LIST OF FIGURES
(Continued)

6.7 SimulatedAreal Head Change at the Sanitary Landfill (Under

Steady-State Conditions) in Response to Scenario 1 Capping
(100% Efficiency) ................................... 6-25

6.8 Simulated Areal Head Change at the Sanitary Landfill (Under

Steady-State Conditions) in Response to Scenario 1 Capping
(95% Efficiency) .................................... 6-26

6.9 Simulated Areal Head Change at the Sanitary Landfill (Under

Steady-State Conditions) in Response to Scenario 1 Capping

(90% Efficiency) .................................... 6-27
6.10 Simulated Areal Head Change at the Sanitary Landfill (Under

Steady-State Conditions) in Response to Scenario 1 Capping
(85% Efficiency) .................................... 6-28

6.11 Simulated Areal Head Change at the Sanitary Landfill (Under
Steady-State Conditions) in Response to Scenario 2 Capp=ng

(100% Efficiency) ................................... 6-29

6.12 Simulated Areal Head Change at the Sanitary Landfill (Under

Steady-State Conditions) in Response to Scenario 2 Capping
(95% Efficiency) .................................... 6-30

6.13 Simulated Areal Head Change at the Sanitary Landfill (Under
Steady-State Conditions) in Response to Scenario 2 Capping

(90% Efficiency) .................. =................. 6-31

6.14 Simulated Areal Head Change at the Sanitary Landfill (Under

Steady-State Conditions) in Response to Scenario 2 Capping
(85% Efficiency) .................................... 6-32

0o,

VIII



LIST OF FIGURES
(Continued)

6.15 GroundwaterVelocity Change at Selected Locations oi'the
Sanitary Landfill in Response to Capping Scenario 1
(100% Efficiency) ................................... 6-33

6.16 Particle Pathlines in the Vicinity of the Sanitary Landfill Under
Steady-StateNo Cap Conditions ........................ 6-34

6.17 Pathlinesof Particles Originating from the Outer Boundary of the
Sanitary Landfill under Steady-State No Cap Conditions ........ 6-35

6.18 Particle Pathlines for 5 Particles Originating from Within the

Sanitary Landfill Moving to the Seepline Under Steady-State
No Cap Conditions ................................. 6-36

6.19 Particle Pathlines for 5 Particles Originating from Within the
Sanitary Landfill Moving to UTRC Under Steady-State No Cap
Conditions ........................................ 6-37

6.20 Particle Pathlines for 5 Particles Originating from Within the

Sanitary Landfill Moving to the Seepline Under Steady-State

Conditions, Scenario 1 Capping (100% Efficiency) ........... 6-38

6.21 Particle Pathlines for 5 Particles Originating from Within the
Sanitary Landfill moving to UTRC Under Steady-State
Conditions, Scenario 1 Capping (100% Efficiency) ........... 6-39

6.22 Steady-StateParticle Pathlines for the Cross-Section Flow Model

Under No-Cap Conditions ............................. 6-40
Ib

6.23 Steady-State Particle Pathlines for the Cross-Section Flow Model

Under Scenario 1 Capping (100% efficiency) ............... 6-41

6.24 Steady-StateRelative Concentration Distribution Under No-Cap
Conditions ....................................... 6-42

ix



LIST OF FIGURES
(Continued)

6.25 Steady-StateRelativeConcentration DistributionUnder Scenario 1
Capping (95% Efficiency) ............................. 6-43

7.1 Schematic of ACL Transport Pathwaywith Representative
Breakthrough Curves for the POC and POE ................ 7-8

7.2 Representative Breakthrough Curves at the POC and POE under

Cap and No-Cap Conditions ........................... 7-9

8.1 Breakthrough Curves for Chlorobenzene for the Maximum

Source Scenario Under Scenario 1 Capping (97% Efficiency) .... 8-14
8.2 Breakthrough Curves for 1,4-Dichlorobenzene for the Maximum

Source Scenario Under Scenario 1 Capping (97% Efficiency) .... 8-15

9.1 Schematic Representation of Sanitary Landfill Source Area and

Equivalent Source Area for Analytic Solution ............... 9-8
9.2 RelativeConcentration Distribution for Analytic Calculation ..... 9-9

9.3 Delineation of Potential Wetland Discharge Area for Contaminated
Groundwater ...................................... 9-10

LIST OF TABLES

Page

2.1 Comparison of Hydraulic Conductivity Results by Test Event and
Stratigraphy/Hydrostratigraphy ......................... 2-20



LIST OF TABLES
(Continued)

Psge

2.2 Rainfall Datafor the A/M Area, Which Includesthe Sanitary
Landfill and Vicinity ................................. 2-21

3.1 Ust of COCs with Selected Statistics from the BaselineRisk
Assessment ...................................... 3-6

4.1 Measured Water Level Elevationsfor the Fourth Quarter 1991

used as Model Calibration Targets ...................... 4-31

4.2 Head Residuals from the Steady-State Calibrated Model ....... 4-34

5.1 Sorption Parameters for Organic COCs ................... 5-21
5.2 Water Analyses from Monitoring Wells LFW-29 and LFW-10A,

Sampled First Quarter, 1991 ........................... 5-22

5.3 BiotransfGrmation Half-Life Values for Organic COCs under

Methanogenic Conditions ............................. 5-23
5.4 Relative Percentage of Waste Type by Volume and Cumulative

Waste Weight, Sanitary Landfill, for a 25 Week Period in 1990 ... 5-24

5.5 Active Source Areas Defined by Quadrant for the Best-Estimate
and Maximum Source Scenarios ........................ 5-25

5.6 Timing of Source Loading by SWlFT-II Grid Block Numbers .... 5-26

5.7 Assumed Inventory Based upon Inputing Concentration Over
Entire Sanitary Landfill Area, Infiltration Rate = 15 in/yr ........ 5-27

6.1 Summary of Volumetric Flow Balance for Each Capping Scenario 6-44

6.2 Summary of Particle Pathline Analyses to Seepline and UTRC
for Capping Scenario 1 .............................. 6-46

xi



LIST OF TABLES
(Continued)

Pege

6.3 Summary of Particle PathlineAnalyses to Seepline and UTRC

for Capping Scenario 2 .............................. 6-48
6.4 Simulated Steady-StateRelative Concentrations at the Seepline

and UTRC Under Varying Capping Efficiencies; Maximum

Source Scenario; Representative of PCE .................. 6-50

7.1 Soil Properties of Engineered Sanitary Landfill Cap Used in
HELP Model ...................................... 7-10

8.1 Simulated RelativeConcentration at Selected Locations at

Year 2025; No Cap; Conservative Best-Estimate Source Scenario 8-16
8.2 Simulated RelativeConcentration at Selected Locations at

Year 2025; No Cap; Maximum Possible Source Scenario ...... 8-17
8.3 Attenuation Factors at Year 2025; No Cap; Conservative Best-

Estimate Source Scenario ............................. 8-18

8.4 Attenuation Factors at Year 2025; No Cap; Maximum Possible
Source Scenario ................................... 8-19

8.5 Absolute Concentrations at Selected Locations at Year 2025;

No Cap; Conservative Best-Estimate Source Scenario ........ 8-20
8 6 Absolute Concentrations at Selected Locations at Year 2025;

No Cap; M_imum Possible Source Scenario ............... 8-21
8.7 Simulated RelativeConcentration at Selected Locations at

Year 2025; Full Cap at 97% Efficiency; Conservative Best-
Estimate Source Scenario ............................. 8-22

xii



LIST OF TABLES
(Continued)

8.8 SimulatedPeak RelativeConcentration at SelectedLocations;

FullCap at 97% Efficiency;ConservativeBest-EstimateSource
Scenario ......................................... 8-23

8.9 Year of SimulatedPeak RelativeConcentrationat Selected

Locations;FullCap at 97% Efficiency;ConservativeBest-Estimate
SourceScenario ................................... 8-24

8.10 SimulatedRelativeConcentrationat SelectedLocationsat

Year 2025; Full Cap at 97% Efficiency; Maximum Possible
Source Scenario ................................... 8-25

8.11 Simulated Peak RelativeConcentration at Selected Locations;

Full Cap at 97% Efficiency; Maximum Possible Source Scenario . 8-26
8.12 Year of Simulated Peak RelativeConcentration at Selected

Locations; Full Cap at 97% Efficiency; Maximum Possible Source
Scenario ......................................... 8-27

8.13 Attenuation Factors at Year 2025; Full Cap at 97% Efficiency;
Conservative Best-Estimate Source Scenario ............... 8-28

8.14 Attenuation Factors Evaluated with Peak Concentrations: Full

Cap at 97% Efficiency; Conservative Best-Estimate Source
Scenario ......................................... 8-29

8.15 Attenuation Factors at Year 2025; Full Cap at 97% Efficiency;
Maximum Possible Source Scenario ..................... 8-30

8.16 Attenuation Factors Evaluated with Peak Concentrations; Full

Cap at 97% Efficiency; Maximum Possible Source Scenario .... 8-31
8.17 Absolute Concentrations at Selected Locations at Year 2025;

Full Cap at 97% Efficiency; Conservative Best-Estimate Source
Scenario ......................................... 8-32

o°°

XlII



LIST OF TABLES
(Continued)

Page

8.18 Absolute Peak Concentrations at Selected Locations;Full Cap at
97% Efficiency; Conservative Best-Estimate Source Scenario .... 8-33

8.19 Absolute Concentrations at Selected Locations at Year 2025;

Full Cap at 97% Efficiency; Maximum Possible Source Scenario . 8-34

8.20 Absolute Peak Concentrations at Selected Locations; Full Cap
at 97% Efficiency; Maximum Possible Source Scenario ........ 8-35

9.1 Input Parameters Used to Analytically Estimate Lateral Extent
of Contamination ................................... 9-11

xiv



1.0 INTRODUCTION

1.1 Background

The Savannah River Site (SRS) is a Department of Energy (DOE) facility
located near Aiken, South Carolina which is currently operated and managed by

Westinghouse Savannah River Company (WSRC) (Figure 1.1). The Sanitary

Landfill (SanitaryLandfill) at the Savannah RiverSite (SRS) is located approximately
2000 feet Northwest of Upper Three Runs Creek (UTRC) on an approximately 70
acre site located south of Road C betweenthe SRS B-Area and UTRC (Figure 1.2).

The Sanitary Landfill has been receiving wastes since 1974 and operates as an
unlined trench and fill operation. The original landfill site was 32 acres and is

shown as the central shaded portion of the Sanitary Landfill in Figure 1.2. This

area reached its capacity around 1987 and a Northern Expansion of 16 acres and
a Southern Expansion of 22 acres were added in 1987. The Northern Expansion

has not been used for waste disposal to date and the Southern Expansion is
expected to reach capacity in 1992 or 1993. The waste received at the Sanitary

Landfill is predominantly paper, plastics, rubber, wood, metal, cardboard, rags
saturated with degreasing solvents, pesticide bags, empty cans, and asbestos in

bags (Sirrine Environmental Consultants, 1991).

In 1988, evidence of elevated levels of RCRA hazardous constituents were

noted in the groundwater at the Sanitary Landfill. Consequently, the Sanitary

Landfillwas designated a RCRASolid Waste Management Unit (SWMU). Through
an agreement between the state of South Carolina and WSRC, a Renewal for a

RCRA Part B Permit Application is being prepa[ed for submission to the South

Carolina Department of Health and Environmental Control (SCDHEC)by March 31,

1993. As part of the Part B Application, WSRC wants to perform a risk-based

Alternative Concentration Limit (ACL) Demonstration for all Sanitary Landfill
Contaminants of Concern (COCs). In order to complete an (ACL) demonstration
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for the Sanitary Landfill COCs, transport of contaminants from the Sanitary Landfill
through the groundwater regime must be quantitatively evaluated.

As required under RCRA, a landfill must be closed by installing a cap
(CFR 40 265.310(a)). Of particular interest to WSRC is the effect a cap would have

on the local Sanitary Landfill heads and resulting flow lines. Of interest to WSRC
also were the long term effects upon aquifer COC concentrations resulting from

the Sanitary Landfill cap.

At the time the modeling in this report was performed, it was thought that
solvent wipe rags were deposited only in the original part and the southern half of

the Southern Expansion of the Sanitary Landfill (see Figure 1.2). After the

groundwater modeling was contracted and completed, information regarding
additional solvent wipes placement within the Southern Expansion was received

(Letter, J.S. Roberts to D.E. Wilson, ESH-ENV-920360, November 20, 1992). The

volume of solvent wipes placed in the landfill amounted to 2-3 wipes every three
months, and is considered by SRSas not significant enough in volume to alter the

outcome of the modeling. The cap proposed for the closure of the Sanitary
Landfill will be completed over all areas that received the wipes.

1.2 Objectives of This Study

F' The objectives of this modeling study are twofold: (1) to create a local scale

Sanitary Landfill flow model to study hydraulic effects resulting from capping the
Sanitary Landfill; and (2) to create a Sanitary Landfill local scale transport model

to support ACL Demonstrations for a RCRA Part,B Permit Renewal.

To study the local hydraulics in the vicinity of the Sanitar, Landfill, a steady-
state calibrated two-dimensional areal finite-difference flow model was constructed.

This model was used to examine flow lines, flow velocities, and to evaluate

potential exposure pathwaysfrom the Sanitary Landfill to the discharge areas. This
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model was also used to examine the transient hydraulic effects in the vicinity of the
Sanitary Landfill resulting from various capping scenarios. This local-scale areal
model is the first flow model developed specifically for the Sanitary Landfill vicinity.

Beaudoin et al. (1991) developed a regional groundwater flow model for the A/M
Area which included the Sanitary Landfill area. Figure 1.3 shows the Sanitary

Landfill model area in relation to the larger regional A/M Area Model.

The local-scale Sanitary Landfill model differs from the regional model in
several respects. First, because the local-scale model is at a smaller scale than

the regional, the model can differentiate between discharge into wetlands and into
UTRC. The local model also treats the Tertiary Aquifers as unconfined which is
different than the regional model of the area which uses a confined formulation.

Finally, the local-scale model combines layers 2 and 3 (Upper and Lower

Congaree) of the Beaudoin et al. (1991) regional model into one aquifer which is
consistent with the hydrostratigraphic Steed Pond Aquifer (I/IIC) after Aadland et
al. (1992).

The local-scale flow model was the basis for the development of a two-

dimensional vertical flow and transport model. This model was used to quantify

transport of the Sanitary Landfill COCs between the Sanitary Landfill and the point
of exposure (POE). The transport model is conservative in that it models

maximum concentrations along the centerline of the plume neglecting lateral
transverse dispersion. Relativeand absolute concentrations have been calculated

for each COC at the POC, the POE (nearest wetland discharge point), and UTRC.
Both capped and non-capped conditions have been simulated for two different

source loading scenarios. The relationship between concentrations at the point
of compliance (POC) and the POE have been quantified through the use of
attenuation factors.

An analytical transport model was used in conjunction with the calibrated
areal flow model to estimate the lateral extent of Sanitary Landfill groundwater
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contamination under conservative assumptions. The analytical model was used
to delineate the wetland area and the stretch of UTRC that may potentially

discharge contaminants from the Sanitary Landfill. A groundwater to surface water
dilution factor was calculated based upon the volumetric flow into the potentially
contaminated wetland area. UTRC COC concentrations can be calculated down

gradient of the discharge area using the groundwater to surface water dilution
assuming instantaneous and perfect mixing in UTRC.
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Figure 1.1 Location of the Savannah River Site, South Carolina.
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2.0 HYDROGEOLOGIC FRAMEWORK

The hydrogeologic framework for the Sanitary Landfill area and the
surroundingregionshas beenpreviouslydocumentedinseveralreports including

those from SRS staff,outsideconsultantsand the U.S. GeologicalSurvey. The
informationcontained in these reportswas the basis on which the conceptual
model of groundwaterflow in the Sanitary Landfillarea was constructed. The

followingsection willdiscussthe hydrogeologicframework in the vicinityof the

Sanitary Landfill. The discussionwill be divided into three general topics: (1)
geologicsetting,(2) hydrostratigraphicframework and (3) groundwaterflow.

i

2.1 Geologic Setting of the Area

The ,SRSsite is located on the Aiken Plateauwhich lies within the Upper
AtlanticCoastalPlainProvince(Aadlandand Bledsoe,1990). The AtlanticCoastal

Plainis underlainby a wedge of sedimentswhichincreaseinthicknessdowndip
in a southeasterlydirection from the SRS towards the Atlantic Ocean. The

sedimentsconsistmainly of unconsolidatedinterbeddedsands, silts and clays.
Some gravel and carbonate deposits are also present. The unconsolidated

sediments lieon a southeast-dippingcrystallinebasement. Althoughsome clay

stratigraphicunitsat the SRS are laterallyextensive,most vary in thicknessand

typicallyare not extensive. These irregularclay unitsyieldan intricatesystemof
aquifers intermingledwith discontinuousaquitardswhich vary greatly in overall

vertical conductivity, resulting in a complex flow regime which is difficultto
characterizewith simplisticmodels.

The coastalplainsedimentwedge is composedprimarilyof lateCretaceous
and Tertiary sediments. Thin alluvialsedimentsof Tertiary and Quaternary age

occur surficiallyin places within the SRS boundaries (Fallaw, 1991). These
sedimentsoverliePaleozoiccrystallineandmetamorphicrocksassociatedwiththe

Appalachianorogeny.
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2.2 Hydrostratigraphic Framework

Severalattemptshavebeen madeto dividethe sedimentswhichunderliethe
SRSintostratigraphicor hydrostratigraphicsystems. In manyofthe hydrogeologic
characterizationstudies,inconsistentterminologyhas been used to describethe

hydrostratigraphicunitsat the site. One reason for the inconsistencyin the

terminologyliesinthe attemptto correlatethe hydrostratigraphicnomenclatureand
the lithostratigraphicnomenclature by defining the hydrostratigraphicunits
accordingto their relationto the lithostratigraphicunits. Aadland and Biedsoe

(1990) and Aadlandet al. (1992) propose a methodology which eliminatesthe

attempted correlation between the two nomenclatures and results in a
"hydrostratigraphiccode" which has recently been used to describethe aquifer

systemsat the SRS. Althoughthe detailsof thiscode are notdescribedhere,the
nomenclatureestablishedin Aadland et al. (1992) will be used in this report.

Figure2.1 explainsthe hydrostratigraphicunits and their correlationto the old
nomenclature. The next section contains a brief descriptionof each of the

hydrostratigraphicunitswhich are relevantto thismodelingstudy.

2.2.1 Meyer_ BranchConfiningSystem (I-II1

The deepest hydrostratigraphicunitof concernfor the SanitaryLandfilllocal-

scale flow model is the Nleyers Branch Confining System (I-II). The

hydrostratigraphic Meyers Branch Confining System correlates with the

lithostratigraphicEllentonFormation.AsdescribedbyBledsoe(1988), the Ellenton
consistsof ligniticclays and siltyclays with some very fine to fine sand. The

Ellentonis typicallyconsideredto be (Beaudoinet al., 1991) a primaryconfining
bed that partially isolatesthe shallow aquifer system (Steed Pond Aquifer in

Figure2.1) from the deeper hydrogeologicsystem (Crouch Branch Aquifer in

Figure2.1). The clay layerswhich comprise the Ellentonrange from 1 to over

20 feet in thicknessin the A/M Area to the north of the Sanitary Landfill,:lrea.
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Althoughboring logs indicatesome heterogeneityin the depth andthickness

of the Meyers BranchConfiningSystem (Ellenton)clays,geologiccross-sections
of the area indicatethat the clays are extensivethroughout the Sanitary Landfill
model area and serve as a continuousconfining unit. For the purpose of

developinga local scale flow model of the Sanitary Landfillarea, the Meyers

BranchConfiningSystemwasassumedto providehydraulicconfinementbetween
the overlyingTertiary SteedPond Aquiferandthe underlyingCretaceousCrouch

BranchAquifer. Accordingto hydrostratigraphiccross sections interpretedby
Aadland and Bledsoe (1990), the top of the clay layers of the Meyers Branch
ConfiningSystem rangefrom about40 ft above mean sea level (AMSL)at UTRC
to approximately52 feetAMSL at the northernextent of the Sanitary Landfillflow
modelboundary along a sectionrunningnorth-northwest.

2.2.2 Steed PondAauifer (I/llC)

Aadland and Bledsoe (1990) make a hydrostratigraphicdistinctionbetween

the lithostratigraphicunitsof the Santee, Congaree, and Upper FourmileMember
of the FishburneFormationinthe southern and northern areasof the SRS. South

of Upper Three Runs Creek, they report a semi-confiningunit, the Gordon
Confining Unit(IIA -liB),whichservesto dividethe Congaree intoupperand lower

zones. Regionallyatthe SRS the Gordon ConfiningUnit dividesthe UpperThree

Runs Aquiferfrom the Gordon Aquifer. However, north of Upper Three Runs
Creek (UTRC) the morepermeable beds of the upperand lower aquiferzoneare

considered to be in overall hydraulic communication due to the thin and

intermittentcharacterof the clay layers. The zones essentiallyform one aquifer
with no laterallyextensiveconfininglayers (Steed Pond Aquifer). The saturated
thicknessof the Steed PondAquifer ranges from approximately80 feet at UTRC

to over 120 feet in the northernportionof the SanitaryLandfillmodelarea.
i
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2.2.3 Hydri_ulicProoerties

A review of the existingdatabase of hydraulic conductivitywas conducted

for the A/M Area and the SanitaryLandfilllocal area. The EllentonFormation

(Meyers BranchConfiningSystem)is composed of two finingupwardsequences
inthe A/M Area (Fallaw,1991). The Ellentonis thereforecomposed primarilyof
clays and siltswith some sand stringersoccurringthroughout. In the A/M Area,
there have been no single-weUtests in the Ellentonand just a few slug tests in

sands. Becausethe verticalpermeabilityof the Ellentonwouldbe controlledby the

permeabilityof the claysthroughthe harmoniclaw of compositionif the claysare
laterallyextensive,the verticalpermeabilityof the Ellentonis betterrepresentedby

the hydraulicconductivityof the fine-grainedsediments. The Tertiary Steed Pond
Aquifer in the Sanitary landfill vicinity is composed stratigraphicallyof the

Congareeandthe FourmileMemberof the FishburneFormation. Severalpumping
and slugtests have been performedin the formationsover the A/M Area. In the

followingparagraphs,a reviewof the hydraulictestingresultsinthe A/M Areaand

the Sanitary landfill Area willbe presented.

During the Phase II Monitoring Well construction in the A/M Area, thirteen
laboratorypermeabilitytests were performed on fine-grained sedimentsof the

Ellenton(GeraghtyandMiller,1985). The horizontalconductivityof thesesamples
varied from 4.5E-6 ft/day for a clay sample to 0.21 ft/day for a sampleof clayey

sand. The arithmetic and geometric mean of the vertical conductivitywas

7.4E-3 ft/day and 4.8E-4 ft/day, respectively,and anisotropyrangedfrom 1to 4.2.
Althoughthe thicknessof the Ellentonclays may not be constant, the overall

verticalconductanceof the formationcan be expected to be relativelylowdue to
the low conductivityof the intermittentclayzones.

At the Silverton Road Waste Site; the Lower Fourmile Member and the

Upper Fourmile Member and the Congaree had pumping tests performed

(Geraghtyand Miller,1986). These testscorrelateto the hydrostratigraphicSteed
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Pond Aquifer. In most wells, transmissivitywas determined for drawdown and

recovery. In these cases, the averag_ betweenthe two was used as the single
monitoringwellestimate. Becausescreenlengthvariedamong monitoringwells,
the variation in transmissivityis reflectiveof that. Assuming that the formation

produces uniformly across the screen length, hydraulic conductivities were
calculatedfor each monitoringwell. The reportedtransmissivitiesfor the Lower

FourmileMember rangedfrom 1056 to 240 _/day. The hydraulicconductivities

ranged from 20 to 108 ft/day with an arithmetic average of 52..2ft/day and a
geometric meanof 42.9 ft/day. Geraghtyand Miller(1986) report seven pumping

tests performedat the SilvertonRoadWasteSite inmonitoringwellsin the interval
equivalentto the Upper Fourmile Member and the Congaree Formation. The

reported transmissivities ranged from 648 to 241 _/day. The hydraulic
conductivitiesrangedfrom 24.6 to 66.2 ft/day with a geometric meanconductivity
of 43.9 ft/day and an arithmeticaverageof 46.8 ft/day.

Aspart of theA/M Area Phase libMonitoringwellconstruction,seven 1 hour

specific capacitypumpingtests were performed (Sirrine, 1987) withinthe Lower

FourmUeMember (SteedPondAquifer). The specificcapac;tyvariedfrom 0.92 to

3.25 gpm/ft withan averageof 2.5 gpm/ft. Byconvertingthesespecificcapacities
to transmissivitiesone receivesa range from 246 to 1192 _/day. Assumingthat

theformationproducesuniformlyacrossthescreenlength,hydraulicconductivities
werecalculatedfor eachmonitoringwell. The hydraulicconductivitiesrangedfrom

44.0 to 212.9 ft/day with an arithmeticaverageof 119.1 ft/day and a geometric
meanof 103.6 ft/day. Ukewise,four 1 hourspecificcapacity pumpingtests were

performed (Sirrine,1987) withinthe Upper FourmileMember and the Congaree

(Steed Pond Aquifer)of the A/M Area. The specificcapacity variedfrom 0.38 to

5.29 gpm/ft with an average of 2.96 gpm/ft. By converting these specific

capacitiesto transmissivities,one receivesa range from 73 to 1018 ft=/day. The
hydraulicconductivitiesrangedfrom 3.7 to 212.6 ft/day with an arithmeticaverage

of 106.8 ft/clay and a geometricmean of 47.6 ft/day.
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Marine and Bledsoe (1985) report on three slug tests performed in the
Lower FourmileMember (Steed Pond Aquifer) in the A/M Area. The estimated

hydraulicconductivitiesvariedfrom 0.9 to 66 ft/day. Althoughan averageof three
data pointsis of questionableuse, the geometricmean of hydraulicconductivity

is 10 ft/day and the arithmeticaverage is27.7 ft/day. Marineand Bledsoe (1985)
report on twelve slug tests performed in the Congaree and Upper Fourmile

Member (Steed Pond Aquifer) of the A/M Area. The estimated hydraulic
conductivitiesvariedfrom 0.8 to 65.1 ft/day. The arithmeticaverageof hydraulic

conductivityis 16.5 ft/day and the geometricmean of hydraulicconductivityis
6.5 ft/day. As partof the A/M Area Phase III monitoringwellconstruction(Sirrine,
1990), 12 slugtests were performedin the LowerFourmileMember (Steed Pond

Aquifer). The hydraulicconductivity ranged from 1.3 to 80.5 ft/day with a

geometricmean hydraulicconductivityof 24.6 ft/day and an arithmeticaverageof

39.9 ft/day. As part of Phase III monitoringwell construction (Sirrine, 1990),
eight slugtestswere performed inthe Congareeand the Upper FourmileMember

(Steed Pond Aquifer). The hydraulicconductivityranged from 1.6 to 77.7 ft/day

with an arithmetic average of 14.3 ft/day and of the geometric mean hydraulic
conductivityof 5.2 ft/day.

The most site specificpermeabilitymeasurementsto the Sanitary Landfill
were 26 slugtests performed in a seriesof new monitoringwells installedat the

ExistingSanitary Landfill(Sirrine,1992). Twenty-sixslugtests were performed in
the Steed Pond Aquiferas part of a new phase of monitoringwell installationsat

the ExistingSanitaryLandfill. The hydraulicconductivitiesderived from the tests

ranged from 1 to 58 ft/day with an arithmeticaverageof 18 ft/day.

Table 2.1 summarizesthe hydraulicconductivityestimatesfrom all the slug

and pumpingtests describedabove from the A/M Area and the SanitaryLandfill

which correlate to the Steed Pond Aquifer. The arithmeticaverage of hydraulic

conductivityfrom slugtests vary from 14 to 40 ft/day. The arithmeticaverage of
hydraulicconductivityfrom pumpingtests vary from 47 to 148 ft/day. GeoTrans
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(1992) reportthat the equivalentTertiaryaquifersouthof UTRC (Upper Three Runs

Aquifer) from the Sanitary Landfill has an average hydraulic conductivityof
0.6 ft/day inthe F-Area,7 ft/day in the H-Area,and 4.4 ft/day at the MixedWaste

Management Facility (MWMF). Pumpingtests in the Y-Area yield a range in

hydraulicconductivityfrom 22 to 62 ft/day. The regionalmodel (Beaudoinet al.,
1991) applieda hydraulicconductivityof 44 ft/day for the Tertiary Aquifer.

2.3 Groundwater Flow

The major components of groundwaterflow for the Sanitary LandfillArea
include (1) discharge to the wetlandsalong UTRC, (2) discharge to UTRC, (3)

rechargefrom precipitationand (4) underflowfrom thenorth. These elementsand

theirimplicationsfor the local scale flowmodel of the SanitaryLandfillarea willbe
discussedin the followingsections. In addition,the historicalhead data for the

area will be reviewed along with observed horizontal and vertical hydraulic
gradientsin the TertiaryAquifer at the SanitaryLandfill.

2.3.1 WQtl6nd_

Wetlands are a very importantcomponent of the groundwater flow regime
in the Sanitary Landfillarea. Accordingto USGS topographic maps, wetland

regionsmay extendto as much as 2400 ft away from UTRC towardsthe Sanitary
Landfill. In addition, a disconnectedwetlandarea is mapped to the west of the

Sanitary Landfill. Figure1.2 shows the wetland boundariesas mapped in the

USGS 7.5 minutequadrangleof the Sanitary Landfillarea. The occurrenceof this

isolatedwetlandareaandthe generalnatureof the wetlandsassociatedwithUTRC
was verifiedduringa sitevisiton August28, 1992. Observationsmadeduringthe

site visit indicatedthat the isolatedwetlandto the westof the SanitaryLandfilldid

in fact exhibit groundwaterdischarge in' the mapped region. The foliage was
notably differentfrom the areas which did not exhibit groundwaterdischarge,
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indicatingthat the water table elevation is normally very close to the ground
surface in this area.

In an effort to sample the discharging groundwater, WSRC performed a

seepline sampling study down gradient of the Sanitary Landfill between the
SanitaryLandfilland the USGS mapped wetlands. These samplingstationsare
also shown on Figure1.2. Water was dischargingand ponding at each of the

sampling stations located immediatelysouth of the Sanitary Landfill. In fact,
groundwaterseepswereobservedat the toe of the slopeapproximately1000 feet

southof the SanitaryLandfillsouthern boundary (near stationsSP 262 and 263).
These observationsindicatedthat the USGS map was not an accurate portrayal
of the extentof the wetlandsat the time the fieldreconnaissancewas conducted.

The majorityof the mappedwetlandarea betweenthe toe of the slopeand UTRC

containedpondedwater. The depthof the watervariedaccordingto variationsin

the ground elevationbut ranged from about 1 to 12 inches. In manyareas, the
groundwaterdischargewas of sufficientmagnitude such that overlandflowwas
discernable.

2.3.2 GroundwaterRecharoefrom Precipitation

Groundwater recharge from precipitationhas been evaluated in several

studies at the SRS. Parizekand Root (1986) used a water budget approachto
estimatecomponentsof flow in the McQueen Branch surface water basin. The

study period began on March 1, 1983 and lasted 13 months. The calculated

percentageofprecipitationcontributingto groundwaterrechargewasabout29.5%.
Althoughhigher than average precipitationwas measured for the study period,

estimatesfor eachof the budgetcomponentscan be adjustedto reflectexpected

values for an "average" year. Although this approach may oversimplifythe

complexityof estimatingthe recharge component, it is helpful in evaluatingthe
potentialrange of recharge. Beaudoinet al. (1991) report that dailyrainfalldata

from the A/M area rain gauge indicatedyearly rainfallamounts over the period
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from 1967 to 1987 rangingfrom 37 to 68 in/yr and averaged 47 in/yr. Giventhis

range and mean of precipitation,the estimatedvalue of groundwaterrecharge
according to the simple relationshipranges from about 11 to 20 in/yr and

averagesabout14 in/yr. Datafrom Fenimoreand Hooker (1977)andCook (1983)

reportthat the average rainfallat the SRS from the beginningof measurementin
1952 until 1983 was 48 inches. Several modeling studies incorporating the

SanitaryLandfillarea haveused 15 in/yr as an averagerecharge rate (Geraghty
and Miller,1985;S.S. Papadopulosand Associates,1986; Beaudoinet al., 1991).

Foraverageprecipitationconditions15 in/yr isapproximately31% of precipitation.

Figure 2.2 showsthe yearlyrainfalltotalsfrom 1987 to 1991 collectedfrom

the A/M area rain gauge. Table 2.2 providesmonthlyrainfall informationfrom

1987 through 1991. As shown in the Figure, yearly precipitationhas increased
from 1988 through 1991, the averagevalue for the five year period is about 52

in/yr. Assuming29% of the precipitationserves to recharge the groundwater
regime, a rechargevalueof approximately15 in/yr is estimated.

2.3.3 Di,_chargeto UDDerThree RunsCreek

Upper Three RunsCreekacts asa regionalgroundwaterdividefor the Steed
PondAquiferinthe SanitaryLandfillmodelarea. Groundwaterfrom the northand

southconvergeanddischargeintoUTRC. Upward hydraulicgradientsnearUTRC
may inducea smallamountof groundwaterinflowfrom the aquiferunitsbelowthe

MeyersBranchConfiningSystem. Duringa fieldtrip in August !992, one section

of UTRC was observed at StreamGaugingStationC near the easternboundary

of the SanitaryLandfilllocalscaleflow model (Figure 1.3). At this location,UTRC
was approximately30 feet wide,flowedswiftly,and apparentlyexceeded 1 foot in

depth over 90% of the width.
f

Beaudoinet al. (1991) report that the gaugingstationat UTRC and RoadA
had an estimatedbase flow of 120-200 cfs in 1987. They estimatethat the A/M
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area modeleast of the gaugingstationcomprisesapproximately10% of the entire

drainagebasin. Therefore,they approximatethatthe A/M area centributesabout
12-20 cfs to the total flow of UTRC. The USGS has recordeddaily dischargeat

StationA and C from 1974 to present. The yearlyaveragedischargeratesfor the

C gage andthe A gage are 195 cfsand 235 cfs, respectively,overthe timeperiod
from 1974through 1990. GeoTrans(1992) reportthat gains indischargebetween

gauging StationsA and C range from about 15-75 cfs. Based upon the yearly
average flow rates, approximately40 cfs is gained by UTRC between the C and

A gages. StationC is located at the right hand side boundary of the Sanitary
Landfill local scale model. StationA is located downstream of StationC

approximately24000 feet. The lengthof UTRC incorporatedinthe modelis about
10000 feet. Assuming the discharge gain is linearly distributedbetween the

gauging stations,approximately40% of the dischargegain occurs in the portion
of UTRC incorporatedin the SanitaryLandfillmodel. Althoughit is uncertainwhat
percentof flow in this reach of UTRC is contributedfrom northernand southern

components,if we assumethat 50% is contributedfrom the north, the amountof

dischargegainexpectedinthe Sanitary Landfillmodelwouldrange from about3-

15 cfs and average8 cfs.

2,3.4 .HeadSurfaces

Fifty-seven wells are currently sampled on a quarterly basis to monitor

groundwaterqualityin the vicinityof the Sanitary Landfill. Seven of these wells
(LFW 6, 7, 16, 17, 18, 19, and20) were installedin 1981. LFW 10A,21, 22, 23, 24,

and 25 were installedin 1984, and LFW 26 through42 were installedin late 1986.

Twenty-sixwells(LFW 43B through62D) were installedinthe firsthalfof 1991 and

were first sampled in the third quarter of 1991. By comparison, the Sanitary
Landfillstartedoperationin 1974 and, therefore, it is only inthe relativelyrecent

past that consistentmonitoringhas been .performed.
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Figure2.3 showsthe locationsof the wells in the SanitaryLandfillnetwork

anddistinguishes eachwellas a Pointof Compliance(POC) well,backgroundwell,
or monitoringwell. Forty-fivewellsare screenedin the upperportionof the Steed

Pond Aquifer.eightwellsare completed in the middleportionof the Steed Pond
Aquifer, and four wells are screened in the bottom section of the Steed Pond

Aquifer, directlyabove the Meyers BranchConfiningSystem. Wellsscreenedat
the watertable are designatedby wellnameswhichend witha "D" or whichdo not

end witha letterdesignation. The namesof wellscompletedin the middlezone
end inthe letter "C"and the namesof wellsscreenedin the lowerzone end in the

letter "B'. The primarypurposeof the wellnetworkthat is currentlyin placeat the
SanitaryLandfillwasto serveasan earlydetectionsystemto monitorgroundwater

quality changes very near the Sanitary Landfillwhich occurred as a result of
contaminantmigrationfrom the unlinedtrenches.Althoughthisobjectivehasbeen

accomplished,monitoringinformationfrom other areas withinthe local scale flow
model boundariesisvery sparse.

Contoured head surfaces for the Steed Pond Aquifer for the 4th quarter
samplingevent of each year from 1987 through 1991 are shown in Figures2.4

through 2.6. Water table elevationstypicallydecrease about 20 ft from the north
side of the Sanitary Landfillto the south. In general, the average flow direction

from 1987through 1989 is South-Southeastmeasuredrelativeto PlantNorth. For

years 1990 and 1991 the flow direction is more dominantlyto the south. The
horizontalhydraulicgradientison the orderof 0.006 ft/ft. Inthe periodfrom 1985
to 1992, the water table surfaceelevationfluctuatedabout 3 to 4 ft over the site.

There does not appear to be any significantwater table moundingeffects in the
vicinityof the Sanitary Landfill.

Figure 2.7 shows the historicalrecordof hydraulichead levelsfor three wells

at the SanitaryLandfill.LFW 30 isa backgroundwelllocatedatthe northernextent

of the Sanitary Landfill. LFW 10A is a monitoringwell locatedin the center of the

originalSanitary Landfillarea and LFW 40 is a Point of Compliance (POC) well
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located south of the SanitaryLandfillSouthern Expansion. The plot showsthe

increasingtrend in groundwaterlevel elevationsbetween 1989 and 1991. This
increase in heads (upto 4 feet) is a resultof the increasingaveragerainfallin the

A/M Area vicinityfrom 1987 to 1991 as depicted in Figure 2.2.

2.3.5 VerticalGra_Ji@nts

Asmentionedabove,of the 57 screenedintervalsas the SanitaryLandfill,45

are completedacrossthe watertable,8 are completedinapproximatelythe middle

of the Tertiary aquifer (designatedC), and 4 are completed at the base of the
aquifer (designatedB). This allowssomemeasureof verticalgradientsat the site.

Accordingto the observed heads in the Wellclustersduringthe fourthquarterof
1991,verticalgradientsweredownwardin8 of the 12duster wells. Thedownward

gradientsranged from 0.007 to 0.069 and averaged 0.02. The average upward
gradientinthe four otherclusterwellswas 0.02 and ranged from 0.IXX)8to 0.071.

Onlywell clusterLFW57C-D exhibiteda significantupwardgradient. According
to historicalhead data, it is not unusualfor verticalgradientsin the vicinityof the

Sanitary Landfillto be on the same order as the horizontalgradients.

The head differencesmeasuredbetween screenedintervalsinwellclusters

range from almostnone to as largeas 2 feet. The averagehead differenceis less

than a foot. It is unlikelythat measurementdevice error could fullyaccountfor
these head differences. However, it is possiblethat head differences between

screensatthe sameclustercouldbe partiallyexplainedby samplingprotocol.The
water levelmeasurementsare taken prior to boreholesamplingwitha downhole

pump. It is conceivablethat interferencesbetween monitoring levelscould be
occurring. The verticalgradientscould also be realand a resultof heterogeneity

and complexlocalizedrecharge and dischargepatterns.
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Precipitation Measured at the A/M Area
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Figure 2.2 Yearly Precipitationfrom 1987 through 1991 from a Rain Gauge at
the A/M Area
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Water Table Elevation (ft AIdSL) 1991
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Table 2.1 Comparison of Hydraulic Conductivity Results by Test Event and
Stratigraphy/Hydrostratigraphy.

i ,, , , ., ,, ,| ,

HYDRAUUC CONDUCTIVITY (fl/day)

oma So=roe ......
Admmetle _ _ Geemeldo

II I '1 "'

Marine & Bledtme1985 16.5 6.5 27.7 10.0

A/M kea (slug tests) (n= 12) (n= 3)

,_rdne 19g0 14.3 5.2 40.0 24.6

/IV'MArea (dug tests) (n-8) (n- 12)

Geraghty& Miller 1986b 46.8 43.9 52.2 42.9

/VM/bee (pumping tests) (n- 7} (n=7)

S_r_ne1;_rr 146.4 ss.o 119.1 103.e
A/M/lu'ea (pumpingtests) (n- 4) (n=7)

, ,, ,, , , , . ,,,.,,. a

.m

Upper Steed Pcmdklulfer _ Steed Pond k:lUm.'

AJ_thrnetlc Georrm_ Admmetic Georrm_
,,,,limbliT' lli,

Sirrine 1991 18.3 10.2 18.2 17,2

Sanitary Landfill(slug (n=22) (n=4)

tests)

n = number of tests
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3.0 CHARACTERIZATION OF CONTAMINANTS OF CONCERN

DamesandMoore (Atlanta)are currentlypreparingthe PartBClosurePermit
RenewalApplicationfor the SanitaryLandfillundersubcontractto WSRC. Aspart
of thattask,Damesand Moore havedeterminedwhichconstituentspresentinthe

groundwaterat the SanitaryLandfillareto be consideredContaminantsof Concern
(COCs) and whichmay requirean ACL demonstration. There are 16 potential
constituentsthat Dames and Moore preliminarilyhave recommended for ACLs.

These constituentsare listedinTable 3.1 alongwith the maximum,mean, and95th
Percentileconcentrationsforeach constituent. Thirteenof these are organics,one
is radioactive,and two are metals.

3.1 Distribution of COCs

The groundwatermonitoringwell concentrationdatabase for the Sanitary

Landfillhasseverallimitations.The firstproblemisthatthe majorityof the Sanitary
Landfillmonitoringwells(andallof the POC wells)are completedacrossthe water

table and are locatedadjacentto, or withinthe Sanitary Landfillboundaries. The
monitoring well network at the Sanitary Landfilldoes allow for the detectionof

contaminantsemanatingfrom the landfill. The well network also providesfairly
good characterizationof COC concentrationsvery near thewater table. However,

the currentmonitoringwell networkdoes notallowflu,characterizationof the COC

plumes. There are no monitoringwells between the immediatevicinityof the
SanitaryLandfilland UTRC to characterizethe distributionof contaminantsin the

clown-gradientareas. Allmonitoringwellsare near-fieldse,mplingpointswhichdo

notallowfor characterizationof leachateplumeextent. AdOitionally,very fewwells
are presentwithinthe SanitaryLandfillboundariesand,therefore,characterization

of the contaminationwithin the Sanitary Landfill boundaries is not uniquely
possible.
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To add to thesedifficulties,samplinghistoriesfor mostCOCs are erraticand
detection limitsvary between samplingevents for the same COC. At times,
detectionlimitshaveexceededthe MCL for a givenCOC. Allof thesefactorslead

to the conclusionthat the extentand magnitudeof COC plumes emanatingfrom

the SanitaryLandfillcannotbe uniquelycharacterized.

3.1.1 GroundwaterDistributionof COCs

The monitoringwell network at the SanitaryLandfillhas been sampled for
pollutantsasearlyas 1984and hasbeen sampledquarterlysince1986. However,
as previouslymentioned,since 1986 many COCs have not been includedin the

chemical analyses and therefore, several gaps exist in the analyticaldatabase.
Norrellet al. (1992) examinedthe time historyand trendsof severalof the COCs.

His analysisfoundthat the groundwaterconcentrationsof the constituentsat the
Sanitary Landfill can be characterized as being both temporally and spatially

transient with a large degree of heterogeneityin concentrations. This is not

surprisinggiventhe transientloadingof the landfill,the heterogeneousnatureof
the waste, and the limitedmonitoringwell network. Because of the transientand

erraticbehaviorof COC concentrationswithinthe SanitaryLandfilland becauseof

the stronglynonuniformplacementof monitoringwellswithinthe SanitaryLandfill,
a differentmethod other than a contourplot has been selected to evaluatethe
distributionof the COCs around the landfill. The method is based upon first

determiningthe maximumobservedconcentrationvalue at each monitoringwell

for each COC. The data isthen displayedthrough bubble plotswhere the area

of the circle is linearlyproportionalto the concentration. Additionally,a second

plot is prepared which posts the maximum values along with the date it was
observed. AppendixA containsbubbleplotsand postedvaluesfor all COCs for

allwellsscreenedacrossthe watertable (levelD wells)and mapsof postedvalues

are shown for level C and B wells. Although this method is not suited for

evaluatinga distributionof a COC at a specifictime, theseplotsare wellsuitedfor
estimationof potentialsourceregionsfor a givenCOC withinthe SanitaryLandfill.
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They willbe used for thispurpose inChapter 5. These plotsalso do not require
interpolationwhich can be misleadingconsideringthe potential of a strongly

heterogeneoussource.

Areal distributionsof someCOCs in the upperwater table zone indicatethe

presence of contaminantplumes which emanate from the Sanitary Landfill.
Analysesof quarterlymonitoringdatafrom the SanitaryLandfillmonitoringnetwork
indicatesthat severalorganiccompounds,metals, and radioactiveconstituents

suchas tritium,grossalpha,andradiumhavebeen presentat levelsexceedingthe
primary drinkingwater standards. Due to the prevailingsoutherly directionof

groundwaterflow,these constituentsand othershave been transportedpast the
southernextent of the SanitaryLandfill. Although it is not clear how far these

contaminants have been transported, preliminary data from seepline samples

indicatethat onlya minoramount, ifany, of these COCs are detectablenear the
wetlands. The horizontaland vertical extent of any "plume"which may be

emanatingfrom the Sanitary Landfillis uncertaindue to the lack of monitoring

locations down gradient of the Sanitary Landfill in the horizontal or vertical
dimensions.

The estimatedvertical extentofthe COCs in the vicinityof the landfill is

basedon the monitoringdata fromseven 'wellclusterslocated immediatelyto the
west and southof the Sanitary Landfill. The database islimitedbecausethe wells

are new and were firstsampledin the third quarter of 1991. Fourof the clusters
have wellsscreenedinthe lowerpart of the Steed Pond Aquifer,and seven wells

are screenedinthe middlesectionof the SteedPondAquifer. Analyticaldatafrom

watersamplescollectedfromthe fourwellsscreenedinthe lowerpart of the Steed
Pond Aquifer do not provide evidenceof any COCs above MCLs. Based on

informationavailableat thistime, it appears that the COCs are not present inthe

deeper portions (LevelB) of the aquiferdirectlybelow the Sanitary Landfill.
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Analyticaldata from sevenwellsscreened in the middle portionof the Steed
Pond Aquiferindicatethat some of the COCs are presentat levelsabove MCLS.

TCE has been detectedabovethe MCL inthree wellssouthof the SanitaryLandfill.
Severalotherorganicshavebeen detected,suchas 1,i-dichloroethanewhichwas

detected above the proposed MCL in LFW 59C and LFW 61C in the firstquarter
of 1992. However, the COCs do not appear to be as widelydistributedand are
typicallypresentat much lowerconcentrationsthan in the upper portionsof the
saturatedzone.

3.1.2 SeeolineSemolinafor COCs

Threeseepline/wetlandsamplingeventshaveoccurreddowngradientof the

SanitaryLandfillinan effortto characterizecontamination.A preliminarysampling
eventwas used as a screeningevent. OnlypH, specificconductance, and tritium

levelswere measured. This eventwas completedin FebruaryandApril 1991. A
second sampling event was performed during September and October 1991.

These sampleswere analyzedfor a fullsuiteof contaminantsincludinginorganics,
organics,and radioactives. A thirdsamplingeventsimilarin scope to the second

was performed duringJanuary and February 1992. As of the date of this report,

the radioactiveanalyticalresultswere not availablefor the third samplingevent.
A "Workin Progress"summary of the wetlandsamplingresultsfrom Dames and

Moore dated July6, 1992 was reviewedfor this report.

The June,1992 DRAFTSummaryReporton the "EcologicalCharacterization

of Upper Three Runs Creek" prepared by Metcalf and Eddy, Inc. was also

reviewedfor this report. Groundwatersampleswere collectedfrom ten sampling
stations in an effort to characterize potential contamination in the wetlands

associatedwith UTRC. The samplinglocationsare shownon Figure 1.2 alongwith
the wetland survey boundary. The gross alpha exceeded standards in 5 of 10

stationssampledwitha maximumof 45 pCi/mL (±12 pCi/mL) at SP-262. Tritium
did not exceed the MCL at any stations;however,it did reach a concentrationof

3-4



7.62 and 7.8 pCi/mL (i0.5 pCi/mL) in sampling events 1 and 2 at SP-258. Strom

and Kaback(1992) reportthattritiuminrainfallcan be expectedto range from 1.6

to 4.8 pCi/mL. The tdtiumconcentrationsat SP-258 may be attributableto tritium
emanating from the Sanitary Landfill. From a statisticalanalysis, Dames and

Moore (1992) found that the difference in tritiumconcentrationsat the wetlands
and the SanitaryLandfillbackgroundwellswere not statisticallysignificant.

Toluene was detected in the fall surveyat SP-263 with a concentration of

40 ug/L andof 20 ug/L in the SP-254D duplicatesample. A value of 2 ug/L was
reported for toluene at SP-263 in the springsamplingevent. Dames and Moore

(1992) found that toluene concentrations at the wetlands were statistically
significantlyhigherthan those measuredfrom SanitaryLandfillbackgroundwells.

Possibletrace contaminationat SP-263 by severalchlorinatedsolventssuch as

1,1,1-trichloroethane,1,1-dichloroethane,and trichloroethenewas alsosuggested
by the data.

The resultsfrom the wetlandsamplingindicatethat if the SanitaryLandfill
contaminants have arrived at the wetlands they have arrived at trace
concentrations.This statementshouldbe temperedby the fact that the data base

is limited historicallyand all concentrations are very near detection limitsor

backgroundlevels.Consequently,all c_._nclusionsbased upon the data base are
uncertain. However,there is some evidencefor tritiumoccurringat SP-258 and

also organic contaminants occurring at SP-263. Due to the proximityof the

wetlands to the landfill and the sand and clayey sand aquifer matrix, it is not

inconsistentto believethat the contaminantswouldhavemigratedto the wetlands
by 1991. In fact, the regionalA/M Areamodelpredictsthat the advectivetransport

time betweenthe center of the originallandfilland the wetlands is approximately

3 to 4 years. If this is true, the environmentwould appear to be providing
significantattenuationdue to degradation,dilutionfrom recharge,and dispersion.
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4.0 GROUNDWATER FLOW AND TRANSPORT MODELS FOR THE

SANITARY LANDFILL AREA

Two separate models were constructedto evaluate flow conditions and

transportof Contaminantsof Concern (COCs) from the Sanitary Landfillto the
Pointof Exposure(POE). A two-dimensionalareal modelwas developedas a tool

to assessgroundwaterflowconditionsona localscaleinthe SanitaryLandfillarea.
Thismodelwas usedto assessgeneralflowdirectionsand water levelelevations,
evaluateflow dynamicsof the wetlandsand UTRC, estimategroundwatertravel

times via particle trackingmethodsand investigatethe effects of landfillcapping.

A two-dimensionalvertical cross-section flow and transport model was

developed to address contaminant transport in the vertical dimension and to
provide a means to simulate the complex degradation, sorption and
biotransformationprocesseswhich affect transportof severalCOCs detected in

groundwater near the Sanitary Landfill. Althoughthe cross-sectionand areal

models were developed for different purposes, both are based on the same

conceptualmodel and therefore share fundamentalcharacteristics. The model
implementationsare reviewedand compared inthe followingsections.

4.1 Conceptual Flow Model

The conceptual flow model developed for the Sanitary Landfill area was
based on the geologicand hydrologicinformationpresented in Section 2.0. The

conceptual modelcombinesthe majorelementsof the complexhydrogeologyinto

a frameworkwhichcan be incorporatedintoa mathematicaldescriptionof the flow

system. In order to achieve this goal, it was necessary to simplify the

hydrogeologicframework, however,the major characteristicsof the flow system
were maintained.
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InbothSanitaryLandfilllocalscale flowmodels,groundwaterflowconditions

inthe Steed PondAquifer (Aadlandet al., 1992) wereassumedto be unconfined

(see Figure2.1). This formulationallows for proper treatment of groundwater
elevationsnear UTRC and the associatedwetlandsas well as head changesdue

to landfillcappingscenarios. In addition,the Tertiaryaquifer (Steed PondAquifer)

istreated asa singlehydrostratigraphicunit. Modelingthe Tertiaryaquifer (Steed
Pond Aquifer) as a single aquifer is consistent with the most current

hydrostratigraphiccrosssectionsconstructedthroughthe area, whichsuggestthat
very littleconfiningclays exist in the Steed PondAquifer. Also, by not modeling
the Cretaceous aquifers underlyingthe Meyers BranchConfining System (the

Ellenton),we are assumingthat cross-formationalflow acrossthe confiningzone

is a minor contributionto the Tertiary flow system. The A/M regional model

(Beaudoinet al., 1991) modelsthe Tertiary aquifer in the vicinityof the Sanitary
Landfillas two aquifers representingthe Upper and Lower Congaree (model
layers2 and3, respectively)consistentwitholderstratigraphicterminology. Their

resultsshowthat verticalflowfrom layer3 to 2 is approximately14 timesas large

as from layer 4 to 3 in the immediate vicinityof UTRC. This supports the
assumptionthat inthe vicinityof the Sanitary Landfillthe dominantflow systemcan

be modeled by a single-layertwo-dimensionalunconfinedsystem. This is also
consistentwith mostGeneralSeparationsArea local-scaleflow models where the

Cretaceousis not modeled(GeoTrans,1992).

Rechargeis assumedto be constantoverthe entiremodelarea. UTRC acts

as a regionalsink for the Tertiary aquifers north of UTRC in the vicinityof the

SanitaryLandfill.Inthe local-scalemodels,UTRC isassumedto be a groundwater

divide and, therefore, all water flowingsouthwardthrough the Sanitary Landfill
vicinityexitsthrough UTRC or the associatedwetlands. The flow dynamicsof the

wetlandareas is a very complexprocess. Duringthe sitevisitonAugust 28, 1992,

the wetlandsregionbetweenUTRC and the SanitaryLandfillwas examined. The

wetlandsarea was typicallysaturatedto the ground surface and, in many areas,
standingwaterwas present. In someareas, groundwaterseeping to the surface

4-2



would visiblyflow toward UTRC in small rivulets. Because of the large areas of

pondedgroundwaterbetweenthe SanitaryLandfilland UTRC, evapotranspiration
also plays an important role in the overall loss of groundwater in additionto

overland flow. In summary, it is apparent from the site visit and historical
informationthat the wetlands area adjacent to UTRC typically serves as an

important groundwaterdischargearea.

4.2 Two-Dimensional Areal Flow Model

4.2.1 Code Selection

The code MODFLOWwas selectedfor simulationof groundwaterflowinthe

Sanitary Landfillarea. MODFLOW is a three-dimensionalflow model which
incorporatesa block-centeredfinite-differenceapproachto solvingthegroundwater

flow equations. Hydrogeologiclayers can be simulatedas confined, unconfined
or a combination of both. External stresses such as wells, areal recharge,

evapotranspiration,drainsand streamscan also be simulated. For thisstudy,the
finite-differenceflow equationswere solved using a pre-conditionedconjugate-

gradient method. The code is written in FORTRAN 77 and has been well
documented(McDonaldand Harbaugh,1988). The code is inthe publicdomain,

has beendemonstratedto be wellaccepted by regulatoryagencies,and has been

extensivelyusedto simulategroundwaterflowunder fieldconditions.MODFLOW
was selected for the areal flow model in concurrencewith WSRC because it was

sufficientto addressthe issuesof the study and because it could easilybe used

with MODPATH, the particle tracking code designed specificallyfor use with
MODFLOW. In addition, the use of MODFLOW is consistent with other

groundwater flow models at the SRS, includingthe A/M RegionalFlow Model

(Beaudoinet al., 1991).
i

The data used for constructingthe flow model using the MODFLOW

(McDonaldand Harbaugh,1988) code was gathered from variousreports. The
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hydrogeologicframeworkfor theSanitaryLandfillarea is discussedinSec,_ion2.2.

In the followingsection,detailsof the areal model constructionand dew_lopment
and calibrationdata are presented. The steady-statecalibratedMODFLOW data

set for the arealflow model is includedin hard copy in AppendixB of this report.

4.2.2 Model Gridand Boundary_Conditions

The firstconcernin designingthe finite-differencegridwas to provide a fine

enoughgridspacingto adequatelyrepresentthe wetlandregionsand the Sanitary
Landfillarea. Becausethis local-scaleflow model was used to evaluate landfill

capping scenarios,the meshneeded to be fine enoughto accuratelyportraythe
iandfiU cover. In observing these criteria, the finite-difference mesh was

constructedusinga uniformgridspacingof 100 feet. This gridspacingis 10 times
more dense than the A/M regionalscale model. The local-scale model area is

10,000 by 10,000 feet, which yields a 100 x 100 grid with a total of 10,000 grid
blocks. Becauseonlyone aquifer is consideredin thismodel, only one layerof
gridblocksis used. The thicknessof each gridblock isvariableand is determined

by the differencebetweenthe specifiedbase elevationof the grid block and the
elevationof the water table in that grid block.

As shownin Figure1.3, the flowmodel gridwas situatedto take advantage

of naturalboundary conditionsinthe Sanitary LandfiUarea. The lowerboundary
is locatedalong UTRC and itsassociatedwetlands. The gridblocks belowUTRC

were considered inactive because it was not useful or necessary to model

groundwaterflow on the south side of UTRC. The upper right-handside of the
grid is located along wetlandsassociated with the flood drainage from Tim's

Branch. Situatingthe grid boundariesin the wetlandsprovidesan upper bound

for the water level elevationin that area if we assume that the depth of water
ponded on the surface is limitedby the ground surface elevation. The left-hand

side of the grid is situatedalong a line which is essentiallyperpendicularto the

potentiometriccontoursfromthe calibratedA/M regionalflowmodel (Beaudoinet
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al., 1991). If the boundarywassituatedexactlyperpendicularto the potentiometric
lines, the left-hand border could be considered a no-flow boundary. Because
some variation in flow direction does exist along the boundary, the boundary

conditionalongthe left-handsidewas formulatedto allowgroundwatermovement

into or out of the model. The northernmodel boundary was simulatedwith

prescribedhead boundary conditions.

Estimatesof aquifer base elevationswere based on a hydrostratigraphic

cross-sectionthroughthe SanitaryLandfillarea. The elevationof the aquifer base
at UTRC is about40 feet AMSL. The baseof the aquiferslopes gentlyupwardto
the northwestwitha maximumelevationof about52 feet AMSL atthe northernend

of the model. As mentionedin Section2.2.3, the clay layer (Meyers Branch

ConfiningSystem)whichunderliesthe Steed PondAquiferservesto substantially
limit flow between the aquifers due to it's relatively low vertical hydraulic

conductivity.Analysisof the flowtermsfromthe A/M regionalmodel indicatesthat

upwardflowthroughthe confiningunit belowthe Steed Pond Aquifer is about 15
times smallerthan the upward flow from the Steed Pond Aquifer to UTRC. The

difference is even larger in other zones of the model domain. Therefore, the
assumption that groundwaterdoes not flow from lower aquifers through the

Ellentonclays is justifiedfor the objectivesof thismodelingstudy and the base of
the systemis assumedto be a no-flowboundary.

4.2.3 HydraulicParamet_rization

The wetlands associated with UTRC and Tim's Branch were simulated

through the use of drains. The drainboundary conditiorJprovidesa mechanism
to regulate the upper elevationof the water table in the wetland regions. To

incorporatedrainconditions,a gridblockis firstspecifiedto containa drain. The

gridblock isthengivena conductancevaluewhichindicatesthe grid blocksability
to transmit water to the drain. In addition,the elevationof the drain is provided.

The drain conditioncan be implementedso that the groundwaterelevationin a
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grid blockdoes not rise above a prescribedlevel. The depth of surface water in

the wetland regionof the model is limitedbecause of surface drainage to UTRC,
therefore the elevationsof each drain in the SanitaryLandfillflow model were set

approximately equal to the ground elevation. In addition, relatively high

conductancevalueswere specifiedfor grid blockscontainingdrains so that the
water level inthe grid blockwouldbe maintainedat the elevationof the drain. In

this way, groundwaterelevationswould not be much higher than the ground
surface elevation. Figure4.1 illustratesthe finalspatialdistributionof draincellsin
the model.

Dischargeto UTRC was simulatedusing general head boundary (GHB)
conditions. Gridblocksthatare definedas generalhead boundary conditionsmay

serve as either sources or sinks depending on the direction of the hydraulic
gradient. UTRC servesas a dischargepointfor groundwater. The GHB condition

allows the user to specifythe approximatehead in the grid block. The estimate
of the head in the grid blocks along UTRC were estimated according to the

approximateground surfaceelevationtakenfromtopographicmaps (3302 Series)
and the approximatedepthof water inthe creek. Conductanceterms in the GHB

cellswere adjustedduringmodel calibration.

The prescribed head boundary conditionson the northem boundary of the

model were initiallybased upon (1) calibratedheads for this area from the A/M
regional flow model, (2) water elevationsat Well P-30 near the B-Area, and (3)
extrapolationof water levelsfrom the Sanitary LandfillArea Northward. These

heads were also adjusted duringthe calibrationprocess because the regional

modelwas calibratedto head clatafrom a differenttime period.

As reported in Section 2.3.2, the potential range of groundwater recharge

from infiltrationof precipitationis 11 to 20 in/yr. Because the local scale model
and the regional A/M flow model were calibrated with different sets of data,

recharge was considereda variable in the calibrationprocess. Recharge was
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applieduniformlythroughout the localmodelbecauseno site-specificinformation
was availableon the distributionof this parameter.

With the boundary conditions specified, only two hydraulic parameters

influencedflowsignificantlyandwere therefore consideredcalibrationparameters.

These were the hydraulicconductivityand the specificstorage. For the steady-
statemodel,the onlyexplicithydraulicparameterwhichinfluencedthe flowmodel
was the hydraulicconductivityof the Steed Pond Aquifer. As discussed in

Section 2.2.3, fieldtestswithinthe A/M Areayieldvaluesof hydraulicconductivity
which range from 14 to 148 R/day. An arithmeticaveragefor the differentsets of

data is32 R/day. For calibrationpurposes,hydraulicconductivitywas allowedto
vary over the observed range. The only other hydraulicparameter needed to

completethe analysiswas the specificyield of the Steed Pond Aquifer. This
parameterwas needed for the transientmodel to evaluatethe natureof different

cappingscenarios(discussedin Section 6).

4.2.4 Model Calibration

Model calibrationrefersto the processof estimatingthe bestcombinationof

modelparameterswhichwill adequatelyreproduce observedconditions. These

parameterswhichare adjusteduntilthe performancemeasure is satisfiedcan be
referredto as calibrationparameters. Severalcalibrationparametersexist in the
presentmodel. These include:

1) hydraulicconductivityof the aquifer unit

2) groundwaterrecharge from precipitation

3) conductance and drain elevationof draingrid blocks

4) conductance and head elevationof GHB cells
i

5) prescribedhead elevationsalong northernboundary
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The following sectionsdescribethe approach to model calibrationas well as the

performancemeasures, the calibrationcriteria,and the calibrationresults. The
two-dimensionalarealflow model was calibratedto steady-stateconditions.

4.2.4.1 CalibrationApproach

The firststep in the calibrationof a groundwaterflow model is to definethe

performancemeasuresand to define the calibrationcriteriaor calibrationtarget.
ff a model predicts the performance measure to a degree that will satisfythe

calibrationtarget, the model may be considered calibrated. The present flow
model calibrationwascalibratedto steady-stateconditionswhichare assumedto

be representativefor groundwaterelevationsmeasured in monitoringwellsat the
Sanitary Landfillfor the fourth quarter of 1991. However, the set of calibration
criteria chosen is in fact dependent upon time as we have seen in Figure2.7.

Thus, the performance measure is a single realization of a transient process.

During calibration,the model parameterswere modified within specified ranges
until the performance measure compared favorably with the observed

measurements. This deterministicapproach to calibrationis very simple, but

justified for this model because of the relativelysimple nature of the model
geometry and boundaryconditions.

The primary performance measure for this model was the observed
groundwaterelevationsinthe monitoringwellsat the Sanitary Landfill. Forty-four

wellsnear the Sanitary Landfillwere used to calibratethe flow model. Although
fifty-sevenwellsexistatthe Sanitary Landfill,only44 wellsare screenedacrossthe

watertable (or withina few feetof the.watertable). Waterlevelelevationsfromthe
fourthqua_-." of 1991 were usedas the performancemeasure. Table 4.1 liststhe

wellswhich were used as calibrationpointsfor the SanitaryLandfillmodel. Also

listedare the well coordinatesand the fourthquarter 1991 water levelelevations,

and the model grid block numbers corresponding to the well locations.
Unfortunately,thismodel does not allow simplecomparisonof observed stream
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flow measurementsto simulateddischarge values from UTRC. This comparison

would be difficult because the model covers only a small portion of the total

dischargeregionfor UTRC andbecausethe gagingstationsare notpositionedat
the locationswhichpermitproper measurementof stream dischargeat the limits
of the model area. For these reasons, streamflowis not considereda primary

performancemeasurefor the model.

In order to quantifywhen the performancemeasure has been satisfactorily

reproduced,a calibrationtargetmustbe defined. To definethe calibrationtarget
for the heads requiredan error analysison the head values. The measurement

of headis performedwithelectrictape water levelmeasuringdevices. Thesetypes
of instrumentsgenerallyare quiteaccurate and may providemeasurementerror

on the order of +/-0.02 feet (Woesner and Anderson, 1992). In addition,
elevationsurveyscommonlyaccumulateerrorswhichaveragearound+/- 0.1 feet

(Woesnerand Anderson,1992). These two types of error can be classifiedas
measurementerrors. A thirdtype of error is associatedwith the heads usedfor

the performance measure. This error type can be classifiedas a scale error.

Becausemostof the headsmeasuredat the SanitaryLandfillare measuredat the
top of the water table, these he_ds are taken to be the model performance
measure. However,it isknownfrommonitoringwellclustersthatthe headsinthe

water table aquifercan potentiallyvary by as much as one foot between the top

and bottomof the aquifer. Byonlyusingthe uppermosthead measurements,and

assuming they are applicablefor the full saturated thickness, a scale error is
introduced. We assumethat thiserror is ± 1.0 feet. Therefore, the total potential
error for the head measurementsis on the order of + 1.12 feet. The criteriawas

used as a guide duringthe calibrationprocess.

One other measure to quantify calibration is to require that the head

residuals(thedifferenceinobserved andsimulatedheads) be normally-distributed
about a zero mean. It is also desirableto ensure that the residualspossessno

significantdirectionaltrend. Thiswouldoccurif a portionof the modelconsistently
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over or under predictedthe heads. Both of these requirementswere addressed

in the calibrationprocess.

Because limited informationwas available concerning the distributionof

hydraulicpropertiesinthe Sanitarylandfill area, itwas assumedthat the hydraulic

parameters of the model should be initiallyhomogeneous. Heterogeneityir
hydraulic propertieswould be incorporated only if the model required it for
calibration. Therefore, adjustmentsto hydraulicpropertiesin the model during
calibrationdid nottake intoaccountanypotentialspatialvariabilityof the hydraulic

propertiesunlesscalibrationcould not be obtainedvia homogeneousproperties.

The hydraulic conductivityof the aquifer unit was assumed to be uniform
throughoutthe model domain. Likewise,the spatialdistributionof groundwater

recharge was also maintainedat a uniform rate across the model domain
throughout the model calibrationprocess.

Initialconductance terms of the GHB and drain cells were based on the

hydraulicconductivityof the aquifer unit and the geometry of the cells. Somecell
conductanceswere adjusted in order to gain a better agreement with observed
water levelelevationswithinthe model domain.

4.2.4.2 CalibrationProceduresand Results

As stated in the previous section, initial calibration simulations were

completed using uniformlydistributedconductivity. The drain cells (used to

simulatewetlandeffects)in the originalmodelwere not initiallyplaced as closeto

the Sanitary Landfillas shown in Figure4.1. However, calibrationsimulations
indicatedthatwithoutdraincellsintheseareas, water levelswere too highandthe

calibrationcriteriaat the southernextentof the Sanitary landfill couldnot be met.

The extension of the drain cells up gradient of the USGS mapped limits was
consistentwith fieldobservations. The extension of the drain cells into the low

area atthe lowerlefthandsideof the Sanitarylandfill was also necessaryto attain
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an adequate matchof water levels in that area. It was also necessaryto utilize
draincellsalongthe upper righthandsideof the model inorder to maintainwater

levels at ground surface in that wetland area. Water level elevations and
conductance terms for the drain cells were both adjustedduring the calibration
simulations.

General head boundary cells used to simulate discharge to UTRC were

assigneda relativelylargeconductancevalue. Water levelelevationin the GHB
cells were assigned by estimatingthe streambedelevationand adjustingfor the
assumed one footof surfacewaterin the creek. Assumingallotherconditionsare

identical,water level elevationsin the GHB cells used to simulate UTRC would
increase if the conductance terms for the cells were significantlydecreased.

Therefore, relativelyhigh conductance values were maintainedthroughout the
calibrationsimulationsbecause it was assumedthat the water levelsnear UTRC

could be estimatedwith a relativelyhighdegree of certainty.

GHB cells incorporated along the left-hand side and the right-hand side

(between UTRC and the wetland area to the north)were initiallyassignedwater
levelelevationsand conductanceswhichwereestimatedfromthe regionalmodel.

Adjustmentswere then made to reflectchanges inthe water levelconditionsdue

to the differentperiodoverwhich the calibrationcriteriawere based. Prescribed
head cellson the northernboundary ofthe modelwere initiallyestimatedfrom the

regional model but were increased during the calibration process to reflect
increased water levels over the entire Sanitary Landfill area between model

calibrationperiods.

Many simulationswere completedto determinethe range and combination

of parameterswhich would result in an adequatelycalibrated model. The final

hydraulicconductivityvalueestimatedforthe aquiferunitwas 35 feet/day andthe

groundwater recharge value was 15 inches/year. The input files for the
MODFLOW steady-statecalibrateddata set are presented in AppendixB. This
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data includesthe conductivityand heads valuesassigned to the general head
boundariesand the drainscells. The sensitivityof the heads with respectto the

calibrationparameterswillbe discussedin Section4.3.6.

Figure4.2 shows the steady-stateheads from the calibrated model. The
head contours indicate that the low-lyingarea southwestof the lower left corner

of the Sanitan/Landfill (simulatedby the drains) does affect the flow of shallow

groundwater. This fact was verifiedduringa fieldtrip to the SanitaryLandfillsite
in August,1992. Thewetlandsregionin the upper righthandcorner of the model

also serves as a groundwaterdischargearea.

Steady-statehead residualsare shown in Figure4.3. Table 4.2 liststhe
residualsfor each well. The minimum,maximumand mean head residualvalues

are -1.9, 1.9, and -0.09 feet, respectively. The standard deviationof the head
residualsis 0.82 feet. Heads were consistentlyover-predictedto the west of the

SanitaryLandfillandunder-predictedto the east. Becausethegreatmajorityof the

residualswere smallerthan the error associatedwith the performancemeasure

(calibrationtarget), we did not feel it was warranted to add highly uncertain
changesto the transmissivityfield,therebycompoundinguncertainty. Figure4.4
illustratesthe distributionof the head residualsaround the median value of

-0.1 feet. Thisfigureconfirmsthat the headsare normallydistributedwith a mean

value near zero. This figure also showsthat most head residualsare withinthe

±1.12 foot calibrationtarget specified in Section 4.2.4.1. Figure4.5 shows the
scattergramof simulatedand observed heads. The higherheads are locatedat

the northern end of the Sanitary Landfilland the lowerheads at the south. The
scattergram illustratesthat there is not a directionaltrend in the errors of the
simulatedheads from northto south.
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4.2.5 Water BudaetAnalysis

An inspectionof the overallwaterbudget for the modelis sometimeshelpful

inassessingthe majorcomponentsaffectingthe flowsystem. Rgure 4.6 illustrates

the magnitude of all sources and sinks for the Sanitary landfill model. The
numberspresented in the illustrationare in cubic feet per second. Each value
representsthetotalsumof inflow(+) or outflow(-) from eachboundaryof the flow

model. One interestingresultof thisanalysisisthat the sumof the dischargefrom
the draincells inthewetlandarea is very closeto the amountof rechargeoverthe
entire model area. In addition, the lateral inflow from the prescribed head

boundarieson the northernboundaryisverynearthe magnitudeof dischargefrom

UTRC. The totaldischargeto UTRC and the associatedwetlandsis4.7 cfs. This
falls with the expected range UTRC flow gain of 3-15 cfs as described in

Section2.3.3. A more thoroughdiscussionof the water budget with respect to

capping scenariosis presentedin Section6.0.

4.2.6 SensitivitvAnalysis

There is always some amount of uncertainty associated with the input

parameters for flow models. Usually, many combinationsof input parameters
within a simplifiedmathematicalmodel can providea solutionwhich meets the

calibrationcriteria. Each one of these combinationsis part of a =non-unique"set
of potentialsolutionsfor the prescribed performance measure and calibration

criteria. As the numberand complexityof the performancemeasuresincrease,the

set of potentialparametercombinationswhichcan satisfythe calibrationcriteriais

reduced. If the setof performancemeasuresis relativelylimited(inourcasebeing
limitedto one set of heads), the uncertaintyinthe calibratedparametersetwillbe

increased. Therefore, it should be understood that there is uncertaintyin the

calibratedmodel. Thissectionwilldescribethe methodemployedto evaluatethat

uncertaintythrougha sensitivityanalysis.
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In thisflowmodel,the parametersthatare potentiallythe mostuncertainare:

1) magnitudeand distributionof the aquiferhydraulicconductivity

2) magnitudeanddistributionof the rechargeto the groundwatersystem.

And possiblyto a lesserdegree, uncertaintyis present in:

3) groundwaterlevel estimatesalong UTRC and the conductanceand
headelevationsusedin the GHB cellsto representthiscomponentof

the flowsystem

4) groundwaterlevelinthe wetlandareas and the conductanceand head
elevationsused in the draincell_

A numberof simulationswere performedin orderto evaluatethe sensitivity
of the model results to changes in model Input. It was assumed that the

uncertaintyin hydraulicconductivityand recharge were the most importantto

evaluate for this flow model. Several sensitivitysimulationswere performed
calibratingheads with a range of recharge values from 10 to 20 in/yr. It was

expected that a large combinationof hydraulicconductivity and recharge pairs
could satisfactorilycalibrate the model. Figure4.7 illustratesthis point by a

number of sensitivitysimulationswhichcome to thisconclusion. The lineon the

graph indicates the combination of recharge and conductivityvalues which
provided an adequate fit the calibrationcriteria. This graph clearlyillustratesthe

non-unique nature of the calibratedmodel. Althoughsome of the non-unique

characteristicsof the modelcouldbe reduced if moreconstraintscouldbe applied

to model output, much of the non-uniquenessis a result of the simplicityof the
flow model. Flowthrough the system is steady and fairly uni-dimensionaland,

therefore,changes in hydraulicconductivitycan be offsetby modificationsto the

recharge.
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From Figure4.7 we can see that if we consider recharge uncertain but

ranging from a low of 10 In\yr to a high of 20 in\yr, we can see that the

corresponding uncertaintyin hydraulicconductivityranges from approximately
23 ft/day to 47 ft/day. Thisrange of uncertaintyin hydraulicconductivityimplies

that there isat leasta factor of two uncertaintyinflowvelocitiesthroughthe aquifer
and in correspondingtravel times. However, this range Is far less than the

observedrange of hydraulicconductivitiesmeasured(14 to 143 ft/day).

In summary,there is somedegreeof uncertaintyassociatedwiththe results
of the calibratedflowmodel. However,this uncertaintydoes not restrictthe use
of the model resultsto accomplishthe objectivesof this analysis. The uncertainty

in modelparametersisovershadowedbythe insightgained from the site-specific,

quantitativeevaluationof the flowdynamicsof the SanitaryLandfillarea.

4.3 Two.Dimensional Vertical Flow and Transport Model

In order to evaluatethe potentialimportanc_of vertical flow inthe vicinityof

the Sanitary Landfill,INTERAconstructeda verticalcross-sectionflowandtransport
model to aid in understandingthe transport phenomena between the Sanitary

Landfilland the POE. Specifically,a verticalcross-sectionalmodel was builtto

examine horizontaland vertical flow components at the Sanitary Landfill and
wetlandsand to betterunderstandthe relationshipbetween the Sanitary Lendfill

and dischargein the wetlands.

Giventhe largeamountof uncertaintiesin the Sanitary Landfilldatabase, an

analyticalapproachto transportwas firstsuggestedfor the SanitaryLandfillvicinity.

However, an analyticalmodeling approach was found to not be satisfactory

because of the followingconsiderations: (1) transportof daughter productCOCs

through degradationcannot be easily incorporated; (2) dilution resultingfrom
recharge is not considered;and (3) spatialand temporalvariabilityof sourceare

not easilyincorporated. Initially,it was felt that not incorporatingdegradationinto
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the simulationswould be conservative. However, degradation products are

present at the SanitaryLandfilland itmay be considerednon-conservativenot to
account for vinylchlorideas part of a biotransformationpathway due to its high

toxicity. Upon WSRC suggestion,degradationprocesseswere incorporatedinto
thecalculations.Therefore,a cross-sectionalflowmodelconstructedwithSWlFT.II

was selected to performthe transportcalculations. A cross-sectionalmodel is

more appropriateto yieldestimatesof peak concentrationsin the groundwater

system as compared to single-layerareal model which would yield vertically
averaged concentrations. A full three-dimensionalgrid to model transport was
consideredunnecessary;selectionof cross-sectionalmodel is conservativesince

it does not includedispersioneffectsnormal to the section.

4.3.1 Code Selection

SWIFT-IIwas selectedto simulateflowandtransportat the Sanitary Landfill

becauseitprovidesthe flexibilityto modelcomplextransportphenomena,including
first-orderchain decay. SWlFT-II is a block-centeredfinite-differenceflow and

transportcode (Reeves et al., 1986). SWlFT-II solvesthe coupledequationsfor
transient flow and transport and can also be used to examine the effects of

variabledensity, heat transport, and brine or radionuclidetransport. The code
handlesboth fracturedor non-fracturedmedia. The fracture formulationis either

discrete or a continuumapproach (doubleporosity). The code is in the public

domain,has been demonstratedto be wellacceptedby regulatoryagencies,and
has been extensivelyusedto simulategroundwaterflowand transport underfield
conditions.

4.3.2 Model Grid Cn_ Boundary_Conditions

The cross-sectionflow and transportmodel was developed from the same

conceptualmodelas the areal model. Figure4.8 showsthe locationof the cross-

section model withinthe Sanitary Landfillarea and in relation to the areal flow
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model. The cross-sectionmodelwasalignedparallelto the SanitaryLandfillwhich

is essentiallyparallelto the groundwaterflow direction toward UTRC. The up-
gradientside of the model was located8000 feet from UTRC whilethe opposite
sideof the model was situatedat UTRC. The top of the MeyersBranchConfining

System served as the base of the model and was assumed to be a no-flow

boundary. Thisassumptionisconsistentwiththe arealmodelas isthe assumption
that UTRC serves as a no-flow boundary. The aquifer is assumed to be

homogeneous,unconfinedand at steady.stateconditions.

Figure4.9 illustratesthe model domain and finite differencegrid for the
cross-sectionmodel. The horizontalspacingof the gridblocksisequalto 100 feet
acrossthe entiremodel. The verticalgridspacingvariesinrelationto the expected

heightof the water table. The finite-differencagrid consistsof 80 blocks in the
horizontaldirectionand 10 blocksin the vertical direction. As inthe areal model,

the baseof the aquifer rangesfrom 40 feetAMSL at UTRC to abc._ 52 feetAMSL
at the lefthand side of the model.

A prescribedhead boundaryconditionwas usedto describethe lateralinflow
on the left-handsideof the model. The prescribedhead valueat thetop of the left

side of the model was taken directly from the calibrated areal model. This

prescribedhead boundary conditionwas assumed to be hydrostatic. In other
words,therewas noverticalvariationinthetotalpotentiometrichead alongthe left
side of the model, which means that flow into the model was horizontal. The

wetlandsassociatedwith UTRC were simulatedusinga specialwell optionwithin

the SWIFTcode. The optionallowsthe userto prescribethe water levelelevation

within a grid block containing "prescribed pressure"wells. The code then
calculateswhatvolume of fluid if any to be removedfrom the grid block in order

to maintainthe prescribedwater level. If the water levelfallsbelowthe prescribed
level, the well willnot remove any fluid from the grid block. In this fashion, the

prescribedpressurewellsact identicalto draincellswithinthe MODFLOW code
used to simulateflow in the two-dimensionalareal model. In the cross-section
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model,the waterlevelelevationprescribed in the "prescribedpressure"wells used

to simulatethe wetlandswas setequal to the manuallyestimatedground surface

elevationwithinthat grid block. It is assumed that the error associatedwith the

estimateof ground-surfaceelevation is about ± 1.0 foot. The ground surface
elevationswere taken from the 3300 SeriesTopographicmaps of the SRS.

4.3.3 HydraulicPar_meterization

Asstated inSection4, one of the purposesof the cross-sectionmodelwas

to delineatethedegreeof verticaldilutionanddispersionwithinthe aquiferbetween

the Sanitary Landfilland the POE. Therefore, the cross-section model was
patterned after the areal model as closely as possible in an effort to avoid
variationsbetween the models. Because the model parametersand boundary

conditionsfor the crosssectionalmodel closelymimicthose of the areal model,

the discussionof the originof the parametersis not repeated here. For a more
completediscussion,refer to Section 4.2.3.

The hydraulicproperties used in the cross-sectionmodel are identicalto
those used inthe areal model. The onlyexplicitlydefinedhydraulicpropertythat
influencesthe steady-stateflow model is the hydraulicconductivityof the aquifer

unit, which was assigned a value of 35 feet/clay. Several other physical

parametersare requiredto performtransportcalculations,howeverthe discussion
of these propertieswill be presented in Section5. As in the areal model, the

groundwaterrechargevaluewas assumedto be 15 in/yr.

4.3.4 Model Calibration

Becausethe areal model and the cross-sectionaltransport model have the

same conceptual model, the model parameters and boundary conditionsare

identical. Again the 1991 fourth quarter heads were used as the performance
measure. Becausethe cross-sectionalmodel has no actual observationpoints
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which fall exactlyon the model grid, the universalkriging code AKRIP (Kafritsas

and Bras, 1981) was used to estimatea calibrationsurface for the water table at

ar,_evenly spaced intervalalong the cross-sectiontraverse through the Sanitary
Landfillvicinity. In the regionsto the south,water level measurementsrecorded

as part of the Phase3 SeeplineSamplingSurvey (Haselow, 1991) were used to
constrainthe head surface. In areas to the north of the Sanitary Landfill,heads

from the areal modelwere used for a prescribedhead boundary condition. The
cross-sectional model required no calibration because the same hydraulic

conductivityand rechargevalues as were determined from the calibratedareal
model were implemented. The hydraulicconductivityand recharge used are

35 ft/day and !5 in/yr, respectively.Figure4.10 showsthe simulatedor calibrated
head surfacerelativeto the observed kriged heads.

Although the cross-sectional model can be considered hydraulically
calibratedconsistentwiththe areal flow model, the cross-sectionalmodel is not

calibratedwithrespecttotransport. Severaluncertaintiesmake calibrationof the

transport model not uniquelypossible. The primary ones are: (1) the plumes
cannot be fully characterizedwith the current samplingresults; (2) the source

inventoryisunknown;and (3) nofar-fieldsamplingpointsprovidefirmevidenceof
contaminationwitha Sanitary LandfillCOC.

Allmonitoringwellsat the SanitaryLandfillare near-fieldwellslocatedwithin
or immediately adjacent to a large heterogeneouscontaminant source. As a

result,near fieldrepresentationsof the contaminantplumessuch as contourplots

probably representsuperposed plumes emanating from multiplesources. For
example,onecannotdeterminewhetherTCE concentrationsdetected southof the

Southern Expansionof the Sanitary Landfillemanate from the originalSanitary
Landfillor the Southern Expansion. If concentrationswere monitored several

sourcedimensionsclowngradient,the source heterogeneitywould become less

important. This is because the size and shape of the plume are lessdependent

on the size and shape of the source as the distancefrom the source increases.
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Most simple deterministictransport conceptualizationsand associated models

assumethata representativeelementaryvolumeofthe transportmediumhas been
established. Thistypicallyoccurs some number of source widthsdown gradient
from a contaminantsource.
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Figure 4.1 Finite-Difference Grid and Boundary Conditions for Areal Flow Model
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Figure 4.2 Head Contours from Calibrated Steady-State Areal Model
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Figure4.3 Head Residualsfrom CalibratedSteady-StateArealModel
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Figure 4.4 Histogramof Head Residualsfrom the Steady-StateCalibrated Model
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Figure 4.5 Scattergram of Simulated versus Observed Heads for the Steady-
State Calibrated Model
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Figure 4.6 Water BalanceSummaryfor the Steady-StateCalibratedAreal Model
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Figure 4.7 Relationship Between Hydraulic Conductivity and Recharge for the
Calibrated Flow Model
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Figure 4.8 Location of Cross-Section Model within the Sanitary Landfill Area
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Table 4.1 Measured water level elevationsfor fourthquarter 1991 used as
modelcalibrationtargets.

lillll i , ,, _

SLF SRS SRS Measured Modflow Modflow
Well Easting Northing Water Elevation Column Row
No. (feet) (feet) (ft AMSL) (J) (I)

i i ' i " ill I

6 45241.2 84537.8 155.41 63 40

8 45415.3 84032.6 150.86 65 45

10A 45935.6 84369.6 153.89 70 42
i ,i i i ,,

16 45852.6 84748.9 157.34 69 38
, , ill i,

17 45607.3 84602.8 156.42 67 39

18 45459.4 84577.3 156.02 65 40
, . i, , .......

19 45135.4 84817.2 158.56 62 37_
i.i i ii , , i,,i i i ,.

20 45582.9 85262.6 160.80 66 33
,,,. i i .. =,

21 46149.4 84178.3 151.82 72 44
,, i i, i

22 46325.2 84223.6 152.40 74 43
i i ,,=. ,,

23 46456.1 84251.3 152.64 75 43

24 46520.8 84544.2 155.31 76 40
, i ,. [

25 46425.7 84967.2 158.29 75 36

26 45633.8 85654.6 163.15 67 29

27 45596.1 85839.1 164.02 66 27

28 45555.3 86079.6 165.34 66 25

29 45503.3 86372.7 166.90 66 22

30 45170.9 86318.4 '167.24 62 22

31 44869.0 86262.2 166.80 59 23
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Table 4.1 Measured water level elevationsfor fourth quarter 1991 used as
(Cont.) modelcalibrationtargets.

I Ppa= I

SLF SRS SRS Measured Modflow Modflow
Well Easting Northing Water Elevation Column Row
No. (feet) (feet) (ft AMSL) (J) (I)

i T i i ii i i i m i i I i i i = i_n|

44935.9 85836.8 164.56 60 27
,=

33 44973.0 85633.8 163.18 60 29
-,, Hll i Hll

34 45016.9 85409.5 161.77 61 31
m|n

35 45378.8 85237.4 160.52 64 33
i m

36 45582.3 83535.5 146.44 66 50
ii i

37 45667.7 83113.2 143.06 67 54
i

38 46018.5 83172.3 143.85 71 54
i

39 46218.5 83213.1 144.09 73 53
i , i

40 46395.1 83248.8 143.64 74 53
-- ' i

4_ 46626.9 83304.9 145.55 77 52
.... ii i ,

42 46532.9 83776.2 147.73 76 48
m H, i

43D 45244.5 86443.2 167.94 63 21
,,ll ii i i

44D 45022.6 84524.4 155.49 61 40

45D 45142.0 84217.8 152.75 62 43
i m ,i

46D 45162.8 84054.0 151.35 62 45
, i

47D 45167.9 83859.3 149.48 62 47
i ,i ill

48D 45443.7 83877.5 149.34 65 47

55D 45189.3 83601.3 '146.98 62 49

56D 45306.6 83398.0 145.49 64 52
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Table 4.1 Measured water level elevationsfor fourth quarter 1991 used as
(Cont.) modelcalibrationtargets.

I

SLF SRS SRS Measured Modflow Modflow
Well Easting Northing Water Elevation Column Row
No. (feet) (feet) (ft AMSL) (J) (I)

i i i |l Ii i i

57D 45417.4 83190.2 143.89 65 54

58D 45700.2 82940.6 141.93 68 56
ii,

59D 46056.1 830(X).1 142.94 71 55
i

60D 45722.3 82531.5 138.31 68 60
i i,i i ii

61D 46471.1 83089.1 143.42 75 55
• i

62D 45922.9 82991.6 143.11 70 56
I I
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Table 4.2 Head Residualsfrom the Steady-StateCalibrated Model

I _ i I il I li -

SLF SRS Easting SRS Northing Head Residual
Well No. (feet) (feet) (feet)
.... , , ,, I'11' ,. ,,. . , ,.

43D 45244.5 86443.2 -0.2
,..

29 45503.3 86372.7 -0.1
=.

30 45170.9 86318.4 0.0

31 44869.0 86262.2 0.2
,- i

28 45555.3 86079.6 -0.3
ii

27 45596.1 85839.1 -0.1
,i i,

32 44935.9 85836.8 0.1
i i i ,,

26 45633.8 85654.6 -0.6
- . ii

33 44973.0 85633.8 0.3
| ,,.=

34 45016.9 85409.5 0.3
. ,..=,, i i

20 45582.9 85262.6 -0.6
i

35 45378.8 85237.4 0.0

25 46425.7 84967.2 -1.2
i i ii

19 45135.4 84817.2 1.5
i.

16 45852.6 84748.9 -0.9
J .i i i ,ll |,

17 45607.3 84602.8 -0.4
i i,

18 45459.4 84577.3 -0.5
i i

24 46520.8 84544.2 -1.0
, .. i,.

6 45241.2 84537.8 0.4
, ,, ,,

440 45022.6 84524.4 0.6

10 45935.6 84369.6 -0.4
III / III

, p,, i,i ,,,

23 46456.1 84251.3 -0.4

22 46325.2 84223.6 -0.1
,,, ,, ,,,

45D 45142.0 84217.8 0.9

21 46149.4 84178.3 0.0
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Table 4.2 Head Residualsfrom the Steady-StateCalibrated Model
(Cont.)

ii II

SLF SRS Easting SRS Northing Head Residual
Well No. (feet) (feet) (feet)

me i [ I I I Ill _ I I II I IBm

46D 45162.8 84054.0 0.7
,, ii ill ,iii l lll

45415.3 84032.6 0.8
...... i,= i|ll

48D 45443.7 83877.5 0.7
i .i =.l

47D 45167.9 83859.3 0.9
. ii i

42 46532.9 83776.2 0.6

55D 45189.3 83_1.3 1.6
II

III

36 45582.3 83535.5 0.8
, u,

56D 45306.6 83398.0 0.0

41 46626.9 83304.9 -0.6
i i i

40 46395.1 83248.8 0.5

39 46218.5 83213.1 0.0

57D 45417.4 83190.2 -0.6
i i .i . J

38 46018.5 83172.3 -0.7
,., m

37 45667.7 83113.2 0.2
, =.

61D 46471.1 83089.1 -1.1
ii

59D 46056.1 83000.1 -0.8
i i

62D 45922.9 82991.6 -2.0
i m

58D 45700.2 82940.6 -0.9

60D 45722.3 82531.5 -1.9
II !
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5.0 TRANSPORT PARAMETERIZATION

Table 3.1 liststhe sixteencontaminantsof concem. The listof COCs include

two metals, one radioactiveconstituent, and thirteen organic constituents for

transportcalculations. Of the thirteenorganicconstituentsin the COC list,many

are knownto undergo bioticor abiotictransformationingroundwater. In addition,
mostof these constituentsare knownto sorbto organicmatteror mineralsurfaces

resultinginretardationof the contaminant.Tritiumisnot retardedduringtransport

but does undergo firstorder decay. Lead and manganese are generally highly
retarded due to sorption. However, in the presence of organic or inorganic
colloids,lead and manganese can sorb to these and effectivelymove unretarded

throughthe aquifer (i.e.,facilitatedcolloidstransport). In the followingsectionthe

parameters controlling transport will be assigned values for the transport
calculations. These parameters are: (1) effectiveporosity, (2) bulk density, (3)

dJspersivity,(4) free-waterdiffusioncoefficient,(5) distributioncoefficient,and (6)

haft life associated with first-orderdecay or degradation. The values used for
these parameters are taken from the literaturein most cases and referencesare
provided.

5.1 Effective Porosity and Bulk Density

The effectiveporosityand bulkdensityvaluesused intransportcalculations
were adopted from Looney et al. (1987). In this EnvironmentalInformation

Documentfrom the SavannahRiverLaboratory,estimatesand recommendations

are made regardingphysicaland geochemicalparametersgoverningtransportat

the Savannah River Plant. In this document, an effective porosity of 0.2 is
recommendedfor environmentalassessmentcalculations.Ukewise,Looneyet al.

(1987) recommend that a bulk density of 1.6 gm/cm3 (100 Ib/_) be used for
transportand assessmentcalculations. ,
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5.2 Dispersivity and Free Water Diffusion Coefficient

The two dispersivitiesrequired for the transport model are longitudinal

dispersivityand transversedispersivity.The magnitudeof longitudinaldispersivity
versusscale of transportwas recentlythe subjectof a surveyarticle of field-scale

dispersionin aquifers(Gelharet al., 1992). In this articlea large percentageof all
available studies on tracer tests and other field-scaledispersion studieswere

reviewedand inmanycasesre-analyzed.They presenteda x-yplotof longitudinal
dispersivityversustransportscale. Forthe SanitaryLandfilltransport problem,the

scale of transport is approximately2(300feet from the centroid of the Sanitary
Landfillto the firstdischargeblocks. Based upon the data plottedinGelharet al.,
(1992), an appropriatelongitudinaldispersivitywould be approximately100 feet.

This value was adopted for thisstudy. This study also looked at the magnitude
of transverse dispersivitiesrelative to longitudinal dispersivities. The basic

conclusionwas that they directiontransversedispersivitywas generallyoneorder
of magnitude less and the z-directiontransverse dispersivitywas generallytwo

ordersof magnitudeless than the longitudinaldispersivity. Based upon this,the

z-direction transversedispersivityused was chosen as 1 foot. This low value is
consistentwith the lackof contaminationpresent at the lowestmonitoredzcJ;_es

(B screen levels).

Becausediffusionis a part of the overalldispersioncoefficient,an estimate
offree-waterdiffusioncoefficientmust be made. Becauseof the highgroundwater

velocitiesinthe vicinityof the SanitaryLandfill(500 ft/yr), the transportisadvection

dominated and consequentlythe distributionof contaminants will be largely

insensitiveto diffusion.Becausemostof the COCs are organiccontaminants,the
free-waterdiffusioncoefficientwas basedon an averageof the free-waterdiffusion

coefficients for vinyl chloride, tetrachloroethylene, trichloroethylene, and

pentachlorophenol. The range in free-water diffusion coefficient for these
contaminants is from 1.1 x 10.3 to 5 x 104ft2/day (11.3x 10"e to

5.4 x 10_ cm2/sec). The averagevaluewas 7.4 x 104 ft2/day (8 x 10"6cm2/sec).
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To illustratethe dominanceof mechanicaladvectivemixingover diffusivemixing,

an averagemechanicaldispersioncoefficientwas calculatedforcomparisonto the
averagediffusionCoefficient.The mechanicaldispersioncoefficientcan be defined
as the productof groundwatervelocityand dispersivity. Thisyieldsa dispersion

coefficientof 5 x 104ft=/day. An effectivemoleculardiffusioncoefficientis equal

to the product of the free-water diffusioncoefficient (7.4 x 104 ft=/day) and the
media tortuosity(assume 0.15). This yields an average diffusioncoefficientof

1 x 10.5ft=/day.

5.3 Distribution Coefficients

The distributioncoefficient (_) is equal to the mass of solute on the solid
phase per unit massof solidphase dividedby the concentrationof the solute in

the solution. The use of the distributioncoefficient here assumes that sorptionis
bothfast and reversibleand that the isotherm(therelationshipbetweenthe sorbed
and solute concentration)is linear. Distributioncoefficientsare usuallymeasured
in the laboratoryunder controlledconditions in batch studies or column studies.

Becausedistributioncoefficientsare very sitespecific,theiruncertaintyis inherent
when measurementshave not been made with site-specificcon,.;tituents,aquifer

materials,and geochemical constraints. Based upon a lack of site-specificdata

at the Sanitary landfill, distributioncoefficientswere estimated from the literature
and empiricalrelationships.The retardationfactor is a ratio of the groundwater

velocity to the edvective velocity of a given constituent and is a function of

distributioncoefficient(Kd),the bulk density of the aquifer (Pb),and the effective
porosityof the aquifer (_):

PbKd
Rf =1 +------

I
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The higher the K_, the higher the retardationcoefficientand consequentlythe
slowerthe constituentadvectivevelocity.

5.3.1 OrganicCOC DistdbutionCoefficients

For the organicCOCs, the Kdis equalto the productof the fractionorganic
carbon (foc) present in the aquiferand the partitioncoefficient between organic

carbon (Ko_andwater. UnfortunatelyKo=is seldomknownand mustbe estimated
baseduponexperimentallyderivedregressionequationsdescribingthe relationship

between the octanol/water partitioncoefficient (K_) and Ko=. Values of K_ for
organicconstituentare readilyavailablein the literature. SchwiUe(1988) reports

Kocvaluesfor someorganicswhichare includedas COCs. For these constituents,

the product of Ko=as reported by Schwille(1988) and the foc will define the

distributioncoefficient. Some COCs do not havea value of Kocdefined inSchwille
(988).

For these COCs, the K_ willbe estimatedfrom the octanol-waterpartition
coefficientusing the Schwartzenbachand Westfall (1981) formula as presented
below:

log Koc= 0.72 log Kow+ 0.49

The valuesof Kowwere taken from Looneyet al. (1987) where reportedand,
otherwise, from other literature sources (Howard, 1989; Howard, 1990;

Montgomery and Welkom, 1990) for those remaining constituents. The

Schwartzenbach and Westfall relationship is based upon experiments with
chlorobenzenesand tolueneand shouldbe consideredapplicableto the organics

present at the Sanitary Landfill. Looney et al. (1987) reported a regression

equation similar in form to the one above; however,their relationshipgenerally

yieldsmuch lowerestimatesof Kocand subsequentlyretardation. The Looneyet
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al. (1987) equation is based upon the behaviorof chlorophenoliccompoundsin
an alkaline aquifer and is not considered appropriate for the SanitaryLandfill.

Table 5.1 reports the values of K_ and Ko, used to estimate organic COC
distributioncoefficients.

Because the distributioncoefficientis dependent upon the fractionorganic
content of the aquifer, site-specificestimatesare desirable. A recent study by

McMahon et al. (1990) reportsfoc measurementsfor Tertiary sands and clayey
sands near Aiken, SC. His resultsindicatethat foc wouldvary from a highof 80

to a lowof 0.02 percentby weight. W'_hsucha range in potentialfoc values,the
distributioncoefficientcan also vary greatly. Looney et al. (1987) proposesthat

a foc valueof I percentby weightbe used for the SavannahRiverSite. Through
consultationwith WSRC (Looney and Haselow, 1992), the smallestfoc value of

0.02 percent by weightwas chosento be used.

Becausethe distributioncoefficientoforganicsincreaseswithincreasingfoc,

WSRC considers it conservativeto use the smallest foc value reported by

McMahon et al. (1990). Table 5.1 reports K_ and P_ factors for the organic
constituentsof concernassumingafoc of 0.02 percentbyweight. The retardation

factorassumesan effectiveporosityof 0.2 and a bulkdensityof 1.6 gm/cm_after

Looney et al. (1987). The estimates based upon the lowest value of foc are

consideredconservativeas they resultinthe lowestestimatesof retardationfactor.
For the conservativecase (foc= 0.02 % by weight), the retardationfactorsrange
from 1.01 to 2.39.

5.3.2 Inorqani¢COC DistributionCoefficients

Tritiumis generallyconsidereda conservativespecieswith a Kdof 0.0 and

a P_of 1.0. Looneyet al. (1987) does reporta Kd for tritiumof 10"3whichresults
in a retardationfactor which insignificantlydeviatesfrom unity. Thereforea Kd
of 0.0 was adoptedfor tritium.
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Looneyetal. (1987) reportsa range of Kdfor lead to be from 10oto 104with
a proposedvalue of 10=. A Kdgreaterthan 1 is generallyconsideredimmobileso
we can see that Onewouldnot expect lead to transport away from the Sanitary
Landfillover the timeframe of the ACL demonstration.However,as Looneyet al.

(1987) pointout, severalfactors can enhancethe mobility(i.e., decrease the Kd)
of a constituentand result infacilitatedtransportof the constituent. Metalssuch
as lead can have a high affinityfor organic or inorganiccolloidswhich act as

mobile sorbents thereby decreasing the effective retardation of the sorbed
constituent. The complexationof metal ionsto organic colloids is governed by

severalfactorssuchas the specificionand the pH and ionicstrengthof the water.
Looneyet al. (1987) proposeda method for dealing withfacilitatedtransport by

determininga facilitatedtransportfraction (FTF)and applyinga low Kd(i.e., 0.001)
to this fraction of the inventoryof the given constituent. The method used by

Looneyet al. (1987) to determinethe FTF cannotbe appliedto the SanitaryLandfill
because there is great uncertaintyin the originalconstituentinventories. For the
sake of conservatismit was assumed that there is a sufficientfraction of lead

availablewhich couldleach from the landfillover the entireperiodof the 50 year

calculations.For conservatismit was also assumedthat lead has an effectiveKd

of 0.001 mL/g. Forcomparisonlead was alsotransportedwithan effectiveKdof
100 mL/g.

For an estimateof the distributioncoefficientfor arsenic,we first lookedat

selectedanalyticalresultsfrom the SanitaryLandfillto characterizethe geochemical

environmentpresentat the SanitaryLandfill. Resultsof chemicalanalyses(Norrell
et al., 1992) of monitoringwells LFW 29 and LFW 10A were evaluated using

MINTEQ2 (Allisonet al., 1991), an EPAchemical equilibriumspeciationprogram,

to assessthe SanitaryLandfillgeochemicalenvironment. Froman assessmentof

the geochemicalconditionscombinedwithsoilgassurveyresults,the potentialfor
microbialdegradationof organiccompounds was estimated. Well LFW 29 is a

background well and is located at the northeastern corner of the Northern
Expansionofthe SanitaryLandfill(pleasesee Figure2.3). WellLFW 10Aislocated
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near the middleof the southernone halfof the originallandfill.This well is one of
the most contaminatedwells associated with the SanitaryLandfill. The water

compositions in these two wells were assumed to represent natural and
contaminated waters, respectively. Table 5.2 summarizesseveral of the major
differencesbetween them.

The data indicatesthat the pH, ionicstrength,and concentrationsof Fe and

TOC increasedramaticallywithinthe boundariesof the landfill. In addition,a soil

gas surveyofthe SanitaryLandfillarea revealedconsiderablemethaneproduction
withinthe SanitaryLandfillboundaries (Pirkleand Masdea, 1990). The methane

productionbelowthe landfillsuggeststhat microbially-catalyzedtransformationis °
occurring. Methanogenic conditions imply that concentrationsof dissolved

oxygen,nitrate,and sulfateshouldbe non-detectable;however,nitrateand sulfate
concentrationsare reported to be approximately3 and4 mg/L, respectively.This

suggeststhat LFW 10A samples may have been exposed to the atmosphere,
improperlypreserved or analyzed, or that there are discretemicroenvironments

withdifferentredoxcharacteristicswithinthe subsurface. The increaseinpH may

i resultfromthe reductionof carbondioxideto methaneand/or dissolutionof basic
materialsinthe waste form. The increaseinionicstrengthand alkalinitysuggests

that the lattermay havecaused mostof the rise in pH.

The chargebalanceerrorin equilibriumcalculationsfor LFW 10Amay have
occurredbecausethe Fe was assumed to be Fe(ll). Fe(ll) is much moresoluble

thanFe(lll) at pH 6.5. However,the potentialcomplexationof Fe(ll) or Fe(lll) with

the dissolvedorganicmatterwas not incorporatedin the equilibriumcalculations.

If the Fe is assumedto be complexed to dissolvedorganicmatter or in the form
of iron oxidecolloids,the charge balance error reduces to less than 5 percent.

These typesof organicand inorganiccolloidsare often encounteredwhere high

dissolvedorganiccarbon concentrations.and changingwater chemistriesoccur
(McCarthyand Zachara, 1989). To obtain a moreaccurate representationof the
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chemistry in this groundwater, these colloids could be characterized using

ultrafiltrationtechniques.

Arsenic (111)is predictedto occur predominantlyin the H_,sOs (aq) form

according to MINTEQ when dissolved. This should not complex stronglywith

organicmatter. Wiley (1989) measureddistributioncoefficientsfor As (V) and As
(111)in differentpH soils. They measured over the pH range of 6.5 and the soils
had a mean grain size of 0.2 mm which is consistentwith the SanitaryLandfill

borings (Sirrine,1992). From their results,a distributioncoefficientof 20 mL/g at

a pH of 6.5 for As (111)was interpolated. This corresponds to a retardation
coefficientof 161. Withsuch a highvalue,one wouldnot expect to see AS inthe

saturated zone at elevated concentrations. Becausea site specificdistribution
coefficient for arsenic is not known, a conservativedistribution coefficientof

0.001 mL/g was used. This is consistentwith lead.

5.4 Dominant Degradation Processes and Associated Haft-life Values

Several of the COCS listed in Table 3.1 are halogenated aliphatic and

aromatic compounds which are known to transform or degrade under certain

geochemical and microbiologicalconditions through both biotic and abiotic

transformations(Vogelet al., 1987). In the followingsection,transformationrates
willbe estimatedfor applicableCOCs. A greatdeal of studyis ongoingregarding
the bioticand abiotictransformationof organicconstituentsand the potentialfor

in-situbioremediationis great. However,a great deal of uncertaintyexists as to

pathways, rates of transfer,and controls on biotransformation. Studiesboth at

laboratory and field scales result in a large variationin resultsand many times
contradictory resultsthrough comparisonbetween studies (Barker and Wilson,

1992). The degradationmodel applied in these transport calculationsassumes

that the transformationprocessesdescribedare firstorderdecay reactionswhich

are analogousto a radionuclidedecay chain.
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After the water chemistrywas examinedto determinethe relevant pH and

geochemicalenvironment,the literaturewas reviewedfor biodegradationhaft.life
valuesof selectedhalogenatedethenes,ethanes, methanes,benzenes,andother

aromaticsundermethanogenicconditionsand reducingconditions.

Halogenatedethenesand ethanesare generallyreductivelydehalogenated
step-wise under methanogenicconditions in a chain-decay process where the
concentration of a lower member of the chain is dependent upon the member

concentration one level above it. Figures 5.1 and 5.2 present the preferred

pathways and estimated half-life values. In general, these compounds
dehaiogenate more slowlyas the number of halogens decreases (Vogel et al.,

1987). Most of the half-lifevaluesgivenare derivedfrom publishedlaboratoryor
field studies which simulate representative groundwater aquifers under

methanogenicconditions. However,a valuefor vinylchloride(VC) was notfound
in the literaturefortheseconditionsand was estimated. The estimatewas based

upon the half-lifevaluesobservedfor the other compoundsin the chainsand the
anticipated increasein haft life down the chainas is suggested in the literature

(Vogel et al., 1987). The haft life for vinylchlorideof 1000 days falls withinthe

range of groundwaterdegradationhaftlivesreportedin Howard et al. (1991) of 56

to 2875 days. The 1000 day estimate is conservatively high relative to the
anaerobichalf life range reportedin Howard et al. (1991) of 112 to 720 days.

The biotransformation of 1,1,1-trichloroethane under methanogenic

conditionsoccursvery quicklyundermethanogenicconditionswith a reportedhalf

lifeof 1 day or less (Vogeland McCarthy, 1987). However,with such a short half
lifeone wouldnotexpectto observeconcentrationsof TCA in the groundwaterat

the Sanitary Landfill. Howard et al. (1992) reports that in groundwaterunder
unacclimatednon-methanogenicconditionsthatTCA has a half lifethat variesfrom

140 to 546 days. In an effort to be conservative,a half life of 343 days was

adopted which is the middleof the reported groundwaterrange. This half life is
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probablylargeand conservativeinmagnitudegiventhe TCAconcentrationhistory

at the SanitaryLandfillmonitoringwell network.

The biotransformationof tetrachloroethene (PCE) under methanogenic

conditionsinvolvesstep-wisereductivedechlorinationto vinylchloride(VC) and
then mineralizationto carbon dioxide (Vogel and McCarthy, 1985). Similarly,
1,1,1-trichloroethane (1,1,1-TCA) reductively dechlorinates step wise to

chloroethane (CA) which mineralizesto carbon dioxide (Vogel and McCarthy,
1987). Although1,1,1-TCA has been shown to degrade to 1,1-dichloroethane

(1,1-DCA)abiotically,the half-lifevaluesfor thisreaction(approximately1.9 years)
and other elimination reactions are reported to be much longer than the

biotransformationreactionsundermethanogenicconditions(Vogeland McCarthy,

1987). These calculationsassume that the biotic pathway predominatesat the

Sanitary Landfilland the abioticpathwayis ignored.

Estimatedhalf-lifevaluesfor allthe organicCOCs are includedin Table 5.3.

No reactionpathsare suggestedforthe lasteight compounds -- the halogenated
methanes, 1,4-dichlorobenzene,dichlorobenzene,benzene, ethylbenzene,and
xylenes. The onlytwo compounds amongthem which are likelyto be involvedin
the same chainare dichlorobenzeneand benzene, but this connectionhas not

been well established in the literature for methanogenic conditions. The

chlorofluorocarbons(CFCs) willmost likelydechlorinatebeforethey defluorinate,
sothe dichloromethaneconcentrationsshouldnotbe affectedbyCFC degradation

(Bouwerand Wright,1988). Barkerand Wilson (1992) report that chlorobenzene

is not expected to biotransform under methanogenic conditicns. Out of
conservatism, chlorobenzene will be considered stable for the transport
calculations.
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5.5 Source Characterization

The SanitaryLandfillbecameoperationalin 1974 asa trenchand fill landfill.

By 1987 the originallandfillwas full and two expansionareaswere createdto the

northand south. The SouthernExpansionhas been used sincethat time and is
projected to fill up by 1993. The NorthernExpansionhas received no waste to

date. The capacity of the landfill (originaland SouthernExpansion)has been
estimatedto be 799 acre-ft (WSRC internalmemorandum).

5.5.1 Soatialand Temporal Natur_ of Source

The exact loadinghistoryof the SanitaryLandfillis not knownbecause recordsof

where and when oldtrencheswereopen were not keptfor the greaterpart of the
landfillhistory. Fromfiguresand memosprovidedbyWSRC, a loadinghistoryhas
been created. The originallandfillwas activefrom 1974 until 1987. It isassumed

thatthe SouthernExpansionwas loadedbetween 1988 and 1993. To quantifythe

temporal and spatialloadinghistory in a simple manner, the originallandfi, and
SouthernExpansionweredividedintoquadrantsand eachquadrantwas assigned

a time intervalOverwhich loadingis believedto haveoccurred. Figure5.3 shows
the Sanitary Landfill with the quadrants depicted as well as the loading time

intervals. Fromthe timeperiodsone can derivethe generaldirectionof trenching
in the landfillover its history. This interpretationof loadingat the Sanitary Landfill
is the basisused later in Section 5.5.3 to derivesource loadingfunctions.

5.5.2 WasteTy0es

The SanitaryLandfill receivesa varietyof solidwaste from SRSconstruction

sites,shops,offices,and cafeterias. The types of materialsreportedto havebeen
disposedin the landfillare paper, plastics,rubber,wood, metal, cardboard, rags

saturated with degreasers, empty containers, food wastes, pesticide bags,and
asbestosin bags (Sirrine,1992). The Sanitary Landfillis not supposedto receive
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any radioactivewastes. However, it has been noted that tritium would not be
detected by on-sitescanners(B. Looney,personalcomm.). This is substantiated

by the presenceof tritiuminthe groundwaterat the site. Grossalpha and gross
beta am also apparentlyelevatedat the landfillsuggestingsources of nuclides.

Groundwatersamplingdoes not currentlyanalyzefor potentialnuclides.

Solventrags containingindustrialdegreaserssuch as TCA and PCE have
been depositedatthe SanitaryLandfillovertwo knownareas. These areasare the

original landfill area and the southern half of the Southern Expansion (see

Figure 1.2). Degreaser use at the A/M Area has been extensive with 3.7
millionpounds of TCE used from 1952 until1970, 8.7 millionpounds of PCE used
from 1962 until 1979, and 0.7 millionpoundsof TCA used from 1979 until 1982

(ChristensenandBrendell,!982). Althoughtheexacttypeof degreaserassociated
with the solvent rags is not known, one possibilityis that these rags were

permeated with PCE and TCA given the chronology above. As previously
discussed, dilute concentrations of degreasers have been detected in the
groundwaterat the site.

PM&A Consulting Engineers conducted a waste characterization over
25 weeks in 1990. There findingsare reportedin Table 5.4. Over the course of

their study they recorded an average waste deposition rate of

22.3 x 10e pounds/year. Unfortunatelythe amountof each waste type is based
upon volume and not mass. For this reason, there is significant uncertaintyin

estimatesof COC inventoriesat the SanitaryLandfill.

5.5.3 SourceLoadingand ImDlemQntetion

The three types of informationneeded to approximatesource loadingwere:

(1) where inthe landfilldo we see evidencefor a givenCOC emanating?;(2) when
do the variousportions of the landfillload (i.e., when do they start acting as a

source for a given COC)?; and (3) what is the source inventory? In order to

5-12



approximatethe spatialand temporalloadingof the landfill,the originallandfilland
the SouthernExpansionwere dividedinto four quadrants each (see Figure5.3).
These quadrants are numbered 1 th='ough8. SWIFT II grid block numbers
associated with each quadrant also listed in the figure. The grid blocks are

numbered left to rightin layersstartingin the upper left comer of the grid for the

cross-sectionalflow and transportmodel illustratedin Figure 4.9.

To determinewhich quadrants of the landfill act as a source for a given
COC, allPOCwellsandotherwellsinteriorto the SanitaryLandfillwereassociated

with a givenquadrant. Then usingthe bubbleplots in AppendixA, allwellsat the
Sanitary Landfill were checked to see if a given COC was ever present at
concentrationsover one half of the MaximumConcentrationUmit (MCL). For

those constituentsnot havinga primarydrinkingwater standard (see Table 3.1),
riskbased surfacewaterand organismstandardsprovidedby Damesand Moore
wereusgd. To determinethesevalues,Damesand Moore calculatedthethreshold

concentrationfor surface water for ingestionof water and eating of organisms
based upon a risk of 10"e. The standards for dichlorodifluoromethane,

trichlorofluoromethane,and dichloromethaneare 5.67, 5.67, and 4.65 ug/L,
respectively. Becausethese valuesare so low, all potentialsource blocksmust
be consideredsources. Therefore, for these 3 COCs the best-estimatesource

scenariois equivalentto the maximumsourcescenario. Usingthis approacha list
of quadrants were tabulated for each COC which could conservatively be
considereda bestestimatesourcearea. Forthe organicconstituents,the soilgas

survey was used to corroboratethe areas identifiedwith the method described

above. For the maximumsourcescenario,allquadrantswere consideredsource

areas forallCOCswiththe exceptionof the degreasersolventstetrachloroethylene

and 1,1,1-trichloroethane. For these two COCs, quadrants 5 and 8 were not
consideredas sourceareas because these areas were not used for solventrag

deposition. There are .n.omonitoringwellswithinquadrants 5 and8, thereforethe

assumptionthatthesequadrantsare not ragsource areas is uncertain. Table 5.4
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liststhe quadrantsconsideredas source areas by COC for both the conservative
best-estimateand the maximumsourcescenarios.

The quadrant system was also used to identifywhen individualtransport

model grid blocks were started as source contaminant source blocks. The
sanitarylandfillhas been in operationsince 1974 and iscurrentlystillactive. The

SanitaryLandfillhas been receivingwastessince 1974and operatesas an unlined

trenchand filloperation. The odginallandfillsite was 32 acres. This area reached
its capacityaround 1987 and a NorthernExpansionof 16 acres and a Southern

Expansionof 22 acreswasadded in 1987. The NorthemExpansionhasnot been
usedfor wastedisposalto date and the SouthemExpansionis expectedto reach

capacity by the end of 1993 to 1994. The exact locationof each trench and its

timeof operationwas notdocumented. However,some rough detailsare known
regardingthe landfillloading.

The eightquadrants making up the active Sanitary Landfillare shown in
Figure5.3. Alsoshown in parenthesisare the yearsoverwhicheach quadrant of

the landfillwas active. Each quadranthas a number of SWlFT-II grid blockcells
which are associatedwithit. Each SWlFT-II sourceblockwas associatedwith a

year in which it became active which was based upon the active years of the

quadrantand the directionof trenchinginthe givenquadrant. Figure3.3 liststhe

SWIFT-II grid blocknumbersassociatedwith each quadrant. Table 5.6 liststhe
year each SWiFT-IIgrid blockis activated as a source. Forexample,a COC with

onlyquadrant3 active as a sourcearea forthe conservativebest-estimatesource
scenariowouldhaveblocks32, 34, and 36 act asmodelsourceblocksturningon

in 1987, 1986, and 1986, respectively.

So far the discussionhas focused on the rationalefor determiningwhich

modelgridblocksact as sourceblocksand whenthey become active for a given

COC. Assumptionsregardinga givenCOC sourceinventoryand how longeach
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source block can remain active as a source willbe discussedin the following

paragraphs.

Littleis knownregardingthe potentialinventoryof the COCs inthe Sanitary

landfill. Several studies of the Sanitary landfill waste stream have been
performed. The latest, and perhaps the most extensivestudy was performed by
PM&A ConsultingEngineersand the resultsare summarizedin Table 5.4. Over

a 25 weekstudyperiod,the SanitaryLandfillreceivedan estimated10,726,848 Ibs.
of waste. This could be extrapolated to a yearly deposition rate of

2.23 x 107Ibs./year. Assumingthis ratewouldbe good from 1974 until1993, this
wouldmean that a totalof 4.24 x 108Ibs. of waste couldpotentiallybe deposited

inthe Sanitary landfill by closure.

Table 5.4 lists the relative percentages of each waste type by volume.
Althouf_hthis type of informationis useful, it does not provide a great deal of

insightint_;}potentialCOC inventories. Becausewe do notknow a COC inventory,
we can not conservativelyestimatewhen a givenCOC may stopemanatingfrom

the Sanitarylandfill. Becauseof this, the inventoriesare conservativelyassumed
to be sufficientto be constantthroughoutthe periodof institutionalcontrol(i.e.,the

year 2025 which is 30 years after the proposed capping in 1995). As an extra
conservatism, the input concentration will be the highest observed point of

compliance(POC) concentration(Table3.1). Therefore, once a sourceblock is

turned on, it produces Sanitary landfill effluent at a concentrationequal to the
maximumobservedPOC concentrationfor the entiresimulationperiod.

Inthe implementationof SWIFT II, the actual inputconcentrationis a relative

concentration(C/Co) set equal to unity. The simulationresultsfrom SWIFT II are
in terms of relative concentrations. The results are simply denormalized to

absoluteconcentrationsina procedurewhichwillbe fullydescribedinSection 7.4.
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Wrth respect to source inventory questions, there ara some bounding
calculationswhich can be made. The assumption is that the maximum POC

concentrationwillbe inputover the simulationperiod. In Table 5.7 the inventory
necessary for inputingthe maximumobservedPOC concentrationfor eachCOC

is calculatedassumingthe total SanitaryLandfillArea and an infiltrationrate of
15 in/yr. Ifwe inputthe maximumobserved POC concentrationfor allCOCs, this

would implya totalCOC inventoryof 30,000 Ibs. ff we assume that the potential
total Sanitary Landfillwaste massdeposited is 4.24 x 108Ibs, then the maximum

transportcalculationinventoryis 0.007% by weightof the potentialwaste mass.

Sincethe tetrachloroethylene(PCE) sourceisthought to be a resultof spent

solventragdepositioninthe SanitaryLandfill,a potentialPCE source inventorycan

be estimated. The "rag depositionarea" (see Figure 1.2) is approximately
1.8 x 106ft=. Assumingthe depositionof 1 inchof .colventragsover the entirerag
depositionarea, inventoryof PCE can be estime_,edassuminga PCE saturation

and porosity. Assuminga range insaturationfrom 0.2 to 0.01 and a range inrag
porosityfrom 0.1 to 0.5, the variationin PCE inventory ranges from 1.5 x 104Ibs

to 1.5 x 10e Ibs PCE. The mass required to input the observed POC maximum
concentrationover50 years (Table5.7) is approximately5500 Ibs. Based upon

this simpleanalysis,an assumed inventoryof PCE of 5500 Ibs is well belowthe
potential inventory and, therefore, non-depletion of the source mass is a
reasonableassumption.

The assumptionto inputthe maximumobservedPOC concentrationforeach

COC is consideredconservative. Table 5.7 compares the total COC inventory
requiredfor inputingthe averageversusthe maximum POC concentration. The

differencein inventoryis a factor of 18. It is co_,sideredlikelythat the average
observed POC concentrationrepresents a more probable long term release
concentrationas comparedto the maximumobserved concentration. Therefore,

the source input assumptionsfor the SanitaryLandfilltransportmodelingmustbe
considered conservative from a long term perspective. However, based upon
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source uncertainties, the proposed use of the maximum observed COC

concentrationis conservativefrom a regulatoryperspective.
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t_ References
IPCEI --
B 70 days Suflita et al. (1988)

_r

B 120 days Barrio-Lage et al. (1988)
_f

IDCE]
a I 200 days Barrio-Lage et al. (!986)Wilson eta. (1986)

lvcl

B [ 1000 days estimated

lco,!

B = Biotic transformation (Vogel and McCarty, 1987; Vogel et al, 1987)

t,_2=HalfLife
!

Figure 5.1 Transformation of PCE/rCE Under Methanogenic Conditions
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[1 ,i ,1-TCAI _t,_ References
/

/ 1day Vogel and McCarty (1987)B
4,

I:1,I-OCA I

100 days estimated
B ,

1

1000 days Vogel and McCarty (1987)A
4,

B = Biotic transformation
A = Abiotic transformation to ethanol which is quickly transformed

biotically to carbon dioxide (Vogel and McCarty, 1987)
t,_ = Half Life

Figure 5.2 Transformation of 1,1,1-TCA Under Methanogenic Conditions
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SANITARY LANDFILL

Southern Expansion

(years) Time Interval that the Landfill
Area was Assumed Active

Associated
SWIFT-Ii

_t Grid Blocks

1 27, 29, 31
2 33, 35, 37
3 32, 34, 36
4 28, 30
5 39, 41
6 43, 45, 47
7 44, 46
8 , 38, 40, 42

Figure 5.3 EstimatedLoading History for the Sanitary Landfill by Quadrant
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Table 5.1 SorptionParametersfor OrganicCOCs

llI'll III -- _ -- I ,, ............ ,,,r

Koc log Kow
Sohwille from Literature Kd

Constituent (1988) Literature Citation (mL/gm) Rf
- -- _" -- II ' I , ' II 71 II ± .=, _

ChlorinatedAliphatics

1,1,1-Trichloroethane 152 0.030 1.24

Tetrachloroethylene 324 0.065 1.52
,l ,,-- , ..,, __ ,,,. __ __

Trichloroethylene_ 126 , 0.025 1.20 '

Trans 1,2-Dichloroethylene 59 0.012 1.09

Chloroethylene NR 0.9 1 0.003 1.02__ __ __
, , ., J, | _ . ,

Dichlorodifluoromethane NR 2.16 4 0.022 1.18
-- . -- , .i , ,,. ....

Trichlorofluoromethane 159 0.032 1.25
, ,, , . __ L __ ,., __

Dichloromethane 8.8 0.002 1.01
-- ,=. __ . , •

Chlorobenzenes
,.,, __ ,, ,, ,,,,, ,, ,.,, , _ _ _

Chlorobenzene 330 2.84 2 0.066 1.53
H, i| ,,

1,4-Dichlorobenzene NR 3.4 1 0.173 2.39
-- , ,, ,,,, , _ ,,.. _ .,, __ __ _

Aromatics

Benzene NR 2 1 0.017 1.14
,.,., ,,. ,, | H

Ethylbenzene NR 3.15 2 0.115 1.92
-- ,, .. . .. ,,if,

Xylenes NR 3.12 3 0.109 1.87

Citation1" Looneyet al. (1987) Koc = OrganicCarbonandWater
Citation2: Howard (1989) PartitionCoefficienti

Citation3: Howard (1990) Kow = Octanoland Water
Citation4: Montgomeryand Welkom (1990) PartitionCoefficient
NR = Not Reported Kd = DistributionCoefficient
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Table 5.2 Water Analyses from Monitoring Wells LFW-29 and LFW-10A,
Sampled FirstQuarter,1991.

ll IIII I n I I II IIIILFW 29 J LFW 10A
Ill II I ..... -'l _ ' =_ =_ , - , ,

PH .. 4.9 = _ 6.5 ..

Fe 0.0223 98.1
,, -- -- ,

TOC (rag L"1) 1.0 43.6, ,, -- -- - i

Alkalinity(rag L"1) 0 214

Charge Balance Error < 5 % 37.5 %,,, ,, , , ,, ,,

Ionic Strength (M) 0.00018 0.0043
III III I i I Ill -- ill I II
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Table 5.3 Biotransformation Half-Life Values for Organic COCs under
MethanogenicConditions.

• .,r .,,

Half-Life

Organic Compound (days) Reference
i i i i i i

Tetrachloroethylene 70 Suflitaet al. (1988)

Trichloroethylene 120 Barrio-I_ageet al. (1988)

Trans-l,2-Dichloroethylene 200 Barrio-l.ageet al. (1986)
Wilsonet al. (1986)

VinylChloride 1000 estimatedi

1,1,1-Trichloroethane 343 Howard et al. (1987)
i i llll

Trichlorofluoromethane 730 Howard et al. (1991)

Dichlorodifluoromethane 730 Howard et al. (1991)

Dichloromethane 112 Howard et al. (1991)

1,4-Dichlorobenzene 730 Howard et al. (1991)

Chlorobenzene NA Barkerand Wilson (1992)

Benzene 1100 Barkerand Wilson (1992)

Ethylbenzene 1380 Barker and Wilson (1992)

Xylenes 475 Barkerand Wilson (1992)
II
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Table 5.4 RelativePercentageof WasteType byVolumeandCumulativeWaste
Weight,SanitaryLandfill,for a 25 Week Periodin 1990 (AfterPM&A
ConsultingEngineers,1990).

LII Hi

Percentby Volume
II I I I III , ,

Paper 20.38
,i, i ii i

Cardboard 28.59
i ii

Lumber 0.17
i = | i

Aluminum 2.2.5

Other Metals 5.28
i i, ,i ii i

Glass 0.74
i, i

Plastic 21.62
,,, , i i ==

Cafeteria 7.34
,, ii i i ,

Other 13.61
I II Ill

Cumulative Weight = 10,726,848 Ibs
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Table 5.5 ActiveSourceAreasDefined by Quadrant for the Best-Estimateand
MaximumSourceScenarios

, I

ConservativeBest- Maximum
EstimateSource Source

Constituent Scenario Scenario
' II

Chlorinated Aliphatics

1,1,1-Trichloroethane 2,3,6,7 1 ,2,3,4,6,7

Tetrachloroethylene 2,3,6,7 1 ,2,3,4,6,7

Trichloroethylene 2,3,6,7 1 ,2,3,4,6,7 ,

Trans 1,2-Dichloroethylene 2,3,6,7 1,2,3,4,6,7

Chloroethylene 2,3,6,7 1 ,2,3,4,6,7

Dichlorodifluoromethar_e 1 through8 1 through8

Trichlorofluoromethane 1 through8 1 through8

Dichloromethane 1 through8 1 through8
,, ,

Chlorobenzenes

Chlorobenzene 2 1 through8

1,4-Dichlorobenzene 2,5 1 through8
Aromatics

,,, , ,

Benzene 2,3,5 1 through 8

Ethylben'zene 2,3 i through 8

Xylenes 2,3 1 through 8
,|

Metals

Arsenic .... 1,2 i. !.....through8
Lead 2,3,4 1 through 8

Radioactive

Tritium,,, , 2,3 , ! 1 through 8
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Table 5.6 Timing of Source Loading by SWIFT-II Grid Block Number.

SWIFT Grid Number Year Source Begins

27 1975

28 1988

29 1977

30 1987

31 1979 o

32 1987

33 1981

34 1986

35 1983

36 1986

37 1985

38 1994

39 1993

40 1993

41 1992

42 1992

43 1988

44 1991

45 1989
p

46 1990

47 1989

5-26





6.0 EVALUATION OF CAPPING SCENARIOS

The local-scalemodelinginthe Sanitarylandfill vicinityhas manyobjectives,
one of which is to quantifythe hydraulicresponsesin the vicinityof the Sanitary

landfill resultingfrom various capping scenarios. WSRC will install a RCRA
geosyntheticcap at the Sanitary landfill as part of the landfill closure. The

proposedRCRAcap to be constructedat the Sanitarylandfill may coveran area

as largeas 52 acres. The cap willconsistof a foundationlayer,a gas vent layer,
a bentonite mat overlainby a flexiblemembrane liner (FML), a drainage layer,a

geotextile filter, and a vegetative layer including6 feet of topsoil. The cap,
includingthe foundation layer, will exceed 5 feet in thicknessover the existing
trench area and willtaper off with a 1 to 4 slopepast the existingtrench area.

Becausethe watertable is shallowin the vicinityof the Sanitary Landfill,it is
thoughtthatthe bottomof thewastetrenchesmay haveinthe pastbeen saturated

by groundwater in northern areas of the landfill in times of above average

precipitation.Modelingwas performedfor variouscappingscenariosto examine

the net groundwaterheaddecreaseexpected to occurunderthe Sanitary Landfill.
These calculationswereperformedto assistWSRCclosurestaffindeterminingthe
futurepotentialof waterSevelsrisingup to the bottomof the wastetrenchesunder

capped conditions.

The steady-state calibratedareal flow model was used as the basis for

modeling the areal head changes resulting from capping. The steady-state

calibratedheads were the initialconditionsfor the cappingmodeling. The cross-

sectionalflowand transportmodelwas used to examinethe effectsof cappingon
constituentconcentrationsclowngradientfrom the landfill. The resultsof these

analysesare presentedin the followingsections.
i
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6.1 Hydraulic Response to Capping

Two differentcappingscenarioswere proposed by WSRC to be evaluated.
These two scenariosdifferinthe area covered by the cap. Scenario1 considers

cappingof the originallandfillarea and the entireSouthernExpansion. Thisarea
corresponds to the entire area which is known to have received waste at the

Sanitary Landfill. Scenario2 considers capping only those areas which are
estimatedto havecontainedsolvent-saturatedragsinthe areacommonlyregarded

as the solventragdepositionarea. Figure1.2showsthe area commonlyregarded
as the solventrag depositionarea priorto November20, 1992. Itwas discovered

thata smallamountof ragdepositiondid occurinthe northemhaftofthe Southern

Expansion(letter,Robertsto Wilson. ESH-ENV-92-360,November20, 1992). This
discoverywas too late for the modelingcontainedin this report. Because the
depositioninthe northernhaftof the SouthernExpansionisthoughtto be minimal,

it is expectedthatthe neglectof theirpresencewouldnot altermodelconclusions
(memorandum,T.G. Jordonto A. Suer, February16, 1993).

Foreachcap scenariolistedabove,a setof foursimulationswerecompleted
based upon a range of cap efficiencieswhich were 100%, 95%, 90% and 85%.

These cap efficiencieswere provided by WSRC for consideration. The cap
efficiencyisdefinedas the percentof totalprecipitationwhichinfiltratesthroughthe

Sanitary Landfillcap. Infiltrationratesthroughthe caps are based upon the long

term SRS site average precipitationof 48 in/yr (Fenimore and Hooker, 1977).
Therefore, cap efficienciesof 100%, 95%, 90%, and 85% correspond to cap

infiltrationratesof 0, 2.4, 4.8, and 7.2 in/yr, respectively.

6.1.1 Areel FlowMod_l

The steady-statecalibrated areal flowmodel was used to examinethe areal

effectsupon the hydraulicheadsand particletraveltimescausedby the proposed
capping scenarios. The calibratedmodel (see Section4.2.4) was used as the
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initialconditionfor the transientmodelingof cap effects on heads. A transient

model requiresspecificationof a storage term for the aquifer unit. The specific
yield is the storage term for an unconfinedaquifer and is generallyequal to the

porosityof the aquiferunit. For thesecalculationsthe specificyieldwas assumed

to be equal to the mediumporosityof 0.2.

Cap conditionsare simulatedbyreducingrecharge over the capped portion

of the Sanitary Landfillby the appropriate amount based upon the modeled
efficiency. The remainderof the modelarea stillreceivesthe rechargerate of 15

in/year as determinedby the areal steady-statecalibratedflow model. Assuming
that the precipitationaverages 48 in/year, the naturalland cover in the Sanitary

Landfilllocal-scalemodelarea has an efficiencyof 6_;%without a cap.

It should be noted that "capping"the landfill(by reducingthe volumetric

recharge in the model) will instantaneouslyaffect water levels in the numerical
simulationsbecause the model does not consider flow in the unsaturatedzone.

In reality,therewillbe somelag timeassociatedwith the decrease ingroundwater
recharge due to the fluidstorage in the unsaturatedzone. After capping, the

actualamountof rechargewilldecreasewithtime untilit approximatelyequalsthe

amountof fluidinfiltratingthe landfillcap.

For cappingScenarios1and 2 the maxil_umhydraulicresponsesresulting
from capping were evaluatedw_thsteady-statesimulations. Through a steady-

state analysisthe maximumeffects from c,_ppiingcan be examined independent
of time. Both the change in head and the change in the model volumetricflow

balance wereexamined. In addition,changesinparticletracktrajectory andtravel

timesto dischargepointswere evaluatedfor the variouscapping scenarios. The

timedependenttransienteffectsof cappingwere also evaluated. For the transient

analysis,the cappingconditionswereimplementedto evaluatethetimedependent
responsein water levelsand thetimetaken to reach a new steady-statehydraulic

condition under capped conditions. In addition, a transient simulationwas
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performedto evaluatethe transienthead responsesunderand aroundtheSanitary

Landfill resulting from extreme transient precipitation events under capped
conditions. Thisanalysiswas done to assistWSRC closurestaff in predictingthe

potentialrangeofwaterlevelsunderthe Sanitary Landfillundercappedconditions.

This analysisis meant to aid WSRC staff in the determinationof whether water
levelscould riseto the heightof the trenchesunder high rechargeevents.

6.1.1.1 TransientSimulations

Capping Scenario1 maximizescap area because it is assumed that the •

entireoriginal landfilland the entireSouthern Expansionare capped,, Capping
Scenario1 underthe assumptionof 100%cap efficiencyeliminatesrechargetothe
entireSanitary Landfillarea thatis knownto have receivedwaste. For thisreason,

Scenario 1assuminga cap efficiencyof 100%waschosento illustratethetransient

effectsof cappingon the headsinthe vicinityof the SanitaryLandfillbecause itwill
producethe largesteffects. In reality,the cap efficiencyfor any geosyntheticcap

will be less than 10_-_. It shouldbe noted that only]head differencemaps are
presented for each capping scenario because visual differences in head for

conditionsof no-cap and cap conditions are not discernable with a practical
contourinterval.

The transienthydraulicresponseto cappingfor Scenario 1 assuming100%
cap efficiencyisshownin Figure6.1. witha seriesof hydrographs. In Figure6.1,

headchange in feet isplottedasa functionof timesincecapping for threedifferent

locationsunderneaththe SanitaryLandfill. As one mightexpect, the net effectof

cappingon the water levelsunderneaththe Sanitary Landfillis to cause headsto

decreaseasa resultof decreasedverticalrechargeresultingfrom precipitationand
infiltration.The magnitudeof head decrease is a function of locationbeneaththe

SanitaryLandfill.The hydrographsshown inFigure6.1 are from threegridblocks
in the areal flow model; one is located at the northern end of the Northern

Expansionof the SanitaryLandfill(denotedhydrographA), one is inthe middleof
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the originalportion of the SanitaryLandfill (denoted hydrograph B), and one is
located at the southernend of the Southern Expansionof the Sanitary Landfill

(denotedhydrographC). In this simulation,the initialconditionsare the steady-
state calibratedmodel heads. The only variable that changed from the steady-

state modelwas the rechargerate over the Sanitary Landfill. These conditions

weresimulatedfor a fiveyeartimeperiodto evaluatethe overalleffectsof capping
on water levelsnear the SanitaryLandfill.

The largesthead decrease undercapped conditionsoccurred inthe middle

of the SanitaryLandfill(hydrographB). The northernandsouthernsectionsof the
Sanitary Landfillexperiencedless head decrease. The majorityof the declinein
water levels occurs in the first year after capping, and under the simulated

conditions,the systemreachesquasisteady-stateconditionsafter about 2 years.

Figure6.2 showsan areal view of the head decrease at 5 yearsafter cappingfor
Scenario1 under 100% cap efficiencyconditions. The maximumhead decrease
isa littleover0.6 feet and iscenteredaroundthe centroidof the cappedarea. The

area of decreasedheads is limitedto the vicinityof the Sanitary Landfill.

Another simulationwas performed to evaluate the response of the water

table elevationto temporal changes in recharge. This was accomplishedby

implementing a highly variable sequence of precipitation (and subsequent
recharge)eventswhichmightoccur at the Sanitary Landfill. A transientdata set

was assembledwhich incorporatedrecharge conditionsthat were based on the

measuredrainfallnear the Sanitary Landfillsite overa 2 year period. The primary
objective of the simulationwas to examine the maxima and minima of heads

observed under the Sanitary Landfilland to examine the effects of the cap in

"dampingNwater level fluctuationsunder the Sanitary Landfill in comparisonto

areas in the aquifernot under the cap. It was assumedthat the initialheads for

the simulationwerethe resultsof the steady-statesimulationincorporatingcapping
Scenario1 (95% efficiency). For definitionof a highlyvariableprecipitationevent

that may occurinthe vicinityof the Sanitary Landfill,itwas assumedthat the same
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rainfallsequencewhich was observedfrom 1990 through 1991 at the A/M Area

approximately3 milesnorthof the SanitaryLandfillwas observedover the entire
SanitaryLandfillmodel area. Figure6.3 showsa bar graph of the precipitation

observedat the A/M Area over the periodfrom January1990 throughDecember

1991 and Table 2.2 tabulatestha values. Capped conditionswere implemented

over the Sanitary Landfillaccordingto capping Scenario1 assuming& 95% cap
efficiency. Transientrechargevaluesfor the simulationwere assumedequal to
31% of the measuredrainfall.Thismodel does notexplicitlymodelthe unsaturated

zone. As a result, the assumption that recharge is a fixed percentage of
precipitationmay underestimateinfiltrationduring extendr=_:lwet time periods.
Figure6.3 illustratestheestimatedrechargefrom January1990throughDecember

1991 for the Sanitary Landfillvicinitybased upon the rainfalldata and a constant

relationshipbetween precipitationand recharge. Recharge over the Sanitary
Landfillmodel area was changedevery 30 days in a stepwisemanneras shown
in Figure6.3. The simulationstarted at steady-stateconditions for Scenario 1

underan assumedcap efficiencyof 95%. The transientportion of the simulation

beginsin January 1990 whichcorrespondsto the initialsteady-stateconditions.
After the initial two-year period which implemented the transient recharge

conditions,it was assumed that rainfall(and thusrecharge)once againcontinued
at the "average"valuesshown in Figure 6.3.

Figure6.4 showsthe locationand indexnumberof the gridblockswithinthe
local Sanitary Landfill areal model which were monitored during the transient

simulation. The water level responseor hydrographsfrom the monitoredgrid

blocksis shown in Figures6.5 and 6.6. Figure6.5 illustrateschangesalong the
axisof the Sanitary Landfillrunningparallelto the meangroundwaterflowdirection

(northto south)and Figure6.6 showsthe head changesalong an axisnormalto

the mean groundwaterflow direction(east to west). Also plottedon Figures6.5

and 6.6 is the regional recharge rate in inches per month imposed upon the

Sanitary Landfillareal modelas a boundary conditioninthe arealmodel excluding
the Sanitary Landfillcap area. Bycomparingthe hydrographsin Figures6.5 and
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6.6 to the rechargetime seriesplotincludedon these figuresit is easy to see the
correlation between the regional recharge and the change in water levels
underneathand aroundthe Sanitary Landfill. As shown in Figure6.4, Block7 is
located in the center of the Sanitary Landfill. Figures6.5 and 6.6 indicatethat

water levelincreasesare typicallysmallerin areas interioran underneaththe cap

during high rechargeevents as compared to locationsjust outside the Sanitary
Landfill. However,duringlow rechargeevents,the water levelseemsto decrease

more in the centerof the SanitaryLandfillthan at locationsoutsidethe landfill. In

general, the overallwater levelresponse to the fluctuationin recharge tends to

mimicthe changes_hatare observedwhen comparing steady-stateheadsunder
capped and no-capconditions. In otherwords,the water levelfluctuationswhich °
might be expected under transient recharge conditions with a cap can be

estimated by superimposingthe steady-statedecrease in water levels due to

cappingon the transientwaterlevelsthroughoutthe region. For example,ifheads
immeuiatelyunderneaththe SanitaryLandfillhave historicallyrangedfrom 156 to

146 ft above mean sea level (amsl), then under cap Scenario 1 conditions
assuming 100% cap efficiency,one could expect heads to range over 155.4 to
145.4 ft amsl.

6.1.1.2 Steady-StateSimulations

Itwas discoveredinthe transientsimulationsthat the flow systemreaches

quasi steady-state conditionsrelativelyquickly (within 1 to 2 years) after "cap
conditions"are implemented.For this reason,it is sufficientto compareeffectsof

different capping scenarios under steady-state conditions. Comparison of

Figures6.2 and 6.7 clearly illustratesthis point. Figure 6.2 shows the head
decreaseundertransientconditionsfiveyearsaftera cap 100%efficientScenario1

cap was implemented.Figure6.7 showsthe steady-stateconditionsfor the same

scenario. There isno discernabledifferenceinthe head differencemaps. Forthis

reason, the remainingsimulationsincorporatingdifferent capping scenariosand
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efficiencieswere modeled under steady-state conditionsto quantify maximum

hydraulicresponses.

Rgures6.8, 6.9 and 6.10 show areal head decrease maps for Scenario1
assuming capping efficienciesof 95%, 90% and 85% respectively. Scenario1

assumesthat the cap coversthe entireoriginaland SouthernExpansionportions
of the SanitaryLandfill. As expected, the decrease in heads due to capping

becomes lesssignificantas the efficiencyof the cap decreases. The areal extent
of decreasedheadsisalsosmallerunderlessefficientcappingscenarios,asnoted

by the decreased sizeof the 0.2 foot contour.

Figures6.11, 6.12, 6.13 and 6.14 illustratethe areal head decreases at
steady-stateconditionsresultingfrom capping Scenario2 under assumed cap
efficienciesof 100%, 95%, 90% and 85%, respectively. Scenario2 assumesthat

the cap covers the entireoriginalportionofthe SanitaryLandfilland the lowerone-
halfof the SouthernExpansionwhichisthoughtto have receivedsolventrags. As

anticipated,the magnitudeof the decrease in the heads for Scenario 2 are less
than those simulatedfor Scenario1 because the area over which recharge is
diminishedis smallerin Scenario2. The areal extentof head decreasesresulting

from capping are smallerfor Scenado2 as compared with Scenario 1. Also,the

point of maximumhead decrease is centered slightlyfurthersouthfor Scenario1
for a givencap efficiency_lhencomparedto the resultsfrom Scenario2. This is
the resultof the northernone-halfof the SouthernExpansionbeing not capped in
Scenar.io2.

The overallchange in heads and resulting flow systemconditionsdue to

capping the Sanitary Landfill is minimal. Table 6.1 summarizes the overall
volumetricflow balancefor the variousflow boundary conditionsfor each of the

eight differentcappingsimulations.A complete discussionof the variousmodel

boundary conditionsand their specifieduse can be found in Section4 of this
report and in Figure4.1. In review,the PrescribedHead Boundary Conditions

6-8



(PHBs) are specifiedon the northern boundaryof the flow model and represent

up-gradientgroundwaterflow intothe local-scalemodel. The rechargeboundary
conditionisspecifiedto the top of the modelgridand isrepresentativeof infiltration

dueto precipitation.The DrainBoundaryConditionsrepresentthe modelwetlands
bordering UTRC and "rims Branch to the east. The General Head Boundary

Conditions(GHBs) are specifiedalong the westernborder of the modelwhichis
dominantlya no-flowboundaryandalsodefineUTRC. Mostchangesinthe GHBs
volumetricflow are a resultof flow changesthrough the UTRC nodes.

Table 6.1 showsthe volumetricflowratesattributedto eachset of boundary

conditionsand also tabulatesthe relativepercentagedifference(RPD) in the flow
rates for each simulationas compared to the calibratedsteady-statevolumetric

flowrates assumingno.cap conditions. The RPD is definedas:

RPD V=-Vno= x 100
Vna

where: Vno = Flowrate (_/day) of model componentundersteady-state
conditions (no capping)

V= = Flowrate (_/day) of model componentundersteady-state
conditions(with cap of specifiedefficiency)

ForScenario 1, the RPD in recharge for the entiremodel ranged from -1.5

to -2.8, depending on the capping efficiency. The prescribed head condition
implemented on the northern boundary of the model (representing regional

underflow) is the only source for groundwater except for vertical recharge,

Becausecappingcreates a decrease in heads in the near vicinityof the Sanitary
Landfill,flow through the northernPHBs increasesin response to the increased

hydraulicgradientsdirectedtowardsthe SanitaryLandfillarea. Rechargeobviously
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decreases over the model area as a resultof increased cap efficiencyand the

relativepercentdifferenceranges from -1.45 to -2.79. Noticethat the increasein

flow through the PHBs does not match in magnitudethe decrease in recharge
resultingfrom capping. This is manifestedin the net decrease in heads over the
vicinityof the SanitaryLandfillas a resultof capping. The GHBs whichrepresent

UTRC also havea reducedvolumetricfluxwitha RPDrangingfrom -0.17 to -0.33.
The changes at the GHBs is less than for the other boundaries. The overall

differenceinflowrate inandoutof the modelfor the no cappingcaseand capping

Scenario 1 was less than -1.4% regardlessof the simulationcap efficiencyand
ranged from -0.71 to -1.4. For Scenario2, the generalflow balancebehavior is
similarto Scenado 1 but withsmallerdifferencesas comparedto the steady-state
no cap simulation.

6.2 Effects of Capping on Contaminant Transport

Conservativegroundwater transport of a generic contaminant from the

SanitaryLandfillundercappedconditionswasevaluatedusingthe arealflowmodel
and the cross-sectionalflowandtransportmodel. The arealflowmodelwas used
to analyze changes in the areal movement of contaminantsthrough particle

trac!_ingtechniques. The advectivetraveltimesof a seriesof particlesto discharge

to pointsdown gradientwere comparedbetweenvariouscappingscenariosand
alsowere come,red to the steady-statecalibratedresultspredictedunderno-cap

conditions.The vertical flowand transportmodelwas usedto transporta generic

conservativeconstituentfrom the SanitaryLandfilldown gradient to discharge
pointsclowngradient. Simulationswere comparedfor variouscapped conditions

versusthe steady-statecalibratedno-cap conditions. Comparisor_swere made

between actual contaminantdistributionsand changes in seepline and UTRC
concentrationsundercapping and no-capconditions.

i

Prior to evaluatingthe changes in advectivetravel times fromthe particle
trackingsimulations,maximumgroundwaterflow velocitychanges _ a resultof
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capping shouldbe evaluated.The arealflowmodelwas used to analyzechanges

in groundwatervelocitiesresultingfrom capping of the Sanitary Landfill. In the
previousanalysesof head changesdue to capping (discussedin Section6.1.1),
the transientchangeinheadswas evaluatedfor three locationswithinthe Sanitary

Landfillfor cappingScenario1assuminga cap of 100%efficiency(see Figure6.1).

As a comparison,herewe will look at the transientchange in groundwaterflow
velocitycalculatedforthe samethree locationsinthe modelfor Scenario1with an
assumed cap efficiencyof 100%.

Figure6.15 illustratesthe effectsof cappingon the groundwatervelocityat
locationsA, B, and C correspondingto the north perimeter, middle, and south

perimeterofthe SanitaryLandfill.Figure6.15 showsthe relativepercentdifference

in the magnitudeof the groundwatervelocityvector as a functionof time afterthe
100% efficientcap of Scenario 1 is implemented. Because this case eliminates
infiltrationover the Sanitary Landfill,the changes in velocityfor this simulation

representmaximumvaluesormaximumeffectsresultingfromcapping. At location

A (the north end of the Sanitary Landfill), the groundwater velocity increases

through time and reachesa new quasisteady-statevelocityapproximately2.5%
greater than the velocitycalculatedbeforecapping. The increase invelocityis a

result of slightlyincreasedhydraulicgradientstoward the center of the Sanitary
Landfillcaused by the decreasein rechargeover that area. At locationB, in the
middle of the originalSanitary Landfill,the velocityonly increasesabout 1%. At

locationC, at the southernend of the Sanitary Landfill,the groundwatervelocity

actually decreases by approximately5% after reachinga new quasisteady-state

flow field. The decreased velocity is caused by a reduction in the hydraulic
gradientsin this regionof the model. In summary, the velocityincreasesin the

regionup-gradientfromthe locationof maximumhead decreaseand willdecrease

down-gradientfrom that point. The amount of time required for the systemto
reach hydraulicequilibriumafter rechargereduction (with respect to variationsin

groundwatervelocity)isabout 1 to 2 yearswhich isconsistentwiththe heads. As
mentionedpreviously,this does not considerthe lag time for reductionof fluid
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storage in the unsaturatedzone. If this time lag were incorporated into this

analysis,the expected time to reacha new equilibriumwould be increased.

6.2.1 pi_rl;icleTracking Results

6.2.1.1 Areal FlowModel

Particletrackingsimulationswere also completed in order to analyze the

effectsof capping on advectivegroundwatertravel times to potentialdischarge
points in the wetlands and in UTRC down gradient. Figure6.16 illustrates
groundwatertravelpathsand timesinthe vicinityof the SanitaryLandfillwithinthe

steady-statecalibratedarealflow modelunderno-cap conditions.The particlesare

plottedat 1 year time incrementsalong the pathline. It shouldbe notedthat the
MODPATHparticletrackingcode allowsparticlesto be trackedthroughdischarge
areas withoutbeing taken out of the system. In other words, the particlesare

tracked throughthe wetlandsas part of the underfiowwhich passesthroughthe
wetlandsand on to dischargeat UTRC. Since the areal model consistsof one

layerand does notconsiderverticalflow components,it is not possibleto identify
which particleswouldactuallydischargein the wetlandsand whichwouldtravel

through and exitat UTRC. In this simulation,it was assumed that the particles
move through the wetlands. The convergence of the particle pathlinesin some
areas of the wetlandsindicatesthat significantdischargeoccurs in these areas.

Also, the travel velocitywithinthe wetlandsdecreases as a result of a steady

decrease in volumetricgroundwaterflux resultingfrom wetlanddischarge.

Figure6.17 illustratesthe movement of a group of particles which were

initiallyplaced at the perimeterof the originalSanitary Landfilland the Southern

Expansion. This simulationwas completed to show the potential advective
transportflow pathsfromthe potentialsourcearea at the Sanitary Landfill.Aswith

previous particle tracking results, it is evident that discharge occurring in the
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wetlandsservesto decrease the widthof the "plume'underthe particledischarge

assumptionsof thismodel.

As was performed on the volumetricflow balance (Section6.1.1.2), here

changesin the groundwaterflowvelocityinthe vicinityof the SanitaryLandfillwas
investigatedby comparingdifferencesin the traveltimesof five particlestracked
from the landfill to potentialdischargepoints in the wetlands and UTRC down

gradientunderthe differentcappingscenariosandefficiencies.Fiveparticleswere
tracked from differentlocationswithinthe SanitaryLandfillto observethe potential

variationsin traveltime changesof contaminantsemanatingfrom anywherewithin

the originaland southernsector of the SanitaryLandfill. One analysisinvolved
tracking particlesfrom their origin at the SanitaryLandfill to the first potential
dischargepointat the wetlands. Thisdischargepoint would be equivalentto the

seepline location (see Figure1.2). Another evaluation involved tracking the
particles from the Sanitary I.andfill through the wetlands to UTRC. Both

evaluationswere performed for cappingScenarios1 and 2 for cap efficienciesof

100, 95, 90, and 85% to illustratethe full range of estimatedtraveltime changes
as a resultof the variouscapping possibilities.

Figure6.18 illustratesthe initialstart points and particle pathlinesand travel

times (particlepositionsindicateoneyear traveltime)forthe fiveparticlesdropped

at the Sanitary Landfill. Thisfigureshowsthe particlepathlinesfrom the Sanitary
Landfillto the seeplineaspredictedbythe steady-statecalibratedarealflow model
under no-cap conditions. Figure6.19 shows the pathlinesfor the 5 particles

tracked from the Sanitary Landfillthrough the wetlandsto UTRC as predicted by

the steady-statecalibratedarealflowmodel underno-capconditions.Figures6.20

and 6.21 illustratethe five particletraces from the Sanitary Landfillto the seepline

and to UTRC, respectively. However, these particle paths are tracked in the

steady-stateflowfieldunderScenario 1cappingassumptionswith 100%efficiency.
The deviationfrom no-cap conditionsshouldbe greatestfor the Scenario 1 1(X]%

capping efficiencycase. The pathlinesare shown to illustratethat only minor
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differencesexistin predictedparticlepathsandtraveltimes, regardlessof capping

strategies. The particletravel time resultsfor the entire seriesof simulationsfor
capping Scenado 1 (assumingvariouscapping efficiencies)are summarized in
Table 6.2. Similarly,resultsfrom cappingScenario2 are summarizedinTable 6.3.

The RPDvalues in the tables indicatethe percentdifferencebetweenthe travel

times under "no-cap*conditionsand the those calculated for various capping
efficiencies. As shown in the tables, the travel time to the beginning of the
wetlands (the seepline) increases regardless of the capping scenario or the

efficiencyof the cap. The increasein the traveltimesto UTRC are verysmall. In
fact, for particle1 thetraveltimeto thewetlandsdecreasesfrom I to 2.8% relative

to no-captraveltimes. Thisanalysisindicatesthat cappingthe SanitaryLandfiUwill
not significantlychange the groundwatervelocitiesor travel times between the

Sanitary Landfill and potentialdischarge points located down gradient of the
Sanitary Landfill.

6.2.1.2 Vertical Cross-SectionModel

Whilethe areal modelis usefulin lookingat the areal distributionof pathlines
from the SanitaryLandfillto the dischargeareas, it onlyallowsus to lookat effects

averaged over the entire thicknessof the aquifer. The cross-sectionalmodel

allows us to look at the effects upon vertical flowpaths caused by capping.
Figure6.22 shows the particle pathlinesfor the vertical steady-state calibrated

cross-sectionalflow model under no-capconditions. The pathlinesindicate that

particlesinfiltratingbelowthe SanitaryLandfillwillmigratedown from the Sanitary
Landfilland be transported laterallyto the wetland and UTRC dischargeareas

locateddown gradient. Althoughthe effectsof dispersion(mechanicalmixingand

diffusion)are not incorporatedintothe particletrackingtechniques,it is apparent

that significantvertical movement of fluid occurs in the aquifer simply due to
infiltration.The particlepathsdefine flowtubesand streamlines. Theseflowtubes

show that infiltrationresultingfrom rechargeoccurs homogeneouslyfor regions
both interiorand exteriorto the SanitaryLandfill. Particlesthat enter the saturated
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zone at the northernextentof the SanitaryLandfilleventuallyexit inthe wetlands

accordingto this simpleadvectionmodel. This cross-sectionalview of the flow
systemclearlyillustrateshowthe entiresaturatedzone atthe leftsideof the model

forrnsa smaller,faster moving'Wedge"of wateras it travelstoward the wetlands.
However,travelvelocitiesbetweenthe seeplineand UTRC decreaseas a resultof

a steady decreaseinvolumetricfluxas the wetlandsdischargegroundwaterto the

surface. BecauseUTRC is consideredas a groundwaterdividein Aquifer Unit
I/IIC, it is treatedas a no-fl0wboundarycondition. Groundwaterfrom the deepest
portionsof the aquifereventuallyexit very near or directlyinto UTRC.

Figure6.23 illustratesthe particlepathlinesfor a steady-statesimulationfor

Scenario1 cap conditionsassuminga cap efficiencyof 95%. The area where

change in particlepathlinesismostevidentisdirectlybeneaththe landfillbecause
littleinfiltrationis occurringbeneaththe landfilldue to capping. Thisis manifested

in the way that particlepathlinesoriginatingfrom underneaththe capped portion

of the landfillstay closeto the water table as they progresssouth and down
gradient. Once a particlepathwaymoves along the water table and reachesthe

southernextentof the SanitaryLandfill,infiltrationforcesthe particlesdeeper into
the aquifer.

6.2.2 ContaminantConcentrationsUnder CaoDingScenarios

A seriesof simplegenerictransportsimulationswere completedto evaluate

the effectsof cappingoncontaminantconcentrationsat potentialdischargepoints
down gradientof the Sanitary Landfill. Steady-statedistributionsof the generic

contaminant relative concentrations were compared between no-cap and

Scenario 1 simulations. A complete comparison between steady-staterelative
concentrationsfor no-cap, and Scenario1 and 2 cap conditions was performed

to quantifythe concentrationreductionresultingfrom capping and to compare
various cap efficiencies. The two points chosen to monitor and compare

concentration were the first discharge block in the wetlands which can be
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consideredequivalentto the seeplineand UTRC which isthe lastdischargeblock

downgradientfrom the SanitaryLandfill. A more completeCOC specificanalysis

is performedin section8 in supportof the ACL demonstrations.Thisanalysisis
for a generic constituentwhich is assumed to be conservative (distribution

coefficientI_ = 0.0 mL/g) and does not decay. Steady-stateconcentrationswill
be compared at the seeplineand UTRC between no-cap and variouscapping
conditions. The generic simulationsassume that a constant source relative

concentration(C/Co) of 1.0 is input over the SanitaryLandfillconsistentwiththe
maximuminputsourcescenarioconsistentwiththe COC tetrachloroethylene(see
Section5.5.3 or Table5.5). ,Thisassumesthat onlyquadrants 1-4, 6 and 7 are
source areas and that these areas input contaminantsat a constantrate for all

time (see Figure3.1).

Figure6.24 illustratesthe steady-staterelativeConcentrationcontoursforthe

aquiferassumingno cap isin place. Sincethe loadingscenarioforthissimulation

assumesthatquadrants5 and8 are not contaminantsources,a two-lobedplume
is produced as is seen in Figure6.24. Horizontalunderflowof uncontaminated
groundwaterfrom up gradientof the Sanitary Landfilldilutes the contaminants

significantly.Thehighestrelativeconcentrationinthe twolobesbelowthe Sanitary
Landfillisabout0.28. The majorfactor inreducingconcentrationsisdilutionof the

contaminants over the thickness of the aquifer. Dispersion tends to mix

contaminantssignificantlyloweringconcentrationsasthe traveldistanceincreases.

In fact, the plume is nearly completely mixed in the vertical direction (same
concentrationwith depth) inthe wetlandregion. Concentrationsare also lowered

in areas down gradient from the Sanitary Landfill by vertical recharge of

uncontaminatedgroundwaters.The firstdischargeblock (seepline)is locatedon
Figure6.24 at an approximatex-coordinateof 5750 ft. The steady-staterelative

concentrationat the seeplineisjust lessthan 0.15. As can be seen inthis figure,

the concentrationsin the aquiferbetween,the seeplineand UTRC are well mixed
and are within relativeconcentrations0.149 and 0.147.
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Figure6.25 showsthe steady-staterelativeconcentrationwithinthe aquifer

when cappingScenario1 withan assumedcap efficiencyof 95%. The two lobes
of relativelyhigherconcentrationarestillpresent,howevertheoverallconcentration

throughout the aquifer is significantlyreducedbecause the contaminantloading
through infiltrationhas been significantlyreduced. The maximum relative

concentrationobservedunder the SanitaryLanc_llis approximately0.07 whichis
a factor of four smallerthan for the no-cap simulation. The infiltrationdue to

rec_largethroughthe cap has been reducedby a factor of 6.2. As inthe no-cap
case, the contaminationis wellmixedin the verticaldirectionfrom the seeplineto
UTRC.

Fora conservativeconstituent,the steady-stateconcentrationdowngradient

assuming perfect vertical mixing is easily calculated. The maximum relative

concentration is simply the source area volumetricflux divided by the total
volumetricflux enteringthe model from up-gradientaquifer flow and recharge

infiltrationin areas of the model excludingthe sourcearea.

Table 6.4 liststhe steady-staterelativeconcentrationat the seeplineand at

UTRC for no-cap and Scenario1 and 2 capping conditions for various cap
efficiencies. As above, the simulationsinput a constantrelativeconcentrationof

1.0 ina way consistentwiththe maximumsourcescenariofor tetrachloroethylene.

The concentrationsare very similarat the seeplineas comparedto UTRC which
is consistent with Figures6.24 and 6.25 and the fact that the transported

constituentisconservative.Aswouldbe expected,concentrationsincreaseas the

cap efficiencydecreases. Also, the concentrationsdecrease from Scenario 1 to
Scenario2 for a givencap efficiency. Thisis because the portionof the southern

sector not capped in Scenario2 is also not a source of contaminant in these

simulations.Therefore, infiltrationof non-contaminatedwateris occurringat a rate
of 15 in/yr over the north half of the southern sector effectively diluting

concentrationsobserved down gradient.
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Table 6.4 also lists the relative percent difference (RPD) in steady-state
concentrationssimulatedfor the variouscappingscenariosas comparedto no-cap
conditions. Fromthisanalysisonecan seethat the cap offersan effectivemethod

for long-termreductionof groundwaterconcentrationsat the SanitaryLandfilland
vicinity.
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Figure 6.1 Simulated HeadChange at SelectedLocationsof the Sanitary Landfill
in Response to Scenario 1 Capping (100% Efficiency)
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Figure 6 16 ParticlePathlinesin the Vicinityof the SanitaryLandfillUnder Steady-
StateNo Cap Conditions
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Figure 6.17 Pathlinesof Particles Originatingfrom the Outer Boundary of the
SanitaryLandfillunder Steady-StateNo Cap Conditions

6-35



!

Figure 6.18 Particle Pathlines for 5 Particles Originating from Within the Sanitary
Landfill Moving to the Seepline Under Steady-State No Cap
Conditions
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Figure 6.19 ParticlePathlinesfor 5 ParticlesOriginatingfrom Within the Sanitary
LandfillMovingto UTRC Under Steady-StateNo Cap Conditions
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Table 6.1 Summaryof VolumetricFlow Balancefor Each Capping Scenario

I I i

CAPPING SCENARIO 1
i.

Cap Efficiency
i ii i

Boundary No Cap 85% 90% 95% 1(X)%Condition ....
Volume (_/day)

I

PHBs 181410 182480 182800 163130 183460

Recharge 316310 311730 310320 308910 307490
i=. i i i i

DrNns 265300 262170 261210 260250 259290
,, |

GHBs 232410 232010 231890 231770 231640
,., i i i i

TOtal In: 497720 494210 493120 492040 490950
.... , i i =

Total Out: 497710 494210 493120 492040 490930
i i i i i i.=l

H

Boundary Relative Percent Difference (RPD) from
Condition No-Cap Scenario

m ' I' i ' "

PHBs 0.59 0.77 0.95 1.13
i.

Recharge -1.45 -1.89 -2.34 -2.79

Drains -1.18 -1.54 -1.90 -2.27
= =.l

GHBs .-0.17 43.22 43.28 -0.33
,,iL .= ,

Total In: -0.71 43.92 -1=14 -1.36
....... . i i

Total Out: 43.71 43.92 -1.14 -1.36
ii il

PHB = Prescribed Head Boundary
GHB = General Head Boundary

6-44



Table 6.1 Summary of VolumetricFlowBalancefor Each Capping Scenario
(cont.)

i

CAPPING SCENARIO 2
i

Cap Efficiency

Boundary-NoCap ! 85% I 90% I 95% 100%Condition
Volume (_/day)

lip| I I I

PHBs 181410 182320 182600 182880 183160
i ii

Recharge 316310 312580 311430 310280 309130

Drains 265300 262800 262030 261260 260500
i

GHBs 232410 232080 231980 231880 231780
ill

Total In: 497720 494900 494030 493160 492290

Total Out: 497710 494900 494030 493160 492280

Boundary RelativePercentDifference(RPD) from
Condition No-Cap Scenario

, I

PHBs 0.50 0.66 0.81 0.96
i i

Recharge -1.18 -1.54 -1.91 -2.27

Drains -0.94 -1.23 -1.52 -1.18

GHBs -0.14 -0.19 -0.23 -0.27
ill ii

Total In: -0.57 -0.74 -0.92 -1.09

Total Out: -0.57 -0.74 -0.92 -1.09
t I

PHB = Presc Head Boundary
GHB = GeneralHead Boundary
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Table 6.2 Summaryof ParticlePathlineAnalysesto Seeplineand UTRC for
CappingScenario1

ill i .........

SEEPUNE SUMMARY
i ii i i

Cap Efficiency
ii .i iii iI

No Cap 85% 90% 95% I 1(X)%ParUcle
TravelTime to Wetlands (years)

I I

1 4.973 5.016 5.029 5.181 5.199

2 5.684 5.709 5.718 5.727 5.736
i i

3 5.259 5.408 5.411 5.414 5.417

4 3.157 3.208 3.224 3.241 3.257
i i

5 1.287 1.313 1.321 1.330 1.338
ii

RelativePercentDifference(RPD) from No-Cap
Particle Scenario

1 0.86 1.13 4.18 4.54
iw,

2 0.44 0.60 0.76 0.91
i

3 2.83 2.89 2.95 3.00
i

4 1.62 2.12 2.66 3.17
i

5 2.02 2.64 3.34 3.96

Average 1.55 1.88 2.78 3.12

OverallAverage = 2.33 Percent
I I II lili
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Table 6.2 Summaryof ParticlePathlineAnalysesto Seeplineand UTRC for
(Cont.) Capping Scenario1

i i i i i I i i i

UPPER THREE RUNS CREEK SUMMARY
i ii i

Cap Efficiency

Particle No Cap 85% 90% 95% 100%
Travel Time to Upper Three Runs Creek _eam)

I li I ill I

1 11.755 11.611 11.549 11.488 11.417
IHH ,, ,,,,,

2 11.718 11.788 11.605 11.821 11.837
i i i iii

3 11.409 11.473 11.488 11.498 11.510
i i i

4 8.880 8.941 8.961 8.980 8.998
, i i iii ,i i

5 7.800 7.860 7.8,90 7.600 7.910
i i, i , i . i

i1, ,. H i , iii i

Relative Percent Difference (RPD) from No-Cap
Particle Scenario

II

1 -1.23 -1.75 -2.27 -2.88
H i|

2 0.60 0.74 0.88 1.02
,i ii i ,

3 0.56 0.69 0.78 0.89

4 0.69 0.91 1.13 1.33

5 0.77 1.15 1.28 1.41

Average 0.28 0.35 0.36 0.35

Overall Average = 0.33 Percent
I i ii
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Table 6.3 Summaryof ParticlePathlineAnalysesto Seeplineand UTRC for
Capping Scenario2

I I I

SEEPUNE SUMMARY
i i i = lllill i i i,, i,

Cap Efficiency ,,

P..ie NooAP i loo
Travel Time to Wetlands (years)

iill II I

1 4.973 5.013 5.025 5.181 5.185
ii iii i

2 5.684 5.711 5.720 5.727 5.739 °
i ill ill i ll|llii i

3 5.259 5.412 5.417 5.414 5.426
ii . i,l,,,, H i

4 3.157 3.197 3.209 3.241 3.235
i iL

5 1.287 1.307 1.314 1.330 1.327
i ill Hi

i ii ill

RelativePercentDifference(RPD) from No-
Particle Cap Scenario
I I l i I i I II II ill i I

1 0.80 1.05 4.18 4.26
,i i , i=l

2 0.48 0.63 0.76 0.97
i i Hi

3 2.91 3=00 2.95 3.18

4 1.27 1.65 2.6 2.47
i

5 1.55 2.10 3.34 3.11
ii i

Average 1.40 1.69 2.78 2.80
, i

OverallAverage = 2.17 Percent
I I I
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Table 6.3 Summaryof ParticlePathlineAnalysesto Seeplineand UTRC for
(Cont.) Capping Scenario 2

iii i i iiii ii I I IIIII iiiiiii IIII

UPPER THREE RUNS CREEK SUMMARY
i ill f ii i i ii i i i i,

Cap Efficiency
ii i i i i, ii iii

NO CAP 85% I 90% 95% 100%| ii ii i ,, ,11

Particle Travel Time to Upper Three Runs Creek
(years)

i ilii i i ii i

1 11.755 11.659 11.621 11.576 11.531
i i i i ii ,1111

2 11.718 11.785 11.802 11.817 11.833
, , i i i i i H i

3 11.409 11.468 11.483 11.497 11.507
ii i i i

4 8.880 8.928 8.943 8.958 8.973
]il i i i i ii i i iiii

5 7.800 7.849 7.862 7.872 7.910
IH i ii i i

ii i i i i

Relative Percent Difference (RPD) from
Particle N_.Cap Scenado

I II lllil ilil I

1 -0.82 -1.14 -1.52 -1.91
, , i ii ii

2 0.57 0.72 0.84 0.98
i ,,11 , i i

3 0.52 0.65 0.77 0.86
i H

4 0.54 0.71 0.88 1.05

5 0.63 0.79 0.92 1.41

Average 0.29 0.35 0.38 0.48

OverallAverage = 0.37 Percent
Illill ili r, i i i i
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Table 6.4 SimulatedSteady-StateRelativeConcentrationat the Seeplineand
UTRC UnderVarying Cap Efficiencies;MaximumSource Scenario;
Representativeof PCE.

,, , , IIII I IIIII ,
Simulated RelativeConcentration

_- i i i i| i i ,,,,

Seepline LrrRC
Ill' lllii I' - IIIlilii i Illiii I l i il'

NO CAP 0.1490 0.1466
ill ,. i ll.,i ill

SCENARIO 1

100% Efficienc_ 0.1XX_ 0.1_
i ,, , H, I " I,,,, ill I I I I

95% Efficiency 0.0273 0.0260

90% Efficiency 0.0530 0.0510
ii ii iiiii -- i iiili i ili j

85% Efficiency 0.0744 0.0750
i i,. H. .= ,,,=, ....... -- ,,i , =,,,H,

SCENARIO 2

loo Ec,e'ncy ' o.oooo -o'.'oooo
,ll i, , , H

95% Efficiency 0.0262 0.0253
,,, ,., . iH,i _ .i , , ii., i

90% Efficiency 0.0515 0.0499

85% Efficiency 0.0758 0.0738
I ilili i i i lilli

Relative Percent Difference (RPD)
from No-Cap Scenario

,, i i i

Seepline UTRC
I I

SCENARIO 1
. .n, ,,.. ,. ,. ,, ,,,,.

100% Efficien_cy -100 -100-- i H , i

95% Efficiency -81.68 -82.26

90% Efficiency -64.43 -65.21

85% Efficiency -48.05 48.84
SCENARIO 2

i

100% Efficienc._ -100 -ltX)

95% Efficiency ,-82.42 -82.74

90% Efficiency -65.44 -65.96

85% Efficiency -49.13 -49.66
I I III
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7.0 TERMINOLOGY FOR THE PRESENTATION OF ACL TRANSPORT
RESULTS

As required under the ResourceConservationand RecoveryAct (RCRA),

owners and operatorsof hazardouswaste facilitiesmust establishgroundwater
protectionstandards(GWPS)which,if exceeded, triggercorrectiveaction. There

are three possible GWPS. They are; (1) background concentration, (2) the
maximum concentration limit (MCL) defined in 40 CFR 264.94(a), or (3) an
alternativeconcentrationlimit (ACL). Two fundamental guidelinesthat an ACL

must be based upon are that the COC plume should not increase in size or
concentration above allowable exposure levels and that it will not allow

contaminationof off-sitegroundwaterabove allowablelimits (EPA, 1987).

Severalterms and definitionsare needed before resultsfrom the transport

calculationsspecificto the ACL demonstrationcan be meaningfullydiscussed.
Two definitionsprimaryto the conceptof an AlternativeConcentrationLimitarethe

Pointof Compliance(POC) andthe Pointof Exposure(POE). The POC is defined
as a verticalsurfacelocatedat the hydraulicallydown-gradientlimitof the waste

managementarea andthatextendsinto the uppermost aquifer. Wellsconsidered
as POC wellsat the SanitaryLandfillare allwellscompletedacrossthe water table

and that are peripheralto the Sanitary Landfill (see Figure 1.3). These do not

include well LFW-43D through LFW-62D which are relativelynew, have a short

samplinghistory,and are notimmediatelyadjacentto the landfillperiphery. It also
does not includewellsLFW-29,LFW-30,and LFW-31becausethese wellsare up

gradient of the unused NorthernExpansionand are classifiedas background

monitoringwells.

The Point of Exposure is defined as being any point where a potential

receptor, either now or in the future, can.come in contact with the groundwater

contaminantsemanatingfrom the waste managementarea. For these transport
calculations,the POE is consideredthe closestdown-gradientwetlandswhere
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groundwateris dischargingto the surface. Inthe cross-sectionaltransportmodel,
the POEislocatedapproximately1,100 feet clowngradientfromthesouthem edge
of the Southern Expansionof the SanitaryLandfill. This locationapproximately

coincideswiththe locationsof WetlandSamplingPointsSP-262 and SP-263. The
POE I_on in the transportmodelcoincideswiththe locationof the seeplineas

itwasdiscussedin Chapter6 and shown in Figure6.24. The assumptionthat the
closestdischargeblock to the SanitaryLandfillis equal to the designatedPOE is

conservative, because the highestconcentrations are monitoredthere for most
cases. This locationalso coincides with the shortesttransit time between the

SanitaryLandfilland groundwaterdischargepoints. Figure7.1 showsa schematic
of the transport pathwaymodeledwith both the POC and POE shown.

Two loading scenariosare examinedin the transportcalculationsin support
of the ACL Demonstrations:a conservativebest-estimatesource scenarioand a

maximum possible source scenario. For these two scenarios, two cases are
examined. First, it is assumedthat the SanitaryLandfillwillnever be capped and

transport simulationsare performedfor no-cap conditions. In this case, it is
assumedthat the infiltrationthroughthe waste isequal to the calibratedrecharge
estimateof 15 in/year. The secondcase is equivalentto Scenario1 from Chapter

6 where a geosyntheticcap is emplacedover the entirearea of the originaland

Southern Expansionsof the Sanitary Landfill. For the ACL supportingtransport
calculations,the cap is assumedto have a 97% efficiencywhich impliesthat only

3% of average precipitation(1.4 in/yr) infiltratesthe cap and produces leachate

(BillPidcoe, personalcommunication.). Aswell, the cap is assumedto be put in

place in the middle of 1995 and institutionaicontrolassumedto occur for at least
30 years or untilthe middleof year 2025 (BillPidcoe,personalcommunication).

A cap efficiencyof 97% is considered conservativebased upon numerical

modeling of the Sanitary Landfillcap efficiencyby WSRC personnel. The cap

efficiency modeling was performed using the U.S. Army Corps of Engineers
HydrologicEvaluationof Landfill Performance(HELP) model. HELP (Schroeder
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et al., 1988) usesclimatologicaldata and soil propertiesof the RCRAclosurecap

to model rain infiltrationor recharge through the cap. The cap consistsof a
bentonitemat, a flexiblemembraneliner(FML), a drainagelayer,selectfill,topsoil,

and vegetation. Table 7.1 summarizesthe soil propertiesused as base case
valuesto simulaterechargethroughthe cap withthe HELP model. These values
are conservativeestimates which should result in increased recharge. The

climatologicaldata used included10 years (1982-1991)of precipitationrecords at

the F Area and temperaturedata from Augusta, GA.

Basedupon the designspecificationsfor the SanitaryLandfillcap and based

upon best-estimatevaluesof model parameters (Table 7.1), the HELP model
predictedthatthe SanitaryLandfillcap wouldbe 99.9% efficient.Througha single-

parametervariationsensitivityanalysisthe cap efficiencydid not decrease more

than 1.1% for any sensitivityrun. Forconservatism,a simulationwas run where
the bentonite mat hydraulic conductivity was increased to 1 x 10.7cm/sec

(2.8 x 10.4ft/d) and the SCS runoffnumberand the FML leakagefraction wereset
equalto 30 and0.02, respectively. Forthiscase, the HELP modelpredicteda cap

efficiencyof 97.3%. Based uponthisconservativecalculation,a cap efficiencyof
97% was adoptedfor thesetransportcalculationsinsupportof the SanitaryLandfill
ACL Demonstrations.

Thecross-sectionaltransportmodelhas beenusedto conservativelyquantify

the relationshipbetweenCOC concentrationsatthe POC and POEfor cap and no-
cap conditionsand for two differentloadingscenarios. The resultsfrom these

simulationswillbe reported interms of relativeand absoluteconcentrations. For

COC transport resultsunder no-cap conditions,maximumconcentrationsat the
end of institutionalcontrol (year 2025) are reported both as relativeand absolute

values. For COC transport resultsunder Scenario1 capped conditions,peak

concentrationsand concentrationsat the end of institutionalcontrol are reported
both as relativeand absolute values. The absolute maximumconcentrationsare

calculatedassuming that the simulatedmaximum POC relativeconcentrationis
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equivalentto the maximum observedconcentrationmeasuredat any POC well
from 1984 through the fourth quarter of 1991 (Dames and Moore, 1992).
Therefore, absolute concentration estimates can be considered conservative.
Relativeand absoluteconcentrationsforeachCOC for each scenarioare reported

for the POC, POE, and UTRC. In additionto concentrations,attenuationfactors

were calculatedbasedupon simulatedconcentrations.Attenuationfactorswillbe

formallydefined in the followingsection. However, a porous media attenuation
factor can be definedas a factorwhich quantifiesthe relationshipbetweena COC

concentrationbetweentwo pointsin an aquifer.

7.1 Estimation of Attenuation Factors

The primary goal of these transport calculations is to quantify, under
conservativeconditions,the relationshipbetweentheconcentrationofa givenCOC
at the POC and POE as definedabove. One method to do this is to calculatean

attenuation factor. The attenuation factor represents all of the attenuating

processeswhich occur for a given COC during transport in the groundwater.

These processesincludedispersion,diffusion,dilution,degradation,and sorption.
The attenuationfactc,_'can be defined as the ratio between the simulatedrelative

concentrations between two points within the porous media. Therefore, an

attenuationfactor impliesa space over which it is measured. For example, the
attenuationfactor between the POC and POE is equal to the ratio between the
simulatedrelativeconcentrationat the POC and POE. This can be expressedas

A = [C/C°]p°c (7.1)
[C/Co]poE

The attenuationfactor for the exampledepictedinFigure7.1 wouldbe equal
to 3. An attenuation factor also can be dependent on time. That is, the

concentrationsin the porous media must be relatedto some time. In a steady-
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state concentrationdistribution, the attenuation factor is independent of time.

Under the assumptionof a steady-stateconcentrationdistribution,a singlevalue

of attenuation factor has meaning and utility. However, for transient source
conditionssuchas occurswithcapping,an attenuationfactorcan be transientand
shouldbe related to the time it is evaluated.

For all the transport simulations performed to support the ACL

demonstration,the input relative concentration (C/Co) is set equal to unity.
Becausethere is significantflow of groundwaterfrom up gradientof the Sanitary
Landfill,one cannotassumethatthe maximumobservedconcentrationat the POC

is equivalentto the initialsource relativeconcentrationof 1.0. This can be seen
in Figure7.1 where the input relative concentration is equal to 1.0 but the
maximum simulated relativeconcentration at the POC is equal to 0.3. The

maximum simulated relative concentration under the landfill ([C/Co]M_.) is
assumed equivalentto the maximumobserved concentrationof a givenCOC at
the POC wells MAX(Cpoc) as defined by Dames and Moore (1992) and listed in
Table 3.1. Attenuationfactors betweenthe POC and UTRC were also calculated

using Equation7.1.

The predictedconcentrationhistoryof a given COC at the POC andPOEare

quite differentunderno-cap versuscap conditions. Figure7.2 showsan example
of the behaviorof representativebreakthroughcurves at the POC and POE for

both cap and no-capconditions.As can be seen, the no-capcase breakthrough
curve builds to a maximumwhich for most Sanitary LandfillCOCs occurs well

before the end of institutionalcontrol (year 2025). For the no-cap simulations,

porousmediaattenuationfactors werecalculatedbetweenthe PC)Cand POEand
the POC and UTRC. Thesimulatedconcentrationsto calculateattenuationfactors

were taken at the end of institutionalcontrol (year 2025) which represents

maximum simulatedconcentrationsas well as steady-stateconcentrationsat all

points.
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Forcapped conditions,the concentrationsat the POC willincreaseuntilthe

landfillis capped (the middleof 1995) at whichtime they willstartto diminishuntil
a new much lowerconcentrationis established.At variousplaces downgradient

in the aquifer, the concentrationwillincreaseand fall off also and the timing and
magnitude of the peak will be determined by the transport properties of the
individualCOC. Therefore,theconcentrationat the POC willbe smallerthan at the

POE for some time period after capping and before a new steady-state
concentrationdistributionis established. This will result in an attenuationfactor

smallerthan 1. Even thoughthe porousmedia attenuationfactors are highlytime
dependent, they have been calculatedfor the POE, wetlands,and UTRC based
upon simulated concentrationsat the end of institutionalcontrol. In addition,

because of this transientpeak concentrationbehavior,porous mediaattenuation

factors for the capping scenarios were also calculated using the maximum
simulatedconcentrationswhenevertheyoccurred. The maximumconcentrations
under capped conditionsoccur at differenttimes for the POC, POE, and UTRC.
Therefore, an attenuationfactor derivedfrom the peak simulatedconcentrations

is not representative of a single discrete time. However, they should be

conservativein that they are smallerin magnitude than the attenuationfactor
calculatedat the end of institutionalcontrol.

7.2 Estimation of Absolute Concentrations

All simulationsassume that the relativeinitialconcentration (C/Co) for all
COCs isequalto unity. Therefore,SWIFT II calculatesconcentrationinthe aquifer

as a relative concentration. One can easily convert the simulated relative

concentrationto an absoluteconcentrationby assigningthe initialconcentration

(Co) an absolute concentrationvalue. Then one multipliesthisconcentrationby
the simulatedrelativeconcentrationto get an absoluteconcentration.

J

For no-cap conditions, we have assumed that the maximum observed
r,MAX_absolute concentrationof a givenCOC at any of the POC wells(,-,PocJis equalto
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the maximumsimulatedrelativeconcentrationcalculatedunderthe SanitaryLandfiU
MAX

([C/Co]Poc no cap). This is not equivalentto assuming that the maximum
observedPOC concentrationisequalto the initialconcentration(Co)because there

is significantdilutionwhich reduces concentrationsby a factor of 4 or greater
immediately under the landfill depending upon the source loading. The
concentrationfirst arrivingto the saturatedzone is significantlyhigher than the
maximumconcentrationobserved in a 15 to 20 foot saturated screened interval

belowthe watertable or simulatedwitha 10 foot gridblock. Therefore,one must

calculatethe initialconcentrationfor a given simulationand it is equal to:

¢o= C_c (7.2)
[c/Co]p_nocap

where ([C/Co]M_ no cap) is equal to the maximum simulated relative
concentrationevaluatedundernocap conditions(i.e., at 2025) under the Sanitary

Landfilland pMAXis equal to the observed maximum POC concentration(seevpoc

Table 3.1). Then an absoluteconcentrationat the POE is calculatedas:

C"OE= [C/Co]_OEX_ (7.3)

Under capped conditions,absolute concentrationscan also be calculated

using Equation7.4. The initialconcentration(Co) is equal to the no-cap initial
concentrationand again is calculatedby Equation7.2.
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Figure 7.2 RepresentativeBreakthrough Curves at the POC and POE under
Cap and No-Cap Conditions
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Table 7.1 Soil Propertiesof EngineeredSanitary LandfillCap Used in HELP
Model.

illl lllll, II II

Hydraulic Hydraulic

Engineered Porosity Field Capacity WiRing Point Conductivity Conductivity

CapLayer (vollvol) (vollvol) (vollvoi) (©m/see) (fl/day)
' i i i

Top Sol 0.457 0.083 0.033 0.0130 36,9
i. i ,ll i i ,

Select Fill 0.457 0,083 0.033 0.0031 8,8
i j i

Dml_ge Layer 0.417 0.045 0.020 0.010 28.3
i ii

Be_lonle Mat 0.400 0.356 0.290 1 x 104 2.8 × 10"s
_ i i iiiiiiii i Illil
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8.0 TRANSPORT CALCULATIONS IN SUPPORT OF DETERMINATION OF
ALTERNATIVE CONCENTRATION LIMITS

The cross-sectional flow and transport model has been used to

conservativelyquantifythe relationshipbetweenCOC concentrationsat the POC

and POE for no-capandScenario1 capped conditions. For the capped and no-

cap cases two differentloadingscenarioshave been modeled. The firstsource
loading scenario is termed the conservativebest-estimatesourcescenario. For
this case a conservativeestimateof source dimensionshas been derivedbased

upon the presence or absence of a given COC in the monitoringwellsat the
SanitaryLandfill. Section5.5.3 presentsthe detailson how the source scenarios
were definedand specified. A secondsource scenariomodeled is the maximum

possiblesource scenario. This source loadingscenarioassumesthat the entire

Sanitary Landfilloriginaland southernsector are potentialsource areas. For the
constituents assumed to be products of the solvent rags (PCE and TCE), the

maximumsourcescenarioonlyassumesthatthoseportionsofthe southernsector
which had rag depositionare potentialsource areas. The reason for simulating

two sourceloadingscenariosis becausethere is a greatdeal of uncertaintyin the
potential source areas for the Sanitary Landfill COCs. Both scenarios are

conservativeby designbecause once a source parcel beginsto act as a source
of massflux,thisarea isassumednotto depleteover the entiremodelsimulation

period. The input of a constant source equivalent to the maximum observed

concentrationis thoughtto be conservative. However,becauseso littleis known

regardinginventoryand becausethe calculationsmust predictfar intothe future,

a conservativesource input is warranted.

The transport model is described in Chapter 4. The model is a cross-
sectional flow and transport model which is representative of a centerline

concentrationof a COC plumeemanatingfromthe Sanitary Landfill. Becausethe
plume centerline concentrationsare the maximum, this model formulationis

conservative. Each COC is modeled independentlybased upon the specific
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transportpropertiesuniqueto that COC. SuchCOC specifictransportproperties
are the distributioncoefficient,the degradationrate if applicable,and the source

loadingscheme. All of the propertiesare describedin detail in Chapter 5. The
simulationsare performed using relativeconcentrationsassuming that an input

concentration is emanating from the Sanitary Landfill with a relative input

concentration (C/Co) of 1.0. The simulationsassume that the absolute input
concentrationfor a givenCOC is representativeof the maximumobservedPOC
well concentrationof that COC (see Table 3.1). Therefore, predicted absolute
concentrations calculated from model simulatedrelative concentrationsshould

representhistoricalmaximums. However, if concentrationsobserved at the POC
wells of the Sanitary Landfill exceed the historical maximum observed
concentrations as listed in Table3.1, these simulationsmay cease to be
conservative.

8.1 ACL Transport Model Assumptions

The transportmodelusedto providetransportresultsinsupportof theACL
Demonstrationsis a simplificationof the complex and heterogeneoustransport

systemcontrollingthe fate of COCs betweenthe Sanitary Landfilland discharge
areas downgradient. However,becauseof significantdata uncertainties,a more

complex model is not justifiable. The modelused incorporateswhat are thought
to bethe controllingmechanismsgoverningtransportbetweenthe SanitaryLandfill
and the dischargepoints.

The primarymodel assumptionsare:

(1) Transverse dispersivespreading normal to the selected cross section is

insignificant;
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(2) Sourcetermsare constantthroughoutthe simulationpedod and the source
input concentrationis representativeof the highest observed POC well
concentrationrecordedbetween 1984 and the fourth quarterof 1991;

(3) Methanogenicconditionsare thought to be representativeof the flowpath;

(4). Organiccontaminantswhichare reportedin the literatureto degrade under
methanogenicconditionsare assumedto degradeaccordingto a firstorder

decay constant;

(5) OrganicCOC half livesare representativeof methanogenicconditionswhere
data are available;

(6) The Pointof Exposure (POE) is assumedto occurat the closestdischarge
pointclowngradientfrom the Sanitarylandfill.

(7) Source loadingisassumedto commencein 1975whichisoneyear after the
Sanitary Landfill is reported to have become active (see Table5.6 and

Figure3.1)

(8) For the capped cases, the Scenario1 cap efficiencyisassumedto be 97%
based upon calculationsperformedby WSRC staff;

(9) For the capped cases, capping occurs in the middleof the year 1995 and
institutionalcontrolextendsat a minimumof 30 years (middleof year 2025);

Because the source dimensionstransverse to the flow direction is a

significantfractionof theflowpathdistance,the assumptionof no lateralspreading
due to dispersionis justified.
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8.2 ACL Transport Model Conservatlsms and Uncertainties

Because there are uncertaintiesinherentin the SanitaryLandfilldatabase

needed for transport calculations,there is a degree of uncertaintyin the model
results. However,the modelis builtto be conservativein an effort to accountfor

the uncertaintyin model input parameters. Because the informationneeded to

quantifythe COC plumesdown gradientof the SanitaryLandfillwas inadequate,

initializationandcalibrationofthe transportmodelusinga standardsolutetransport
modelingapproachwas not possible. As a result,the model was designedto be
conservativein estimationof down-gradientconcentrationsof COCs.

A listof uncertaintiesregardingthe transportmodelinginsupport of theACL
Demonstrationsare summarizedbelow. This listis followedby the assumptions

regardingthe modelingeffort whichattempt to compensatefor the uncertainties
through conservatismwhere possible. It is understood that uncertainty is still

inherentinthe calculationsregardlessof the nature of the modelingassumptions
adopted.

• Inventoryof COCs is uncertainas well as COC sourcedimensions;
• InitialConcentrationof COC sourcesis unknown;

• The COC plumes have not been characterizedbeyond the Sanitary
Landfillat the site;

• Geochemistryof the Sanitary Landfill and flowpath are uncertain,
especiallywith regardsto redox conditions;

• Degradation rates for organic constituentswhich are known to

degrade are uncertain;
• Distributioncoefficientsfor the COCs are uncertain;

• There is uncertaintyin the effects of capping on the Sanitary Landfill
localinfiltrationrate and sourceconcentrationsinthe short time frame

aftercapping. This includeseffectsdue to consolidation.
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• Sensitivityanalyseswiththe local-scaleareal flow model indicatethat

the hydraulicconductivitycould vary by a factorof 1.5 whichimplies
thattraveltimespredictedby this modelcouldvary by a factor of 1.5.

Becauseof the large numberof uncertaintiesin the data requiredto perform

transportcalculatinnsatthe SanitaryLandfill,severalassumptionshavebee_made
withvaryingdegreesof conservatism.In the followinglist,the assumptionsbased
upon the uncertaintieslistedabovewillbe summarizedalong with a qualifieras to
the conservatism of the assumption.

° It is assumed that the COC inventoriesare large enough to allow
constantsourceconditionsfor the periodof thetransportcalculations.

Based upon the groundwatercontaminationat the SanitaryLandfill,

this is seeminglyconservative. However,the potential for thissizeof

inventorycannot be dismissedbased upon scopingcalculations(see
Section 5.5.3) Two source scenarios are simulatedto address the

uncertainty in source dimension. Both scenarios are felt to be
conservative and the maximum possible source scenario must be
consideredconservative.

° It is assumedthat the initialconcentrationof a given COC inputover

the sourcedimensionisrepresentativeof the maximumobservedPOC
well concentrationfor that COC measured between 1984 and the

fourthquarter of 1991. Basedupon the constantsourceassumption
and conservativesource dimensions,this initialconcentrationshould
be consideredconservative. However,concentrationscouldincrease

past 1991for any givenCOC.

° COC plumesare notcharacterizedbeyondthe SanitaryLandfillsource

region. Asa result,historymatchingof transportplumescould notbe
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performed. The net rest_ cannot be consideredconservativeor not
conservative.

• The geochemistry of the Sanitary landfill groundwater and the

exposure pathway is not fully charactem:ed. It was assumed that
reducing conditionsat the Sanitary lan¢ffill prevailed and that the
geochemical conditionsalong the flowpathwere equivalent to the

Sanitary landfill. Reducing conditions are supported by the
methanogenesisatthe SanitaryLandfill.Th_ assumptionof equivalent
geochemicalconditions along the flowpath is a simplificationbased

uponthe lackof data and complexityof modelingjustifiable. Because
the discharge point is within 1 to 1.5 source dimensions, this

assumptionwas consideredpractical. It isnot knownwhetherthis is
conservative.

• Degradationratesfor the organicCOCs are uncertain. The estimates

of degradation rates were based upon the available literature for

conditionssimilarto the Sanitary landfill. Resultsfrom bioreactors
were notused. Degradationasa processreducesconcentrationsand
is therefore not conservative. However,degradationproducts are

presentat the Sanitary landfill as well as are conditions thoughtto

cause degradatior;.No degradationof COCs is assumed to occur in
the source inventorywhichis locatedin the unsaturatedzone. This

assumptionis conservative.

• Distribution coefficients for the organic COCs are based upon
accepted estimation methods because Sanitary landfill specific

m_asured estimates are not available. To minimize predicted

distributioncoefficients for the organic COCs, a minimum fraction
organiccontent (foc) was used which is conservative. For metals,a
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distributioncoefficientof 0.001 mL/g (after Looney et al., 1987) was

used assumingfacilitatedtransportwhich again is conservative.

• It is assumedthat upon cappingthe infiltrationand subsequentCOC

mass flux instantaneouslydecreases to a value representativeof the
cap efficiency. For short term effects this assumptionmay not be
conservative, however,for long term concentrationmaximumsit can

be considered an appropriate assumption. The cap efficiency

modeled (97%) is conservative based upon sensitivitymodeling
performed by WSRC personnel.

In the followingtwo sections,the resultsfrom the no-cap and Scenario1 cap
transportsimulations,respectively,are discussed.

8.3 No-Cap Conditions

The source loadingassumptionsassumethat oncea quadrantof the landfill

becomesan activesource,thisquadrantof the landfillwillremaina source forthe

remainderof the simulation.For the no-cap case,the sourceblocksemanatewith
a constantmassfluxto thegroundwatersystemresultingfromthe steadyrecharge

rate of 15 in/yr. As a result, no-cap conditionsproduce breakthroughcurves
which build over time and come to steady-stateconditionsat late time (see

Figure7.2). For the majorityof the COCs, the concentrationdistributionin the

aquiferhas come to a steady-stateconcentrationmany years beforethe end of
institutionalcontrol. The followingdiscussionwillcontrastthe best-estimatesource

scenariowith the maximumsourcescenariounderno-cap conditions.

Tabie 8.1 liststhe simulatedrelativeconcentrations(C/Co) at the POC, POE,
and UTRC at the end of institutionalcontrol for the conservativebest-estimate

sourcescenario. Becausethese concentrationsalwaysira'-teaseuntilthey reach
an asymptoticvalue under no-cap conditions,these concentrationsrepresent
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maximums.These concentrationsare based upon the assumptionthat the source

input C/Co to the groundwaterzone is equal to unity. One can see that the
maximum concentrationsat the POC are far below 1.0 which means that a

significantamount of mixingand dilution occur below the SanitaryLandfill. In
addition, some constituents undergo degradation which further reduces their

concentrations. As expected,concentrationsdecrease with distance from the

source (i.e., POC to POE to UTRC). Table8.2 lists the simulated relative
concentrationsat the POC, POE and UTRC at the end of institutionalcontrolfor

the maximum possible source scenario. As one would expect, these

concentrationsaresomewhatlargerthan the concentrationsbased uponthe more-
likelyand smallersourcedimension.

In Table 8.3, attenuationfactors have been calculatedbetween the POC and

POE and the POC and UTRC for the conservativesourcescenariounderno-cap
conditions. The highestattenuationfactor between the POC and the POE is for

leadwitha Kdof 100 mL/g. This highattenuationis resultingfrom strongsorption
to the aquifermatrix. The second highestvalue is for tetrachloroethylene(PCE)

which has a half life of 70 days. In this case, the attenuatingmechanism is
degradationof the COC. For most of the organicCOCs, the attenuationfactors

are very high which means that concentrations at the POE are very low in
comparisonto concentrationsat the POC. One exceptionto this is vinylchloride

(chloroethylene).Becausevinylchlorideresidesat theend of the PCEdegradation
chain and has a large half life, this constituentacts very conservativelyand is

constantlybeing producedas a resultof the constantparent (PCE) sourceinput.

In Table 8.4, attenuationfactorshavebeen calculatedbetween the POCand

POEandthe POC andUTRC for the maximum possiblesourcescenariounderno-

cap conditions. Changes between the attenuationfactors in Tables 8.3 and 8.4

result primarilyby the timing and inclusionof additionalsource blocks in this

scenario. For example, if the best-estimatesource scenarioonly inputsa COC
over two source quadrantslocated at the northend of the Sanitary Landfill,then
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the flowpathavailablefor attenuationislonger than ifone assumesthatthe same

COC isinputingoverthe entireSanitaryLandfillarea (i.e., maximumsourcecase).

In Tables 8.5 and 8.6, the absoluteconcentrationshavebeen calculatedat

the POC, POE, and UTRC at the end of institutionalcontrolfor the best-estimate

and maximum source scenarios, respectively. These absoluteconcentrations

assume that the input concentration can be represented by the maximum
observedPOC concentrationas listedinTable 3.1 withthe exceptionof daughter

products. For daughter products, concentrations are relative to the parent
observed POC concentrationmaximum. Therefore, these concentrationsshould

be consideredconservativeand maximums. For the three daughterproductsof

tetrachloroethylene,that is, trichloroethylene,trans-l,2-dichloroethene, and

chloroethylene,the POC maximumconcentrationsare not equal to the observed
maximum as listed in Table 3.1 because the concentration of the daughter

products depends upon the initial concentration of the parent. For
trichloroethylene,the simulationsoverestimatethe maximumPOC concentration.
However, for trans-l,2-dichloroetheneand chloroethylene the maximum POC

concentrationsare underestimatedby approximatelya factorof two.

FromTables 8.5 and 8.6, it can be seen that the concentrationsof mostof

the COCs are below groundwater standards at the POE as defined by the
standards listed in Table 3.1. However,there is one case where this is not the

case. The POE calculated concentration for chloroethylene is 175.8 and

221.8 ug/L for the best-estimateand maximum source scenarios, respectively.
These values are above the groundwaterprotectionstandard of 2 ug/L The

seeplinesamplingresultsdid not detect chloroethyleneat the wetlandsbut this

could be attributedto the factthat chloroethylenehas onlyrecentlybeen detected

at the landfill (Norrell et _i., 1992). The large simulated chloroethylene
concentrationsat the POE suggestthe overconservativenature of the transport

calculations. First,chloroethylenehas onlybeen identifiedto date in the western
portion of the original Sanitary Landfill. The source dimension assumed for
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tetrachloroethylene(PCE), and subsequentlychloroethylene,was basedupon the
cumulativeor intersectionof sourcequadrantsdeterminedfor all membersof the

tetrachloroethylenechain. For this reason, it is conservativelylarge. Secondly,

there is a finite amount of parent PCE available in the landfillto degrade to
chloroethylene. The assumptionthat PCE is being input to the saturatedzone
over the thirtyyears of institutionalcontrolisconservativebecausethe simulation

continuallyprovidesa newsource of PCEwhich impliesthat the source inventory
of PCE never degrades.

8.4 Scenario 1 Capped Conditions

The two scenariosof best-estimateandmaximumsource loadingwere also
simulatedconsideringthat the Sanitary LandfiUoriginaland Southem Expansion

portions of the landfillwere covered with a geosyntheticcap (Scenario 1 cap

conditions). The source boundary condition is assumed to be effectively
decreased by a factor of ten (97% efficiency)when the cap is emplaced in the
middleof 1995. The infiltrationrate underno cap conditionsis 15 in/yr and under

cap conditions is 1.4 in/yr. This transien*_ource creates breakthroughcurves
which are much more complexthan the nc_,capconditionsand are characterized

by building to a peak concentration ar,a then falling to a much reduced

concentrationat some time after capping (pleaserefer to Figure7.2).

For an example of the transientbehaviorof the COC breakthroughcurves

under capped conditions,Figures8.1 and 8.2 plot the breakthrough curvesfor
chlorobenzeneand 1,4-dichlorobenzene.

Figure8.1 shows the POC, POE, and UTRC breakthrough curves for

chlorobenzene.Chlorobenzeneisnotconsideredto degrade undermethanogenic
conditions(Barker and Wilson, 1992) and is modeled as a stable constituent.

From Figure8.1, one can see the transportof the concentration pulse which
moves down gradient from the Sanitary Landfill after capping. The maximum
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relativeconcentrationsimulatedatthe POEwas0.166 andthe maximumsimulated

for UTRC was0.137. Becausechlorobenzeneisstable,these peakconcentrations

are fairly close in magnitudewith dispersionacting as the primary attenuating
mechanismbetweenmonitoringpoints. Betweenthe timethe peak occursat the
POE and at UTRC, the maximumdischargingconcentrationisoccurringbetween

these two pointswithinthe wetlands.

For1,4-dichlorobenzene,the breakthroughcurvesat the POEand UTRC are

very different. The COC 1,4-dichlorobenzenehas a half life of 730 days and a
retardationfactorof 2.39. Becauseof degradationof the COC, the breakthrough

+

curves at the POE and UTRC are extremelyattenuated. Because the organic
COCs have low retardation factors, the half lives along with the source

assumptionswillcontrolthe magnitudeof the concentrationssimulatedat the POE
and locations further down gradient. Ukewise, the combinationof distrib;.¢ion
coefficientand half lifewill.governthe timingof the COC peak as it migratesfrom

the Sanitary Landfill and past the POE and through the wetlands to UTRC.

Becausea pulse movesthrough the groundwaterdown gradientof the Sanitary
Landfillaftercapping,the POEdoesnotrecordthehighestsimulatedconcentration

independent'oftimeaswas generallythe caseunderno-capconditions, t.iowever,
the maximum peak concentrationand the steady-statemaximumconcentration

(i.e.. at year 2025).are highest at the POE. Therefore, these concentrationsare
conservativefor use in riskcalculations.

For capped conditions concentrations were tabulated and absolute
concentrationswere calculatedfor the peak concentrationsandconcentrationsat
the end of institutionalcontrol. In addition,atteiluationfactorswere calculatedfor
these two sets of concentration data. Table8.7 tabulates the relative

concentrationssimulatedat year 2025 for the POC, POE, and UTRC for the best-

estimate source scenario under capped conditions. A comparison between

Table 8.7 and8.1 showsthat the cap hassubstantiallyloweredconcentrationsfor
all COCs at late time. Table 8.8 tabulates the peak relative concentrations

8-11



simulatedatthe POC, POE,and UTRCfor the best-estimatesourcescenariounder

capped conditions. Table 8.9 tabulates the time at which these peak
concentrationswere observed. If one compares Table 8.8 concentrationswith

Table 8.1, one can see that the peak concentrationsobserved under capped
conditionsalmostequal in magnitudethose observedwithouta cap. The mason

the peaks are so high relativeto uncapped conditionsis because the capping
takes place late in the loading history and advectivegroundwatertravel times

between the POC and the POE are exceedingly fast (i.e., 1 to 5 years).
Tables 8.10 through 8.12 correspondto Tables 8.7 through 8.9 but summarize
results from the simulationsfor the maximum possible source scenario under

capped conditions. Againa similarbehavioris observed when compared to the
best-estimate source scenario with the exception that concentrations have

increasedsomewhatand the peak relativeconcentrationsoccur later in time.

Table 8.13 tabulatesthe attenuationfactorscalculatedbetweenthe POC and

POEandthe POC and UTRC for the best-estimatesourcescenarioundercapped
conditionsusing relativeconcentrationstaken at the end of institutionalcontrol.

Comparisonof the attenuationfactors here with the best-estimatesource no-cap
attenuation factors (Table8.3) illustrates that the atten_Jationfactors have
increased. Table 8.14 tabulates the attenuationfactors calculated between the
POC and POE and the POC and UTRC for the best-estimatesource scenario

under capped conditions using the peak simulated relative concentrations
(Table8.8). The attenuationfactors measuredbetweenthe POC and the POEare

in mostcasescomparable inmagnitudeto the attenuationfactorscalculatedunder

no-capconditions(Table8.3). Asone movesfurtherdowngradientto UTRC,the

attenuationfactors are generally larger than for no-cap conditions because of

greater peak attenuationover the larger flow distance. Tables 8.15 and 8.16
tabulatethe attenuationfactors for the maximumpossiblesourcescenariounder

capped conditions. These attenuationfactors are generally smaller than the
attenuationfactorscalculatedforthe best-estimatesourcescenariobecause ofthe
increasedsourcearea.

8-12



Table 8.17 tabulates the absolute concentrationscalculated for the POC,

POE, and UTRC for the best-estimatesourcescenarioundercapped conditions
at year 2025. These absoluteconcentrationsassumethat the input concentration

can be representedby the maximumobserved POC concentrationas listed in
Table 3.1 with the exception of daughter products. Therefore, these
concentrationsshould be considered conservative maximums. The calculated

concentrationsare well below groundwaterstandardsat the POE for all COCs.

However, the simulationspredictthat the concentrationswillpeak !n the aquifer
after capping and that these concentrationsare on the same order as underno-

cap conditions. Table 8.18 tabulatesthe absolutepeak concentrationscalculated

forthe POC, POE, and UTRC for the best-estimatesourcescenarioundercapped
conditions.When comparedto no-capconditionsundera similarloadingscenario
(Table8.5), one can see that the peak concentrationsat the POE are as highas

underno-cap conditions. However, the peak concentrationsare slightlysmaller
at pointsfurtherdown gradient.

Similarly,Tables 8.19 and8.20 tabulate the absolute concentrationsat year
2025 and at peakvalues,respectively,calculatedforthe POC, POE, and UTRCfor

the maximum possiblesource scenariounder capped conditions. The overall
resultsare similarto the best-estimatesourcecase and, fromTable 8.19, it can be

seen that the concentrationsat the POE at the year 2025 are calculatedto be
much less than groundwater standards even under the maximum source

conditions with the exception of chloroethylenewhich accumulates in the

groundwaterbecauseof the constantparentPCEsourceterm anda relativelyhigh
half life.
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Figure 8.1 Breakthrough Curves for Chlorobenzene for the Maximum Source
ScenarioUnder Scenario 1 Capping (97% Efficiency)
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Figure 8.2 Breakthrough Curves for 1,4-Dichlorobenzene for the Maximum
Source Scenario Under Scenario 1 Capping (97% Efficiency)
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Table 8.1 SimulatedRelativeConcentrationatSelectedLocationsatYear 2025;
No Cap; Conservative Best-Estimate Source Scenario.

I • i I

Constituent RelativeConcentration

POC POE UTRC"
iiPI ril' 'i i ii ill i i

Chlorinated Aliphatics
., = ., i

1,1,1-Trichloroethane 0.1399 0.007"/ 5.4E-05

Tetrachloroethylene 0.0650 0.00003 1.7E-12

Tdchloroe_ylene 0.0502 0.0009 3.8E4_
|,,i , ,, i,i

Trans1,2-Dichloroethene 0,0268 0.0048 9.3E-06
,ll i llll ii

Chloroethylene 0.0210 0.0203 0.0052
,i ,|, i ii i ,

Dichlorodffluoromethane 0.2353 0.0497 0.0051
i= = i,,,,, | H,,

Trichlorofiuoromethane 0.2313 0.0465 0.0042
,., ,HI =" " . i

Dichloromethane 0.1105 0.0009 6.2E-08
,, i

I Chlorobenzenes

J 1,4-Dichlorobenzene 0.0955 0.0038 0.0001
, .=, ,, ,.

Chlorobenzene 0.1141 0.0276 0.0277" ,_romatics .......

I Benzene .... 0.1832 0.0270 "' 0.0060• Ethylbe'nzene' ' '0.1747 0.01'46 0=0024

I Xylenes 0.1425 0.0017 0.00002Metals .........

I Arsenic 0.16"i3 0.0547 0=0555Lead(Ka=105) ' 0.0,_ <1E-12 _1E-12'

I Le_a(K_=0.001) '0.2349 0.0731 0.5740- Radioactive ......

| Tdtiurr_....... 0.1979 0.0430 " 0.0_
il ii ,

I

POC = Pointof Compliance
POE = Point of Exposure
UTRC = Upper Three RunsCreek
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Table 8.2 SimulatedRelativeConcentrationat SelectedLocationsatYear 2025;
No Cap; MaximumPossibleSourceScenario.

I I I II II

Constituent RelativeConcentration
Ill Ill Illl IIll i i i

POC POE UTRC
i' ii

Chlorinated_.liphatics

1,1,1-Trichloroethane O.1643 0.008i ' 0.0001

Tetrachloroethylene 0.0670 0.00003 1.7E.12

Trichloroethylene 0.0586 0.0009 3.9E-08

Transl,2-Dichloroethene 0.0386 0.0050 9.5E-06
i ii ,11, ii i i ill i i ill

Chloroethylene 0.0312 0.0264 0.0066
Dichlorodifluoromethane 0.2353 0.0497 0.0051

Trichlorofluoromethane 0.2313 0.0465 '0.0042

Dichloromethane 0.1105 0.0009 6.2E-08

Chlorobenzenes
-- _ ,,,, = i, . ,=,.

1,4-Dichlorobenzene 0.1904 0.0195 0.0(X)4
Chlorobenzene 0.3523 O.1959 O.1923

Aromatics
i i __ __ ,IiI _ , , I

Benzene 0.2649 0.07766 0.01675
.= i,

Ethylbenzene 0.2508 0.0636 0.0098

Xylenes O.1746 0.0127 0.0001
Metals

Arsenic 0.3523 0.1959 0.1923

Lead (Kd=lO0) 0.0327 < 1E-12 < 1E-12

Lead(Kd =0.001) 0.3523 0.1959 0.1923, . .. ,

Radioactive -
,, , , ,,= , ,

Tritium 0.3274 0.1573 0.1083
Ill i i Ill
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Table 8.3 Attenuation Factors at Year 2025; No Cap; Conservative Best-
EstimateSource Scenario.

i I III I IIII I I I iiii i iiiii ii ii

Constituent Porous Media Attenuation Factor

POE J UTRCi I i liil i iilll

Chlorinated Aliphatics
,u,. , iii . i i , . ,i

1,1,1-Tnchloroethane 18.1 2586

Tetrachloroethylene 2468 > 1E+10
Trichloroethylene 55.8 1.3E + 06

. i, Ill i .11i lili i i iii i| i .

Trans 1,2-Dichlorc_thene 5.6 2893
-- ii - i. i

Chloroethylene 1.0 4.1
Dichlorod_uoromethane 4.7 " '46.1 '

Trichl0rofluoromethane 5.0 55.1

Dichl0"romethane 122.8 ..... 1.8E+06

Chlorobenzenes

1,4-Dichlorobenzene 25.3 1206

Chlorobenzene 4.1 4.1

Aromatic_

Benzene 6.8 20.6
., i ,,i i i ,i

Ethylbenzene 11.9 74.1
,=,, ,,,,, ,, ,, ,

Xylenes 82.7 8180
,.., , H i

Metals

Arsbni"c ........ 2.9 .... 2.9 '

Lead (Kd=100) > 1E10 > 1E10

Lead(Kd=0.001) 3.2 3.2
Radioactive

Tritium '4.6 6.5
-- I l i i il II
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Table 8.4 Attenuation Factors at Year 2025; No Cap; Maximum Possible
Source Scenario.

I ii, ,, , , ,, , , ,,

Constituent Porous Media AttenuationFactor
_• ,,, ,,,

POE UTRC
I lii H" i ii i -- -- IIII

Chlorinated Aliphatics

1,1,i.'i:richloroethane 20.2 ......... 2853
i,,i i .| i.= iii i,,ii

Tetrachloroethylene 2545 > 1E+ 10

Tdchloroethylene ' 64.8 .... 1.5E+06"

Trans1,2-Dichloroethene 7.7 4038
,, i , IHI -

Chloroethylene 1.2 4.7
Dichlorodifluoromethane 4.7 46.5

Tdchlorofluoromethane 5.0 54.8
i ,, . .,., ,,n .,,, . i ,i ,..

Dichloromethane 118.3 1.8E+06

Chlorobenzenes ..............

i,4-Dichlorobenzene 9.8 486.0
Chlorobenzene " 1.8 1.8 "

Aromatics

Benzene 3.4 15.8

Ethylbenzene 3.9 25.6

Xylenes 13.7 1469
. . , , ,, . i... , --

Metals
=, .. , ,=, --

Arsenic 1.8 1.8

Lead (Kd= 100) > 1E10 > 1E10
, ,,, ,,, ,,i ,,m,

Lead(Kd =0.001) 1.8 1.8
i ,m __ ,, ,=,

Tritium ' ,';_".1 " 3.0
I I III II
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Table 8.5 Absolute Concentrationsat Selected Locationsat Year 2025; No
Cap; ConservativeBest-EstimateSourceScenario.

I i i

Constituent AbsoluteConcentration(ug/L)
..=== ..,

POC I POE UTRC
! ,,

., ,,,. 7T , Ir

ChlorinatedAliphatics ,n

1,1,1-Trichloroethane 249.0 13.7 0.1

Tetrachloroethylene 564.0 0.2 0.0

Trichloroethylene 436.0 7.8 0.0
Trans1,2-Dichloroethene 232.8 41.8 0.1

Chloroethylene 182.1 175.8 44.7
Dichlorodifluoromethane 74.6 15.8 1.6

. ,.. ,..=

Trichlorofluoromethane 580.0 116.6 10.5
,,,|, , .,,

Dichloromethane 103.0 0.8 0.0
,,

Chlorobenzenes

1,4-Dichlorobenzene 99.0 3.9 O.1
Chlorobenzene 52.0 12.6 12.6

. ,|

Aromatics

Benzene 8.0 1.2 0.3

Ethylbenzene 52.6 4.4 0.7

Xylenes 28.0 0.3 0.0=

Metals
,

Arsenic 37.6 12.8 12.9

Lead (Kd= 100) 40.0 0.0 (_.0

Lead(Kd=0.001 ) 40.0 12.5 12.6
Radioactive

Tritium 101.0 21.9 15.5
I I I
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Table 8.6 AbsoluteConcentrationsat Selected Locationsat Year 2025; No
Cap; MaximumPossibleSourceScenario.

II i i

Constituent Absolute Concentration(ug/L)

POC POE I UTRC
I" i _1 ..

Chlorinated Aliphatics
i

1,1,1-Trichloroethane 249.0 12.3 0.1
i i

Tetrachloroethylene 564.0 0.2 0.0
IH,=

Tdchloroethylene 492.7 7.6 0.0i

Trans1,2-Dichloroethene 324.3 41.9 0.1
i |

Chloroethylene 262.2 221.8 55.2
Dichlorodifluoromethane 74.6 15.8 1.6

Trichlorofluoromethane 580.0 116.6 10.6
i

Dichloromethane 103.0 0.9 0.0
i

Chlorobenzenes

1,4-Dichlorobenzene 99.0 10.1 0.2
Chlorobenzene 52.0 28.9 28.4

Aromatics
,i ,, H

Benzene 8.0 2.3 0.5
H

Ethylbenzene 52.6 13.3 2.1

Xylenes 28.0 2.0 0.0
i, i

Metals
i

Arsenic 37.6 20.9 20.5
,i i i i ,,

Lead (Kd= 100) 40.0 0.0 0.0

Lead(Kd=0.001) 40.0 22.2 21.8

. '" , ,, , , , ",' I'll'

Absolute ConcentrationiPci/mL) .......
Constituent '

POC POE UTRC
L-- i '-, , ,, ,,

Radioactive

Tritium 101.0 48.5 33.4
I
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Table 8.7 SimulatedRelativeConcentrationat SelectedLocationsatYear2025;
Full Cap at 97% Efficiency; ConservativeBest-Estimate Source
Scenario.

Constituent RelativeConcentration
i i

POC POE UTRC .,
i i ,| | ii

Chlorinated _iphatic_
,,, llml

1,i, 1-Trichloroethane 0.0227 0.0007 4.7E-06
i=

Tetrachloroethylene 0.0095 1.8E4_ < 1E-12
...... ,ill

Trichloroethylene 0.0086 0.00007 2.8E-09i

TransI, 2-Dichlor(_thene 0.1X150 0.0004 7.6E-07
ii

Chloroethylene 0.0035 0.0022 0.0005
Dichlor(xl_uoromethane 0.0402 0.0051 0.0005

i i

Trichlorofluoromethane 0.0396 0.0047 0.0004

Dichloromethane 0.0175 0.0(XI08 4.5E-09
i i i

Chlorobenzenes
,J

1,4-Dichlorobenzene 0.0157 0.0004 7.0E-06

Chlorobenzene 0.0188 0.0031 0.0030
i 1

Aromatic_

Benzene 0.0307 0.0028 0.0006
i

Ethylbenzene 0.0292 0.0015 0.0002
i ,i

Xylenes 0.0231 0.0002 1.4E-06
i.

Metals

Arsenic 0.0242 0.0051 0.0050

Lead (Kd=lO0) 0.0141 < 1E-12 < 1E-12
,=

Lead(Kd =0.001 0.0398 0.13081 0.0079
Radioactive

., ,.. ,,,,

Tritium 0.0334 0.0047 0.0032
I| I
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Table 8.8 Simulated Peak RelativeConcentration at Selected Locations;Full
Cap at 97% Efficiency;ConservativeBest-EstimateSourceScenario.

III I i.i

Constituent RelativePeak Concentration
i,i, i i =. i i

POC POE UTRC

ChlorinatedAliPhatics..........
i i=

1,1,1-Tnchloroethane 0.1399 0.0(178 0.00005

Tetrachloroethylene 0.0650 0.00003 1.7E-12
i

Trichl0roelt'lylene 0.0502 0.0009 3.8E4_

Transl,2-Dichl0roethene 0.0271 0.0049 9.0E-06

Chloroethylene' 0.0219 0.0204 t3'.0048i i ,,,

Di_lorod_luoromethane 0.2332 0.0440 0.0039

Trichlorofluoromethane 0.2293 0.0410 0.0032
ii,=i .i

Dichloromethane 0.1105 0.0009 5.8E438

Chiorobenzenes

1,4-Dichlorobenzene 0.0951 0.0028 0.00005
,i ,, ,,i =

Chlorobenzene 0.1141 0.0277 0.0264
,,, ,,,.,,

Aromatics

Benzene 0.1831 0.0249 0.0050
,

Ethylbenzene 0.1747 0.0140 0.0021,, , ,,,,, ,

Xylenes 0.1425 0.0017 0.00002
,, , , ,,,

Metals
.q. ,,,

Arsenic 0.1613 0.0551 0.055,3
i

Lead (Kd=100) 0.0151 < 1E-12 < 1E-12
, , ,.,,

Lead (Kd=0.001) 0.2:349 0.0725 0.0697
Radioa_ive ....

, , , ..,

Tritium 0.1979 0.0432 0.0296
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Table 8.9 Yearof SimulatedPeakRelativeConcentrationatSelectedLocations;
Full-Cap at 97% Efficiency;Conservative Best-EstimateSource
Scenario.

i I II I

Constituent Year of RelativePeak Concentration
, ,,...,

POC I POE U'I'_C
' " Chlorinated"Aliph'atics.... ' ............

1,1,1-Tnchlorcethane 19913.5 1995.9 1999.9
ii i

Tetrachloroethylene 1988.5 1995.8 1997.3

Td_llorc_thylene 1989.4 1995.9 1998.1

Transl,2-Dichloroet'l_ene 1995.6 .... 1995.9 1998.9
ii i

Chloroethylene 1996.0 1996.0 2000.8
i

Dichlorodifluoromethane 1994.8 1995.9 1998.1

Tdchlorofluoromethane 1995.5 1996.8 2002.0
i,i

Dichloromethane 1988.5 1995.8 1997.6
,m ,,,,

Chlorot:_ru_enes
i i,i

1,4-Dichlorobenzene 1995.5 1999.3 2007.8
. , .

Chlorobenzene 1990.8 1996.0 2004.8
i, lie

Aromatics
,,

Benzene 1994.6 1997.4 2002.5
i , ,,

Ethylbenzene 1993.3 1996.8 2006.4

Xylenes 1991.1 1996.0 201_.0
Motals

i , ,im iii

Arsenic 1989.5 1995.9 2001.3
i

Lead (Kd= 100) 2045.0 2045.0 2045.0

Lead(Kd=0.001) 1994.4 1996.0 2002.6
, i ..........

Radioactive

Tritium 1991.8 1995.9 2001.6
I I I II I III

8-24



Table 8.10 SimulatedRelativeConcentrationat SelectedLocationsatYear 2025;
FuliCap at 97% Efficiency;MaximumPossibleSourceScenario.

II

Constituent RelativeConcentration

POC POE UTRC

Aliphati'--',._" ' ....Chlorinated

1,1,1-Trichloroethane 0.0271 0.0008 5.0E-06

Tetrachloroethylene 0.0099 1.8E-06 1.0E-13

Trichloroethylene 0.0101 0.00007 2.8E-09
, i

Trans1,2-Dichloroethene 0.0070 0.0005 7.8E-07

Chloroethylene 0.0052 0.0028 0.0007
Dichlorodifluoromethane 0.0402 0.0051 0.0005

Trichlorofluoromethane 0.0396 0.0047 0.0004

Dichloromethane 0.0175 0.00008 4.5E-09

Chlorobenzenes

1,4-Dichlorobenzene 0.0322 0.0019 0.00004

Chlorobenzene 0.0594 0.0219 0.0208
, ,,

Aromatics

Benzene 0.0451 0.0082 0.0017

Ethylbenzene 0.0428 0.0066 0.0010
., , ,

Xylenes 0.0292 0.0012 0.00001
Metals

Arsenic 0.0594 0.0219 0.0206

Lead (Kd= 100) 0.0155 < 1E-12 < 1E-12
,, . =... ,.

Lead(Kd=0.001) 0.0594 0.0219 0.0206
Radioactive

Tritium 0.0554 0.0173 ! 0.0114
II IIll a III I I
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Table 8.11 SimulatedPeak RelativeConcentrationat Selected Locations;Full
Capat 97% Efficiency;MaximumPossibleSource Scenario.

,,,,, , III --

Constituent RelativePeak Concentration

POC POE UTRC
lii i II 1

ChlorinatedAliphatics
. , i ,. .. ,., ,.

1,1,1-Trichlor_ane 0.1643 0.0082 0.00005

Tetrachloroethylene 0.0670 0.(XXX)3 ' 1.7E-12,= , ,= -- __

Tric_lor_thylene 0.0586 0.0009 3.8E-08
i ,= ,,,

Trans1,2-Dichloroethene 0.0391 0.0050 9.3E-06
,. ,., ,,, ,., =,

Chloroethylene 0._ 0.0264 0.0061
Dichlorodifluoromethane 0.2332 0.0443 ' 0.0039

Trichlorofluoromethane 0.22_ 0.0410 0.0032

Oichloromethane 0.1105 ...... 0.(X)09 ' 5.8E-08

Chlorobenzenes
., |.

1,4-Dichlorobenzene O.1881 0.0151 0.0002
Chlorobenzene 0.3361 0.1656 0.1374

,, , ,,.= , ,, ,.=

Aromatics

Benzene 0.2609 0.0693 0.0130

Ethylbenzene 0.2433 0.0504 0.0063

Xylenes 0.1738 0.0108 0.00008
.. .,,. ,, , ,=

Metals

Arsenic .... 0.3443 o.i776 " o.i530
, =, ,,,

Lead (Kd=100) 0.0159 < 1E-12 < 1E-12

Lead(Kd =0.001) 0.3443 0.1776 0.1530
, .,, , ,.,., ,, , =

Radioact_e

Tritium 0.32t3 0.1427 ....0.0863
I • I III '" "" "
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Table 8.12 Year ofSimulatedPeak RelativeConcentrationat SelectedLocations;
Full Cap at 97% Efficiency; Ma,_mum Possible Source Scenario.

, ,, ,,,, ,, Ill

Constituent Year of Relative Peak Concentration
,, , i |,,i

Chiorinated_.liphatic_'

1,1,1-Trichloroethane 1992.1 1995.9 1999.9

Tetrachloroethylene 1989.8 1995.8 1997.3

Tdchlor0ethylene 1990.8 ..... 1995.9 1998.1

Transl,2-Dichloroethene 1995.6 1995.9 1998.9

Chloroethylene 1996.4 1996.0 20130.9
Dichlorodifluoromethane 1995.5 1996.5 2001.8

Trichlorofluor0mei'hane 1995.5 ...... 1996.8 20()2'0'

Dichloromethane " 1994.8 ..... - 1995.9 19_. 1
, ,,, , ,., ., | .,

Chlorobenzenes
,,,,, ,, ,, ,, __ ,

1,4-Dichiorobenzene 1995.5 1997.5 2006.6
Chl°r°benzene " 1995.5 ' '1997.6 200518'

,, , ,, , , -- _ _

Aromatics

.... i .8 -
Ethylbenzene...... 1995.5 ' 1997.6 '2(X)614 -

Xylenes 1995.5 i996.8 2003.4
Metals

,, ,,,,, ,= ,,, ,,,,

Arsenic 1995.5 1996.8 200214
, , , ,= ,,|,

Lead (Kd= 100) 1998.3 2045.0 2045.0

Lead(Kd=0.001) 1995.5 .' '', 1996.8 I 2002.4
Radioactive

.i, ., .,. ,= ,. _

Tritium 1995.5 ,, 1996.8 i 2002..1
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Table 8.13 Attenuation Factors at Year 2025; Full Cap at 97% Efficiency;
ConservativeBest-EstimateSource Scenario.

ii iiii iiiii ii

-- Constituent PorousMedia AttenuationFactor

POE UTRC
..... II

ChlorinatedAliphati_
.. __ ,= --

1,1,1'Trichloroethane 31.3 4838

Tetrachloroethyiene 5311..... > 1E+ 10

-Trichloroethylene..... 1_18.0 3.1E+06

Trans1,2-Dichloroethene 11.1 6539
., __ ,, , • , ,= , ,,,

Chloroethylene 1.6 6.8
........ ,, ,,. .=, ,,, ,,,,, , ,

Dichlorod_iuoromethane 7.9 82.6
,,,.,., , ,,., • m

Trichlorofluoromeihane 8.4 98.0
-- __ ..... ., .,.

Dichloromethane 231.1 3.9E+06
,.. =,, ,,, ,, ,. ,= ,

Chlorobenzenes
-- ,.,, , ,=

1,4-Dichlorobenzene 44.4 2260.7
Clllorobenzene 6.1 6.3

- ,. ,, , , ,, , • ,,, ,,. - _

Aromatics
_ _..... , .,, ,

Benzene 11.0 52.1
, __ ,,,, , ,= __ _ , .. ,., , .. ,

Ethylbenzene 19.6 126.3

×ylenes 149.3 15970
Metals

Arsenic - 4.8 4.9
L_ . ,, , , ,,= ,, , ,., =_ ,

Lead (Kd=100) > 1E+ 10 > 1E+ 10
__ ,, ,. __ ..., , , ,,, ,,, = • , ,

Lead(Kd=0.001) 4.9 5.0
Radioactive

.-. __ .., ,, j• __ , ,, ,=,, -

Tritium '7.1 [ 10.5• III • IIII I I --
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Table 8.14 AttenuationFactorsEvaluatedwithPeak Concentrations;FullCap at
97% Efficiency;ConservativeBest-EstimateSource Scenario.

,,,,, IIII II __ m

Constituent PorousMedia AttenuationFactor
.i i,|

POE UTRC

_' ChlorinatedAliphatics ' .......... , i i .

- 1,1,1-Trichioroethane 18.0 2743.1
i i,i ., i

Tetrachloroethylene ..... 2456 > 1E+ 10

Trichloroethylene 55.4 -1.3E +06
,. , ||1 ,

Tr_msI,2-Di_loroethene 5.6 _ 1
,i i i ii

Chloroethylene 1.1 4.6
Dic_lorodiIluoromethane 5.3 59.6

Trichlor0flu0romethane ....5.6 -71.5 J
,, ,,,. ... ,,,, , __ , ,,

Dichloromethane 119.7 1.9E+06

"Chlorobenzenes ........
.., ,., ,, ,,, , __

1,4-Dichlorobenzene 34.2 2027
,,,= ,i i

Chlorobenzene 4.1 4.3
__ ,,.,.,. ,. __ ,,

Aromatics
.,,. __ .,, ,,,.. ,

Benzene 7.3 .....36.9
,,, ,. _ ,,.. __ ,

Ethylbenzene 12.4 84.8
-- __ __ ,, __ ,

Xylenes 8,3.2 8845
H ,=, ,,,| i , , i

Metals
., ,.,, ., , | ,, .

Arsenic 2.9 2.9
. .,,, ,,, ,., . . .

Lead (Kd=100) > 1E+10 > 1E+10

Lead(Kd=0.001) 3.2 3.4
-- '" ' " ' ' t' ' '"

Radioactive
,,, , . , ,,,.,, . i

Tritium 4.6 6.7
-- II II IIIII II I
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Table 8.15 Attenuation Factors at Year 2025; Full Cap at 97% Efficiency;
MaximumPossibleSourceScenario.

,, mill IIIII III ,,

Constituent Porous Media AttenuationFactor
i ii n.i

POE UTRC

.... Chl0rinatedAlipha1:iCs ' ".... ..........
1,1,1-Trichloroezhane 35.4 5438

i |1,....

Tetrachl0roethylene 5509 > 1E+ 10
, ii i

Trichloroethylene 137.7 3.6E+06
__ n,,, n.. n, , ,,u,

Trans1,2-Dichloroethene 15.3 8992

Chloroethylene- i.8 7.9 ....
i ,, ii

Dichlorodifluoromethane 7.9 82.6

Trichlorofluoromethane 8.4 ...... 98.0 '"

Dichloromethane 231.1 3.9E+ 06 ....

Chiorobenzenes .......

i,4-Dichlorobenzene 17.1 .... 910.8
Ch[orobenzene ...... 2.7 ...... 2.8

..... Aromatics .....
..,. ,, ,,H =. __ ,, ,. , .

Benzene 5.5 27.1
,,, ,,, , __ ,,, .... __

Ethylbenzene 6.5 44.0
, , ,., .,,,. i ==l,

Xylenes 24.5 2843
u, i ,,

Metals
,

Arsenic 2.7 2.9
-- -- , , i ,i

Lead (Kd=100) > 1E+ 10 > 1E+ 10
i.=l _ , , ii

Lead(Kd =0,001) 2.7 2.9
Radioactive

_ _ , , ,, ,,, ,, ,

Tritium ,3.2 ! 4.8Illll l i ii I I i I
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Table 8.16 A_enuationFaVors Evaluatedwith Peak Concentrations;Full Cap at
97% Efficiency;MaximumPossibleSource Scenario.

i II
II llill II il I ____ II I

Constituent PorousMedia A_enuaUonFaVor
m i, ii

POE UTRC
b l Ill ,i_ I ill l l LI

ChlorinatedAliphatics
1,1,i-Trichloroethane ..... _10 ...... 3025

, m ,| , ii,,, _ i ii

Tetrachloroethylene 2533 > 1E+ 10

Tnchloroethylene I '64.4 I ' 1.5E+06...... ill ,i i

Trans1,2-Dichloroe_ene 7.8 4203
lll,i ,, ill

Chloroethylene 1.3 5.4
Dichlorod_uoromeihane 5.3 59.6

Trich'iorofluor0methane 5.6 71.5

Dichiorometha'ne 119.7 1.9E+ 06

Chlorobe'nzenes .......

1l ,4-Dichlorobenzene 12.5 .... 796.4
Chlorobenzene .... 2.0 " 2.4

l l _ l II Ill ill ____ II I

Aromatics
_ ii Hill Ill .l l

Benzene 3.8 20.1

Ethylbenzene 4.8 • I 38.3
llil l l Ill llll

Xylenes 16.1 2109
, i , ,, ,

Metals
, ,,

Arsenic 1.9 2.3
,,, ,,

Lead (Kd= 100) > 1E+ 10 > 1E+ 10
_ ll II I I

Lead(Kd=0.001) 1.9 2.3
Radioactive

, ,., , i ,,

Tritium 2.3 3.7
III =111 I I II iii
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Table 8.17 AbsoluteConcentrationsat Selected Locationsat Year 2025; Full
Cap at 97% Efficiency;ConservativeBest-EstimateSourceScenario.

in

Constituent Absolute Concentration(ug/L)
POC POE I UTRC

" II1 I I'111 I I

Chlorinated Aliphatics

1,1,1-Trichloroethane 40.3 1.3 0.0

Tetrachloroethylene 82.6 0.0 0.0
=,

Trichloroethylene 75.0 0.6 0.0

Trans1,2-Dichloroethene 43.0 3.9 0.0

Chloroethylene 30.3 19.1 4.5
,i

Dichlorodifluoromethane 12.8 1.6 0.2

Trichlorofluoromethane 99.2 11.8 1.0

Dichloromethane 16.3 0.1 0.0
=,,

Chlorobenzenes

1,4-Dichlorobenzene 16.3 0.4 0.0

Chlorobenzene 8.6 1.4 1.4

Aromatics

Benzene 1.3 0.1 0.0

Ethylbenzene 8.8 0.4 0.1

Xylenes 4.5 0.0 0.0
Metals

Arsenic 5.6 1.2 1.2
,,

Lead (Kd= 100) 17.6 0.0 0.0

Lead(Kd=0.001) 6.8 1.4 1.3
, , ,

, ] , , , ,l,ii

AbsoluteConcentration (pCi/mL)

Constituent POC I POE UTRC, J ,, ,, , r

Radioactive

Tritium 17.0 I 2.4 1.6
II I
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Table 8.18 AbsolutePeak Concentrationsat Selected Locations;Full Cap at
97% Efficiency;ConservativeBest-EstimateSource Scenario.

I

Constituent Absolute Concentration (ug/L)
i,

POC I POE UTRCI

Chlorinated Aliphatics
i

1,1,1-Trichloroethane 249.0 13.8 0.1
i

Tetrachloroethylene 564.0 0.2 0.0

Trichloroethylene 436.0 7.9 0.0

Trans1,2-Dichloroethene 235.1 42.2 0.1

Chloroethylene 190.2 176.9 41.6
Dichlorodifluoromethane 73.9 14.0 1.2

• .

Trichlorofluoromethane 575.0 102.9 8.0
i

Dichloromethane 103.0 0.9 0.0

Chlorobenzenes

1,4-Dichlorobenzene 98.7 2.9 0.0
Chlorobenzene 52.0 12.6 12.0
i

Aromatics
i

Benzene 8.0 1.1 0.2
i

Ethylbenzene 52.6 4.2 0.6

Xylenes 28.0 0.3 0.0
.......

Metals

Arsenic 37.6 12.8 12.9

Lead (Kd= 100) 18.9 0.0 0.0 i

Lead(Kd=0.001) 40.0 12.3 11.9

i i,

..... AbsoluteConcentration(pC;i/mLi
Constituent POC POE UTRC

iii i r ii i

Radioactive

Tritium 101.0 22.0 15.1
I I

8-33

m '



Table 8.19 AbsoluteConcentrationsat Selected Locationsat Year 2025; Full
Cap at 97% Efficiency; Maximum Possible Source Scenario.

iii I

Constituent Absolute Concentration(ug/L)
|

POC I POE UTRCI II , _1

ChlorinatedAiiphatics
i i

1,1,1-Trichlorcethane 41.0 1.2 0.0

Tetrachloroethylene 83.1 0.0 0.0|l i ii

Trichloroethylene 85.1 0.6 0.0
ii ill

Transl,2-Dichloroethene 59.0 3.9 0.0
i ii illl

Chloroethylene 4;3.8 23.9 5.5Hi i

Dichlorodifluoromethane 12.8 1.6 0.2
.ll

Tdchlorofluoromethane 99.2 11.8 1.0
ii. .=i

Dichloromethane 16.3 0.1 0.0

Chlorobenzenes
, i | _ i.

1,4-Dichlorobenzene 16.7 1.0 0.0
=ll

Chlorobenzene 8.8 3.2 3.1
i i i. i

Aromatics
i m ,,

BenTene 1.4 0.2 0.1
i i

Ethylbenzene 9.0 1.4 0.2
, . i

Xylenes 4.7 0.2 0.0
., i ,= HH. ,.

Metals

Arsenic 6.3 2.3 2.2
, , i i

Lead (Kd= 100) 18.9 0.0 0.0,m

Lead(Kd=0.001) 6.7 2.5 2.3
i,, i

i , i

...... Absolute Concentration(pCi/mL)
i

Constituent POC POE UTRC
,i I ,i i i i ., i i 1

Radioactive

Tritium 17.1 5.3 3.5
iii I
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Table8.20 AbsolutePeak Concentrationsat Selected Locations;Full Cap at
97% Efficiency;MaximumPossibleSource Scenario.

Constituent AbsoluteConcentration(ug/L)i

POC POE UTRC
I I

Chlorinated Aliphatics

1,1,1-Trichloroethane 249.0 12.4 0.1

Tetrachloroethylene 564.0 0.2 0.0

Trichloroethylene 492.7 7.7 0.0

Trans1,2-Dichloroethene 328.9 42.2 0.1
i i..ll i

Chloroethylene 280.1 222.4 51.4i

Dichlorodifluoromethane 73.9 14.0 1.2
i

Trichlorofluoromethane 575.0 102.9 8.0

Dichloromethane 103.0 0.9 0.0
i i ,

Chlorobenzenes
i

1,4-Dichlorobenzene 97.8 7.8 0.1
i i

Chlorobenzene 49.6 24.4 20.3

Aromatics

Benzene 7.9 2.1 0.4
i,

Ethylbenzene 51.0 10.6 1.3

Xylenes 27.9 1.7 0.0i

Metals

Arsenic 36.7 19.0 16.3

Lead (Kd= 100) 19.4 0.0 0.0

Lead(Kd=0.001) 39.1 20.2 17.4

• .,, i i ill i

Absolute Concentration (pCi/mL)

Constituent Poc POE UTRC
i i , i i i |

Radioactive

Tritium 99.1 44.0 26.6

8-35



9.0 LATERAL EXTENT OF CONTAMINATION AND DERIVATION OF THE
GROUNDWATER TO SURFACE WATER DILUTION FACTOR

The transport modelingperformed in support of the ACL Demonstrations
presented in the precedingChapter8 are consideredconservativebecause the
vertical-cross-sectionaltransportmodelsimulatesplumecenterlineconcentrations

which represent maximumconcentrations. The concentrations are maximums

because lateral spread of contaminantsas a result of mechanical mixingand
diffusionfrom the centerlineis not modeled. However,the definitionof the lateral

extentof contaminationandthe potentialdischargearea andvolumetricfluxwhere

contaminatedgroundwaterdischargesto thesurfaceisrequiredfor the calculation

of a groundwater to surface water dilution factor for the estimation of COC
concentrationsin UTRC. The area of contaminantdischargeto the wetlandsand
the volumetricfluxrate of contaminantsto that area are also requiredby the risk
assessorsto defineconditionsfor inhalationexposureriskscenarios. A simplified

approach using an analyticalmodelwas implementedto determine lateralextent
of contaminationand a groundwaterto surfacewaterdilutionfactor.

9.1 Determination of Lateral Extent of Contamination and Discharge Area

The followingdescribesthe methodused to determinethe potentialzone of

contaminated groundwater in the lateral direction. A closed-form analytic

advection-dispersion model was used to delineate the potential extent of

dischargingcontaminatedgroundwater.The modelused is an analyticsolutionto
the advection-dispersionequationfora constantconcentration,finite-widthsource.
The analyticsolutionwas usedto predictconservativeconstituentconcentrations

areally down gradient from the Sanitary Landfill in an unidirectionalflow field

oriented parallel to the vertical cross-sectionaltransport model described in

Chapter4. Theanalyticsolutionused isth.eExtendedPulsemodel (Domenicoand
Robbins, 1985; Domenico, 1987) which is also known as the EPA Vertical and
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HorizontalSpread (VHS) analyticmodel. The assumptionsinherent to the closed
form solutionare:

• Rectangularplan AR sourceorientednormalto the flow directionand
locatedwithinthe saturatedzone oversomefinitesource thicknessin

the verticaldirection,
• Constantconcentrationsource,

• Constantand unidirectionalflowfield, and

• One dimensionaladvectivevelocitywiththree dimensionsof dispersion
and diffusion.

The solutionincludesretardationandfirstorderdecay; I_owever,theseattenuating

processeswere not consideredin thiscalculationas a measure of conservatism.
The governinganalyticequationcan be writtenas:

C(x,y,z,t) = tB) -[2(axvt)l/=J

{erf (y +YI2) _erf (y-YI2)I} (9.1)2(ayx)1/2 2(ayx)1/2

{e[,z+O12(a_x)'/21 [2(a=x)'/'

where Co is the initialsource concentration,x, y, and z are axial coordinates,v is

the average seepage velocity,t is time, ax, ay, and az are the longitudinaland
transversedispersivities,Y is the sourced.imensioninthe y-direction,and Z is the
source dimensionin the z-direction.
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Thisequationassumesthat spreading inthe z-directionisconfined at the top

of the saturated zone by the water table and assumes that spreading in the
y-directionoccurssymmetricallyand infinitelyabout the center lineof transport.
Becausethe bottomof the Steed PondAquiferis confinedby a no flowboundary,
y-directionspreadingislimitedto the thicknessof the saturatedzone. To account

for this, the analyticequationabove was solvedusingthe methodof images (de
Marsily,1986) to accountfor the zero fluxboundaryat the bottomof the aquifer.

Calculationsthat maximize lateral spreading predicted by the analytical
solutionare conservativebecause they maximizethe estimateof the potentially
contaminatedgroundwater discharge area. For this reason, the originof the
analyticsourceregionwas placedthe furthestdistanceupgradientfrom UTRC but

within the Sanitary Landfill. The source dimensionmust be specifiedas a plane
orientednormalto the unidirectionalflowfieldand thusrequiresspecificationof a

Y-source dimensionand a Z-source dimension(see Figure9.1). The Y-source
dimensionwas conservativelytaken to be equal to the maximum width of the

original portion of the Sanitary landfill which is approximately1220 ft. The

Z-sourcedimensionis calculatedto ensurethatthe volumetricfluxflowingthrough
the surficialarea of the Sanitary landfill as a result of recharge is equal to the

volumetricfluxflowingthroughthe analyticsourceplaneassumedto be normalto
the flow direction. The Z-source dimensioncan be calculatedas

Z source dimension = (Qs_it_ L,n_,r_._J'go/ Q,,quifer)X b (9.2)

whereb isthe averagesaturatedthicknessof the aquifer,Qs=na=_L=nd_,rq._=rgoisthe
volumetricflux passing through the source area of the Sanitary landfill due to

recharge,and Qaqu,o,isequalto the amountof volumetricfluxpassingunderneath
the Sanitary Landfill source measured normal to the flow direction over the

saturatedthicknessof the aquifer.This formulaprovidesthat the volumetricflux

passingthroughthe SanitaryLandfillsourcearea isthe sameas willpass through
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the analyticalsourceplane oriented in a Y-Z plane normalto the flow direction

(pleasesee Figure9.1).

The area of the originaland SouthernExpansionof the SanitaryLandfillis

approximately2.32 x 108 _. The infiltrationrate from the calibratedareal flow
model is 15 in/year or 1.25 ft/year. This equates to a vertical volumetricflux
throughthe originaland southern sectorportionsof the Sanitary Landfillof 7,955

_/day (Q s=n_uvu=o_,,=:_,rge)"The averagegroundwatervolumetricfluxoccurring
below the center of the Sanitary Landfill can be estimated by the simple

relationship

Qaqu.,r= v x A x _ (9.3)

where v is the seepage velocity of the aquifer which can be determined from
particletrackingin the areal model, A is the cross-sectionalarea overwhichthe

volumetricflow is desired (.theproduct of Y-source dimension and saturated

thickness),and_ is the mediumporosity(0.2). The averagesaturatedthickness
between the originalSanitary Landfill area and UTRC is approximately100 ft.
Therefore,the areaof the aquiferimmediatelyunderthe SanitaryLandfillmeasured

normalto the flow direction is equal to 1220 ftx 100 ft or 1.22 x 10s ft=. The

averageseepage velocitycan be calculatedbetweenthe drop pointlocatedat the
center of the northernextentof the originalSanitaryLandfillto UTRC. Based on

a particletrackingcalculationusing the steady-statecalibratedflow model from

Section 4, the average seepage velocity between the northern extent of the

SanitaryLandfillsourceand UTRC is 1.24 ft/day. Therefore,the aquifervolumetric

flux(Q=qu,.,)occurringimmediatelybelowtheSanitaryLandfillisapproximately3.03
x 104_/day. With the two above volumetricflow rates, the calculatedZ-source
dimensionis equalto 26.3 ft (usingEquation92). The sourceboundarycondition

is notequivalentto the type of boundary qonditionimposedin the cross-sectional

transportmodelused to support the ACL Demonstrations.However,the analytic
boundary condition used here provides larger down-gradient concentrations
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becauseof the locationof the source inthe saturatedzone andthe relativelylarge

sourceplaneZ-sourcedimensionrelativeto the saturatedthicknessofAquiferUnit

I/IIC. Therefore, the analyticis conservativebecause it provides higherplume
concentrationsand willalsoresultinlargerpredictedlateralmigrationanda larger

potentiallycontaminatedregion.

The Domenicoand Robbins(1985) modelwas used to simulatea steady-

state concentration profile. The source width was taken to be equal to the
maximumSanitaryLandfillwidthnormalto flow(1220ft) and the sourceplanewas

positionedparallelto the furthest up-gradientboundary of the originallandfillto
conservativelyprovidethe largestdegreeof lateralspreading(see Figure9.2). The
dispersivitiesfor the x, y, and z coordinateswere 100, 10, and 1 ft, respectively,
whichisconsistentwiththose usedfor the ACLtransportmodel (see Section52).

The model parametersused in the simulationare listed in Table 9.1. Figure9.2
shows the plume x-y slice at a z coordinate of 0 feet. This is the maximum
concentrationprofileinthe x-y plane.

The lateral extent of the plume as defined by the 0.005 relative
concentration contour is taken to define the lateral extent of the region of

potentiallycontaminateddischargingwaterfromthe SanitaryLandfill.Thislimitwas
chosen because it is a conservativelimit to contaminationwith over 99 % of the

potentialcontaminantmassfallingwithinthiscontour. Also,the concentrationof

0.005 C/Co is sufficientlysmall so that no COC would occur at concentrations
exceedingMCLs outsideof thiscontour. Figure9.3 showsthe extent of the 0.005

relativeconcentrationcontoursuperimposeduponthe SanitaryLandfilllocalmodel

area. Also shown on the figureare the wetland boundaryconditionsas wellas
UTRC.

By superimposingthe potentiallycontaminatedgroundwaterdischargearea

defined by the 0.005 relativeconcentrationcontouron the steady-statecalibrated
two-dimensionalareal flow model grid, estimatesof contaminantdischargearea
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and volumetricflux can be determined. The potentiallycontaminateddischarge
area inthe wetlandsis estimatedto be 5.88x 10eft=. The area withinUTRC which

is potentiallywithinthe contaminantplume is 2.6 x 10s ft=. The total potential

dischargingarea for a contaminantplume is6.14 x 10eft=. The volumetricfluxof
potentiallycontaminatedgroundwaterin the wetlandsis 88,869 _/day (1.03 cfs)

and the volumetricfluxof potentiallycontaminatedgroundwaterflowingdirectlyinto
UTRC is 45,871 _/day (0.53 cfs)as calculatedbythe calibratedareal flowmodel.
The total volumetricflux of potentiallycontaminatedgroundwaterfrom both the
wetlandsand UTRC is 134,740_/day (1.56 cfs) as calculatedby the areal flow

model. The maximum lengthacross the potentiallycontaminatedgroundwater
dischargearea measuredparallelto flowis approximately3,240 ft. The maximum

diagonal distance measured across the potentiallycontaminated groundwater
dischargearea is 3,650 ,'t.

9.2 Groundwater to Surface Water Dilution Factor

The groundwaterandsurfacewaterflowingdowngradientfrom the Sanitary

Landfillultimatelydischargeinto Upper Three Runs Creek (UTRC). Based upon
maximum POE concentrationsin Chapter 8, one can project maximum COC
concentrationsin UTRC assuming instantaneousdilution. The assumptionof

instantaneous dilutionassumesthat COC concentrationsentering the surface

water body (i.e., UTRC) will mix uniformly and very quickly with the UTRC
volumetricflow volume. Because the surface water body volumetric flux is

significantlygreater than the potentiallycontaminatedsurface and groundwater

flowingfrom the SanitaryLandfill,the concentrationsof COCs as measuredinthe

surfacewaterwillbe significantlydecreasedevenwhennotconsideringattenuation
processessuch as volatizationand degradationwhichwill also occur.

Assuming instantaneous dilution, a simple groundwater to surface water
concentrationreduction factor can be calculated which one can divide the

groundwatermaximumconcentrationby to receivea perfectlymixedsurfacewater
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concentration in UTRC some distance down gradient of the Sanitary Landfill

dischargearea. The groundwaterto surface waterdilutionfactor can be defined
asthe UTRC volumetricflow ratemeasuredimmediatelyup gradientof the Sanitary

Landfill discharge area divided by the volumetric flow rate of contaminated

groundwaterdischargeto the wetlandsand UTRC.

The totalpotentiallycontaminatedgroundwatervolumetricfluxenteringUTRC
from the potentialcontaminantplume emanatingfrom the Sanitary Landfillwas

calculatedabove from the calibratedareal flow model. The estimate is equal to
1.56 cfs. To be conservative,the volumetricflowratemeasuredinUTRC upstream

of theSanitary Lar,dfillcontribLYdngzone shouldbe a minimumflowrate. Gaging
StationC, (see Figure1.2) is located just upstreamof the potentialcontaminant
plumedischargearea asdefined above. The 7-day, 10-year (7Q10) low flowrate

in UTRC measuredat gagingStationC is97.3 cfs. Bydividingthe UTRC lowflow

rate by the volumetricflow rate contributingfrom the potentialSanitary Landfill
contaminantdischargearea (97.3/1.56) one arrivesat a groundwaterto surface
water dilutionfactor of 62.
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J

Figure 9.1 Schematic Representation of Sanitary Landfill Source Area and
Equivalent Source Area for Analytic Solution
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Table 9.1 Input Parameters Used to AnalyticallyEstimate Lateral Extent of
Contamination

I IIIIII

PARAMETER INPUT VALUE

LongitudinalDispersivity 100 ft

TransverseY Dispersivity 10 ft

TransverseZ Dispersivity 1 ft
i iw H, i,|

Initial RelativeConcentration 1.0
i =, =i,

Y Source Dimension 1220 ft

Z Source Dimension 26.3 ft

AverageSeepage Velocity 1.24 ft/day
I I IIIII
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10.0 STUDY SUMMARY AND CONCLUSIONS

This study documented by this report had several objectives. The broad
objectiveof the modelingstudy was to characterize and quantify the dominant
groundwaterflow and transport processesacting at and in the vicinityof the

Sanitary Landfill. More specifically,there were also several more focused

objectives. The firstof thesespecificobjectiveswas to developa local-scaleflow
modelfor the SanitaryLandfillvicinitywhichwas capableof examiningeffectsupon
the localgroundwaterregimeresultingfromvariouscappingscenarios.A second

objectiveof thisstudywas to developa flow andtransport model for the Sanitary
Landfillvicinityto providesupportingtransport calculationsfor the SanitaryLandfill

AlternativeConcentrationLimit (ACL) Demonstrations.A brief summaryof these
studies and the conclusions from them will be described in the following

Section 10.1. Followingthiswillbe Section 10.2whichwilldiscussdata needs for
the Sanitary Landfillvicinitywhich couldhelp to improvefuture modelingtasks.

10.1 Summary and Conclusions

A two-dimensionalarealflowmodel was constructedfor the Sanitary Landfill

and vicinityusing MODFLOW and the model was calibrated to steady-state

conditions. The local-scaleflow model reproduced the selected performance
measures within the performance measure uncertainties prescribed before
calibration. The calibrationdid not requireheterogeneousapplicationof medium

_ hydraulicpropertiesor recharge. Based upon the lack of field-scaleknowledge

regardingtransmissivityand recharge,the homogeneousmodel is believedto be
consistentwith the currentunderstandingof the hydrogeologicconditionsat the

Sanitary Landfill. The steady-statecalibratedhydraulicconductivityand recharge

valuesfor the arealmodelwere35 ft/day and 15 in/yr, respectively. These values

fall within the potentialrange of values expected for these parameters in the

Sanitary Landfillvicinity. A sensitivityanalysisfound that an infiniteselectionof
hydraulicconductivitiesand recharge rates could match the observed heads
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adequately. However,basedupona realisticrangeof potentialrechargerates,the
hydraulicconductivityof AquiferUnit I/IIC could potentiallyrange by a factor of 2.
A comparisonto potential flow gains to UTRC from the local-scalemodel was

found to be consistent with estimates between stream flow gages and also

consistentwiththe A/M regionalmodel (Beaudoin,1991). The requirementforan
appropriate agreement with potential flow gains to UTRC provided a further
constrainton the model by whichto calibrate.

A vertical cross sectionalflow and transportmodelwas also developedfor

the SanitaryLandfillvicinityto providea meansto examineflowpathsinthevertical
dimensionandto supportACL Demonstrationsthroughtransport calculationsfor

selected Sanitary LandfillCOCs. SWIFT II was selected as the model to use

because it providedthe abilityto model chain-decayprocessesas wellas handle
spatialand temporalvariationsin contaminantsource loading. The verticalflow
model was based upon the calibrated areal model and both the hydraulic

conductivity and recharge calibrated values were adopted for consistency.

Becausecharacterizationof the COC plumeswithmonitoringwellsaway from the
Sanitary Landfilldid not exist,the transport modelwas not able to be calibrated

through traditionalmethodsof historymatching.

The areal steady-statecalibrated flow model was used to quantify the areal
effectsof cappingof the Sanitary Landfillon the localgroundwatersystem. Two

differentcapping scenarioswere examinedbased upon the area of the Sanitary
Landfill considered to be capped. For these two scenarios a range of cap
efficienciesweresimulated.The cap efficiencieswere 100%,95%, 90%, and85%.

The maximumeffects upon the flow regime were from simulationswith Scenario

1 capping (largestcappedarea) and a cap efficiencyof 100% (i.e., zero simulated

infiltration).The effects of all capping scenarios examinedwere minimalunder

steady-stateconditionswith head declines in the vicinityof the Sanitary Landfill
never exceeding 1 foot. The transientsimulationof head decreasesshowedthe

head surface would approach a new approximatesteady-stateconditionwithin
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about two years. This calculation assumes no storage capacity within the

unsaturated zone. The velocityfield is increased up gradient of the area of
maximumhead declineand is decreasedin the area downgradientof the area of

maximumheaddecline.The maximumgroundwatervelocitydecreasewasslightly

over 5% and increasewas 2.5% for Scenario1 cappingwithan efficiencyof 100%
as comparedto no-capconditions. The maximumincreasein particletraveltime

to the seeplinefrom the SanitaryLandfillwas 4.5% for Scenario1 cappingwith an
efficiencyof 100%as comparedto no-capconditions. The maximumincreasein
particletraveltime to UTRC from the Sanitary Landfillwas 1.9% for Scenario 1

cappingwithan efficiencyof 100%as compared to no-capconditions. Ukewise,
the maximumchange in flow out of the modeled regionwas 1.4% for Scenario 1

cappingwithan efficiencyof 100%as comparedto no-capconditions. The vertical

flow and transportmodel wasused to transporta generictracer fromthe Sanitary
Landfillto the seeplineunder no-cap conditionsand Scenario 1 and Scenario2

cap areas undercap efficienciesrangingfrom 100 to 85% as above. The cap
proved it could effectivelyact to reduce saturated zone concentrationsin the

vicinityof the Sanitary Landfill in the long term. For Scenario 1 capping, the
seeplinesteady-stateconcentrationdecreasedcompared to no-cap steady-state
concentrationsfrom 100%to 48% for cap efficienciesof 100% to 85%.

Transportcalculationsin supportof the ACL Demonstrationsforthe Sanitary
Landfill were performed for 16 COCs. The vertical cross-sectionalflow and

transportmodelwas usedto performtransportcalculationsbetweenthe POC, the

POE, and UTRC. The vertical cross-sectionalmodel conservativelycalculates

down-gradientconcentrationsbecauseit models maximumconcentrationsalong
the centerlineof the plume assumingno lateralspreading. The majorityof the

COCs wereorganicconstituentswhichare reportedto undergoabioticandabiotic
degradation in groundwater environments. The attenuating processes of

retardation and degradation were considered in the transport calculations.

Retardationcoefficientsand degradationhalf liveswere estimatedbased uponthe
literature and geochemical conditions present at the Sanitary Landfill. Two
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scenarios for source loading were developed,a best-estimateand a maximum,
both of which were conservative. For these two source scenarios, transport

calculations were performed under no-cap conditions and Scenario 1 cap

conditionsassuminga 97% cap efficiency. Calculationswere performed starting
at the beginningof the SanitaryLandfilllife (1974) through a thirty year assumed

institutionalcontrolperiodendingat year 2025. The cap was assumedto be put
in place in the middleof 1995.

The inputconcentrationforthe transportcalculationswasconservativelyheld
constantat the maximumobservedconcentrationof a particularCOC at the POC

wells from 1984 through the fourth quarter of 1991. Maximum concentrations
simulatedfor the POEexceeded MCLs for threeconstituentsfor the no-cap best-

estimatesource scenario. These COCs were trichloroethylene,chloroethylene,

and tritium. Both tritium and trichloroethylenewere only slightlyelevated over

MCL. Maximumconcentrationsat the POE for Scenario1 cap conditionsfor the
conservativebest-estimatesource scenariowere essentiallythe same as for no-

cap conditionsand the same three COCs exceeded MCLs. The steady-state
concentrationssimulatedat the POE at the end of institutionalcontrol for the

Scenario 1 cap conditionsassumingthe best-estimatesource scenariowere all
below MCL with the exception of chloroethylene. Maximum concentrations

simulatedat the POEwerecontrolledbythe assumedsourcearea and the stability
of the constituent. For conservative constituentssuch as lead and arsenic,

attenuation of concentrationsbetween the Sanitary Landfilland the POE was

relativelysmallbecause of the close proximityof the POEto the Sanitary Landfill

(i.e., within 1 to 2 source dimensions)and the constant mass flux boundary
condition. Concentrationssimulatedat the POC, POE and UTRC were related

through the calculationof attenuationfactorsbetween the POC and the POEand
the POC and UTRC.

=

The definition of the lateral extent of contamination and the potential

discharge area and volumetric flux where Sanitary Landfill contaminated
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groundwater discharges to the surface is required for the calculation of a

groundwater to surface water dilution factor for the estimation of COC
concentrationsin UTRC. The area of contaminantdischargeto the wetlandsand
the volumetricflux rate of contaminantsto that area are also requiredby the risk

assessorsto define conditionsfor inhalationexposureriskscenarios. Becausethe

vertic._Icross-sectionalmodel does not consider lateralspreading,the Extended

Pulse(Domenicoand Robbins,1985)closed-formadvection-dispersionanalytical
modelwas usedto determinean estimateof lateralextentof contamination. The

lateralextentof contaminationin the wetlandsand UTRC was used in conjunction

with the areal flow model to quantify a potential contaminated groundwater
dischargerate to that area. The potentiallycontaminated dischargearea in the
wetlandswas estimatedto be 5.88 x 106_ with a steady-statevolumetricflux of

88,869 _/day (1.03 cfs). The area within UTRC which was estimated to be

potentially within the contaminant plume is 2.6 x 10s ft= with a steady-state
volumetricflux of 45,871 _/day (0.53 cfs). The 7Q10 flow rate measuredjust

upstreamfrom the potentialcontaminantdischargearea at UTRC at StationC is

8.4 x 106_/day (97.3cfs). Assuming instantaneous dilution, a simple

groundwaterto surface water concentrationreduction factor was calculatedfor
UTRC and was equal to 62.

10.2 Data Needs in the Sanitary Landfill Vicinity

Several assumptionswere made during the developmentof the Sanitary
Landfill-localscale flow and transportmodels. Many of these assumptionswere

drivenbythe lackof characterizationdata availableand the uncertaintyof the data

available. This is not to say that the characterizationdata presentlyavailablefor

the Sanitary Landfillis not good nor sufficientto study the Sanitary Landfillflow

system. Obviouslythis report standsin contradictionto that premise. However,
uncertainties in characterization data result in uncertainties in model

conceptualizationand results. Providedthis fact, additionaldata is oftendesirable

wherehydrogeologicflowmodelsare poorlyconstrainedsystemsas witnessedby
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the al',ealflow model sensitivityanalysis (see Section4.2.6). In the following

paragraphs,dataneedsare identifiedwhichcouldhelpto characterizetheSanitary
Landfillflow and transport system and ultimatelyresult in improvedand better

constrainedfuture flow and transport model results.

• Water level measurementsto the north of the Sanitary Landfill would
helpconsiderablein prescribingboundaryconditionson the northern

up-gradientboundary of the Sanitary Landfilllocal-scaleflow model.
These water level measurementswould greatlyimprovehead control

for the regionalA/M Areaflowmodel also. Water levelmeasurements
would also be helpfulfor areas to the east and west of the Sanitary
Landfill. Head control in areas not considered wetlands is currently

limitedto the Sanitary Landfilland its very close proximity.

• The addition of a monitoringwell network in areas down gradient of

the Sanitary Landfillwould greatly improvethe understandingof the

extentof contamination. Wellscurrentlyare in closeproximityof the
Sanitary Landfill. To fully characterize the extent of contamination
there is a need for additional wells down gradient of the Sanitary

Landfill within the wetlands monitoring both shallow and deeper

portionsof Aquifer Unit I/IIC.

• Continued samplingof the seepline is recommended. In addition,

more extensivesurface water samplingstationsbetweenthe present

ones and UTRC are recommended in areas down gradient of the
Sanitary Landfill.

• A geochemical evaluation of the groundwater below the Sanitary

Landfilland along the potentialflow paths as defined in this report
would be very helpfulin determiningappropriatetransportparameter

values such as distribution coefficient and degradation rates.
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Evaluationof dissolvedorganic carbon (DOC) and the groundwater
redoxstate iscrucialto an understandingof contaminanttransportat

the Sanitary Landfill. This analysis will also provide necessary
informationto describethe fate of metals.

• Currentlya USGS UTRC gaging station (StationC) is located at the
upstreammodel boundaryof the SanitaryLandfilllocal-scalemodel.

However,the nextgage (Gage A) islocatedseveralmilesdownstream

whichmakesestimationof the gainin UTRC from the Sanitary Landfill
model regionuncertain. The establishmentof a UTRC gage at the

downstreamextent of UTRC in eitherthe local-scaleSanitary Landfill
model or the regional A/M model region would help constrain

discharge estimates to UTRC and subsequently improve model
reliabilityand estimatesof the groundwaterto surface water dilution
factor.

• Aquifer tests would be very helpful in'determiningaquifer hydraulic
conductivityover a scale more representativeof the scale of flow

evaluation. Slug tests providean importantinformationsourcebut

stress a small volume of the medium and are typically prone to
boundary effects caused by the borehole, pumping tests and

interferencetests would provide some informationon large scale

heterogeneity,anisotropy,and storageparameters. It wouldalso be
highly useful to perform a pumping test designed to estimate the

verticalconductivityof the ConfiningUnit I/IIB-I/IIC.

• A tracer test in the vicinitywouldprovidein-situestimatesof effective

porosityand dispersion parameters. An ambient tracer test or a

boreholedilutiontest would providedirect estimatesof groundwater

seepage velocity. This level of information would be extremely
beneficial for comparison to current calculated estimates of
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groundwatervelocityand transittime betweenthe SanitaryLandfilland
the wetlandsor UTRC.
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Maximum Concentration Distributions for SLF COCs
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DESCRIPTION OF CONCENTRATION DATA PLOTS

In an effort to provide insight into the development of ground-water
contaminationat the SLF, the database was searched to find the date of the

maximum recorded concentrationfor each COC for allwells. Bubbleplots were

one technique used to visualizethis data. In addition,the maximum observed
concentrationfor each COC as well as the quarter/year which it was recorded

were postedat welllocationsto allowquickanalysis. AppendixA containsbubble

plotsfor allwellsscreenedacrossthe water table and maps of postedvaluesfor
level B, C, and D wells.

The bubble plots show symbols only for wellsin which a COC concentration
above detection had been recorded in the database provided to INTERA.If no

symbol exists at a particular well, then there was no recorded detection at that
well. The size of the symbol at a particular well is proportional to the magnitude
of the COC concentration at that well as compared to the magnitude of the COC
concentration at all other wells. The minimum symbol size is 0.05 inches, which
correlates to the smallest maximum COC concentration for all the wells screened

at that interval. The maximum symbol size is 0.40 inches, which corresponds to

the largest maximum COC concentration for all the wells screened at that interval.

The bubble plots areuseful for quickly evaluatingthe historic maximum COC
concentrations. In addition, they indicate areas in which COC have never been

detected. The posted maximum values along with the associated dates provide

insight into the temporal changes in maximum COC concentrations.

A-2



D-ZONE WELLS" 1,1,1-Trichloroethone

Do! =Ize i= linearly proportional
to concentration.
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D-ZONE WELLS: 1,1,1-Trichloroethone
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D-ZONE WELLS: Tefrachloroethylene

Dot size Is linearty proportional
to concentration.

Pt=rd
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D-ZONE WELLS: Tetrachloroethylene
_
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D-ZONE WELLS: Trichloroethylene

Dot size ts linearly proportional
to concentration.

ptwvt
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D-ZONE WELLS: Trichloroethylene
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D-ZONE WELLS: frans-l,2-Dlchloroefhene

Dot size 1= linearlyproportional
to concentration.
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D-ZONE WELLS: trons-l,2-Dichloroethene
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D-ZONE WELLS: Chloroethylene (Vinyl chloride)

Dot size la Ilnearty proportional
to concentration.
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D-ZONE WELLS: Chloroethylene (Vinyl chloride)
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D-ZONE WELLS: Dichlorodlfluoromethane
, ,,,

Dot size is linearly proporlional
to concentration.
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D-ZONE WELLS: Dichlorodifluoromefhone
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D-ZONE WELLS: Trichlorofluoromefhane

Dot size Is linearly proporllonal
'to concentration.
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D-ZONE WELLS: Trichiorofluoromethane
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D-ZONE WELLS: Dichloromefhane

Dot =lze is linearly proportional
to concentration.

Pll.t
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D-ZONE WELLS: Oichloromefhane
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D-ZONE WELLS: 1,4-Dichlorobenzene

Dot size Is linearly proporlional
to concentration.
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D-ZONE WELLS: 1,4-Dichlorobenzene

82500 I I , ._,/ I
44500 45500 46500

SRS PLANT EASTING (FT)

A-20



D-ZONE WELLS: Chlorobenzene

Dot size Is linearly proportional
to concentration.
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D-ZONE WELLS: Chlorobenzene
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D-ZONE WELLS" Benzene

Dot size Is linearly proportional
to concentration.
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D-ZONE WELLS: Benzene
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D-ZONE WELLS: Ethylbenzene

Dot size is linearly proportional
to concentration.
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D-ZONE WELLS: Efhylbenzene
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D-ZONE WELLS: Xylenes

Dot slze Is linearly proportional
to concentration.
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D-ZONE WELLS: Xylenes
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D-ZONE WELLS: Arsenic

Dot size Is linearty proportional
to concentration.

ii_lnt

86500 -- T,_,

_-- 85500 -
V

(_9
Z
I
F--
n-
O
Z

84500 --
F--
Z

._.J
CL

m

co
rY
co

83500 -

m

82500 I I ' 1 I
44500 45500 46500

SRS PLANT EASTING (FT)

A-29



D-ZONE WELLS: Arsenic
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D-ZONE WELLS: Iron

Dot slze I= linearly proportional
to concentration.
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D-ZONE WELLS: Iron
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D-ZONE WELLS: Lead

Oot size Is Itnearty proportional
to concentration.
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D-ZONE WELLS: Lead

82500 L L, •:,/"_I t -_
44500 45500 46500

SRS PLANT EASTING (FT)

A-34



D-ZONE WELLS: Manganese

Dot =lze I= linearly proportional
to concentration.
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D-ZONE WELLS: Manganese
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D-ZONE WELLS: Tritium

Dot size Is linearly proportional
to concentration.
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D-ZONE WELLS: Tritium

t/s2

82500 I I, . ;_.__nl .. I -
44500 45500 46500

SRS PLANT EASTING (FT)

A-38



C-ZONE WELLS: 1,1,1-Trlchloroethone
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C-ZONE WELLS: Tetrachloroethylene
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C-ZONE WELLS: Trichloroefhylene
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C-ZONE WELLS: frans-l,2-Dichloroefhene
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C-ZONE WELLS: Chloroethylene (Vinyl chloride)
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C-ZONE WELLS: Dichlorodifluoromethane
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C-ZONE WELLS: Trichlorofluorome_hone
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C-ZONE WELLS: 1,4-Dichlorobenzene
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B-ZONE WELLS: 1,1,1-Trichloroethone
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B-ZONE WELLS: trons-l,2-Dichloroethene
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B-ZONE WELLS: Chloroethylene (:Vinyl chloride)

82500 i J, I J
44500 45500 46500

SRS PLANT EASTING (FT)

A-61



B-ZONE WELLS: Dichlorodifluoromefhane
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B-ZONE WELLS: Trichlorofluotomethane
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B-ZONE WELLS: Dichloromefhane
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B-ZONE WELLS: 1,4-Dichlorobenzene
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B-ZONE WELLS: Benzene
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B-ZONE WELLS: Xylenes
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B-ZONE WELLS: Manganese
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B-ZONE WELLS: Tritium
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APPENDIX B:

MODFLOW Data Input for Steady-State Calibrated Areal Flow Model
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BASICPACKAGE
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0.151350+03 0.151290.03 0.151220 +03 0.1511,10+03 0.161Q80+03 0.180_70 +OG0.15_70 +OG0.180770 +03 0.1808_ +OG0.180840 +0_
0.15041E +03 0.150280 . 03 0.180140 +03 0.140G_E +_ 0.14a040 +00 0.140870 +03 0.14050E +0_ 0.1,t183Qi:+03 0.14e130+03 0.141_ .oG
0.1M_ +03 0.1_10 +03 0.1_+03 0.1_ +03 0.14_+M 0,14_ +03 0.14_ +_ 0.14_+_ 0.1_._ 0.1_+_
0.1_+03 0.1_+_ 0.1_ +03 0.1_ +_ _I_+03 0.1_+_ 0.1_+_ 0.1_+_ 0.I_+_ 0.1_+_
0.1_+03 0.1_1_ +03 0.1_+03 _1_+_ 0.1_+_ 0.1_+_ 0.I_1E+_ 0.1_+_ 0.1_ +_ 0.1_ +_
0.1_1_ +03 0.1_+03 0.I_+_ 0.141_+03 0.141_ +_ 0.141_ +_ 0.141|1E+_ 0.141_+_ 0.1417_+ _ 0.141710+_
0.141_+03 0.141_ +03 0.1416_+_ 0.1411+_ 0.141_+_ 0.141_+_ 0.141_+_ 0.141_ +03 _141_+_ 0.141_+_

0.141010+03 0.141_ +03 0.141_ +03 0.141_ +03 0.141_+03 0.141_+_ 0.t41_+_ 0,14101E +03 0.141_+_ 0.1414_+_
0.I_10+03 0.1_+03 0.1_ +_ 0.1_+03 0.1_+_ 0.1_ +_ 0.151_+_ 0.1§11+03 0.181_+_ 0.181_+_

0,151_ +03 0.151_ +_ 0,1511 +_ 0.1011 +_ 0.1_+_ 0,1_+_ 0.1_+_ 0.1_ +03 0.1_ +_ 0.1_ +_
0.I_ +03 0,t_ +03 0.1_ +03 0.1_+03 0.1_IE +_ 0.1_+_ 0.I_+_ 0,1_11E+03 0,t_+_ 0.1_+_

0.1_7_ +_ 0.1_1E +03 0.1_ +03 0.I_10+_ 0.I_I_._ 0.1_+_ 0.1_+_ 0.1_1E+03 0,1_+_ _1_10+_
0.1_ +03 0.14_ +03 0.14_ +03 0.14731E+03 0.14_+_ 0.I_+_ 0.1_+_ 0.1_ +03 0.1_+_ 0.1_._
0.14834E +OG0.1450_E +03 0.144_+0G 0.14438E +(_ 0.I_ +0_ 0.1_+0_ 0.14330E +03 0.14211GE+03 0.14_+(_ 0.14231E +OG
0.14221E .030.14208E +03 0.14181E +03 0.14179E +OG0.14108E +03 0.141WIE+03 0.14148E+0_ 0.14138E +03 O.14131E+OG0.141_13E+0_
0.1411(IE +03 0.14101E +03 0.14103E +03 0.140eTE +03 0.1408_E .03 0.140eTE +00 0.14084E +0_ 0.14(_IE +0_ 0.140711E+OG0.140177E+OG
0.1407(IE +03 0.1407(IE+03 0.14078E +03 0.140T/'E +03 0.14077E +03 0.14078E+(_ 0.14078E +(_ 0.1407_ +0_ 0.1407_ +O_ 0.14079E +0_I
0.1_ +03 0.1_7_ +03 0.I_+_ 0.1_+_ 0.1_ +_ 0.1_7_ +_ 001_+_ 0.1_ +03 0.1_+_ 0.1_+_

0.1_1_ +03 0.I_ +03 0.1_+03 0.1_1E +03 0,1_+_ 0.1_+_ 0.1_ +_ 0.1_ .03 0.I_10 +_ 0.1_10+_
0,1_1E +03 0.1_+03 0.1_ +03 0.1_ +_ 0.1_ +_ 0.1_+_ 0.1_+_ 0.1_ +_ 0.1_1_+_ 0.1_1_ +_
0.1_ +03 0.1_1E +03 0.1_ +03 0.I_ +_ 0.1_+03 0.1_ +03 0.I_ +_ 0.1_ +03 _1_+_ 0.1_10 +_
0,1_ +03 0.1_ +03 0.1_7_ +03 0.1_ +03 0.1_ +03 0.1_+_ 0.1_1_+_ 0.14_+03 0.14_+_ 0.147_ +_
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0.1:)0_IE +00 0.13e6"/E.00 O.138ME +03 0.1_+03 0.1:)03_ +0G 0.1_.0_ 0.13_03E +O3 0.13_7E +0G0.130_E +0_ 0.1_6_E . 03
0.1M_IE +0_ 0.1M_ME .00 0.14637E +0_ 0.1M40E +0G0.146d4E +0_ 0.1,Nki_ +_ 0.140ME +0_ 0.1,NMOE+0G0.141i50_+0_ 0.l,ill_)_ +03
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0.1MI_ +03 0.1_+_ 0.1_ +03 0.1_ +03 0.1_ ._ 0.1_ +_ 0.1_+_ 0.1_._ 0.1_+_ 0.1_+03
0.14,10_ +00 0.14,1TTE+0_ 0.14M0_ +03 0.144,1_E+03 0.144_E +03 0.l,I,N_ +0_ 0.14,100E+00 0.143ME+03 0.14M4E +O3 0.1,1300E+03
0.142113_+o_ 0.1,i2_OE.03 0.1422rTE. 0G 0.141071E+00 0.1410_E+0_ 0.1413_E+0Q 0.140r_ +0_ 0.14001E+0_ 0.140Q_E +0_ 0.1_+0_
0.130_E +00 0,131t4E +03 0.t3848E +03 0.1370_ +00 0,13730E +0_ 0.13874E+_ 0.13800E+00 0.131_!1_+03 0.134_E +OG0.13423E +03
0.13302E + OG0.13373E +03 0.133E2E+03 0.13300E +03 0.1_88E +0_ O.133_E.OG 0.133_E+03 0.13387E+03 0.1338_ + O_ 0.1334_.03
0.133ME +03 0.13343E +03 0.1333_ +03 0.1333die+03 0.1333_ +0_ 0.13337E +OG0.1M43E . O_0.13382E +03 0.13303E + O_ 0.13M1E +00
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0.1484tE +0a 0.14833E+00 0.14EQ4E+0G0.14818E+ 0_ 0.14804E+03 0.1_+03 0.14481E +0Q 0.14408E +03 0.14484E +0G 0,144,1N +00
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0.1_+_ _141_ +_ _141_+_ 0.141i_+_ _1_+_ 0.1_+_ _1_1_+_ _1_+_ _1_1E+_ 0.1_+_
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_1_+_ _1_+_ _1_+_ _I_+_ 0.I_+_ _I_+_ 0.1_+_ _1_+_ _1_1E+_ 0.1_+_
0.1_+_ _t_._ _I_+M 0.1_+_ _1_+_ _I_+M _IM+_ _I_+M _1_+_ 0.t_+_
• 1_1E+_ _t_+_ _1M1_+_ 0.1_+_ _1_1E+_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_
_1_+_ _t_+_ 0.1M_ +_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_
0.1_1E +_ _1_+_ _1_ +_ 0.1_+_ 0.1_+_ 0.1_ +_ _1M11E+_ _1M1_+_ _1M1_+_ _1M1_+_
_1M1_+_ _lMlnl: +_ _1M1_ +_ _I_+_ _1_+_ _1_1E+_ _1_+_ _i_1E+_ _1_+_ 0.1_+_
0.1_+_ _t_+_ 0.1_ +_ 0.t_+_ _1_+_ _1_+_ _1_11E+_ _1_+_ _1_+_ 0.1_+_

_I_+_ _1_+_ 0.1_i_+_ 0.1_+_ _1_+_ _1_+_ 0.1_._ _i_t IE+_ _141_+_ 0.141_+_
0.t41_+_ _14t_+_ 0.I_ +_ _1_+_ 0.1_+_ _1_+_ _1_+_ 0.1_+_ _1_._ 0.IM1_+_
0.13771+00 _1_+_ 0.1_+_ _t_+_ _1_+_ _1_1E+_ _1_+_ _1_+_ _1_+_ 0.1_+_
o.la_oeE+ ooo._s1'n_+_ o.l_t_E._ o.talatE+c_ o.t,lt,_E+oS o.i,11,1_+o_ O.t,ltNE+OO O,tat 1_+00 O.t=tUE+C_ 0.1,1101E+Oo

0.1_1_ +_ _1_1_ +_ 0.1_1_+_ _151_+_ _1_1_+_ _1_1_+_ _1_1_+_ _1_+_ _1S1_+_ _1_+_
0.1M1_+_ _1_,_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_
_l*_mlE+_ 0.1_+_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_ _1_+_ _1i+_ _1_+_
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0.1_+_ _t_._ _1_1E+_ _t_+_ _1_+_ _1_1E+_ _1_+_ _1_+_ _t_1_4 _ 0.1_+_
0.1440E£ +0_ 0.t43ME+0_ O,14M4E._ 0.14375E+0_ 0.t 4,104E._ 0.14_ME +_ 0.14,14M.M 0.14,1_E+M 0.14_1_1E+0_0.14_ME+_
0.t_+_ _1_+_ 0.1_+_ 0.1_+_ _1_+_ _t41_+_ _1410t|+_ _141_+_ 0.1411_+_ _1_+_
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4.8000e+01 4.1)(X)e+01 4.1K)OOe+014JiOOOe+01 4.SQOOe+01 4.11000e+01 4.11000e+01 4.80Q0_+01 4.11QOOe+014.8000e+01
4.1iO00e+01 4JiOOOe+01 4.8000_+01 4.8000e+01 4.11000e+01 4.1XXl_.01 _liO_Oe.01 4.8000_+01 4.1iO00e+01 4.8000e+01

4.11000e+01 d4iOOOe+01 4._OQOe+01 4.ZlOOOe+014.1000e+01 4JiOOOe+O! 4.1i00_+01 4.dlOOOe+O! 4.1_Oe+O! 4JlOQOe+Ol
4.8000e+01 4.11000e+01 4.8000e+01 4.11000_+01 4.800Q_+01 4.1i000_+01 4.1iOOQ_+014.1i_QOe+01 4Jl(]OOe+01 4.1iO00e.01
4.1K)OOe+014.8(XX)e+01 4.SGOOe_-014.80GOe+01 4.1100Qe+01 4.110GOe+Ol4.1KXX)e._014.11COQe+014.11Q(X)e+Q14.80Q0_+01
4.8000e+01 4.110QOe+01d.8OOOe+01 4.80QOe.01 4.800Qe+01 4.11000e+01 4.1KXX)e+0t 4.11000e+01 4.1K)OOe+01 4.8000e+01

4.8000e+01 4.SQGOe+01 d.8OOOe+01 4.8000e+01 4.8000e+01 4.8000e+Ol 4.1iOQOe+O_4.8000_+01 4JlO00_+01 4JiOOOe+01
4._000e+01 4.e(X]Oe+O_ 4.8000_+0! 4.(KXX)e+O_4.aoooe+01 4._oOOe+O_l4.8000e+0! 4.8000e+0! 4.8G00_4.0_ 4.8000e+0_
4.8000e+01 4.eoooe.01 4.(KX)Oe+01 4._000e.01 4.eO(X_.+01 4.eooOe+01 4.e000_+01 4.8000e+01 4.1KX)Oe+01 4.eOQOe+01
4.8000e+01 4.eQOOe+01 4.SQOOe+01 4.(iO00e+01 4.(K)OOe+01 4.aOOOe.01 4oe000_.01 4.8000e+0| 4.SQOOe.01 4.aOOOe+01
4.8000e.01 4.1KXX)e.01 4.8C00e.01 4.8000e+01 4.8(XX)e+01 4.1KX)O_+01 4.8000e+01 4.11000e+01 4.1i(X)Oe+01 4.80QOe+01
4.8000e+01 4.80(X)e+01 4.SQ(X)e+01 4.8000e_01 4.80Q_+01 4.8000e.01 4.1iO00e_01 4.11000e+O! 4.11QOOe+014.1iO00e+01
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4.110001+01 4.1i0001+01 4.110001+01 4JOOOe+01 4JOOOe+01 4JOOOe+01 4.11000/+01 4.110001+01 4JIO00I+01 4.lO00e+Ol

4.11_0e+01 4JIOIX_+01 4.110001+01 4_+01 4.110001+01 4.11000e+01 4.10001+01 4JO001+01 4JOOOe+01 4JM)OOl+Ol
4.8000e+01 4JiOOOe+01 431000e+01 4JImOe+Ol 4JlOOOe+01 4.80OOe+01 4.110(_o+01 4.1000o+01 4.100Go+01 4.80008+01
4JWOOO+01 4JlO00o+01 4JIGQOo+01 4JIOOOe+0t 4JlOOOe+01 4JiOOOe+01 4JlO001.01 4JIOOOe+01 4.a_Oe+01 _+01
4JIGOoo+01 4JIOOOe+01 4.80We+01 4JlOOOe+01 4.800Qe+01 4JlOOOe+01 4.110GOI+01 4.80008+01 4JIOOOe+01 4.1000o+01
4.1000e+01 4.8000e+01 4.ilOOOe+Ol 4JlOOOe+0t 4JlOOOe+01 4.ti000e+01 4.EOOOe+0t 4JOOOe+01 4.11_Oe+01 4.1000o+01
4.11_0e+01 4.mooe+01 4.110_e+01 4.ilO00e+01 4.0000e+01 4.11CI0b+01 4.ilW_+01 4.1iOOh+01 4.4DOOe+01 4.i111_0o+01
4.iioOOe+01 4JO00o+01 4JlOOOe.(Yl 4.gOOOe+01 4.tloOoe+01 4.11000e+01 4._001)+01 4.110008+01 4.1110raM+014310008+01
4.SOOOe+01 4JlOOOe+01 4.8QOOe+01 4.11000e+01 4JOOOe+01 4.80QOe+01 4.80008+01 4.8001_+0t 4.801Xle+01 431_0e+01
4.8000e+01 4JlOOOe+01 4.SQQOe+01 4.8000e+0t 4JIGOOo+01 4JIl_Oe+O$ 4.SWOe+01 4JlOOOe+01 4.80_Qo+01 4.800_.01
4JIOOOe+01 4.aO00o+01 4JIQOOe.01 4JlOOOe+01 4JlOOOe+01 4JlOOOe+01 4JmOOe+Ol _+01 4.8000o+01 4JiQOOe+01
4.80GOe+01 4.8000e+01 4.aOOOe,01 4.SWOe+01 4.80C0e+01 4.1mQOo+01 4JWOOo+01 4.8000o+01 4.8000e.01 4.8000o+01
4.8000e+01 4.8000e+01 4.8000o+01 4.8000e+01 4.8000e+01 4._00e+01 4JIWOe+01 4Ji_Oe+0t _+01 4.8000o+01
4.1000e+01 4JOOOe+01 4.1000e+01 4JOOOe+01 4,1000e+01 4JlO00o+01 4JiOOOe.01 4JO00o+01 4JlOOOe+01 4JiOOOe+01
4Jl_GOe+01 4.8000e+01 4.SQQOe+01 4JO00o+01 4AO001+01 4.80Q0o+01 431000e+01 4JlOOOe+01 _+01 4JKmOe+01
4.110QOe+01 4.11000e+01 4.(1000e+01 4.11000e+01 4AO00o+01 4.8000e+01 4Al_Oe+01 4.1_+01 4JIl_OO0+O! _+01
4.11000e+01 4.11000o+01 4.110QOo+Ol4.1_OOe+01 4JlO00o+01 4_+01 4A_O0_+O| 4.11_Oe+01 4.1100_+01 4Ai_O0+Ol

4.1GOOo+O! 4.11_Oe+Ot 4.11000e+01 4.tl_Oe+01 4.11_0o+01 4.tl_Oe.01 4._00_.01 4.11_+0t 4.d1_+01 4.0_Oo+Ol
4JlOOOe+01 4.800Qe+01 d.8OQOe+Ol 4.8000e+01 4.JlO00o.01 _+01 4.1_000.0t 4.8_00+01 4.1_)0o+01 4.SQOOe+01
4.1KIQo+01 4_000o+01 4JlOOOe+Ol 4JlO00o+01 4JlOOOe+01 4.8_Qe+01 4.1WOo+01 dlL_lO_+0t 4JlO_OO+01 4.1100_+Ol
4.SG'lOe+01 4.8000e+01 4.8000e+01 4.11_Oe+01 4J_OOe+01 4Jl_Oe.01 4.8000_+01 4.4_0e+01 4JlO000+01 4.8_0o+01
4.800_+01 4.aOQO0+01 4.80QOe+01 4JlOOOe+01 4.800Qe+01 4.8000e+0t 4.8000o+01 4.8000e+0t 4J1_0_+01 4JlO00o+Ol
4AO00o+01 4.8000e+01 4JlOOOe+01 4JlO00o+01 4JlOOOe+Ot 4.8_0e+01 4.800_+01 4.111_00+0t 4JKl_Oe+0t 4JiOOOe+01
4.8_0e+01 4JIlO_Oe+01 4.8Q00o+0! 4.41000e+01 4.11GOOe+014AI1_+01 _+01 4.1000e+01 4.11Q_+01 4.tlO00o+01
4.10GOe+01 4.11_OOe+014.1000e+01 4.11000e+01 4.11000o+01 4.110QOo+014.11000o.Ol 4.10000+01 4.11000e+01 _+01
4.8Q00o+01 4.11GQOo+014.tlO00e+01 4.11_Oe+01 4.11000o+01 4._000o+0t 4.eO000+Ot 4.410000+01 4.1000e+01 4.gOOd+Q1
4._GOo+01 4.11000o+01 4.0_Oe+01 4.11000o+Ol 4.11000e+01 4A100_+01 4.800_+01 4JO00o+01 4.1_OOe+01 4.1100_+01
4.e00_+01 4.11000e+01 4.11000e+01 4.11_Qe+Ot 4.glOOOo+014._+01 4.11_0_+01 4.1000e+01 4.1000e+01 4.11000e+01
4.8000e+01 4.8_0e+01 4.800_+01 4Jl_Ot+01 4Jl_lOe+01 4.80QOe+01 4J100_+01 4.11_Q_+Ol 4.800Qe+01 4.4000e+01
4.SQOOe+01 4.80_0e+01 4.10QOo+01 4.8000o+01 4Jl_Oe+0i 4Jl_OOo+01 4JlO_e+01 4.8000o+01 4J_OOo+01 43iQOOe+01
4.JO_Oo+01 4.8000e+01 4Jl(_Oe+01 4.8000o+01 4.8000o+01 4JIQ_Oe+01 4.8Q_0o+01 4J_OOe+01 4.8000e+01 4.8000o+01

4Jl_OOe+01 4.8000e+01 4.ilO00e+01 4JlO00o+01 4.11000o+01 4JlO00o.01 4.8000e+01 4.8000e+0t 4JlO00o+01 4.8000e+01
4.SQOOe+01 4.80QOe+01 4.8Q00o+01 4Jl_OOo+01 4JlO00o+01 4J_QOo+0t 4.SQOOe+01 4.SQOOe+014.80Q_+01 4.80Q0o+01
4J100_+01 4.110Q_+01 4.8000o+01 4.80000+01 4._00o+0t 4.00GOe+01 4.eOOOe+01 4.8_0o.01 4.1_GOo+01 4.1000e+01
4.8000e+01 4.0000e+01 4.gOOOe+01 4._00o+01 4.0000o+01 4.110QOo+014.10QOo+01 4.8000e+01 4.80Q0o+01 4._QOOe+01
4.eGOoe+01 4JlOOOe+01 4Al_Oe+Ot 4.e_Oo+01 4.11_0t+01 4AOOOo+01 4.11000e+01 4.E_Oe+01 4.t10C_+01 4.110_e+01
4.eoQOe+01 4.8000o+01 4.eO00o+01 4JOOOe+01 4.0000e.01 4.gOoOe+01 4._000e+01 4.8000o+01 4.tQOOe+01 4.8000e+01
4.8000_+01 4JOOOe+O| 4JOQOe+01 4.1000e+01 4.1100Qe+014._lOOe+01 4Jl_Oo+O! 4JIOQCo+01 4.11_Oe+01 4.(1000e+01
4.8G00o+0| 4.8000e.01 4JIOQ_+01 4JlOOOe+01 4JlO_O0+01 4.1iOQOe+014.8000o+01 4.8000o+01 431000o+01 4JlOOOe+01
4.SGQOe+01 4JlOOOe+O! 4.8G00o+01 4.8C_0o.01 4.1000e+01 4JOOOe+01 4.11000e+Ol 4.8_0o+01 4.8000e+01 4JlOOOe+01
4.8000e.01 4AO_Oe+01 4.80UQe+01 4.8000o+01 4.SQOOe+014.SQQOo+01 4AGOOo+01 4.8000e+0| 4.80Q_+01 4.8000e+01
4.8000e+01 4JIGOOe+01 4.41000o+01 4.11000e+01 4JlOOOe+0i 4JiO00o+01 4.8000o+0! 4Jli:QOe.01 4.8000o+01 4JlOOOe+01
4.8000e+01 4.8000e+01 4.SQQOe+01 4JlOOOe+01 4JlOOOe+01 4.8QG_+01 4.8000o+01 4JlOOOe+01 4J00_+01 4.8000e+01

4JK)OOe+01 4.8000e+01 4.110QOe+01 4.(lO00e.Ot 4.(lOQOe+014.eQQOe+01 4.ilO00e+01 4.eO00o+01 4.8000e+01 4.1000e+01
4.eQOOe+01 4.8000e+01 4.80Q0o+01 4.11000e+01 4.11000o+01 4._00o+01 4.1DOOOe+014.gO00o+01 4._QOOe+01 4.11000o+01
4.(ICCOe+01 4.1000o+01 4._000e+01 4.1000e+01 4.11000o+01 4._1=00e+01 4.EOOOe+014JOOOe+01 4.11000o+01 4AOOOe+01
4.(1000e+01 4.0000e+O| 4._OQOe+01 4._O00e+O| 4.110QOo+014.110QOe+014.EO00o+01 4.gOOOe+01 4.t1_00o+01 4.8000e+01
4.8000e+01 4.8000o+01 4.80QOe+01 4.gO00o+01 4JlOOOe+01 4.11QQ_+01 4.eOOOe+01 4.800Qe+01 4JOOQe+Ol 4J_Oe+01
4.8000e+01 4.8000e+01 4.8000e+01 4.aOOOe+01 4J_OOe+01 4.8000e+01 4AGOOe+01 4.SQOOe+01 4JQQQe+01 4JiOOOe+01
4.8000o+01 4.SGOOe+01 4.SGQ_+O; 4JlOOOe+01 4JiO00o+01 4JlOOOe+01 4JiQOOe+O! 4JlO00o+01 4.8000e+01 4JlOOOe+01

4AGUOe+01 4.1000e+01 4.80QOe+01 4JlOOOe+01 4JlOOOe+01 4JiOOOe.01 4_O00e.Ol 4.8000e+01 4.SQOOe+01 4.SQOOe+01
4.SCGOe+01 4.SGQOe+01 4.110QOe.01 4JlOGOe+0t 4.8000e+01 4.aOQ_+01 4JlOOOe+01 4JlOOQe+01 4.11000e+01 4JlOOOe+01
4.800_+01 4.80QOe+01 4.SQQOo+01 4.8000e+01 4.80QOe+01 4JlOQOo+01 4J_GOe+01 4Jl_QOe+01 4.8000e+01 4JKXX)e+01
4.8000e+01 4.11GOOe+014.11QCOe+014.eOOOe+01 4.gGOOo+01 4.(lOQOe+01 4.eOOOe+Ol 4.aO000+01 4.11QOO0+014.EOOOe+Ol
4.8000o+01 4.8000e+0! 4._QOOe+01 4.11000e+01 4.gOOOe+01 4.(1000o+01 4.aOOoe+01 4AIGOOo+01 4.110000+01 4.11QOOe+01
4.eOOOe+01 4.EXX)o+01 4.80QOe+01 4.(l_Oe+01 4.80GOe+01 4.g_OOo+01 4.eOOOe+01 4.eOOOe+01 4.11a_e+01 4.(_)0e+01
4.eQOOe+01 4.8000e+01 4.SQQOe+01 4.$000e+01 4.8000e+01 4.gOQOe+01 4.(lO00e+Ol 4.(iQOOe+01 4._QOOe.01 4.00_0o+01
4.0000e+01 4.eoooe+01 4.elOOOe+Ot4.(lOGOe+01 4.8000e+01 4.(lOOQe+01 4.Q_Oe+01 4.100Qo+01 4.(1000e+01 4.eOOoe+01
4.8000e+01 4JK_oe+01 4.SGQOe+01 4JlO00o+01 4JiO00o+01 4.aGOOe+01 4.1iO00e+01 4.110QOe+014.8_00e+01 4JlOOOe+01

4.8000e+01 4.1_00e+01 4.8000e+01 4_000e+01 4JlO00o+01 4.|(000e+01 4.8000e+01 4.8000e+01 4.11000e.01 4.11QQOe+01
dl.8OOOe+01 4.1MXX)e+Q14.11000_+01 4.aOGOe+01 4.8000o+01 4.1KlOOo+O_4.41000o+01 4.800Qe+01 4.80QQe+01 4.8000e+01
4_000e+01 4.80Q0o+01 4JOOOe+01 4.8000e+01 4JlOQOe+01 4.11_OOo+Ol4AGOOe+01 4.11000e+01 4.8000e+01 4.00GQe+01
4.80QOe+01 4.eO00o+01 4.eOOOe+01 4.8000e+01 4.8000o+01 4.eOooe+01 4.eQOOe+01 4.eO00o+01 4.eO00o+01 4.gOOOe+01
4.eOOQe+01 4.eOCOo+01 4.8QQ0_+01 4._000e+01 4.80QQe+01 4.(1000e+01 _.eoGoe+ot 4.(lO00e+01 4.8000e+Ot 4.(i(X_e+01
4.eQOOe+01 4o0000e+01 4._000e+01 4.aOOOe+01 4.gOOOe+01 4.e(X)Qe+01 4.EOOOe,01 4.8000e.01 4.EIOQOe+014JXX)e+Ol
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4,110001,1,01 4.10001'1'01 4.110001+01 4.110001+01 4.ii0001+01 4.110001+01 4.110001,I.01 4.11130014.01 4.1113001,1,014.110GOI.01
4.110001+0t 41100011+0t 4.1100014,014LIII]OOI+01 4.11000t+01 4.110001+01 4.1100014.01 4,110001+01 4JO001+01 1,10000+01
4.110001+01 4.10001+01 4.110001+01 4.110001+01 4.t1000e+01 4.lllOaOe+01 4.110001+01 4.110001+01 4.10001+01 4.0000e+01
4,10001+01 4,10001+01 4,110001+01 4,10001+01 4.800014.01 4,110001+01 4,11000t+01 4.110001+01 4,11000o+0t 4.110001+01
4.110001+01 4.11000t4,01 4JlOOOe+01 4JWOOe+Ol 4JOOOe+0t 4JO00o+01 4J0000+01 4.8000e+0_ 4,110001t+0t 4.8000o+01
4.8000o+01 4.000_+01 4JOOOe+01 4.1100014,01 4Jl_iOo+01 4JO00o+01 4.80100e+01 4.110001+01 ,_JO00o+01 4JGOOe+01
4JmOOe+01 4.110001+01 4JOOOe+Ol 4JO00o+01 4.1000e+01 4JOOOe+01 4JOOOe+01 4,8000e+01 4JO00o+01 4.1000e+01
4Jmoe+01 4.1000e+01 4JlOOOe.01 4.1000e+01 4.t000o+01 4410001+01 4.qlOOOe+014.1000e+01 4.1000o+01 4.0000e+01
4.1000e.01 4JIl_OO+01 4JlO00o+01 4JlOoOe+01 4.dlWOe+01 4.NOOe+01 4.1000e+0t 4.410001+01 4JOOOo+01 4.10001++01
4.00001+01 4.B_Oo+01 4.0000o+01 4.1000e+01 4.110001+01 4.8000e+01 4.1000t+01 44i0001+01 4JlO00o+01 4.10001+01
4.t10001+0t 4.1000o+01 d.OOOOe+014.11000e+01 4.1000o+01 4_000e+0t 4.00_0e+01 4.aO00o+01 4.0000e+01 4.dmooe+01
4.¢1000o+01 4,110000+01 4JoOoe+01 4.dlO00o+01 4.1100_+01 4.110001+01 4.1000e+01 4.qll_O0+01 4.0000o+01 4.dlOOOe+01
4.0000o+01 4.1)0_+01 4.aO00o+O1 4.11(X]_+01 4.1000o+01 4.0000o+01 4JlOOOe+Ol 4.1000o+01 4.1000e+01 4.d100_+01
4JlOOOe+01 4.1i0001+01 4J000o+01 4JoOOe+01 4JO00o+01 4.1_0e+01 _+01 4.1000t+01 4JO00o+01 4.1i0001+01
4J000o+01 4.110001+01 4JO000+01 4.0000e+01 4.8000e+01 4J00_+01 4.11000t+01 4.0000e+01 4._00o+01 4JOOOe+01
4JlO00o+01 4JO00o+Ol 4JlOOk+01 4JO00o+01 4.800h+01 4JOaOe+0i 4J00_+01 4.1100014,01 4,1100014,,01 4J0_o+01
4.0000e+01 4._00e+01 4JOOOe+O! 4J_Oe+Ol 4JOOOe+0t 4JOOOe.01 _+01 4,410001+01 4,d_OO0+01 4.10001+01
4.0000o+01 4.10001+01 4JOOOe+0t 4.8000o+01 4._000e+01 4._00e+01 4,glO00o+01 4,10000+01 4,110001+01 4.dlO_Oe+01
4.dl_Oo+01 4JOOOe+01 4.1000o+01 4J00_+01 4.1000t+01 4.10_0e+01 4.10_0e+01 4J1000o+0t _+01 4._000e+01

4.11000e+01 4.11000o+01 4,11000o+01 4.1iO00e+01 4JO00o+01 4,4K1000+01 4,110000+01 4.11000o+01 4.11000o+01 4,11000o+01
4.00000+0_ 4.0000e+01 4_0000+01 4,10_0e+01 4.1000e+01 4.110001+01 4.110001+01 4,_100M+01 4,8000o+01 4._0e+01
4.tl0001+01 4.11000e+01 4JOQOe+01 4.11000e+0i 4._000e+0t 4.10_10o.01 4J00_+01 4.10001+01 dl._OOe+01 4_1000o+01
4.(1000e+01 4.10001+01 4,110001+01 4.1000t+01 4.1000e+01 4,diO00o+01 4.1000e+0t 4.$000o+01 4.1000o+01 4._000e+01
4.8000o+01 4.1_00o+01 dJlOOOe+01 4Jl_Oe+01 4.8_00e+01 4.0000e+01 4JOOOe+0t 4.8000o+01 4JO00o+01 4JO000+01
4.0000e+01 4.8000o+01 4.0000o+01 4J1000o+01 4.001_e+01 4._00e+01 4J000o+01 4JlOOOe+01 4.1100011+0i 4JOOOe+01
4J_OOe+01 4JlO_Oo+Ol 4JO00o.01 4J000o+01 4JlOOOe+01 4.110001+01 4JKlOOe+01 4Jl_OOo+01 _e01 4JO00o+01

4,8000o+01 4.0000o+01 4.8000o+01 4,It1_0e+01 4JO000+01 4J_OOo+01 4.0000e+01 4.1000t+01 4.0000e.01 4.0000e+01
4.0000e+01 4.eO00O+01 43000e+01 4.10_0o+01 4.0000o+01 4.0000e+01 4_0_e,01 4._0e+01 4JlOOOe+01 4.¢1_0o+01
4.0000o+01 4.11000o+01 4JO00o+01 4.0000o+01 4.1000o+01 4Jl_OOo+01 4JO00o+01 4,eO00o+01 4.t_0o+01 4.0000e+01
4,1000e+01 4.d_OOo+01 4_1000e+0t 4._OIXle+01 4.110001+01 4.10001+01 4J_o+01 4._0000+01 4J_Oo+01 4.1000t+01
4.0000o+01 4._00e+01 4,10001+01 4.1000e+01 4JO00o+01 4410001+01 4.1000o+01 4.e_0_+01 4JOOOe+01 4.1000e+01
4J_Oe+01 4.eO00o+01 4JlOOOe+01 4._000e+01 4._100e+01 4.0000o+01 4.10001+0t 4.0000o+0! 4JlOOOe+01 4.1000o+0!
4.0_10e+0t 4._00o+01 4JlOOOe+01 4.0000e+01 4.gOOOe+01 4.gOOOe.01 4._000e+01 4.QOOOe+0t 4.0000o+0! 4.dlOOOe+01
4.00001+01 4J_OOe+01 4.0000o+01 4JlO00o+01 4JO00o+01 4,8000o.01 4JlOOOe+01 4.110001+01 4.8_0e+01 4.0_0e+0t
4.11000t+01 4,0000e+01 401000o+01 4JO00o+01 4J_lOOe+01 4.8000o+01 4.8000e+01 4_000e+0i 4J_Oe+01 4JOOOe+01

4.0000e+01 4.80000+01 4._(_0e+01 4.0_0o+01 4.8000e+0t 4.1_0o+0! 4.0000o+01 4.0000e+01 4.8000e+01 4.00001+01
4.0000e+01 4410001+01 4._00o+01 4.11000e+O! 4JlOOOe+01 4.11_0e+01 4.0000e+01 4,1101101+014.0000e+O| 4.0000e+01
4.0000e+01 4.0000o+01 4JO00o+01 4.10_0e+01 4.qlOOOe+014.10001+01 4.10_0e+05 4._000e+01 4.(1000o+01 4.1000e+01
4.0000o+01 4.110001+01 4.0000o+01 4.0_00e+01 4J000o+01 4.80_0e+01 4_000e+01 4.GO00o+01 4.00001+01 4.10000+01
4.0000o+01 4.01300t+01 4,0000o+01 4JX)Oo+01 4.11000t+01 4.t10001+01 4,_0e.01 441000o+01 4.1000e+01 4.0000e+01
4.0000o+01 4.8000e+0t 4.(1000e+01 4Joooe+01 4,00GOe+01 4.0000o+01 4,0000e+01 4.(1000e+01 4.8000e+01 4.(1000e+01
4.(1000e+01 4.00001+01 4.EO00o+01 4.(10_0e+01 4_1000e+01 4.11000o+01 4,110001+01 4.e_oe+01 4.(I000e+01 4.0000o+01
4JOOOo+01 4.0000e+01 4_O00e+O! 4.0000e+01 4.d10000+01 4.101)01+01 4,0000e+01 4.0000e+01 4.11000e+01 4.8000o+01
4JlOOOe+0t 4,8000o+01 4J_OOe+01 4J_OOo+01 4JoOOe+01 4.110001+01 4JOOOe+01 4.80_e+01 4JOOOe+01 4JO00o+01
4_000e+01 4J_(_o+01 4.8000o+01 4.10001+01 4JO00o+01 4_000e+01 4J_OOe+01 4._00_+0t 4JlO00o+01 4JOOOe+01
4.0000e+01 4J0000+01 4JOOOe+0t 4J_OOo+01 4,8000e+01 4.1_0e+01 4._000e+01 4.110001+01 4_000e+01 4JOOOe.01
4.00001+01 4_000o+01 4.0000o+01 4.00001+01 4JOOoe+01 4.110001+0| 4.110001+01 4.1_00e+0t 4.0000o+01 4_000o+01
4.0000o+01 4,e000o+01 4JOoOe+01 4.11000t+01 4._+0t 4JO00o+01 4,0000e+01 4.11000e+01 4.(1000o+01 4JOOOe+01
4.00001+01 4.0000o+01 4,0000o+01 4.g000o+01 4.(1000e+01 4.0000e+01 4.(1000e+01 4.(I(XX)o+01 4.0000e+01 4.11000t+01
4.80(X)o+01 4,0000e.01 4.(lO(x)e+01 4JooOe+01 4.(1000e+01 4.11000t+01 4.0_OOe+01 4.0000_+01 4.10GOe+Of 4.0000e+01
4.0000t+01 4.80(]0o.01 4,0000e+01 4.0000o+01 4.4000e+01 4.4000o,01 4.4000e+01 4,4(]00o+01 4.4000o+01 4.40001+01
4.4G_Oe+01 4.4000e+01 4,4000o+01 4.4000e+01 4.40_0o.01 4,4G_0o+01 4.40001+01 4.4000e+01 4.4100011+014.4000o+01

4,4000e+01 4.4000e+01 4,40001+01 4.4000e,01 4.4000e+01 4.4000e+01 4.4000o+01 4.4_0o+01 4.410001+01 4.4000t+01
4.8000e+01 4.8000e+01 4JlOOOe+01 4.00(X)o+01 4.80G_+01 4.10001+01 4.10001+01 4._000o.01 4JOOOe+01 4J_OOo+01

4,1iO00e+01 4JlOOOe+01 4.0000e+01 4.8000e+01 4.8000e+01 4JlOIX)e+01 4.110001.01 4.800_+01 4JlOOOe+0t 4JK)OOe+01
4JlO_Oe+01 4.1iO00e+01 4.1KXX)e+01 4.8000e+01 4JOOOe+O! 4J_OOe.01 4_000e+01 4.110001+01 4._00e.01 4.0000o+01
4.8000o+01 4.0000t+01 4.0000e+01 4.(1000o+01 4.0000e+01 4.0000e+01 4.00001+01 4.00001+01 4,(10_00+01 4JO00o+01
4.0000o+01 4.00001+01 4,(1000e+01 4.0000o+01 4.8000e+01 4.1DOOo+01 4,00GOo+01 4.11000e.01 4,110001+01 4.(1000e+01
4.00(]0o+01 4.(1000e+01 4,0000e.01 4.0000o+01 4.0000e+01 4,0000e+01 4.0000e+01 4.0000e.01 4.tl0001+0t 4._000o+01
4,0000e+01 4.000(0+01 4JOOOe+01 4.80_0o+01 4.8000t.01 4.000_+0! 4.0000e.01 4.00001+01 4,00001+01 4.0000o+01

4.0000e+01 4.0_00o+01 4JOOOe+01 4_1000e+01 4.4000e+01 4.40_0o+01 4.4_00e+01 4+40001¢,01 4.4000o+01 4.4000o+01
4.4000e+01 4._00o+01 4.4000o.01 4.40_e+01 4,4000e+01 4.40001+01 4,4000e+01 4.4_0o+01 4.4_00e+01 4.4000e+01

4AOOOe+0t 4.4000t+01 4.4000e+01 d.40_e+01 4.4000o.01 4.4_0e+01 4.4000e+01 4.4_0e+01 4.4000e+01 4.4000e+01
4.8000e+01 4.1000e+01 4JOOOe+01 4.8_)0e+01 4.11000e+01 4.1000e+01 4.1000t+01 4JKXX)o+01 4,1K)OOo+014.0000e+01
4.a(_Oe+01 4.1KX_Oe+014.8000e+01 4.11000e+01 4.80_0e+01 4,8000e+01 4.800_+01 4.11000t+01 4,0000e+01 4JOOOe+01
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4A000e+01 4JI00_+01 4.8000o+01 4.8000o+01 4.1000e+01 4.i1000e+01 4.gW0e+01 4.0000o+01 4.ll0000+01 4.W00e+01
4.111000m+0!4.il_Oe+01 4.00000+01 4.1000e+01 4.Ex0Oe+01 4.l1000e+01 4.O000e+01 4.0000o+01 4.80000+01 4.g_0e+01
4.00000+01 4.1KX)00+0t 4.00_M+0i 4.41000o+01 4.i1000e+01 4.IIG000.0t 4.l1000e+01 4.8000o+01 4.41000o+01 4.i1000e+01

4.(1000e+01 4.1100_+0t 4.0000e+01 4.80000.01 4.80000+0i 4.80000+01 4.0000o+01 4JI00Oe+01 4.ll00Oe+01 4.i10_Oe+01
4.00000+01 4.80000+01 4.00000+01 4.il_0e+01 4.1000e+01 4.(K)000+01 4_1000e+0! 4.00000+01 4.8000e+01 4AI0000+01
4.1000e+0t 4.tl000e+01 4.il0O0e+01 4.(I0000+01 4.4000,+01 4.40000+01 4.40000+01 4.4_00e.01 4.4000o+01 4.4000o+01
4,40000+01 4.40000+01 4.4000o+01 4.4_)01)+01 4.4000e+01 4.4000e+01 4.40Q0e+01 4.4000o+01 4.410000+01 4.40000+01

4.40000+01 4.40000+01 4.40000.01 4.4000e+01 4.4000e+01 4.4000e+01 4.40_M+01 4.4000e.01 4.4000e+01 4.4000e.01
4JI000e_01 4JI000e+01 4JI000e+01 4.8(X)0e+01 4.1K)00e+01 4.11000e+01 4JIl_0e+01 4JI000e+01 4JI000e+01 4JI000e+01
4.1iGO0e+01 4Ji00Oe+01 4JI000e+01 4JI00Oe+01 4.11000e+01 4.(1000e+01 4.tl000e+01 4.11000e+01 4.11000o+01 4.0000e+01
4.11000e+01 4.1K)00e+01 4.11000e+01 4.11000e+01 4J000e+01 4.aoooe+01 4.1000e.01 4.11000e+01 4.1_00e+01 4.(1000e+01
4.eoo0e+01 4.11000e+01 4.11000e.01 4.11000e+01 4.1K)Ooe+01 4.1)00o+01 4.11000e+01 4.11000e+01 4Jll_0e.01 4.0000e+01
4.11000,+01 4JI000e.01 4.111_0e+0t 4.00000+01 4.11000e+01 4.11000e+01 4.1090e+01 4JI000e+01 4.0000e.01 4.11000e+0t
4.11000e+01 4JlO00e+01 4.11000e.01 4.8000e+01 4.0000e+01 4.111000m+014.41000e+01 4.11000J+01 4.40_0e+01 4.11000e+01
4.110001+01 4.11000e+01 4.110000+01 4.0000e+0t 4J000e+01 4.6(M10e+01 4.11000e+01 4.11000e+0| 4.tK)00e+01 4.g000e+01
4.11000e+01 4.41000e.01 4.11000t+01 4.11000e+01 4.4000e+01 4.40000+01 4.,iI00h+01 4.4000e+01 4.4000e+01 4.40_0e+01
4.4000e+01 4.di000e+01 4.4000o+01 4.4000e+01 4.4000e+01 4.40G0e+01 4.401_e+01 4.4000e+01 4.diO00e+01 4.4000e+01
4.4000e+01 4.4000e+01 4.4000o+01 4.4000e+01 4.40000+01 4.4000e+01 dl.dl0_Oe+014.40001,+01 4.4000e+01 4.4000e+01
4.8000e+01 4JI00_.01 4JI000e+01 4.11000e+01 4JI000e+01 4.1000e+01 4JI000e+01 4JlO00e+01 4.a000e+01 4.80IX)e+01

4JI000e+01 4Jl000e.@l 4,110a0e+01 4.11000e+01 4.0000o+01 4.e000e+01 4.4100_+01 4.41000e+01 4.11D00e+01 4.11000e+ol
4.11000e+01 4.11000e+01 4.11000e+01 4.41000e+01 4.00001+01 4.11XlOe+ot 4.11000e+01 4.41000e+01 4.11000e+01 4.tK)0_+01
4.e000e.01 4.11000e+01 4.(1000e401 4.110001+01 4.11000e+0q 4.1000e+01 4.11000e+01 4.1100b+01 4.0000e+01 4Ji000e+01
4.11000e+01 4.11000e+01 4.11000e+01 4.41000e+01 4.11000e4dl 4.41000_+0t 4.11000e+01 4.11000e+01 4.000_+01 4.4000e+01
4.11000e+01 4.11000e.01 4.11000e+01 4JX)0e+01 4.11000e¢01 4.6000e+01 4.11000e+01 4.tl000e+01 4.0000o+01 4.4000e_01
4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000,+01 4.4000o+01 4.4000e+01 4.4000_+01 4.40_0e+01 4.40_Oe+G1
4.4000e+01 4.4000e+01 4.4000e+01 4.4000e.01 4.4000,+01 4.4000e+01 4.4000e+01 4.4000_+01 4.400_+01 4.4000_+0#
4.4000e+01 4.4000,+01 4.4000e+01 4.4000e+0t 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000_+01 4.4000e+¢._1
4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4(X)Oe+01 4.40_0e+01 4.40_0e+01
4.11000e+01 4JI000e+01 4.1i000e+01 4JlO00e+01 4JI000e+01 4JI000e+01 4JI000e+01 4JI000_+01 4.11000e+01 4JI000e+01
4.11_Oe+01 4Ji000_+01 4.11000e+01 4.11000e+01 4.tl000e+01 4.11000_+01 4.110_0e+01 4.111_10,+014.0000e+01 4.1100_+0t

I 4.11000e+01 4.411_0_+01 4.110100e+014.11000e+01 4.111_0_+01 4.11000e+01 4.11000e+01 4.11000_+01 4J0_Oe+01 4.11000,+01
I 4.11000e+01 4.41000e+01 4.1100_+01 4.1000_+01 4.11000e+01 4.11000e+01 4.0000e+01 4.11000e+01 4.11000e+01 4.11000e+01

4.11000e+01 4.0000e+01 4._0(10e+01 4._000e+01 4.E000e+01 4.11000e.01 4.g000e+01 4._000e+0t 4.(1000e+01 4.0000e+01
4.(1000e+01 4.1K)00e+01 4.8000e+01 4.1K)00e+01 4.1K)00_+01 4.0000e+01 4.0000e+01 4.8000e+01 4JX)0e+0i 4.4000e+01
4.4000e+01 4.41_0e+01 4.4_0e+01 4.4(X)0e+01 4.4000e+01 4.4000e+01 4.d1_0_+01 4.4000e+01 4.4000e+01 4.4000e+01
4.4000e+01 4.4000e+01 4.4000,+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01
4.4000e+01 4.4000e+01 4.4(X)0e+01 4.4000e+01 4.4000e+01 4.4000_+01 4.4(XX)e+01 4.4000e+01 4.400_+01 4.4000e+01
4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000_+01 4.4000e+01 4.4_0e+01 4.4000e+01 4.40_0e+01 4.4000e+01
4.0000e+01 4._000e+01 4.0(X)0e+01 4.11000_+01 4.0000_+0q 4.e000e+01 4.0000e+01 4.11000e+01 4.(1_)0e+01 4.(10(X)e+01
4.0000e+01 4.t000e+01 4._00e+01 4.1K)00e+01 4.8000_+01 4.6000e+01 4.8000e+01 4.0000e+01 4.0000e+01 4._00e+01
4.0000e+01 4.11000e+01 4.8000,+01 4.0000e+01 4.1K)0Oe+01 4.000Oo+01 4._00e+01 4.11(X)0e+014.1K)00e+01 4.(1000e+01
4.e000_+01 4.8000e+01 4J000e,01 4.0000e+01 4._000e+01 4.11000e+01 4.6000o+01 4.(1000e+01 4J)lX)e+01 4.80(X)e+01
4.eoooe,0t 4.eo00e+01 4.11000e+01 4._000e,01 4.0000e+01 4.11000e+01 4.11000e+01 4.0000e+01 4J000e+01 4.8000e+01

4.110_0e+01 4.e000e+01 4.8000e+01 4.0000e+01 4JO00e+01 4.(l(X)0e+01 4.6000e+01 4.0000e+01 4.t1000e+01 4.4000e+01
4.4000e+01 4.4000e+01 4.4000e,01 4.4000e+01 4.4000e+01 4.dK)0Oe+01 4.4_00_+01 4.4000e+01 4.4000e+01 4.4000e+01
4.400Oe+01 4.4000e+01 4.4000e+0t 4.4000e+01 4.4000_+01 4.4000e+01 4.4000_+01 4.4000e._01 4.4_00e+01 4.40_0e+01
4.4_00e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.,II000e+01 4.4000e+01 4.40Q0_+01 4.4000e.01 4.,1000e.01 4.4Q00e+01
4.4_00e+01 4.4000e+01 4.4000o.01 4.4000e+01 4.4000_+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000o+01 4.4000e+01
4.6000e+01 4.(1000e+01 4J000e+01 4.11000e+01 4J00Oe+01 4.(1000e+01 4.6000e+01 4.(1000e+0_ 4.(I000e+01 4.0000e+01
4.0000e+01 4.0000e+01 4.(1000,+01 4.0000e+01 4.(1000e+01 4.(1000e+01 4.(l(X)0e+01 4.(K)0Oe+01 4.0000_+01 4.eoo0e+01
4.6000e+01 4.1K_0e+01 4J0_0e+01 4.8000e+01 4J000_+01 4.11000e+01 4.0000e+01 4.8000_+01 4.0000e+01 4.11_00e+01

4.8000e+01 4.80(X)e+01 4.0000e+01 4.0000e+01 4.11000e+01 4.6000e+01 4.11000e+01 4.8000e+01 4J000e+01 4.8000e.01
4.6000e.01 4.(10_0e+01 4.(I(XX)e+01 4.0000e+01 4._000e+01 4.6000e.01 4._000e+01 4.0000o+01 4JQO0e+01 4.0000e+01
4.e000e+01 4.6000e+01 4.(1000e.0t 4.(1000e+01 4.(1_00_+01 4.e000e,01 4.(1000e+01 4.4000e+01 4.(K)00e+01 4.4000e+01
4.4000e+01 4.4_0e+01 4.40_0e+01 4.4000e+01 4.400_+01 4.4_00e+0t 4.4000e+01 4.4000_+01 4.4(X)Oe+01 4.4(X)0e+01
4.4(X)0e.01 4.4000e+01 4.4000_+01 4.4000e+01 4.4000_+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01
4.4(X)0e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4(X)Oe+01 4.4000e+01 4.4000e+01
4.4(X)Oe+01 4.40(X)e+01 4.4000e+01 4.4(X)0e+01 4.4000e+01 4.400_+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01

4.0000e+01 4.eoooe+01 4.0000e+01 _i.a000e+01 4.(K)00_+01 4.0000_+01 4.6000e+01 4.01XX)_+01 4J000e+01 4.(10(x)e+01
4.80(x)e+01 4.80001,+01 4.0000e+01 4.0000e+01 4.0000e+01 4.eooOe+01 4.(1000e+01 4.6000e+01 4.(1000_+01 4.0000e+01
4.6000e.01 4JQ(x)e+01 4.(10(_Oe+014.0000e+01 4J000e+01 4.0000e+0_l 4.(1_00e+01 4.0(XX)e+01 4.0000e+01 4.0000e+01
4.6000e+01 4.(l(XX)e+01 4.0000e+0t 4.0000e+01 4J(XX)e+01 4.(1000e+01 4.(1000e+01 4.(KX)Oe.01 4.(1000e+01 4.eoo0e+01
4.6Qooe+01 4.(K)ooe+01 4.80(X)e+01 4.(K)00e+01 4.(1000e+01 4.(KX)0e+01 4._000e+01 4.0000e+01 4JQ00e+01 4.6(XX_+01
4.(K)00e+01 4.8000e+01 4.(1000e+01 4.0000e+01 4.0000_+01 4.(K)0Oe+01 4.1KXX)e+01 4.8000e+01 4J000e+01 4.4000e+01
4.4(X)Oe+01 4.4(XX)e+01 4.4000e+01 4.4(XX)e+01 4.40(XM+01 4.4000e+01 4.4(X)0e+01 4.4(X)0e+01 4.4000e+01 4.4000e+01
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4.40000+01 4.4(_00+01 4.40(X)e+01 4.,l_OOe+01 4.4000e+01 4.40000+01 4.40000+01 4.40000+01 4.,WOOe+01 4.40000+01

4.4000e+01 4.40000+01 4.dlOOOe+01 4.4000e+01 4.40000+01 4.40000+01 4.40000+01 4.40000+01 4.40000+01 4.40OOI+O|

4.400Q0+01 4AIQGQo+01 4.4000e+0t 4.4000e+01 4.40GOe+01 4.400_+01 4.4000o+01 4.dK)GOo+01 4.4GOOe+01 4.4GQ(M+01

4.8000m+01 4.0000o.01 4.8C00e+01 4.8000o+01 4.11OOOe+01 4AGOOe+01 4.00Q0o.01 4.8000o+01 4.8000o+01 4.0000o+01

4.00000+01 4.410QQo+01 4.11000o+01 4.0000o+01 4.0000o+01 4.0000o+01 4.iK)O0o+01 4.41000o+01 4.11000o+01 4.0000e+01

4.0000o+01 4AIOOOe+01 4.IK)(X)o+01 4.(K)(X)e+01 4.8000e+01 4.6000o+01 4.8000o+01 4.1100_+01 4.8000o+01 4.0000e+01

4.41000o+01 4.0000o+01 4.41000o+01 4.8000o+01 4.8000o+01 4.0G0(_+01 4.0000o+01 _+01 4.4G00o+01 4.4000o+01

4.dlCGOo+01 4.4_10e+01 4.4GCQo+01 4.4000o+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4000o+01 4.4COOe+01 4.40000+01

4.4000o+01 4.4QQ0o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+@1 dLdiGO00+01 4.40000+01 4.4000e+01

4.40000+01 4.40000+01 4.40000+01 4.40000+01 4.40000+01 4.40000+01 4.40000+01 4.40000+01 4.40Q00.01 4.400_+01
4.40000+01 4.40000+01 4.40000+01 4.4OOOe+01 4.40000+01 4.4000e+01 4.40000+01 4.400011+01 4.4G00o+01 4.4000o.l.01

4.40000.1.01 4.40000+01 4.4000o+01 4.40000+01 4.4000e+01 4.40000+01 4.40000.01 4.40000+01 4.4C00e+01 4.4000o+01

4.dlOGQe+Ol 4.4000o+01 4.400_+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.AOOOe+01 4.4000o+01 4.4000o+01

4.0000o+01 4J_OOe+01 4.0000o+01 4.(1000e+01 4.(l(X)Oe+01 4.0000e+01 4.0000o+01 4.11000e+01 4.41G00o+01 4._+01
4.11000o+01 4.41000e+01 4AIGOQe+@I 4.0000o+01 4.80G0o+01 4.11000e+Ol 4.11000o+01 4.800h+01 4.41000o+01 4.0000o+01

4.0000o+01 4.0000o+01 4J000o+01 4.0000o+01 4.SQOQe+01 4.eOOQe+01 4.0000o+01 4.11000o+01 4.110000+01 4.110GOI+01

4.0000o+01 4.00000+01 4.8000e+01 4.11000e+01 4.80QQe+01 4.0000o+01 4.0000o+01 4.SGOQo+01 4.40000+01 4.40Qh+01

4.4000o+01 4.4(X)Oe+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000g+01

4.4000e+01 4.4000o+01 4.4000o+01 4.4(300o+01 4.4000e+01 4.4000e+01 4.4000o+01 4.4000o+01 4.40001¢. 01 4.4000o4.01

4.4_0e+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+@1 4.4000o+01 4.4000o+01 4.40001+01

4.&0000+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+0t 4.40000+@1 4.4G00o+01 4.4000o+@1 4.4000e+01 4.4000e+01
4.4000t.01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4G00o+01 4.d_QOi+@l 4.4000e+01 4.4000o+01

4.400Qe+01 4.4CQOe+01 4.40Q0o+01 4.4000e+01 4.4000o.(.01 4.4000o+01 4.4000o+01 4.4000o4.01 4.4000o+01 4.40Q0o+01

4.8000o+01 4JOOOe+0t 4.0000o+01 4.EOOOe+01 4.0000o+01 4.0000o+01 4.0000o+01 4.0G00o+01 4.0000o+01 4.000Qe+01

4.SQOOe+01 4.0000o+0t 4.0000e+01 4.0000o+01 4.0000o+01 4.0000o+01 4.eQO0o+01 4.80Q0o+01 4.0000o+01 4.1KX)Qe+01

4.(1000_+01 4.0000e+01 4JOOOe+01 4.0000e.01 4.0000o+01 4.0000o+01 4.0000o+01 4JOQOo+01 4.0000o+01 4.0000o+01

4.0000o+01 4.800Qe+01 4.0000o+01 4.0000o+01 4.0000o+0t 4.0000e+01 4.(IQ00o+01 4.0000o+01 4.40aoe+01 4AlOOOe+01

4.4000e+01 4.4000o+01 4.4000o+01 4.400Qe+01 4.4000o+01 4.4000o+01 4.4GGOe+01 4.4000o+01 4.4000o+01 4.4000o+01

4.4000o+01 4.40Ci0e+01 4.400(M+01 4.4000o+01 4.4000e+01 4.40_0e+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01
4.4000o+01 4.4000o+01 4.4000o+01 4.4000e+01 4.41000o+01 4.4000o+01 4.4QOOe+01 4.4000o+01 4.4@00o+01 4.400_+01

4.4(X)Oe+01 4AK)QOo+01 4.4000e+0t 4.4000o+01 4.40000+01 4.4000o+01 4.4000o+01 4.4(XX)e+01 4.4000o+01 4.4000e+01

4.4000o+01 4.4000o+01 4.4000e+01 4.4000e+01 4.4000O.l.01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000e+01 4.4000o+01

4.4000o+01 4.4000o+01 4.40QOe+01 4.4000_+01 4.4000o+01 4.4(X)Oe+01 4.4000o+01 4.400Qe+01 4.400Qe+01 4.4000o+01

4.0000o+01 4.0000o+01 4.0000o+01 4.0000e+01 4.00(X)e+01 4.0000o+01 4.0(XX)e+01 4.0000o+01 4.0GOOe+01 4.00QQ_+01

4JOGOe+01 4.0000o+01 4.0000o+01 4.0000o+01 4.eOOOe+01 4.0000o+01 4.0000o+01 4.0000o+01 4.8000e+01 4.80_M+0t

4.0000o+01 4.0QOOe+01 4.0000o+01 4.0000o+01 4.0GGO0+01 4.(IQOOe+01 4.gQO0o+01 4.1K)00o+01 4AOOOe+01 4.(I000e+01

4.0000o+01 4JOOQo+01 4.0000e+01 4.0000o+01 4.0000o.(.01 4.0000o+01 4.0000o+01 4.0000o+01 4.4GQOe+01 4.4000e+01

4.4000o+01 4.4000o+01 4.40(X)e+01 4.4000o+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4000o+01 4.40GOe+01 4.4000o+01

4.4000o+0t 4.4000e+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000e+01

4.4CC0e+01 4.4000e+01 4.4000o+01 4.40(X)e+01 4.4000e+01 4.4000o+01 4.4000o+01 4.dlGQOe+01 4.4000e+01 4.400Qe+01

4.4000o+01 4.dkOQOe+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4000o+01 4.4000e+01 4.40000+01

4.4000e+01 4.4000o+01 4.4000o+01 4.40QOe+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01

4.4000o+01 4.400_+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000e+01 4.4000o+01

4.80QOe+01 4.80QOe+01 4JOOOe+01 4.0000e+01 4.0000e+01 4.0000o+01 4.0000o+01 4.0000_+01 4.aGooe+01 4Joooe+01

4._1000e+01 4.(1000o+01 4.(iO00e+01 4.00(30o+01 4.00QOe+01 4.0000o+01 4.0000o+01 4JOOOe+01 4.0000o+01 4.4000e+01

4JOOOe+01 4JX)Oo+01 4.0000o+01 4.(K)0C_+01 4.0000o+0t 4.(IQOOe+01 4.0000o+01 4AIQO0o+01 4.4000o+01 4.4000o+01
4.4000o+01 4.400(M._01 4.40QOe+01 4.4000o+01 4.40(0e+01 4.40QOe+01 4.4000o+01 4.4000o+01 4.40QQe+01 4.4000o+01

4.4000o+01 4.4000o+01 4.4000o+01 4.4000e+01 4.4000o+01 4.dK)O00+01 4.40Q00+01 4.40000+01 4.40000+01 4.40000+01

4.40(X)e+01 4AKX)Oe+01 4.4000o+01 4.4000o+01 4.4000o+01 4.4(X)Oe+01 4.4000o+01 4.4000o+01 4.4(XX)o+01 4.4000o+01

4.4000o+01 4.4000o+01 4.4000e+01 4.4000e+01 4.4QOOe+01 4.4000o+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4000e+01

4.4000e+01 4.4000e+01 4.4000e+01 4.4000e+01 4.400(M+01 4.4000o.01 4.4000o+01 4.4000o+01 4.4000o+01 4.4000o.(.01

4.4000e+01 4.4000e+01 4.4000e+01 4.4000o+01 4.40QQe+01 4.4000o+01 4.4000o+01 4.4000e+0t 4.4000e+01 4.4000o+01

4.4000o+01 4.dlOOOe+01 4.4000e+01 4.4000o+01 4.dKX)Oe+01 4.4000e.01 4.4QGOe+01 4.4000o+01 4.4GQOe+01 4.4000o+01

4.80QOe+01 4.0_Q0o.01 4.0000e+01 4.0000o+01 4.0000o+01 4.0000e+01 4.0000e+01 4.0000o+01 4.eOOOe+01 4.80QOe+01

4.8000o+01 4.8(XX)e+01 4.0000o+01 4.0000e+01 4.8000e+01 4.0000o+01 4.0000o+01 4.e000o+01 4.0000o+01 4JOQQe+01

4.8000e+01 4J(XX)e+01 4.80_0e+01 4.8000e+01 4.(K)OOe+01 4.0000o+01 4.0000o+01 4.4000o+01 4.4000o+01 4.4000o+0 _,

4.4(X)Oe+01 4.4000e+01 4.4000e+01 4.4000e+01 4.4000o+01 4.dlKX)Oe+01 4.40000+01 4.4000e+01 4.40000+01 4.4000e+01

4.4000o+01 4.40(X)e+01 4.4(X)Oe,01 4.4000o+01 4.4000e+01 4.4000o+01 4.4GQOe+01 4.40CQe+01 4.4000o+01 4.40_)e+01

4.4000e+01 4.4000o+01 4.4000e+01 4.4000o+01 4.4000e+01 4.4000e+01 4.4000o+01 4.dK)Q(_+01 4.4000o+01 4.4000e+01

4.40QOe+01 4.4000o+01 4.4000e+01 4.dl_OOe+01 4.4000o+01 4.4000e+01 dl.4QQOo+01 4.4000o+01 4.4QOOe+01 4.4000o+01

4.4000e+01 4.40QOe+01 4.4000_+01 4.4000o+01 4.&OOOe+01 4.4000o+01 4.4000o+01 4.4_Q0o+01 4.4CQOe+01 4.40Q0_+01

4.4(XX)e+01 4.4000o+01 4.4000e+01 4.4(X)Oe+01 4.4000o+01 4.4000e+01 4.4000o+01 4.2000o+01 4.2000o+01 4.2000o+01

4.20004;+01 4.gOQOe+01 4.2000_+01 4.2000e+01 4.aOOQe.01 4._x)Oe+01 4.2000o+01 4.2000o+01 4_0e.01 4.2000e+01

4.8(X)oe+01 4J(x_o+01 4.(KXX)e+01 4.0000o+01 4.(KXX_+01 4.0000o+01 4.0000o+01 4.(KX)(M+01 4.0000o+01 4J(X)Oe+01

4.8000e+01 4J(XX)e+01 4.0(X)Oe+01 4.800Go+01 4.0000e+01 4.0CX)0o+01 4.0(X)Qo+01 4.(K)OQe+01 4.0000o+01 4JOQQw+01
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4.6000e+01 4.8000t+01 _+01 4.EKX)Oe+01 4.8000t+01 4.8000e+01 4.BOOOe+01 4.4000e+01 4.4000e+01 4.4000e+01

4.40001+01 4.4000t+01 4.40001+01 4.4000t+01 4.4000e+01 4.4(XX)I+01 4.4000t+01 4.4000t+01 4.40001+01 4.41K_Oe+01

4o_+01 4.4000t+01 4.4000t+01 4.4G_)I+01 4.4000l+01 4.40001+01 4.40001+01 4.40001+01 4.4000e+01 4.40GOI+01

4.4GGOI+01 4.4000t+01 4.4G_Ot+01 4.41000t+01 4.4GOOt+01 4.4000e.01 4.40001+01 4.4000t+01 4.4000t+01 4.4000t+0_

4.4GOOt+01 4.40GOt+01 4.4G00l+01 4.4000e+01 4.40001+01 4.4000e+01 4.40001+01 4.4000e+01 4.40001+01 4.4000t+01

4.4000t+01 4AIOOOt+01 4.40001+01 4.4000t+01 4.4000t+01 4.4000e+01 4.4000t+01 4.4000t+01 4.4000t+01 4.40001+01

4.4000l+01 4.40001+01 4L4000t+01 4.41_0t+01 4.4000e+01 4.40001+01 4.40001+01 4.g_OOt+01 4.20001+01 4.aOOOt+01

4.gOOOm+01 4.gOOOe+01 4.gOOOt+01 4.aOOOt+01 4.aOOOe+01 4.2000e+01 4.20001+01 4.aOOOt+01 4.2000e+01 4.2¢_0e+01

4.80001+01 4.80001+01 4.1_Ot+01 4.E_GOt+01 4.8(3001+01 4.0000e+01 4.gOOOt+01 4.8000t+01 4.8000e+01 4.8000t+01

4._IXIOm+01 4.8000e+01 4.8000t+01 4.11_Oe+01 4.8000t+01 4.8000e+01 4.BOOOe+01 4.8000t+01 4JX_t+01 4.aO001+01

4.11000t+01 4.110001+01 4.80001+01 4.80001+01 4.00001+01 4.80K_e+01 4.8000o+01 4.4_00t+01 4.4000t+01 4.4000e+01

4.4GOOt+01 4o4000t+01 4.4(_0t+01 4.4000t+01 4.4GOOt+01 4.40001+01 4.4000t+01 4.40001+01 4.4000e+01 4.4_00t+01

4.40001.01 4.4000t+01 4.4000e+01 4.4000e+01 4.4000t+01 4.40001+01 4.40a_+01 4.4000t+01 4.4000t+01 4..tlOOOt+01

4.4000t+01 4.4000t+01 4.4000_+01 4.40K_e+01 4.40KX)t+01 4.4000t+01 4.41_M+01 4.40001+01 4.4000e+01 4.40_0t+01

4.4000t+01 4.40001+01 4.glOOOe+01 4.aOOOt+01 4.2000t.01 4.2000e+01 4.2000t+01 4._000e+01 4._000t+01 44_000e+01

4.gl_Ot+01 4.aoooe+01 4.glOOOt+01 4.aOOOe+01 4.2000t+01 4.g_ooe+01 4.aOOOt+01 4.a0_0_.01 4._1_1+01 4.aO_e+01

4.g_oOt+01 4.aoOOe+01 4._000t+01 4.aooOt+01 4.aoooe+01 4.a0_0_+01 4.g_OOOt+01 4._000t+01 4.aOOOt+01 4._0(_1+01

4.20001+01 4.aOOOe+01 4._00t+01 4.aooot+01 4._000e+01 4.2000e+01 4.g_0001.01 4.aOOOt+01 4._000t+01 4.glO_Ot+01

4.8000e+01 4.8000e+Crl 4.8000e+01 4.EK_Ot+01 4.1t_Ot+01 4.8000t+01 4.1KI_M+01 4.410001+01 4.11_0_+01 4.11_0t+01

4.8000e+01 4.110001+01 4._O00e+O! 4.110_0e+01 4JOOOe+01 4.8_0_+01 4.1_00t+01 4.1000t+01 4.IX]Or+01 4.1_0t+01

4.aoooe+01 4.11_oot+01 _+01 4._000e+01 4.8000t+01 4._000t+01 4.1_00t+01 4.4_0e+01 4.40001+01 4.4_00t+01

4.40_0e+01 4.4000t+01 4.4_00e+01 4.,1000e+01 4.4000e+01 4.4000t+01 4.4000t+01 4.40001+01 4.40_0t+01 4.40OK)t+01
4._1000e+01 4.40001+01 4.400011+01 4.40_0t+01 4.40_0e+01 4.4000t+01 4.40001+01 4.4000e+01 4.40001+01 4.4000t+01

4.4000t._01 4.4000t+01 4.40001+01 4.4000e+01 4.,1000e+01 4.4000t+01 4.40001+01 4.4000t+01 4.4000e+01 4.4000e+01

4.401001+01 4.4000o+01 4.2000t+01 4.2000t+01 4.20001+01 4.20001+01 4.20001+01 4.20001+01 4.gOOOe+01 4.2000t+01

4.2000t+01 4._000e+01 4.2000t+01 4.2000t+01 4.2000e+01 4.20001+01 4.20001+01 4.2000e+01 4.gOOOt+01 4.20001+01

4.20001+01 4d-_OOOt+01 4._000e+01 4.20001+0| 4.gOOOe+01 4.2000e+01 4_000e+01 4._000e+01 4.20001+01 4.20001+01

4.gOOOe+01 4.20001+01 4.20001+01 4.2000e+01 4.20001+01 4.2000t+01 4.20001+01 4.2000e+01 4._0_0t+01 4.2000e+01

4.8000t+01 4.11000t+01 4.8000t+01 4.80001+01 4.aOOOe+01 4.(1000e+01 4.80DOt+01 4.80001+01 4.EOOOe+01 4.8000e+01

4.1_000_+01 4.110001+01 4JIl_Oe+01 4.8000e+01 4.80001+01 4.aoooe+01 4.(10001+01 4._000t+01 4.11000e.01 4.aOOOt+01

4.8000t+01 4.80_0e+01 4.800_1+01 4.(1000t+01 4.aooot+01 4.aOoot+01 4._000t+01 4.4(xlOe+01 4.4000t+01 4.4000e+0|

4.4000t+01 4.4(x:tOt+01 4.4000t+01 4.4000e+01 4.4000e+01 4.40001+01 4.4000e+01 4.4K]OOt+01 4.4(X_Oe+01 4.4000e+01

4.40001+01 4.4000e+01 4.4000e_.01 4.4000t+01 4.4000e+01 4.4000t+01 4.40001+01 4.40001+01 4.4OK]Or+01 4.4000e+01

4.4000e+01 4.4aX)t+01 4.40001+01 4.40001+01 4.40001+01 4.4000t+01 4.40001+01 4.40001+01 4.40001+01 4.4000t+01
4.4000e+01 4.4000e+01 4.20_X)t+01 4.2000e+01 4.20001+01 4_00t+01 4.2000t+01 4.2000_+01 4._0t+01 4.a_oe+01

4.20(x)t+01 4._000t+01 4.2000t+01 4.2000t+01 4.2000e+01 4.20KX)e+01 4.2KXX_I+01 4.20001+01 4.20001+01 4._000t+01
4.2000t+01 4.2000t+01 4.2000t+01 4.gOOOt+01 4.2000t+01 4.2000t+01 4.20001+01 4.2000t+01 4.2000t+01 4.2000t+01

4._0_0e+01 4.2000t+01 4.2000_+01 4.200011+01 4.20001+01 4.g_OOe+01 4.20001+01 4.20001.01 4.aO_Ot+01 4.20_0e+01

4.80_0t+01 4.EXX)e+01 4.8000e+0| 4.(10_0t+01 4.80001+01 4.8000t+01 4.eOOOt+01 4.8000e+01 4._000t+01 4.8000t+01

4.8000t+01 4.EIX_Oe+01 4.8000t+01 4._000t+01 4.(10001+01 4.80001+01 4.8000e+01 4.(IKXX)t+01 4._]0t+01 4.00_Ot+01

4._000t+01 4._K)_)e+01 4.80001+01 4._000e+01 4.E(XX)t+01 4.(10001+01 4.8000t+01 4.4000t+01 4.4000t+01 4.4000t+01

4.4000e+01 4.dlOOOe+01 4.40001+01 4.40001+01 4.4000t+01 4.4_00t+01 4.40001+01 4.4000e+01 4.4000t+01 4.4000t+01

4.dlOOOt+01 4.4000e+01 4.4(X_Ot+01 4.4(X_t+01 4.40001+01 4.4000e+01 4.4000t+01 4.20001+01 4.aOOOe+01 4.20001+01

4.2000t+01 4.aooot+01 4._000t+01 4.2000t+01 4.2000t+01 4.20001+01 4.2000_+01 4.20KX)t+01 4.2000t+01 4._0t+01

4.2000t+01 4.2000t+01 4.2000t+01 4.g_OOe+01 4.2000e+01 4.2000t+01 4.20001+01 4.20130e+01 4.2000t+01 4.2000e+01
4.20001+01 4.200011+01 4.20001+01 4.2000t+01 4.gO_e+01 4.a0_0_+01 4.aoOoe+01 4.20KX)e+0I 4._K_e+01 4._000t+01

4.2000t+01 4._000e+01 4.20001+01 4._000t+01 4._000t+01 4.20001+01 4.20_0e+01 4.20001+01 4.20001+01 4._000e+01

4._000t+01 4.g00_+01 4.2000t+01 4.20_0e.01 4.2000t+01 4._X_Oe+01 4.2000_+01 4.200KM+01 4.20001+01 4.2000t+01

4.800(M+01 4.80001+01 4.81_00_+01 4._)00t+01 4.0KX_t+01 4.80001+01 4._000e+01 4.aOooe+01 4.8000t+01 4._000t+01

4.80001+01 4._000e+01 4.80001+01 4.eoooe+01 4._000t+01 4._I000t+01 4.80001+01 4.80001+01 4.8000t+01 4._000t.01

4._000t+01 4._000t+01 4.8000e+01 4.8(Xloe+01 4.00001+01 4._000t.01 4._O(X)e+01 4.4000t+01 4.40_0t+01 4.4_00t+01

4.4(x_e.01 4.4_00t+01 4.4_00t+01 4.4000t+01 4.4_K)t+01 4.40001+01 4.4000e+01 4.40001+01 4.40001+01 4.4000t+01

4.4000e+01 4.4(_0t+01 4.4000t+01 4.4000t+01 4.4(XX)t+01 4.4000t+01 4.40(X)t+01 4.4_000t+01 4.2000t+01 4.2KXX)t+01

4.2000e+01 4._000t+01 4.2000e+01 4.2000t+01 4.2000t+01 4.2_X)Oe+01 4.20_0t+01 4.2000e+01 4.20001+01 4.20(X)e+01

4.2(XX)e+01 4.2000_+01 4.2_00e+01 4.aOOOt+01 4.20001+01 4.2000e+01 d.2OKX)e+01 4.20001+01 4.20_0t+01 4.2000e+01

4_0_0e.01 4._000t+01 4.2000t+01 4.2000e+01 4.2000t+01 4.20001+01 41_000t+01 4.2000e+01 4.20001+01 4.2000t+01

4.2000e+01 4.gOOOe+01 4.2000t+01 4.2000t+01 4.2000t+01 4.2000e+01 _.2000e+01 4.20001+01 4.2000t+01 4.2000t+01

4.20001+01 4.2000t+01 4.2000e+01 4.20001+01 4.20001+01 4.20_0e+01 4.2000t+01 4.2000e.01 4.2000t+01 4.20001+01
4.e(X2Oe+01 4.8000e+01 4.a0001+01 4._000e+01 4.800_+01 4._000e+01 4.8000e+01 4.ElOOOit.01 4._001+01 4.80001+01

4.80001+01 4.60001+01 4._O(X)e+01 4.80001+01 4.00001+01 4.8000e.01 4._0001+01 4._000_+01 4.(1000t+01 4.80001+01

4.8000e.01 4.8000t+01 4.E10001+01 4.EK)O01+01 4._1000_+01 4.8000_+0q 4.(K)001+01 4.4000t+01 4.40001+01 4.4000e+01

4.4000_+01 4.4(]001+01 4.40001+01 4.40001+01 4.40001+01 4.4000t4.01 4.40001+01 4.40001+01 4.4000e+01 4.410_0e+01

4.40_0e+01 4.4KX)01.01 4.4000e.1.01 4.4000e+01 4.40001+01 4.4000e+01 4.4000t+01 4.2000e401 4.20(;i0e+01 4.2000e+01

4.2000e+01 4.2000e+01 4.2000e+01 4.20001+01 4.2000e+01 4.2000e+01 4.20(X)e+01 4.200_+01 4._00e+01 4.2000e+01

4.2000e+01 4.20001+01 4._000e+01 4.20001,01 4.20001+01 4.2000e+01 4.2000_+01 4.20_e+01 4.20001+01 4.2000e+01
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4.20000+0| 4.2000e+01 4.2000e+01 4.20000+01 4.2000e+01 4.20000+01 4.2000e+01 4._OGOI+01 4,20000+01 4.2000B+O'J
4,gOO(M 4.01 4J_OOe+01 4.2000o+01 4,20000+01 4.2000e+01 4.20(X)e+01 4.2000e+01 4.aOOOe+01 4._OOOe+01 4.2000o+01

4.20100o+01 4,a0001+01 4.g_OOe+01 4,gOOOe+01 4.2000l+01 4.aOOOt+01 4.aOOOe+01 4L.a(XX)I+01 4.glOO(M+01 4.a(X)Ot+01

4.8000e+01 4.O(X)Oo+01 4.8000o+01 4.8000o+01 4.8000e+01 4.8000o+01 4.8000e+01 4.8000o+01 4.8000o+01 4,a0001+01

4.4000o+01 4.8000o+01 4.0000o+01 4.8000e+01 4.800])o+01 4.8000o+01 4.8000o+01 4.40DOe+01 4,40_0e+01 4.4000e+01

4,4GOOI+01 4.4000o+01 4.4(_0e+01 4.40000+01 4.4000o+01 4.4(XX)o+01 4.4000l+01 4.4000e+01 4.4GOOo+01 4.4000e+01

4.4000o+01 4.40_0e+01 4.4(X)Om+01 4.4000e+01 4.4000e.01 4.4(]_00+01 4.4000o+01 4.4000t+01 4.40001+01 4.4000e+01

4.4GOOI+01 4.4000o+01 4.4000o+01 4.4GOOo+01 4.4K)OOI+01 4.4(X)00+01 4.4_0e+01 4.2000o+01 4_0001+01 4.2000e+01

4.aoOOe+01 4.aoOOl+01 4.2000e+01 4.goooe+01 4.2000o+01 4.goooe+01 4.aOl_e+01 4.ao(X)e+01 4.aoooe+01 4.2000e+01
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4.(X_Oe+01 4.(xxx_+01 4.0000e+01 4.0(XXM.01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4._000e+01 4.0000e+01

4.0000e+01 4.0000e+01 4.(XXX_+01 4.0000e+01 4.0000e+01 4._(XX)e+01 4.0000e+01 4.0000e+01 4.(XXX)e+01 4.(X_Oe+01

4.0000e+01 4.0(_0e+01 4.(XX)Oe+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000_+01 4.0000e+01

4.00C_.01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0_00e+01 4.0000e+01 4.0000e+01

4.00_m.01 4.0(x_e+01 4.0000e+01 4.0000_+01 4.(]000e+01 4.0000e.01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01
4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.(X_Oe.01 4.0000e+01 4.0000e+01 4.0000e+01 4.00(X)e+01

4.0000e+01 4.0000e+01 4.(XX)Oe+01 4.0000e+01 4.(XXx)e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01

4.aoOOe+01 4.2000e+01 4.20G0_.01 4.20001)+01 4.20_0e+01 4.2000e+01 4.aOOOe+01 4.2000e+01 4.a000_+01 4._XX)e+01

4.2000e+01 4.2000e+0| 4.2000e+01 4.2000e+01 4.20(X)e+01 4.20GOe+01 4.2000e+01 4.2000e+01 4_000e+01 4.2000e+01

4.20_0e+01 4.2000e+01 4.0000e+01 4.0000e+01 4.00(X)_+01 4.0(XX)e+01 4.0000e+01 4.0000e+01 4.00(X)e+01 4.(XXX)e+01

4.(XXX_+01 4.000_+01 4.(X_Oe+01 4.0GOOe+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00(X_+01 4.0000e.01 4.0000e+01

4.0000e+01 4.0000e+01 4.(XXX)e+01 4.000(M+01 4.0000e+01 4.00(X)e+01 4.(X_OOe+01 4.(X_Oe+01 4.(XXX_e.01 4.0000e+01

4.0(XX_+01 4.0000_+01 4.0(XX_+0t 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01

4.CXXX)e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00(x_+01 4.00(X_+01 4.0000e+01 4.0000e+01
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4.0090o+01 4.0000e+O'l 4.0000o+01 4.0000o+01 4.0000e+01 4.00(X)o+01 4.(XXX)o+01 4.0000e+01 4.OOOOe+01 4.0000o+01

4.0GOOo+01 4.0000o+01 4,0000o+01 4.0(X)Oe+01 4,(X)OOe+01 4,01X)Oe+01 4,0000o+01 4,0000e+01 4.0000o+01 4,0000o+01

4,0000o+01 4.0000o+01 41,0000e+01 4,0000e+01 4,0000e+01 4,0000o+01 4.0000e+01 4,(X)OOo+01 4,0000o+01 4.(X)OOe+01

4.aoOOe+01 4,,2000o+01 4.aoooe+01 4,aOOOe+01 4,aO(X)e+01 4.20_0e+01 4,2000o+01 4.aO(X)e+01 4.aO(X)e+01 4.2000e+01

4.20GOe+01 4.20a)l+01 4.aOOOl+01 4.2000e+01 4.2000e+01 4.2000e+01 4.2000l+01 4.2000e+01 4,aOOOe+01 4._000e+01

4.2000l+01 4.2000e+01 4.00001+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+u1 4.0000l+01 4.0000e+01 4.0000e+01

4.0oooe+01 4.0QOOI+O! 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01

4.00001+01 4.00GOt+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0GOOI+01 4.0000e+01 4.0000e+01 4.0GGOt+01 4.00OOe+01

4.0000l+01 4.0000e+01 4.0000l+01 4.00C0e+01 4.0000e+01 4.(X_Ol+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01

4.0000e+01 4.00001+01 4.0000e+01 4.00001+01 4.OO00e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4.0000e+01

4.0000l+01 4.0GOOI+01 4.0000e+01 4.00GOI+01 4.00OOe+01 4.0000e+01 4.0000e+01 4,0000e+01 4.0000e+01 4.0000t+01

4.00001+01 4.00001+0! 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000l+01 4,0000l+01

4.0000l+01 4.00001+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000t+01 4.0000l+01 4.00001+01 4.0000l+01 4JOOOOe+01

4.0000e+01 4.0000l+01 4.0000e+01 4.(XXX)e+01 4.0(XX)t+01 4.0000e+01 4.0000l+01 4.0000e+01 4.0000t+01 4.0000t+01

4,0000e+01 4.0000e+01 4.00GOe+01 4.0000e+01 4.00GOe+01 4JOOOOe+01 4.00001+01 4JOOOOe+01 4.00001+01 4.0000t+01

4.0000e+01 4.0000e+01 4.C1000e+01 4.0000e+01 4.0000e+01 4.00G01+01 4.00001+01 4.00001+01 4.0GOOe+01 4.0000e+01

4.0000e+01 4.0000t+01 4.0000t+01 4.0000e+01 4.0000t+01 4.0000e+01 4.0000e+01 4,1_001+01 4.00001+01 4.00001+01

4.0G001+01 4.0000e+01 4,0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4,00001+01 4.00001+01 4.(X_01+01 4.00001+01

4.0000t+01 4JOOOOe+01 4.0000e+01 4.0000e+01 4.0000t+01 4.0000e+01 4.00001+01 4.00001+01 _+01 4.0000e+01

4.00001+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4J_OOe+01 4.0000t+01 4JOOOOe+01

4.00001+01 4.0000t+01 4.0000t+01 4.00001+01 4.00001+01 4.00001+01 4.00001+01 4.00001+01 4.0000e+01 4.00001+01

4.00£0e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4.00001+01 4.0000e+01 4J_GOI+01 4.0000e+01

4.0000e+01 4.00001+01 4.0000e+01 4.00001+01 4.0000e+01 4.0000e+01 4,0000t+01 4.0000e+01 4.0000t+0t 4.00001+01

4.00001+01 4.00001+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0(]001+01 4.00001+01 4.0000e+01 4.0000e+01 4.00001+01

4,0000t+01 4.0GOOe+01 4.0000t+01 4.0(XX)e+01 4.0000t+01 4.0000e+01 4.0000e+01 4.0000t+01 4.0000e+01 4JOOOOe+01

4,0000t+01 4.0000e+01 4.0000t+01 4.00001+01 4.0000e+01 4.0000e+01 4.00001+01 4.00001+01 4.01_01+01 4.0000e+01

4.00001+01 4J00001+01 4.0000e+01 4.00GOe+01 4.00001+01 4.0000e+01 4.0000e+01 4.00001+01 4.0GO01+01 4.0000e+01

4.00001+01 4.00001+01 4.0(001+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00GOe+01 4.0000e+01 4.0000e+01 4.0000e+01

4.0000e+01 4.0000e+01 4.0000e+01 4.0000t+01 4.00001+01 4.00001+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01

4.00001+01 4.0GOOe+01 4.0000e+01 4.0000t+01 4.0000e+01 4.0000e+O! 4.0000e+01 4.0000t+01 4.00001+01 4.0000e+01

4.0000e+01 4.0000e+01 4.00001+01 4.0_00e+01 4.0_00e+01 4.0_00e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01

4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4.00001+01 4.0000e+01 4.0000e+01 4.00001+01

4.00001+01 4.0000e+01 4.0000e+01 4.00001+01 4.00001+01 4.0000e+01 4.00001+01 4.00001+01 4.0000e+01 4.00_0e+01

4.00001+01 4.0000e+01 4.0000e+01 4,0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4JOGOOe+01 4.0000e+01

4.0000e+01 4,(XX)OI+01 4.(XXX)e+01 4.(X_Oe+01 4.0G001+01 4.0000t+01 4.0000e+01 4.0000e+01 4.00001+01 4,0000e+01

4.(X_Oe+01 4.00001+01 4.00G01+01 4.0000t+01 4.0000e+01 4.0000e+01 4.00_0e+01 4.0000e+01 4.0000e+01 4.0000e+O!

4.0000e+01 4.(XX)Oe+01 4.0000e+01 4.00GOe+01 4.0000t+01 4.0000e+01 4.0000t+01 4.0000t+01 4.0000e+01 4.00001+01
4,0000e+01 4,0G001+01 4.0000t+01 4.(XXX)e+01 4.0000t+01 4.0000e+01 4.0000t+01 4.0_01+01 4.00001+01 4.0000t+01

4.0000e+01 4,0_00e+01 4.0000e+01 4.0000e+01 4.00001+01 4.0000e+01 4.0000e+01 4.00001+01 4.C10_0e+01 4.0000e+01

4.0000e+01 4,00001+01 4.0000e+01 4.00001+01 4.0000e+01 4.0000t+01 4.(XXX)e+01 4.0000e+01 4.00001+01 4,0000e+01

4.0000t+01 4.00001+01 4,0000e+01 4.0000e+01 4.00001+01 4.0000e+01 4.0000e+01 4.00001+01 4.00001+01 4.0000e+01

4.0000e+01 4.0000e+01 4,00GOe+01 4.0000e+01 4.GOOOe+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01

4.0000e+01 4.0000e+01 4.0000e+01 4.00GOe+01 4.0000e+01 4.00001+01 4.0000t+01 4.0000e+01 4.0000e+01 4.00001+01

4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4.000011+01 4.0000t+01 4.0000e+01

4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e+O! 4.0000e+0t 4.0000e+01 4.0GOOe+01 4.0000e+01 4.0000e+01

4.0000e+01 4.0000e+01 4.00001+01 4.0000t+01 4.0000e+01 4.0000e+01 4.0000e+01 4.00001+01 4.0000t+01 4.00001+01

4.01=00e+01 4.0000e+01 4.0000e+01 4.00GOe+01 4.0000e+01 4.0000t+01 4.00001+01 4.00001+01 4.0000e+01 4.0000e+01

4.0000e+01 4.0000e+01 4.(XXX)e+01 4.0000e+01 4.0000e+01 4.00(_e+01 4.0000e+01 4.0000e+01 4.00001+01 4,0000e+01

4.00001+01 4.00001+01 4.0000e+01 4.0000e+01 4.0000e+01 4.0000e.01 4.0G001+01 4.00001+01 4.0000e+01 4.0000e+O|

4.0000e+01 4.00001+01 4.0000e+01 4.0000e+01 4,0000e+01 4.(X_Oe+01 4.00001+01 4.0G(X)e+01 4.00001+01 4.00001)+01

4.0000e+01 4.0000e+01 4,0000e+01 4.(XXX)e+01 4.0000e+01 4.0000e+01 4.0000e+01 4.C1000t+01 4.00001+01 4.0000e+01

4.00001+01 4.00001+01 4.0GOOe+01 4.0000e+01 4.00001+01 4.0000e+01 4.(X_Oe+01 4.0000e+01 4.0000e+01 4.00GOe+01

4.0000e+O| 4,0GOOe+01 4.(XX)Oe+01 4.0000e+01 4.0000e+01 4.0000e+01 4,0000e+01 4.0000e+01 4.0000e+01 4.0000e+01
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GENERAL HEAD BOUNDARY PACKAGE
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236 5O

1 3e IO0 150.O0

1 40 100 140.00 5.00
1 41 100 148.00
1 42 100 147.00 5.00
1 43 IO0 144.00 8.OO
1 44 100 148.00 5.00
1 45 100 144.00 5.00
1 48 100 143.00
1 47 1O0 142.00 5,00
1 44J 100 141.00 5.00
1 40 100 140.00 5.00
1 50 100 138.00 10.00
1 51 100 130.00 I0.00
1 52 100 137.00 10.00
1 M 100 136.00 10.00
1 04 100 136.00 10.00
I M 100 134,00 10.00
1 a IO0 133.00 IO.O0
1 57 IO0 13_0 10.00
1 M 100 131.00 10.00
1 W 100 130.00 10.00
1 O0 100 129.00 10.00
1 81 100 128.00 10.00
1 (12 100 127.00 10.00
1 M 100 lgtt.O0 10.00
1 64 100 125.00 10.00
1 66 100 1;14.40 10.00
1 (18 100 123.1;0 10.00
1 07 IO0 123.50 00.00
1 88 100 123.10 50.00
1 Og IO0 132,70 100.00
1 7O 100 122.30 100.O0
1 71 100 lgl.gO 100.00
1 72 100 lgl .00 100.00
1 73 100 121.30 100.00
1 74 100 lgl.OO 500.00
I 74 90 120.83 8KX).O0
1 75 M lgO.M 5O0.OO
1 76 97 130.70 _0_0
1 77 g7 120.72 500.00
1 78 07 120.aG 1000.00
1 79 g7 IZ).57 1000.00
1 80 g7 I_O.BO 1000.00
1 8O M 1g0.43 1000.00
1 81 96 120.34 1000.00

1 81 94 lg0.29 5000.00
1 81 83 IgO.2g 5OOO.O0
1 81 9Q 1_0. I5 5000.00
1 81 91 120.04 5000,00
1 81 go 120.01 5000.00
1 81 88 119.94 5000.00
1 82 M 119.86 5000.00
1 83 87 110.7'9 _00.00
1 83 M 110.72 5000.00

1 03 M 119.05 5OOO.0O
1 63 64 119.54 5000.00

1 83 83 110.51 5000.00
1 63 82 1lg.44 5(X)O.O0
1 63 81 119.37 5000.00 *
I 84 80 110,30 5000.00
1 84 7g 119,23 5000.00
1 _ 78 110.10 5000.00
1 _ 77 119.0_ 5000,00
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1 M 78 110.0_ SO00.O0
1 54 1_ 110418 I_)00.00
1 56 74 110.08 8OOO.OO
1 N 7:1 11114808000.00
I M ?'J 11lk73 SO00.O0
1 M 71 118.00 0000.00
1 54 7O 111L_ liO00.O0
1 87 70 111LSg 8000,00
I M tim 1fiLM 5000.00
1 08 O0 11lL,10 5000.00
1 118 07 118.31 9000.00
1 O0 00 111L_4 6000JDO
1 OK) 08 110.17 5000.00
1 01 04 1111._ 6000.00
1 ilQ 03 111L0_ 5000.00
1 N 03 117.116 15000.00
1 54 03 117Aa 8000.00
1 0G 02 117.411 8000.00
1 08 el 117.74 80OOJ00
1 06 (10 117JrP _ooJoo
1 06 _ 117,00 6Qoo.oo
1 g7 54 117.63 8000.00
1 54 57 117.46 5000.00

1 N 56 117.34 5000.00
1 56 56 117.31 _00.00
1 it 54 117.24 5000.00
1 110 53 117.17 5000.00

1 110 52 117.10 5000.00
1 98 51 117.08 5000.00
1 100 50 110.1U 0000.O0
1 IO0 _ 116.00 150O0.OO
1 100 45 110JI2 5000.00
1 100 47 110.7_ _00.00
1 100 M 110.67 5000.00
1 100 4_, 110.00 5000.00
1 100 44 110.53 _00.00
1 100 43 116.40 _K300.O0
1 IO0 42 110.30
1 100 41 118.32 50(]0.00
1 IO0 4O 11e.25 5OOO.OO
1 100 38 116.18 5000.00
1 100 38 110.11 5000.00
1 100 37 118.04 5(XX).KX)
1 100 38 115.M 5000.00
1 100 35 115.50 5CiO0.O0
1 100 34 115.82 5000.00
1 100 33 115.75 5000.00
1 100 32 115.54 5000.00
1 100 31 115.50 5000.00

1 100 30 115.50 _00.00
I 100 29 11§._0 _OK_.O0
1 100 28 115.50 5000.00
I 100 27 115.50 5000.00
I 100 20 115.00 5000.00
1 100 _ 115.00 5000.00

1 100 24 115.00 _)00.00
I 100 23 115.® l_](X)._
1 100 22 115.00 50(X)._
I 100 21 115.00 50_0,00

I 100 20 114.50 5000.00
1 100 lg 114.50 5000.00
1 100 15 114.50 5000.00
1 100 17 114._0 5000.00
1 100 15 114.00 _00.00
I 100 15 114.(X) 5000.00
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1 100 14 114.00 SO00.O0
I t00 13 114.00 0000.00
1 100 12 114.00 0000.00
1 100 11 114.00 8000.00
1 100 10 114.00 0000.00
1 100 9 114.00 8GO0.OO
1 100 a 114.00 8000.00
1 100 ? 113.80 fl000.00
1 100 6 113.80 mlO00.00
1 IO0 6 113.90 000O.00
1 100 4 113.80 6O00.00
I 100 3 113.t]0 8000.00
1 IO0 9 113dS0 0_0.00
1 100 1 t13.80 1_00.00
I II 1 171.lS2 e(X)0.00
1 ? 1 171.44 O000JO0
1 8 1 171..11 8000.00
1 9 1 171.16 5000.00
1 10 1 170JI7 8000.00
1 11 1 1?0.711 8000.00
1 19 I 170.84 II000.00
1 1,1 1 170.,10 8OOO,OO
1 14 1 170.04 BO00.O0

1 16 1 188.77 0000.00
I 10 1 lm.4e 0000.00
1 17 1 lm,_0 5000.00

1 10 1 160.00 IW00,00
1 19 1 1M.M _,00

I 2O 1 tM._ 6O00.00
1 91 1 lO?.W 50(X).00
1 g2 1 I a7.57 8(X)0,00
1 23 1 167.gi 8O0O.00
1 94 1 108.1W 0000.00
1 28 1 100.47 _IO(X).00
1 N 1 IN.01 tl000.00
1 27 1 laG.m 8000.00
1 211 1 108.28 a(XX).00
I 29 1 104.|7 5000.00
1 30 1 104.44 5(x]o.oo
1 31 1 164.01 5000.00
1 32 1 163.57 _00.00
1 33 1 100.19 5000.00
1 34 1 lt_..00 _1300.00

1 36 I 1_.20 _d)00.00
1 313 1 161.73 50G0.Q0
1 37 1 161.a5 5000.00
1 38 1 100.77 5OOO.OO

1 38 1 100,gll 5000,00
1 40 1 15g.78 5000,00
1 41 1 I_G._ 5000.00
1 42 1 158.76 _00.00

1 4,1 1 104,74 5000.00
1 44 1 157,71 5000.00
I 45 I 157,17 5000.00
1 40 1 156.63 50GO.O0
1 47 1 156.07 5000.00
1 48 1 156,51 50(X).CX)
1 40 1 104,84 5_0.00
1 50 1 154.37 _00.00

1 51 1 1_.711 5000.00
1 52 1 153,10 _XX).00
1 53 1 le_2.M e000.00
1 54 1 151.gg _JKXX).O0
1 56 1 151.38 _000.00
I 56 1 150.77 _d)O0.00
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1 _ 1 1Q0.16 0000.CO
1 M 1 1421_ 8000.00
1 M 1 144LM 8OOO.OO

1 I10 t 1,4_ 0000.O0
1 01 1 147.84 tl_
1 m 1 IM.a
1 M t ldNL,_ 8000.00

1 e4 1 IM.M 8CCO.OD
1 M 1 144.87 80Q0.O0
1 M ! 144.17 0000.QO
1 a? 1 143.47 SQO0.O0
1 M 1 14_..?B 8GO0.00

1 N 1 14LOa 8OOO.0O
I 70 1 141JM 6000,00
t ?1 1 140.J_l 8000.00
1 72 1 Ira,T;' 8000.00
1 TJ 1 lm.00 80OO.OO
1 74 1 IM, JIR 8000.00

1 70 1 l_lLlkl 8OOO,OO
1 77 I ta6Jl_ 6OOO.0O
t 78 t 136.0e 6O0O.OO
1 70 1 134.10 6000.00
1 00 1 13a.,14 8OOO,OO
1 81 1 I_IL_ _d)00,00
1 a 1 131.01 llO00.00
1 U 1 130.72 6O0O.OO
1 14 1 18.m 8OO0,OO
1 M 1 1NJI0 nOOO.OO
1 M 1 1_'7'.N 8G00,00
1 e7 1 I_.OB I10_).00
1 M 1 IM, OI OCXX).OO
1 let 1 1_lS.11 8000.00
1 gO i 1_hi.11 _00,00
I 01 1 I_l_.00 6000.00

1 8_ 1 122.06 nO00.OO
1 00 1 1_0.88 _000.00
I 04 t 110.00 _00.00
1 M 1 110.70 flCX)O.O0
1 M 1 117.61 ISQ¢I0,00
I 07 1 110.4S SOQO.O0
1 M 1 115.,_7 nooo.oo
1 8_ 1 114.0_ _000.00



DRAIN PACKAGE
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i

1303 8O
II

1 715 M 121.000 4,000e+ 02
1 Tl_ II7 121.0_0 4._,t._
I /6 M 1|1.000 4,000t+_
1 70 IO I;11.000 4.000e+_
1 77 98 1_1,_0 4,000t+O_
I 77 g8 111,000 4.000e+(_
1 78 M 1;!1.000 4.000e+02
1 78 M 1111.0004.000e+O_
1 71) 98 I_M.O00 4.0000+(I
1 79 M t21.000 4.000e+02
1 79 01 121.000 4.0000+OQ
1 79 9_ 121.000 4.0000+OQ

1 79 gO 121.000 4.000e+02
1 7g 94 121_00 4_OOe+Oe
1 IN) 91 I;!1.000 4.000e+Oa
1 80 9Q 121.000 4.0000+OQ
1 IlO 90 121.000 4JOOOe.OQ

1 80 g4 121,_0 4.000e+Oe
1 IN) tG 1R1,0004,000t+OQ
1 80 87 1;Z1.0_ 4.0000.(]Q
I 80 M 121.000 4.000I+OQ

1 81 87 121.000 4.000t+O_
1 81 M 121.000 4.000t+O_
1 I10 lie 121.000 4.000e+OQ
1 80 90 1R1.0004.000e+OQ
I 12 81 1;Z1.0004.0_e.02
I I_ 8_ 121.000 4.0GOe+02
1 8Q 83 121,000 4.0GOe+O_
1 il2 64 1_1,000 4.000e+C_
1 I_ 88 121.000 4.000e+O_
I 8:) M 121.000 4.000e+02
1 02 87 121.000 4.O00e+OQ
1 01 O4 tRI.O00 4.oooe+o_
1 81 M 121.000 4.00OO+OQ
1 81 M 121.000 4.000e+OQ
1 I10 81 122.0G0 4.000e+OQ
1 80 8a 122.000 4.000e+O_
1 I10 83 122.000 4.00oe+02
1 81 81 122.000 4.000e+O_
1 01 02 132.000 4.000t+02
1 81 83 122.000 4.0OOl+O_
1 79 64 122.000 4.0_e._
I 7g M 122.000 4.000e+OR
1 71) M I_.000 4._+_

1 80 84 122.000 4.000e+02

1 80 85 122.0_0 4.000e+O_
I 80 M 122.000 4._+_
1 78 87 122.000 4,(X)Oe+OQ
I 76 M 122.0004,000e+OQ

I 78 I_ 122.000 4,000e +OQ
1 78 gO 122.000 4._+_
1 7g 87 122.000 4._+_
1 7g M 122.000 4.(x)oe+o_
1 7g W 122.0004,000e+O_
I 11) gO 122.000 4.000e+O_
I 77 II I_._ 4.000_+0_
1 77 II_ 122,000 4,000e+O_
I 77 93 122.000 4.000e+O_
I 7/ g4 122.0_04.000e+O_

1 78 91 122.000 4,000o+0_
1 78 Ii_ 122.000 4.0_Oe+O_

1 18 93 122.000 4._.+_
1 78 g4 122.000 4,000e+02
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1 75 g4 122,.0004.000e+CQ
1 711 g4 122.000 4.0(X)e+OR
1 79 M 12_00 4.000e+(_
1 75 01 1;_OO0 4.000e+02
1 71_ _ 123000 4_OOe+(_
1 75 M 123,000 4,000e+O_
1 7e gl 1230O0 4.000e+(_
1 70 U 123.000 4.oooe.02
1 /e (IO _23.000 4.000e+(_
! ?e 87 123.000 4.000e+O_
I _ M lm.Ooo 4,000e+CR
1 78 eg 123.000 4.000e+(_
1 78 O0 t23.000 4.000e+(_
1 77 87 123.0_ 4.000e+O_
1 77 M 123.000 4.000e+02
1 77 80 123.000 4.000e+O_
1 77 gO 123,000 4.000e+_
1 77 84 123.000 4.0001+_
1 77 M 123.0G0 4.000e+O_
1 17 M 123.000 4._+_

1 78 84 Ig:l.O00 4.o0oe+Oe
1 78 M 123.000 4.0_e+O_
I 78 M Ig3.000 4.000e+O_
I 70 01 123.000 4._+_
1 78 82 123.000 4,000e+O_
t 78 83 123,000 4.000e+OQ
1 71) 81 123.000 4.0(X)e+02
1 /g 82 123.000 4.000e+02
1 1'9 83 123.000 4.000e+O_
1 76 81 1_1.000 4.000e+_
1 70 82 124.000 4.000e+O_
1 ?e 83 124.0(]04.000e+_
1 77 81 124.(_0 4.000e+(_
1 77 82 124.000 4._+_
1 77 83 124.0(X)4,000e+02

1 75 84 lg4.000 4.000e+02
1 75 M 124.000 4.0ooe+Oa
I 75 M 124.000 4.000e+O_
1 70 84 124.000 4.000e+OQ
1 78 86 1_)4.0004.000e+OQ
1 78 88 124.000 4.000e+CQ
1 ?5 87 _24.000 4._+_

1 75 M 124.000 4.0(X_+OQ
1 75 88 124.0G0 4.000e+02
1 75 gO 124.000 4.0(X)t+OQ
1 83 77 121.000 4.000e+02
1 83 78 t21.000 4.OOOe+OQ

1 84 77 121.000 4.000e+O_
1 84 78 121.000 4._+_

I 82 7g 121.000 4,000e+OQ
1 82 80 121.000 4.000e+OQ
1 83 7g 121.000 4.000e+02
1 83 80 121.000 4.000e+02
1 84 73 121.000 4,000e+(:Q
1 84 74 1;_1.0004.000e+_
1 84 7_ 121.000 4.000e+02

1 85 73 121.000 4.000e+O_
I 85 74 121.000 4.000e+Og
1 8_ 75 121.000 4.(XX)e+O_
1 83 7e 121.000 4.0_0_+02
1 84 78 121,000 4.000e+02
1 84 70 121.000 4.000e+O_
I 84 71 121.000 4.0OOe+_
1 84 72 121,000 4.000e+_
1 85 _ 120.000 4.(X)OI+O_
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1 86 7O 120.000 4.0001+0_
1 M M 120._0 4.OOOo+O2
1 t8 m 120.000 4.000e+OQ
1 87 M 120.000 4.000e+(]2
1 87 88 120._0 4.0¢OI+OQ
1 87 M I_¢LOGO4.0GOe+CQ
I 87 (17 120.000 4.000e +02
1 M 88 120.000 4.000l+Oe
1 M 87 120.000 4.0GOe+02
I M 85 120.000 4.000e+O_
1 89 64 120.000 4.000e+02
1 88 e5 1_0.000 4.0_0e+02
1 O0 O0 120.0G0 4,OOOe+OQ
1 80 83 120.000 4.000e+02
1 80 (14 120,000 4.000e+02

1 01 a2 laO_O0 4,000e+02
1 91 (13 I;_.OGO 4.000e+02
1 81 78 121.000 4.000e+02
1 81 77 121.000 4.000e+ Oe
1 81 78 121.000 4.000e+02
1 82 ?e 121.000 4.000e+02
1 U 77 121.000 4.000e+02
1 82 78 121.000 4.000e+02
1 80 79 121.000 4.000e+02
1 80 8Q 121.000 4.000e+OQ
1 81 710 121.000 4.0(X_+O_
1 61 80 121,000 4.000e+02
1 82 70 121,000 4.000e+OQ
1 82 71 121.000 4.000e+02
I 82 72 121.000 4.000e+O_
I 82 73 121.000 4.0GOe+O_
1 82 74 121.000 4.000e+OQ
1 82 75 121.000 4.000e+O_
1 83 70 121,000 4.000e+OQ
I 83 71 121.000 4.000e+OQ
1 83 72 121.000 4.000e+O_
1 83 73 121.000 4.000e+OQ
I 83 74 121.000 4.000e+O_
1 83 75 121,000 4.000e+CQ

1 83 M 121,000 4.000e+02
1 83 88 121.000 4.000e+02
1 84 (18 121.000 4.000e+02
I 84 88 121.000 4.000e+02
I 85 88 121.000 4.000e+OQ
1 85 87 121,000 4.000I+OQ
1 85 58 121.000 4.000e+O_
1 88 65 121.000 4.000e +(:Q
1 M e6 121.000 4,000e+O_
1 88 67 121,000 4.0_Oe+_
1 87 83 121.000 4.000e+02
1 87 64 121.000 4.000e+02

I 87 05 121.000 4.000e+02
1 88 (12 121.000 4.000I+OQ
1 88 63 121.000 4.000e+02
1 M 64 121.000 4.000e+02
I 88 01 121.000 4.000e+02
1 88 82 121,0(X) 4.000e+_
1 88 83 121.000 4.000e+O_
1 gO 80 121.000 4.000e+02
1 90 01 121,000 4.000e+OQ

1 ilO 62 121.000 4,000e+02
1 78 78 122.000 4.000e+02
1 78 77 122.000 4.000e+02

I 78 7,8 122.000 4.000w+02
I 78 79 122.0004.000e+02
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1 7q 80 122.000 4.000e+OR

1 79 _ 122.000 4.000e+02
1 78 TT' 1;22.0004.000e+02

1 71) 78 122000 4.0GOe+_
1 79 71) 122000 4.0_e+_
1 ?8 8O 122.Q00 4.0001+02
1 80 1'3 122000 4._+_

1 O0 74 122.000 4.000e+02
1 80 75 t22.000 4Joooe+_
1 O0 "_S 122000 4.000e+02
1 80 77 122.000 4.0001+02
1 80 78 122.000 4.000e+02
I 80 70 122.000 4.000e+02
1 80 71 122.000 4.000e+(_
1 80 72 122.000 4.000e+o2
1 81 ?0 122.00o 4o(X_e+02
1 81 71 122.000 4.000e+02
1 81 72 122.000 4.0001+OQ
1 81 ?3 122.000 4_+_
1 81 74 122.000 4,000e+02
I 81 75 122.000 4,000e+02
I 81 87 I_ 4.0001+02
1 81 (18 122.000 4._+_

1 81 S 122.000 4.(X]Oe+02
1 82 eft 122OO04,000e+02
I 82 e8 122.000 4.000e+02
1 82 W 122.000 4.000e+02
I 83 87 122.000 4.000a+02
I 84 e7 1_000 4,0ooe+O_
1 82 84 122.0Q04.000e+OQ
1 82 e5 122.000 4.000e+CQ
I 82 M 122.000 4.000e+02
1 83 64 122,000 4.000e+02
I 83 e5 122.000 4.000e+02
1 83 Oe 122.000 4.000e+OR
1 84 64 1_'#000 4.000e+OQ
I 84 a5 122.000 4.000e+02
1 84 (18 122.000 4._+_
1 88 84 122.000 4.000l+02
1 85 e5 122.000 4.000e+02
I M 84 122.000 4.000e+o2
I 85 81 122.000 4.000e+02
1 M 02 122.000 4.0001+02
1 85 83 I_.000 4.0OOe+(_
I M 01 122.000 4.000e+02
1 M 82 122.000 4.0_0e+02
1 M (13 Ia2.000 4.000e+(_
1 87 el 122.000 4.000e +(_
1 87 82 122.000 4.O00e+OQ
1 88 81 122.000 4._+_
1 7"7' 75 123.000 4.000l+02

1 77 70 123.000 4.000e+O_
I 77 77 123.000 4.000e+02
1 77 78 123.000 4.000_+_
I 77 79 123.000 4.000e+02
I 77 80 123.000 4._+_
I 78 75 123.000 4.(X)OI+¢Q
I ?9 75 123000 4._+_

1 78 eG 123,_ 4.oor_+o2
1 78 7o 123.ooo4.ooo_+o2

1 78 71 123.000 4.000e+O_
1 78 ?2 123.000 4,000e+02
I 78 73 123.000 4.000e+O_
1 '78 74 123,0(X)4.(X)OI+02
1 79 e8 123.000 4.000e+O_
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1 7g 70 123.0G04.000e+_
1 79 71 123.00G 4.000e +02
1 ?g 72 123.000 4.000e+(_
1 11) 73 123.000 4.000e+oe
1 79 74 I;_3.(_0 4.000e+02
I eo ag 123.000 4.000e+02
1 T1) M I_.OGO 4.0GOe+02
1 78 07 123.000 4.000I+OQ
1 7g M 123.000 4.O00e+(_
1 80 M 1;_1.0004.0OOe+OQ
1 80 87 123.0Q04.000e+OQ
1 80 68 123._0 4.0001+02
1 61 O0 123.000 4.000e+02
1 80 83 123.0(X)4.000e+02
1 O0 64 123.000 4JO001+O_
I 8O 05 123,,0004.O00e+(_
1 81 63 123.000 4.O00e+OQ
1 81 84 123.000 4.000e+OQ
I 81 88 133.000 4.000e+02
1 82 83 1_.000 4.000e+OQ
I 83 83 123.000 4.oooe+o2
1 84 83 123.ooo 4.oooe+o2
1 83 eK) 123.ooo 4.000e+r_
1 83 el 123.000 4.oooe+_
1 83 (_ 123.000 4.000e+02
1 84 (It) 123.000 4.000e+02
1 84 01 123.000 4.000e+02
I 8,1 (I_ 123.000 4.oooe+o_
I 85 80 123.000 4.000e+02
1 M 80 123.000 4.O(X)e+02
1 87 eO 123.000 4.(XX)e+CQ
1 M 80 123.000 4.000e+CQ
I 8g eo 123,000 4.000e+OQ
I 75 m 124.000 4.000e+02
1 75 70 124.000 4.000e +r_
I 75 71 124.000 4.000e+02
I 75 72 124.000 4.(X_e+02
1 75 73 124.000 4.000e+(_
1 75 74 124.000 4.(X_e+02
1 75 75 124.000 4.000e+02
I 75 70 124.0004._+_

1 75 77 124.000 4.000e+02
1 713 78 124.000 4,O00e+O_
1 75 7g 124.000 4.O000+OQ
1 75 80 124.000 4,000e+02
I 76 m 124.000 4._+_

1 78 70 124.(XX)4._+_
1 7e 71 124.000 4.000e+OQ
1 7e 72 124.000 4.000e+02
1 78 73 124.000 4.000e+02
I 78 74 124.000 4.000e+02
I 70 75 124.000 4.000e+02
1 76 76 124.000 4.000e+02
1 70 77 124.000 4.000e+02
1 78 78 124.000 4.000e+CQ

1 70 7g 124.000 4.000e+O_
1 70 80 124.000 4.000t+02
1 77 m 124.000 4.(X_e+_
I 77 70 124.0_0 4.000e +02

1 77 71 124.0_) 4.000e+OQ
1 77 72 124_00 4.000e+(_
1 77 73 124.000 4.000e+02
1 77 74 124.(XX)4.000e+02

1 77 05 124.000 4.COOe+OQ
1 77 (1_ 124.000 4.000e+O_
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1 77 67 124.000 4.000e+O_
1 17 e8 1_4.000.4JOOOe+Oe
1 78 e8 124.000 4.000e+o_

1 78 M 124JOC04.0cOe+Oe
1 78 67 124.000 4.000e+OQ
1 78 M 124.000 4.000e+o_
1 19 e8 1_1.0oo 4.oooe+o_
I 7'9 82 124.ooo 4.oooe+o_
1 79 83 124.ooo 4.oGoe+oiZ
1 79 64 124.000 4.OOOI+(]Q
1 80 e2 124.000 4.000e+O_
I 01 02 124.0_0 4.O00e+(_

I 82 (12 124.000 4.000e+02
1 01 eo 124.000 4,_00e+02
I 01 el I;M,O00 4_OOe+(_
1 II_ el) 124,000 4.000e+C_
1 il2 01 124.000 4JOOOe+O_
1 74 (It 128.000 4JOOOl+Oe
I 74 M 128,,0004_+_
1 74 OO 125.000 4._+_

1 74 70 125.000 4.0000+02
1 74 7'1 125.000 4,0000+_
1 74 72 125,000 4.00oe+Oe

1 74 73 125.ooo 4.oooe+_
1 74 74 125,ooo 4.oooe+c_

1 74 75 125.000 4.000e+C_
1 74 76 125.000 4.0OOe+O_
1 74 77 125.000 4.00Qe+CR
I 75 67 125,000 4.000e+OR
1 75 M 12_.000 4.0GOe+O_
I 76 67 125.000 4.000e+02
1 78 M 125.000 4.000e+02
1 75 64 125.000 4.0OOe+O_
I 75 05 125.000 4.000l+O_
1 7'5 06 125.000 4.00oe+02
1 78 64 125.000 4.oo0e+02
1 76 (16 125.000 4.0OOe+O_
1 78 (16 125.000 4.000e+02
1 ?7 64 125.000 4.000e+02
1 78 64 125.000 4.000e+02
1 77 01 125.000 4.000e+02
1 77 02 125.(XX)4.OOOe+O_
1 77 63 125.000 4.000e+02

1 78 01 125,000 4.000e+OQ
1 78 62 125.000 4.o00e+02

1 78 63 125.000 4.0000+02
1 "/'9 81 125J0004,000e+O_

I 80 61 125.000 4.000e+O_
1 72 67 lae.ooo 4.000e+O_
I 72 M 12e,000 4.0000+OQ
1 72 m 12e.000 4.000e+02
1 72 70 126.000 4.000e+O_
I 72 71 126.000 4.0OOt+O_
1 72 72 120.(XX)4.000e+_
1 72 73 126.(X304.(XX)o+(_

1 72 74 12_.000 4.00Oe+O_
1 72 75 128.000 4.(XX)e+C_
1 73 67 126.000 4.oooe+_
1 73 M 120.000 4.0ooe+o_

1 73 e8 126.000 4.000e+O_
I 73 70 1_.000 4.(X)Oo+O_
I 73 71 12_.000 4,000e+O_
1 73 7'2 12_.000 4.000e+02
I 73 73 1_.000 4.0OOo+CR
1 73 74 lge.O00 4.0QOe+02
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1 73 75 126J0004.000e +02
1 73 78 128.000 4.000e +¢Q
1 71 (17 127.000 4.000e+_
1 71 (18 127.000 4JOOOI+CQ
1 71 88 127.000 4.000e+(_
1 71 70 127.000 4.000e+(_
1 71 71 127.000 4_00e+02
1 71 72 127.000 4.00oe+o_

1 71 7"3 127.000 4.000e+_
I 7O 87 128.000 4.O00e+_
1 70 M 128.000 4JOOOe+O_
1 70 _IQ 128.000 4.00oe+o_
1 7O 70 128.000 4.000e+O_
1 73 83 126000 4.0001+02
1 73 84 128.000 4J_OOe+OR
1 73 a 128.000 4.000l+n_
1 73 (16 128.000 4,000e+_
I 74 a 12G,,OGO4.000e+O_
1 74 114 lg0._00 4.0001+_
1 74 e8 128.000 4.000l +OR
1 74 M 128.000 4.000e+02
1 75 83 128.000 4JOOOI+OR
1 78 63 lSL_.O004.000e+02
1 72 (12 127,0G04.000t +OQ
1 72 83 127.000 4,000e+02
1 72 84 127,000 4.000e+02
1 72 (_ 127.000 4.000e+02
1 72 em 127.000 4.000e+O_
1 73 82 127,000 4.000e+_
1 74 82 127.000 4.000e+(]2
1 713 82 127.000 4.000e+GQ
1 78 82 127.000 4.000e+02
1 70 85 1211.0004.000e+02
1 70 M 1211.0004.00oe+o2
1 71 _ 128.(_0 4.000e+02
1 71 (16 128.0Q) 4.000l+_
1 78 80 127.000 4.000e+O_
1 79 (g) 125.000 4.000e+OQ
1 8O 8O 125.000 4,000e+02
1 ?7 57 127.000 4.000e+02

• 1 77 M 127.000 4.(XX)e+OQ
1 77 5g 127.000 4.000e+02
1 75 80 12"/.0004.0GOe+02
1 78 80 127.000 4.000e+02
1 77 6C) 127.000 4.000e+02
1 74 61 127.000 4._0e+02
I 75 61 127.000 4.000e+02
I 78 81 127.000 4.000e+OQ
1 gl 80 120.000 4.000e+OQ

I gl el 120.(xx)4.000e+02
1 g2 80 11g.000 4.000e +(_
I gQ 81 11g.000 4.000e +02
1 il2 (12 1lg.O00 4.000e+02
I g3 60 1lg.O00 4.000e +0_
1 go 81 119.000 4.000e+02
1 B3 (IQ t10.OKX)4.000e +02
1 g4 80 11g,000 4.000e +02
1 g4 61 119.000 4.000e+OQ
1 g4 (12 119.000 4.000e +02
1 g4 M 110.000 4.0001+02
1 g4 _ 119.0_0 4,000e +O_
1 gG M 119.000 4.0_0l +(_
1 gG 50 1lg.O00 4.(XX_ +02

I g_ 56 11g.000 4.000e +02
1 M 57 119.000 4.000l+02
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1 97 U 110.000 4.OOOe+02
1 97 57 119.000 4._+C_
1 116 6"7 110.000 4.0OOe+O_
1 M 84 119.000 4.0COe+O_
I 07 04 11LO00 4.000e+QO
1 g7 58 119.000 4.0OOe+02
1 M 80 11g.000 4.0000 +GO
1 M 51 110.000 4.000e+(_
1 M _Q 110.000 4,000e +OQ
1 M 53 1lgJO004.000e +02
1 08 54 119.000 4.0000+02

1 80 41 118,000 4.0000+Q2
1 N 42 118.000 4.000e +02
I N 43 118.000 4.000e +02
1 N 44 11L000 4.0000 +02

I W 45 118,000 4.000e+(_
1 N 48 11L000 4.000e+(]Q
1 N 47 11L000 4.000e +_
1 N 48 1lOJO004JDOOo+(]2

1 M 40 11L000 4.0OOe+O2
1 N 50 11LO00 4J_Oe+02
1 g7 41 11L000 4.000e+02
1 g7 42 1t0.000 4.000e+(_
1 g7 43 11g.000 4.0OOe+_
1 07 44 1lg.O00 4.0GOre+0_
1 07 48 11g.000 4.000e+02
1 07 48 119.000 4.000e+02
1 g7 47 110.000 4.0000+CQ
1 g7 48 111),0004.000e+CQ
I 07 40 11g.000 4.000e+OQ
1 117 50 11L000 4.000e+QQ
1 g7 51 1lO.QOO4.0GOe+(_
1 97 52 110.000 4.000e+(_
1 07 53 110,000 4JDK]Oe+_
I gO 41 110.000 4.000e._
1 M 42 11LOO04.000e +02
1 gO 43 110.000 4.OOOe+_
1 M 44 110.000 4.0GOO+02
1 M 45 11g.000 4.000e +O_
I M 46 11g.000 4.000e+OQ
I 88 47 110.000 4.000e+02
1 M 48 110.OGO4._Oo+OQ
1 06 4g 110.000 4.000e +02
1 B3 50 120.000 4.000e+¢2
1 83 57 1_0.000 4JOOOe+O_
1 _ M 1_0.000 4.000e+O_
I 93 50 120.000 4.000e+n_
1 g4 56 120.0(X)4.000e+02
1 B4 57 12o.0_0 4.000e+o2
1 g5 58 120.000 4.(XX)e+02
1 _ 53 120.000 4.000e+02

1 _ $4 120.000 4.000e+CQ
1 _ 55 120.000 4.000e+C2
1 gO 53 1_,000 4.(X_O +_
1 M 54 120.000 4.0(X)e+_
1 98 _ 120.000 4.000e+_
I M 44 120.000 4,000e+CQ
1 M 48 120.000 4.0000+OQ
1 88 _0 120.000 4.(X_e+02
1 M 51 120.000 4.000e+02
1 M 52 120,Q004.0GGe+(]Q
I gl 55 121.0(_ 4.0000+OQ
1 gl 50 121.000 4,0000+02
1 gl 57 121.000 4.000e+02

1 gl M 121.000 4,000e+02
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1 91 W 121.000 4JOOOe+_
1 9Q a8 121.000 4.OOOe+OR
I _ U 121.000 4.OOOe+GQ
1 82 87 121.000 4JOOOe+02
1 il_ M 121.000 4.000e+02
1 112 88 121.000 4.OOOs+Q_
1 M M 121.0G04.QOOe+GQ
1 94 58 121.000 4.000e+_
1 B3 51 1_1.000 4.000l+CI2
1 gO 52 121.000 4.000e+02
1 g3 53 121.000 4.000e+OR

t g3 54 121.000 4.000e+0_
1 g4 51 121.000 4.000e+02
1 g4 52 121.000 4.000e+_
1 84 53 121.000 4.0001+OQ
1 IM 54 121.000 4.000e+OR
1 118 51 121.000 4.000e+OQ
1 N K_ 121.000 4.oooe+(_
1 IM 47 121.000 4.000I+OQ
1 g,4 48 121J_0 4.000e+O_
1 IN 4e 121.000 4.000e+_
1 84 50 121J0004.000e +_
1 95 47 12%000 4._Oe+G2
1 86 48 121.000 4.000e+02
1 il6 48 121.000 4.000e+02
1 g5 50 121.000 4.000e+_
1 ge 47 121.000 4JOOOe+02
1 80 54 122.000 4.000e+02
1 IIg M 122.000 4.0ooe+02
1 88 S8 122.000 4.000I+OR
1 gO 54 122.000 4.000e+_
1 go 55 1_.000 4.000e+O_
1 90 58 122.000 4.000e+O_
1 go 57 122.000 4.00oe+o_
1 gO M 122.000 4.000e+O_
I gO N 122.000 4.OOOe+(_
1 91 54 122.000 4._Oe+O_
1 92 54 I_2.000 4._0e+02
I gl 48 122.000 4.000e+OR
1 gl 50 122.000 4.000e+O_
1 01 51 122.000 4,000e+02
1 gl 52 122.000 4.OOOe+O_
1 gl 53 I_'_JO004.000e+02
I 82 4g 122.000 4.0_oe+o_
1 g_ 50 122.000 4.oooe+o_
1 8Q 51 122.ooo 4._oe+o2
1 9G 52 122.000 4.000e+O_

1 g2 53 122.000 4.000e+OQ
1 g3 4g 122.000 4.000e+_

1 g3 50 122.000 4.000e+OQ
1 g3 48 122.000 4.000e+G2
1 M 45 122.000 4.000e+02
1 M M 1_..000 4.000e+_
1 M 43 120.000 4._+_

1 98 44 120.000 4.000e+02
1 g5 44 121.000 4.000e+O_
1 gQ 48 123.000 4.000e+O_
1 90 M 124.000 4.(XX)e+02
1 go 47 124.000 4.000e+OQ

1 gO M 124.000 4.0_0e+02 i
1 go 4e 124.000 4.000I+OQ
1 gO 50 124.000 4.000e+O_
1 gO 51 124.000 4.000e+O_
1 gO 52 124.000 4.000e+O_
1 go 53 124.000 4.000e+02
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I 01 48 1_4.000 4.000e+(_
1 88 61 l_'Z.O004.000e+_
1 M m I;13.000 4._)Oe+(_
1 88 M 12_000 4.000e+O_
1 118 54 123.000 4.000e+0_
t M M 123.000 4.0001+02
1 811 6e 123.000 4.OO0e+0_
1 eg 51 123.000 4.000e+(_
1 ag 52 123.000 4.000e+02
1 8e 53 123.000 4.000e+C_
1 M 57 122.000 4.000e+CQ
1 M M 122.000 4.000e+(:_

1 M S 12_.000 4.000e+02
1 87 57 122.000 4.00Oe+(_
1 87 M 122.000 4.000e+(_

I 87 Og 122.000 4.000e+C2
1 M 57 122.000 4.000e+Q_
1 M M 122.000 4.0Ooe+(_
1 88 50 122.000 4.0o0e+02
1 M 57 12_.000 4,Oooe+_
1 IIg M I;12.000 4.000e+0R
1 M M 122.000 4.000e+02
1 83 5.4 123.000 4.000e+O_
1 83 58 123.000 4.000e+C_
1 83 5e 123.000 4.000e+O_
1 83 57 123.000 4.000e+O_
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I M 77 12g,000 8,000e+(:Q
I _ 72 130.0008.000e+02
I (m 73 130.(XX)8.000e+02
1 86 74 130.000 ILOOOe+O_

1 88 75 130.000 8.000e+O_
1 ee 70 130.000 8.000e+02

1 M 77 130.000 8,000e+OQ
I U 78 130,000 8.000e+02
I 67 78 130.000 8.000e+02
1 M 78 130.000 ILOOOe+_
1 eg 78 130.000 8.000e+OG
1 71 78 127.000 8.000e +02
1 71 7g 127.000 8.000e+02
1 71 80 127.000 8.000e+02

1 71 81 127.000 8.000e+O_
1 71 82 127.000 8.000e+02
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1 71 83 127,000 ILOOOe.02
1 71 04 127.000 &OOOe+C_
1 7t 85 12'f.00_ 8.000e+OQ

1 71 g 127,000 8.000e+02
1 70 87 12"J'.OGOLOOOe+02
1 ?O 88 127.000 IL_+O_
1 70 80 127.000 ILOO_+GQ

I 70 O0 127.000 ILOOOe+Og
1 70 01 12")'.0G08.oooe+oe
1 70 02 127.000 8.O00e+(_
1 7O 03 127.000 O.O00e+02
1 71 87 127,0(X)8.OGOe+O2
1 71 &8 127.000 8.oooe+oa
1 71 80 127.ooo8.oGoe+o2
1 71 Do 127.ooo8.oooe+(_
1 71 gl 127._0 O.O00e+o_
1 71 OQ 1_r7.0008.0GOO+02
1 71 _ 12/'.000 LOOOI+02
1 70 7e 128.000 LOOOe+02
1 ?0 71) 128.000 ILOOOe+_
1 70 O0 128.000 &GGOw+O_
1 70 81 128J0008.O00e+(_
1 7O 82 128.000&OOOI+O;Z
1 70 83 128.000 ILOOOe+CQ
I "tO 84 128.0008.0OOe+(_
1 70 85 128.000 ILOOOe+O_
1 70 88 128.000 0.0000+02
I 84 72 132.000 ¢O00e+OQ
1 64 73 132.000 ILOOOe+02
1 64 74 132.000 8.0000 +02
1 64 75 132.000 &OOOe+O_
I 64 70 13Q.000ILOOOe+02
1 84 77 132.000 IkOQOe+O_
1 64 78 132.000 8.000e+02
1 86 72 132.000 8.000e+(_
I (16 73 132.000IkOOOe+02
1 85 74 I32.000 8.000e+02
1 (15 75 132.000 8.0000+OQ
I e_ 7e 132.000 ILOWO+(_
1 a5 77 132.000 8.000e+02
I 65 78 13Q.0008.000e +CQ
1 83 73 133.000 8.0000+OQ
1 03 74 133.000 8,O00e+(_
I e3 7S 133,000 8.00oe+o_
1 03 70 133.000 O.(X)Oo.Q2
I 63 77 133.000 O.Oooe+o_
1 83 78 133.000 8.0(_e+02
1 82 74 134.000 8.000e+O_

I 82 75 134.000 8.000e+(_
1 (12 76 134.(XX)8.000e+02

1 82 77 134.000 8.(XX)o+02
1 (12 78 134.000 6.0_oe+02
I el 75 135.000 ILO00_+02
I el 7_ 135.000 O,O_Oe+02
I 01 77 135.0_0 _LOaPe+02
I 81 78 1_5.000 a.oooe+o2
1 80 77 13_.000 8.000e+O_
I eo 78 138.000 8.0000+02
I (I0 79 138J]00ILOOOo+O_
1 O0 80 13_.000 8.0000+02
1 O0 81 13dl.(X]O8.000e+(_
1 eO 82 138.000 8.00oe+O_

1 81 79 135.000 &OOOe+02
I el eo I:_.ooo e._',o,+(_
1 61 81 136.000 8.(_'JOe+02
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1 01 82 135.000 8.0(X)e+OQ
1 81 83 136.000 IkOOOe+O2
1 81 84 135.OO0"8.OOOe+02
1 (12 ?8 I_.(XX) 8,OOOe+O_
1 e2 80 138J[X]O8.0OOe+_
1 82 81 138.000 8.000e+¢_
1 (12 82 I:B.O_O LOOOe+02
1 82 83 138.000 ILOOOe+02
1 82 84 135,000 8.COOe+02
1 M 71) 130,000 ILOOOe+02
1 M 80 130.000 IkOOOe+02
1 M 81 130.000 8.000e+CQ
I M 82 130.000 8.000e+O_
1 M 83 130.000 8.O00e+O2
1 M 84 130.000 8._0e+02
1 M 85 130.000 ILOOOe+O_
1 e8 79 130.000 ILGOOe+_
1 e8 80 130.000 8.000e+02
1 88 81 130.0G0LO_e+_
1 88 711 138.000 LCX)Oe+CI2
1 M 80 138.000 ILOOOe+Og
1 a8 81 135.000 IkOC_+O2
1 M 82 135.000 8.000e+_

1 M 83 135,000 8.000e+02
1 88 84 136.000 8.0OOe+OR

1 e8 85 138.000 ILOOOe+_
1 (17 71 135.000 IkOOOe+_

1 67 80 135000 8.000e+(_
1 87 81 136._0 ILOOOe+O_
1 67 82 136.0G0 8.o00e+o2
1 e7 83 1_.0oo 8.oooe+c_
1 67 84 136.oo0 8.0oOe+C_
1 87 85 135.ooo 8.OOOe+OQ
I 8e 79 132.000 8J]OOe+02
I 85 80 132.0008.000e+02
1 e5 81 132.000 8.000e+02
1 _ 82 132.000 ILOOOe+(_
I (15 83 132,000 ILOOOe+02
1 E5 84 132.000 8.OOOe+O2
1 85 86 1012,000ILOOOe+OQ
1 64 78 133.000 8.0(X)e+OQ
1 64 80 133.000 ILOOOe+02
1 64 81 133.000 ILOQOe+02
1 84 82 133.000 8.oooe+o2
1 84 83 133.000 8.0QOe+02
1 64 84 133.000 8.000e+OR
1 84 85 133.000 8.000e+02
1 83 ?g 134.000 8.000e+OQ
1 83 80 134.000 8.0OOe+CQ
I 83 81 134.000 8.OOOe+G2
1 63 82 134.(XX)8.0ooe+(_

1 63 83 134.0(X) 8.0GOe+QQ
1 63 84 134.000 8.000e+CIQ
I 63 85 134.000 ILOOOe+C2
1 8g 82 129.0¢0 8.OOOe+_
I 8g 83 129.0G08.000e+(]Q
I 88 84 129.000 8,(XX)e+GQ
I 88 85 129.000 ILOOOI+(_
1 (18 M 129,000 8.000e'1"02
1 88 87 129,0G0 ILOOOe+OQ
1 (18 M 128.(XX) 8,000e+CQ

I 08 88 129.0(]0 8.000e+02
1 m gO 129.000 &OOOe-_02

1 88 M 130.000 8.0(X)e+GQ
I M 87 130.0G0 8.O(X)e+(_
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1 M M 130_0 _+Ge
1 M M 130.000 8.000e+02
1 M M 138.000 8_0_+02
1 M 87 1_ _+(R
1 07 M 138.000 IL000e+_
I 07 87 1_ 8.000e+02
1 M M 134._00.O00e +Oe
1 M 08 134.000 8.000e+OR
1 87 58 140.000 ILOOOe+02
1 51 O0 140.000 O.QQ_+CQ
1 87 ill 140.000 O.O00e+O0
1 71) 47 125.000 g.gaoe+o2
1 1'9 441 125.000 O,OQOe+OO
1 7g 48 125.000 g.ggOe+02
1 80 47 125,000 9.1180e+¢_
1 O0 48 125.000 g.llSOe+OQ
1 O0 die 125._0 LImOe+¢_
1 I1 47 125.000 lI.E_e+O2
I 81 48 1;m.OOOO.ImOe+o2
1 81 a 12S,000IUleOe+(E
1 U 47 12SmO II.mh +(_
I I_ 48 125._0 _+02
I 81 44 128.0008.11GOe+02

1 82 M 126.000 g.gGOe+02
1 83 M lZ.I_O g.SWe +0_
1 83 47 128.000 0.gGOe+Oe
1 04 M 12e.000 8.OOOe+02
1 04 47 t28.000 9.1180e+CQ
1 M M 120.OO00.0_+02
1 05 47 128.000 0.0000+02
1 O3 48 t25.0_ OJleOe+(_
1 04 45 125.000 O.OWe+0_

1 M 45 125.000 O.EeOe+C2
1 87 44 124.000 8.KPOOO+02
1 87 45 124.000 g.8_Oe+02

I M 44 124.000 g.iiGOe+OQ
1 M 45 124.000 9.gGOe+CQ
1 8g 44 123.000 8.ilG0_+02
1 _ 45 123.0(]0 9,OOOe+(]_
1 O0 44 123.000 OJieOe+02
I O0 45 1_I.0008.880e+02
I g_ 3_ 120,0_)LI_OI+_

I I_ _ 120J0000.980_+02

1 9_ 40 120.000 0.880e+CQ
1 M 3_ 120.000 8,OOOe+02
I M 38 I_0.000 g.l_Oe+02
1 M 40 120.000 g._Oe+02
1 M 28 120.000 0.9_e+O_
1 M _g 120.000 g.gGO_+G2
1 M 30 120.000 g.OOOe+02

', 1 M 31 120.000 g.gGOe+OQ

1 M 32 120.000 g.gGOe+02
1 M 33 t20.O00 0.8g0_+02
1 M 34 120.000 9.S80e+OQ
I M 3_ 120.000 g.ggOe+02

1 M 38 120.000 0.8_e+¢_
1 g_ 37 120.OKX)O.gSOe+(_
1 87 20 120.000 8.880e+02
1 87 21 120.000 g.880e+02
1 g7 22 120.000 g.lle_+02
1 g7 23 120.000 8.ggOe+_
1 g7 24 lgO.QQO8.9_0e+02
1 g7 25 120.000 g.imoe+o2

1 87 28 120.(XX)9.880e+0_
1 g7 27 120.OQQ8.8_e+(:Q



RECHARGE PACKAGE

1 0

1 0

O=.d_X)o-OS(IOE1=.,q -1

OUTPUT CONTROL PACKAGE

-1 0 O0 0
0 1 1 1
0 0 0 0

PCG SOLVER PACKAGE

100 100 1
0.01 0.1 1.00 2 I

q
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