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4.0 GROUNDWATER/LEACHATE MODELING

This section of the report provides a detailed description of the groundwaterjleachate modeling procedure.
and results. Section 4.1 describes the conceptual model and rationale for the modeling approach. Section

4.2 describes the structure of the MODFLOW groundwater flow model. Section 4.3 presents the boundary

conditions and initial model inputs. Section 4.4' describes the model calibration procedure and presents the

calibrated results. Section 4.5 describes the sensitivity analyses that were specifically performed. Section

4.6 describes the model applications. i.e., the application of the model to conditions with the landfill cap,

uphill trench, and toe drain. Section 4.7 provides an estimate of the reduction in contaminant discharge to

the wetland for conditions with the landfill cap, uphill trench, and toe drain.

These sections are supported by five large plan-view maps (Figures 4-1, 4-2, 4-10, 4-14, and 4-34) and thirty

nine, 8 1/2 x 11 inch figures (Figures 4-3 through 4-9, 4-11 through 4-13, 4-15 through 4-33, and 4-35

through 4-44). All of these figures are located at the end of this section, with the large figures enclosed in

plastic pockets.

4.1 CONCEPTUAL MODEL

The hydrogeologic conditions of the Area A Landfill are described in Section 3.3.. Four cross-sections (A-A',

B-B', C-C', and'D-D') were utilized to summarize the characteristics of the four lithologic units: landfill

material, dredge spoil, alluvium, ~nd bedrock (refer to Figure 3-14). Conceptual flow nets were utilized to

demonstrate groundwater flow characteristics (refer to Figures 3-15 through 3-18).

Figure 4-1 shows the same four cross-sections, but the cross-sections are simplified to depict the modeling

approach for this investigation. Groundwater in the landfill material flows primarily to the Area A Wetland.

As a conservative assumption, the dredge spoil (where present) is assumed to be an impermeable boundary

beneath the landfill material. Near the southern hillside boundary where dredge spoil is not present,

groundwater in the alluvium and bedrock recharges into the landfill material from below.

The lower boundary of the model is shown for each cross-section on Figure 4-1. Where dredge spoil· is

present, the upper surface of the dredge spoil is the lower model boundary. The dredge spoil is assumed

to be an impermeable boundary. This assumption provides for a conservative estimate of groundwater flow

, through the landfill material, because realistically some leakage through' the dredge spoil occurs. Along

the southern hillside, the lower model boundary is approximately 10 feet below the ground surface. This
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allows for upward recharge from the alluvium and bedrock. The upper boundary of the model is the

saturated groundwater elevation.

For the existing condition, infiltration moves through the unsaturated zone to the saturated zone. The

currently designed landfill cover system will reduce infiltration. Th.e upgradient interception trench will collect

surface water and also groundwater when the trench intercepts the water table. .The conceptual model

provides a basis for modeling groundwater flow and estimating the saturated thickness of the landfill material

for both existing conditions and following installation of the currently designed landfill cover system and

upgradient interception trench, which is referred to hereafter as the capped condition.

The OSOA groundwater seep is not considered in the model. As discussed in Section 3.3, the reduced

hydraulic potential at bedrock monitOring well 2LMW90 and evidence that collected groundwater from the

OSOA seep is clean suggests that the source of the seep water is from bedrock and possibly overlying

alluvium, 'not landfill material. Because the model addresses recharge from the alluvium and bedrock to the

landfill material and saturated groundwater flow through the landfill material, it is not necessary to include

the OSOA seep in the model.

4.2 MODFLOW MODEL STRUCTURE

Grouridwater flow is modeled with the MOOFLOW model (USGS, 1988). MOOFLOW is a block-centered,

finite difference groundwater flow model that is utilized here to simulate three-dimensional steady, saturated

flow through the landfill as described in the conceptual model. The model structure is defined in the

following sections.

4.2.1 Model Grid

Figure 4-2 shows the MOOFLOW model grid. The model boundaries were established outside of the landfill

area with a sufficient buffer, so that the boundary conditions are not sensitive to the model results within the

Area A Landfill boundary.

The model grid is oriented to the predominant groundwater flow direction. The size of the model blocks

were based on an estimated distance of a one-foot change in the water table elevations, the desired degree

of model resolution, in the predominant groundwater flow direction across the landfill toward the Area A

Wetland. Given that the hydraulic gradient of the water table is steepest in the western portion of the landfill,

this area dictated the size of the blocks, which is 25 feet in the direction of flow. Some blocks along the

model boundary where it is not critical to have a one-foot change in the water table (upgradient area) or the
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water table is very flat (wetland), are 50 feet in the direction of flow. AU of the blocks are 50 feet in the

orthogonal, cross-flow direction.

Figure 4-3 is a duplication of the model grid produced by the modeling software, GMS, which is a pre- and

post-processing package for MODFLOW. This figure can be utilized as a reference for the many figures that

are to be presented for the modeling effort.

4.2.2 Bottom Elevations and Thickness of the Model

Figure 4-4 shows the bottom elevation of the model for each model block, which is the lower boundary of

the model. As discussed in Section 4.1, the bottom of the model was defined as the top of the dredge spoil

(bottom of landfill material) where dredge spoil is present and approximately 10 feet below ground surface

along the hiUside. Between these two areas, the bottom elevation of the model was smoothed.
) .

Figure 4-5 shows the model thickness for each model block. The overaU thickness was calculated as the

difference in the ground surface elevation and the bottom of the model elevation.

4;2.3 Number of Model Layers

Multiple model layers were established within the Area A Landfill boundary, so that the model remains

flexible for estimating contaminant transport at different depths. Figure 4-6 shows the number of model

layers. Within the landfill boundary, the model layers are five feet thick until the bottom of the model is

reached. The bottom elevation of the model layers is 70 feet for Layer.1, 65 feet for Layer 2, 60 feet for

Layer 3, and 55 feet for Layer 4 (all in feet msl). Four layers were required in the eastern portion of the

landfill where the dredge spoil surface is depressed. Outside of the landfill boundary, there is one model

layer.

4.3 BOUNDARY CONDITIONS AND INITIAL MODEL INPUTS

In this section, boundary conditions are defined and the method for estimating initial model inputs is

described;
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4.3.1 8 undary Conditions

Figure 4-7 shows the model blocks that have a defined boundary condition. Constant head model blocks

are located in the Area A Wetland, northwest of the Area A Landfill in the Area A Downstream/OBDA, and

along the southern hillside.

The constant head values in the Area A Wetland were approximated from surface water elevations measured

at staff gauges during the Modeling Field Investigation. The constant head values in the Area A

Downstream/OBDA were initialized by initial groundwater elevations measured at two shallow wells

(2DMW11 Sand 3MW11 S) at that site. The constant head values along the southern hillside boundary were

initialized as one foot below the ground surface elevation.

4.3.2 .Distribution of Hydraulic Conductivity

Figure 4-8 shows the seven zones of hydraulic conductivity that were utilized to initialize hydraulic

conductivity at each model block. Zone 1 is located outside of the Area A Landfill boundary where alluvium

and bedrock are the combined materials in the single model layer. Zone 2 is the Area A Wetland where

groundwater flow and surface water are highly connected. Zones 3, 4, 5, 6, and 7 are areas within the

Area A Landfill boundary where slug tests were performed at monitoring wells screened in the Area A Landfill

material.

The initial value of hydraulic conductivity for Zone 1 is 3.4 feet/day. This estimated value was derived from

the result of a slug test performed during the Phase II RI Field Investigation at monitoring well 4MW4S, which

is screened in alluvium and bedrock. The initial value of hydraUlic conductivity for Zone 2 is 1000 feet/day.

This high value was assumed, because surface water has a small resistance to flow.

The initial values for Zones 3, 4, 5, 6, and 7 are 0.81, 0.059, 170, 5q, and 17 feet/day, respectively. These

estimated values were derived from the results of slug tests perforr;,ed at the 2LM28F, 2LMW29F, 2LMW30F,

2LMW31 F, and 2LMW32F monitoring wells installed during the Modeling Field Investigation. No vertical

variation in hydraulic conductivity was assumed for the model.

4.3.3 Zones of Upward Recharge

Figure 4-9 shows the model blocks where upward recharge from· the alluvium and bedrock is an input.

Zones 1 and 2 are located within the Area A Landfill boundary and are qualitatively designated as low and
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intermediate rates of recharge. Zone 3 is located outside of the Area A Landfill boundary along the southern

hillside and is qualitatively designated as a high rate of recharge.

These qualitative assessments were made by considering vertical hydraulic gradients at well cluster 2LMW29

(Zones 1 and 3) and well cluster 2LMW13 (Zone 2) and estimated values of hydraulic conductivity for

monitoring well 2LMW29A (Zones 1 and 2) and monitoring well 4MW4S (Zone 3). The magnitudes of

upward recharge were determined through model calibration.

4.3.4 Rates of Infiltration

As discussed in Sections 2.1.1 and 2.2.1, ten surface infiltration tests were performed at five types of surface

soils within the Area A Landfill boundary during the Modeling Field Investigation. The estimated values of

vertical hydraulic conductivity for the unsaturated zone are reported in Table 2-1. Because three of the five

surface soil types resulted in similar estimates of vertical hydraulic conductivity, these groups were combined

into one type.

Figure 4-10 shows six zones where different rates of infiltration are expected. Three of these zones: gravel

parking areas and unpaved roadways (yellow), vegetated area with minimal slope (gr~en), and non

vegetated area with cobbles and boulders (pink) have initial values of vertical hydraulic conductivity from

surface infiltration tests. The remaining three zones: waterbody (blue), vegetated area with steeper slope

(red), and bUildings and paved roadways (red hatching). do not have initial values of vertical hydraUlic

conductivity from surface infiltration tests.

The HELP model (USEPA, 1993) was used to estimate initial values of areal infiltration in the MODFLOW

model. The HELP model was utilized to estimate rates of infiltration for three zones: .vegetated area with

steeper slope (red), gravel parking and unpaved roadways (yellow), and vegetated area with minimal slope

(green). Table 4-1 shows the HELP model inputs and results for these three surface types under the existing

condition and one simulation for the capped condition (a more detailed record of the model inputs and

results is included in Appendix D.3). The primary model inputs were the layer thicknesses, vertical hydraulic

conductivity, and curve number. The curve number is a function of the surface slope and a qualitative

assessment of the degree of vegetation. For a higher curve number, the rate of run-off is higher and the

rate of infiltration is lower. Also, the default data set in the HELP model for New Haven, ConnecticUt was

selected for precipitation and wind speeds.
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TABLE 4-1

SUMMARY OF HELP MODEL INPUTS AND RESULTS
GROUNDWATER/LEACHATE MODELING STUDY

AREA A LANDFILL REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW LONDON

GROTON, CONNECTICUT

HELP MODEL RUN FOR THE EXISTING CONDITION

INPUTS RESULTS

Hillside - Vegetated with Steeper Slope (red)

Thickness (ft) K(ft/day) Curve number Infiltration rate (in/yr)

Layer 1 2.5 4 91 12.83
Lcl¥er 2 2.5 4

Gravel Parking and Unpaved Roadways (yellow)

Thickness (ftl K(ft/day) Curve number Infiltration rate (in/yr)
Layer 1 3 24 85 19.2
Layer 2 7 4

Layer 1 3 24 85 19.2
Layer 2 7 17

Layer 1 3 24 85 19.2
Layer 2 7 170

Vegetated Area with Minimal Slope (green)

Thickness (ft) K(ft/day) Curve number Infiltration rate (in/yr)
Layer 1 3 12 85 17.9
Layer 2 7 4

Layer 1 3 12 85 17.9
Layer 2 7 17

Layer 1 3 12 85 17.9
Layer 2 7 170

HELP MODEL RUN FOR THE CAPPED CONDITION

DRAFT

INPUTS

Cap area

Thickness (ft) K(ft/day) Curve number

RESULTS

Infiltration rate (in/yr)

129511/P

Layer 1
Layer 2
Layer 3

3 10.7 (em/sec 92
3 24
7 17

4-6

0.6

CT0203



DRAFT

The estimated rate of infiltration was 12.8 inches/year for the red zone, 19.2 inchesjyear for the yellow zone,

and 17.9 inchesjyear for the green zone. .Multiple simuiations were. performed for varying hydraulic

conductivity of the second layer. However, resulting rates of infiltration did not change.

Figure 4-11 shows the initial rate of infiltration defined for the model blocks. An infiltration rate of 13

inches/year was assigned to blocks in the red zone (hillside), and an infiltration rate of 20 inches/year was

assigned to blocks in the yellow and green zones.

The HELP model was not used to estimate an infiltration rate for the cobble and boulders zone (pink),

because the area is very small. Although it is expected that infiltration is minimal in the building and paved

roadway zone (red hatching), the area is also small. Finally, because the boundary condition in the Area A

Wetland (blue) for the MODFLOW model is a constant head boundary, a rate of infiltration will have no effect

on the boundary. For these three areas. the rate of infiltration was assigned to be 20 inches/year.

Within the currently designed boundaries of the Area A Landfill cover system, the HELP model was utilized

to estimate the rate of infiltration for the capped condition. The primary change in the model input was the

addition of a three-foot thick layer at the surface with a low vertical hydraulic conductivity (10-7

centimeters/second). The resulting rate of infiltration was 0:6 inches/year.

4.4 MODEL CALIBRATION

Once the initial model inputs were established. the MODFLOW model was executed and resulting simulated

groundwater elevations were compared to calibration targets. Based on an analysis of the difference

between simulated and targeted groundwater elevations, model inputs were varied at some model blocks.

This process continued until the simulated· groundwater elevations met the calibrated targets within a .

reasonable limit.

4.4.1 Calibration Targets

Figure 4-12 shows the calibration targets, which are the water levels measured at monitoring wells.

piezometers, and staff gauges that represent the water table (refer to Section 3.3.2 for discussion of the

water table and accompanying Figure 3-9 for the contoured map of the water table).

In order to establish reasonable limits or bounds for the calibration targets, monthly water levels collected

during the Phase II RI field investigation in 1994 were analyzed. Table 4-2 reports the monthly water levels

measured for monitoring wells in the Area A Landfill. Additionally, the water levels measured during the
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TABLE 4-2

MONTHLY WATER LEVELS FROM 1994 AND NOVEMBER, 1995
GROUNDWATER/LEACHATE MODELING STUDY

AREA A LANDFILL REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW LONDON

GROTON. CONNECTICUT

Well/Staff Gauge 2LMW7S 2LMW7D 2LMW18S 2LMW18D 2LMW20S 2LMW20D 2WMW3S 2WMW3D SG-6
Screened Unit F/DS BR F BR F/A BR F/DS BR

30-Mar 75.66 80.29 72.65 71.66 72.98 79.76 74.47 76.54 70.48
3-May 73.90 78.88 71.74 70.41 72.61 77.13 75.38 73.75 70.32

26-May 73.55 78.65 71.63 69.63 72.37 76.40 73.42 75.21 70.43
29-Jun 72.81 77.05 71.08 66.21 71.74 74.63 72.85 73.48 69.92
26-Jul 72.06 74.96 70.60 65.00 71.43 74.14 72.53 73.17 69.50
23-Aug 73.16 76.47 71.23 68.02 71.28 77.20 74.21 75.23 69.84
28-Sep 73.22 78.02 71.18 68.01 72.34 76.42 73.40 74.68 70.29
31-0ct 72.63 75.74 70.63 66.83 71.62 74.06 73.13 73.02 71.10
27-Nov 75.03 79.24 71.39 na na 76.43 73.33 74.55 70.17
21-Dec 74.23 79.59 71.69 na 69.40 77.62 73.39 75.39 70.32

Nov-20,1995 74.47 79.66. 71.76 69.85 71.89 77.90 73.73 75.95 70.34

t.~.
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Modeling Field Investigation in November 1995 are reported. In all cases, the water levels for November

1995 are similar to the water levels for November 1994 and are within the range of monthly water levels for

all months in 1994.

The range of water levels for 1994 at each monitoring well or staff gauge is representative of an acceptable

range of water levels for the calibration target. Measured values at wells 2LMW7S. 2LMW18S. and 2WMW3S

are representative ranges for the western, central, and eastern portions of the Area A Landfill. The range

of groundwater elevations are 3.6 feet at 2LMW7S, 2.0 feet at 2LMW18S. and 2.8 feet at 2WMW3S. The

range of values at staff gauge SG-6 (1.6 feet range) are representative of the surface water elevations

measured in the Area A Wetland.

4.4.2 Calibration Results

Figure 4-13 shows the calibrated groundwater elevations for the model grid. and Figure 4-14 (large map)

shows the contoured calibrated groundwater elevations. Overall, the calibrated water table matches the

targeted water levels very well, and the contoured calibrated water table is similar to the contoured

groundwater table of Figure 3-9. The calibrated water table is below the ground surface in all areas except

the Area A Wetland:

Figure 4-15 is a graph that compares the calibrated groundwater elevations to the measured groundwater

elevations at the targeted model blocks.

Figure 4-16 reports the residual errors in the calibration targets, which are the differences in the measured

groundwater elevations and the calibrated groundwater elevations. Most of the residual errors are less than

one foot. The smallest residual errors occur near the Area A Wetland boundary and in the ·central portion

of the Area A Landfill. The largest residual errors occur in the western portion of the landfill and along the

southern hillside boundary.

Figures 4-17 through 4-20 show the calibrated boundary head values, distribution of hydraUlic conductivity,

rate of upward recharge. and rate of total recharge (infiltration plus upward recharge). These are the final

adjustments for the calibrated groundwater table. Boundary head values were adjusted along the hillside

boundary. Hydraulic conductivity were adjusted (increased) in the western portion of the landfill where initial

values from slug test analyses were very low. Otherwise, the boundaries between in~ial hydraUlic

conductivity zones were smoothed.. so that there were no sharp changes in hydraulic conductivity across

model blocks.
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The initial zones of low, intermediate. and high magnitudes of upward recharge were honored in the

calibration. The calibrated values of low, intermediate, and high r,:.'charge are 5, 7, and 11 inches/year,

respectively. However, in the western portion of the landfill, in order for the calibrated water table to best

meet the calibration target, the total rate of recharge was reduced.

4.5 SENSITIVITY ANALYSES

Once the model was calibrated. a sensitivity analysis was performed to analyze the change in the calibrated

groundwater table when specific model inputs were varied. A different combination of model inputs may

result in a similar calibrated groundwater table, but may cause a different outcome when the model inputs

are used for predictive purposes.

The model inputs to be varied were selected and varied independently to analyze the direct effect of each

model input on the calibrated groundwater table. When a model input is varied, three general conclusions

may occur: 1) the calibrated result is insensitive to changes in the model input, 2) the calibrated result is

highly sensitive to the model input (there is a narrow range of input trtat produces an acceptable output),

and 3) the calibrated result is acceptable for a range of the model input. In the first and second cases. the

calibrated model input is concluded to be the acceptable value. In the third case, a value of the model input

within the range that produces an acceptable calibrated result needs to be selected and justifiably

conservative for predictive purposes.

In this analysis, five model inputs were varied: rate of infiltration, leakage rate through the dredge spoil,

Area A Wetland surface water elevations. southern hillside groundwater elevations, and hydraulic conductivity

on the hillside. The following sections describe the changes in these model inputs and the sensitivity results.

4.5.1 Infiltration Rate

During the calibration procedure, the total recharge (infiltration plus upward recharge) was changed from

the initial model inputs in some areas. so that the calibrated water table met the calibration targets. For the

sensitivity analysis, the calibrated rates of infiltration were decreased by 50 percent. In the western portion

of the landfill where the total recharge rate was decreased to 13 inches/year for the calibrated model, the

total recharge rate was reduced by 50 percent (the total calibrated recharge is not differentiated by

infiltration and upward recharge).

Figure 4-21, 4-22, and 4-23 show the recharge rate. resulting water table, and change in the water table for

the 50 percent decrease in infiltration. When the infiltration rate is decreased, groundwater elevations
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decrease by approximately 0.02 to 0.04 feet along the Area A Wetland boundary, 0.1 to,O.5 feet across most

of the Area A Landfill itself, and more than 1 foot along the western portion of the southern hillside boundary.

These results suggests that the mQdel is insensitive along the Area A Wetland boundary, moderately

sensitive within the Area A Landfill itself, and very sensitive along the southern hillside to the rate .of

infiltration. Therefore, the calibrated rate of infiltration is acceptable for the Area A Wetland and the southern

hillside.

Because the model ,is moderately sensitive to the rate of infiltration for the Area A Landfill itself, there is some
(

uncertainty in the model input. However, the landfill area will be capped, so the uncertainty in the calibrated

input will not affect the predicted water table under the capped condition.

4.5.2 Dredge Spoil Leakage Rate

In the calibrated model, the dredge spoil beneath the landfill material was assumed to be an impermeable

boundary. For the sensitivity analysis, a leakage rate of 5 inches/year was assumed, which was modeled

as a decrease in the rate of infiltration of 5 inches/year in model blocks where dredge spoil is present.

Figure 4-24, 4-25, and 4-26, show respectively, the recharge ra~e, resulting water table, and change in the

water table for a leakage rate through the dredge spoil of 5 inches/year: The resulting groundwater

elevations decrease by approximately 0.01 feet along the wetland, and 0.02 to 0.1 feet across most of the

landfill where dredge spoil is present. Near the hillside where dredge spoil is not present, changes in

groundwater elevations are less than 0.01 feet.

This result suggests that the model is insensitive to a dr~ge spoil leakage rate along the Area A Wetland

and near the southern hillside. As in the sensitivity test for the rate of infiltration, the model is moderately

sensitive to the dredge spoil leakage rate in the Area A Landfill area. However, leakage in the dredge spoil

produces decreases in the groundwater elevations, so the estimate of the calibrated water table is

conservative.

4.5.3 Wetland Surface Water Elevation

In the calibrated model, the surface water elevation at each block along the Area A Wetland boundary is

fixed by a constant head boundary condition. For the sensitivity analysis, the constant head values were

decreased by 0.9 feet to about the elevation of dredge spoil surface.
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Figures 4-27 and 4-28 show the resulting water table and the change in the water table elevation for the 0.9

foot decrease in head values along the Area A Wetland. The resulting groundwater elevations are affected

primarily in the Area A Wetland and near the landfill boundary along the wetland. Generally, groundwater

el.evations decrease. In the eastern portion of the Area A Landfill where the calibrated hydraulic gradient

is relatively flat, the decreases in the groundwater elevations persist further upgradient than in the western

portion .of the landfill where the calibrated hydraulic gradient is steeper.

In the central portion of the landfill area, groundwater elevations increase, because the fixed groundwater

elevation is only 0.1 feet above the bottom of the model. The small resulting discharge area causes an

increase in the hydraulic gradient.

These results suggest that the calibrated water table is sensitive to the wetland boundary condition.

However, realistically, the surface water elevation in the Area A Wetland would not decrease without a

corresponding decrease in total recharge and groundwater elevations in the upgradient areas. Therefore,

the combination of the recharge rates and wetland water elevations in the calibrated model represent an .

acceptable condition. If only one of the two parameters is changed, the estimated elevations in the water

table are unreasonable.

4.5.4 Groundwater Elevation Along The Southern Hillside Boundary

In the calibrated model, the groundwater elevation at each block along the southern hillside boundary was

fixed by a constant head boundary condition. For the sensitivity analysis, these constant head values were

decreased by 3 feet.

Figures 4-29 and 4-30 show the resulting water table and the change in the water table for the 3 foot

decrease in head values along the hillside boundary. The resulting groundwater elevations change minimally

(generally less than 0.05 feet) in the far western and far eastern portions of the Area A Landfill from the

Area A Wetland to the southern hillside. In the central portion of the landfill area, groundwater elevations

decrease by approximately 0.1 feet near the wetland, 0.3 to 0.8 feet across the landfill, and greater than 1

foot along the hillside.

This result suggests that the model is insensitive to changes in the southern hillside boundary condition in

the far western and eastern portions of the landfill. The model is moderately sensitive to the change in the

hillside boundary condition in the central portion of the landfill area along the hillside. For these two

conditions, the calibrated model input along the southern hillside is acceptable.
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Because the model is sensitive to the southern hillside boundary condition in the central portion of the

landfill, there is some uncertainty in the hillside boundary conditions. However, the range of uncertainty in

the model input results in an acceptable range of predicted groundwater elevations when compared to the

calibration targets. The calibrated model input is acceptable, because the groundwater elevations near the

hillside boundary are closer to measured groundwater elevations at monitoring wells ·near the hillside

boundary.

4.5.5 Hydraulic Conductivity Along The Southern Hillside

In the calibrated model, the hydraUlic conductivity along the southern hillside was set to 4 feet/day, based

on a resulting slug test estimate of hydraulic conductivity from the 4MW4S monitoring well, which is

screened across alluvium and bedrock. Slug tests performed at the three deep bedrock wells 2LMW32B,

2LMW35B, and 2LMW36B during the field investigation resulted in an estimated geometric mean of hydraulic

conductivity of 0.014 feet/day.

For the sensitivity analysis, the hydraulic conductivity along the hillside was set to 0.Q14 feet/day' to

determine if the value for the deep bedrock is appropriate for the shallow bedrock. Resulting groundwater

elevations along the hillside are not reasonable, with over a 100 percent increase in the western area of the

hillside boundary and over a 30 percent increase in the eastern area of the hillside boundary (as compared .

to the calibrated groundwater elevations). This result suggests that the value of hydraulic conductivity for

the deep bedrock is not appropriate for the shallow bedrock. Therefore, the value of 4 feet/day utilized in

the calibrated model is acceptable.

4.6 MODEL APPLICATIONS

Once the model was calibrated and a series of sensitivity tests were performed to provide an acceptable

verification of the calibrated input values. the model was utilized for predicting the water table under three

different scenarios: 1) under capped condition, 2) under capped condition when the Area A Wetland

experiences flooded conditions, and 3) under capped c~:mdition when a toe drain system is added along the

Area A Wetland to collect groundwater discharge from the landfill. Changes to the model inputs and

predicted groundwater elevations for these three scenarios are presented in the following sections.

4.6.1 Capped Condition

For the capped condition, the rate of infiltration .was decrea~ed across the cap area, and an additional

boundary condition was imposed along the upgradient interception trench. The rate of infiltration was
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estimated from the HELP model as 0.6 inches/year. Figure 4-31 shows the combined recharge rate

(infiltration and upward recharge) for the modeled area.

. Figure 4-32 shows the boundary conditions for this scenario. The boundary condition along the upgradient

interception trench was defined as a trench boundary. If the groundwater elevation along the trench is higher

than the bottom of the trench elevation, the groundwater elevation was decreased to the bottom of the

trench. This simulated the collection of groundwater in the trench. The boundary condition was only

imposed along a short span where the calibrated groundwater elevation was above the bottom of the trench.

The remaining boundary conditions were the same as in the calibrated model.

Figure 4-33 shows the predicted water table at each model block, and Figure 4-34 shows a contoured map

(large map) of the predicted water table for the landfill cap and uphill trench scenario. The general shape

of the contours is similar to those of the calibrated water table (Figure 4-14). Figure 4-35 shows the

difference in the calibrated water table minus and the water table for the landfill cap and uphill trench.

The capped condition reduces groundwater elevations, and consequently the thickness of the saturated

landfill material, by approximately 0.1 feet along the Area A Wetland boundary, 0.5 feet in the eastern portion

of the landfill, 0.2 feet in the central portion of the landfill, and greater than 1 foot in the western portion of

the landfill.

To investigate the design elevation of the upgradient interception trench, the bottom elevation of the trench

was lowered by two feet. The resulting trench boundary condition increased in span by two model blocks.

Figure 4-36 shows the predicted water table when the uphill trench was lowered by two feet (the underlined

model boxes indicate the trench location).

Figure 4-37 shows the difference in the water table for the landfill cap and design uphill trench condition and

the water table when the uphill trench is lowered by two feet. Groundwater elevations change by

approximately 0.1 to 0.3 feet in a localized area downgradient of the trench. Near the trench, groundwater

elevations decrease by greater than 1 foot. Groundwater elevations in landfill areas away from the trench

and along the wetland boundary are insensitive to the lowering of the trench.

4.6.2 Capped Condition With Flooded Area A Wetland

In order to investigate the stability of the landfill cap when the wetland becomes flooded (stability results are

reported in Section 5.0), the flow rate from the wetland into the landfill material under the 100 year flood

condition was estimated. The flow rate was estimated as:
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Q = L * H * K * i (Equation 4.1)

with:

Q: Flow rate in ft3 /day,

L: length of the Area A Wetland boundary with the Area A Landfill cover system (1,750 feet).

H: landfill material thickness under the edge of the Area Landfill cover system (3 feet),

K: hydraulic conductivity (56 feet/day). and

i: maximum hydarulic gradient. estimated as:

i: = (h1 - h2)/1 = (73.91 - 70.0) / 100 = 0.039 (Equation 4.2)

with:

h1: maximum Area A Wetland surface water elevation during 100-year flood (73.91 feet)

h2: minimum groundwater table elevation beneath the Area A Landfill cover system (70.0 feet)

I: upgradient distance over which the hydraulic gradient is estimated (100 feet)

The resulting flow rate is Q = 11,495 ft3/day

The rate at which the water table rises under the cap was estimated as:

h = Q / (A * n) (Equation 4.3)

with:

• h: rate of water table rise in feet/day,

A: total capped area (497,000 n2), and

• n: porosity (0.30).

The resulting rate of increase under the cap is h = 0.077 feet/day. Even if the flood duration is assumed

to be 10 days, the total height that the water table rises under the cap is less than 1 foot. These calculations

are included in Appendix 0.4.

The model was utilized to estimate the change in the water table surface when the boundary condition along

the wetland is increased to 72 feet msl. Figure 4-38 shows the predicted water table and Figure 4-39 shows .

the difference in the predicted water table for the landfill cap and uphill trench and the landfill cap and uphill

trench under flooded conditions. ReSUlting changes in the groundwater elevations persist from the Area A

Wetland boundary upgradient through the Area A Landfill.

129511/P 4-15 eTC 203



DRAFT

4.6.3 Capped Condition and Toe Drain System

The final scenario to be investigated was the effect of a toe drain that would be installed along the

landfill/wetland boundary. For this scenario. the bottom elevation of the model along the landfill/wetland

boundary was lowered to 68 feet msl. Figure 4-40 shows the boundary conditions for the capped condition

andtoe drain. The toe drain 'was assumed to collect groundwater from the Area A Landfill. such that the

bottom elevation of the toe drain was 70.0 feet msl and the constant head boundary was 70.02 feet msl.

Figure 4-41 shows the predicted water table and Figure 4-42 shows the difference in the predicted water

table for the capped condition and the water table with capped condition and toe drain. Groundwater

elevations decrease along the wetland boundary by approximately 1.5 feet with the toe drain.

In the western portion of the landfill, changes in groundwater elevations resulting from a toe drain addition

would occur only near the Area A Wetland boundary and the effect of the toe drain system would be

localized. In the central portion of the landfill, small changes in groundwater elevations would persist further

upgradient. In the eastern portion of the landfill (where the calibrated hydraulic gradient is relatively flat).

changes in groundwater elevations of greater than 1 foot would persist both upgradient and downgradient

of the toe drain.

The initial intention of a toe drain was to potentially dewater the saturated landfill material. However. the

depth of the toe drain is limited by the dredge spoil. which has an approXimate elevation of 70 feet msl.

Landfill material is also present below 70 feet msl, so it would not be possible for a toe drain to dewater the

entire saturated landfill material.

Figures 4-43 shows the predicted water table if the elevation of the surface water in the toe drain is

increased to 71 feet msl. which is the approximate surface water elevation in the Area A Wetland. The

purpose of this test was to investigate the ability of a toe drain system to reduce the saturated landfill

thickness without creating in-flow from the wetland.

Figure 4-44 shows the difference in the predicted water table for the capped condition and toe drain and

the water table with the toe drain elevation increased to 71 feet msl. The saturated landfill thickness would

increase by approXimately 1 foot along the toe drain boundary. 0.7 feet in the eastern portion of the wetland.

and 0.2 feet in the central portion of the landfill. As in the previous scenario. the toe drain system would

have little effect on the saturated landfill thickness in the western portion of the landfill. In the eastern and

central portions, the increased surface water elevation in the toe drain Would decrease the effectiveness of

the toe drain to reduce the saturated thickness of the landfill by approximately 50 percent.
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4.7 ESTIMATED REDUCTION IN CONTAMINANT DISCHARGE TO THE AREA A WETLAND

From the groundwater modeling results, it is evident that the thickness of saturated landfill material will be

reduced by the capped condition and would be reduced a little further with the addition of a toe drain

system. The initial purpose of the Groundwater/Leachate Modeling Study was to provide estimates of

groundwater elevations under the capped condition and capped condition and toe drain for the computation

stability analyses of the Area A Landfill cover system design. As a supplemental task, bulk estimates of

contaminant discharge to the wetland are provided for three scenarios: 1) the eXisting- condition, 2) The

capped condition, and 3) the capped condition and toe drain. These estimates were utilized to analyze the

reduction in contaminant discharge to the Area A Wetland under the capped condition and toe drain.

Detailed contaminant transport modeling was not performed.

4.7.1 List of Groundwater Constituents

A database of analytical results of soil and groundwater sampling from the Phase II RI' (B&R

Environmental, 1996) was utilized for this analysis. Contaminants of Concern (COCs) have been established

for groundwater in the Area A Landfill in the Phase II RI Report (the CBU Drum Storage Area has been

included with the Area A Landfill, because it resides within the boundary of the Area A Landfill cover system

as currently designed). The list of COCs that had detections at wells within the Area A Landfill boundary

are as follows.

• Inorganics: aluminum, antimony, arsenic, barium, beryllium, boron, cadmium,

chromium, iron, lead, manganese, nickel, vanadium

• VOCs: benzene, chlorobenzene, 1,2,4-trichlorobenzene, 1,4-dichlorobenzene

• SVOCs: 4-methylphenol, bis(2 ethylhexyl) phthalate

• PCBs: Aroclor 1016, Aroclor 1260

4 Methylphenol has been eliminated from this list, because no detected concentrations exceed the risk

based COC screening level. For the remaining constituents, the geometric mean of the detected

concentrations is presented in Table 4-3 (a more detailed record of detections and calculations is included

in AppendiX 0.5).
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TABLE 4-3

LOADING FROM GROUNDWATER
GROUNDWATER/LEACHATE MODELING STUDY

AREA A LANDFILL REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW LONDON

GROTON, CONNECTICUT

Groundwater Existing Condition Capped Condition with Trench Reduction by CaD
Group COC Concentration Kd ILlkg) Rd Flow rate Mass Flow rate Mass Mass %

lug/L) IftA 3/day) g/yr Ift'3/dayl Ig/yr) (g/yrl

1 Aluminum 2.11E+03 4.55E +03 2.58E +04 409E +03 3.47E+00 3.0BE + 03 2.61 E+ 00 8.56E-Ol 25

1 Barium 1.63E + 02 4.00E +02 2.27E+03 4.09E.03 304E ,00 3 OBE T 03 2.29E tOO 7.52E·Ol 25

1 Boron 4.90E + 02 3.00E + 00 1.BOE+Ol 4.09E + 03 1 15E • 03 3 OBE • 03 B67E+02 2.B4E+02 25

1 Chromium 9.90E + 00 2.08E+03 1.lBE + 04 409E + 03 3.55E 02 30BE, 03 2.67E·02 B.76E·03 25

1 Iron 3.22E + 04 4.02E +02 2.28E + 03 4.09E + 03 5.97E + 02 3.0BE + 03 4.50E+02 1.47E+02 25

1 Lead 3'.91 E+01 5.B8E +02 3.33E+03 4.09E + 03 4.96E-Ol 3.08E+03 3.73E-Ol 1.22E-Ol 25

1 Manganese 5.36E+02 3.23E +02 1.83E +03 4.09E+03 1.24E+Ol 3.08E+03 9.32E+00 3.06E+00 25

1 Nickel 2.49E+Ol 1.27E+03 7.18E+03 4.09E+03 1.47E-Ol 3.08E+03 1.10E-Ol 3.62E-02 25

1 Vanadium 2.72E+Ol 3.45E+02 1.96E+03 4.09E+03 5.88E-Ol 3.08E+03 4.43E-Ol 1.45E-Ol 25

1 Bis(2-ethvlhexvllphthalate 1.16E+Ol 3.33E+02 1.89E +03 4.09E+03 2.60E-Ol 3.08E+03 1.96E-Ol 6.41 E-02 25

2 Arsenic 9.50E+00 2.70E+02 1.53E+03 2.45E+03 1.57E-Ol 1.71E+03 1.10E-Ol 4.75E-02 30

2 Bervllium' 1.80E +00 1.82E +02 1;03E +03 2.45E +03 4.42E-02 1.71 E+03 3.08E-02 1.33E-02 30'-
3 Cadmium 2.42E+00 9.50E+02 5.38E+03 7.38E +02 3.43E-03 3.35E + 02 1.56E-03 1.87E-03 :i5,-
4 8enzene 9.80E+00 1.70E-Ol 1.96E +00 3.9;JE +03 2.03E+02 3.03E+03 1.56E+02 4.64E+'Jl 23

5 Chlorobenzene 1.20E+03 8.70E-Ol 5.93E+00 1.64E+03 3.43E+03 1.38E+03 2.89E+03 5.44E+02 16

5 1,2,4-Trichlorobenzene 6.50E+Ol 1.20E+Ol 6.90E+Ol 1.64E+03 1.60E+Ol 1.38E+03 1.34E +01 2.53E+00 16

5 l,4-Dichlorobenzene 5.50E+Ol 3.10E+00 1.86E+Ol 1.64E +03 5.02E+Ol 1.38E+03 4.23E+Ol 7.96E+00 16

5 Arochlor 1016 7.50E+00 2.40E+04 1.36E+05 1.64E +03 9.35E-04 1.38E+03 7.87E-04 1.48E-04 16

5 Arochlor 1260 2.90E+02 1.29E+06 7.30E+06 1.64E+03 6.73E-04 1.38E+03 . 5.67E-04 1.07E-04 16
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4.7.2 Areas of Groundwater Constituent Detections

To establish if each constituent listed in the previous section was detected across the entire landfill or in

some smaller sub-area of the landfill, the spatial distribution of detections was analyzed. Because there have

been no groundwater samples analyzed in the eastern portion of the landfill, groundwater concentrations

for that were assumed to be the same as those detected at well 2LMW18S. This assumption is based on

a comparison of detections in soil at well 2LMW18S with surface soil and test pit soil detections in the

eastern portion of the landfill. Constituent detections in soil are reasonably similar at 2LMW18S and the east

end.

This assumption is also supported by a qualitative assessment of these two locations. First, well 2LMW18S

is closest to the eastern portion of the landfill. Second, based on results from the Area A East End

Investigation (B&R Environmental, December 1995), there is no evidence that the waste material in the

eastern portion of the landfill is different than wastes near well 2LMW18S. Third, in both the eastern portion

of the landfill and the well 2LMW18S area, the dredge spoil surface is depressed and the saturated landfill

material is greater than 10 feet. Therefore, each constituent detected at well 2LMW18S was assumed to be

present in the eastern portion of the landfill. This is a conservative assumption, because VOCs, SVOCs, and

PCBs were not detected at wells 2WMW3S and 2LMW20S, which are located outside of but near the eastern

landfill boundary.

The spatial distribution of constituents is as follows:

• Across the entire Area A Landfill: aluminum, barium, chromium, iron, lead, manganese, nickel,

vanadium, bis(2ethylhexyl)phthalate

• In western and central portions of the landfill to well 2LMW7S: arsenic, beryllium

Around well 2LWM7S only: cadmium

• In central and eastern portions of landfill from well 2LMW7S to the eastern boundary of the

landfill cover system as currently designed: benzene

." In eastern portion of landfill from 2LMW18S to east: chlorobenzene, trichlorobenzene,

dichlorobenzene, Aroclor 1016, Aroclor 1260
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These areas of detection are shown on figures that are included in Appendix 0.5. Antimony was detected

at one monitoring well, 2LMW13S. Groundwater in this area likely does not discharge to the Area A

Wetland. Therefore, antimony was eliminated from the list of COCs.

4.7.3 Estimation of Contaminant Discharge for Existing Conditions

For each one of the areas of detection, the total discharge from the saturated landfill material to the Area A

Wetland was estimated along the wetland boundary. The total discharge was estimated as the summation

of discharges across each MODFLOW model block. At each block, the discharge is the product of the

hydraulic conductivity for the landfill material, the hydraUlic gradient of the water table across the wetland

boundary, and the cross-sectional area of .saturated landfill material for the existing conditions.

The mass flux mj to the Area A Wetland for each constituent in grams/year was estimated as

mj = OJ * Cj / Rd j

with:

. • OJ: total discharge for the constituent area,

Cj: geometric mean of the constituent concentration, and

• Rdj: factor of retardation for the constituent.

estimated as:

Rd: j = 1 + (rhobj * Kd/n) (Equation 4.5)

with:

• rhobj : bulk density of the material (1.7 grams/cubic centimeters)

n: porosity of the landfill saturated material (0.3), and

Kd j: soil-water partitioning coefficient, which is estimated here as the quotient of the subsurface

soil concentration and groundwater concentration "in liters/kilogram (refer to Appendix 0.5 for

detailed analysis).

For constituents where subsurface soil concentrations were not available, literature values of the soil-water

partitioning coefficient were used.

(,
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Table 4-3 reports the total discharge, groundwater concentration. soil-water partitioning coefficient, factor

of retardation, and resulting estimate of mass flux to the Area A Wetland for each constituent. More detailed

calculations are included in Appendix 0.5.

4.7.4 Reduction in Contaminant Discharge for the Capped Condition

To estimate the reduction in contaminant discharge for the capped condition, the same calculation of total

discharge and mass flux of each constituent was performed. The reduction in contaminant discharge is due

to the reduction in the area of saturated landfill material for each model block.

Table 4-3 reports the mass flux for each constituent and reduction in mass flux under the capped condition.

The reduction in contaminant discharge to the Area A Wetland is attributable primarily to the landfill cover

system. The percent reduction in the mass flux of all constituents ranges from 16 to 55 percent, with most

reductions between 16 and 25 percent. Although these reductions are not large, the magnitudes of the

mass flux for most constituents under existing conditions are already very small and would be even smaller

under the capped condition.

The mass loading of each constituent from the unsaturated zone to the saturated zone was estimated as

mi = Cj * r * Ai / Rd j (Equation 4.6)

with:

mj: mass .f1ux from the unsaturated zone to the saturated zone,

• C1: unsaturated groundwater concentration,

• r: infiltration rate,

• ~: area of infiltration, and

Rdl is the retardation factor.

To estimate the red,uction in mass loading from the landfill cover system, the mass flux was calculated for

the existing condition when the infiltration rate is 20 inches/year and for the capped condition when the

infiltration rate is 0.6 inches/year.

The unsaturated groundwater concentration was estimated as the arithmetic mean of shallower soil

detections in the unsaturated zone divided by the soil-water partitioning coefficient, Kd (detections and

calculations are presented in Appendix 0.5).. Leachate concentrations could not be estimated for some
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constituents, because either the constituent was not detected in unsaturated soil samples or unsaturated

soil samples were not analyzed.

The areas of constituent detections are presented in Section 4.7.2 and shown on figures in Appendix 0.5.

The square footage of these areas is estimated as a summation of model block areas.

Table 4-4 reports the mass flux estimates for the existing and capped conditions. The percent reduction

in mass flux from the unsaturated landfill material for all constituents where leachate concentrations could

be determined is 97 percent.

Table 4-5 summarizes the loading reductions by the capped condition from groundwater and the landfilled

mass.

4.7.5 Reduction in Contaminant Discharge for Capped Condition and Toe Drain

If a toe drain system were added to the capped condition, contaminant discharge to the Area A Wetland

would be zero, assuming that the toe drain system would collect all of the discharge. This would result in

a 100 percent reduction in mass flux to the Area A Wetland.

In order to assess the need to treat the contaminated discharge that is collected in the toe drain, an estimate

of the concentration in the toe drain system was compared to the Maximum Contaminant level (MCl) for

each COCo The estimated groundwater/leachate concentration was assumed to be collected at the

discharge end of the toe drain system. First, the flow rate of each area and the mass flux for each COC

were estimated for the capped condition with the toe drain system included. The formulations are the same

as that documented in Section 4.7.3. Second, the toe drain groundwater/leachate concentration was

calculated as the mass flux divided by the entire discharge into the toe drain (10,700 ft 3/day). Finally, the

toe drain groundwater/leachate concentration was compared to MCLs reported in the Drinking Water

RegUlations and Health Advisories (USEPA, 1995). Table 4-6 reports the flow rate, mass flux, toe drain

groundwater/Ieachate concentrations, and MCLs for each COCo In all cases where an MCl is available. the

toe drain groundwater/leachate concentration is lower than the MCl criteria. This result suggests that even

if groundwater/leachate were collected in a toe drain system, that the collected leachate would meet

drinking water standards and not require treatment.
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TABLE 4-4

LOADING FROM LANDFILLED MASS
GROUNDWATER/LEACHATE MODELING STUDY

AREA A LANDFILL REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW LONDON

GROTON, CONNECTICUT

Unsaturated Leyer ExistinQ Condition Capped Condition with Trench Reduction bv Cap
Group CDC Leachate Kd (Llkgl Area Inf. Rate Mass Inf. Rate Mass Mass %

Concentration (ug/l) (ftA 21 lin/vr) Q/Vr lin/vr) (Q/vr) (Q/vr)

1 Aluminum 2.20E +03 4.55E +03 4.98E+05 2.00E +01 2.01 E+ 00 6.00E-01 6.02E-02 1.95E +00 97

1 Barium 1.34E +02 4.00E +02 4.98E + 05 2.00E + 01 1.39E+00 6.00E-01 4.16E-02 1.35E +00 97

1 Boron 1.67E+04 3.00E +00 4.98E+05 2.00E+Ol 217E+04 6.00E·Ol 6.52E + 02 2.11 E+04 97

1 Chromium 9.20E +00 2.08E+03 4.98E + 05 2.00E +01 1.83E·02 6.00E-Ol 5.49E-04 1.78E-02 97

1 Iron 3.21E+04 4.02E +02 4.98E +05 2.00E + 01 3.30E+02 6.00E-01 9.91 E+00 3.21E+02 97

1 Lead 8.65E+Ol 5.88E+02 4.98E +05 2.00E +01 6.09E-Ol 6.00E-Ol 1.83E-02 5.91 E-Ol 97

1 Manganese 5.04E+02 3.23E + 02 4.98E+05 2.00E + 01 6.46E+00 6.00E-Ol 1.94E-Ol 6.27E +00 97

1 Nickel 3.39E +01 1.27E +03 4.98E+05 2.00E + 01 1.11E-Ol 6.00E-Ol 3.33E-03 1.08E-Ol 97

1 Vanadium 8.64E+Ol 3.45E+02 4.98E+05 2.00E+Ol 1.04E+00 6.00E-Ol 3.11 E-02 1.01E+00 97

1 Bis!2-ethvlhexvl)phthalate 1.20E+00 3.33E+02 4.98E+05 2.00E+Ol 1.49E-02 6.00E-Ol 4.48E-04 1.45E-02 97

2 Arsenic 9.80E+00 2.70E+02 3.50E+05 2.00E+Ol 1.06E-Ol 6.00E-Ol 3.17E-03 1.03E-Ol 97

2 Beryllium 3.50E+00 1.82E+02 3.50E+05 2.00E+Ol 5.60E-02 6.00E-Ol 1.68E-03 5.43E-02 97

3 Cadmium NA 9.50E+02 7.25E+04 2.00E+Ol NA 6.00E-Ol NA NA NA

4 Benzene NA 1.70E-Ol 4.48E +05 2.00E+Ol NA 6.00E-01 NA NA NA
- -

5 Chlorobenzene NA 8.70E-Ol 1.48E +05 2.00E+Ol NA 6.00E-Ol NA NA NA

5 1,204-Trichlorobenzene NA 1.20E+Ol 1.48E +05 2.00E+Ol NA 6.00E-Ol NA NA NA

5 1A-Dichlorobenzene NA 3.10E+00 1.48E +05 2.00E+Ol NA 6.00E-Ol NA NA NA

5 Arochlor 1016 NA 2.40E+04 1.4BE +05 2.00E+Ol NA 6.00E-Ol NA NA NA

5 Arochlor 1260 NA 1.29E+06 1.48E+05 2.00E+01 NA 6.00E-Ol NA NA NA
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TABLE 4-5

SUMMARY OF CAPPED CONDITION LOADING REDUCTIONS FROM GROUNDWATER AND LANDFILLED MASS
GROUNDWATERJLEACHATE MODELING STUDY

AREA A LANDFILL REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW LONDON

GROTON, CONNECTICUT

Groundwater Landfilled Mall

Existing Condftion Capped Condftion with Trench Reduction by Cap Existing Condrtion Capped Condftion with Trench Reduction by Cap

Group COC Mass Mass Mass % Mass ¥ass Mass %
gIyr (gIyr) (gIyr) g/yr (gJyr) (gIyr)

1 Aluminum 3.47E+Oll 2.61E+Oll 8.56E-01 25 2.01E·OO 6.02E-02 1.95E+OO 97

1 Bariuni 3.04E+Oll 2.29E+OO 7.52E-01 25 1.39E+Oll 41 6E-02 1.35E·OO 97

1 Boron 1.15E+03 8.67E+02 2.84E+02 25 8.20E'02 2.46E·01 7.96E+02 97

1 Chromium 3.55E-02 2.67E-02 .. 8.76E-03 25 1.83E-02 549E-04 1.78E-02 97

1 Iron 5.97E+02 4.50E+02 1.47E+02 25 239E<02 7.17E<OO 2.32E+02 97

1 Lead 4.96E-01 373E-01 1.22E-01 25 6.09E-Ol 1.83E-02 5.91E-01 97

1 Manganase 1.24E<01 9. 32E<OO 306E<OO 25 6. 46E'OO 1.94E-01 6.27E·OO 97

1 Nickel 1.47E-Ol 1.10E-Ol 3.62E-02 25 1.11E-Ol 3.33E-03 1.08E-Ol 97

1 Vanadium 5.88E-Ol 4.43E-Ol 1.45E-01 25 1.04E<OO 31 1E-02 1.01E+OO 97

1 8is(2-ethylhexyl)phthalate 2.60E-Ol 1. 96E-Ol 6.41E-02 25 1.49E-02 4.48E-04 1.45E-02 97

2 Arsenic 1.57E-Ol 1.10E-Ol 4. 75E-02 30 l.06E-Ol 3VE-03 1.03E-01 97

2 Beryllium 442E-02 3.08E-02 1.33E-02 30 5.60E-02 1.68E-03 5.43E-02 97

3 Cadmium 343E-03 1.56E-03 1.87E-03 55 NA NA NA NA
4 Benzene 2.03E+02 1.56E+02 4.64E+Ol 23 NA NA NA NA
5 Chlorobenzene . ·3.43E<03 2.89E<03 5.44E+02 16 NA NA NA NA
5 1,2,4-Trichlorobenzene 1.60E+01 1.34E+Ol 2.53E+Oll 16 NA NA NA NA
5 1.4-Dic:l1~ 5.02E+Ol 4.23E+Ol 7.96E+Oll 16 NA NA NA NA
5 Aroc:I1Ior 1016 9.35E-04 7.87E-04 1.48E-04 16 NA NA NA NA
5 Aroc:I1Ior 1260 6.73E-04 5.67E-04 1.07E-04 16 NA NA NA NA
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TABLE 4-6

COMPARISON OF TOE DRAIN GROUNDWATER\lEACHATE CONCENTRATION TO MCl CRITERIA
GROUNDWATERILEACHATE MODELING STUDY

AREA A LANDFill REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW lONDON

GROTON, CONNECTICUT

Toe drain
Group cac Flow rate Mass Groundwater/leachate MCl

(ft" 3/day) (g/yr) Concentration(ug/Ll (ug/ll

1 Aluminum 1.07E+04 9.07E + 00 8.20E-02 NA

1 Barium 1.07E +04 7.96E+00 7.20E-02· 2.00E+03

1 Boron 1.07E+04 3.01 E+03 2.72E+Ol NA

1 Chromium 1.07E+04 9.28E-02 8.39E-04 1.00E+02

1 Iron 1.07E +04 1.56E+03 1.41E+Ol NA

1 Lead 1.07E+04 1.30E +00 1.17E-02 1.50E + 01

1 Manganese 1.07E+04 3.24E+Ol 2.93E-Ol NA

1 Nickel 1.07E +04 3.84E-Ol 3.47E-03 1.00E +02

1 Vanadium 1.07E +04 1.54E +00 1.39E-02 NA

1 Bis(2-ethylhexyl)phthalate 1.07E+04 6.80E-Ol 6.14E-03 NA

2 Arsenic 6.15E+03 3.94E-Ol 3.57E-03 5.00E+Ol

2 Beryllium 6.15E+03 1.11 E-Ol 1.00E-03 4.00E+00

3 Cadmium 1.19E +03 5.53E-03 5.00E-05 5.00E+00-4 Benzene 1.06E+04 5.47E+02 4.94E-+00 5.00E+00

5 Chlorobenzene 4.54E+03 9.50E+03 _8.59E -+:.01, 1.00E +02

5 1,2,4-Trichlorobenzene 4.54E+03 4.42E+Ol 4.00E-Ol 7.00E+Ol

5 l,4-Dichlorobenzene 4.54E+03 1.39E +02 1.26E+00 7.50E+Ol

5 Arochlor 1016 4.54E+03 2.59E-03 2.34E-05 5.00E-Ol

5 Arochlor 1260 4.54E+03 1.86E-03 1.69E-05 5.00E-Ol
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4.8 SUMMARY OF MODELING RESULTS

The capped condition will reduce groundwater elevations and consequently the thickness of the saturated

landfill material by approximately 0.1 feet along the wetland boundary, 0.5 feet in the eastern portion of the

. landfill, 0.2 feet in the central portion of the landfill, and greater than 1 foot in the western portion of the

landfill.

If the upgradient interception trench is lowered by two feet, the reduction in the saturated landfill material

would be localized along the trench boundary in the western portion of the landfill. There would be no

reductions in the saturated landfill thickness along the Area A Wetland boundary.

If the Area A Wetland is inundated by a 100 year flood, the rate of increase of the water table under the Area

A Landfill cover system will be 0.077 feet/day. Even if the flood duration is 10 days, the total height that the

water table rises will be less than 1 fool. Resulting increases in the saturated landfill thickness will persist

from the wetland boundary upgradient through the landfill.

The capped condition will reduce the mass flux of COCs by 16 to 55 nercent. It should be noted that the

mass flux of most COCs is on the order of 1 gram/year or less. The mass flux for benzene and

chiarobenzene are approximately 156 and 2890 grams/year, respectively. However, the area of detection

used for the mass flux computation for these constituents is likely overestimated, because the levels of

detection in the 2LMW18S well near the crane test pad were assumed to be appropriate for the eastern

portion of the landfill, where analytical sampling of groundwat~r has not been performed.

The Area A Landfill cover system as currently designed will reduce the leachate loading from the unsaturated

zone by 97 percent for COCs that could be analyzed. The analysis required soil detections in the

unsaturated zone.

Addition of a toe drain system would further reduce the thickness of the saturated landfill material by

approXimately 1 to 1.5 feet along the Area A Wetland boundary, 1 to 1.5 feet in the eastern portion of the

landfill, and 0.1 to 0.5 feet in the central portion of the landfill. In the western portion of the landfill, the toe

drain system would have little effect on the saturated.landfill thickness. Because the toe drain system would

increase the hydraulic gradient and groundwater flow velocity from the Area A Landfill to the Area A Wetland.

the addition of a such a system would increase the discharge from the landfill from 3080 ft 3/day to 10.700

ft 3/day.

129511/P 4-26 eTC 203
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If the surface water elevation· in the toe drain is increased to prevent reverse flow from the Area A Wetland,

the saturated landfill thickness would increase by approximately 1 foot along the toe drain boundary, 0.7

feet in the eastern portion of the landfill, and 0.2 feet in the central portion of the landfill. As in the previous

scenario, the toe drain system would have little effect on the saturated landfill thickness in the western

portion of the landfill. In the eastern and central portions of the landfill, the increased surface water elevation

in the toe drain would decrease its effectiveness to reduce the saturated thickness of the landfill by

approximately 50 percent.

Assuming that the toe drain system would collect all of the contaminant discharge to the Area A Wetland,.

the reduction in the mass flux would be 100 percent. Based on an analysis of groundwater/leachate

concentrations in the toe drain, all COC concentrations would be less than MCl criteria (for COCs with

available MCLs). This result suggests that even if groundwater/leachate were collected in the toe drain, the

collected water would meet drinking water standards.
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Figure 4-27 W~ter Table for 0.9 Foot Lower Head Along Wetland Boundary (ft)
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Figure 4-31 Recharge Rate For Landfill Cap With Uphill Trench (in/yr) c
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Figure 4-32 Boundary Condition For Landfill Cap With Uphill Trench
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Figure 4-33 Predicted Water Table For Landfill Cap Wit~ Uphill Trench (ft) c
~
"T1
-I



,.j
i

II!II'

D
R

A
FT

-=-,.c(,)
cQ

)
l
-

I---.-.cC
o

:;)

.c....~C
o

ca0
0

-
'<:

-
<II
<:

It=
ell
0

"C
'"J:

C
0

ca
<:

~
..J

:~
I
-

:::l
0

J
:

LL

~
Q

)
-

0
.c

""
ca

"C
I

I-
<:<II

G
l

I
-

oS
Q

)
<:

....
i

ca
"C

I
3:

,
~

Q
j

,
0

0
:::s

G
l

oS
C

G
l

'!i
'" :::l
<II
g

Q
)

.r>
-

G
l

.c
:isJl!

ca
~

I-
~~

..
"C

I
Q

)
~

....
e!

ca
~

s:
<II
0G

l
"C

,'
oS

Q
)

E
....

0
ca-

.;"C
I

...
G

l
.c

ti
.-

e!
-

:is
ca

:::l

0
'",~

1
0

Q
j

"C
I

M
0E

I

G
l

~
oS

Q
)

'0
...

<:
:::s

0~
C

)
>

.-
G

l
LL

CIl

E0== 0lD

I
:

I
i

I
1

I
I

~
~I

~
~,

~
~

~I
~

~
~

~!
~

~
~

~
a

~
~

a
s

~
~

8
o

0
0

0
0

0
0

0
0

,
0

O
J

°
0

°
0

0
~

°
0

0
0

~
0

8
8

8
-

...
...,

...
...,

...
D

~
,...

•
,...

0
oot

...
N

...
N

GI
0

0
8

o
a
D

:
;

:
:

:
:

:
~

:
:

=
:

:
:

:
:

:
:

:
:

0

81!.
G

-
W

-
""':

•
-

~
~

""':
°

~
~

~
~
!

N
It)

=
!

8
8

o
0

;
;

;;
;;

:
-

-
-

-
N

'"
N

-
-

-
N

j::i
;

r:;
el

0
0

!
!

~
~

~
51!

:
~

:
:

:
~

~
:

:":;
:

~
~

~
~

!
!

'I
8

0
~

~
~

2
:::

~
=

2
~

:
:

:
~

~
~

S
~

:
~

!
8

•
0

0
0

0
0

"
:
:
"
:
:
"
:
:
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

8
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
o

0
0

_
-

-
_

0
0

0
°

0
0

0
0

0
0

0
0

0
0

8
•

~
;;

~
~

~
~

~
~

~
~

~
~

:::
~

~
~I:;

~
~

~
a

8
o

0
0

0
0

0
_

_
_

_
_

_
_

_
_

_
0

0
0

0
~

0
0

0

8
"I

N
W

0
-I

WI
~
I
"

~
.1

~"I·
~

"
.-I·'

~"
W

8
o

:1
;

;;
~

:1
::

~I
0

0
01

0
0

0
0

0
0

0
ell

~
,:

q
0

!
:

;
~

~
~!:1;1

~::=1:
~::::::

~
~l

~
:

~l
!

8
01:::::::

~I
~I'"'I:;

:1
:

::
:::

::
:

:;
:::

~
::!l':I'

l':
IS

~I
8

o
0

,
°

0
°

O
!

0
°

I
1

0
0

°
01

0

8
8

1
::

:!!
;;

~
~!::

:;
5T:I::I:::

:::1:1:;=
::

=1
0

:::
01III

8
0

°
1

°
0

0
0

0
,
0

•
'
I
~
,
"
:
,
q
o
l
o

~
;
;
I
~
;
~
!

~
~I

~I
~:

~I
~

g
l
~
l

;;1
;;1

;;1
S

l
~!;;1

81S
t

81
8

°
o[

01
0

1
0

01,01
01

0
1

0
0

1
o~

0
t

0:
o!

0
1

01
°

0
0

;
o!

0
•

I
,

.
I

I
,

'
,
:

'
I

8
~

&
Ill

::
~

:!I
:!!I::1

~
31

31
&1

:Sl01
01:S

~
8

81
8

1
8

8
0

0
°
1

°
°

°
0

io
i

o
0

o
,o

,o
lo

,o
io

°
0

0
°
1

°
,

°
°

8
~

~I:lt
=

~
~

~I
If:1

~
g

01
~

::
::

~
~

3
0

8
8

8
8

0
;

0
01

°
0

0
0

0
1

O
J

°
0

01
°

0
0

0
,

0
0

0
0

0
0

0

8
31:!:'

II
:!!

2
"

:.
~I:;

l':
~'::

:!
::

~
&

1:1
0

81
81

8
8

8
°

0
01

°
0

°
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

0
0

°
0

I
I

I
I

;:; "
'

8
I:

~
3

II
~I::I

~I
~I

::SI01
81

8
I

I
o

0
0

0
0

0
0

o
!

0
1

0
0

II?
°

j
°

I:
II

-
8

~
I

~
I

~
~
I
~
'
·

0
~

0
N

~I
~-

~
0

•
.

0
0

O
.

""':
~
:

"'l:
.......

It)
~
l
.
'

"'l:
'"

""':
0

o
oj

0
°

°
0

,
°

0
0

0
0

1
0

0
0

0
0

;; 1:II
:.

I:

:: :!
Ii

:!!
!

,
1

~
~

~
~

:
~

~
~

~
~

~
~

~
~

~
o

0
0

0
0

0
0

0
0

0
0

0
0

0
0

129511/P
4-57

e
T

O
203



.0 11 .2 13 1. 15 18 17 18 19 20 2\ 22 23 2. 25 28 27 29 29 30 31 32 33 3" 35 38 37 381 391 .01 .,1 .21 .3 .. .5

71.51 71.51 .71.51 71.51 71.51 71.5

-"--'·_'-'-1-+--+--1

·---1----1---·1 1 1 1 1 I I 1 1 1 1 1-1-1 1 I
____• ·•__1--1 1 1 I I I I 1 I 1 1 1 I 1 I

_ 7\.0 71.0 71.5 71.5 71.8.71.6 71.8 71.7 71.9 72.5 73.0
1.1 1--1 I I I 1 I 1 I 1 1 1 I t·--\ I 1 -t---+---t- --- --. ---. _.- 71.0 71.0 71.0 71.1 71.. 71.5 716~ 71:7 71"8 72.0 -72:2 7iii

-- .

/. 5 71.0 71.0 71.0 71.0 71.0 71.0 ~::: ~:~ ~:.~ ~:~ ~:~- ~:: ~:~ ~:~ ~:: ~:~ ~:~ c-~::: ~:: ~::: ~:: ~:.:.~ ~~~ ~:: ~;~~~. ~:~-;~
r. 8 71.0 71.0 71.0 71.0 71.1 711 71.1 71.2 71.2 71.2 714 714 ~~~~ - 71.~ :.~~~~ -71S ._71.8 ~!~ 71.5~ 7I:27i:6 71":171"8 71.9~ 72.0 72:1 72:272:7 m

7 60.0 85.0 71.0 71.0 71.0 71.0 71.0 71.0. 71.1 71.1 7'.2 71.2 71.3 71.3 71.. 71.5 71.8 71.9 720 72.3 72.3 72.0 71.9 72.0 7'.9 71.8 71.7 71.6 7\.8 71.7 71.8 7\.9 71.9 72.0 72.1 72.2 72.3 73.. 7•. 1

8 37.2 BO.O 85.1 70.6 70.8 71.0 71.0 711 71.1 711 71.2 713 71.3 71.. 71.5 71.7 71.6 72.0 72.8 72 7 72.9 72.9 72.8 72.5 72.3 72.1 71.9 71.6 71.7 71.6 71.9 71.9 72.0 72.0 72.1 72.2 72.3 72.9 73.9 7•.•
1--+-+--1---1--I--I~-+·...,..,,-+...,.,..+---,-,-I-~I--cl--+-=-+---I-,--,-I--4--+-=--"__"-=-=-I-.,--l---,,-+-=-l-...,..,...~I---,-,-I-~-"'-I--=-:-.+.".,.-,+-=-::+--,-cI---",.+....,.,..,.1-.....,.,...+-.,.I-=-+-=-I-.,..,.j....".,-+--:-c+=-+-~I--cl---,,-=I 9 36.7.80.085.170.770.971.071.071.1 71.1 71.2713 71.3 71 .• 71.5 71.9 72.1 72.372.573.0 73.2 73.• _.~.~:.~:~~~~~~ 71.671.972.272.172.172.272.2 72.3 72.4~~~

10 382 46.8 60.0 85.1 708 709 7~~~ !..!~~..2.'.::~....:~ 71.5 71.9 722 72.• 72.6 729 ~~~_~~~~_~~ .":~~~r!~~~~~....::~~~~~~~:::_~~~

11 37.3 46.2 57.8 85.3 71.2 71.3 71.0 711 71.1 71.2 71.3 7\.3 71.7 72.0 72.4 72.8 727 72.6 73.1 73.7 743 74.~ ~ . 750 ...!~~~~ 72:2 72.4 73.5 74.1 73.6 72.9 72.7 72.5 72.8 73.3 74.2 74.8 75.1

12 38.1 40.8 47.8 58.3 70.0 72.3 72.3 71.0 71.1 71.1 71.5 72.0 71.9 723 72.8 72.9 73.0 73.0 73.1 73.3 74.3 75.5 78.0 762 76.3 75.8 74.2 73.3 72.6 72.9 73.0 74.7 75.5 75.2 7•.1 73.1 72.6 72.8 73.6 7•.3 74.9 75.3

13 37.1 .2.1 48.7 57.1 70.1 73.1 72.8 71.7 71.' 713 72.1 72.8 72 8 72.6 73.0 73.3 73.3 73.8 73.7 737 762 77 0 77.. 77.6 773 78 ii 77.0 76.7 767 -7-8-.7 ~r--n'1 77.5 77.6 75.7 7•.0 73.3 73.3 73.7 7•.2 74.9 75.•

I 14 38.1 39.5 43.8 50.t"5iB 7;~& 73.9 72.9 73.1 727 0.0 72.5 73.2m,·W -n; ---ne 'm70 75'--00 -is 2 . 785 ·la·; -;8, -,eo "'79 813 -,... i5-8 -820 914 8i1raii<~ -76"67'-. -73' -7is nii.....,.-o -14-.----;s:s
15 37.1 .0.8 .5.2 51.0 70.2 74,2 75,0 0.0 74.9 75.2 0.0 741 "mms 7i4~1 7OfJ4."s ---;Sa -lee' ·'7ii 9 '19 i .. ;9 B 8601 80 'I 795 799 "853 96'S 89'; -8'65 86"2 --85-9-'831 ·--~17 -761 "74'] -735 r-n: 73,1 -73~ ~~
HI 39.239." .U.9 "9.155,473.775," 76." 0.0788777 774-m7437i-iin-e14·o1s";-"lei -17117919.90) BII Bll; al~' 81~' 8:'~ 899, gl~i 9,'11 91°1910191°1 geo B60 160 720 7io~-72'o"~72o-740760
17 0.0 .H.• ---::54"'.-:-51---:5:::5-=.2-1-=:85"-1+--=7""5."'.1---:7:::8"7.~I··-7~~-8-0-0'-!~2~~~~-~"8 lei ._~~~ -"741 ~~~ '-7;~ 171 181 78~I,ga~ 8.'0, 9.'4 8.~ !l.ll 8:.' Sol:l ~')~I !
19.3.3.9.957.7633622 723P""""'7"6"7 717790 80e 805 799 784 768 7515 15) 00 0019/5 1991199 Bli! 8-1' IIH Ble /II' ~. ~~ 60:'. ':Ie:

19 .9.5 50.2 62.. 804 9 660 745 '-n9 7S-S 801 - 815 ei i ..··SO 8 ;94 771 71 0 781 00 0 OJ 81 /5 809: 81 ~L..;;.2 B· 8'. ~ a... I ~"!l ;" ~~ ~ tll:l. ill

'-"20 57.0 nO 85.2 66.7 892 77'0 793 - 80 a-Sli ---82-4 ii-i -821 '801 793 79 i 80 5 00 64. 1130 &<I II 6e It 9() t 'J.. 81 I, 8'.0 e'" 8 :It. ;: d lh. IP I-

21 63.7 85.7 88_9 88.3 7•.6 79680"9- 816 82.3 83.3 &c.2 &csni 81'i~ ·iii~ --055 -8si"-SS2 933 g71' 960' 960 9)~ 11:0: 918' ,18 it) 3; 9;)1 99.

22 87.0 67.8 88.3 71,8 79.6 81.6 82:5 83.5 83.8-S:U "85~~·85!~~~_~~~ ·-871 -eee~:~!.~ _!~~ 10~~ 1~~~' 1031 lOll 101. 10211 1021 1C)Aa~
2388.989.569.878.881.583.2 U.2 85.2 85.7 885 86.2 85.9 88.7 881.84587.9815 1027995 108S 1102 11t8 1117 1115 1107 109. 109) 109011)3

""24,1--=7"0."'21---:7"1-=.0-1-"73".7+--=8"'1.-=71---:8"3-.•-1-"'65"-.0+--=8-=-5.8 88.8 87.1 87.4 67.2 869 67.5 88.8 -88:2~ -'00 1088 110.1 112.2 1157 iii, _~~ ~ ~~ _~_ii,s .;i& 5 113 •.. _+ 1--1 1 1 1-1__1-1 1 1 1 1 I 1 1
25 71.5 72.8 78.7 83.6 85.5 88.6 87.3 88.1 88.7 89.8 69.1 88.7 69.1 92.9 98.8 100.7 112. 1202 '22.9 121.0 122.0 12•.1 12.3 125.8 124.8 125.7 125.1

28 74.8 78.2 82.8 65.5 87.3 88.4 89.2 90.4 93.8 95.8 95.1 93.5 8<.5 86.1 1031 118.3 121 .• 129.0 129.8 129.8 129.7 130.3 129.• 131.8

27 82.0. 83.1 85.9 66.0 69.8 90.8 92.8 95.7 IOU 103.3 108.1 105.8 105.8 .07.5 114.8 127.3 128.2 .300 132.3 135.• 136.7 139.8

28 88.0 88.0 89.1 90.5 92.1 ~:!:~ ~ .!~:: _~~ ~!:3 .!.!!i:!. 11~~ _~~2.~2 ~.~ 135.1 135.0 '32.2 .---f--_. _-..+. _'.'/.'. --/--_._/..--+--t-J-t-+-I-+-f--
29 90.0 69.7 90.8 91.9 8<.1 97.2 101.9 10B.S~:!. 116.9 1200 121.0 123.8 127.9 126.2 _ __ ... -+ ---1 1-1--1 1_-J--+----4--1--1 1 1 1 1 I_~__

30 90.0 68.3 90.. 92.7 98.9 102.6 108.8 11•.9 119.0 122.5 125.7

"..
bJ
CO

N
lD
~....
=0

§
N
o
W

Figure 4-36 Water Table For Uphill Trench Two Feet Lower Th~n D~sign (tt) c
~
"T1
-4



D
R

A
F

T
·1

"'"
"
I"

'"
''''

"1
"'''1

''1
''''"I"

I
I

II
I

!I
~

0
1

0
0

0
1

0
0

0
0

0
1

0
0

0
0

0
0

I
:

1
!

!
!
t
!

I

o
~

0
0

~
0

1
.
0

~
I
~

~
~
I
~

~
q

°
l
~

0
,
"

0
0

0
0

olD
0

0
0

0
0

0
0

0
0

0

~
"
1
"
1
~

0
~
i
O

0
0

0
qlq

q
0

0
0

0
..,

0
0

,
0

0
°10

0
0

0
0

0
0

co
0

0
0

G
""I"""'"""

"1°1"I
°

°
°1

"
"

..,
0

0
0

0
0

i
o

0
0

~
0

0
0

0
0

0
0

-is:-

0
:

0
:

0
0:

0
:

0
o

0
0

0
0

0

~
0:

0

°
°

°

~
0:

0
0

C?
0

0
0

"
°

°
0

0
0

•
too

_
0

0

..;
0

0
;

0
0

...
0

_
°

..;
0

~
0:

III
too

0
0

0

.,.;°
0.°

°

°
"

°
ci

ci
eli

°
•

°
o

..;
N

~
-

N
N

~
"

"
~

"
N

N

o
eli

eli
eli0

°1°10
°

°
°

o
0

0
0

0
0

~
_I

~
"

~

0
0

;
0

;
0;

0
0

0
0

1
0

a
a

"
:
"
;

a
,

,
,

°
°

°
°

°1
°

0
0

0
0

0
0

o
~

~
~

~
~

~
~

~
~

~
o

0
~

~
q

~
~

~
~

0
0

o
~

~
~

~
N

"
~

~
~

~

o
~

~
q

q
q

q
q

q
q

0

o
0

0
0

0
0"I"

~
~

0
0

0
0

0
0

0
1

0
0

c
:I..;

...
.,;

0

0
0

0
0:

~
0.

0:
0

.
0.

0
0

0
0

0
0

~
0

0
0

0
0

0

01
°

"
"

"
°

0
0

0
0

0
0

o
0

1
0

0
0

_
_

•
_

0:
0

.
0

0
°

eli010
°

0
0

,
.

"
"

01"
°

"
0

0
0

0
0

0

o
0

:
0:

0
o

0
0

0

o
0

0
0

:
0

o
0

0
0

0

o
0

0
0

0
a

0:
0

0
0

o
0

0
0

0
o

ai
0

0
0

CI:010.
0

.
C

II
0

o
0

0
0

0
0

0
0

0
0

0
0

o
0

,0
0

0
0

~
0!10

0
~

0
.

0
0

0
0

0
0

~
0
1
0
:
1
~

0
0

0
0

1
°
0

0
0

0:
0

0
0

0
°
I
O
t
O
I
~
I
"
l
o
l
"
l
o

0
'0

1
0

1
°'."'°1

°1
°

o
0

0
0

0
0

0
1

0
o
~
o

0
0

0
0

1
0

1
0

0
1

0
1

°
,0

0

,
!

I
,

I
!
'
I

:
I
,

I
I

0
0

1
°
1

°
1

0
0

01"
°
l
o
l
.
"
I
~
l
o

C
lo

lo
°

°101010.
0

o
0

1
°

010
0

0
0

0
O

!
O

0
:
0

0
1

0
0

0
0

0
0

0
0

I
I
,

I
,

i
I

I
I

,

o
qlD

q
0

0
0

0
0

010
O

J''
'I'

0
0

0
0

0
0

0
0

0
0

0
0

0

i
,

0.
0:1°1°

010
0

0
01010

"
"1

"'''1
0

0
0

.
0

0
0

0
0

:
0

0
0

0
0

0
0

0
0

0
0

0
0

0
1

0
0

0
0

0
0

0
0

0

I
'
.

'

co
010

0101°
°1

°1
"

°101010
0

'
0

1
0

°1"10.10
"

"."
"'10

0
0

0
01"

0'1010
0

1
0

1
0

0
0

0
1

0

:
,

I
i
l
,
:

I
I
'

I
I

0.
0.

010
0:

0.
0.10

0.10.
0

0
0

0
0

0:
0:

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

I

°
°

"'0
010

°
°

°
"010

0"
II

o
ci

0
1

0
0

0
0

0
0

0
0

0
0

0

i

~
:

:
:1:

:
:

:
~

,

"
°

"
"10"I"

°
°

o
0

0
010

0
0

0
0

"10
"

"I"
"

°
"

°
o

0
0

0
0

0
0

0
0

;l;

I
:::

!
:::

!I
;;Sl

I
!,

i!:
I

I·1

I:
I!

:.~l!l
!'

:II
!

:::::;;Ii::!

I
!!

I
::~

!i
:!

i
I

;'!:::::::!

~
0,,'

~
0

0
0

0
0

0
~
I
O

0
0

0
_

_
0

0
0

0
0

0
0

1

0
0

0
0

0:
0:

0
:

0:
C!

0
o

0
0

0
0

0

o
0

0
0

0
0

ai
0

0
0

0
0

0
:

0
:

0
~

0
:

0
:

o
0

0
0

0
0

I

°
°

°
o

0;
0

"
°

°
°

°
°

°
°

°
o

0
0

°
°

°
o

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
:

0
:

0
0

0
:

0
~

0
:
~

~
0

0
0

0
0

0
0

0
0

0
0

0

::
:

:
::

°
°

°
o

°
0

0:
0

:
0:.

0:
0:

0:
0

0
0

0
0

0

°
°

°
o

0
0

"
°

°
o

0
0

"
°

"
o

0
0

0:
0:

0:
0

:
0:

0:
o

0
0

a
0

0

129511/P
4-59

C
T

O
203



~ 1 2 3 4 5 6 7 6 8 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24 25 26 27 26 28 30 31 32 33 34 35 36 . 37 38 38 40 41 42 431 .. I 45

'" .72.0 72.0CD 1 72.0 72.0 72.0 72.0

~ ---I-_r- ---- ---- --
73.02 72.0 72.0 72.0 72.0 72.0 72.1 72.1 72.1 72.2 72.5

~ -- -- ----f- .- - -- -_.-- I---- --I--
_. -- ---.-.- --. -- -_.. --- ---- -_.- --- --,. .... -. -- . . '---. ._---. "--_. .__.. "ni=ti 3 72.0 72.0 72.0 72.0 72.0 72.1 72.1 72.1 72.2 723 72.4 72.8

4 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.1 72.1 72.1 In:; 72.2 72.2 72.3 72.4 73.0

5 72.0 72.0 72.0 72.0 72.0 72.0 72.1 72.1 72.1 72.2 72.1 72.1
~

72.2 72.1 72.1 72.1 72.1 72.1 72.1 I----m 72.2 72.2 72.2 72.2 72.3 72.3 72.4 flU 73.3

6 72.0 72.0 72.0 72.0 72.0 72.1 72.1 72.1 72.1 72.1 72.2 72.2 72.2 72.3 '-ni 724 72.2 72.3 72,4 72.4 72.3 72.3 72.1 72.1 72.3 72.3 72.3 72.3 72.3 72.4 72.4 72.5 72.9 73.8

7 60.0 65.0 72.0 72.0 72.0 72.0 72.0 72.0 72.0 72.1 72.1 72.1 72.2 72.2 72.2 72.3 72.3 72.6 72.7 72.9 72.9 72.7 72.6 72.7 72.6 72.5 72.4 72.3 72.3 72.4 72.4 72.4 72.4 72.4 72.4 72.5 72.6 73.5 74.2

8 37.2 80.3 65.2 71.8 71.6 71.8 72.0 72.0 72.0 72.1 72.1 72.1 72.2 72.2 72.3 72.4 72.6 72.8 73.1 73.2 73.4 73.4 733 73.1 72.9 72.8 72.8 72.5 72.5 72.5 72.5 72.5 72.5 72.5 72.5 72.5 72.6 73.1 74.1 74.5

9 38.7 80.4 65.3 71.2 71.7 71.9 72.0 72.0 72.1 72.1 72.2 72.2 72.2 72.3 72.5 72.7 72.9 130 73.4 73.8 73.8 739 739 73.6 13.2 72.9 72.7 72.6 72.5 72.6 72.8 72.7 72.6 72.6 72.6 72.6 72.7 13.7 74.4 74.8

10 36.2 49.3 605 65.3 71.1 71.7 71.9 72.0 72.0 72.1 72.1 72.2 72.2 72.3 72.6 72.8 730
~

13.3 73.7 74.0 74.2 743 745 74.3 73.6 73.1 72.8 72.7 72.7 73.1 734 732 72.9 72.6 72.7 72.8 73.2 74.1 747 75.0

37.3 48.6 56.3 65.4 71.5 72.0 71.9 72.1 72.2 72.6 73.2 73.6 'uo 74.8 753
--'---r---m 73.0 'n:9 1--

74.3 75211 72.0 72.1 72.2 72.4 73.0~ 73.3 75.0 75.1 751~ 73.3 73.0 72.6 73.0
~ _!42 73.8 72.9 73.6 74.9

12 38.1 40.6 48.2 58.8 0.0 72,4 72.8 72.0 72.0 72.1 72.4 72.6 72.6 72.9 73.1 73.3 73.4 73"5 f---ns 13.7 74.7I~ 76.2 784 76.5 76.0.~ 738 132 73.3 73.4 74.9 75.8 75.3 74.2 73.4 73.1 73.1 73.8 74,4 ""'75.0 75:3
..- -- --

13 37.1 42.3 48.9 57.3 70.2 73.2 72.8 72,4 72.1 72.2 72.9 73.3 73.2 73.3 73.5 73.6 73.7 74.0 741 74.1 78.4 77.2 775 777 77.5 771 77.2 76.9 788 768 785 77.2 77.6 77.8 75.7 74.1 73.5 73.5 73.8 74.3 U,9 75.4

14 38.1 39.6 43.7 50.2 58.8 716 i'7U 73.2 13.5 I---ni 72.4 73.3 73.7 73.6 J3.6 138 73.9 742 74.9 75.3 00 763 78.6 788 766 78 I 761 81.4 61.4 856 820 61.4 91.1 60.4 798 766 74.7 I---m 73.7 73.7 74.1 74.8 75.5

15 37.1 40.8 45.3 51.1 70:2 74.2 '"m 0.0 em 75.3 '""0'0 74.5 74.2 740 73.9 74.1 74.5 75.0 75.9 768 789 79.3 799 801 60 I 796 600 65.3 66.6 895 865 66.2 65.9 63.1 61.7 76.7 1".8 73.6~ 731 73.5 74.5 75.7

555 73.7 75.4 0.0 76.9
..-.r--w 144

1m --912 - 922-9' 0 -9''0 91'0 '86:0 -96-0 76:0 72'0 n:o """no -72"0 -'iiolZo '76016 39.2 39.4 43.9 49.1 76.4 76.0 77.5 75.6 746 743 75.4 76.3 77.2 76.0 80.3 61 1 8\ 4 8\ 5 615 626 699

17 43.0 47.4 54.5 55.2 65.1 75.4 76.6 77.6 0.0 764 792 78.0 76.4 75.4 74.7 742 74.7 76.9 76.2 76.7 79.6 'Bi': 62.0 624 62.6 828 633 648 95.6
--l

18 43.3 499 57.7 83.3 82.2 72.3 76.7 77.8 79.1 81.1 806 80.0 787 76.9 76 I 75.7 0.0 00 794 79.6 78.9 61.6 'au 839 6H 636 641 646 665 96.7

3=j---j--j-t=t=-j-j"-j-i=i-!=j--j-19 '--.s:s f-- -
81558.2 62.4 64.9 66.0 74.5 78.0 78.9 60.2 61.7 82.4 61.1 79.7 77.5 77.3 782 00 0.0 61.2 80.6 65.3 670 655 ·64.6 64:6 852 663 660 97.0

20 57:ii 65.2 :au ~ 904 65.7 676
._-- -- -- --- ---. ------- -- -- --_.-

62.0 66.7 69.2 77.0 79.4 80.1 81.3 62.5 63.3 629 61.0 79.4 79.4 80.7 0.0 65.0 82.6 8B 7 B71 85.9 B64 89." 97.0

~ 92.ii -
63.7 65.7 66.9 68.3 74.7 79.6 80.9 81.7 825 B3.5 64.4 84.1 63.6 60.9 Bl.0 81.6 868 B6.2 86.1 93.4 97.7 96.0 960 93.5 918 92.B 93.3 953 99.4

22 87.0 6B.3
--

103.5 102247.8 71.6 79.6 81.6 82.5 63.6 639 85.0 85.5 85.6 B6.2 0.0 B1.7 64.5 89.1 BB.5 93.0 101.1 1042 103.9 103.2 102.3 101.4 102.2 104.B
~.~ r.=-/=t=l-J

1 I-J--l-~--
23 88.8 69.5 69.6 76.8 81.5 83.2 64.2 B5.3 85.7 88.8 86.4 8B.2 B7.2 89." 65.0 69.4 99.9 103.9 986 106.5 110.2 111.8 Itl 7 111.5 110.7 1094 109.3 1090 113 3

24 70.2 71.0 73.7 81.7 83.4 85.0 85.9 B6.6 67.2 67.5 87.4 87.3 88.0 80.B 90.0 's9.2 1054 109.5 110.1 tl2.1 115.6 117.6 tl6.6 119.0 116.3 117'6 1165 113.4 -
--f- .----

A~
71.5 72.6 78.7 83.6 85.5 86.8 87.3 68.1 BB.6 69.7 89.2 89.0 88.6 64.5 100.4 102.3 tl2.3 120.4 122.9 121.0 122.0 124.1 120 125.6 124.8 125.7 1251 _______ ._§§
74.8 76.3 62.6 65.5 87.3 88.4 89.2 90.4 83.6 as.6 85.1 83.8 64.7 88.6 103.6 116.3 ~~ 129.0 1286 128.6 128.7 130.3 1294 131.8m 27 82.0 83.1 65.8 68.0 89.8 90.8 82.6 957 1006 103.3 106.1 105.8 105.B 107.6 114.6 127.2 126.2 130.0 132.3 135.4 138.7:~ _______ .____--- --- ~-:--.~~~:_ ___1=I=I=I-1-I=l=I=I=I=1=I=I=:0 1-135:1 '0028 88.0 86.0 69.1 90.5 82.1 839 97.2 102.3 107.3 111.3 115.1 116.5 117.2 tl9.3 125.2 132.2 -2a

f----- 1--- - ---- --
-~ 88.7 80.6 81.8 64.1 87.2 101.8 109.5 113.1 ~!:! 120.0 121.0 123.6 127.9 128.2-- -- -- --- -- - '--

3D 90.0 88.3 90.4 82.7 86.9 102.6 10B.8 114.8 118.0 122.5 125.7

oa
N
o
(,)

Figure 4-38 Predicted Water Table For Landfill Cap With
Trench Under Flood Conditions (tt)
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~ Figure 4-40 Boundary Conditions For Landfill Cap With Uphill Trench And Toe Drain
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Figure 4-41 Predicted Water Table For Landfill Cap
with Uphill Trench and Toe Drain (ft)
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5.0 REVISED GEOTECHNICAL EVALUATION

Detailed geotechnical evaluations, including stability and settlement analyses, were previously performed in

conjunction with preparation of the remedial· design for the Area A Landfill. The results of these analyses

were presented in the Design Analysis Report (B&R Environmental, May 1995). However, in response to

SUbsequent discussions with the·USEPA and CTDEP, the Navy elected to perform an additional Modeling

Field Investigation described in Section 2.0 of this report. The results of this Modeling Field Investigation

were then utilized in conjunction with existing site characterization data, to evaluate the validity of input data

that was used for the stability and settlement analyses· presented in the Design Analysis Report. These

analyses were modified, if appropriate, based upon the criteria described in the GroundwaterjLeachate

Modeling Study Letter Work Plan, attached to this report as Appendix A.1. The corresponding appendices

(C and D) of the Design Analysis Report have been revised, and the revised stability and settlement analyses

are attached to this report as Appendices F.1 and F.2, respectively. A detailed discussion of the data

evaluation and subsequent calculation revisions is provided below.

5.1 INPUT DATA

5.1.1 Stratigraphic Evaluation

As part of the Modeling Field Investigation activities, several additional test borings were installed throughout

the Area A Landfill. Descriptive logs for these test borings are attached to this report as Appendices C.1

and C.2. A summary of descriptive logs for preViously installed test borings and wells is also attached to

this report as Appendix C.3. The borings logs from both sources were used to prepare surface contour

maps, utilizing an advanced site design software program (TERRAMODEL~) for each of the major lithologic

units, as presented on Figures 3-1, 3-3, 3-4, and 3-5. Several stratigraphic cross-sections were then

developed, at various locations along the northern slope of the Area A Landfill. A comparative review of

these cross-sections was performed, and a "most critical" cross-section was identified. It was established

that the selected "most critical" cross-section was, in fact, very similar to that utilized for the slope stability

analyses presented in the Design Analysis Report. Nevertheless, additional slope stability analyses were

performed, based upon the more recently developed "most critical" cross-section, and these are attached

to this report as Appendix F.1. A discussion of the results of the slope stability analyses is provided in

Section 5.2.

129511/P 5-1 CTO 203
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5.1.2 Evaluation of Dredge Spoil Homogeneity

A detailed evaluation was performed of the homogeneity of the dredge spoil layer beneath the Area A

Landfill. This review was based upon a compilation of test boring logs obtained during the Modeling Field

Investigation and past subsurface investigations at the Area A Landfill. A series of cross-sections were

developed utilizing several of the test borings, as shown on Figure 3-1; these cross-sections are presented

on Figures 5-1 through 5-3. Corresponding blow counts obtained within the dredge spoil layer were also

plotted on these cross-sections, such that any stratification or other discontinuities of dredge spoil strength

(based upon the blow counts) would become evident. As is apparent with all of the cross-sections, the blow

counts do not show appreciable variability with depth. Therefore, it was concluded that anomalously "weak"

layers do not exist within the dredge spoil material beneath the Area A Landfill, and the dredge spoil layer

can be adequately modeled, for the purposes of stability analyses, as a single layer..

.5. 1.3 Verification of Dredge Spoil Strength Properties

For stability analyses provided in the Design Analysis Report, dredge spoil strength properties were

established based upon minimum strength values obtained from triaxial tests performed on three

representative undisturbed soil samples (sample numbers LF-SB01-21, LF-SB01-23, and LF-SB02-19). A

correlation was made between the triaxial test results and blow counts by plotting the undisturbed sample

locations on the cross sections described above (see Figure 5-3). It was concluded that the triaxial test

results were suitable as conservative average strength values for the dredge spoil material because the blow

counts recorded adjacent to the undisturbed samples compare favorably with the average values for the

overall dredge spoil layer.

During the Modeling Field Investigation, two additional undisturbed dredge spoil samples were collected,

as described in Section 2.0 of this report. In particular, one of the samples was obtained in the proposed

crane test pad area, to further characterize dredge spoil strength parameters in this area of potentially acute

loading. Triaxial strength tests were performed on the samples, and the results were compared to the values

obtained from previous testing as well as the average values utilized in the stability analyses:

129511/P 5-2 eTC 203
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Total Stress Effective Stress
Data Source Sample No.

c(psf) o (0) c' (psf) o (0)

Geotechnical Field Investigation LF-SB01-21 346 14.8 130 37.5
(February 1995)

LF-SB01-23 389 11.8 216 30.6

LF-SB02-19 173 14.8 72 35.3

Modeling Field Investigation 7/2 LMW34D 331 10.1 0 44.4
(October 1995)

2/2 LMW28D 446 12.4 202 36.9

Assumed values for slope stability analyses 170 11.8 72 30.6

It was concluded that the new values were generally consistent with those obtained previously, and that the

average values utilized in the stability analyses were valid. In addition, the strength parameters of the dredge

spoil material in the crane test pad area were judged to be consistent with the properties of the dredge spoil·

in other areas of the Area A Landfill.

5.1.4 Establishment of Water Table Conditions

Groundwater table elevation measurements from the Modeling Field Investigation were used to develop a

groundwater table contour map (Figure 3-9 in back pocket) within the Area A Landfill, utilizing the previously

mentioned Terra Model software program. These contours were used to compute stability analyses. to

evaluate short-term loading conditions, iml'!lediately following construction of the landfill cover system. For

long-term conditions, following emplacement of the landfill cover system, the results of the groundwater

model discussed in Section 4.0 of this report were used to establish the corresponding groundwater table

elevation.

5.2 STABILITY ANALYSES

The stability analyses provided in the Design Analysis Report were revised, as required, based upon the

revised input data described above. The PC STABL 5M computer software, a two-dimensional limiting

equilibrium slope stability program, was utilized to perform the analyses. A (revised) comprehensive stability

analysis was computed for the Area A Landfill, and is attached to this report as Appendix F.1.

129511/P 5-3 CT0203
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5.2.1 Short-Term Conditions

Short-term stability analyses were performed to assess conditions immediately following construction of the

Area A Landfill cover system. It should be noted that significant waste excavation will be performed prior

to cover material placement, such that no appreciable net increase in loading conditions will occur. For

short-term conditions, total stress parameters were assigned to the dredge spoil material. For purposes of

the total stress analysis ([SA), groundwater table elevation data was used to assign moist versus saturated

soil unit weight conditions within the various soil layers. However, a piezometric surface was not assigned

to the dredge spoil layer. If the piezometric surface had been included as part of the model, the PC STABL

5M computer software would have deducted the calculated hydrostatic pressure from the. calculated

overburden stress, when determining shear strength, for any given failure surface. The approach utilized

for these analyses is consistent with pUblished guidance for total stress analyses (Lambe & Whitman, 1969).

Assuming that the soils that lie immediately underneath the toe of the cap are landfill material (as currently

anticipated). the minimum factor of safety is about 1.3. In the event that the soils that lie immediately

underneath the toe of the cap are dredge spoil materials (a very conservative assumption), the minimum

f~ctor of safety is about 1:1. It is judged that the estimated factors of safety are acceptable for short-term

loading conditions.

5.2.2 Long-Term Conditions

Long-term stability analyses were performed to assess "steady-state" conditions following construction of

the landfill cover system after groundwater table elevations have been adjusted in response to reduced

infiltration through the landfill cover. For long-term conditions, effective stress parameters were assigned

to the soil materials. For purposes of the effective stress analysis (ESA), groundwater table elevations were

established based upon the results of the groundwater model described in Section 4.0 of this report. The
I

minimum factor of safety for the effective stress analyses was determined to be 1.4, and is judged to be

acceptable.

5.2.3 Flood Conditions

For the Design Analysis Report, analyses were performed to assess the stability of the northern slope of the

Area A Landfill, in response to flood conditions in the adjacent Area A Wetland. For these analyses, it was

assumed that the groundwater table within the landfill would rise approximately four feet above normal

conditions, consistent with the peak wetland pool elevation as a result of a 1DO-year, 24-liour storm event.

This approach results in a very conservative evaluation, because the duration of the flood event is unlikely

to be sufficient to affect a consequential rise of the water table within the landfill. To better assess these
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conditions, a sUbsequent evaluation was performed to estimate the time-dependent response of the

groundwater table elevation within the landfill to the peak flood event within the wetland. The calculations,

which are discussed in Section 4.5 of this report and are attached as Appendix D.4, demonstrate that the

time-dependent response of the groundwater table elevation within the landfill to the peak flood event will

be approximately 0.1 feet/day. Therefore, no substantial response of the groundwater table elevation within

the landfill is anticipated, because the peak pool condition in the Area A Wetland is already reduced by

about 15 percent just 6 hours after the peak occurs. Accordingly, no additional stability analyses for this

condition is warranted.

The Area A Landfill cover system design provided with the Design Analysis Report includes a toe

reinforcement system along the northern slope of the landfill, to be constructed of rock-filled gabion baskets.

This reinforcement was designed to offset hydrostatic uplift beneath the cover system that would result from

an assumed 4-foot rise of the water table within the landfill. As demonstrated by the previously discussed

calculations, this condition was an unduly conservative assumption and the gabion reinforcement system

is not required to offset hydrostatic uplift.

5.2.4 Crane Test Pad Area

For the May 1995 Desfgn Analysis Report, analyses were performed to assess the stability of the northern

.slope of the Area A Landfill, in the area of the proposed crane test pad. As described in Section 5.1.3, an

additional undisturbed dredge spoil sample was collected to further characterize the strength properties of

the dredge spoil in this area. It was concluded that the results from the additional triaxial test were

consistent with the values used in the previous stability analyses. Therefore, the previous stability analyses

performed for the crane test pad area were judged to be satisfactory, and no additional analyses were

performed in conjunction with this report.

5.3 SETTLEMENT ANALYSES

The settlement analysis proVided in the Design Analysis Report was performed to determine the effect of

surface regrading and changes in groundwater elevation on the proposed grades of the final Area A Landfill

cover system. This analysis has been modified as part of this report, based upon:

• The refined stratigraphy developed from the results of the Modeling Field Investigation.

Current groundwater table elevation data, based upon most recent field measurements.

Estimated groundwater table elevations following construction of the landfill cover system, based

upon results of the Groundwater/Leachate Modeling Study.
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The additional settlement analysis indicates that the slope of the final Area A Landfill cover system will meet

the minimum standard of 3· percent, following settlement, based upon a construction design grade of

3.3 percent.
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6.0 TOE DRAIN SYSTEM EVALUATION

6.1 CONCEPTUAL DESIGN OF TOE DRAIN SYSTEM

In conjunction with the GroundwaterILeachate Modeling Study, a conceptual design was prepared for a toe

drain system along the northern limit of the proposed Area A Landfill cover system. The toe drain system

is shown on Figure 6-1. Design calculations for the toe drain system are attached to this report as

Appendix H.l. The toe drain would be constructed of a coarse aggregate collection area, segregated from

the adjacent soils by a geotextile fabric. An HOPE geomembrane would be placed on the downslope face

and bottom of the trench, to minimize inflow from the adjacent Area A Wetland. The maximum elevation

of the bottom of the toe drain would be the upper surface of the dredge spoil layer, and the drain would be

sloped to provide positive drainage into a series of collection sumps. A perforated drain pipe would be

embedded within the aggregate, and would discharge directly into the collection sumps. Intercepted

groundwater would be accumulated within the collection sumps, until a self-actuated pumping system

evacuated the sumps, and pumped the groundwater to a treatment system.

Based upon past discussions between the Navy and the local Publicly Owned Treatment Works (POTW),

it is anticipated that the Navy will be unable to secure discharge privileges to the POTW collection system,

either with or without pretreatment by the Navy. Therefore, for the purposes of this evaluation, it has been

assumed that the Navy must construct and operate a compreh~nsive on-site treatment facility, sufficient to

receive NPDES permitting for'discharge to a nearby watercourse.

It is estimated that about 80,000 gallons per day (gpd) of groundwaterIleachate would be collected by the

toe drain system. For the purpose of this evaluation, it was also assumed that this facility would have a

design capacity of about 100,000 gpd, and would consist of a bag filtration system for the removal of

suspended materials followed by a liquid-phase granular activated carbon adsorption system for the removal

of the trace organic contaminants that may be present in the toe drain effluent.

6.2 STABILITY ANALYSES

Long-term stability analyses were performed to assess "steady-state" conditions following cover system and

toe drain construction, after the water table has been adjusted in response to reduced infiltration through

the landfill as well as groundwater collection from the toe of the north slope. For long-term conditions,

effective stress parameters were assigned to the soil materials, and the location of the water table surface

129511/P 6-1 CTQ203
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\

was established based upon the results of the groundwater model. The minimum factor of safety for the

effective stress analyses was determined to be 1.5.

6.3 COMPARISON OF TOE DRAIN SYSTEM WITH CURRENT CAP DESIGN

A comparison was made of the current Area A Landfill cover system design to a revised design that

incorporated a toe drain system along the northern boundary of the landfill. Three criteria were used for the

comparative evaluation:

Impact on slope stability of the north slope area.

• Reduction of the discharge of potentially contaminated groundwater to the wetland area.

• Cost of construction and operation.

For long-term conditions, the proposed Area A Landfill cover system as currently designed provides a

minimum factor of safety of 1.4, whereas the addition of the toe drain system provides a minimum factor

of safety of 1.5.. The factor of safety is not significantly increased by the addition of a toe drain system

because that system only produces a modest change in the groundwater table elevations within the landfill.

Based upon the results of the groundwaterjleachate modeling it is estimated that addition of a toe drain

system as described in Section 6.1 to the proposed Area A Landfill cover system as currently designed

would result in a higher hydraulic gradient and groundwater velocity towards the Area A Wetland. This

would increase the estimated groundwaterjleachate outflow from the Area A Landfill to the Area A Wetland

from about 23,000 gpd to about 80,000 gpd. Impact of the toe drain system on the mass flux of

contaminants of concern (COCs) from the Area A Landfill to the Area A Wetland is discussed in

Section 4.7.5.

Construction of the toe drain system, collection sumps, treatment system, etc. is estimated to cost

approximately $1.6 million. Operation of the system over a 30 year period will require a present worth cost

of approximately $1.4 million, resulting in an overall cost of about $3 million. Breakdowns for these cost

estimates are attached to this report as Appendix H.2. It is judged that the cost associated with inclusion.

of the toe drain system is substantial, because in comparison the overall cost associated with construction

of the Area A Landfill cover system as currently designed is about $3.5 million.

•
129511/P 6-3 CTO 203·
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7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

Based upon the results of the GroundwaterjLeachate Modeling Study, as discussed in Sections 2.0 through

6.0, the following conclusions were developed:

The Area A Landfill cover system as currently designed will reduce groundwater elevations, and

consequently the thickness of saturated fill material, by about 0.1 feet along the Area A Wetland

boundary, by about 0.5 feet at the eastern end of the landfill, by about 0.2 feet in the center of

the landfill, and by over a foot at the western end of the landfill.

• Addition of a toe drain system to the Area A Landfill cover system as currently designed would

further decrease the thickness of saturated fill. material by 1.0 to 1.5 feet along the Area A

Wetland boundary, by 1.0 to 1.5 feet at the east end of the landfill, and by 0.1 to 0.5 feet at the

center of the landfill. Addition of a toe drain system would have no significant effect on the

thickness of saturated landfill material at the west end of the landfill. <,

Revised stability analyses based upon the results of the groundwaterjleachate modeling and

additional geotechnical testing of the dredge spoil material confirmed that the short- and long

term slope stability of the Area A Landfill cover system as currently designed is acceptable. In·

particular. revision of the stability analyses resulted in an increase of the long-term slope stability

factor from 1.3 to 1.4. The revised analyses also confirmed the adequacy of the stability for the

northern slope of the Area A Landfill at the stress-critical crane test pad area.

.• Addition of a toe drain system to the proposed Area A Landfill cover system as currently

designed would not appreciably improve slope stability, only increasing the long-term slope

stability safety factor from 1.4 to 1:5.

• The Area A Landfill cover system as currently designed will reduce the mass flux of COCs from

the landfill to the Area A Wetland by 16 to 55 percent. Mass flux of COCs from the landfill to the

wetland under existing conditions were estimated. at about one gram per year for most COCs,

with maxima of 156 grams per year for benzene and 2.890 grams per year for chiorobenzene.

129511/P 7-1 eTa 203
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•. Based on an analysis of groundwaterjleachate concentrations collected in a toe drain, all COC

concentrations would be less than MCl criteria (for COCs with available MCls). This result

suggests that even if groundwaterjleachate were collected in a toe drain, the collected water

would meet drinking water standards.

• The addition of a toe drain system to the Area A Landfill cover system as currently designed

would increase estimated construction costs by almost 50 percent from about $3.5 million to

about $5.1 million. The limited, and un-necessary, increase in slope stability provided by the toe

drain cannot therefore be characterized as cost-effective.

• A more detailed modeling analysis of flooding conditions resulting from a 1DO-year, 24-hour

storm event revealed that the maximum head differential between .the elevation of the water table

beneath the Area A Landfill cover system anq that of the water surface in the Area A Wetland will

be only a fraction of one foot, which is much smaller than the 4 feet which had been previously

assumed. As this assumption of 4 feet of head differential had peen used as a basis for the

current design of the gabion-reinforced toe, such a conservative design may not be required.

A detailed blow count analysis for soil borings installed in the dredge spoil for representative

cross-sections throughout the Area A Landfill showed that the dredge spoil can be modeled as

a single layer for the purpose of stability analyses with no ev,dence of "lenses" of weaker material

being present.

Revised settlement analyses based upon the results of the modeling work and additional

groundwater level measurements confirmed that the slope of the proposed Area A Landfill cover

system will meet the minimum standard of 3 percent, follOWing settlement.

7.2 RECOMMENDATIONS

Based upon the above conclusions, it is recommended that the current design of the Area A Landfill cover

system not be modified and that a toe drain system not be added.

129511/P 7-2 eTC 203
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Brown &Root Environmental

FlJ~ter Plill., VII
061 Amier.-:<.'n Dri \'l'

Pittsburgh, PA 15220-2745

A Division of Halliburton NUS Corporation

C-49-09-5-068
September 6, 1995
Project Number 5082

Mr. Mark Evans
Northern Division (Code 1823)
Naval Facilities Engineering Command
Mail.Stop 82, 10 Industrial Highway
Lester, PA 19113-2090

(412) 921-7lNO
FAX: (412) 921-4{).l{)

Reference:

Subject:

CLEAN Contract N62472-90-D-1298
Contract Task Order No. 203

I

Draft Groundwaterlleachate Modeling Study Letter Work Plan
Area A Landfill Design
Naval Submarine Base New London, Groton, Connecticut

Dear Mr. Evans:

As per our phone conversation of today, please find attached one (1) copy of the referenced letter work
plan. Three (3) copies of this document are being sent today, via express mail, to Ms. Kymberlee Keckler
at U.S. EPA and Mr. Mark Lewis at CTDEP. One (1) copy of this document is also being sent today to Jim
Briggs.

The only difference between the attached document and the one which was faxed to you yesterday is that
the company name and logo of Brown & Root Environmental was substituted to that of Halliburton NUS
as per instructions from our Program Office.

Very truly yours,

~ean-LUc Glorieux, P.E.
Project Manager

JLGfJlg

Attachment
cc: Mr. Roger B9ucher, NORTHDIV (letter only)

Mr. Jim Briggs, NORTHDIV (1 copy)
Mr. John Trepanowski, Brown & Root Environmental, Wayne (1 copy)
Mr. Daryl Hutson, Brown & Root Environmental, Pittsburgh (letter only) .

R~5082. I

A Halliburton Company
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1\ Division of h<:!!:l;unor. ;,!US Corpuration

C-49-09-5-Q61
September 6, 1995
Project Number 5082

Ms. Kymberlee Keckler
Remedial Project Manager
U.S. Environmental Protection Agency - Region I
Waste Management Division - HAN-CAN1
J.F.K. Federal Building
Boston, Massachussett s 02203-2211

rostL'r PI,v,l V II
661 Andl'~en !Aivl'

ritl-;buq~h.I'A 15'"1ll-274:;

(.:l12> 921·7()90
fAX: (412) 921-40·fi)

Reference:

Subject:

CLEAN Contract N62472-90-D-1298
Contract Task Order No. 203

Draft GroundwaterlLeachate Modeling Study Letter Work Plan
Area A landfill Remedial Design
Naval Submarine Base New London, Groton, Connecticut

Dear Ms. Keckler:

On behalf of the U.S. Navy, Northern Divh;ion Naval Facilities Engineering Command (the Navy), Brown
& Root Environmental (Brown & Root), a division of Halliburton NUS Corporation, is pleased to submit to
the U.S. r,lvironmental Protection Agoncy Region I (USEPA) three (3) copies of a draft letter work plan
for a GrGundwater/Leachate Modeling Study to assess the impact of the installation of a cap and upgradient
interception trench for the Area A Landfill at Naval Submarine Base New London (NSB NLON).

Following your review of the attached document, thB Navy would like to meet with USEPA and the
Connecticut Department Of Environmental P~;)tection (CIDEP) in Boston at the earliest possible date,
possibly on September 19 or 20, 1995, to this work plan and to rear!; a u:::nomsus on the scope of the
proposed modeling study so that the work may proceed in a timely fashion. .

In the meantime, if you hav~ any questin.,s 01 comments regarding the att9ched document, please feel free
to contact Mr. Mark Evans at (010) ~95-0567, Ext. 162.

Sincerely yours"

c-..;:' ean-Luc Glorieux, P.E.
Project Manager

A,iCichment
.ILGfj!g
cc: Mr. Roger Boucher, NORTHDIV (letter or.ly)

Mr. Mark Evans, NORTHl)!V (letter c;nly)
Mr. Jame~ Briggs. NOR"I'HD!'! (le;ter only)
Mr. John Trepanov.'ski, Brown & Root Environnlental, Wayne (l'9tter only)
Mr. Daryl HutSOIl, Brown & Root Elwironmentr.·I, Pittsburgh (letter only)
File 5082

A Halliburton Compan\'



·~ Brown &Root Environmental
A Division of Halliburton NUS Corporation

C-49-09-5-062
September 6, 1995
Project Number 5082

Mr. Mark Lewis
Environmental Analyst 2 .
Connecticut Department of Environmental Protection
Bureau of Water Management· PERD
79 Elm Street
Hartford, Connecticut 06106-5127

Foster 1'1<1i',1 VII
(-,01 Anders....n DriVl'

f'ittsburgh.I'A LjT'O-27ol:i

(412) 921-70"Xl
FAX: (oll::!) 921-4040

. Reference:

Subject:

Dear Mr. Lewis:

CLEAN Contract N62472-90-D-1298
Contract Task Order No. 203

Draft GroundwaterlLeachate Modeling Study Letter Work Plan
Area A landfill Remedial Design
Naval Submarine Base New London, Groton, Connecticut

On behalf of the U.S. Navy, Northern Division Naval J:=acilities Engineering Command (the Navy), Brown
& Root Environmental (Brown & Root), a division of Halliburton NUS Corporation, is pleased to submit to
the Connecticut Department Of Environmental Protection (CTDEP) three (3) copies of a draft letter work
plan for a GroundwaterlLeachate Modeling Study to assess the impact of the installation of a cap and
upgradient interception trench for the Area A Landfill at Naval Submarine Base New London (NSB NLON).

Following your review of the attached document, the Navy would like to meet with CTDEP and the U.S.
EPA in Boston at the earliest possible date, possibly on September 19 or 20, 1995, to discuss this work
plan and to reach a concensus on the scope of the proposed modeling study so that the work may proceed
in a timely fashion. .

In the meantime, if you have any questions or comments regarding the attached document,' please feel free
to contact Mr. Mark Evans at (610) 595-0567, Ext. 162.

Sincerely you rs,

an-Luc Glorieux, P.E.
Project Manager

Attachment
JLGfjlg
cc: Mr. Roger Boucher, NORTHDIV (letter only)

Mr. Mark Evans, NORTHDIV (letter only)
Mr. James Briggs, NORTHDW (letter only)
Mr. John Trepanowski, Brown & Root Environmental, Wayne (letter only)
Mr. Daryl Hutson, Brown & Root Environmental, Pittsburgh (letter only)
File 5082

A Halliburton Company
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LETTER WORK PLAN
GROUNDWATER/LEACHATE MODELING STUDY

AREA A LANDFILL REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW LONDON

GROTON, CONNECTICUT

Submitted by Brown & Root Environmental
September 6, 1995

1.0 INTRODUCTION

1.1 Project Background

This letter work plan describe the proposed activities of the Groundwater/Leachate Modeling Study for the
Area A Landfill at Naval Submarine Base New London (NSB NLON) in Groton, Connecticut. This modeling
study is performed in support of and as part of Contract Task Order (CTO) 0203 for the design of a cover
system (cap) for the Area A Landfill under the Comprehensive Long-Term Environmental Action Navy
(CLEAN) Contract Number N62472-90-D-1298.

The Area A Landfill is located in the northeastern/north-central section of NSB NLON, encompassing an area
of approximately 9.5 acres. The Area A landfill is a relatively flat area bordered to the south by a steep
wooded hillside, to the west by a steep wooded ravine, and to the north by the Area A Wetland. The landfill
opened for disposal of non-salvageable materials generated by submarines and base operations prior to
1957 and was closed during 1973. Several structures/functions including salt and sand storage, deployed
parking, and crane testing are still currently active at the landfill.

A Phase I and Phase II Remedial Investigation (RI) were conducted by Atlantic Environmental SeNices, Inc.
(Atlantic, August 1992) and Brown & Root Environmental, a division of Halliburton NUS Corporation (Brown
& Root, March 1995). respectively. A Focused Feasibility Study (FFS, May 1995), Proposed Remedial Action
Plan (pRAP, June 1995) were also prepared by Atlantic and Brown & Root. A draft Record Of Decision
(ROD) was also prepared for this site and is currently under final review for signature by the Navy and U.S.
EPA Region I (EPA). A Remedial Design was also prepared by Atlantic (July 1994) for the proposed landfill
cap. This design was subsequently amended and finalized by Brown & Root (May 1995).

1.2 Modeling Study Objectives and Approach

The primary objective of the Groundwater/Leachate Modeling Study is to predict the impact upon the flow
rate and quality of the groundwater/leachate discharge at the toe of the Area A Landfill as a result of the
installation of an impeNious cap and upgradient interception trench. The secondary objective of the
modeling study is to compare the slope stability effectiveness and cost of the gabion-reinforced toe of the
current landfill cap design with those ofa cap featuring a toe drain system. Also as part of this study the
dredge spoil stability and cap settlement analyses will be refined based upon additional site-specific
geotechnical data.

As shown on Figure 1-1. the groundwater and leachate outflow from the Area A Landfill (QF) is the result of
three main components including: the precipitation infiltrating through the ground surface to the water table
(QI)' the upgradient groundwater and surface run-off inflow (Qsl. and the groundwater upflow gradient from
bedrock through the overburden (dredge spoils or alluvium) into the landfilled mass (Qo)' Depending on
which component is predominant. the impact of installing an impeNious landfill cap and upgradient
interception trench on QF mayor may not be significant since such a system will greatly reduce Q1 and, to
a lesser extent, Qs bu~ will leave Qo mainly unaffected.
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The sequence of activities for the Groundwater/Leachate Modeling Study is shown on Figure 1-2 and will
consist of three main steps:

The first step will consist of gathering the necessary site-specific geological, hydrogeological, geotechnical,
and analytical data to fulfill the objectives of the Groundwater/Leachate Modeling Study. This information
includes pertinent data from previous site investigations as well as new data which will be obtained from an
"additional field investigation.

The second step will consist of the modeling effort itself. The site-specific information gathered during the
first step will be fed into proven electronic softwares (HELP and MODFLOW) to develop a realistic
representation of the existing and future hydrogeological conditions in and around the Area A Landfill.

The third step will consist of using the models developed during the second step to predict changes in
hydrogeological conditions and contaminant migration as a result of the installation of an upgradient
interception trench and impervious landfill cap, with or without a toe drain system. These predictions will
then replace previous assumptions and the slope stability analysis of the gabion-reinforced toe of the current
landfill cap design will be refined and compared to that of a cap featuring a toe drain system. As part of
the modeling study's third step, some of the new geotechnical data gathered during the first step will also
be used to refine the dredge spoils stability and cap settlement analyses.

1.3 Work Plan OrganiZation

This letter work plan includes seven (7) sections. Section 1 is this brief introduction. Section 2 discussed
the review of the existing data and the determination of additional data requirements. Section 3 describes
the fielcj investigation which will be performed to obtain the additional site-specific data required to support
the modeling effort. Section 4 describes the modeling effort itself. Section 5 discusses the interpretation
of the modeling results and the comparison of cap design options. Section £3 provides an outline of the
Groundwater/Leachate Modeling Study report. Section 7 describes the sequence and purpose of the
technical meetings and presentations associated with the Groundwater/Leachate Modeling Study. A Field
Sampling and Analysis Plan (FSAP) is attached to the work plan as Appendix A to describe the well and
piezometers installation, sampling, and geotechnical and analytical testing procedures for the field
investigation. Oversize figures illustrating the field investigation are attached as Appendix B.

2.0 EXISTING DATA REVIEW

The existing geological and hydrogeological data from the previous above-mentioned site investigations was
reviewed for use as modeling input and to "determine additional data requirements.

The results of this review, which is essentially complete. revealed that the following additional data was
required to support the modeling effort:

• Surface permeability data to model Q1 under existing conditions
• Horizontal hydraulic conductivity data to model Os
e Groundwater elevation and horizontal and vertical hydraulic conductivity data to model QD

• Geologic data to refine site stratigraphy and define model layers
• Upgradient groundwater hydrogeological data to determine modeling boundary conditions
• Groundwater and surface water elevation data to calibrate the groundwater model
o Groundwater/leachate quality data to compute contaminant transport and loading

In addition, it was determined that additional geotechnical data was required to refine the stability and
settlement analyses of the dredge spoil in structurally sensitive areas of the currently designed landfill cap.
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3.0 FIELD INVESTIGATION

3.1 Objectives, Approach, and Rationale

The objective of the field investigation is to obtain the additional site-specific data identified in Section 2.0
above.

The site-specific surface permeability data required to model Q1 will be obtained by performing percolation
tests at locations selected as representative of current landfill cover conditions.

The site-specific horizontal hydraLilic conductivity data required to model Qs will be obtained by performing
slug tests in existing and new wells installed in the landfilled mass and underlying overburden along
transects selected as representative of the most significant site hydrogeological conditions.

The site-specific groundwater elevation and vertical and horizontal hydraulic conductivity data required to
model 0 0 will be obtained by measuring groundwater level in newly installed upgradient bedrock wells and
dredge spoil/alluvium wells and by testing for permeability samples of dredge spoil or alluvium collected
from the above-mentioned new wells installed in the overburden underneath the landfilled mass.

The site-specific geological data required to refine site stratigraphy and define model layers will be obtained
from the boring logs of the new piezometers, wells, and soil boring.

The site-specific data required to develop groundwater/leachate model boundary conditions will be obtained
by performing slug tests in newly installed upgradient bedrock wells and by measuring the flow of the
groundwater seep in the dike at the western end of the landfill into the OBDA.

The site-specific data required to calibrate the groundwater/leachate model will be obtained by taking
groundwater elevation measurements for newly installed piezometers and existing and newly installed staff
gauges and overburden and bedrock wells.

The site-specific geotechnical data required to refine the dredge spoil stability and settlement analyses will
be obtained by testing for triaxial compression samples of dredge spoil collected from a new soil boring
installed at the proposed location of the crane test pad and from that of the above-mentioned new
overburden wells with the weakest dredge spoils strength as determined by the lowest blow count.

The site-specific data required to develop a conceptual mass flux model for contaminant transport will be
obtained by collecting and analyzing the groundwater seep in the dike at the western end of th~ landfill into
the OBDA.

The surface water level in the wetland will be measured by installing new staff gauges along the wetland
landfill boundary.

As part of the field investigation, the location of all new piezometers, wells. and staff gauges will also be
surveyed.

3.2 Description

3.21 Percolation Tests

Percolation tests will be performed in locations deemed to be most representative of the following five types
of existing landfill cover:

• Roadway surfaces
• Graveled areas near roadway surfaces
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Sand storage area
Deployed parking area

• Vegetated areas

Two percolation tests will be performed for each of the above-listed type of surface soil for a total of ten (10)
percolation tests. Percolation tests will be performed in accordance with the U.S. Department of Interior
(DOl) Sureau Of Reclamation, Method Des-E.18 (Earth Manual, 2nd. Edition, 1974). A detailed description
of the percolation test procedures is also provided in the FSAP attached to this work plan as Appendix A.

3.2.2 Installation Of New Piezometers, Wells, and Staff Gauges

As shown on Figure 3-1, new piezometers, wells, and staff gauges will be installed along three transects
on and around the Area A Landfill, including A-A' crossing the west end of the landfill, S-S' crossing the
deployed parking, and C-C' crossing the east end of the landfill. Cross sections of transects A-A', S-S', and
C-C' are shown on Figures 3-2, 3-3, and 3-4, respectively. Figures 3-1 through 3-4 are attached to this work
plan as Appendix S.

It is important to gather information along three transects because of geological and hydrogeological
differences across the landfill. For example, the depth to bedrock and alluvium thickness are greater along
transects S-S' and C-C' than along transect A-A'. While the total thickness of the landfilled mass is fairly
consistent (based on existing boring logs), the saturated thickness of that mass is less along transect A-A'
than along transects S-S' or C-C'. Another example is that a comparison of the groundwater level
measurements taken in March, 1994 to those taken in August, 1994 (Phase /I RI) shows a variation of 7 feet
upgradient of transect S-S' but of only about 2 to 3 feet upgradient of transects A-A' and C-C'.
The location of each transect was selected as being representative of significant and site-specific
hydrogeological conditions and to maximize the use of existing data points.

Transect A-A'is located at the west end of the landfill because in this area there is little evidence of
groundwater or leachate discharge from the toe of the landfill into the adjacent wetland which is most often
relatively dry. Also, in this area existing upgradient overburden/bedrock well clusters (4MW1 S, 4MW1 D,
4MW4S, 4MW4D) are available for testing and there are a large number of existing soil borings data points.

Transect S-S' is located across the deployed parking because in this area, in contrast to the west end of
the landfill, surface water is most often present in the wetland immediately adjacent to the landfill toe. In
this area there is also evidence of a much greater thickness of alluvium in the overburden underneath the
dredge spoil and landfilled mass. Finally, an existing upgradient overburden/bedrock well cluster (2LMW8S,
2LMW8D) isavailable in "this area for testing. .

Transect C-C' is located at the east end of the landfill because, in this area, it is not known if dredge spoil
materials are present and there is also evidence of a great thickness of alluvium in the overburden
underlying the land filled mass. An existing upgradient overburden/bedrock well cluster (2LMW20S,
2LMW20D) is also. available in this area for testing.

Along each transect, it is important to gather information from at least two well clusters so that the shallow
groundwater flow gradient toward the wetland and the upward gradient from materials beneath the landfilled
mass can be established. Along each transect the following new data points will be installed:

o One (1) staff gauge in the wetland at the wetland-landfill interface
o One (1) eJrive-point piezometer at the wetland-landfill interface
o Two (2) overburden wells installed in the landfilled mass
o Two (2) overburden wells installed in the dredge spoil or alluvium uncferlying the landfilled mass
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A total of three (3) new piezometers, twelve (12) new overburden wells, and three (3) staff gauges will be
installed along transects A-A', B-B', and C-C'. An additional five (5) new staff gauges will also be installed
along the wetland-landfill boundary between the transects.

In addition, to establish hydrogeological boundary conditions, two (2) new upgradient bedrock wells will be
installed near Wahoo Avenue at the top of the hill overlooking the landfill.

Finally, to determine dredge spoil strength under the proposed new location for the crane test pad, one (1)
new soil boring will be installed at that location.

Staff gauges and piezometers will be hand-driven, overburden wells and soil boring will be drilled with a
hollow stem auger, and bedrock wells will be drilled with a rotary roller bit. Detailed information regarding
piezometers and wells size, construction, and installation procedure is proVided in the FSAP which is
attached to this Work Plan as Appendix A.

3.2.3 Groundwater and Surface Water Elevation Measurements

One (1) round of groundwater elevation measurements will be taken from each existing well and each new
piezometer and well. A total of fifty-two (52) groundwater elevation measurements will be taken, including:

• Thirty-five (35) in existing wells,
• Fourteen (14) in new wells, and
• Three (3) in new piezometers,

Groundwater elevation measurements will be taken in'accordance with the procedure described in the FSAP
attached to this work plan as Appendix A. .

One (1) round of surface water measurements will be taken from the existing staff gauge located at the
discharge of the wet/and into the Area A Downstream and from each new staff gauge installed at the
wet/and-landfill boundary. A total of nine (9) surface water elevation measurements will be taken in
accordance with the procedure described in the FSAP attached to this work plan as Appendix A.

3.2.4 Slug Tests

One slug test will be performed in the each of the two existing bedrock wells located along transects B-S'
(2LMW8D) and C-C' (2LMW20D). each of the twelve new overburden wells located along transects A-A', B-S'
and C-C', and each of the two new upgradient bedrock wells. A total of sixteen (16) slug tests will be
performed in accordance with the procedure described in the FSAP attached to this work plan as Appendix
A.

32.5 Shelby Tube Samples Collection and Testing

Shelby Tube samples of dredge spoil material will be collected from the new overburden wells installed in
{he dredge spoil or alluvium along transects A-A', B-B', and C-C'. A Shelby Tube sample will also be
collected from the new soil boring installed at the proposed location of the crane test pad. A total of nine
(9) Shelby Tube samples will be collected, including one sample from each of the six new overburden wells
and one sample from Ule new soil boring plus a second sample from one of the wells and from the soil
[)oring. Shelby Tube samples will be collected in accordance with the procedure described in the FSAP
attached to this work plan as Appendix A.

One Shelby Tube sample from each new dredge spoils/alluvium overburden well will be tested for
permeability. A total of six (6) Shelby Tube samples will be tested for permeability in accordance with ASTM
5084 and as further described in the FSAP attached to this work plan as Appendix A.
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Two (2) of the nine Shelby Tube samples collected will be tested for triaxial compression. One of these
samples will be collected from the new soil boring installed at the proposed new location of the crane test
pad and the other sample will be collected from the new overburden well which exhibits the lowest blow
count in the dredge spoil/alluvium strata. Triaxial compression testing will be performed in accordance to
ASTM D 4318 and as further described in the FSAP attached to this work plan as Appendix A.

3.2.6 Groundwater Seep Flow Measurement, Sampling, and Analysis

One (1) flow measurement will be taken on the groundwater seep discharging from the western landfill dike
into the OBDA. The flow of this seep shall be measured with a flume or weir system in accordance with the
procedure described in the FSAP attached to this work plan as Appendix A.

One (1) grab sample will be collected from this groundwater seep and analyzed for TCL VOCs, TCL SVOCs,
TCL Pesticides/PCBs, and TAL Metals. Sampling and analyses will be performed in accordance with the
procedures described in the FSAP attached to this work plan as Appendix A.

4.0 MODELING

4.1 Approach and Rationale

Infiltration (HELP) and three-dimensional groundwater flow modeling (MODFLOW) will be conducted to verify
the effects of the proposed landfill cap,' upgradient interception trench, and potential toe drain system on
the hydrogeologic conditions at the Area A Landfill. In addition, a simple mass flux model will be used to
estimate the quality of the leachate which would be discharged from the landfill into the adjacent wetland.

Infiltration and groundwater flow modeling are frequently used to evaluate the effects of design alternatives.
Various models exist and can be applied to a variety of natural conditions. Typically, models are selected
qased on their technical applicability, cost-effectiveness, and ease-of-use and all of these criteria have been
considered for this task. U. S. EPA's Hydrologic Evaluation of Landfill Performance (HELP) model will be
used to conduct the modeling task as well as the United States Geological Society's MODFLOW model and
mass flux equations. A brief description of each model's capabilities is provided in the following section.

The sequence of modeling activities is summarized on Figure 1-2 and will be as follows:

1. Develop conceptual models and the actual HELP models necessary to adequately describe the
. infiltration conditions under existing and proposed scenarios. Use rainfall data from the Iqcal airport

and any other available site-specific data as input. Perform model runs.

2. Perform sensitivity analysis on key' HELP model parameters to determine a range of predicted
infiltration rates. Use worst-case and average infiltration predictions as input to the MODFLOW
model. ..

3. Develop conceptual model and MODFLOW model input file for existing conditions.

4. Calibrate the MODFLOW model for existing conditions by comparing predicted steady-state heads
against one comprehensive round of water level measurements and by matching flow gradients
between the bedrock and overburden material. Calibration targets are discussed below.

5. Validate the MODFLOW model for existing conditions by comparing predicted steady-state heads
against another round of water level measurements. The model should be able to predict the heads
within a predetermined goal. If not, the model will be re-calibrated and then validated until it is
acceptable. Details on the validation procedure are discussed below.
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6. Using the calibrated and validated MODFLOW model for existing conditions, perform sensitivity
analysis on key parameters to determine the upper and lower bounds of the predicted water table.
Further discussion of the sensitivity procedure is given below.

7. Using the existing conditions MODFLOW model as a base, create separate MODFLOW models to
simulate the conditions resulting from landfill cap, upgradient interception trench,and potential toe
drain system. Perform simulations.

8. If necessary, use the MODFLOW model results in MODPATH (particle tracking) to verify the capture
zone of the proposed interception trench and/or the OBDA leachate breakout.

9. Using the modeling results, estimate the surface infiltration rate, the saturated thickness of fill
material, and the total groundwater/leachate flow from the landfill before and after installation of the
landfill cap, upgradient interception trench, and potential toe drain system. Using the leachate rate
and mass-flux equations, estimate a worst-case scenario of the quality and contaminant loading rate
of the leachate.

4.2 Models Description

The models which will be used include HELP, MODFLOW, and possibly MODPATH. A brief description of
the models and their capabilities are given below.

4.2.1 HELP Model

The Hydrologic Evaluation of Landfill Performance (HELP) model (U.S .. EPA) is a quasi two-dimensional
hydrologic model of water movement across, into, through, and out of a waste area. The model accepts
climatologic, soil and design data and simulates a number of hydraulic processes including surface storage,
runoff, infiltration, percolation, evapotranspiration, soil moisture storage and lateral drainage. The systems
that can be modeled by HELP include various combinations of vegetation, cover soil, waste cells, special
drainage layers and relatively impermeable barrier soil.

The identification of each layer used in the model is critical because the program models water flow through
the various types of layers in different ways. Runoff is computed using the Soil Conservation Service (SCS)
runoff curve number method by .considering daily precipitation totals. Percolation and vertical water routing
are modeled using Darcy's Law for saturated flow with modifications for unsaturated conditions.
Evapotranspiration is estimated by a modified Penman method adjusted for limiting soi.1 moisture conditions.

4.2.2 MODFLOW Model

The modular three-dimensional finite-difference groundwater flow model know as MODFLOW was developed
by the U.S. Geological Survey to simulate groundwater flow in a variety of situations. MODFLOW uses a
block-centered grid for solving the finite-difference equations. This model can be used for two- or three
dime,!sional applications, and can simulate the effects of aquifers with anisotropic, heterogeneous
hydrogeologic properties, spatially varying aquifer thickness and/or aquifer bottom elevation, distributed
aerial recharge, wells, drains, rivers as well as. a variety of boundary conditions. This model has been used
extensively at Superfund sites and industrial hazardous water sites for simulation of groundwater flow,
evaluation of remedial alternatives and can be used in conjunction with other modular programs to model
contaminant transport (MT3D) and particle tracking (MODPATH). The model has been reviewed and
Clccepted by many regulatory agencies.

'1.2.3 MODPATH Model

MODPATH is a three-dimensional particle tracking code that was developed by the U.S Geological Survey.
MODPATH utilizes hydraulic heads calculated by MODFLOW to determine the flow path of a particle from

9 of 19



DRAFT

its initial position to its final position. MODPATH can also indicate time of travel from one point to another
point and can use reverse particle tracking to determine the source of water extracted from wells. Particle
tracking is done under steady-state conditions and simulates advection-based transport.

4.3 Conceptual Models

Conceptual models are useful tools which summarize the modeler's understanding of a natural system. It
is proposed that conceptual models be created to understand the natural systems to be modeled by the
infiltration, groundwater flow, and contaminant mass flux models. Conceptual model development includes.
summarizing available data, interpreting the data and creating a representative figure of the system to be
modeled.

Existing data, as well as, newly collected data will be used to create the conceptual models of the existing
hydrologic system at the Area A Landfill. The existing hydrologic system includes groundwater flow, surface
water/runoff flow, infiltration, evapotranspiration and interception/storage. The existing contaminant. .
migration system includes leachate generation from source material, leachate migration to the aquifer,
adsorption/desorption of contaminants to and from the aquifer media, transport of the contaminants via
advection and dispersion in the groundwater, and natural decay of contaminants.

Conceptual models of the proposed conditions at the landfill after construction will also be created to
account for the landfill cap, upgradient interception trench, and potential toe drain system. As with the
existing conditions, separate conceptual models will be created for the infiltration, groundwater flow, and
contaminant mass flux systems for proposed conditions.

Conceptual models for the Area A Landfill hydrologic system were developed as part of the existing data
review and scoping of the field investigation. These models are shown on Figures 3-2 through 3-4. These
models were developed using only existing data and will be updated with the new data obtained from the
field investigation. Contaminant transport conceptual models have not yet been developed but will be
developed as part of this modeling effort.

4.4 Model Calibration

4.4.1 HELP Model

/

A limited calibration of the HELP model will be performed. Model parameters such as hydraulic conductivity,
soil type and layer thickness will be fixed for the modeling. Initial moisture content of the soil however is
typically not known and is usually calibrated using the HELP model. This involves several iterations of the
model with updated estimates of the initial moisture content until equilibrium conditions are reached (i.e.,
the initial moisture content and the final moisture content for a layer are equal).

4.4.2 MODFLOW Model

The MODFLOW model simulating existing conditions will be calibrated by comparing predicted steady-state
heads to measured steady-state heads. The comparison will include calculating the head difference
(measured versus predicted) at selected points within the model boundary. It is likely that head
measurements from monitoring wells will be translated to model grid block centers to make the
comparisons. Model parameters will be adjusted to minimize the overall deviation between the predicted and
measured heads. Model input such as hydraulic conductivityand'boundary conditions are typical model
clata which can be modified during calibration. As a target for calibration, the deviation between the
modeled and measured heads should be less than the natural fluctuation seen in the water table over time.
Water levels have been measured over a year in several wells in the Area A Landfill for the Phase II RI and
ihis data will be used to estimate the natural variation of the groundwater table elevation.
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In addition to calibration of lh8 heads, the predicted flow directions of the 3-dimensional MODFLOW model
will also be verified against the actually measured flow gradients between the bedrock and overburden.
Modifications will be made to model parameters (most likely vertical hydraulic conductivity) until the
predicted flow directions and gradients reasonably match the existing conditions.

4.5 MODFLOW Model Validation

Validation is the process of comparing the calibrated model to another, independent, data set for the
groundwater regime. This data set should be from another historical period, but lacking data for two
historical periods, a single data set can be split up to provide both calibration and validation data sets. The
validation procedure will demonstrate the predictive capability of the calibrated site model. The use of two
data sets, if they corroborate each other, add a degree of confidence to the model.

The calibrated MODFLOW model will be validated by using it to predict steady-state heads under different
conditions for comparison against actual water level measurements taken under the different conditions. The
model should be able to predict the heads within a predetermined goal without changing any model
parameters with the exception of model boundary conditions. The natural fluctuation of the groundwater
table will be used as the goal for the validation procedure. If the model can not, the model will be re
calibrated and then validated until it is acceptable. A detailed review of the initial calibration data set will be
made to determine if a significant process was ignored or improperly defined.

4.6 Sensitivity Analyses

Sensitivity analyses will be ::Cinducted on model parameters for both the HELP and MODFLOW models.
Model parameters will be modified independently to determine their individual impact on model predictions.
A final sensitivity simulation will also be conducted to determine a worst-case scenario. This scenario will
evaluate the impact of all of the parameters within one model simulation.

Model parameters which have the most uncertainty and/or have the biggest influence on model results will
be targeted for sensitivity analysis. For example, in the HELP model parameters such as vegetative
conditions, Soil ConseNation SeNice CUNe Number (SCS CN), layer thickness, and vertical hydraUlic
conductivity will most likely be targeted for sensitivity analysis. For the MODFLOW model, boundary
conditions, recharge, horizontal and vertical hydraulic conductivity, and layer thicknesses are typical input
elella which will be targeted for sensitivity analysis.

4.7 Contaminant Transport and Landfill Discharge Quality

Contaminant transport and the quality of the landfill discharge will be estimated using a mass-flux equation
and the results of the HELP and MODFLOW models. Existing contaminant data for the soil and groundwater
in the Area A landfill area will be summarized and average concentrations in each media will be determined.
Only the most significant Contaminants Of ·Concern (COCs) from the Phase II RI will be evaluated.
Contaminant loading from the vadose zone will be estimated from the soils concentrations, default leaching
coefficients and HELP model output. The estimated contaminant concentration and flow rates will be
combined to determine the mass loading rate under existing and proposed conditions. Contaminant
loading from the saturated landfill· material to the wetland will be estimated in a similar manner as the vadose
zon~. The average concentration of contaminant in the groundwater will be used with the estimated
groundwater discharge rate from MODFLOW to determine the mass loading rate to the wetland under
existing and proposed conditions. Details of the proposed calculations are presented in Section 5.1 below.
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510 DATA ANALYSIS

5.1 Evaluation Of Modeling Results

5.1.1 Impact Of Cap Configuration On Hydrogeologic Conditions

The results of the HELP and MODFLOW modeling will be used to determine the impact of cap configuration
on hydrogeologic conditions at the Area A Landfill. The HELP results will be used to determine areal
infiltration rates around the. Area A Landfill and the impact the cap configuration has on the quantity of
infiltration recharging the aquifer. Estimates of the leachate discharge rate from the saturated fill of the Area
A Landfill, the flow rate in the proposed interception trench, the flow rate in the proposed toe drain, and the
vertical recharge rate of the dredge spoils to the fill material will be made using the MODFLOW results.
Figures 3-2, 3-3, and 3-4 represent the conceptual models of the hydrogeologic system for the Area A
Landfill.

Estimates of the existing infiltration rates at the Area A Landfill will be made using the HELP model. Six
zones will be selected to represent the Area A Landfill infiltration conditions (5 on plateau of landfill and one
on toe) and infiltration rates will be estimated for each. A description of the five ground cover types that
represent the existing landfill cqver is presented in Section 3.2.1. The HELP model will also be used to
estimate the existing infiltration rate for the bedrock hillside upgradient of the Area A Landfill. This infiltration
rate is not included in the following calculations. A total infiltration rate (0,,,;.;J will be estimated for the
entire landfill by summi~g the infiltration rates for each of the six zones as per Equation 5-1 :

'.6
Q - ~Q

'ozi<:Ing - 6 'Zono'.1 .{

Where: 0 ,";"09 = Total Existing Infiltration Rate (mJjyr)
0, Zon.. = Zone i Existing Infiltration Rate (mJjyr)

(5-1 )

Estimates of the infiltration r:~te at the Area A Landfill after capping will also be made using the HELP model.
"''10 zones will be selected to represent capped infiltration conditions at the Area A Landfill. The first zone
will be the main portion of the landfill which will be covered with a uniform cap. The second zone will be
the toe of the capped landfill, which will have a steeper slope compared to the main portion of the landfill.
A total infiltration rate (0, ,,,,,,oJ will be estimated for the entire landfill by summing the infiltration rates for the
two zones as per Equation 5-2: .

'-2
Q, __~ = L Q'7-0'

. -~ i-1 -_.

Where: 0, "",,,. = Total Capped Infiltration Rate (mJ jyr)
0, Zon.. = Zone i Capped Infiltration Rate (mJ/yr)

(5-2)

The impact of the cap configuration on the infiltration rate will be determined by taking the ratio of the
clifference of the two total infiltration rates to the total existing infiltration rate and the impact will be
presented as a percent reduction as per Equation 5-3:

0, .. - 0, d% Reduction = <lX/sMg CSPp<l X 100
Q/<lx/Sring
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Increased runoff due to the cap and infiltration intercepted by the cap drainage layer will be discharged
directly into the Area A Wetland. The approximate increase in quantity of discharge due to the cap would
be the difference between q •.i.;no and q,,,,,,.d'

Estimates of the groundwaterjleachate discharge rate from the saturated landfilled mass of the Area A
Landfill will be made using the MODFLOW results. In addition, the modeling results will be used to estimate
the quantity of groundwater to be intercepted by the upgradient interception trench and a potential toe drain
system.

Using the MODFLOW-predicted steady-state water table elevation for existing conditions, an estimate of the
current groundwaterjleachate discharge rate to the Area A Wetlands will be made. The estimate will require
the following procedures:

(1) Estimate the hydraulic gradient for each MODFLOW model block adjacent to the toe of the landfill
using the predicted heads of two adjacent MODFLOW model blocks as per Equation 5-4:

(5-4)

Where: i = Hydraulic Gradient between Block (i,j) and (i,j + 1) (mjm)
Hi,; = Hydraulic Head in Block (i,j) (m)
Hi,i" = Hydraulic Head in Block (i,j +1) (m)
X = Distance Between Block (i,j) and (i,j + 1) (m)

(2) Using the hydraulic gradient, the hydraulic conductivity for the block, and Darcy's Equation, estimate
the groundwater velocity for each block as per Equation 5-5:

(5-5)

Where: V", = Darcy's Velocity for Block (i,j) (mjyr)
K,,j = Horizontal Hydraulic Conductivity for Block (i,j) (mjyr)

(3) Using the MODFLOW predicted water table elevation estimate the thickness of the saturated fill material
and the discharge area in the direction of flow as per Equation 5-6:

(5-6)

Where: A,,j =, Discharge Area for Block (i,j) (mZ
)

Ti" = Thickness of Saturated Landfilled Mass in Block (i,j) (m)
Wi,; = Width of Block (i,j) perpendicular to groundwater flow direction (m)

(4) Estimate the leachate discharge rate for an individual block as per Equation 5-7 and then estimate the
total discharge rate along the length of the landfill as per Equation 5-8:

(5-7)

Where: 0fi; = GroundwaterjLeachate Discharge Rate for Block (i,j) (mJ jyr)
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(5-8)

Where: Qr = Total Groundwater/Leachate Discharge Rate from Area A Landfill (mJ/yr)
x = Total Number of Blocks (dimensionless) .

A similar procedure will be conducted using MODFLOW-predicted future conditions to estimate the
groundwater/leachate discharge rate.

The quantity of groundwater to be collected by the interception trench and the quantity of
groundwater/leachate collected by a potential toe drain system will be estimated in a similar manner as the
one presented above for the total groundwater/leachate discharge rate. For both the interception trench
and the potential toe drain system, the MODROW-predicted heads for capped conditions will be used to
estimate Darcy's groundwater velocity for a model block. The bottom elevation of the trench and toe drain
will be used to estimate the thickness and discharge area for a model block along each channel. Individual
groundwater discharge rates will be estimated from each model block along the interception trench and toe
drain (Q.onch·j.i and QIo.i)' respectively and then a total groundwater discharge rate will be estimated for each
channel (Q••

nch
and Qtot) by summing the individual flow rates. A cross-sectional flow net analysis will be

used to check the estimates of Q.tnch and Q....

It should be noted that the groundwater flow rates (Q.~h and Q,o,) are not total flow rates and do not account
for surface water runoff from the upgradient slope which will be collected by the interce'ption trench or runoff
from the landfill which could be collected by the toe drain.. To determine a total flow rate for these two
trenches, runoff would have to be accounted for. The runoff flow rates to the trench and toe drain will be
substantially greater than the groundwater flow rates and the runoff flow rates should be used to size the
trenches. The groundwater flow rates should be considered as the base flow in each of the trenches.

The vertical recharge rate of the dredge spoil/alluvium to the landfilled mass will also be estimated in a
similar manner as the one presented above for the total groundwater/leachate discharge rate with several
minor differences. The MODFLOW-predicted heads for the dredge spoil/alluviumlayer and the fill layer will
be used to calculate the vertical hydraulic gradient between the two layers. The vertical gradient and the
vertical hydraulic conductivity for a block will be used in Darcy's equation to estimate the vertical
groundwater flow velocity.. The velocity will be used, with the surface area of the block to determine the
block-specific vertical recharge rate (QOi).· The total vertical recharge rate from the dredge spoil/alluvium
(Qo) will then be estimated by summing the block-specific rates.

As a final step, a mass balance will be performed on the estimated flow rates to determine if there is
agreement in the flow rates and to determine the magnitude of each flow rate's contribution to the overall
groundwater/leachate discharge rate. This calculation will be performed for existing and future conditions.
The flow rates discussed above (Qo. Qr. q cOOOtd' QI ..",,,,, Q.tn<h and Q..J will be used in the calculations. in
addition to. the estimated shallow groundwater flow rate from the upgradient overburden into the landfilled
mass (Qs)' Qs will vary from existing conditions to proposed .conditions due to the upgradient interception
trench. Equations 5-9 through 5-10 summarize the mass balances which will be performed for the
conditions to be evaluated. Equation 5-9 summarizes the mass balance for existing conditions:

(5-9)
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Equation 5-10 summarizes the mass balance for proposed conditions without the toe drain:

(5-10)

Equation 5-11 summarizes the mass balance for proposed conditions if a toe drain system were installed:

(5-11 )

5.1.2 Impact Of Cap Configuration On Contaminant Migration

The impact of the proposed cap configuration will be evaluated by using the infiltration and groundwater flow
modeling results. currently available analytical data. and literature parameters. Calculations will be
performed to estimate average COC concentrations using current groundwater and soil analytical data.
Estimates of current and future average contaminant mass loading rates from source material in the
unsaturated zone to the saturated fill zone will also be made. Finally, current and future average
contaminant mass loading rates from the saturated fill zone to the Area A Wetland will be estimated.

Groundwater and soil analytical data from the. draft Phase II Remedial Investigation Report (Halliburton NUS.
February 1995) and the Focused Feasibility Study for the Area A Landfill (Atlantic, May 1995) will be reviewed
and summarized. An appropriate average concentration will be determined for each of the COCs in each
media. COCs that contribute significantly to the risk of the site, are the most prevalent, and are most mobile
will be the focus of the calculations. An average landfilled mass concentration for COC "i" (CSi) will be used
to estimate the average mass loading rate of the COC to the aquifer. The average groundwater
concentration for COC "i" (CO",) will be used to calculate the average mass loading rate of the COC to the
Area A Wetland.

Estimate Contaminant Loading from Landfilled Mass

The mass loading rate of COC "j" from the landfilled mass will be calculated using estimated flow rates, CSi

and f\, which is a contaminant- and soil-specific source I~aching coefficient. This coefficient is a measure
of a contaminants mobility due to dissolution and desorption from the source. Values of f\ will be
determined fro.m site-specific data, if available, or from literature sources. CSi and f\ can be used to define
the initial aqueous loading of a contaminant and the following equation will be used:

(5-12)

Where: Ct , '" Initial Leachate Concentration for COC "i" (mg/L)
C~, '" Average Soil Concentration for COC "j" (mg/kg)
f\ '" Source Leaching Coefficient (Ljkg)

To be conservative (i.e., neglecting contaminant transport through the vadose zone. decay. and source
depletion), the average mass loading rate for the COC will be estimated by Equation 5-13:
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(5-13)

Where: Meae Si == Average Mass Loading Rate of COC "i" from Source (kg/yr)
Cli == Initial Leachate Concentration For COC "j" (mg/L)
0IOli"no == Total Existing Infiltration Rate (mJ/yr)

A similar calculation will also be made for the proposed cap conditions. The two estimated mass loadingrates (existing and capped) will be compared to determine the percent reduction in mass loading to theaquifer that is attributable to the cap.

Estimate Contaminant Loading from Groundwater

The mass loading rate of COC "i" from the groundwater (Le., saturated fill layer of the Area A Landfill) to theArea A Wetland will be calculated using estimated flow rates and Cow;,· In addition, an estimate of the currentmass of COC "i" in the aquifer material (saturated fill material) will be made using Co"; and K
d, which is acontaminant- and soil-specific distribution coefficient. This coefficient is a measure of a contaminant's affinityto adsorb/desorb from aquifer medium. Values of K

d will be determined from site-specific data, if available,.
.or from literature sources.

As a reasonable estimate (Le., accounting for limited contaminant transport through the aquifer andneglecting decay), the average mass loading rate for the COC from the fill material of Area A Landfill underexisting flow conditions will be estimated by Equation 5-14:

(5-14)

Where: Meae 0" == Average Mass Loading .Rate of COC "i" from Groundwater (kg/yr)
Cow, == Average Groundwater Concentration For COC "i" (mg/L)
0f'''''no == Total Existing Groundwater/Leachate Discharge Rate (mJ/yr)
Rd == COC- and Soil-Specific Retardation Factor (unitless)

Rd can be estimated by Equation 5-15:

(5-15)

Where: p == Bulk Density of Materia.' (kg/m J
)

Kd == Distribution Coefficient (L/kg)
n == porosity

. ,u, similar calculation will be made to estimate the average mass loading rate under proposed groundwaterflow conditions.

The current mass of COC "i" in the aquifer material (saturated fill material) will be .made using Equation 5-16:

16 of 19



Where:

Cgwi X Kd X P X VF + 1000 x (Cgwi x n x V~M
coc

= -J.'-"--_-=- ~ __'__L.'"'______'__

"/1x1 06

M CDC 'Q; = Mass of COC "i" in Saturated Fill Material (kg)
C gw; = Average Concentration of COC "i" in Groundwater (mg/L)
K

d = Distribution Coefficient for COC "i" (L/kg)
p = Bulk Density of Fill Material (kg/mJ

)

Vf = Volume of Fill Material (m J
)

n = porosity

DRAFT

(5-16)

The previously described methods will adequately evaluate the effects the proposed cap configuration willhave on both the hydrogeologic conditions and contaminant migration at the Area A Landfill. All results andcalculations will be presented and discussed in the study report.

5.2 Revised Slope Stability Analysis

Modeling results, together with the blow count measurements from wells and soil borings installation andthe results from the triaxial compression testing of the Shelby Tube dredge spoil samples, will be evaluatedto determine the need for revision of the previously performed landfill slope stability analyses.

5.2.1 Groundwater Table Conditions

The previously performed stability analyses for the northern sideslope portion of the Area A Landfill werebased upon an assumed groundwater condition, corresponding to approximately four (4) feet above the toeof the slope. The basis for this conservative assumption was the result of a stormwater routing analysis,performed. for the adjacent Area A Wetlands, that indicated a maximum surface water level increase of four(4) feet during a 1DO-year, 24-hour storm event. In practice, it is improbable that even such a storm eventcould maintain a pool condition within the wetland for a sufficient period to saturate the landfilled mass toa height of four feet, yet recede rapidly enough that the increased piezometric head would not at leastpartially dissipate. As such, the previously performed stability analyses represent a conservativegroundwater condition, with respect to the prediction of slope stability along the northern ·slope of thelandfill. To refine the accuracy of the slope stability analysis, results of the MODFLOW groundwater modelwill be compared to the groundwater table conditions assumed for the previous stability analyses, andaelditional slope stability analyses will be performed, in the event that the conditions as predicted by themodel deviate significantly from those previously assumed.

Results from the groundwater modeling will provide a refined approximation of the groundwater tablefollowing installation of the landfill cap and the upgradient groundwater interception trench. Analyses willbe performed to estimate long-term, steady-state groundwater conditions, as well as the groundwaterconditions resulting from a 1DO-year, 24-hour storm event. The higher resultant groundwater table conditionwill be compared to the previously assumed condition, and if the difference is greater than one (1) foot inelevation, the stability analyses will be re-run, using the groundwater table condition obtained from thegroundwater model. Only the critical failure surfaces/modes, as determined from the previous analyses,will be re-evaluated

AeJditional stability analyses will also be performed, using the results of groundwater modeling based uponthe possible installation of a toe drain system. The stability analysis results will be utilized to quantify theeffect of the toe drain system on slope stability, if any.
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5.2.2 Geotechnical Conditions

A detailed evaluation will be performed of the strength characteristics of the dredge spoil material, based
upon the triaxial compression test result and well/boring blow counts from the proposed field investigation
as well as those currently available. Several stratigraphic cross sections through the landfill will be
developed, utilizing the logs of nearby test borings. Blow counts (Within the dredge spoil layer) will be
plotted on the cross sections, such that any continuous, extensive zones of anomalously low-strength
dredge spoil material can be identified. In addition, the locations of all pertinent triaxial compression test
results will be plotted' on the same cross sections. If it is judged that continuous, extensive zones of
anomalously low-strength dredge spoil material exist, a correlation will be made between the triaxial
compresion test results and the weaker materials. Additional stability analyses will then be conducted, that
model the weaker dredge spoils as a separate substrata. Based upon a less' rigorous review of relevant test
boring data, it is HNUS' opinion that extensive zones of anomalously low-strength dredge spoil material are
nor apparent beneath the landfill.

5.2.3 Crane Test Pad Area

THe dredge spoil traxial compression test results and blow counts measurements will be evaluated for the
new soil boring installed at the proposed location of the crane test pad. If it is judged that anomalously low
strength dredge spoil material exist at this location, revised stability analyses will be performed at this
location. Based upon a past review of test boring data variability across the landfill, it is Brown & Root's
current opinion that the previously performed stability analyses are valid, and that no additional analyses will
be required ..

5.3 Revised Settlement Analysis

The previously performed settlement analysis for the Area A Landfill cover system will be revised, based
upon the long-term,' steady-state groundwater conditions determined from the N10DFLOW groundwater
model. Brown & Root anticipates that the adjustment to the assumed groundwater table condition will we
relatively minor, and that the resultant revised settlement analysis will not vary significantly from the previous
evaluation. Therefore, it is also anticipated that the currently proposed cover system grades will be
adequate to satisfy minimum grade requirements, considering settlement effects.

5.4 Cost Estimates

. In order to compare the merits and costs of a cover system only versus a cover system with a toe drain,
a construction and operation/maintenance cost estimate will be prepared for the toe drain, based upon the
predicted leachate collection· rates for a toe drain system. The cost estimate will incorporate provisions
required for transmission, storage and treatment/disposal of leachate, in addition to the construction costs
associated with installation of the toe drain itself. Since a downgradient barrier would· be required to
minimize dewatering of the wetland by the toe drain, construction costs for a low permeability barrier will

. be included.

5.5 Comparison of Alternatives

Following completion of all modeling efforts and development of a cost estimate for the cover system/toe
drain scenario, the two options will be compared on ttle basis of:

I) Overall resultant stability of the northern slope of the landfill
o Effectiveness in reducing the discharge of contaminants to the adjacent wetland
• Costs associate(:J with construction and operation/maintenance of each closure approach

Based upon the comparison, a preferred closure alternative will be recommended.
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6.0 REPORT PREPARATION

A Groundwater/Leachate Modeling Study Report will be prepared. This report will include the following
elements:

• Description of the existing data review and summary of that data
• Description of the field investigation activities. including data points installation, taking of

measurements, and sample collection and analysis.
• Summary of the field investigation results
• Description of the HELP modeling activities, including development of a conceptual model and

performance of sensitivity analysis
• Presentation of the HELP model results
• Description of the MODFLOW model results,· including development of a conceptual model,

calibration and validation of the model. and performance of sensitivity analysis
• Presentation of the MODFLOW model results
.' Description and results of the contaminant mass flux computations
• Discussion of the predicted impact of installation of an impervious landfill cap and upgradient

interception trench upon the landfill discharge flow and quality
• Description and results of and conclusions from the re-computed slope stability analysis for the

current gabion-reinforced landfill toe design and of the slope stability analysis for a cap featuring
a toe drain system

• Comparison of the slope stability and cost of the current gabion-reinforced landfill toe design with
those of a cap featuring a toe drain system

• Description and results of and conclusions from the dredge spoil stability analyses for the crane test
pad area and the area of weakest strength

Report appendices will include this work plan, a field activities log, boring logs, field measurements and
sampling log sheets. laboratory geotechnical and analytical results, and' modeling and geotechnical

.computations.

Three (3) iterations of the Groundwater/Leachate Modeling Study Report will be prepared. The first iteration
will be a preliminary draft report for internal review by the Navy. The second iteration will be a draft report
incorporating responses to the internal comments on the preliminary draft report and will be submitted to
EPA and the Connecticut Department Of Environmental Protection (CTDEP). The third iteration will be a
final report incorporating responses to EPA's and CTDEP's comments on the draft report and will be
submitted to EPA, CTDEP, and members of the Remedial Action Board (RAB).

7.0 TECHNICAL MEETINGS AND PRESENTATIONS

An internal technical meeting was held in Pittsburgh, PA on August 23, 1995 between the Navy and their
architect/engineer (.A./E), Brown & Root, to discuss the approach and scope of the Groundwater/Leachate
Modeling Study. This work plan is the outcome of this meeting.

Two (2) additional meetings and technical presentations will be held. The first meeting will be a one-day
event and will be held in Boston, MA between the Navy qnd their A/E, EPA, and CTDEP to discuss and
agree upon this work plan prior to initiation of the field investigation. The second meeting will be a one-day
event held in Boston, MA between the Navy and their A/E, EPA, and CTDEP to discuss the draft
Groundwater/Leachate Modeling Study Report.
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A.O FIELD SAMPLING PLAN (FSAP)

A.1 SUMMARY OF APPROACH AND FIELD TASKS

A field investigation is needed to support the modeling effort. Figure 3-1 shows the Area A Landfill and the

upgradient hillside to the south and downgradient wetlands to the north. Proposed and existing data point

locations are shown. Proposed monitoring wells, piezometers, and staff gauges are located along three

transects, A-A', S-S', and C-C'. Cross-sectional views of the transects are depicted on Figures 3-2, 3-3, and

3-4. Each of these figures has two views: one of the existing conditions; and one of the post-construction

condition of the landfill cap and interceptor trench. The water table was estimated from measured water

levels from August, 1994 (Phase II RFI) at existing wells along or near each transect and an estimated

wetland elevation.

The field tasks that are needed for the modeling effort are summarized as follows:

• Perform ten (10) surface infiltration tests

II Install eight (8) staff gauges

• Install three (3) drive point piezometers

• Install twelve (12) overburden wells (in the landfilled mass, dredge spoil, or alluvium)

• Drill one (1) soil ~oring into dredge spoil

• Perform permeability test on seven (7) dredge spoil samples

• Perform triaxial compression test on two (2) dredge spoil samples

• Install two (2) bedrock wells

e Perform siX1een (16) slug tests, including one each for all new wells and two existing bedrock

wells

• Measure water level at fifty-two (52) locations. including new and existing monitoring wells and

staff gauges

o Construct a weir to measure the flow of seep discharge from the western dike of the Area A

landfill into the OSDA

o Collect one (1) seep sample and analyze for full TCljTAl analytes

Il Survey all new staff gauges, drive point piezometers, and monitoring wells

Each of these tasks are described in Sections A.2 through A. 10 The item and sample nomenclature is

summarized in Section A.11. Equipment calibration, decontamination, waste handling, and record keeping

are described in Sections .A. 12 through A. 15.
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Brown & Root Environmental.(Brown & Root) Standard Operating Procedures (SOPs) and ASTM Methods

will be followed during the field work activities and referenced in the text where applicable. All SOPs

required for these field investigations are attached to this FSAP.

All field activities will be conducted in accordance with the Health and Safety Plan (HASP) previouly

developed by Brown & Root for the Phase II Remedial Investigation.

A.2 SURFACE INFILTRATION TESTS

Ten surface infiltration tests, 2L1T1 through 2L1T1 0, will be performed across the Area A landfill to estimate

the vertical hydraulic conductivity of the vadose zone materials. Two surface infiltration test will be

performed at each of 5 ground surface types: roadway, graveled area near roadway, sand storage area,

deployed parking, and vegetated areas. The locations of the infiltration tests will be determined during the

field activities. The infiltration test procedure described in the Earth Manual (Bureau of Reclamation) will be

used. For each test, adescription of the ground surface, location of the test, measured flow rate, height

of water in the pipe, and the pipe diameter/radius will be recorded on a sample log sheet. The vertical

hydraulic conductivity is eS,timated according to the Bureau of Reclamation method, which require.s the flow

rate, .height of water maintained in the pipe, and pipe radius as inputs. The method and a sample

calculation are included at the end of this FSAP.

A.3 STAFF GAUGES

Eight staff gauges, SG-7 through SG-14, will be installed to assess the presence or amount of surface water

along the wetland boundary. The proposed locations are shown on Figure 3-1. Three of the staff gauges

are located at transects A-A', B-B', and C-C'. Each staff gauge will be surveyed for location and water level

reference measurement.

A.4 DRIVE POINT PIEZOMETERS

Three (3) drive point piezometers, 2LPZ1 OS through 2LPZ30S, will be installed along the wetland boundary

to assess the potential or degree of discharge from the underlying dredge spoil to the wetland. The

proposed locations are shown on Figure 3-1 along at transects A-A', B-B', C-C' along ttle wetland boundary.

Each piezometer will consist of a 1Y.-inch inner diameter (10) drive point with a 2.5-foot slotted interval at

ihe base. The piezometers will be driven with a sledge hammer or if necessary, an electric jack hammer.

The piezometers will be driven to a depth such that the slotted interval resides within the dredge spoil in the

saturated zone. Anticipated depths are 5 to 10 feel.
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A.S OVERBURDEN MONITORING WELLS

Six (6) monitoring well clusters, 2LMW28 through 2LMW33, each with two 2-inch 10 monitoring wells, will

be installed in unconsolidated materials. At each cluster, one well will be installed such that the 5-foot

screened inteNal resides in the landfilled mass and intercepts the water table; The second well at each

cluster will be installed such that the 5-foot screened inteNal resides in the saturated material immediately

below the landfilled mass, Le., the dredge spoil or alluvium. If dredge spoil is not encountered below the

landfilled mass or the dredge spoil is too thin to accommodate a 5 foot well screen, then the well should

be screened in the alluvium below the landfilled mass material or thin dredge spoil. Each well will be

installed such that the screened inteNal monitors only one type of material. The nomenclature for each well

at a well cluster ends with a "F", "OS", or "A" to indicate whether the well is screened in the landfilled mass,

the dredge spoil, or the alluvium, respectively (refer to Table "A-2). The proposed locations of the 12 wells

are shown on Figure 3-1 and depicted on Figures 3-2,3-3, and 3-4 along transects A-A', B-B', and C-C'.

The borings will be drilled using hollow stem auger drilling techniques, in accordance with SOP GH-1.4.

The hollow stem augers will have a minimum inside diameter of 3-3/4 inches. Two-inch diameter split spoon

samples will be collected c()lltinuously from each boring to the bottom of the boring in accordance with SOP

GH-1.3. Soil characteristics and geotechnical information from each split-spoon sample will be recorded

on boring logs. Samples obtained from the boreholes will be monitored for organic vapors with an HNu (or

equivalent) in accordance with the SOP ME-01.The readings will be recorded on the boring logs.

For each well, after the 2-inch PVC well casing is installed, the borehole will be filled with a sand pack

around and to approximately 2 feet above the well screen. A bentonite seal will be emplaced above the

sancJ pack, and the remaining borehole will be filled to the ground surface with a cement-bentonite grout.

Each well will be completed with a protective casing and cap.

A.6 DREDGE SPOIL SOIL BORING AND PERMEABILITY AND TRIAXIAL TESTS

A cfredge spoil sample will be collected from each of the 6 dredge spoil/alluvium monitoring well locations

along Transects A-A', B-B', and C-C'. The undisturbed samples will be collected with 3-inch 0.0. thin-walled

(Shelby) tubes in accordance with SOP GH-1.3. The Shelby tube samples will be collected immediately after

the dredge spoil material is encountered by split-spoon sampling.

One soil boring, 2LTB320S, will be drilled in the middle of the crane testing pad (refer to Figure 3-1 for

location). A Shelby tube sample will be collected from that test boring immediately after the dredge spoil

material is encountered by split-spoon sampling.
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Two additional dredge spoil Shelby Tube samples will be collected from the new monitoring wells and/or

soil boring. Selection of the well or boring where an extra sample is collected will be based upon field

obseNations.

One dredge spoil Shelby Tube sample from each new monitoring well and soil boring will be tested for.
permeablity. Two, dredge spoil Shelby Tube samples will also be tested for triaxial compression, including

one collected from the new soil boring installed at the location of the crane test pad and one collected from

the new data point with th~ lowest blow count in the dredge spoil. If the lowest blow count occurs in the

soil boring installed at the location of the test pad, the second sample to be tested for triaxial compression

will be that collected from the test point with the second lowest blow count in the dredge spoil.

The samples will be sealed, packed, and transported in an upright position to a lab for testing. Refer to .

Table A-1 for a summary of analytical testing and Table A-2 for sample nomenclature.

A.7 BEDROCK MONITORING WELLS

Two open hole wells, 2LMW34B and 2LMW35B, will be drilled into bedrock along the top of the hillside,

south of the Area A Landfill, to assess the groundwater potential significantly upgradient of the landfill and

proposed interceptor trench. The proposed locations of the wells are shown on Figure 3-1 and depicted

on Figures 3-2, 3~3, and 3-4. The wells will be drilled by air rotary methods in accordance with SOP GH-1.4.

Bedrock characteristics will be recorded on boring logs. The wells will be advanced into bedrock

approximately 5 feet, then i:~ 4 or 6-inch diameter steel casing will be set and grouted into place. Then the

vJelis will be advanced (nominal 4 or 6-inch hole) until adequate water-yielding zones are encountered (i.e.,

> 1 gpm) to monitor the groundwater head in the bedrock. Anticipated depths are 50 to 70 feet.

TABLE A-1
ANALYTICAL PROGRAM - AREA A LANDFILL

NSB-NLON, GROTON, CONNECTICUT

Dredge Spoil Permeability ASTM 05084 7 7

Dredge Spoil

Seep Water

Triaxial
Compression

TCL/TAL
Suite

ASTM 04767

OUv101.8
ILM02.0

A-4

2 2

2
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TABLE A-2

SUMMARY OF NOMENCLATURE AREA A LANDFILL
NSB-NLON, GROTON, CONNECTICUT

DRAFT

Infiltration Tests 10 2L1T1 through 2L1T10 Require description of ground
surface, flow rate, height of
water, and radius of pipe.

Staff Gauges 8 SG-7 through SG-14 Hand driven.

Drive Point 3 2LPZ10S through 2LPZ30S Hand or jack driven. "OS" means
Piezometers dredge spoil.

Overburden 12 2LMW28F through "F" means Fill; "OS" means
Monitoring Wells 2LMW33F dredge spoil. If dredge spoil is

2LMW28DS through not present, well will be
2LMW330S screened in alluvium and

designated by "A".

Soil Boring 2LTB320S "OS" means dredge spoil.
Located at crane testing pad.

Dredge Spoil 6 2LMW280S-P-XXXX "P" means permeability test.
Permeability Tests through XXXX is collection depth defined

2LMW330S-P-XXXX by field personnel, e.g. 0810
2LTB320S-P-XXXX means 8 to 10 foot interval.

Dredge Spoil 2 2LTB320S-T-XXXX and ?? means location will be field
Triaxial 2LMW?? OS-T-XXXX determined. 'T' means triaxial
Compression Tests test. XXXX is collection depth

defined by field personnel, e.g.
0608 means 6 to 8 feet deep.

Bedrock 2 2LMW34B, 2LMW35B "B" means bedrock.
Monitoring Wells

Seep Sample 2 3MSP01, 3MSP01-R "R" means rinsate blank.
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A.8 WELL DEVELOPMENT, AQUIFER TESTING, AND WATER LEVELS

All new overburden monitoring wells will be developed in accordance with SOP GH-1.7. Wells will be

developed with a small submersible pump. Field measurements of pH,. specific conductivity, and

temperature will be obtained with a Horiba monitorin9 instrument and recorded on sample log sheets..

All new monitoring wells (12 unconsolidated and 2 bedrock) will be slug tested to estimate the hydraulic

conductivity of the screened intervals. Additionally, 2 existing bedrock wells, 2LMW8D and 2LMW20D will

be slug tested. Slug tests will be performed in accordance with SOP GH-2.4.

One round of water levels will be obtained at existing and new monitoring wells, piezometers, and staff

gauges in and around the Area A Landfill. Water levels will be obtained from the following 35 existing

monitoring wells:

• 1MW2S

• 2DMW11 S/11 D

• 2LMW7S/7D through 2LMW9S/9D

• 2LMW13S/13D,2LMW14S

• 2LMW17S/17D through 2LMW20S/20D

• 2LPW1 S, 2LOW1 S, 2LOW1 D, 2LOW2S, 2LOW3S, 2LOW4S

• 2WMW3S/3D

.• 3MW12S/12D

• 4MW1 S, 4MW2S, 4MW3S, 4MW4S, 4MW4D

Water levels will be obtained at 3 new piezometers, 12 new overburden wells, and 2 new bedrock w.ells.

Surface water levels will be collected at existing staff gauge, SG-6. and 8 new staff gauges, SG-7 through

SG-14.

Water I.evel measurements will be taken in accordance with SQP GH-2.5 with an M-Scope using the top of

the inner casing (monitoring wells) as the reference point for determining depths-to-water.. Measurements

will be recorded to the nearest 0.01 foot in the field logbook and on a groundwater level measurements

form.

A.9 SEEP SAMPLING

.'\ flume or weir will. be constructed at the location of seep discharge in the OSDA (refer to Figure 3-1) to

estimate the flow rate. Methods to determine the discharge are provided in SOP GH-2.7. The field

personnel will determine the most appropriate means to meC\sure the discharge depending on the seep flow

conditions.
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One seep sample, 3MSP01 (refer to Figure 3-1), will be collected and analyzed for the full TCLfTAL suite
of analytes (refer to Table A-1). Additionally, one rinsate blank, 3MSP01-R, will be analyzed for the same
analytes. Samples will be preserved in accordance with SOP SF-1.2. Samples will be packaged and
shipped in accordance with Halliburton NUS SOP SA-6.2.

A.10 SURVEYING

Each new monitoring well, piezometer, and staff gauge location will be surveyed by a licensed surveyor.
The horizontal location, ground surface elevation, and water level reference elevation will be noted.
Elevations will be reported i~ 'feet above mean sea level. Surveying will utilize pre-existi~g reference points
and/or existing survey monuments from previous surveying events.

A.11 SUMMARY OF NOMENCLATURE

Table A-2 shows a summary of the field items, number of each item, recommended nomenclature, and
comments for the field personnel.

A.12 EQUIPMENT CALIBRATION

An organic vapor monitor (HNu or equivalent) will be used during field activities. It will be calibrated daily
or according to the manufacturer's operating manual (refer to SOP ME-01).

Calibration will be documented in the field logbook and on calibration logsheets. During calibration an
appropriate maintenance check will be performed on the equipment. If damaged or defective parts are
identified during the maintenance check and it is determined that the damage could have an impact on the
instrument's performance, the instrument will be removed from service until the defective parts are repaired
or replaced.

A.13 DECONTAMINATION

All downhole drilling equipment will be steam cleaned prior to beginning work. between well borings, anytime
the drilling rig leaves the site prior to completing a boring, and at the completion of the drilling and
excavation program. Decontamination activities will take place at the designated decontamination area.
AclcJitional requirements for drilling equipment decontamination can be found in Halliburton NUS
SOP GH-1.6.
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All sampling equipment used for collecting samples (e.g. split-spoons) will be decontaminated both prior.

to field sampling and between samples, in accordance with SOP SF-2.3. Decontamination requires a

Liquinox wash and potable water rinse.

A.14 WASTE HANDLING

All decontamination liquids, purge water, and drill cuttings will be collected and stored on-site in Department

of Transportation (DOT)-approved (Specification 17-C), 55-gallon drums. Drums will be sealed and labeled

with drum contents, boring number, site or origin, volume, and date. The drums will be stored on wooden

pallets at the Area A Landfill. Halliburton NUS understands that the Navy will arrange for the waste to be

disposed in an appropriate manner.

A.15 RECORD KEEPING

In addition to the previously mentioned forms, notebooks and a logbook will be maintained. A field

notebook will be maintained by the field crew. All information related to sampling or field activities will be

recorded in the field notebook. A site logbook will be maintained by the field operations leader (FOL). This

book will contain a summary of the day's activities and will reference the field notebooks when applicable.

At the completion of field activities, the FOL will submit to the Project Manager (PM) all field records, data,

field notebooks, logbooks, chain-of-custody receipts, sample logsheets. and boring logs.

!
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REVISED TABLE A-2

SUMMARY OF FIELD INVESTIGATION NOMENCLATURE
GROUNDWATER/LEACHATE MODEUNG STUDY

AREA A LANDFill REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW LONDO~ - GROTON, CONNECTICUT.

Infiltration
Tests

Staff Gauges

Drive Point
Piezometers

Drive Point
Piezometers

Overburden
Monitoring
Wells

Bedrock
Monitoring
Wells

Dredge Spoil
Permeability
Tests

Dredge Spoil
Triaxial
Compression
Tests

10

8

6 dredge spoil

2 fill material

13

3

7

2

2UT1 through 2UT10

SG-7 through SG-14

2LPZ1 DS through 2LPZ6DS

2LPZ1 F and 2LPZ2F

2LMW28F through 2LMW33F,
2LMW28DS through

. 2LMW33DS, and 2LMW34DS

2LMW32B, 2LMW35B, and
2LMW36B

2LMW28DS-P-XXXX through
2LMW34DS-P-XXXX

2LMW34DS-T-XXXX and
2LMW??DS-P-XXXX

Require description of ground
surface, flow rate, height of
water, and radius of pipe.

Hand driven. SG-9 and SG·14
are stand-alone staff gauges.
SG-7, SG-8, SG-10 through
SG-13 are coupled with drive
points.

Hand or jack driven. "OS"
means dredge spoil. These
will also be used as/coupled
with staff gauges.

Utilize drill rig. "P means fill
material.

"P means fill; "DS" means
dredge spoil. If dredge spoil Is
not present, well will be
screened in allLNlum and
designated by "A".

2LMW32B is part of well
cluster. 2LMW35B and
2LMW36B are on top of
hillside.

"P" means permeability test.
XXXX Is collection depth
defined by field personnel, e.g.
0810 means 8 to 10 foot
interval.

?? means location will be field
determined. 'T' means triaxial
compression test. XXXX Is
collection depth defined by
field personnel, e.g. 0608
means the 6 to 8 foot Interval.

•
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REVISED TABLE A-2 - PAGE TWO

SUMMARY OF FIELD INVESTIGATION NOMENCLATURE
GROUNDWATER/LEACHATE MODELING STUDY
AREA A LANDFIU REMEDIAL DESIGN
NAVAL SUBMARINE BASE NEW LONDON - GROTON, CONNECTICUT

1111 _
Slug Tests

Water Levels

Discharge
Measurement

Seep Sample

Survey

18

68

2

32

2LMW28 through 2LMW33 well
clusters, 2LMW34DS, 2LMW35B,
2LMW36B, 2LMW8D, 2LMW20D

1MW2S, 2DMW11 S/11 D,
2LMW7S/7D through

2LMW9S/9D,2LMW13S/13D,
2LMW14D,2LMW17S/17D

through 2LMW20S/20D,
2LPW1 S, 2LOW1 S, 2LOW1 D,
2LOW2S, 2LOW3S, 2LOW4S,
2WMW3S/3D,3MW12S/12D,

4MW1 S, 4MW2S, 4MW3S,
4MW4S,4MW4D, 2LMW28

through 2LMW33 well clusters,
2LMW34DS, 2LMW35B,

2LMW368, 2LPZ1 DS through
2LPZ6DS, 2LPZ1F,2LPZ2F, SG

6 through SG-14

Not applicable

3MSP01, 3MSP01-R

SG-7 through SG-14, 2LPZ1DS
through 2LPZ6DS, 2LPZ1 F,
2LPZ2F, 2LMW28 through

2LMW33 well clusters,
2LMW34DS, 2LMW35B,

2LMW36B

13 new overburden wells, 3
new bedrock wells, and 2
existing bedrock wells.

35 existing wells, 16 new
wells, 8 new drive points, 1
existing staff gauge, 8 new
staff gauges.

Construct weir.

"R" means rinsate blank.

8 staff gauges, 8 drive points,
13 new overburden wells, 3
new bedrock wells.
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LETTER WORK PLAN ADDENDUM
GROUNDWATER I LEACHATE MODELING STUDY

AREA A LANDFILL REMEDIAL DESIGN
NAVAL SUBMARINE BASE - NEW LONDON, GROTON, CONNECTICUT

submitted by Brown & Root Environmental
October 5, 1995 .

1.0 INTRODUCTION

On September27, 1995, representatives from Brown & Root, the U.S. Navy (NORTHDIV), CTDEP, Region

I EPA, and the EPA contractor (TRC) met to discuss the modeling approach and field effort that has been

proposed in the Letter Workplan dated September 6, 1995 for the Leachate Modeling Study. AreaA Landfill

Remedial Design, Naval Submarine Base - New London (NSB-NLON), Groton Connecticut. Based on EPA

and TRC comments, Brown & Root agreed to prepare a detailed summary of the existing and proposed

wells to be used in the modeling effort. Also, Brown & Root agreed to develop a more comprehensive

discussion of the rationale for the proposed field work.

This Letter Work Plan Addendum consists of this introduction (Section 1.0) and three sections (Sections

2.0 through 4.0) which provide a response to the EPA and TRC comments and concerns. Section 2.0

defines the modeling objectives and relates the field data that is required to mee~ these objectives. Section

3.0 summarizes 'the existing data (1 figure and 3 tables are included) and discusses why additional field
I

work is necessary to fulfill the modeling objectives: Section 4.0 defines the rationale for the proposed

locations of data collection.

2.0 MODELING OBJECTIVES AND IMPORTANT DATA NEEDS

2.1 Modeling Objectives

As stated in the Letter Work Plan, the primary objective of the Grouridwater/Leachate Modeling Study is

to estimate the thickness of the saturated fill and the rate of saturated flow from the fill that enters the

1



DRAFT

wetland under existing and proposed conditions. The flow rate, denoted as OF in the workplan, is a function

of three inputs: downward flow from infiltration (0,), upward flow from the dredge spoil (OD)' upgradient flow

along the hillside (Os), These flows will be estimated for the existing conditions and proposed landfill

cap/trench configuration in order to estimate the expected reduction in OF that the landfill cap/trench will

provide. The following paragraphs discuss what the data requirements are to sufficiently estimate these

flows and what field tasks are proposed to obtain the required data.

To understand the data requirements, the domain and resolution of the modeling task must be defined.

The proposed 3-D model's domain (areal) will include the entire Area A Landfill (i.e., from the dike to the

racquetball building); areas upgradient of the landfill which will extend upgradient to a distance which

provides a sufficient buffer zone between the model boundary and any flux condition (i.e., wells, trenches

or discharge points) within the model; and areas downgradient of the landfill within the wetland which will

extend downgradient to a distance which provides a sufficient buffer zone between the model boundary

and toe of the landfill (i.e., area where OF is discharging). In the vertical direction, the model domain will

include the fill material, dredge spoil, alluvium, and bedrock. Based on existing information, the use of a

3-D model with this domain will provide a more comprehensive evaluation of the hydrogeologic conditions

at the Area A Landfill than a 2-D model can provide and it will allow for a more complete and straight

forward estimate of the overall OF than a 2-D model can provide.

Based on the objectives of the modeling task (i.e., estimate the thickness of the saturated fill and the overall

leachate flow rate from the fill to the wetland under existing and proposed conditions) a high areal resolution

model is not necessary. High resolution models are necessary if the task requires critical information in

a local area (e.g., wellhead protection) and this type of task usually requires extensive data. However, a

lower resolution model can be created with less extensive data and is sufficient for this task because the

final goal is to provide more general information (i.e., the overall water table elevation and total flow rates).

It is acceptable in a lower resolution model to have more interpolated information between existing data

points to provide reasonable or conservative estimates of model parameters without compromising the

integrity ofthe model's results or the achievement of the modeling objectives.
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2.2 Important Data for Modeling

The rate of infiltration, 0 1, will be estimated with the HELP model. In order to assess the infiltration and run

off characteristics, ground infiltration tests will be performed on 5 different identified ground surface types.

The results of the test analyses will be vertical hydraulic. conductivities of the near-surface unsaturated

zone.

Based on the Draft Phase II RI groundwater monitoring results, it is known that there are upward gradients

from the bedrock toward the fill. It is not known whether bedrock groundwater actually moves from the

bedrock into the dredge spoil and out into the wetland, or if the groundwater is confined to the bedrock by

limited fracturing or the potentially confining dredge spoil material: This effect can be measured as the

hydraulic head difference between two wells: one that is screened across the water table in the fill and one

that is screened eXclusively in the dredge spoil. Monitoring well clusters have been proposed to observe

the hydraulic head difference.

Hydraulic conductivities of the fill and dredge spoil will be estimated from proposed slug tests. Permeability

testing of Shelby tube samples from the dredge spoil will provide estimates of the vertical hydraulic

conductivity of the dredge spoil. The hydraulic conductivity estimates and water level measurements

collected from the dredge spoil and fill material wells will provide the basis for estimating the flow, 0 0 ,

The flow, Os' is the groundwater flow from the upgradient hillside into the fill material. Along the hillside,

it is known that there are upward gradients from the bedrock to the overburden. It is not known if the

groundwater in the overburden, bedrock, or both significantly contribute to Os' Several overburden and

bedrock well clusters that currently exist along the upgradient portion of the landfill will be used to estimate

Os'

Finally, the boundary conditions of the recharge zone to the landfill and the wetland downgradient of the

discharge zone (i.e., toe area where OF discharges) from the landfill ne·ed to be understood. The hydraulic

head in the recharge zone at the top of the tlillside is not expected to change from the existing condition
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once the landfill cap and trench are installed. Wells will be installed on the hillside to observe the hydraulic

head and set boundary conditions. Likewise in the wetland downgradient of the discharge zone, the

hydraulic head is not expected to change from the existing condition once the landfill cap is installed. Staff

gauges and piezometers will be installed along the wetland boundary to observe the hydraulic head and

set boundary conditions. Additionally, water level measurements from the staff gauges and piezometers

will allow an assessment of the strength of the upward flow gradient at the wetland boundary. This

assessment will provide an understanding for the ability of the landfill cap/trench design to lower the water

table and reduce the saturated flow from the fill, OF' into the wetland.

3.0 SUMMARY OF EXISTING DATA AND DATA GAPS

Existing data from the Final Phase I RI, Draft Phase II RI, Final Focused Feasibility Study, and

Geotechnical Investigation for Area A Landfill Remedial Design will be used in the modeling effort. These

data points are shown on Figure 3-1 of the Letter Work Plan. A color-coded version of this figure has been

enclosed to highlight existing monitoring wells, soil borings, and geoprobe points. Table 1 summarizes the

existing data and provides a reference for each data point. Table 2 provides an itemization of these data

and other relevant information from the boring logs and the geoprobe test results. Additionally, Table 3

summarizes available aquifer properties estimated from the Final Phase I RI and Draft Phase II RI slug test

and pumping tests.

Existing borings and geoprobe points will provide the ground surface elevation and interface depths of the

fill, dredge spoil, alluvium, and bedrock. This information will be used to define geological boundaries in

the 3-D model. Proposed water level data will be used to calibrate the model, because it will be the most

complete set of data. Existing water level data will be used to set calibration criteria, validate the model,

and investigate possible trends in groundwater flow data. Existing topographic, bedrock surface, and

potentiometric maps from the Draft Phase II RI report will be used for preliminary conceptualization of the

model. The landfill design drawings and database will be used to delineate the landfill boundary and the

proposed landfill cap/trench boundaries. In the database, the ground surface for the existing and proposed
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cap configurations are defined by contours (triangulated data). Also, the bedrock surface is defined in the

upgradient hillside area.-

Additional data needs were -identified by defining the modeling objectives and technical approach to be

taken, identifying the data needed to adequately address the objectives and technical approach, and

comparing the data needs against the existing database. The existing boring logs will provide sufficient

geologic information for defining the model layer boundaries in the western and central portions of the

landfill. In the eastern portion of the landfill, there is an upgradient well cluster (2LMW20S/20D) and a well

cluster on the eastern-edge (2WMW3S/3D) that can provide the-interface boundaries and the elevation of

the bedrock surface. It is recommended that one proposed dredge spoil boring/well in this area be

advanced to bedrock before the well is installed to define the bedrock surface from these two wells toward

the wetland.

Existing estimated aquifer properti 13s for the fill and bedrock wells will be used in the model (Refer to Table

3). Slug tests of the proposed fill and bedrock wells will provide a more comprehensive spatial coverage

of hydraulic conductivity. The dredge spoil hydraulic conductivity value from 2WMWSS. located in the

wetland, can be used to define the dredge spoil hydraulic conductivity at the model boundary. Slug tests

at the proposed dredge spoil wells will provide estimates of hydraulic conductivity of the dredge spoil under

the landfill.

The existing monitoring well clusters at the upgradient edge of the landfill can provide some of the required

information to estimate Qs and QD' Because, none of the existing monitoring wells are screened exclusively

in the dredge spoil material, 17stimates of Qs and QD cannot be made in the downgradient flow direction.

The proposed monitoring wells, slug test analyses, piezometers, staff gauges, and permeability tests (for

vertical hydraulic conductivity in the dredge spoil) will provide sufficiently the required information to

estimate Qs and QD- Permeability tests in the vadose zone and the HELP model will provide the required

information to estimate Q,. Estimates of QI' Qs' and QDwill enable the calculation of QF under the existing

condition and the proposed landfill cap/trench_
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4.0 JUSTIFICATION FOR PROPOSED DATA COLLECTION LOCATIONS

In the Letter Work Plan, it is proposed that the field effort collect geologic and hydrogeologic information

in the downgradient direction in three general areas of the landfill. The three cross-sections, A-A', B-B', and

C-C' were generated to describe each of the three general areas and to assess potential geologic and

hydrogeologic differences across the landfill. These cross-sections also provide a preliminary

conceptualization of the model area.

One of the objectives of this study is to assess the reduction of Q F at the wetland boundary by the landfill

cap/trench configuration. The other objective is to assess the thickness and variation in thickness of the

saturated fill in the landfill to evaluate how much groundwater will still be exposed to contaminated fill

material. Both of these aspects require an analysis of groundwater flow components in the downgradient

direction of groundwater flow. The collection of data along the downgradient flow direction is recommended,

because the landfill is located in an area of groundwater discharge from the upgradient hillside. It is

expected that the upward flow gradient would weaken across the landfill if there is a strong hydraulic

connection between the bedrock and the dredge spoil and fill. This implies that the flow from the dredge

spoil to the fill, Qo' varies from the upgradient portion of the landfill to the downgradient portion of the

landfill. Two well clusters and a piezometer were placed along the downgradient direction in each cross

section to allow an assessment of the variability of Qo'

Also, it is expected that the hydraulic gradient in the fill (water table) varies (flattens toward the wetland).

The fill well at each cluster and the staffgauge will provide a means to assess where the reduction in the

water table gradient is occurring and an estimate of the saturated fill thickness along the downgradient flow

direction.

Based on a review of the Final Phase I RI and Draft Phase II reports, the geology and hydrogeology across

the landfill is generally similar (refer to Draft Phase II RI topographic map, bedrock surface map. and

groundwater flow maps). Based on existing information. the noticeable differences in the geology and

hydrogeology are primarily between the areas of A-A' and B-B'. The main difference is that there is bedrock
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valley along 8:-8' that is filled with alluvium. The higher hydraulic conductivity and expected higher

storativity of the alluvium makes this area more sensitive to hydraulic head changes. This is confirmed by

two comprehensive rounds of water level measurements during the Draft Phase II RI, which indicated a

larger change in the water table between March and August in the area of 8-8'. Also, the area of 8-8' has

surface water present along the wetland boundary throughout the year. In the area of C-C', there is the

least amount of existing geologic and hydrogeologic data. The proposed field data will be used to confirm

the preliminary conceptualization of this area. Given the relatively minor geologic and hydrogeologic

differences which exist in the landfill area, data collected along the downgradient flow direction in three

general areas will provide sufficient coverage to represent the actual conditions at the landfill in a final

conceptual model with the acc,uracy and resolution to meet the modeling objectives.

7



DRAFT

REFERENCES

Phase I Remedial Investigation Report for Naval Submarine Base, New London, Groton, Connecticut,

Atlantic Environmental Services, Inc, August, 1992.

Draft Phase" Remedial Investigation Report for Naval Submarine Base, New London; Groton, Connecticut,

Halliburton NUS, February, 1995.

Final Focused Feasibility Study, Area A Landfill, Installation and Restoration Program, Naval Submarine·

.Base, New London, Groton, Connecticut, Atlantic Environmental Services, Inc, May, 1995..

Geotechnical Field Investigation Report for Area A Landfill Remedial Design for Naval Submarine Base;

New London, Groton, Connecticut, May, 1995.

Draft Groundwater/Leachate Modeling Study Letter Work Plan, Area A Landfill Design, Naval Submarine·

Base New London, Groton, Connecticut, September, 1995.

8



TABLE 1

SUMMARY OF EXISTING AREA A LANDFILL DATA
FOR USE IN LEACHATE MODELING STUDY

NAVAL SUBMARINE BASE - NEW LONDON, GROTON, CONNECTICUT

DRAFT

ITEM TOTAL NUMBER REFERENCE

Monitoring wells 31 Final Phase I RI and Draft Phase" RI

Soil borings 38 Final Phase I RI and Draft Phase" RI

Soil borings 23 Final Focused Feasibility Study

Soil borings 6 Geotechnical Field Investigation

Geoprobes 24 Atlantic Environmental Design

Document, reference to be determined.

Comprehensive water levels 31 wells Draft Phase" RI, Table 4-1

(March and August, 1994)

10 Monthly water levels (March 10 wells Draft Phase" RI, Table 4-6

through December, 1994)

Daily precipitation data for - Northeast Regional Climate Center,
,

Groton, Connecticut Ithaca, New York

Aquifer Test Results 9 wells Final Phase I RI and Draft Phase II RI

(refer to Table 3)

Site-wide maps topographic, bedrock Draft Phase" RI

surface,

potentiometric

Database and design drawings - Halliburton NUS

for landfill cap/trench
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TABLE 2

SUMMARY OF EXISTING AREA A LANDFILL
MONITORING WELL AND TEST BORING INFORMATION

FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT

Material Encountered During Installation Total
Well/

Ground . Top of
Boring

Screened
Unit

Elevation Weathered Bedrock Interval
Boring Dredge Depth Screened

(ft illsl) Fill Till
Spoil

Bedrock/ (ft bgs)
(ft bgs)

(ft bgs)

Alluvium

Area A Landfill Phase I and II RI - Monitoring Wells

1MW2S 86.02 X -- -- -- -- 14.0 4.0-14.0 Fill

2LMW7S 82.80 .X -- X X 30.2 50.0 11.65-21.65 Fill/Dredge

2LMW7D 83.10 X -- X X 28.5 43.59 33.5-43.6 BRll)

2LMW8S 86.40 X -- -- X -- 20.0 5.5-15.5 Fill

2LMW8D 87.10 X -- -- X 41.5 124.4 46.5-124.4 BR

2LMW9S 85.30 X -- X X -- 42.5 8.24-18.24 Fill/Dredge

2LMW9D 85.40 X -- X X 42.0 59.74 47.0-59.74 BR

2LMW13S 86.90 X -- -- -- -- 36.0 6.46-16.46 Fill

2LMW13D 86.80 X -- -- -- 19.5 60.03 24.5-60.03 BR

2LMW14D 91.90 X -- -- X 13.5 27.0 18.5-27.0 BR

2LMW17S 82.48 X -- X -- -- 18.5 7.75-17.75 Fill/Dredge

2LMW17D 82.62 X -- X -- 18.0 39.0 28.1-39.0 BR

2LMW18S 77.94 X -- X X -- 33.5 5.74-15.74 Fill/Dredge

C
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TE~T BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 2 OF 9

Material Encountered During Installation Total
Well/

Ground Top of
Boring

Screened
Unit

Boring
Elevation Weathered Bedrock

Depth
Interval

Screened
(ft msl) Fill Till

Dredge
Bedrock/ (ft bgs) (ft bgs)

Spoil
Alluvium

(ft bgs)

2LMW18D 77.67 X -- X X -- 49.03 41.0-49.03 SR

2LMW19S 93.50 -- -- -- X 17.5 25.0 15.0-25.0 Fill/SR

2LMW19D 93.90 -- -- -- X 20.0 120.0 28.0-120.0 SR

2LMW20S 87.35 X -- -- X -- 26.0 9.0-19.0 Fill

2LMW20D 87.55 X -- -- X 39.0-69.0 80.0 74.0-80.0 SR

2LPW1S 86.25 X -- X -- -- 15.0 4.0-14.0 Fill

2LOW1S 86.26 X -- X -- -- 15.0 4.0-14.0 Fill

2LOW1D 86.88 X -- X X 29.3 29.5 23.75-28.75 Alluvium

2LOW2S 86.69 X -- X -- -- 15.0 4.0-14.0 Fill

2LOW3S 85.50 X -- X -- -- 14.0 3.0-13.0 Fill

2LOW4S 86.83 X -- X -- -- 14.0 4.0-14.0 Fill

2WMW3S 87.80 X -- X X -- 41.5 7.79-22.79 Fill/Dredge

2WMW30 81.68 X -- X X 73.0 127.1 78.0-127.1 . SR

4MW1S 127.91 -- X -- -- . 2.5' 18.5 8.5-18.5 SR

4MW2S 96.65 -- X X -- 6.5 14.5 4.5-14.5 Dredge/SR

4MW3S 100.55 -- X -- -- 4.5 13.5 3.5-13.5 Till/SR
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 3 OF 9

Material Encountered During Installation Total
Wellj

Ground Top of
Boring

Screened
Unit

Boring
Elevation Weathered Bedrock

Depth
Interval

Screened(ft msl) Fill Till
Dredge

Bedrockj (ft bgs) (ft bgs)
Spoil

Alluvium
(ft bgs)

4MW4S 107.80 -- X -- -- 4.5 14.5 4.5-14.5 TilljBR

4MW4D . 107.29 -- X -- -- 8.5 40.0 30.0-40.0 BR

Area A Landfill Phase I and II RI and FFS - Soil Borings

HBl -- X -- -- X -- 14.5 . -- --

HB3 -- X -- X -- 14.0 -- --

4TBl -- X -- -- X 12.0 12.0 -- --

4TB2 -- -- -- -- X 3.5 3.5 -- --

2LTBl 84.0 X -- X -- 20.0 20.0 -- --

2LTB2 84.6 X -- X X 24.0 24.0 -- --

2LTB3 84.6 X -- X .- 18.0 18.0 -- --
2LTB4 88.2 X -- X -- 17.0 17.0 -- --
2LTB5 88.0 X -- -- .- 10.0 10.0 -- --
2LTB6 88.4 X -- X X -- 21.0 -- --
2LTB7 87.4 X -- X -- 12.2 12.2 -- --
2LTB8 87.4 X -- -- -- 14.7 14.7 -- --

2LTB9 87.0 X -- -- -- 6.0 6.0 -- --
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 4 OF 9

Material Encountered During Installation Total
Well/

Ground Top of
Boring

Screened
UnitElevation Weathered Bedrock IntervalBoring Dredge Depth Screened(tt msl) Fill Till

Spoil
Bedrock/ (tt bgs)

(tt bgs)
(tt bgs)

Alluvium

2LTB10 87.2 X -- X -- -- 16.0 -- --
~

2LTB 11 87.1 'X -- X -- -- 16.0 -- --

2LTB12 86.0 X -- X -- -- 16.0 -- --

2LTB13 87.8 X -- X -- -- 16.0 -- --

2LTB14 88.1 X -- -- -- -- 16.0' -- --
2LTB15 87.7 X -- -- -- 5.5 5.5 -- --
2LTB16 87.8 X -- -- -- 6.0 6.0 -- --

2LTB17 87.8 X -- X -- -- 16.0 -- --

2LTB18 88.1 X -- X -- -- 16.0 -- --

2LTB19 87.8 X -- -- -- -- 16.0 -- --
2LTB20 88.6 X -- X -- -- 16.0 -- --
2LTB21 88.7 X -- X -- -- 16.0 -- --

2LTB22 89.6 X -- X -- -- 16.0 -- --

2LTB23 88.4 X -- X -- -- 16.0 -- --

2LTB24 90.0 X -- X -- 13.83 13.83 -- --

2LTB25 88.4 X -- -- -- 4.0 4.0 -- --
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TABLE 2

SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 5 OF 9

Material Encountered During Installation Total
. Weill Ground Top of

Boring
Screened

Unit
Elevation Weathered Bedrock Interval

Boring Dredge Depth Screened
(ft msl) Fill Till

Spoil
Bedrock/ (ft bgs)

(ft bgs)
(ft bgs)

Alluvium

2LTB26 89.7 X -- -- -- 5.16 5.16 -- --

2LTB27 90.6 X -- -- -- 9.66 9.66 -- --
2LTB28 88.1 X -- X -- -- 16.0 -- --

2LTB29 87.1 X -- X -- -- 16.0 -- --

2LTB30 88.4 X -- -- -- 3.16 3.16 -- --

2LTB31 88.1 X -- X -- -- 16.0 -- --
2WTB1 67.5 -- -- X X -- 32.0 -- --

2WTB2 68.2 -- -- X X -- 32.0 -- --

2WTB4 83.5 -- -- -- X 0.83 0.83 -- --
Area A Landfill FFS - Soil Borings

2GB1 75.1 X -- X X -- 22.0 -- --

2GB2 75.1 X -- X -- 17.0 17.0 -- --
2GB3 78.2 X -- X X 22.0 22.0 -- --

2GB4 -- X -- -- -- 3.5 7.8 -- --
2GB5 -- X -- -- X -- 9.0 -- --
2GB6 83.4 X -- -- -- 3.0 8.0 -- --
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 6 OF 9

Material Encountered During Installation Total
Well/

Ground Top of
Boring

Screened
Unit

Boring
Elevation Weathered Bedrock

Depth.
Interval

Screened(ft msl) Fill Till
Dredge

Bedrock/ (ft bgs) (ft bgs)
Spoil

Alluvium
(ft bgs)

2GB? 80.3 X -- -- -- 10.0 10.0 -- --
2GB8 82.8 X -- -- -- 4.0 8.0 -- --

2GB9 84.4 X -- -- X 2.5 2.5 -- --
2GB10 85.9 X -- -- X 9.0 14.0 -- --

2GB11 -- -- -- -- X -- 8.3 -- --
2GB12 92.0 -- -- -- X 5.0 10.0 -- --

2GB13 91 X -- -- -- 5.0 5.0 -- --

2GB14 94.4 -- -- -- X 0.5 5.4 -- --

2GB15 -- -- -- -- -- GS(21 -- -- --

2GB16 -- -- -- -- X 4.0 8.8 -- --

2GB1? 92.4 X -- -- -- 4.2 4.2 -- --
2GB18 92.5 -- -- -- X 18.8 23.16 -- --

2GB19 92.4 -- -- X -- -- 11.1 -- --

2GB20 95.0 X -- -- X ? 11.5 -- --

2GB21 -- X -- X -- 22 26.3 -- .-
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TABLE 2
§ SUMMARY OF EXISTING AREA LANDFILL
~ MONITORING WELL AND TEST BORING INFORMATION

. -=0 FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 7 OF 9

Material Encountered During Installation Total
Ground Top of - Screened

Wellj
Elevation Bedrock

Boring
Interval

Unit
Boring Weathered Depth Screened

(ft msl) Fill Till
Dredge

Bedrock/ (ft bgs) (ft bgs)
Spoil

. Alluvium
(ft bgs)

2GB22 80.7 X -- X -- -- 12.0 -- --

2GB23 77.8 X -- -- -- -- 17.0 -- --

Area A Landfill - Geotech Borings

LF-SB01 79.3 X -- X X 52.0 52.0 -- --

LF-SB02 87.3 X -- X X 33 38.5 -- --

LF-SB03 84.5 X -- X X 70 70 -- --

LF-SB04 91.0 X -- -- X -- 16 -- --

LF-SB05 90.8 X -- -- X 23 23 -- --

LF-SB06 79.4 X -- X X 22.5 32.0 -- --

Area A Landfill Cap Design - Geoprobes

GP1 96.0 -- -- -- -- 90.5 ft msl -- -- --

GP2 100.8 . -- -- -- -- 99.1 ft msl -- -- --

GP3 103.8 -- -- -- -- 102.7 ft msl -- -- --

GP4 99.6 -- -- -- -- 98.3 ft msl -- -- --

GP5 97.4 -- -- -- -- 92.7 ft msl -- -- --

GP6 92.1 -- -- -- -- 87.3 ft msl -- -- --
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 8 OF 9

Material Encountered During Installation Total
Well/

Ground Top of
Boring

Screened
Unit

Boring
Elevation Weathered Bedrock

Depth
Interval

Screened
(ft msl) Fill Till

Dredge
Bedrock/ (ft bgs) (ft bgs)

Spoil
Alluvium

(ft bgs)

GP7 99.1 -- -- -- -- 93.2 ft msl -- -- . --
GP8 100.2 -- -- -- -- 98.0 ft msl -- -- --
GP9 90.0 -- -- -- -- 88.9 ft msl -- -- --

GP10 87.9 -- -- -- -- 84.4 ft msl -- -- --

GP11 106.~ -- -- -- -- 10S.2·ft msl -- -- --

GP12 90.1 -- -- -- -- 87.7 ft msl -- -- --

GP13 105.6 -- -- -- -- 100.5 ft msl -- -- --
GP14 95.9 -- -- -- -- 89.5 ft msl -- -- --

GP15 102.6 -- -- -- -- 101.6ftmsl -- -- --

GP16 101.2 -- -- -- -- 94.6 ft msl -- -- --
GP17 . 95.0 -- -- -- -- 88.1 ft msl -- -- --

GP18 96.9 -- -- . -- -- 88.5 ft msl -- -- --

GP19 107.2 -- -- -- -- 104.9 ft msl -- -- --
GP20 100.0 -- -- -- -- 86.0 ft msl -- -- --
GP21 97.8 -- -- -- -- 93.4 ft msl -- -- --

GP22 110.2 -- -- -- -- 108.6 ft msl -- -- --

C
JJ»
~



o
<D
<D
VI
f\)

--...
1)

TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 9 OF 9

Material Encountered During Installation
TotalWell/

Ground Top of
Boring

Screened
UnitBoring Elevation Weathered Bedrock

Depth Interval
Screened(ft msl) Fill Till Dredge

Bedrock/ (ft bgs) (ft bgs)Spoil
Alluvium

(ft bgs)

GP23 100.6 -- -- -- -- .. 95.6 ft msl -- -- --
GP24 98.3 -- -- -- -- 90.2 ft msl -- -- --

Notes:

ft msl
ft bgs
X

(1)

121

feet mean sea level
feet below ground surface
Denotes geologic unit encountered during boring installation
No data available

8R - Bedrock
GS - Ground Surface
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TABLE 3

ESTIMATED AQUIFER PROPERTIES
FOR USE IN LEACHATE MODELING STUDY

NAVAL SUBMARINE BASE - NEW LONDON, GROTON, CONNECTICUT

DRAFT

Hydraulic
Aquifer

Specific
Thickness Transmissivity

Material Test Type Well Conductivity
(assumed) (tt2/day) Yield

(tt/day)
(tt)

Fill Slug 2WMW3S 4.8 - - -

Slug 2LMW8S 2.3 - - -

Pumping 2LOW1S 3.5 21 74 -

Pumping 2LOW2S 2.1 21 43 0.24
l

Dredge Spoil Slug 2WMW5S 1.0 - - -

Overburden/ Slug 4MW2S 3.4 - - -

Bedrock

BE;ldrock Slug 2WMW3D 0.03 150 4.6 -

Slug 2LMW7D 0.46 150 69 -

Slug 2LMW18D 1.4 150 216 -



@:. Brown & Root Environmental
A Division of Halliburton NUS Corporation

C-49-10-5-222
October 19, 1995
Project Number 5082

Mr. Mark Evans
Northern Division (Code 1823)
Naval Facilities Engineering Command
Mail Stop 82, 10 Industrial Highway
Lester, PA 19113-2090

Fostl'r Pla7~1 VII
661 Andl'rscn Driw

Pittsburgh, PA 15220-2745

(412) 921-7090
FAX: (412)921-4040

Reference:

Subject:

CLEAN Contract N62472-90-D-1298
Contract Task Order No. 203

Corrected Tables For Work Plan Addendum
GroundwaterlLeachate Modeling Study
Area A Landfill Design
Naval Submarine Base New London, Groton, Connecticut

Dear Mr. Evans:

Please find attached a corrected Table 2 for the Work Plan Addendum submitted last October 5 for the
Groundwater/Leachate Modeling Study. As a result of an internal review of this table and the boring logs'
for each of the concerned wells, Brown & Root Environmental (B&R Environmental) discovered several
inconsistencies between the information shown on Table 2 and that indicated in the boring logs. In
particular, several wells which were shown on Table 2 as having been screened in a single geological unit
were in fact screened in two units. Table 2 has been corrected to reflect the proper information as provided
in the boring logs. The corrections have been highlighted to make reviewing easier.

B&R Environmental apologizes for these errors and believes that the balance of the information in Table
2 as previously submitted is correct.

Copy of the attached corrected Table 2 is also being sent today via facsimile to Kymberlee Keckler at U.S.
EPA Region I and Dalo Weiss at TRC Environmental Corporation in preparation for tomorrow's phone
conference. Additional copies are also being sent today via regular mail to Mark Lewis at the Connecticut
Department of Environmental Protection (CTDEP), Jim Briggs at NORTHDIV Civil Design and Andy
Stackpole at NSB NLON Environmental Department.

Very truly yours,

JLGfjlg

A Halliburton Company



Mr. Mark Evans
C-049-10-5-222
October 19, 1995 - Page Two

Attachment

cc: Mr. Roger Boucher, NORTHDIV (letter only)
Mr. Jim Briggs, NORTHDIV (1 copy)
Mr. Andrew Stackpole, Environmental Department, NSB NLON (1 copy)
Mr. John Trepanowski, Brown & Root Environmental, Wayne (1 copy)
Mr. Daryl Hutson, Brown & Root Environmental, Pittsburgh (letter only)
File 5082



·@:~:D Brown &Root Environmental
A Division of Halliburton NUS Corporation

C-49-10-5-224
October 19, 1995
Project Number 5082

Ms. Kymberlee Keckler
Remedial Project Manager
U.S. Environmental Protection Agency - Region I
Waste Management Division - HAN-CAN1
J.F.K. Federal Building
Boston, Massachusetts 02203·2211

Foster PIM,' VII
661 Andersen Drive

Pittsburgh, PA 15220-274:;

(412) 921-7090
FAX: (412) 921-4040

Reference:

Subject:

CLEAN Contract N62472-90-D-1298
Contract Task Order No. 203

Corrected Table For Work Plan Addendum
Groundwater/Leachate Modeling Study
Area A landfill Remedial Design
Naval Submarine Base New London, Groton, Connecticut

Dear Ms. Keckler:

On behalf of the U.S. Navy, Northern Division Naval Facilities Engineering Command (the Navy), Brown
& Root Environmental (B&R Environmental), a division of Halliburton NUS Corporation, is pleased to submit
to the U.S. Environmental Protection Agency Region I (USEPA) one (1) copy of a corrected Table 2 for the
Work Plan Addendum submitted last October 5 for the GroundwaterlLeachate Modeling Study.

As a result of an internal review of this table and the boring logs· for each of the concerned wells, Brown
& Root Environmental (B&R Environmental) discovered several inconsistencies between the information
shown on Table 2 and that indicated in the boring logs. In particular, several wells which were shown on
Table 2 as having been screened in a single geological unit were in fact screened in two units. Table 2
has been corrected to reflect the proper information as provided in the boring logs. The corrections have
been highlighted to make reviewing easier. B&R Environmental apologizes for these errors and believes
that the balance of the information in Table 2 as previously submitted is correct.

Copy of the attached corrected Table 2 is also being sent today via facsimile to Mr. Dale Weiss at TRC
Environmental Corporation in preparation for tomorrow's phone conference.

Sincerely yours,

n-Luc Glorieux, P.E.
Project Manager

Attachment
JLGfjlg

A Halliburton Company



Ms. Kymberlee Keckler
C-049-1 O~5-224

October 19, 1995 - Page Two

cc: Mr. Dale Weiss,TRC Environmental Corporation (1 copy)
Mr. Roger Boucher, NORTHDIV (letter only)
Mr. Mark Evans, NORTHDIV (letter only)
Mr. James Briggs, NORTHDIV (letter only)
Mr. Andrew Stackpole, NSB NLON, Environmental (letter only)
Mr. John Trepanowski, Brown & Root Environmental, Wayne (letter only)
Mr. Daryl Hutson, Brown & Root Environmental, Pittsburgh (letter only)
R~5002 .



~. Brown &Root Environmental
A Division of Halliburton NUS Corporation

C-49-10-5-226
October 19, 1995
Project Number 5082

Mr. Mark Lewis
Environmental Analyst 2
Connecticut Department of Environmental Protection
Bureau of Water Management· PERD
79 Elm Street
Hartford, Connecticut 06106-5127

Foster Plaz.l VII
661 AndeP.ien Drive

Pittsburgh. PA 1522G-2743

(412) 921-7090
FAX: (412) 921-404tl

.Reference:

Subject:

Dear Mr. Lewis:

CLEAN Contract N62472-90-D-1298
Contract Task Order No. 203

Corrected Table For Work Plan Addendum
Groundwater/Leachate Modeling Study
Area A landfill Remedial Design
Naval Submarine Base New London, Groton, Connecticut

On behalf of the U.S. Navy, Northern Division Naval Facilities Engineering Command (the Navy), Brown
& Root Environmental (B&R Environmental), a division of Halliburton NUS Corporation, is pleased to submit
to the Connecticut Department of Environmental Protection (CTDEP) one (1) copy of a corrected Table 2
for the Work Plan Addendum submitted last October 5 for the Groundwater/Leachate Modeling Study.

As a result of an internal review of this table and the boring logs for each of the concerned wells, Brown
& Root Environmental (B&R Environmental) discovered several inconsistencies between the information
shown on Table 2 and that indicated in the boring logs. In particular, several wells which were shown on
Table 2 as having been screened in a single geological unit were in fact screened in two units. Table 2
has been corrected to reflect the proper information as provided in the boring logs. The corrections have
been highlighted to make reviewing easier. B&R Environmental apologizes for these errors and believes
that the balance of the information in Table 2 as previously submitted is correct. .

Sincerely yours,

_-:::::::::';;:;P--:Jleraan-Luc Glorieux, P.E.
Project Manager

Attachment
JLGfjlg
cc: Mr. Roger Boucher, NORTHDIV (letter only)

Mr. Mark Evans, NORTHDIV (letter only)
Mr. James Briggs, NORTHDIV (letter only)
Mr. Andrew Stackpole. NSB NLON, Environmental (letter only)
Mr. John Trepanowski, Brown & Root Environmental, Wayne (letter only)
Mr. Daryl Hutson, Brown & Root Environmental, Pittsburgh (letter only)
Rle 5082

A Halliburton Company
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TABLE 2
,

SUMMARY OF EXISTING AREA A LANDFILL
MONITORING WELL AND TEST BORING INFORMATION

FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT

Material Encountered During Installation
Top of

Total
ScreenedGround

Boring UnitWell/ Elevation Weathered Bedrock
Depth

Interval
ScreenedBoring Dredge (ft bgs)(ft mIl) Fill Till

Spoil
Bedrock/ (ft bgs)

(ft bgs)
Alluvium

Area A landfill Phase I and II RI - Monitoring Wells
iii

1MW2S

2LMW7S

2LMW7D

86.02

82.80

83.10

x

x
x

x

x
x

x
30.2

28.5

14.0

50.0

43.59

4.0-14.0 1::.::"Ei~lm_!.::::

11.65-21.65 I Fill/Dredge

33.5-43.6 I BRll)

5.5-15.5 ~!jji!I:!iJii:I~~!rl!i:\jili:2LMW8S

2LMW8D

86.40

87.10

x

x

x

x 41.5

20.0

124.4 46.5-124.4 BR

2LMW9S 85.30 x x x 42.5 8.24-18.24 I Fill/Dredge

2LMW9D

2LMW13S

2LMW13D

2LMW14D

85.40

86.90

86.80

91.90

x
x
x

x

x x

x

42.0

19.5

13.5

59.74

36.0

60.03

27.0

47.0-59.74

6.46-16.46

24.5-60.03

18.5-27.0

BR

Fill

BR

BR

2LMW17S

2LMW17D

2LMW18S

82.48

82.62

77.94

x
x

x

x
x
x x

18.0

18.5

39.0

33.5

7.75-17.75 I Fill/Dredge

28.1-39.0 BR

5.74-15.74
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL

MONITORING WELL AND TEST BORING INFORMATION

FOR USE IN LEACHATE MODELING STUDY

NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT

PAGE 2 OF 9

Material Encountered During Installation

78.0-127.1 I SR

8.5-18.5 I SR

7.79-22.79 I FI1I/Dredge
C
:D»
~

SR

SR

SR

Unit
Screened

j\:lllill~llil~ji!!i::1

:.ii::!Flijll~i::II:·

11\1\1:\\\\1111
\\1\1\\

i:!li!li!III~Il!~1 ::ji!.

:::·j~J~zllJ.~:::

3.0-13.0 ,il·j·F!i.,ZPrB,.
4.0-14.0 ,.::·fJijlPt~~:·

4.0-14.0 I :tfmmB!·.:

9.0-19.0

4.0-14.0

4.0-14.0

74.0-80.0

15.0-25.0

28.0-120.0

41.0-49.03

Screened
Interval
(ft bgs)

23.75-28.75

41.5

14.0

15.0

14.0

18.5

29.5

26.0

80.0

15.0

25.0

15.0

127.1

120.0

49.03

Total
Boring
Depth
(ft bgs)

2.5

73.0

29.3

17.5

39.0-69.0

Top of
Bedrock
(ft bgs)

x

x

x

x

x

x

x

x

Weathered
Bedrock/
Alluvium

x

x

x

x
x

x

x
x

x

Dredge
Spoil

x

Till

x

x

x

x
x

x
x
x

x

x

x

Fill

Well/
Ground

Elevation
Boring (ft msl)

2LMW18D 77.67

2LMW19S 93.50

2LMW19D 93.90

2LMW20S 87.35

2LMW20D 87.55

2LPW1S 86.25

2LOW1S 86.26

2LOW1D 86.88

2LOW2S 86.69

2LOW3S 85.50

2LOW4S 86.83

2WMW3S 87.80

2WMW3D 81.68

4MW1S . 127.91
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 3 OF 9

Material Encountered During Installation Total
Well/

Ground Top of Boring
Screened Unit

Boring Elevation Weathered Bedrock
Depth

Interval
Screened

(ft mal) Fill Till
Dredge

Bedrock/ (ft bgs) (ft bgs}
Spoil

Alluvium
(ft bgs)

4MW2S 96.65 -- X X 6.5 14.5 4.5-14.5 Dredge/SR

·4MW3S 100.55 .- X -- -- 4.5 13.5 3.5 0 13.5 Till/SR
..

4MW4S 107.80 -- X -- -- 4.5 14.5 4.5-14.5 TIII/SR

4MW4D 107.29 -- X -- -- 8.5 40.0 30.0-40.0 BR

Area A landfill Phase I and II RI and FFS - Soli Borings

1TB1 -- X -- -- X -- 14.5 -- --
1TS3 -- X -- X -- -- 14.0 -- --

4TBl -- X -- -- X 12.0 12.0 -- --

4TB2 -- -- -- -- X 3.5 3.5 -- --
2LTBl 84.0 X -- X -- 20.0 20.0 -- --
2LTB2 84.6 • X -- X X 24.0 24.0 -- --
2LTB3 84.6 X -- X -- 18.0 18.0 -- --

2LTB4 88.2 X -- X -- 17.0 17.0 -- --

2LTB5 88.0 X -- -- -- 10.0 10.0 -- --

2LTB6 88.4 X -- X X -- 21.0 -- --
2LTB7 87.4 X -- X -- 12.2 12.2 -- --
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 4 OF 9

Material Encountered During Installation Total
We11/

Ground Top of
Boring

Screened
Unit

Elevation Weathered Bedrock Interval
Boring Dredge Depth Screened

(ft mal) Fill Till
Spoil

Bedrock/ (ft bga) (ft bga)
(ft bga)

Alluvium

2LTB8 87.4 X -- -- -- 14.7 14.7 -- --

'2LTB9 87.0 X -- -- -- 6.0 6.0 -- --

2LTB10 87.2 X -- X -- -- 16.0 -- --
2LTB11 87.1 X -- X -- -- 16.0 -- --
2LTB12 .86.0 X -- X -- -- 16.0 -- --

2LTB13 87.8 X -- X -- -- 16.0 -- --
2LTB14 88.1 X' -- -- -- -- 16.0 -- --
2LTB15 87.7 X -- -- -- 5.5 5.5 -- --
2LTB16 87.8 X -- -- -- 6.0 6.0 -- --

2LTB17 87.8 X -- X -- -- 16.0 -- --
2LTB18 88.1 X -- X -- -- 16.0 -- --
2LTB19 87.8 X -- -- -- -- 16.0 -- --
2LTB20 88.6 X -- X -- -- 16.0 -- --
2LTB21 88.7 X -- X -- -- 16.0 -- --
2LTB22 89.6 X -- X -- -- 16.0 -- --

2LTB23 88.4 X -- X -- -- 16.0 -- --
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL

MONITORING WELL AND TEST BORING INFORMATION

FOR USE IN LEACHATE MODELING STUDY

NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT

PAGE 5 OF 9

Material Encountered During Installation Total

Weill
Ground

Top of Boring
Screened Unit

Elevation Weathered Bedrock Interval

Boring Dredge Depth Screened

(ft msl) Fill Till Spoil
Bedrockl (ft bgs) (ft bgs)

(ft bgs)

Alluvium

2LTB24 90.0 X -- X -- 13.83 13.83 -- --

2LTB25 88.4 . X .- -- -- 4.0 4.0 -- --

2LTB26 89.7 X -- -- -- 5.16 5.16 . -- --

2LTB27 90.6 X -- -- -- 9.66 9.66 -- --

2LTB28 88.1 X -- X -- -- 16.0 -- --

2LTB29 87.1 X -- X -- -- 16.0 -- --

2LTB30 88.4 X -- -- -- 3.16 3.16 -- --

2LTB31 88.1 X -- X -- -- 16.0 -- --

2WTB1 67.5 -- -- X X -- 32.0 -- --

2WTB2 68.2 -- -- X X -- 32.0 -- --

2WTB4 83.5 -- -- X 0.83 0.83 -- .-

Area A landfill FFS - Soli Borings

2GB1 75.1 X -- X X -- 22.0 -- .-

2GB2 75.1 X -- X -- 17.0 17.0 -- --

2GB3 78.2 X -- X X 22.0 22.0 -- _.

2GB4 -- X .- -- -- 3.5 7.8 -- --
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 6 OF 9 .

Material Encountered During Installation Total
Well/

Ground Top of
Boring

Screened
Unit

Boring
Elevation Weathered Bedrock

Depth
Interval

Screened
(ft mal) Fill Till

Dredge
Bedrock/ (ft bgs) (ft bgs)

Spoil
Alluvium

(ft bgs)

2GB5 .- X .- .. X -- 9.0 .- --

2GB6 83.4 X .- .- -- 3.0 8.0 -- _.

2GB? 80.3 X .. _. .- 10.0 10.0 -- --
2GB8 82.8 X .- -. -- 4.0 8.0 -- --

2GB9 84.4 X -- -- X 2.5 2.5 -- ..

2GB10 85.9 X -- -- X 9.0 14.0 -- ..

2GB11 .- .- .. _. X .- 8.3 _. ..

2GB12 92.0 -- -- .. X 5.0 10.0 -- ..,
2GB13 91 X -- -- _. 5.0 5.0 .. ..

2GB14 94.4 -- -- X 0.5 5.4 _. .-

2GB15 -- .. _. -- _. GSl21 .- -- --

2GB16 .- -- -- _. X 4.0 8.8 -- .-
2GB1? 92.4 X .- -- -- 4.2 4.2 -- .-
2GB18 92.5 -- -- _. X 18.8 23.16 -- --
2GB19 92.4 -- .. X .- -- 11.1 -- ..

2GB20 95.0 X -- .- X ? 11.5 -- --
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
.MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODEUNG STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 7 OF 9

Material Encountered During Installation Total
Well/

Ground Top of
Boring

Screened Unit
Elevation Weathered Bedrock Interval

Boring Dredge Depth Screened
(ft msl) FIIi Till

Spoil Bedrock/ (ft bgs)
(ft bgs)

(ft bgs)
Alluvium

2GB21 -- X -- X -- 22 26.3 -- --

2GB22 80.7 X -- X -- .- 12.0 -- .-

2GB23 17.8 X -- -- -- -- 17.0 -- --

Area A Landflll- Geotech Borings

LF-SB01 79.3 X -- X X 52.0 52.0 -- --

LF-SB02 87.3 X -- X X 33 .38.5 -- --

LF-SB03 84.5 X -- X X 70 70 -- --

LF-SB04 91.0 X -- -- X -- 16 -- --
LF-SB05 90.8 X -- -- X 23 23 -- --

LF-SB06 79.4 X -- X X 22.5 32.0 -- --
Area A landfill Cap Design· Geoprobes

GP1 96.0 -- -- -- -- 90.5 it msl -- -- --

GP2 100.8 -- -- -- -- 99.1 it msl -- -- --
GP3 103.8 -- -- -- -- 102.7 it msl -- -- --

GP4 99.6 -- -- -- -- 98.3 it msl -- -- --
GP5 97.4 -- .- -- -- 92.7 it msl -- -- ..
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TABLE 2
SU;vlMARY OF EXISTING AREA LANDFILL

MONITORiNG WELL AND TEST BORING INFORMATION

FOR USE IN LEACHATE MODELING STUDY

NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT

PAGE 8 OF 9

Material Encountered During Installation Total

Well/
Ground

Top of Boring
Screened Unit

Elevation Weathered Bedrock Interval

Boring Dredge Depth Screened

(It mal) Fill Till Spoil
Bedrock/ (It bgs) (It bgs)

(It bgs)

I Alluvium

GP6 92.1 -- -- -- -- 87.3 ft msl -- -- --

GP7 99.1 -- -- -- -- 93.2 ft msl -- . -- .-

GP8 100.2 -- -- -- -- 98.0 ft msl -- -- --

GP9 90.0 -- -- -- -- 88.9 ft msl -- -- --

GP10 87.9 -- -- -- -- 84.4 ft msl -- -- --

GP11 106.5 -- -- -- -- 105.2 ft msl -- -- --

GP12 90.1 --. -_. -- -- 87.7 ft msl -- -- --

GP13 105.6 -- -- -- -- 100.5 ft msl -- -- --

GP14 95.9 -- -- -- -- 89.5 ft msl -- -- --

GP15 102.6 -- -- -- -- 101.6 ft msl -- -- --

GP16 101.2 -- -- -- -- 94.6 ft msl -- -- --

GP17 95.0 -- -- -- -- 88.1 ft msl -- -- --

GP18 96.9 -- -- -- -- 88.5 ft msl -- -- --

GP19 107.2 - -- -- -- 104.9 ft msl -- -- --

GP20 100.0 -- -- -- -- 86.0 ft msl -- -- --

GP21 97.8 -- -- -- -- 93.4 ft msl -- -- --
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TABLE 2
SUMMARY OF EXISTING AREA LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODEUNG STUDY
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT
PAGE 9 OF 9

MaterIal Encountered DurIng Installation Total
Well/

Ground Top of
BorIng

Screened
Unit

BorIng
Elevation Weathered Bedrock

Depth
Interval

Screened
(ft msl) Fill Till

Dredge
Bedrock/ (ft bgs) (ft bgs)

Spoil (ft bgs). AlluvIum

GP22 110.2 -- .- -- -- 108.6 ft msl -- -- --

GP23 100.6 -- .- -- -- 95.6 ft msl .. .- -.

GP24 98.3 -- .- -- .. 90.2 ft msl .. .- --

Notes:

ft msl
ft bgs
X

(1)

(2)

feet mean sea level
feet below ground surface
Denotes geologic unit enc~untered during boring Installation
No data available

BR· Bedrock
GS - Ground Surface
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APPENDIX A.3

FIELD INVESTIGATION MODIFICATIONS



~ Brown & Root Environmental
A Division of Halliburton NUS Corporation

C-49-10-5-303

October 25, 1995

Project Number 508.2

Mr. Mark Evans
Northern DMsion (Code 1823)
Naval Facilities Engineering Command
Mail Stop 82, 10 Industrial Highway
Lester, Pennsylvania 19113-2090

Foster PIaz.a VII
661 Andersen Drive

Pittsburgh, PA 1522(}.2745

(412) 921-7090
FAC(:(412)921~

Reference:

Subject:

CLEAN Contract N62472-90-D-1298
Contract Task Order No. 203

Field Investigation Modifications
GroundwaterlLeachate Modeling Study
Area A landfill Remedial Design
Naval Submarine Base New London, Groton, Connecticut

Dear Mr. Evans:

As a result of the October 20,1995 telephone conference held between the Navy, U.S. EPA Region I
(USEPA), their oversight contractor TRC Environmental Corporation (TRC), and Brown & Root
Environmental (B&R Environmental), it was agreed to modify the field investigation proposed in support of
the Groundwaterlleachate Modeling Study as described in the Letter Work Plan, dated September 6, 1995,
and the Letter Work Plan Addendum, dated October 5, 1995. Also, based on a site reconnaissance and
utility interference check performed by B&R Environmental during the week of October 16, 1995, some
proposed data points have been slightly relocated. The field investigation modifications as itemized below
are reflected on attached Figure 3-1. Table A-2, which was first presented in Field Sampling Plan (FSAP)
appended to the September 6 Letter Work Plan, has also been revised to reflect the agreed-upon field
investigation modifications and a copy of revised Table A-2 is attached to this letter.

The following field investigation modifications will be implemented:

• Proposed well cluster 2LMW32F/2LMW32DS will be moved north about 100 feet toward the
wetland boundary to determine groundwater elevations in the dredge spoil and fill near the
downgradient edge of the landfill.

• A bedrock well, designated 2LMW32B, will be added to the to the 2LMW32F/2LMW32DS well
cluster to establish abetter estimate of the bedrock surface, hydraulic conductivity in the bedrock,
and hydraulic potential in the bedrock at the northeast comer of the landfill.

II Proposed dredge spoil piezometer 2LPZ3DS will be moved to the wetland boundary.

e Proposed test boring 2LTB32DS will be converted to a dredge spoil monitoring well, r&-designated
2LMW34DS, and moved to the southern edge of crane test pad near the existing 2LMW18 well
duster. This new well, together with the existing 2LMW18 duster, will establish the hydraulic
conductivity and hydraulic pot ntial in the dredge spoil between transects B-B' and C-C'.

A Halliburton Company



Mr. Mark Evans
C-Q49-10-5-303
October 25, 1995· Page Two

• Proposed upgradient bedrock well 2LMW34B will be re-designated as 2LMW36B to account for
the conversion of proposed test boring 2LTB320S to dredge spoil well 2LMW340S.

• An additional piezometer drive point 2LPZ1 F will be installed in the fill near proposed staff gauge
SG-11 to determine groundwater elevation in the filVoverburden along the wetland boundary
between transects 8oB' and C-C'.

• An additional piezometer drive point 2LPZ2F will be installed in the fill near existing soil boring
2GB13 to determine groundwater elevation in the filVoverburden at theupgradient,.westem portion
of landfill.

• Proposed dredge spoil piezometer drive points 2LPZ1 OS through 2LPZ30S will be relocated and
three additional dredge spoil piezometer drive points, 2LPZ40S through 2LPZ60S will be installed.
These drive points will be coupled with proposed staff gauges, SG-7, SG-8, and SG·10 through
SG-13 to ensure an estimate of the hydraulic potential in the wetland dredge spoil given that the
wetland is presently dry.

• Proposed well cluster 2LMW29F/2LMW290S will be moved south toward the hillside to obtain
hydraulic data in the dredge spoil and fill closer to the upgradient boundary of the landfill.

• Proposed well cluster 2LMW31 F/2LMW31 OS will be moved south off the landfill service road as
determined by the B&R Environmental site reConnaissance.

At this time, B&R Environmental is planning to initiate field work on October 31,1995 and it is anticipated
that all field activities will be completed around November 22, 1995.

This information is also being sent today to Ms. Kymberlee Keckler at USEPA (via express mail), to Mr.
Dale Weiss at TRC (via express mail), and to Mr. Mark Lewis at the Connecticut Department Of
Environmental Protection (CTDEP) (via regular mail). Copies of this letter and the attached figure and table
are also being sent today in accordance with the distribution list shown below.

H you have any questions or comments regarding the proposed field investigation modifications, please
contact me at (412) 921-8568 or Corey Rich at (412) 921-8244.

Sincerely yours,

~::::::-.
c;;> . Project Manager

Attachment
JLGfJlg
cc: Mr. Roger Boucher, NORTHOIV (letter only)

Mr. James Briggs, NORTHOIV (1 copy)
Mr. Andrew Stacl<pole, NSB NLON, Environmental (1 copy)
Mr. John Trepanowski, Brown & Root Environmental, Wayne (1 copy)
Mr. Oaryf Hutson, Brown & Root Environmental, Pittsburgh (letter only)
Rle5082



APPENDIX B

BROWN & ROOT ENVIRONMENTAL FIELD LOGS

B.1 Drilling Activities Log .
B.2 OBDA Seep Sampling and Flow Measurement Log



APPENDIX 8.1

DRILLING ACTIVITIES LOG
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oaOA SEEP-AFTER WEIR CONSTRUCTION

oaOA SEEP-AFTER WEIR CONSTRUCTION



OBDA SEEP-PRIOR TO WEIR CONSTRUCTION

OBDA SEEP-SAME AS ABOVE-WIDER ANGLE



oaDA SEEP-AREA OF INFLOW

oaDA SEEP-AREA OF OUTFLOW



APPENDIX C

MONITORING WELL AND TEST BORING DATA

C.1 Overburden Well Drilling Logs and Construction Sheets
C.2· Bedrock Well Drilling Logs and Construction Sheets
C.3 Summary of Monitoring Well and Test Boring Data



APPENDIX C.1

OVERBURDEN WELL DRILLING LOGS AND CONSTRUCTION SHEETS



BORING LOG HALLIBURTON NUS J

PROJECT: +=::111&' b e"R Il/ZCIl ,t:l BORING NO.: (;)L Pc /

PROJECT NO.: .... (f;~ 508";) DATE: (S!3("1) . DRillER: GE.o -.,. Eo\<;.

elEVATION: FiELD G=OlOGIST: -;r~ Tdr?JHJ
(

WATER lEVE!.. DATA:

(Date, Time & Conditions) 60' ~~,~~,y ;('t), f ,~ilf I"",jf '3e::.1 l="I)<I'
, i

MATERIAL DESCRIPnON- flD<.I<.

aLOW\. \AM'l!
U.

S..... ·ll 01~T>< ,- O~ _Ieol/I~Y
LiT>'OLOGY SOIL ~

.~O. I~I
~OO

C~"IOG! OllOS"''( MATERIALs ..... ·LE COlO SlSTI!< ey

, TV'I ~ '-,I LIIO<iT~
(O_Ofl'l.".1 O. _oeK COLO_ uses REMARKS

RUt-! "".OHUS
CLASSIFICAnON

...,0.

Il..u b"f: e... To H ~~J-

'-I
II

lIP ~)H 1J"k-~
I gr s·· Er ~ ""•...1 'S N6

/4/ 0-

b
/If tun 5':7" Rod? .p-:4~~S IQucl{ ;+.r-.D
5/

17t~, 7' " # .5AJJD Nof W-"" uO- II

/VI) 1/: I b" ~'''''>.-I ~'J-... ? \L fr.1, j

I

;) b
SCN

I"~ ~~ 5.:..J (P/~~ llJet-
/ ~

g M ~.)~ 'Iltl~j

I
I

REMARKS --'- _

• See Legeno on aac~

BORING ----

·PAG=__O.= __



~l\HALLIBURTON' NUS····E· tal C .,~.". nVlronmen orporahon

Well No. :9LPiJrl r::-

OVERBURDEN
MONITORING WELL SHEET

PROJECT LOCATION {(e4f{ L-F

PROJECT NO. -..L:.SP::::.....l.1.S-...l'V~___ BORING cVLP2;tE
ELEVATION DATE IllS/if

I II FI ELD Gto LOG IST_-"7'-Ji!£~-r~ _

DRILLER U(.?s~hac

DRILLING )/.519
METHOD ---- _

DEVELOPMENT
METHOD

TYPE OF SURFACE SEAl; _ .....zlB:.......0=t:)..:..:/·/~__
GROUND
ELEVATlON

~--~..---+-- ElEVATlON OF TOP OF SURFACE CASING:+--'-;"1- ELEVATIONOFTOPOFRISER PIPE:

I STICK· UP TOP OF SURFACE CASING:
,4-----'-- STICK· UP RISER PIPE:

.-L
I.D. OF SURFACE CASING: rtf-A
TYPE OF SURFACE CASINr.~.:...· _~---'~lJI.'!!L~.~=---- __

C) "r-t----+- RISER PIPE I.D. _--=or~ _
TYPE OF RISER P(PE: _.:..Pv.~c..:..- _

~"4---+- BOREHOLE DIAMETER: _...;'~ _

Aquifer Type*:
~----TYPE OF BACKFILL: ---:,-.:¥>..a.:::~/~C--~ _

Aquifer Name*:

...--+-- ELEVATION I DEPTH TOP OF SEAL: ;?'&'/
i

••--+-- TYPE OF SEAL: @1/1f?t)?I-V~ "frtp.,,/J {!-1.f;~

i•!I;
I

1

.;;;>'
() I

.#' ~'5J''';

I
I,
I

I
I

I
I
I
I

I

I

1?' /

rJ'I.D. OF SCREEN: _....::::... _

SLOT SIZE x LENGTH:

Elevation/End Depth of Seal:

'....------- ELEVATION I DEPTH OF HOLE:

~--+- ELEVATION I DEPTH BonOM OF SCREEN:

~--~ ELEVATI()N I DEPTH BonOM OF SAND PACK:
TYPE OF ;)ACKFILL BELOW OBSERVATION
WELL: _

r.--~-TYPEOFSANDPACK: .:4/ Jcu.J
Fil ter Pack Length: :I ft.

3---eJI....--~ ELEVATION I DEPTH TOP OF SCREEN:

........---+--TYPEOFSCREEN: _

Remarks*:

Percent open
area of screen*:

• Note: See other side for details.



BORING LOG HALLIBURTON NUS

PROJECT: AA)'~R &63 A LAveElL~ BORING NO.: Q?P~ do

PROJECT NO.: 6i(O:, DAT~ . lIi3 . DRILLEH: GE.o -IE-I<..

ELEVATION: FiEL~'G=OLGlST:
WATER LEVE\.. DATA:

(Date, Time & Conditions)

MATERIAL DESCRIPTIDN· ~

now> \AM'\,!
£!,It:

I .. M'l! o!~'" •• o~ ~!CO\l!~V
llTHOlOGV lOll 0l'I.

.~O. 1ft.)
~OO

CH""GI O! " II"'" MATERIAL\ ..M'lI CO"IIITI~CV

, TY.! ~ (",1 If''GTH
IO.D1PU't.J

O~ IOCX COlOI
CLASSIFICATION

OJICI REMARKS

RUN HUO"!II

1>10.

l'
, ;)'( fJU)J!( '-If
I

~

~
I -,/ - r~

I
~.A /1 rr

@:$:t~

~\ ~S(L-r b"""O f- c We..J-

cSt2#1J /rue h~b

I
I

I
!,
i.
,

!

REMARKS
_

• See Legeno on oac,

BORING -----



~:aHALLIBURTON NUS
••••E· .._1 C '19k
,~." nVZTOnmenuu orpOTr..ul.on

Well No. :c?LP?;d F

OVERBURDEN
MONITORING WELL.SHEET

PROJ ECT !1((fJ,g L~ LOCATION l1e~7J A
PROJECT NO. ~SoL.OlO.(?-"~:"'::~____ BORING Q2 ~ Pid.;'
ELEVATION DATE l/':z,lf,,£

IFI ELD GEO LO GIST---L.1'4.=,....:r04- _

DRILLER HI-I II. .5htJt-k.
DRILLING
METHOD ~H"","-",-S_~",-- _
DEVELOPMENT

METHOD

I'

! .

GROUND

ELEVATION

I
.AA'--~---+- ELEVATION OF TOP OF SURFACE CASING:+---+1- ELEVATIONOFTOPOFRISER PIPE:

I STICK· UP TOP OF SURFACE CASING:
14-__...0-- STICK. UP RISER PIPE:

J TYPE OF SURFACE SEAL: _=~_~.....;I(..~ _

"'f'lIl!'---+- J. D. OF SURFACE CASI NG: __JI'J.....~:'"iA'A~ _
TYPE OF SURFACE CASING' ;()"Yr-

lilA

J."r-f-.....,....-+- RISER PIPE J.D. ~_~--:- _
TYPE OF RISER P(PE: --,P~II(=-- _

Aquifer T.ype*:

,BOREHOLE DIAMETER: f.."

~--- TYPE OF BACKFILL: -,J:__~..;..J..;..l _

Aquifer Name*:

iii~--+- ELEVATION' DEPTH TOP OF SEAL:

••--+- TYPE OF SEAL: PtIlt(Qflfj ~j C~ciJ I

I' I

Elevation/End Depth of Seal:

Percent open
area of screen*:

ilI---lI'4----t- ELEVATION I DEPTH TOP OF SCREEN:

41----+- TYPE OF SCRE EN: _.....:-R-=-'fA_~ _

SLOT 51 ZE x LE NGTH: .:t-:.-.....;//):.-_-=3,--( _

c9'I. D. OF SCREEN: _-= :--__

3' /
i

I

b;
e I

ft.Fiiter Pack Length:
_----:~---

----+- ELEVATI()N I DEPTH BonOM OF SAND PACK:
TYPE OF ~ACKFILL BELOW OBSERVATION
WELL: _

---+- ELEVATION I DEPTH BonOM OF SCREEN:

'.4--- ELEVATION I DEPTH OF HOLE:

r....--+- TYPE OF SAND PACK: _4~/_~__J _
~

Remarks*:

• Note: See other side for details.



BORING LOG ~ Pagei of_·_

PROJECT NAME: ~ A-,?,;"" l-~ BORING NUMBER: d '-~~~ \:»:s.
PROJECT. NUMBER: ~DQ.~ DATE: tt:>[;-\}

·DRILLING COMPANY:~1"'::''''~~7~='+~CJ...~~~....,.~_-_-_-_-~_-~_-.::. GEOLOGIST: _\......'E-.;'::s=-- _
WATER LEVEL DATA: __' _

:'

.... ~..

/'

MATERIAL DESCRIPTION

Remarks

~ ,Kh ~

L{- ~ s, ,~
H-~ (r J J

l-\o~~~

rJo Dds( t--Jo~

~ - ...... O\.,\
fJo d:>< .N> \..t.~

•

.... t:-
•• • '.1

•
• When lock coring enter rock blokeness.

CONVERTED TO:-'WELL : l Yes _ No: WELL I.D.#: __":J-~l_V\'____l..:.Lv.>o<-:l~=.w..tt>....::I·:=..oif:...· _
REMARKS: ,..--- -.....-~_ ___:.."----:-'..

Signature(s): :--- -'-- _



BORING LOG Page_of_

PROJECT NAME:.------------
PROJECT. NUMBER: _
DRILLING COMPANY: _
WATER LEVEL DATA:

BORING NUMBER: ~b Ml4J ~ 1?~
DATE: I Dtal 7"} ><
GEOLOGIST: r .......

MATERIAL DESCRIPTION

~.s II 1e./~ ..

\ 't I l' \

~---+--_6_--+---+---__•

/

vv
1/

1'6 /

1/
1/
v
1/
/
/
1/
/
1/

1/
• When rock coring enter roc·k brokeness.

WELL 1.0.#: ~_No;YesCONVERTED TO WELL:
REMARKS:~ ~ ~

Signalure(s): ~ ~ _



DRlllE~ -~~~~~

DRILLING H~.A
METHOD--:.~~---
DEVELOPMENT
METHO::>

LOCATION _
·BORING sV.l'fw~11'PS

DATE . 1013\? <0

I
I PROJECT ~(e:S A L.P.

IPR0 JECT NO. -'W'"""-·~t>JZII~ _
. ELEVATION _
IFI ELD GEOlOGIST----J1i..t:,e......:!i.....- --'-- _

~Brown a Root EIM'orInentaI .~ . BORING NO : dL 0:'
MONITORi~tfwELLSHEET.

WEll INSTAllED~

!
I
I

I
!

I
I
I
I
I

I
I

!
i

'I.. ~\\ '-

I

A·'1 "

\2'

~I II'

TYP::mSCREEN: _

CORE I REAM: _

ELEVATION I DEPTH BOTTOM OF HO~:

-- ELEVATION / DEPTH TOP OF SAND:

.."..-- ELEVATION / DEPTH TOP OF SCREEN:

-- ELEVATION I DEPTH TOP OF SEAL:
-'-0!4- ELEVA TJON I DEPTH TOP OF BEDROCK

~--- 1.0. OF SURFACE CASING: _

4'I(
......--- DIAMETER 0;: HOLE: _J.a...- _

11+----0.,;..- STICK UP OF CASING ABOVE GROUND
SURFAC::

'--- ELEVATION TOP OF RISER:
kJ~~::::;-- TYPE OF SURFACE SEAL: _

V.AilllIo<.o---- TYPE OF BACKFILL: <&m,.d &zU__

SLOT SIZ: 1 LENGTH: _\.L:;D::.-.._S...a.-' _

1.0. SCREEt'-.': ---"!:J'i--------
.....--- TYP:: OF SAND PACK: J J>s.~ .\ ( -:,'1 "A (j\\;.:\)

I:f!+t---- DIAMETER OF HOLE IN S::DROCK:

~ ..
....~-----"- fIlrSER PIC:: 1.0.: _"~i:---:::- _

TYP:: OF RISER PIPE: _?_V....(....' _

~~!hn_-L ElEVATION/DEPTH BOTTOM SCR:Et'-.':

........--....--t-- ELEVATION OF TOP OF SURFACE CASIN(;

GROUND
ELEVATION



BORING LOG

PROJECT NAME: J$. ~\t.e. ~ j... G\-
PROJECT.NUMBE~R~:~~~~~~~~~~----

DRILLING COMPANY: _k~:..::5..:::Du=4....:.\e:;...J\.-,; _
WATER LEVEL DATA:

Page_( of_

BOR'ING NUMBER: C2 l t\W:2<i31="'
DATE: [OJ '2 \
GEOLOGIST: __1J~t?l~ -......,•MATERIAL DESCRIPTION

/
7
1/
17

Remarks

~

ID'

'/
/
1/
v
v
1/
1/
1/
/
v
1/
1/
1/
/
v
7
1/
1/

• When rock coring enter rock brokeness.

.ty..;, •.

CONVERTED TO WELL: _ Yes _ No: WELL I.D.#: --:~

REMARKS: ~. ,1

Signatu(e(s): ---------------------------



IOAING NO.

MONITORING WELL SHEET

PROJECT g;;-Al2.IZ~" Lr:- LOCATION ;)L-HCV;;;8f
PROJ ECT NO. _5;;;.o-..;:;e;..;o-~___ BORING---r~~~__

I
ELEVATION DAiE /01-3//'1,/>
FI ELD GEOLOGIST_-J'-~e;,..;;r=-- _

OR!LlER tv-r¥-- ~Q~
OR.I~LlNG

~~:THOD \-\Sf'
OE\':LOPMEN7
M:i~OD

I
I
I
I,
I
!
I
I

I
i
I
I
i
I

I
:
I
I

I
I
I
I
I

I
I
I

i
I

I

I
I

I
I

I

I
I
I
i.
I
I
I

i
I

I
I

i
I
I

I
I
I

I
I

!

~tD'1

Li I O~I

TY?E OF SURFACE SEAL: _

,'';

:/-.""
:aII

of

§
~

",
~
;i?.. •

..

I
~--""''''-----,- E~:VATION OF TOP OF SURFACE CASING'

• _ ••---,- t~tVAilONOFTOPOFftISERPIP:.

'··..---1- STICK. UP TOP OF SURFACE (AS1f\u:
~----S7iCK· UP RISER PIPE:

!
I

GItOUNO
ELEVATION

I I



BORING LOG Page-lof-L

PROJECT NAME: AS£1\. f\.. LAM'""P'<U-
PROJECT, NUMBER: SDef;>- f
DRILLING COMPANY: ft~"<t fCc.
WATER LEVEL DATA:

BORING NUMB~R: _d.__"_L_KvJ-=--'_0-.:....-C\..;,:~'"-:::z:j':;.:~';Lrl1J.-_--'--
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APPENDIX C.3

SUMMARY OF MONITORING WELL AND TEST BORING DATA
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SUMMARY OF AREA A LANDFILL
MONITORING WELL AND TEST BORING INFORMATION

FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT

Material Encountered During Installation

Ground Top 01 Total
Screened

Weill Boring Elevation Fill
Allwium Bedrock Boring

Interval Unit Scraenad

(It msll
Dradga Spoil

Elavation
Badrock (It bps) Dapth 1"'3

Elevation Elavation Elavation ("J (It bgs)
(It bgs)

(ft msll (It msll
(It msll

1"11 (It msll

Araa A Landfill Phase I and II RI . Monitoring Walls

1MW2S 86.02 86.0 - 74.0 - - 14.0 4.0-14.0 FiIl/A1luv

2DMWllS 45.4 - -- 45.4 . 27.9 17.5* 17.5 2.5-12.5 A1luv

2DMWllD 51.5 - - 51.5 34.5 17.0 25.55 19.5-25.55 Bedrock

2LMWlS 82.80 82.8 66.8 53.0 52.6 30.2 50.0 11.65-21.65 Fill/Dredge

2LMWlD 83.10 - - - 54.6 28.5 43.59 33.5-43.6 BR*

2LMW8S 86.40 86.4 - 76.4 - - 20.5 5.5-15.5 FiIl/A1hivium

2LMW8D 87.10 87.1 - - 45.6 41.5 124.4 46.5-124.4 BR*.

2LMW9S 85.30 85.3 73.3 57.5 42.8 42.5* 42.5 8.24-18.24 Fill/Dredge

2LMW9D 85.40 - - - 43.4 42.0 59.74 47.0-59.74 BR*

2LMW13S 86.90 86.9 - 70.9* 70.9 16.0 36.0 6.46-16.46 Fill
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SUMMARY OF AREA A LANDFILL
MONITORING WElL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODEliNG STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT
PAGE 2 OF 15

Material Encountered During Installation

Top of Total
ScreenedGround

Weill Boring Elevation AllllVium Bedrock Boring
Interval

Unit Screened
Fill Dredge Spoil Bedrock (It bps) Depth I')l

(ft msl) Elevation (ft bgs)Elevation Elevation Elevation 1'1 (ft bgs)(It msl)
(ft msl) (ft msl) ('lI (It msl)

2LMW13D 86.80 - - 67.3* 67.3 19.5 . 60.03 24.5-60.03 SR*

2LMW14S 91.9 91.9 - 87.9 78.9 13.0* 13.0 - --

2LMW14D 91.90 - -- - 78.4 13.5 27.0 18.5-27.0 SR*

2LMW17S 82.48 82.5 70.5 60.4* 64.0 18.5 18.5 7.75-17.75 Fill/Dredge

2LMW17D 82.62 - - 64.6* 64.6 18.0 39.0 23.1-39.0 SR*

2LMW18S 77.94 77.9 59.9 48.4 44.4 33.5* 33.5 5.74-15.74 Fill

2LMW18D 77.67 - -- - 41.7 36.0 49.03 41.0-49.03 SR*

2LMW19S 93.50 - -- 93.5 76.0 17.5 25.0 15.0-25.0 A1luvium/SR

2LMW19D 93.90 - - - 76.4 17.5 120.0 28.0-120.0 SR*

2LMW20S 87.35 87.3 -- 77.4 - - 26.0 9.0-19.0 Fill/Alluvium

2LMW20D 87.55 - - - 18.6 69.0 80.0 74.0-80.0 SR*

2LPWIS 86.25 86.3 76.3 - - - 15.0 4.0-14.0 Fill/Dredge
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SUMMARY OF AREA A LANDFILL
MONITORING WelL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE·NEW LONDDN, GROTON, CONNECTICUT
PAGE 3 OF 15

Material EncDuntered During InstaliatiDn

GrDund TDp DI TDtal
Screened

Weill BDring ElevatiDn Alluvium BedrDck BDring
Interval

Unit Screened
Fill Dredge SpDil BedrDck . (It bis) Depth (')3

(It msl) ElevetiDn (ft bgs)ElevatiDn ElevatiDn ElevetiDn ('I (It bgs)(ft msl)
(It msll (It msl) ('II (11 msl)

2LOW1S 86.26 86.3 74.3 - - - 15.0 4.0-14.0 Fill/Dredge

2LOW1D 86.88 86.9 74.9 61.5 57.6 29.3 29.5 23.75-28.75 Dredge/
Alluvium

2LOW2S 86.69 86.7 75.7 - - - 15.0 4.0-14.0 Fill/Dredge

2LOW3S 85.50 85.5 75.5 - - - 14.0 3.0-13.0 . Fill/Dredge

2LOW4S 86.83 86.8 79.8 - - - 14.0 4.0-14.0 Fill/Dredge

2WMW3S 82.80 82.8 67.8 47.8 - - 41.5 7.8-22 Fill/Dredge

2WMW3D 81.68 - -- - 8.7 73.0 127.1 78.0-127.1 SR*

3MW12S 41.0 -- - 41.0 28.0 13.0* 13.0 2.5-12.5 A1luv

3MW12D 41.1 - - - 26.1 15.0 26.1 20-26.1 SR*

4MW1S 127.91 - - 127.9 125.4 2.5 18.5 8.5-18.5 SR

4MW2S 96.65 - - 96.7 91.5 6.5 15.3 4.5-14.5 Dredge/SR

4MW3S 100.55 - - 100.6 96.1 4.5 13.5 3.5-13.5 A1luv/SR
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SUMMARY Of AREA A LANOFILL
MONITORING WEll AND TEST BORING INfORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT
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Material Encountered During Installation

Top of. Total
Ground Screened

Weill Boring Elevation Alluvium Bedrock Boring
Interval Unit Screened

Fill Dredge Spoil Bedrock (It b¥s) Depth 1")3
lit msl) Elevation Elevation

Elevation
Elevation ("' (It bgs)

(It msl) (It bgs)
(ft msll (ft msl) ("II (It msl)

4MW4S .. 107.80 - - 107.8 103.2 4.6 14.5 4.5-14.5 AJluv/BR

4MW4D 107.29 -- - 107.3 98.8 8.5 40.0 30.0-40.0 BR

Area A Landfill Phase I and II RI and FFS . Soil Borings

HB1 85.98 86.0 - 76.0 -- - 14.5 - -

HB3 85.05 85.1 75.1 - - - 14.0 -- -

4TB1 128.6 128.6 - 118.6 117.6 11.0 12.5 - -

4TB2 107.04 - - 107.0 103.5 3.5" 3.5 - -

2LTB1 84.0 84.0 72.0 64.0" 64.0 20.0" 20.0 - -

2LTB2 84.6 84.6 72.2 62.6 60.6 24.0"· 24.0 - -

2LTB3 84.6 84.6 72.6 66.6" 66.6 18.0· 18.0 - -

2LTB4 88.2 88.2 75.7 71.2" 71.2 17.0· 17.0 - -

2LTB5 88.0 88.0 - - - 10.0 10.0 - -
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SUMMARY OF AREA A LANDFill
MONITORING WELL AND TEST BORING INFORMATiON
FOR USE IN LEACHATE MDDELING STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT
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Material Encountarad During Installation

Ground Top 01 Total
Scraaned

Weill Boring Elevation Alluvium Bedrock Boring
Interval Unil Screened

Fill Dredge Spoil Badrock (II bps) Depth ('13
lit msl) Elevation (It bgs)Elevation ' Elevation Elevation ('J (ft bgs)lIt msl)

lIt msl) (ft msl) ('Jl III msl)

2LTB6 88.4 88.4 75.4 69.4 - - 21.0 - -

2LTB7 87.4 87.4 83.4 75.2- 75.2 12.2- 12.2 - -

2LTB8 87.4 87.4 - 72.7- 72.7 14.7- 14.7 -. -

2LTB9 87.0 . 87.0 - 81.0- 81.0 6.0- 6.0 - -

2LTB10 87.2 87.2 n.2 - - - 16.0 - -

2LTB11 87.1 87.1 79.1 - - - 16.0 - -

2LTB12 86.0 86.0 75.0 - - - 16.0 - -

2LTB13 87.8 87.8 73.8 - - - 16.0 - -,

2LTB14 88.1 88.1 - - - - 16.0 - -

2LTB15 87.7 87.7 - 82.2- 82.2 5.5- 5.5 - -

2LTB16 87.8 87.8 - 81.8- 81.8 6.0- 6.0 - -

2LTB17 87.8 87.8 79.8 - - - 16.0 - -
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SUMMARY OF AREA A LANDFILL
MONITORING WELL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT
PAGE 6 OF 15

Matarial Encountared During Installation

Top 01 Total
ScreenedGround

Weill Boring Elevation Alluvium Badrock Boring
Intarval Unit Screened

Fill Dradge Spoil Bedrock (It bps) Dapth ('13
(It msl) Elevation Elevation

Elevation
Elavation (') (It bgsl

(It msl) (It bgs)
(It msll (It msl) I'll lit msl)

2LTB18 88.1 78.6 - -. - - 16.0 .- ..

2LTB19 87.8 87.8 - - - - 16.0 - -

2LTB20 88.6 88:6 ,78.6 - - - 16.0 - ..

2LTB21 88.7 88.7 74.7 - - - 16.0 - -

2LTB22 89.6 89.6 77.6 - - - 16.0 -- -

2LTB23 88.4 88.4 75.4 - - - 16.0 - -

2LTB24 90.0 90.0 82.0 76.2* 76.2 13.83* 13.83 -- ..

2LTB25 88.4 " 88.4 - 84.4* 84.4 4.0* 4.0 - -

2LTB26 89.7 89.7 .. 84.5* 84.5 5.16* 5.16 - -

2LTB27 90.6 90.6 - 80.9* 80.9 9.66* 9.66 - ..

2LTB28 88.1 88.1 76.6 - -- - 16.0 - -

2LTB29 87.1. 87.1 74.1 - - - 16.0 - -
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SUMMARY OF AREA A LANDFill
MONITORING WElL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODEliNG STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT
PAGE 7 OF 15

Matarial Encountarad During Installation

Tap of Total
ScreenedGround

Walll Baring Elevation Alluvium Bedrock Baring
InteIVal Unit Screaned

Fill Dradga Spoil Bedrock (ft b¥s) Depth ('13
1ft msl) Elevation Elevation

Elevation
Elevation ('I (ft bgs)

(ft bgsl
1ft msl)

1ft msl) (ft msll ('II (ft msll

2LTB30 88.4 88.4 - -- - - 3.16 - -

2LTB31 88.1 88.1 76.1 - - - 16.0 -- -

2WTB1 67.5 - 67.5 35.8 - - 32.0 -- -

2WTB2 68.2 - 68.2 36.6 - - 32.0 -- -

2WTB4 83.5 - - 83.5 82.7 0.83* 0.83 - --

Area A Landfill FFS . Soil Borings

2GB1 75.1 75.1 70.1 60.1 - - 22.0 - -

2GB2 75.1 75.1 70.1 58.1* 58.1 17.0* 17.0 - -

2GB3 78.2 78.2 73.2 63.2 56.2 22.0 22.0 - -

2GB4 112.0 - - 112.0 108.5 3.5 7.8 - -

2GB5 89.0 89.0 - - - - 9.0 - -

2GB6 83.4 - - 83.4 80.4 3.0 8.0 - -
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SUMMARY Of AREA A LANDfiLL
MONITORING WElL AND TEST BORING INfORMATION
fOR USE IN LEACHATE MODEliNG STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CDNNECTICUT
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Material Encountered During Installation

Top of Total
ScraenedGround

Weill Boring Elevation Alluvium Bedrock Boring
Interval Unit Screened

Fill Dredge Spoil Bedrock 1ft bps) Depth 'OIl
(ft msll Elevation Elevation

Elevation
Elevation '0' (ft bgs)

1ft msl) (It bgs)
(It msl) (ft msl) 1°'1 (It msl)

2GB7 80.3 80.3 - 70.3* 70.3 10.0* 10.0 - -

2GB8 82.8 82.8 - 78.8* 78.8 4.0 8.0 - -

2GB9 84.4 - - 84.4 81.9 2.5* 2.5 -- -

2GB10 85.9 85.9 - 80.9 76.9 9.0 14.0 - -

2GB11 91.0 - - 91.0 - - 8.3 -- -

2GB12 92.0 - - 92.0 87.0 5.0 10.0 - -

2GB13 91.0 91.0 - 86.0* 86.0 5.0* 5.0 - -

2GB14 94.4 - - 94.4 93.9 0.5 5.4 - -

2GB15 95.0 - - 95.0* 95.0 Ground - - -

2GB16 94.0 - - 94.0* 90.0 4.0 8.8 - --

2GB17 92.4 92.4 - 88.2* 88.2 4.2* 4.2 - -

2GB18 92.5 - - 92.5 73.7 18.8 23.16 - -
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SUMMARY OF AREA A LANDFILL
MONITORING WEll AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODELING STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT
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Material Encountered During Installation

Top 01 Total
ScreenedGround

Boring Unit ScreenedWeill Boring Elevation Alluvium Bedrock IntervalFill Dredge Spoil Bedrock (It bps) Depth ")l
(It msl)

Elevation . Elevation Elevation
Elevation (') (It bgs)

(It msl) (It bgs)
(It msl) (It msl) (')1 (It msl)

2GB19 92.4 -- - 92.4 - - 11.1 -- -

2GB20 95.0 - -- 95.0 88.0 7.0 11.5 - -

2GB21 85.0 85.0 75.0 63.0· 63.0 22 26.3 -- -

2GB22 80.7 80.7 70.7 - - - 12.0 - -

2GB23 77.8 77.8 -- - - - 17.0 -- -

Area A Landfill· Geotech Borings and East End Investigation

LF-SBOI 79.3 79.3 65.0 44.0 27.3 52.0· 52.0 - -

LF-SB02 87.3 87.3 76.8 62.8 54.3 33 38.5 -- -

LF-SB03 84.5 84.5 73.6 47.2 14.5 70· 70 -- -

LF-SB04· 91.0 91.0 -- - - - 16 - -

LF-SB05 90.8 90.8 -- - - - 23 - -

LF-SB06 79.4 79.4 69.4 64.9 56.9 22.5 32.0 -- -
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SUMMARY OF AREA A LANOFILL
MONITORING WElL AND TEST BORING INFORMATION
FOR USE IN LEACHATE MODEliNG STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT
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Matarial Encountared During Installation

Top of Total
Ground Screened

Weill Boring Elevation Alluvium Bedrock Boring
Interval Unit Screenad

Fill Dredgo Spoil Bedrock (It bps) Depth (')3

1ft msl) Elevation (It bgs)Elevation Elevotion Elevation (,)
(ft bgs)1ft msl)

(It msl) lit msl) ('II (It msl)

S806 84.7 84.7 - - - - 20 - -

S807 90.5 90.5 66.5 64.5 - - 28.5 - -

S808 85.9 85.9 71.9 54.4* 54.4 31.5* 31.5 - -

8-1 92.0 92.0 86.0 78.0 63.5 28.5 33
-

8-3 92.5 - - 92.5 - - ·7

8-3A 92.5 - - 92.5 - - 11

8-38 92.5 - - 92.5 - - 7

8-4 92.0 92.0 - - - - 8.5

8-4A 92.0 92.0 86.0 69.0 60.0 32 .38

8-201 89.0 89.0 62.5 47.0* 47.0 42· 42

8-202 89.0 89.0 68.5 51.0* 51.0 38* 38

8-203 92.0 92.0 -- 75.0 60.9 31.1* 31.1
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SUMMARY OF AREA A LANDFILL
MONITORING WElL AND TEST BORING INFORMATION

.FOR USE IN LEACHATE MODEliNG STUDY
NAVAL SUBMARINE BASE·NEW LONDON, GROTON, CONNECTICUT
PAGE 11 OF 15

Malerial Encounlered During Inslallalion.
Top 01 Tolal

Ground Screened
Well/·Boring Elevalion All uvi wn Bedrock Boring

. Inlerval Unil Screened
Fill Dredge Spoil Bedrock (II b¥s) Daplh (')]

(II msl) Elevalion (II bgs)
Elevalion Elevalion Elevalion (') (fl bgs)(II msl)
'(11 msl) lit msl) I'll III msl)

B-204 92.0 92.0 81.5 61.0* 61.0 31 43.5

B-205 90.0 90.0 74.0 - - - 24.0

B-205A 90.0 90.0 - 54.4* 54.4 35.6* 35.6

Area A Landlill Cap Design· Gaoprobes

GPl 96.0 - - 96.0 - - - - -

GP2 100.8 - - 100.8 99.1 1.7 - - -

GP3 103.8 - -- 103.8 102.7 1.1 - - -

GP4 99.6 - - 99.6 98.3 1.3 - - -

GP5 97.4 - - 97.4 92.7 4.7 - - -

. GP6 92.1 - - 92.1 87.3 4.8 - - -

GP7 99.1 - - 99.1 93.2 5.9 - - -

GP8 100.2 - - 100.2 98.0 2.2 - - -
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Material Encountered During Installation

Top of Total
Ground Screened

Weill Boring Elevation Allwiurn Bedrock Boring
Interval Unit Screened

Fill Dredge Spoil Bedrock (It b¥sJ Depth ('J]

(It msl) Elevation (It bgslElevation Elevation Elevation (') (It bgsl(It msl)
lit msl) (It mslJ 1')1 (It msl)

GP9 90.0 -- -- 90.0 88.9 1.1 - - -

GP10 87.9 - -- 87.9 84.4 3.5 - - -

GPll 106.5 - - 106.5 105.2 1.3 - - -

GP12 90.1 - - 90.1 87.7 2.4 - - -

GP13 105.6 - - 105.6 100.5 5.1 - - -

GP14 95.9 -- - 95.9 89.5 6.4 -- - -

GP15 102.6 - - 102.6 101.6 1.0 - - -

GP16 101.2 - -- 101.2 94.6 6.6 -- - -

GP17 95.0 - - 95.0 88.1 6.9 - - -.
GP18 96.9 - -- 96.9 88.5 8.4 - - -

GP19 107.2 - - 107.2 104.9 2.3 - - -

GP20 100.0 - - 100.0 86.0 14.0 - - -
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Material Encountered During Installation

Top of Total
ScreenedGround

Weill Boring Ehivation Alluvium Bedrock Boring
Intervel Unit Screened

Fill Dredge Spoil Bedrock (It bps) Depth ("'3
(ft msll Elevation Elevation

Elevation
Elevation '"' (ft bgsl

(ft bgsl
(ft msl)

(ft msl) (ft msll 1"'1 (It msl)

GP21 97.B - - 97.B 93.4 4.4 - -- --
-

GP22 110.2 -- - 110.2 10B.6 1.6 - - --

GP23 100.6 - - 100.6 95.6 5.0 - - --

GP24 9B.3 -- -- 98.3 90.2 8.1 - - -

Area A Landfill Modeling/Leachate Study

2LPZ1F 7B.8 78.8 -- - - - 8 5-8 Fill

2LPZ2F 90.0 90.0 - - - - 6 3-6 Fill

2LMW28F 85.3 85.3 - - - - 12 4.7-9.7 Fill

2LMW28DS 85.2· 85.2 78.2 64.2* 64.2 21* 22 14.9-19.9 Dredge

2LMW29F 88.8 88.8 80.3 79.3 73.3 15.5* 15.5 3.5-8.5 Fill

2LMW29DS 88.7 88.7 - - - - 16.0 11-16 Alluv

2LMW30F 81.2 81.2 -- - - - 12.3 7.3-12.3 Fill
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Material Encountered During Installation

Ground Top of Total
Screened

Weill Boring Elevation Alluvium Bedrock Boring
Interval Unit Screened

Fill Dredge Spoil Bedrock 1ft bps) Depth 1°13
1ft msl) Elevation 1ft bgs)Elevation Elevation Elevation 1°1 1ft bgs)(It msll

1ft msl) 1ft msl) (°)1 (It msl)

2LMW30DS 80.7 80.7 66.7 <56* <56 - 23 18-23 Dredge

2LMW31F 85.9 85.9 -- - - - 6 3-6 Fill

2LMW31DS 86.0 86.6 79.5 73.0 - - 14 9-14 Dredge

2LMW32F 80.8 80.8 58.8 - - - 24 15.7-22.5 Lower Fill

2LMW32PZ 80.6 80.6 -- - - - 16 9.6-14.6 Fill/Dredge

2LMW32DS 80.8 80.8 - - - - 23 19-24 Dredge

2LMW32B 80.6 80.6 57.6 39.6 17.1 63.5 86 76.2-86.2 BR

2LMW33F 81.0 81.0 -- - - - 10 5-10 Fill

2LMW33DS 79.4 79.4 67.4 - - - 18 13-18 Dredge

2LMW34DS 77.5 77.5 63.5 - - - 22 17-22 Dredge

2LMW35B 198.2 - -- 198.2 187.2 11.0 103 11-103 BR*

2LMW36B 212.3 -- -- 212.3 210.5 1.8 103 1.8-103 BR*
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Notes:

ft msl
ft bgs

'I

'2

'J

feet mean sea level
feet below ground surface
No data available (unit not identified in log, log not deep enough, or log not sampled over this interval)

Alluvium not identified in 16g. Elevation posted is the bedrock elevation.
Auger refusal.
Open hole.
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0.1 Infiltration Test Analyses
0.2 Slug Test Analyses···
0.3 HELP Model Analysis
0.4 Analysis of Flood Conditions
0.5 Analysis of Contaminant Detections and Discharge

Calculations
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where,
Vv
Va
V

air,
clmen

of .olid•• weight of •
of dry .olid.
of water - weight of water

water (Gw)

--

, ,

III FIELD PERMEABILITY TEST

ref.: Designation E-18, "Earth Manual", US Dept. ot. Interior, Bureau of
Reclamation, 2nd ed., 1974.

1\. EQUIPKENT

1. Post hole'digger
2. 4" dia. x 20" long pipe
J. Bentonite pellets
4. A minimum "10 gallon container equipped with a flange hole near.

the bottom.
S. Approx.4 feet of flexible tubing that can be connected to th

flange hole of the water container.
6; 1\dj ulltable hose cla.mp or tubing valve mechanillm to control flo ....

through the tubing.
7. Approximately 10 gallon. of clean water

B. PROCEDURE (Vadose Zone Testing)

1. Excavate a 20" deep hole with the post hole digger.
2. Insert pipe into holo. Seal the bottom of the hole around the

outside of the pipe with ~ntonite.

J. Fill the pipe with water to a predetermined level near the top of
the pipe.

4. With the tubing .nd valve, adjust the flow of water into the pipe
to maintain a constant level for 5 minute •.

5. Me.sure the constant flow rate of water into the pipe using a
bucket and stopwatch.

C. CALCULATION

k • Q / 5.5 • r • H

whore:
k. - pe nnQ db 11 itY
Q • constant flow rate into the hole
r - internal radius of pipe
H ~ diffQrential head of water (hoight of water level in pipe)

Note: all units consiatent.
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APPENDIX 0.2

SLUG TEST ANALYSES
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"H'YDRAUUC CONDUC11V1TY TES11NG DA U4 SHEET HNITRURTON NUS ~11GWJ'

QGSO' (BCL)

MEASURED DRAWDOWN ,\ J!El.I SQ1£MAUC:
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APPENDIX 0.3

HELP MODEL ANALYSIS



******************************************************************************
******************************************************************************
**e:
**
**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.03 (31 DECEMBER 1994)

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**
**
**
**
**
**
**

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\NEW4.D4
C:\HELP3\NEW7.D7
C:\HELP3\NEW13.D13
C:\HELP3\NEW11.D11
C:\HELP3\uphill.D10
C:\HELP3\uphill.OUT

TIME: 13:17 DATE: 2/14/1996

~****************************************************************~************
TITLE: Hillside-Vegetated with Steeper Slope

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 30.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.203.0 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2812 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.141000003000E-02 CM/SEC

LAYER 2,



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 30.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT "0.3164 VOL/VOL
EFFECTIVE SAT. HYD. ·COND. 0.141000003000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM A USER
SPECIFIED CURVE NUMBER OF 90.0, A SURFACE SLOPE
OF 50.% AND A SLOPE LENGTH OF 200. FEET.

•

ses RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

=

91. 00
100.0

1. 000
36.0
10.596
16.596

7.308
0.000

17.930
17.930

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NEW HAVEN CONNECTICUT

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

5.00
83

296
12.00 MPH
65.00 %
69.00 %
74.00 %
70.00 %

NOTE: PRECIPITATION DATA FOR' NEW HAVEN
WAS ENTERED FROM THE DEFAULT DATA FILE.

CONNECTIC'

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING



COEFFICIENTS FOR NEW HAVEN CONNECTICUT

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL

35.20
78.30

FEB/AUG

32.60
78.50

MAR/SEP

42.20
69.80 .

APR/OCT

49.50
55.30

MAY/NOV

63.10
44.80

JUN/DEC

69.00
32.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT

STATION LATITUDE = 41.30 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR 'YEARS 1977 THROUGH 1981

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

5.72
3.88

6.11
2.89

2.399
1.005

3.815
1.309

1. 329
2.804

0.191
1. 375

2.87
3.03

2.11
2.12

0.976
0.329

1.472
0.353

1.391
2.773

0.165
1.453

5.39
3.97

3.53
1. 66

1. 056
0.435

0.809
0.252

2.129
2.674

0.399
0.621

4.49
4.76

1. 82
2.16

0.727
0.699

0.620
0.808

2.548
2.506

0.249
0.497

4.34
3.87

2.08
1. 71

0.472
0.311

0.489
0.331

4.226
1. 300

0.509
0.292

2.69
4.70

1.47
2.35

0.113
1.109

0.105
0.688

2.744
0.860

1.045
0.178

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

STD. DEVIATIONS

2.8070
0.2421

2.7091
0.0544

0.7691
0.1412

0.5954
0.0197

1.8035
0.0955

1.3854
0.0084

1.9528
0.4674

1.1314
0.6843

1.0063
0.7710

0.2316
0.9984

0.6731
2.1023

0.4388
1.9176



*******************************************************************************

**************************************************************************1IIt*

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981

INCHES CU. FEET PERCENT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PRECIPITATION 49.71 6.473) 180432.7 100.00

RUNOFF 9.630 3.2505) 34956.93 19.374

EVAPOTRANSPIRATION 27.284 2.1243) 99039.30 54.890

PERCOLATION/LEAKAGE THROUGH 12.83132 4.71449) 46577.707 25.81444
LAYER 2

CHANGE IN WATER STORAGE -0.039 1.2729) -141.16 -0.078

*******************************************************************************



******************************************************************************

PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 2

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

(INCHES)

5.20

3.066

1.487639

3.68

(CU. FT.)

18876.000

11131.0088

5400.12891

13344.2305

0.3600

0.1967

***~**************************************************************************



*********************************************-*********************************

FINAL WATER STORAGE AT END OF YEAR 1981

LAYER

1

2

SNOW WATER

(INCHES)

8.7863

8.9489

0.000

(VOL/VOL)

0.2929

0.2983

******************************************************************************
******************************************************************************



******************************************************************************
******************************************************************************
** **
**
**
**
**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.03 (31 DECEMBER 1994)

DEVELOPED BY ENVIRONMENTAL LABORATORY
. USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**'
**
.**
**'
**
**
**

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\NEW4.D4
C:\HELP3\NEW7.D7
C:\HELP3\NEW13.D13
C:\HELP3\NEW11.D11
C:\HELP3\gp.D10
C:\HELP3\gp.OUT

TIME: 14:33 DATE: 2/14/1996

~***************************************************************'***************
TITLE: Gravel Parking and Unpaved Roadways

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 36.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2569 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.846699998000E.-02 CM/SEC

LAYER 2



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 84.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3184 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.141000003000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

85.00
100.0

1.000
36.0

9.250
16.596

7.308
0.000

35.994
35.994

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NEW HAVEN CONNECTICUT

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

5.00
83

296
12.00 MPH
65.00 %
69.00'%
74.00 %
70.00 %

NOTE: PRECIPITATION DATA FOR NEW HAVEN
WAS ENTERED FROM THE DEFAULT DATA FILE.

CONNECTICUT

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT



NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- ------- -------

35.20 32.60 42.20 49.50 63.10 69.00
78.30 78.50 69.80 55.30 44.80 32.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT

STATION LATITUDE = 41.30 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1977 THROUGH 1981

JAN/JUL FEB/AUG MAR!SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

5.72
3.88

6.11
2.89

1.745
0.573

3.105
0.887

1.272
2.769

0.236
.1.418

2.87
3.03

2.11
2.12

0.930
0.109

1.494
0.162

1.218
2.509

0.315
1.436

5.39
3.97

3.53
1. 66

0.387
0.099

0.286
0".064

1.839
2.716

0.568
0.757

4.49
4.76

1. 82
2.16

0.288
0.250

0.277
0.367

2.122
2.561

0.431
0.380

4.34
3.87

2.08
1. 71

0.113
0.064

0.134
0.087

3.459
1.301

0.555
0.292

2.69
4.70

1.47
2.35

0.009
0.732

0.010
0.712

2.643
0.862

1.242
0.215

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

STD. DEVIATIONS

3.1785
0.7150

2.5024
0.1304

1.7311
0.6717

1.3492
0.3262

2.1112
0.4970

1.3257
0.1454

2.5995 1.9220 1.2748
0.9886 1.2517 ,2.2668

1.5615 0.7293 0.6714
0.8195 "0.9796 2.0336

*******************************************************************************



********************************~********************* *************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) 'FOR YEARS 1977 THROUGH 1981.
- - - - - - - - - - - - - - - - - - -. - - - - - - - - - - - - - - - '- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

INCHES CU. FEET PERCENT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PRECIPITATION 49.71 6.473) 180432.7 100.00

RUNOFF 5.299 3.1056) 19235.18 10.661

EVAPOTRANSPIRATION 25.270 2.1175) 91730.67 50.839

PERCOLATION/LEAKAGE THROUGH 19.20809 5.96868) 69725.359 38.64340
LAYER 2

CHANGE IN WATER STORAGE -0.071 1.6809) -258.45 -0.143

*******************************************************************************



******************************************************************************

PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 2

SNOW WATER

(INCHES)

5.20

2.070

1.064027

3.68

(CU. FT.)

18876.000

7513.2559

3862.41650
.

13344.2305

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3600

0.1956

******************************************************************************



******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 1981-

LAYER

1

2

SNOW WATER

(INCHES)

9.6203

26.0180

0.000

(VOL/VOL)

0.2672

0.3097

******l*********************************************** ************************
******************************************************************************



******************************************************************************
*******'***********************************************************************
** **
**
**
**
**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.03 (31 DECEMBER 1994)

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR, USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**
**
**
**
**
**

******************************************************************************
******************************************************************************

PRECIPITATION DATA' FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\NEW4.D4
C:\HELP3\NEW7.D7
C:\HELP3\NEW13.D13
C:\HELP3\NEW11.D11
C:\HELP3\gp.D10
C:\HELP3\gp.OUT

TIME: 14:34 DATE: 2/14/1996

******************************************************************************

TITLE: Gravel Parking and Unpaved Roadways

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL 'PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 36.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2569 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.846699998000E-02 CM/SEC

LAYER 2



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 84.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT . 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2907 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.600000005000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF.
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

85.00
100.0

1. 000
36.0

9.250
16.596

7.308
0.000

33.673
33.673

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NEW HAVEN CONNECTICUT

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

5.00
83

296
12.00 MPH
65.00 %
69.00 %
74.00 %
70.00 %

NOTE: PRECIPITATION DATA FOR NEW HAVEN
WAS ENTERED FROM THE DEFAULT DATA FILE.

CONNECTICUT.

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT



NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

,JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- ------- -------

35.20 32.60 42.20 49.50 63.10 69.00
78.30 78.50 69.80 55.30 44.80 32.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT

STATION LATITUDE = 41.30 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1977 THROUGH 1981

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

,5.72
3.88

6.11
2.89

1.745
0.573

3.105
0.887

1.272
2.769

0.236
1.418

2.87
3.03

2.11
2.12

0.930
0.109

1.494
0.162

1.218
2.509

0.315
1.436

5.39
3.97

3.53
1. 66

0.387
0.099

0.286
0.064

1. 839
2.716

0.568
0.757

4.49
4.76

1. 82
2.16

0.288
0.250

0.277
0.367

2.122
2.561

0.431
0.380

4.34
3.87

2.08
1. 71

0.113
0.064

0.134
0.087

3.459
1.301

0.555
0.292

2.69
4.70

1. 47
2.35

0.009
0.732

0.010
0.712

2.643
0.862

1.242
0.215

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

STD. DEVIATIONS

3.2127
0.6670

2.6505
0.1218

1. 6192
0.6401

1.2506
0.3449

2.2203
0.4679

1. 4071
0.1487

2.5561
1. 0520

1.5333
0.9239

1.8962
1.2687

0.7195
1.0317

1.2193
2.3682

0.7031
2.0351

*******************************************************************************



*******************************************************************************

• • •AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981
- ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _.- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

INCHES CU. FEET PERCENT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PRECIPITATION 49.71 6.473) 180432.7 100.00

RUNOFF 5.299 3.1056) 19235.18 10.661

EVAPOTRANSPIRATION 25.270 2.1175) 91730.67 50.839

PERCOLATION/LEAKAGE THROUGH ·19.18765 5.90892) 69651.164 3'8.60228
LAYER 2

CHANGE IN WATER STORAGE -0.051 1.6330) -184.25 -0.102

*.******************************************************************************



******************************************************************************

PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 2

SNOW WATER

(INCHES)

5.20

2.070

1. 056456

3.68

(CU. FT.)

18876.000

7513.2559

3834.93555

13344.2305

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3600

0.1956

******************************************************************************



******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 1981

LAYER

1

2

SNOW WATER

( INCHES)

9.6203

23.7985

0.000

(VOL/VOL)

0.2672

0.2833

******************************************************************************
******************************************************************************



******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
** HELP MODEL VERSION 3.03 (31 DECEMBER 1994) **
** DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATION **
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
** **
** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\NEW4.D4
C:\HELP3\NEW7.D7
C:\HELP3\NEW13.D13
C:\HELP3\NEW11.D11
C:\HELP3\gp.D10
C:\HELP3\gp.OUT

TIME: 14:37- DATE: 2/14/1996

~*************~****************************************************************
TITLE: Gravel Parking and Unpaved Roadways

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 36.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2569 VOL/VOL
EFFECTIVE SAT. HYD. CO~. 0.846699998000E-02 CM/SEC

LAYER 2



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 84.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0 .2·030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2527 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.599999987000E-Ol CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE.DATA

NOTE: SCS RUNOFF CURVE NuMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

85.00
100.0

1.000
36.0

9.250
16.596

7.308
0.000

30.479
30.479

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NEW HAVEN CONNECTICUT

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

5.00
83

296
12.00 MPH
65.00 %
69.00 %
74.00 %
70.00 %-

NOTE: PRECIPITATION DATA FOR NEW HAVEN
WAS ENTERED FROM THE DEFAULT DATA FILE.

CONNECTICUT

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT



NORMAL MEAN MONTHLY TEMPERATURE (DEGREES . FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- ------- -------

35.20 32.60 42.20 49.50 63.10 69.00
78.30 78.50 69·.80 55.30 44.80 32.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR· NEW HAVEN CONNECTICUT

STATION LATITUDE 41.30 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1977 THROUGH 1981
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -,- - - - - - - - - - - - - - - - - - - - - - - - - - - -

PRECIPITATION

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

5.72
3.88

6.11
2.89

1.745
0.573

3.105
0.887

1.272
2.769

0.236
1.418

2.87
3.03

2.11
2.12

0.930
0.109

1.494
0.162

1.218
2.509

0.315
1.436

5.39
3.97

3.53
1. 66

0.387
0.099

0.286
0.064

1.839
2.716

0.568
0.757

4.49
4.76

1. 82
2.16

0.288
0.250

0.277
0.367

2.122
2.561

0.431
0.380

4.34
3.87

2.08
1. 71

0.113
0.064

0.134
0.087

3.459
1. 301

0.555
0.292

2.69
4.70

1.47
2.35

0.009
0.732

0.010
0.712

2;643
0.862

1.242
0.215

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

STD. DEVIATIONS

3.2657
0.5963

2.8815
0.1246

1.4351
0.6043

1. 1002
0.4037

2.4085
0.4224

1. 5084
0.1504

2.4711
1.1850

1.4910
1.1312

1.8440 1.1463
1.2674 2.5173

0.70060.7484
1.0760 2.0501

*******************************************************************************



*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

INCHES CU. FEET PERCENT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PRECIPITATION 49.71 ( 6.473) 180432.7 100.00

RUNOFF 5.299 3.1056) 19235.18 10.661

EVAPOTRANSPIRATION 25.270 2.1175) 91730.67 50.839

PERCOLATION/LEAKAGE THROUGH 19.16342 5.83521) 69563.203 38.55353
LAYER 2

CHANGE IN WATER STORAGE -0.027 1.5917) -96.31 -0.053

*******************************************************************************



******************************************************************************

PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 2

SNOW WATER

;

(INCHES)

5.20

2.070

0.965812

3.68

(CU. FT.)

18876.000

7513.2559

3505.89893

13344.2305

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3600

0.1956

******************************************************************************



******************************************************************************
. .

FINAL WATER STORAGE AT END OF YEAR 1981

LAYER

1

2

SNOW WATER

(INCHES)

9.6203

20.7259

0.000

(VOL/VOL)

0.2672

0.2467

******************************************************************************
******************************************************************************



************************************~***************** ************************
******************************************************************************
** **

**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.03 (31 DECEMBER 1994)

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**
**
**
**
**

** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:. .
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\NEW4.D4
C:\HELP3\NEW7.D7
C:\HELP3\NEW13.D13
C:\HELP3\NEW11.D11
C:\HELP3\gp2.D10
C:\HELP3\gp2.0UT

TIME: 14:40 DATE: 2/14/1996

• **** **** ** **** **** ******* ****************** ******** ************'* *************

TITLE: Vegetated area with minimal slope

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 36.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2741 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.423000008000E-02 CM/SEC

LAYER 2



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 84.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.3176 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.141000003000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER
FRACTION 'OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

85.00
ioo.o

1.000
36.0

9.867
16.596

7.308
0.000

36.543
36.543

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NEW HAVEN CONNECTICUT

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

5.00
83

296
12.00 MPH
65.00 %
69.00 %
74.00 %

'70.00 %

NOTE: PRECIPITATION DATA FOR NEW HAVEN
WAS ENTERED FROM THE DEFAULT DATA FILE.

CONNECTICUT

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT



NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEp· APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- ------- -------

35.20 32.60 42.20 49.50 63.10 69.00
78.30 78.50 69.80 55.30 44.80 32.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT

STATION LATITUDE = 41.30 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1977 THROUGH 1981

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

5.72
3.88

6.11
2.89

1.774
0.575

3.132
0.888

1.316
2.868

0.202
1.434

2.87
3.03

2.11
2.12

0.932
0.112

1.244
2.684

0.277
1.418

5.39
3.97

3.53
1. 66

0.398
0.101

0.295
0.066

1.884
2 .. 769

0.556
0.776

4.49
4.76

1. 82
2.16

0.289
0.255

0.279
0.373

2.323
2.594

0.337
0.379

4.34
3.87

2.08
1. 71

0.115
0.064

0.136
0.087

3.862
1. 331

0.560
0.287

2.69
4.70

1.47
2.35

0.009
0.744

0.010
0.723

2.754
0.850

1.262
0.211

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

STD. DEVIATIONS

3.0673
0.6685

2.3463
0.1611

1. 8254
0.5642

1.4680
0.1552

1.9706
0.4093

1.2787
0.0956

2 .. 5363
0.7329

1. 5507
0.5195

1.7954
1.0925

0.713.5
0.9402

1.1806
2.1274

0.5459
2.1625

*******************************************************************************



*******************************************************************************
, -

AVERAGE ANNUAL TOTALS &' (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981

INCHES CU. FEET PERCENT
- - - - - - - - - - - - - - - - - - - - - - - - - -.- - - - - - - - - - - - - - -

PRECIPITATION 49.71 6.473) 180432.7 100.00

RUNOFF 5.368 3.1395) 19486.53 10.800

EVAPOTRANSPIRATION 26.476 2.0945) 96106.80 53.265

PERCOLATION/LEAKAGE THROUGH 17.97031 5.95494) 65232.227 36.15321
LAYER 2

CHANGE IN WATER STORAGE -0.108' 1.6251) -392.82 -0.218

*******************************************************************************



******************************************************************************
,

PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981

PRECIPITATION

. RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 2

SNOW WATER

(INCHES)

5.20

2.071

0.910484

3.68

(CU. FT.)

18876.000

7518.1016

3305.05542

13344.2305

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3600

0.1934

******************************************************************************



******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 1981

LAYER

1

2

SNOW WATER

(INCHES)

10.0179

25.9837

0.000

(VOL/VOL)

0.2783

0.3093

******************************************************************************
******************************************************************************



******************************************************************************
*********************************************~********************************

** **
**
**
**
**
**
**
**
**

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.03 (31 DECEMBER 1994)

DEVELOPED BY ENVIRONMENTAL" LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
**
**
**
**
**
**
**

******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\NEW4.D4
C:\HELP3\NEW7.D7
C:\HELP3\NEW13.D13
C:\HELP3\NEW11.D11
C:\HELP3\gp2.D10
C:\HELP3\gp2.0UT

TIME: 14:44 DATE: 2/14/1996

~******************************************************************************
TITLE: Vegetated area with minimal slope

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYEB. 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 36.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2741 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.423000008000E-02 CM/SEC

LAYER 2



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 84.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2896 VOL/VOL
EFFECTIVE SAT. HYD. CONDo 0.600000005000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

85.00
100.0

1.000
36.0

9.867
16.596

7.308
0.000

34.191
34.191

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NEW HAVEN CONNECTICUT

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

5.00
83

296
12.00 MPH
65.00 %
69.00 %
74.00 %
70.00 %

NOTE: PRECIPITATION DATA FOR NEW HAVEN
WAS ENTERED FROM THE DEFAULT DATA FILE.

CONNECTICUT

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT



NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- ------- -------

35.20 32.60 42.20 49.50 63.10 69.00
78.30 78.50 69.80 55.30 44.80 32.00

NOTE: SOLAR ~~IATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT

STATION LATITUDE = 41.30 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1977 THROUGH 1981

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

5.72
3.88

6.11
2.89

1.774
0.575

3.132
0.888

1.316
~.868

0.202
1.434

2.87
3.03

2.11
2.12

0.932
0.112

1.496
0.167

1.244
2.684

0.277
1.418

5.39
3.97

3.53
1. 66

0.398
0.101

0.295
0.066

1.884
2.769

0.556
0.776

4.49
4.76

1. 82
2.16

0.289
0.255

0.279
0.373

2.323
2.594

0.337
0.379

4.34
3.87

2.0.8
1. 71

0.115
0.064

0.136
0.087

3.862
1.331

0.560
0.287

2.69
4.70

1.47
2.35

0.009
0.744

0.010
0.723

2.754
0.850

1. 262
0.211

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

STD. DEVIATIONS

3.1454
0.6148

2.5172
0.1441

1.6884
0.5296

1.3457
0.1697

2.0593
0.3811

1.3260
0.0929

2.5269
0.7778

1. 5492
0.6310

1.7492
1.1143

0.6796
0.9708

1.1269
2.2310

0.5747
2.2087

*******************************************************************************



*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

INCHES CU. FEET PERCENT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PRECIPITATION 49.71 6.473) 180432.7 100.00

RUNOFF 5.368 3.1395) 19486.53 iO.800

EVAPOTRANSPIRATION 26.476 2.0945) 96106.80 53.265·

PERCOLATION/LEAKAGE THROUGH 17.94481 5.88943) 65139.672 36.10191
LAYER 2

CHANGE IN WATER STORAGE -0.083 1. 5586) -300.24 -0.166

*******************************************************************************



******************************************************************************

PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981

PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 2

SNOW WATER

(INCHES)

5.20

2.071

0.899461

3.68

(CU. FT.)

18876.000

7518.1016

3265.04468

13344.2305

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.3600

0.1934

******~***********************************************************************



******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 1981

LAYER

1

2

SNOW WATER

( INCHES)

10.0179

23.7600

0.000

(VOL/VOL)

0.2783

0.2829

******************************************************************************
******************************************************************************



******************************************************************************
******************************************************************************
** **
** **
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **,
** HELP MODEL VERSION 3.03 (31 DECEMBER 1994) **
** DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATION **
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
** **
** **
******************************************************************************
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\NEW4.D4
C:\HELP3\NEW7.D7
C:\HELP3\NEW13.D13
C:\HELP3\NEW11.D11
C:\HELP3\gp2.D10
C:\HELP3\gp2.0UT

TIME: 14:45 DATE': 2/14/1996

******************************************************************************

TITLE: Vegetated area with minimal slope

******************************************************************************

NOTE: INITI~L MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 36.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2741 VOL/VOL
EFFECTIVE SAT. HYD ..COND. O. 423000008000E- 02 CM/SEC

LAYER' 2



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 84.00 INCHES
POROSITY 0.4610 VOL/VOL
FIELD CAPACITY 0.3600 VOL/VOL'
WILTING POINT 0.2030 VOL/VOL
INITIAL SOIL WATER CONTENT 0.2521 VOL/VOL
EFFECTIVE SAT. HYD. CONDo - 0.599999987000E-01 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

85.00
100.0

1. 000
36.0

9.867
16.596

7.308
0.000

31.046
31.046

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NEW HAVEN CONNECTICUT

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED
AVERAGE 1ST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

5.00
83

296
12.00 MPH
65.00 %
69.,00 %
74.00 %
70.00 %

NOTE: PRECIPITATION DATA FOR NEW HAVEN
WAS ENTERED FROM THE DEFAULT DATA FILE.

CONNECTICUT

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT



NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL· FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- ------- -------

35.20 32.60 42.20 49.50 63.10 69.00
78.30 78.50 69.80 55.30 44.80 32.00

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR NEW HAVEN CONNECTICUT

STATION LATITUDE = 41.30 DEGREES

*******************************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1977 THROUGH 19S1

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

5.72
3.88

6.11
2.89

1.774
0.575

3.132
0.888

1. 316
2.868

0.202
1.434

2.87
3.03

2.. 11
2.12

0.932
0.112

1.496
0.167

1.244
2.684

0.277
1.418

5.39
3.97

3.53
1. 66

0.398
0.101

0.295
0.066

1. 884
2.769

0.556
0.776

4.49
4.76

1. 82
2.16

0.289
0.255

0.279
0.373

2.323
2.594

0.337
0.379

4.34
3.87

2.08
1. 71

0.115
0.064

0.136
0.087

3.862
1.331

0.560
0.287

2.69
4.70

1. 47
2.35

0.009
0.744

0.010
0.723

2.754
0.850

1. 262
0.211

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS

STD. DEVIATIONS

3.2234
0.5395

2.7465
0.1192

1. 5172
0.4847

1. 2012
0.2021

2.2140
0.3393

1.4267
0.0910

2.4794
0.8702

1. 5611
0.8094

1.6936
1.1549

0.6302
1.0419

1.0542
2.3577

0.6151
2.1960

*******************************************************************************



*******************************************************************************

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1977 THROUGH 1981.
- - - - - - - - -'- - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

INCHES CU. FEET PERCENT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PRECIPITATION 49.71 6.473) 180432.7 100.00

RUNOFF 5.368 3.1395) 19486.53 10.800

EVAPOTRANSPIRATION 26.476 2.0945) 96106.80 53.265

PERCOLATION/LEAKAGE THROUGH 17.92814 5.81149) 65079.152 36.06837
LAYER 2

CHANGE IN WATER STORAGE -0.066 1. 5004) -239.73 -0.133

*******************************************************************************
/-



*************************************~**************** ************************

PEAK DAILY VALUES FOR YEARS 1977 THROUGH 1981
- - - -.- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -.- - - - - --

,PRECIPITATION

RUNOFF

PERCOLATION/LEAKAGE THROUGH LAYER 2

SNOW WATER

MAXIMUM VEG. SOIL,WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

(INCHES)

5.20

2.071

1. 023859

3.68

(CU. FT.)

18876.000

7518.1016

3716.60962

13344.2305

0.3600

0.1934

******************************************************************************

•

• " .. _~";Ioo- _ , ...-.

....



******************************************************************************

FINAL WATER STORAGE AT END OF YEAR 1981

LAYER

1

2

SNOW WATER

(INCHES)

10.0179

20.6983

0.000

(VOL/VOL)

0.2783

0.2464

****************************************************~********~****************

******************************************************************************



*********************~****~***************************************************

******************************************************************************

** **
* **
* HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **

** HELP MODEL VERSION 3.03 (31 DECEMBER 1994) **
** DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE IJATERIJAYS EXPERIMENT STATION **
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
** **
** **
*****************************************************************************-

. .
******************************************************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

C:\HELP3\NEIJ4.D4
C:\HELP3\NEIJ7.D7
C:\HELP3\NEIJ13.D13
C:\HELP3\NEIJ11.D11
C:\HELP3\CAP.Dl0
C:\HELP3\capout.OUT-

TIME: 14:34 DATE: 1/29/1996

~*****************************************************************************

TITLE: Cap

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOIJ IJATER IJERE
COMPUTED AS NEARLY STEADY-STATE VALVES BY THE PROGRAM.

o.

LAYER

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL_!E~TURE NUMBER 0

36.00 INCHES
0.4610 VOL/VOL
0.3600 VOl/VOL
0.2030 VOL/VOL
0.3502 VOL/VOL

0.100000001000E-06 CM/SEC

THICKNESS
POROSITY
FIELD CAPACITY
IJILTING POINT
INITIAL SOIL IJATER CONTENT
EFFECTIVE SAT. HYD. CONDo

LAYER 2



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

36.00 INCHES
0.4610 VOL/VOL
0.3600 VOL/VOL
0.2030 VOL/VOL
0.2391 VOL/VOL

0.850000046000E-02 CM/SEC

THICKNESS
POROSITY
FIELD CAPAC ITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYp. CONDo

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

84.00 INCHES
0.4610 VOL/VOL.
0.3600 VOL/VOL
0.2030 VOL/VOL
0.2390 VOL/VOL

0.600000005000E-02 CM/SEC

THICKNESS
POROSITY
FIELO CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. CONO.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

SCS RUNOFF CURVE NUMBER
FRACTION OF ~REA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH
INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

92.00
100.0

1.000
2.0
0.404
0.922
0.406
0.000

41.291
41.291

0.00

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRAT10N AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NEW HAVEN CONNECTICUT

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
AVERAGE ANNUAL WIND SPEED

5.00

83
296

12.00 MPH



APPENDIX D.4

ANALYSIS OF FLOOD CONDITIONS
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APPENDIX 0.5

ANALYSIS OF CONTAMINANT DETECTIONS
AND DISCHARGE CALCULATIONS



CTO 203
NSB·New London, Groton, CT

Inorganic Analytes

Well Number Groundwater Unsaturated Soil Subsurface Soil Kd Unsaturated Groundwater

Concentration Concentration Concentration (mg/kg) I=Subsurface soil conc./ Groundwater Concentration

(ug/L) (mg/kg) concJ (=Mean of Unsaturated Soil

ILlkg) .Conc./Geometric Mean of Kd)

(ug/Ll

Aluminum

2LMW13S 89,300 . 13,600 15,100
2lMW7S 3,960 4,450
lMW2S 94.9 14,800
2lMW18S 593 6,670 7,790

2,112

!2lMW13S

Antimony

77.41 1:\

Arsenic

2lMW13S 19.6 3.9 3.3
2lMW9S 4.1 2.2 1.9
2lMW7S 37 1.2
2lMW17S 7.5 1.8 2.7
1MW2S(lTB2) 3.5 5.4

9.5

Barium

2lMW13S 418 44.8 47.2
2lPW1S 956 ..

2lMW9S 251 62.3 47.2
2lMW7S 61.5 25.4
2lMW17S 34.5 57.5 57.5
2lMW8S 45.6 42.5
lMW2S 92.5 51.5
2lMW18S 564 49.0 116

163

2lMW13S
2lPW1S
2lMW7S

4.2
1.3

1.1

1.8

0.63

Beryllium

0.62

0.25

Page 1of 3



CTa 203
NSB·New London, Groton, CT

Inorganic Analytes

Well Number Groundwater Unsaturated Soil Subsurface Soil Kd
Concentration Concentration Concentration (mg/kgl I=Subsurface soil conc./ Groundwater

(ug/L) (mg/kgl cone.)
(L/kg)

Boron

Unsatur~ted Groundwater
Concentration

I=Mean of Unsaturated Soil
Conc./Geometric Mean of Kdl

(ug/l)

4862LPW1S
2LMW7S
2LMW18S
lMW2S

3,010
303
130

490

50.0

(Literature Valuel 3.0

Cadmium

2LMW7S 2.42 2.3 950

Chromium

2LMW13S 142 22.0 22.7
2LPW1S 7.9

2LMW7S 23.2 8.8
2LMW8S 3.2 40.2
lMW2S 1.6 19.1
2LMW18S 7.2 16.2 31.2

9.9

Iron

2LMW13S 117,000 13,100 12,600
2LMW9S 19,000 17,700 12,300
2LMW7S 51,100 8,370
2LMW17S 11,700 10,900 8,260
2LMW8S 13.900 . 49,700

lMW2S 27,600 15,700
2LMW18S 193,000 9,890 20,000
2LPW1S 11)00

32,185

Lead

2LMW13S 51.1 5.9 5.5
2LMW7S 13.9 7.6
2LMW18S 84.0 95.8 277

39.1

Page 2 of 3



eTO 203
NSB·New London, Groton, CT

Inorganic Analytes

Wall Number Groundwatar Unsaturatad Soil

Concantration Concentration
(ug/L) (mg/kg)

Subsurfaca Soil

Concantration (mg/kg)

Kd
(=Subsurfaca soil conc./ Groundwatar

cone.)
(L/kg)

Unsaturated Groundwater

Concentration
(=Mean of Unsaturated Soil
Conc./Geometric Mean of Kd)

(ug(L)

Manganese

2LMW13S 2,570 134 157
2LMW9S 646 241 241
2LMW7S 175 109
2LMW17S 387 144 101
2LMW8S 420 332
2LMW18S 668 132 288
1MW2S 527 165
2LPW1S 409

536

Nickel

2LMW13S 79.5 16.2 14.2
2LMW9S 16.8 76.2 44.6
2LMW7S 9.3 9.6
2LMW18S 30.8 36.3 159

24.9

2LMW13S
2LMW7S
2LPW1S

182
24.7
4.5

27.2

29.8

Vanadium

33
16.2

Page 3 of 3



Q0203
NSB-New London, Groton, CT

Organic Compounds

Well Number

2LMW7S

2LMW18S

Geometric Mean =

2LMW18S

2LMW18S

2LMW18S

2LMW9S

2LMvV7S

2LMW18S

2LMW18S

2LMW18S

Groundwater
Concentration

(ug/L)

9.

1,20

65

55

7.5

29

Unsaturated Soil
Concentration

(ug/kg)

Subsurface Soil
Concentration (ug/kg)

Benzene

Chlorobenzene .

Trichlorobenzene

Dichlorobenzene

Arochlor 1016

Arochlor 1260

Page 1 of 1

Kd
(= Subsurface soil conc./

Groundwater conc.)

(L/kg)

Literaure Value 0.17

Literature Vafue 0.87

Literature Value 12.0

Literature Value 3.1

Literature Value 2.4E +04

Literature Value 1.29E + 06

Unsaturated Groundwater
Concentration

(= Mean of Unsaturated Soil
Conc.jGeometric Mean of Kd)

(ug/L)
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Area 4 - Cons~ent Detections
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Area 5 - Constituent Detections



Flow Rate (ft" 3/day)

Calibration Cap

Group 1 4.09E+03 3.0BE +03

Group 2 2.45E+03 1.71E+03

Group 3 7.38E+02 3.35E+02

Group 4 3.93E+03 3.03E+03

Group 5 1.64E+03 1.38E+03

Area (ft"21

Group 1 497500

Group 2 350000

Group 3 72500

Group 4 447500

Group 5 147500



Flow Rate for Calibration (Group 1)

Water Elevation

Row

11

12

12

12

12

12

12

11

11

11

9

8

7

6

6

5

5

6

6

5

5

5

5

6

2

2

2

Col

9

10

1.1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

34

36

37

38

39

40

41

42

43

UpStream (It)

7.32E+01

7.44E+01

7.25E+01

7.17E+Ol

7.18E+01

7.34E+01

7.41 E+01

7.26E+01

7.22E+01

7.24E+01

7.22E+01

7.20E+Ol

7.19E+01

7.20E+01

7.21E+01

7.20E+01

7.21E+01

7.17E+01

7.17E+01

7.20E+01

7.19E+Ol

7.17E+01

7.17E+01

7.16E+Ol

7.15E+Ol

7.17E+01

7.17E+01

7.17E+01

7.19E+01

7.16E+Ol

7.16E+01

7.17E+01

7.18E+Ol

7.19E+01

7.23E+01

Downstream (It)

7.07E+01

7.16E+Ol

7.11E+01

7.12E+01

7.13E+01

7.14E+Ol

7.15E+Ol

7.16E+01

7.15E+01

7.16E+01

7.16E+01

7.14E+01

7.13E+01

7.14E+01

7.15E+Ol

7.13E+Ol

7.13E+01

7.10E+01

7.10E+01

7.13E+01

7.13E+Ol

7.10E+01

7.10E+Ol

7.10E+Ol

7.11E+Ol

·7.12E+Ol

7.12E+01

7.12E+01

7.14E+lJ1

7.15E+01

7.15E+01

7.15E+Ol

7.15E+Ol

7.15E+Ol

7.21 E·01

Distance (It)

50.00

50.00

so.00

so.00

50.00

50.00

50.00

SO.OO

50.00

SO.OO

SO.OO

SO.OO

SO.OO

so.00

50.00

50.00

SO.OO

6250

62.50

SO.OO

SO.OO

62. SO

62.50

62.50

62.50

SO.OO

50.00

87.50

8750

100.00

100.00

'100.00

100.00

10000

87.50

Gradient'

5.15E-02

5,48E-02

2.73E-02

8.52E-03

9.72E-03

3.87E-02

5.07E-02

2.04E·02

1.24E-02

1.55E-02

1.21E-02

1.18E-02

1.23E-02

1.24E-02

1.29E-02

1,40E-02

1.50E-02

1.16E-02

1.05E-02

1,48E-02

1.24E-02

1.08E-02

1.04E-02

9.39E-03

6.89E-03

9.68E-03

1.09E-02

5.79E-03

4.88E-03

1.02E-03

1,42E-03

2.06E·03

2.61E-03

3.90E-03

2.11E-03

140E-02

conductivity

(ftlday)

4

4

56

56

56

56

56

56

56

170

170

170

170

170

170

170

170

. 170

170

170

170

170

170

170

170

17

17

17

1000

1000

1000

1000

1000

17

thickness

(It)

1.56E+00

1.20E+00

1.43E+00

1.99E+00

2.79E+00

2.46E+00

1.16E+00

2.65E+00

2.62E+00

1,44E+00

1.74E+00

1.01E+00

1.46E+00

1.58E+00

1.65E+00

1,43E+00

1.47E+00

1.28E+00

1.21E+00

1.44E+00

2.76E+00

1.21E+00

1.18E+00

1.16E+00

1.19E+00

5.13E-01

4.57E-01

7.65E-01

2.61E-01

1.34E+00

1.58E+00

1.61E+00

1.66E+00

1.71E+00

2.09E+00

Total:

flow rate

(ftA3Iday)

1.61E+01

1.32E+01

7.79E+00

4.76E+01

7.60E+01

2.67E+02

1.65E+02

1.52E+02

9.09E+01

6.25E+01

1.79E+02

1.02E+02

1.52E+02

1.66E+02

1.81E+02

1.71E+02

1.87E+02

1.27E+02

1.08E+02

1.81E+02

2.90E+02

1.11E+02

1.05E+02

9.30E+01

6.99E+Ol

4.22E+01

4.24E+00

3.76E+00 .

1.08E+00

6.83E+01

1.12E+02

1.66E+02

2.33E+02

3.34E+02

3.74E+00

4.09E+03



Flow Rate for Calibration (Group 2)

Water Elevation conductivity thickness flow rate

Row Col UpStream (ft) Downstream (ft) Distance (ft) Gradient (tVday) (ft) (ftA 3/day)

11 9 7.32E+01 7.07E+01 50.00 5.15E·02 4 1.56E+00 1.61E+01

12 10 7.44E+01 7.16E+01 50.00 5.48E·02 1.20E+00 1.32E+01

12 11 7.25E+01 7.11E+01 50.00 2.73E·02 4 1.43E+00 7.79E+00

12 12 7.17E+01 7.12E+01 50.00 8.52E·03 56 1.99E+00 4.76E+01

12 13 7.18E+Ol 7.13E+01 50.00 9.72E·03 56 2.79E+00 7.60E+01

12 14 7.34E+01 7.14E+01 50.00 3.87E·02 56 2.46E+00 2.67E+02

12 15 7.41E+01 7.15E+01 5000 5.07E·02 56 1.16E+00 1.65E+02

11 16 7.26E+01 7.16E+01 50.00 2.04E·02 56 2.65E+00 1.52E+02

11 17 7.22E+01 7.15E+01 50.00 1.24E·02 56 2.62E+00 9.09E+01

11 18 7.24E+01 7.16E+01 50.00 1.55E·02 56 1.44E+00 6.25E+01

9 19 7.22E+01 7.16E+01 SO.OO 1.21E·02 170 1.74E+00 1.79E+02
,

8 20 7.20E+01 7.14E+01 50.00 1.18E·02 170 1.01E+00 1.02E+02

21 7.19E+01 7.13E+01 50.00 1.23E·02 170 1.46E+00 1.52E+02

7 22 7.20E+01 7.14E+01 50.00 1.24E·02 170 1.58E+00 1.66E+02

7 23 7.21E+01 7.15E+01 50.00 1.29E·02 170 1.65E+00 1.81E+02

6 24 7.20E+01 7.13E+01 50.00 1.40E·02 170 1.43E+00 1.71E+02

6 25 7.21E+01 7.13E+01 50.00 1.50E·02 170 1.47E+00 1.87E+02

5 26 7.17E+01 7.10E+01 62.50 1.16E·02 170 1.28E+00 1.27E+02

5 27 7.17E+01 7.10E+Ol 62.50 1.05E-02 170 1.21E+00 1.08E+02

28 7.20E+Ol 7.13E+01. 50.00 1.48E·02 170 1.44E+00 1.81E+02

Total: 2.45E+03



Flow Rate for Calibration (Group 3)

Water Elevation conductivity thickness flow rate

Row Col UpStream (tt) Downstream (tt) Distance (tt) Gradient (ftJday) (tt) (ft'31day)

12 14 7.34E+01 7.14E+01 50.00 3.87E·02 56 2.46E+00 2.67E+02

12 15 7.41E+01 7.15E+01 50.00 5.07E·02 56 1.16E+00 1.65E+02

11 16 7.26E~01 7.16E+01 50.00 2.04E·02 56 2.65E+00 1.52E+02

11 17 7.22E+01 7.15E+01 50.00 1.24E-02 56 2.62E+00 9.09E+01

11 18 7.24E+01 7.16E+01 50.00 1.55E-02 56 1.44E+00 6.25E+01

Total: 7.38E+02



Flow Rate for Calibration (Group 4)

Water Elevation

Row

12

12

11

11

11

9

8

7

6

6

5

5

6

5

5

5

5

6

4

3

2

2

4

Col

14

15

16

'17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

34

36

37

38

39

40

41

42

43

UpStream (ft)

7.34E+01

7.41 E+01

7.26E+01

7.22E+Ol

7.24E+01

7.22E+01

7.20E+01

7.19E+01

7.20E+01

7.21E+01

7.20E+01

7.21E+01

7.17E+01

7.17E+Ol

7.20E+01

7.19E+01

7.17E+01

7.17E+01

7.16E+Ol

7.15E+01

7.17E+01

7.17E+01

7.17E+Ol

7.19E+01

7.16E+01

7.16E+01

7.17E+Ol

7.18E+Ol

7.19E+Ol

7.23E+Ol

Downstream (ft)

7.14E+Ol

7.15E+01

7.16E+Ol

7.15E+01

7.16E+01

7.16E+Ol

7.14E+Ol

7.13E+01

7.14E+01

7.15E+Ol

7.13E+Ol

7.13E+Ol

7.10E+01

7.10E+Ol

7.13E+01

7.13E+Ol

7.10E+Ol

7.10E+01

7.10E+01

7.11E+01

7.12E+Ol

7.12E+01

7.12E+Ol

7.14E+01

7.15E+Ol

7.15E+Ol

7.15E+01

7.15E+Ol

7.15E+01

7.21 E+Ol

Distance (ft)

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

6250

62.50

50.00

50.00

62.50

62.50

62.50

62.50

50.00

50.00

87.50

8750

100.00

100.00

100.00

100.00

100.00

87.50

Gradient

3.87E·02

5.07E-02

2.04E-02

124E·02

1.55E-02

1.21E·02

1.18E-02

1.23E·02

1.24E-02

1.29E·02

1.40E·02

1.50E·02

1.16E·02

1.05E-02

1.48E-02

1.24E-02

1.08E-02

1.04E-02

9.39E-03

6.89E-03

9.68E·03

1.09E-02

579E·03

4.88E·03

1.02E·03

1.42E·03

2.06E·03

2.81 E·03

3.90E·03

2.11E·03

conductivity

(ftlday)

56

56

56

56

56

170

170

170

170

170

170

170

170

170

170

170

170

170

170

170

170

17

17

17

1000

1000

1000

1000

1000

17

thickness

(ft)

2.46E+00

1.16E+00

2.65E+00

2.62E+00

.1.44E+00

1.74E+00

1.01E+00

1.46E+00

1.58E+00

1.65E+00

1.43E+00

1.47E+00

1.28E+00

1.21E+00

1.44E+00

2.76E+00

1.21E+00

1.18E+00

1.16E+00

1.19E+00

5.13E-01

4.57E-01

7.65E-01

261E·01

1.34E+00

1.58E+00

1.61E+00

1.66E+00

1.71E+00

2.09E+00

flow rate

(ft'31day)

2.67E+02

1.65E+02

1.52E+02

9.09E+01

6.25E+01

1.79E+02

1.02E+02

1.52E+02

1.66E+02

1.81E+02

1.71E+02

1.87E+02

1.27E+02

1.08E+02

1.81 E+02

2.90E+02

1.11E+02

1.05E+02

9.30E+01

6.99E+01

4.22E+01

4.24E+00

3.76E+00

1.08E+00

6.83E+Ol

1.12E+02

1.66E+02

2.33E+02

3.34E+02

3.74E+00

Total: 3.93E+03



Flow Rate for Calibration (Group 5)

Water Elevation conductivity thickness flow rate

Row Col UpStream (tt) Downstream (tt) Distance (tt) Gradient (ftlday) (ttl (tt·31day)

6 29 7.19E+01 7.13E+01 50.00 1.24E-02 170 2.76E+00 2.90E+02

5 30 7.17E+01 7.10E+01 62.50 1.08E-02 170 1.21E+00 1.11E+02

5 31 7.17E+01 7.10E+Ol 62.50 1.04E-02 170 1.18E+00 1.05E+02

5 32 7.16E+01 7.10E+Ol 62.50 9.39E-03 170 1.16E+OO 9.30E+01

5 33 7.15E+01 7.11E+01 62.50 6.89E-03 170 1.19E+00 6.99E+01

6 34 7.17E+Ol 7.12E+01 50.00 9.68E-03 170 5.13E-01 4.22E+01

7 34 7.17E+Ol 7.12E+01 50.00 1.09E-02 17 4.57E-01 4.24E+00

36 7.17E+01 7.12E+Ol 87.50 5.79E-03 17 7.65E-01 3.76E+00

37 7.19E+01 7.14E+Ol 87.50 4.88E-03 17 2.61E-01 1.08E+00

3 38 7.16E+01 7.15E+01 100.00 1.02E-03 iooo 1.34E+OO 6.83E+01

2 39 7.16E+01 7.15E+01 100.00 1.42E-03 1000 1.58E+00 1.12E+02

2 40 7.17E+Ol 7.15E+01 100.00 2.06E-03 1000 1.61E+00 1.66E+02

2 41 7.18E+Ol 7.15E+01 100.00 2.81E-03 1000 1.66E+00 2.33E+02

2 42 7.19E+Ol 7.15E+01 100.00 3.90E-03 1000 1.71E+00 3.34E+02

43 7.23E+Ol 7.21E+01 87.50 211E-03 17 2.09E+OO 3.74E+00

Total: 1.&:E+03



Flow Rate for Cap (Group 1)

Water Elevation

Row

11

12

12

12

12

12

12

11

11

11

9

8

7

7

6

5

6

6

5

5

5

5

6

'3

2

2

2

Col

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

34

36

37

38

39

40

41

42

43

UpStream (tt)

7.23E+01

7.26E+01

7.18E+01

7.12E+01

7.13E+01

7.23E+01

7.30£,+01

7.19E+01

7.17E+01

7.20E+01

7.19E+01

7.18E+01

7.17E+01

7.19E+01

7.20E+01

7.19E+01

7.20E+01

7.17E+01

7.16E+01

7.20E+Ol

7.19E+01

7.16E+01

7.16E+01

7.15E+01

7.15E+01

7.16E+01

7.16E+01

7.15E+01

7.16E+Ol

7.16E+01

7.16E+01

7.17E+01

7.17E+Ol

7.18E+01

7.21E+01

Downstream (tt)

7.06E+01

7.13E+01

7.10E+01

7.11E+01

7.11E+01

7.12E+01

7.13E+01

7.13E+Ol

7.13E+01

7.14E+01

7.14E+01

7.13E+01

7.12E+01

7.13E+01

7.14E+01

7.13E+01

7.13E+01

7.10E+01

7.10E+01

7.13E+01

7.13E+01

7.tOE+01

7.10E+01

7.10E+Ol

7.11E+01

7.12E+01

7.12E+01

7.11E+01

7.14E+01

7.15E+01

7.15E+Ol

7.15E+01

7.15E+Ol

7.15E+01

7.20E+01

Distance (ttl

5000

SO.OO

5000

50.00

50.00

SO.OO

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

62.50

62.SO

5000

50.00

62.50

62.50

62.50

62.50

50.00

50.00

87.50

87.50.

100.00

100.00

100.00

100.00

100.00

87.50

Gradient

3.31E-02

2.64E-02

1.46E-02

2.48E-03

3.54E-03

2.17E-02

3.38E-02

1.22E-02

7.39E-03

1.07E-02

923E-03

9.53E-03

1.04E-02

1.08E-02

1.18E-02

1.31E-02

1.42E-02

1.09E-02

9.91E-03

1.42E-02

1.18E-02

1.02E-02

9.73E-03

8.61E-03

624E-03

8.69E-03

865E-03

3.93E-03

265E-03

5.25E-04

944E-04

1.55E-03

2.33E-03

3A7E-03

7.85E-04

conductivity

(tuday)

56

56

56

56

56

56

56

170

170

170

170

170

170

170

170

170

170

170

170

170

170

170

170

17

17

17

1000

1000

1000

1000

1000

17

thickness

(tt)

1.22E+00

4.38E-01

1.29E+00

1.82E+00

2.57E+00

1.92E+00

5.57E-01

2.36E+00

2.37E+00

1.19E+00

1.53E+00

8.76E-01

1.37E+00

1.49E+00

1.57E+00

1.38E+00

1.42E+00

1.26E+00

1.20E+00

1.42E+00

2.73E+00

1.19E+00

1.16E+00

1.15E+00

1.17E+00

4.72E-01

4.19E·01

7.31E-01

2.10E-Ol

l.30E+OO

1.55E+00

1.59E+00

1.63E+00

1.69E+00

2.04E+00

flow rate

(tt'31day)

8.11E+00

2.31E+00

3.76E~00

1.26E+01

2.55E+01

1.17E+02

5.27E+01

8.08E+01

4.91E+01

3.54E+01

1.20E+02

7.09E+01

1.22E+02

1.37E+02

1.57E+02

1.54E+02

1.71E+02

1.17E+02

1.01E+02

1.71E+02

2.74E+02

1.03E+02

9.62E+01

8AOE+01

6.20E+Ol

3A9E+Ol

3.08E+00

2.44E+00

4.72E-01

3.42E+01

7.33E+01

1.23E+02

1.90E+02

2.93E+02

1.36E+00

Total: 308E+03



Flow Rate for Cap (Group 2)

Water Elevation conductivity thickness flow rate

Row Col UpStream (ft) Downstream (ft) Dislance (ft) Gradient (ft/day) (ft) (ftA3/day)

11 9 7.23E+01 7.06E+01 50.00 3.31E·02 1.22E+00 8.11E+00

12 10 7.26E+01 7.13Et01 50.00 2.64E·02 4.38E·01 2.31E+00

12 11 7.18E+Ol 7.10E+01 50.00 1.46E·02 1.29E+00 3.76E+00

12 12 7.12E+01 7.11E+01 50.00 2.48E·03 56 1.82E+00 1.26E+Ol

12 13 7.13E+01 7.11E+01 SO.OO 3.54E.Q3 56 2.57E+00 2.55E+01

12 14 7.23E+01 7.12E+01 50.00 2. 17E·02 56 1.92E+00 1.17E+02

12 15 7.30E+01 7.13E+01 50.00 3.38E·02 56 5.57E·01 5.27E+01

11 16 7.19E+01 7.13E+01 50.00 1.22E·02 56 2.36E+00 8.08E+Ol
.,~

.r
11 17 7.17E+01 7.13E+01 50.00 7.39E·03 56 2.37E+00 4.91E+01

11 18 7.20E+Ol 7.14E+01 50.00 1.07E·02 56 1.19E+00 3.54E+Ol

9 19 7.19E+01 7.14E+01 50.00 9.23E·03 170 1.53E+00 1.20E+02

8 20 7.18E+01 7.13E+Ol 50.00 9.53E·03 170 8.76E·01 7.09E+01

21 7.17E+Ol 7.12E+01 50.00 1.04E·02 170 1.37E+00 1.22E+02

7 22 7.19E+Ol 7.13E+01 SO.OO 1.08E·02 170 1.49EtOO 1.37Et02

23 7.20E+01 7.14E+Ol 50.00 1.18E·02 170 1.57E+00 1.57E+02

6 24 7.19E+01 7.13Et01 5000 131E·02 170 1.38E+00 1.54E+02

6 25 7.20E+01 7.13E+01 50.00 1.42E·02 170 1.42E+00 1.71Et02

26 7.17E+01 7.10E+Ol 62.50 1.09E·02 170 1.26E+00 1.17E+02

5 27 7.16E+01 7.10E+01 62.50 9.91E·03 170 1.20E+00 1.01E+02

28 7.20E+Ol 7.13Et01 50.00 1.42E·02 170 1.42E+00 1.71E+02

Total: 171E+03



..~ ..

Flow Rate for Cap (Group 3)

Water Elevation conductivity thickness flow rate

Row Col UpStream (tt) Downstream (tt) Distance (tt) Gradient (IVday) (tt) (W3/day)

12 14 7.23E+Ol 7.12E+01 50.00 2.17E-02 56 1.92E+00 1.17E+02

12 15 7.30E+01 7.13E+01 50.00 3.38E-02 56 5.57E-01 5.27E+01

11 16 7.19E+01 7.13E+01 50.00 1.22E-02 56 2.36E+00 8.08E+01

11 17 7.17E+Ol 7.13E+01 50.00 7.39E-03 56 2.37E+00 4.91E+01

11 18 7.20E+01 7.14E+Ol 50.00 1.07E-02 56 1.19E+00 3.54E+01

Total: 3.35E+02



Flow Rate for Cap (Group 4)

Water Elevation

Row

12

12

11

11

11

9

8

7

7

6

6

5

5

6

6

5

5

5

5

6

2

2

2

4

Col

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

34

36

37

38

39

40

41

42

43

UpStream (~)

7.23E+Ol

7.30E+Ol

7.19E+Ol

7.17E+Ol

7.20E+Ol

7.19E+Ol

7.18E+Ol

7.17E+Ol

7.19E+Ol

7.20E+Ol

7.19E+Ol

7.20E+Ol

7.17E+Ol

7.16E+Ol

7.20E+Ol

7.19E+Ol

7.16E+Ol

7.16E+Ol

7.15E+Ol

7.15E+Ol

7.16E+Ol

7.16E+Ol

7.15E+Ol

7.16E+Ol

7.16E"01

7.16E+Ol

7.17E+Ol

7.17E+01

7.18E+Ol

7.21E+Ol

Downstream (~)

7.12E+Ol

7.13E+Ol

7.13E+Ol

7.13E+Ol

7.14E+Ol

7.14E+Ol

7.13E+01

7.12E+Ol

7.13E+Ol

7.14E+Ol

7.13E+0.l

7.13E+Ol

7.10E+Ol

7.10E+Ol

7.13E+Ol

7.13E+Ol

7.10E+01

7.10E+Ol

7.10E+Ol

7.11E+Ol

7.12E+Ol

7.12E+Ol

7.11E+Ol

7.14E+01

7.15E+Ol

7.15E+Ol

7.15E+Ol

7.15E+Ol

7.15E+Ol

7.20E+Ol

Distance (It)

50.00

50.00

50.00

50.00

50.00

50.00

50.00

50.00

5000

50.00

50.00

50.00

62.SO

62.50

50.00

50.00

62.50

62.50

62.50

62.50

SO.OO

50.00

87.50

87.50

100.00

10000

100.00

100.00

100.00

87.50

Gradient

2. 17E-02

3.38E·02

1.22E·02

7.39E·03

1.07E-02

9.23E·03

9.53E-03

1.04E-02

1.08E-02

1.18E-02

1.31E-02

1.42E-02

1.09E-02

9.91E-03

1.42E-02

1.18E-02

1.02E-02

9.73E-03

8.61E-03

6.24E-03

8.69E-03

8.65E-03

3.93E-03

2.65E-03

5.25E-04

9.44E-04

1.55E-03

2.33E·03

3.47E-03

7.85E-04

conductivity

(ftJday)

56

56

56

56

56

170

170

170

170

170

170

170

170

170

170

170

170

170

170

170

170

17

17

17

1000

1000

1000

1000

1000

17

thickness

(~)

1.92E+00

5.57E-Ol

2.36E+00

2.37E+00

.1.19E+00

1.53E+00

8.76E-Ol

1.37E+00

1.49E+00

1.57E+00

1.38E+00

1.42E+00

1.26E+00

1.20E+00

1.42E+00

2.73E+00

1.19E+00

1.16E+00

1.15E+00

1.17E+00

4.72E-Ol

4.19E-Ol

7.31E-Ol

210E-Ol

1.30E+00

1.55E+00

1.59E+00

1.63E+00

1.69E+00

2.04E+00

flow rate

(ltA3Iday)

1.17E+02

5.27E+Ol

8.08E+Ol

4.91E+Ol

3.54E+Ol

1.20E+02

7.09E+Ol

1.22E+02

1.37E+02

1.57E+02

1.54E+02

U1E+02

1.17E+02

1.01E+02

1.71E+02

2.74E+02

1.03E+02

9.62E+Ol

8.40E+Ol

.6.20E+Ol

3.49E+01

3.08E+00

2.44E+00

4.72E-Ol

3.42E+01

7.33E+Ol

1.23E+02

1.90E+02

2.93E+02

1.36E+00

Total: 3.03E+03



Flow Rate for Cap (Group 5)

Water Elevation conductivity thickness flow rate

Row Col UpStream (tt) Downstream (tt) Distance (tt) Gradient (ftiday) (tt) (ttA3Iday)

6 29 7.19E+Ol 7.13E+Ol 50.00 1.18E-02 170 2.73E+00 2.74E+02

5 30 7.16E+Ol 7.10E+Ol 62.50 1.02E-02 170 1.19E+00 1.03E+02

5 31 7.16E+Ol 7.10E+Ol 62.50 9.73E-03 170 1.16E+00 9.62E+Ol

5 32 7.15E+Ol 7.10E+Ol 62.50 8.61E-03 170 1.15E+00 8,40E+Ol

5 33 7.15E+Ol 7.11E+Ol 62.50 6.24E-03 170 1.17E+00 6.20E+Ol

6 34 7.16E+Ol 7.12E+Ol 50.00 8.69E-03 170 4.72E-Ol 3A9E+Ol

34 7.16E+Ol 7.12E+Ol 50.00 8.65E-03 17 4.19E-Ol 3.08E+00

36 7.15E+Ol 7.11E+Ol 87.50 3:93E-03 17 7.31E-Ol 2A4E+00

37 7.16E+Ol 7.14E+Ol 87.50 2.65E-03 17 2.10E-Ol 4.72E-Ol

3 38 7.16E+Ol 7.15E+Ol 10000 5.25E-04 1000 1.30E+00 3,42E+Ol

2 39 7.16E+Ol 7.15E+Ol 100.00 9,44E-04 1000 1.55E+00 7.33E+Ol

2 40 7.17E+Ol 7.15E+Ol 100.00 1.55E-03 1000 1.59E+00 1.23E+02

2 41 7.17E+Ol 7.15E+Ol 100.00 2.33E-03 1000 1.63E+00 1.90E+02

2 42 7.18E+Ol 7.15E+Ol 100.00 3.47E-03 1000 1.69E+00 2.93E+02

4 43 7.21E+Ol 7.20E+Ol 87.50 7:85E-04 17 2.04E+00 1.36E+00

Total: 1.38E+03



APPENDIX E

DREDGE SPOIL GEOTECHNICAL TESTING RESULTS

E.1 Permeability Tests Results
E.2 Triaxial Compression Tests Results



APPENDIX E.1

PERMEABILITY TESTS RESULTS



Permeability by ASTM 05084

Client: Brown & Root Environmental
Project: Naval Sub Base
Project Location: Groton, CT

Sample 10: 2LMW31 DS-P-1012
Container Type: Tube

GTX #: 720
Date: 11/13/95

Depth: 10-12 ft

Visual Description: Dark graylblack silty sludge
Sample Preparation: Sample extruded from tube, cut, trimmed and placed into permeameter at as

received density and moisture content.

Sample Conditions:

Parameter Before Test After Test

Height, in 2.04 1.93

Diameter, in 2.85 2.n

Wet Density, pcf 95.2 99.4

Moisture Content, % 71.5 59.6

Dry Density, pcf 55.5 62.3

Permeating Conditions:

Total Confining Stress, psi 70.0

Effective Confining Stress, psi 7.0

Gradient 27.2

Permeability @ 20°C, em/sec 1.1 x 10 -7 .

GeoTesting Express • Acton, Ma.. (508) 635-0424 • Fax (508) 635-0266 ..-./



Permeability by ASTM 05084

Client: Brown & Root Environmental
Project: Naval Sub Base
Project Location: Groton, CT

Sample ID: 2LMW33DS-P-1416
Container Type: Tube

GTX #: 720
Date: 11/13/95

Depth: 14-16 ft

Visual Description: Dark gray/black silty sludge
Sample Preparation: Sample extruded from tube, cut, trimmed and placed into permeameter at as

received density and moisture content.

Sample Conditions:

Parameter Before Test After Test

Height, in 1.83 1.80

Diameter, in 2.85 2.79

Wet Density, pcf 94.1 96.0

Moisture Content, % 77.3 71.2

Dry Density, pcf 53.1 56.1

Permeating Conditions:

Total Confining Stress, psi 70.0

Effective Confining Stress, psi 8.0

Gradient 30.3

Permeability @ 20°C, em/sec 1.7x10-7

GeoTesting Express • Acton, Ma.. (508) 635-0424 • Fax (508) 635-0266 »_.;



Permeability by ASTM 05084

Client: Brown & Root Environmental
Project: Naval Sub Base
Project Location: Groton, CT

Sample 10: 2LMW32DS-P-1719
Container Type: Tube

GTX #: 720
Date: 11/13/95

Depth: 17-19 ft

Visual Description: Dark graylblack silty sludge
Sample Preparation: Sample extruded from tube. cut, trimmed and placed into permeameter at as

received density and moisture content.

Sample Conditions:

Parameter Before Test After Test

Height,in 2.83 2.76

Diameter, in 2.86 2.79

Wet Density, pcf 96.4 99.4,

Moisture Content. % 67.2 60.3

Dry Density. pcf 57.7 62.0

Permeating Conditions:

Total Confining Stress, psi 70.0

Effective Confining Stress, psi 9.0

Gradient 19.6

Permeability @ 20°C, em/sec 2.0 x 10 -7

GeoTe5ting Expr 55 • Acton, Ma.• (508) 635-0424 • Fax (50S) 635-0266 _~.



Permeability by ASTM 05084

Client: Brown & Root Environmental
Project: Naval Sub Base

.Project Location: Groton, CT

Sample ID: 2LMW28DS-P-1820
Container Type: Tube

GTX #: 720
Date: 11/13/95

Depth: 18-20 ft

Visual Description: Brown sandy silt
Sample Preparation: Sample extruded from tube, cut, trimmed and placed into permeameter at as

received density and moisture content.

Sample Conditions:

Parameter Before Test After Test

Height, in 3.30 3.27

Diameter, in 2.86 2.83

Wet Density, pcf 114.4 116.8

Moisture Content, % 35.6 30.6

Dry Density, pcf 84.4 89.5

Permeating Conditions:

Total Confining Stress, psi 70.0

Effective Confining Stress, psi 9.0

Gradient 16.8

Permeability @ 20°C, em/sec 8.3 x 10 -7

GeoTesting Express • Acton, Ma.• (508) 635-0424 • Fax (508) 635-0266 ~r'



Permeability by ASTM 05084

Client: Brown & Root Environmental
Project: Naval Sub Base
Project Location: Groton, CT

Sample ID: 2LMW34DS-P-2022
Container Type: Tube

GTX #: 720
Date: 11/13/95

Depth: 20-22 ft

Visual Description: Dark gray/black silty sludge
Sample. Preparation: Sample extruded from tube, cut, trimmed and placed into permeameter at as

received density and moisture content.

Sample Conditions:

Parameter Before Test After Test

Height, in 2.68 2.52

Diameter, in 2.87 2.75

. Wet Density, pcf 91.0 95.8

Moisture Content, % 89.1 49.6

Dry Density, pcf 48.1 64.0

Permeating Conditions:

Total Confining Stress, psi 70.0

Effective Confining Stress, psi 11.0

Gradient 20.7

Permeability @ 20°C, em/sec 1.2 x 10 -7

GeoTesting Express • Acton, Ma.• (508) 635-0424 • Fax (508) 635-0266 _::,'



Permeability by ASTM 05084

Client: Brown & Root Environmental
Project: Naval Sub Base
Project Location: Groton, CT

Sample ID: 2LMW32F-P-2224
Container Type: Tube

GTX #: 720
Date: 11/13/95

Depth: 22-24 ft

Visual Description: Dark graylblack silty sludge
Sample Preparation: Sample extruded from tube, cut, trimmed and placed into permeameter at as .

received density and moisture content.

Sample Conditions:

Parameter Before Test After Test

Height, in 3.03 2.99

Diameter, in 2.87 2.83

Wet Density, pcf 98.9 100.9

Moisture Content, % 63.2 59.2

Dry Density, pcf 60.6 63.4

Permeating Conditions:

Total Confining Stress, psi .70.0

Effective Confining Stress, psi 10.0

Gradient 18.3

Permeability @ 20°C, em/sec 1.2 x 10 -7

GeoTesting Express • Acton, Ma.• (508) 635-0424 • Fax (508) 635-0266 ~".","



APPENDIX E.2

TRIAXIAL COMPRESSION TESTS RESULTS



FAllURE SKETCHES
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~
I
(/l
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I
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SYMBOl. 0 t:. 0
TEST NO. CUI CU2 CU30

'WATER CONTENT (X) 67.17 70.93 67.17 .

! DRY DENSITY (1b/ft"3) 58.38 56.17 59.64

~ ·SATURATION (:'I:) , 97.14 96.69 100.42

VOID RATIO 1.833 1.944 I.n3

WATER CONTENT (X) 65.36 62.46 58.43

~ DRY DENSITY (1b/fl"3) 58.87 59.16 59.64
:I:
VI

~
SATURATION (1.) 95.74 92.21 87.35

0
1.795 I.n3... VOID RATIO. 1.809...,

CD f---.
BACK PRESS. (1b/irr'2) 35.02 28.37 101.07

MINOR PRIN. SffiESS (lb/irr'2) 4.98 19.63 9.94

t.IAX. DEY. STRESS (1b/irr"2) 10.77 17.76 18.04

TIME TO FAIlURE (min) 107 127 171

25.0 RATE OF STRAIN INCR (%/min) 0.10 0.10' 0.10

INITIAl. DIAMETER (in) .. 2.87 2.87 U8

INITIAl. HEICHT (in) 6.04 6.25 2.81

B-V,lLUE 0.95 0.95 0.95
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I
~.O 5.0 10.0 15.0 20.0

VERTICAl STRAIN (%)
~IRAJN CONTROlLED

DESCRIPTION OF SPECIMENS:

I} Gray organic silt w/ seashells Ii. :>eal 2) Gray organic sill wi seashells Ii. peat 3) Gray organic silt w/ seashells &: peat

LL PI. I PI GS 2.65 TYPE OF SPECIMEN Tube I TYPE OF TEST CU (R)

REMARKS: PROJECT Novol Sub Bose

1) --- PROJECT NO.CTX-720

2) Suspected incomplete saturation of specimen BORING NO. --- SAMPLE NC'. 2/2 LMW28C 2/2 LMW28D 2/2 LMW28D

3) ---. TECH. rh DEPTH/E'_EV 16' - 18' 16' - 18' 16' - 18'

lABORATORY DATE 11/21/95 11/21/95 11/28/95

TRIAXIAL COMPRESSION TEST REPORT

G oTestlng Expre'ss • Acton, Ma.. (508) 635-0424 • Fax (508) 635-0266



FAf,URE SKETCHES
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4.73 9.n 19.15

5.83 13.66 12.22

150 160 183

0.10 0.10 0.:0

2.89 2.89 2.88

4.71 5.84 5.96

\l.95 0.95 0.95

INIM HEICHT (in)

B-VAlUE

f - 44.4

tan f =0.98

15.0 ,.....,.......-r-r-rr"'T"'T""1r-T'"T'"'T"'T""1,..,.,....,.-,-rI"'T"T'"T'"T'T.....-r-rT/"'T',r.,.......,,..,.,....,.-,-r-r',,·TO.,..,.,....,.-,-r.......T'"T'T.....-r-rrT-r:-1

c' =0.0 (lb/irY'2) ,.. I

I ","- I I

, " I

T I

I / ''1 I

I /.~;',g --- II I'"P-- >,/ -1'-,. -----...... ,

5.0 r--,-/;~-l;c.~\-::7::;';/"1"'----t~--r-,\.\'------+-~,.-..,.\.\--'-::-\\..,-\i--\-+-1-
,. / ! f \. I'

00 ./ i If
·D.O 5.0 10.0 15.0 20.0

EFFECTIVE STRESS, p' (lb/in"2)

10.0

0

(/)
(/)
w
0::
I
tl)

n:::
L5
:c
(/)

15.0~ 'I 'II! SYLlBOLI,........·--......t-'\. /~ f-TE-ST-·N-O-.------+----"'---+---==---~---'=---t_--__l

N t. ./-~.{~~ r-WA_TE_R_CO_NTE_NT_(_%)__+- -t- -+- -t- -;
"?:: t . % ! DRY DENSITY (1b/ff'3)
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V> :'.' I V1
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~ S.C ;1-·--+I-/-=-~I-""--+---r----; ~ VOID RATIO

~ ;,'~ I-..L-BA_C_K_P_RE_SS_....:.(Ib...;/_irY'_2..:.)_+- +- -+- -+ --t
:, LlINOR PRIN. STRESS {lb/in"2)t' ! I-LtAX-.-D-r,,-.STR-..:....E-=SS-=(-=Ib/i~,n":....2-) ~----+----+----+----;

,I TILlE TO FAILURE (min) .

STRAIN CONTROLLED

DESCRIPTION OF SP[Clt.lENS:

1) Very soft arQanic sill w/ seashells It.~ Gray organic silt w/ seashells & peat 3) Gray organic silt w/ "ashell~ & peal

LL Pl I PI CS 2,65 TYPE OF SPEOr.lEN Tube I TYPE Cf TEST C:U (R)

REt.lARK5: .PROJECT Noval Sub Bose

1) --- PROJECT NO.CTX-720

2) --- BORING NO. --- SAMPLE NO. 7/2 Lr.lW34D 7/2 LLlW34D 7/2 Lr.lW34D

J) --- TECH. rh DEPTH/ELEV 1&" - 18' 16' - 18' 16' - 18'

LABORATORY DATE 11/28/95 11/28/95 11/28/95

lRIAXw.. COMPRESSION TEST REPORT

GeoTestlng Express • Acton, Ma.• (508) 635-0424 • Fax (508) 635-0266



• • N••" .. ~.:". ',"'~ N •

" FAIlURE SKETCHES

15.0

c =3.1 (lb/in"2)
.,

,-.... f> a 12.4 IN

<e:
ton ¢ =0.22.:..::::.. 10.0.D ----_. CUI.:::..

L5CT _--- 'A_......-_...._;.

7vi

~
-

(/) .," :-c"........~/ ..."..
W //
c::: .... _-

/ •••••••'A.............
I- br-·····::?....·-··(/)

.-''''c::: 5.0

V IX V'«
..-.-...__..._...-..-,.w

:r: /'
I "

\ CU2
(/)

(" / .\ \

/ \,\
O·~.O

,I.

5.0 10.0 15.0 20.0 25.0 30.0

TOTAL STRESS, p (lb/inA2)

CU3a

30
SYt.lBOL 0 11 0
TEST NO. CUI, CU2 CWO

,. ... WATER CONTENT (%) 67.17 70.93 67.17
N -< DRY DENSITY (1b/tt"3) 58.38 56.17 59.64c f-

~.- L

~ 20' i!;; SATURAnON (X) 97.14 96.69 100.42
'-"

:..~
VOID RAnO 1.833 1.944 l.n3

(/)

~;;:
\,iQ

(/) WATER CONTENT (%) 65.36 62.46 58.43w
c::: /. ~ DRY DENSITY (1b/tt"3) 58.87 59.16 59.64'I- /1 ::z:(/)

'"c::: lit SATURAnON (X) 95.74 92.21 87.35
0 10

!.t 1"\ 0
l-

V
l:J VOID RAnO . 1.809 1.795 I.n3« CD

5 BACK PRESS. (lb/in"2) 35.02 28.37 101.07w
Cl t.lINOR PRIN. STRESS (lb/in"2) 4.98 19.63 9.94

lAAX. DEY. STRESS (1b/in"2) 10.89 17.79 18.20

nt.lE TO FAIlURE (min) 107 127 171

~.O 5.0 10.0 15.0 20.0 25.0 RATE OF STRAIN INCR (X/min) 0.10 0.10 0.10

VERTICAL STRAIN (%) INITIAl DIAMETER (in) 2.87 2.87 1.38

STRAIN CONTROllED INITIAl HEIGHT (in) 6.04 6.25 2.81

DESCRIPTION OF SPECIt.lENS: B-VAlUE 0.95 0.95 0.95

1) Gray organic sill w/ seashells & peal 2) Gray organic silt w/ seashells & peal 3) Gray organic sill w/ seashells &: peat

LL PI. I PI GS 2.65 TYPE OF SPEClt.lEN Tube I TYPE OF TEST CU (R)

REMARKS: PROJECT NCMJI Sub Bose

1) --- PROJECT NO.GTX-720

2) Suspected incomplete saturation or specimen BORING NO. --- SAMPLE NO. 2/2 LMW28D 2/2 Lt.lW28D 2/2 Lt.lW28D

J) --- TECH. rh DEPTH/ELEV 16' - 18' 16' - 18' 16' - 18'

LABORATORY DATE 11/21/95 11/21/95 11/28/95

TRIAXIAl COMPRESSION TEST REPORT

GeoTestlng Express • Acton, Ma.. (508) 635·0424 • Fax (508) 635·0266



. ',.' '. _.,.. : -~ '-." ...... ,.... .,.. ..:,-::.....

FAILURE SKETCHES,

15.0

c =2.3 (lb/in"2)

~ l' - 10.1N

<c
"- 10.0

lon~=0.18

.:£ CU4. '--'

0-

(/) --- )
(/)

I
.A ----W ----0::: ...~~_.~ a.~ ---(/) ......... ......-/ -........

5.0
......

a:::

V V\
...." ..:-...--« --- ----.~~ /' "w . ,,/

/ \~:c l---' -Cl- / CU5(/) -'---..-.-.-'
~~

I t~.
\

\

o·~.o 5.0 10.0 15.0 20.0 25.0 30.0

TOTAL STRESS, p (lb/in"2)

CU6

15.0

J SYIIBO-. 0 t:. 0
.~,

TEST NO. CU4 . CU5 CU6......... . \ ____"/ '_"/

~

/r~r' 1'-fJ WATER CONTENT (%) 81.78 66.73 66.72
N

<c ~
DRY DENSITY (lb/fI"3) 47.62 58.33 58.44

"- SATURATION (%) 87.64 96.38 96.64.D 10.0
/ ...... /' ~

'--' / VOID RATIO 2.473 1.835 1.829
(/)

f
(/) WATER CONTENT (%) 71.07 56.75 57.39w
0::: ~ DRY DENSITY (lb/fI"3) 53.57 64.07 59.98~ :t:(/) Vl

0::: ~
..... SATURATION (:P.:) 90.26 95.12 86.56a:

0 5.0 0
~

~(; .../ b VOID RATIO 2.087 1.581 1.757« lD

:> BACK PRESS. (lb/in"2) 50.14 SO.14 SO.85w
a MINOR PRIN. STRESS (lb/in"2) 4.73 9.n 19.15

c
lAAX. DEY. STRESS (1b/in"2) 5.83 13.66 12.22

TIME TO FAlLURE (min) ISO 160 183 -

O·~.O '"
5.0 10.0 15.0 20.0 25.0 RATE OF STRAIN /NCR (%/min) 0.10 0.10 0.10 ..

VERTICAL STRAIN (%) INITIAL OIAUETER (in) 2.89 2.89 2.88

STRAlNCONTRo..LED INITIAl. HEIGHT (in) 4.71 5.84 5.96

DESCRIPTION OF SPEClLlENS: B-VAlUE 0.95 0.95 0.95

1) Very soft organic sill w/ seashells & pf2ll Gray organic sill w/ seashells & peal 3) Gray organic SIll w/ seashells & peal

LL PL I PI GS 2.65 TYPE Of SPECIMEN Tube I TYPE OF TEST CU (R)

REMARKS: PROJECT Naval Sub Bose

1) --- PROJECT NO.CTX-720

2) --- BORING NO. --- SAMPLE NO. 7/2 lJ,IW34D 7/2lMW34D 7/2 lMW34D

3) --- TECH. rh DEPTH/ElEY 16' - 18' 16' - 18' 16' - 18'

LABORATORY DATE 11/28/95 11/28/95 11/28/95

TRIAXIAl.. COI.4PRESSION TEST REPORT

~ .

GeoTesting Express • Acton, Ma.. (508) 635-0424 • Fax (508) 635-0266 '.f·,·--"· .



APPENDIX F

REVISED GEOTECHNICAL ANALYSES

F.1 Revised Slope Stability Analyses
.F.2· Revised Settlement Analyses
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REVISED SLOPE STABILITY ANALYSES
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~-----------,----::-cc--""-------'--+--~.-----------,r----------

ICHECKED BY APPROVE[' BY LDATE

Dew 2-/~j Iq6 . february 21,1996

; . ,t>BJECTIVE ,,;. ,' ...-.' """"",, '-'. '.....,....~....,..:".. ,.,.l. ,. "':""'-_:_'--~"""~'-"'--.~""-""'-"+"-.-:-"'-i--','---

h~. P~!P~.s~ Qf.t.h.~~;~~l~ul~tion is to determ ine thfl9yeraII.sJability.Q.(the..fi@1,.[~gntgeq~LJ!Jg.c¢ ..Q.f+.Ar~.:LA.._ .._.;
I---andfill' at the Naval Subbase New London in Groton CT. 'Landfill A 'is an ex'isting landfill which will be
overed·:with-ci·lowpenneability cap:' Iii 'additiOli ·t6··th·fn::appiiig;·tlie··exisnn-g"laiiafiJr-side'sfop~-·wlllDe"c'lir-~
ack to..a4: I ..slope.:. " , , _.._.. __ : ~.__ ~.__'_ ,._." <.--' ~.___;_ ~_--:-:--.,:

~ESCRIPTION OF THE LANDFILL
. '; I': ' ;:;.,-..,-~--, .._ ...;.~--_.--~ ...,..--~. .,--_._.-._...-,--.;-.-.--'--------f..--- ....-.-.-.~-,._._.-_._.-..._h----i---.:------:----~:-

.1!~,y~n~y._i!1 .. ~hi.(;h,.,!be"J.a.lldfill was constru'<ted.,QxjgiD.~.UY __.c;,~Q~j~l~.(;LQLLtlti)IJ~Y-~[~.9LaJ.ILJ~jaLroater:iaL: __,
verlying the bedrock.· This alluvial material· most closely: resembles a type SP soil (poorly graded clean
ands:'sand~gravel mix) as classified using the'UiiifiedS6il;Classificati6o'SysterrquSCSr"'Tlie'viilleyiWas...--.,..
lrsLfilled..with"dredgespoils from the dredging ,of the-ThamesRiver.-~Thedredgespoils,were.p,laced..across._.....
Ihe entire bottom of the valley and .now forma wetland area. : The dredg~ spoils are generally satudted.; .

. ~ori'ii·g·logs· iiidicate':thitth is material is identified ·as'solfiYpe'oC(oriiillIc-'slrts-an(rorganlC--sllt~c'iays'of;IO~-"'-~
lasticity}·This·type·ofmaterial may be ·expected·-to"have-low'strength·characteristics:·~-'-' . .

, . ; .

~~~dfi-ir~~t~~'i~r~~~'pl~~~d ;~Io~g the .south west ~·id~·~fth~·~-ii~Y:-~-~·'tdP-~'fth~'~-ri·gi~~I·g·;~~·~d;;uJace'and:-'
he' dredge spoH:--The'existing landfill extends fr6fu·the·soutn-Wes('side"or'tlie'iViilley·oii"top-·oftlie"areoge·..··-
poiL(or,ailuvium) to the north edge of the IandfilLwhich:slopes~teeply(approxi~atemaximum.(}f-2',l).dbwn;,---.:
p the wetland area. " ; i' i .l.__! _l_._.._----~-~._-_ ....._--'---------;..-_._----------------------_.~-~.;,.---- , ,

he"conceptual..mod~l-of the'la~dfi II consists Of)"'.; '-'.-f---..L'''·r---~----'!-·-·--'--+''--·~'----;-'-·-~··· i--'~-'~+'-+-:-;
,--- .cc. .:._....__... ;.,....L ...... .." ... ,....: ........ -- ...... '.. .. .. ,-;,_......:..-._. ,·..--:..·-..~·-..-, ...._·t--·--·,,·i--,~..-"-··_..----_!--:-'..--i-'--;

; , : " • the proposed landfill c~p i ; ; '. .;: iii ;.-·-j~~~~~·-·~=~~:j=-~-·~=..,-:~=.~~~ ..~.~~~:=~~Z:~r;~:~~·;j.=· ..;··....T--··-~··--·-·T--·---·_'--~~---·-r-i--r'---~--:
. ; '. t ;;; • the allovium material I !':' _ i " ,! .: ;

,'-·:-····--;---··..:..·-·-1·--·~·i-·-··.,.. _..-; - '; - --; ihe·'be~rock~----·---;--··-·; ..-',-.----- -.-..- ..------;-.--,-'---,.-.--,-';---'-:

..~;kro~o,~r;~tQ~[.-;r~~i~~j;4iff~;;~;for·;~:;;~~t~;t.;±-~~e.t.;\at::~p~i:n.(LJ,lt).:.~.'
he ~i'~t~~~ port~on of the cap is mostly paved to p~ovide for a ;parking!loL Figure I, pagt: 14!sho~s Qoth: '

(ap'-con~gutations':: . -'--·-·--~·_---:---i-~-!---;· ..
-.--.-:,.--.-+-----~-----~~----~---~+-----.;--,_.-+----_.:-.--------~.:.._.--;-.---~----~----+-~----t-·~-i_---:--y--:--_:-,-·--;-·-+~-+·-+-·--i
U»PROACH : ; :. : i ~, i j ; , ! ! ! : 1 : . . ! : i : ;
·-~-:-··--t-..~--r·····:--·: ..-·:~..···i-·-:-;···..·_-··_··:- -~--:-l---'T--'T'--:l---'--~----:--· ..:--"·~-·-T-·l--T~T-·i
·he·stability·analysi~ conductedfor'landfilt'A-considered;the'final-co~pleted·cap·~onditions:'··Aften·evie~ingl-----'

1h.~~'!.l!t]gr.~.<:iil}glRJ~,IJ.~JQ[J.h~J~lJgfi U_.<,:.~p•..a_critiCaLsectiOli.was.chosen..which;w.ouId.likel)'. result. ib_th~.Jo~est~_....~
ilctor of safety for stability.: .. 'j i j': i ;. ;;:!'
~---~-_.~,._.~----_..~----~----.; ..-~~-~-'-'~---_._ ..~·-·-··-'~·----_·_-_·---:-·----1--··--~~·_-t---+--_·;---i---~-~--~-~';------------~--i·----~---t---~
he-:stab~lity:an~lysis.w~-~ndubted:,using-PC .STABL..5M.~oml?ute~-code;-.h~hef·PG:STABL.5~-m~del.:is.ai·--···i

1~~.:~i~~~~.~?~~~.~~,~.~~._~9.~ni.~~~1l~ ...~~~.p.~ ..~ta..~!.~!!Y..p.~~gr~L.f-~p.~~.!~.l2L~~y~i!}g._~JQP~§t~~iJ.!!~:.J2yJ.tb~.:_ .....;
'implified Janbu~ the simplified Bishop; ,and,the!Spencermethod of slices (Ref 1). For this:cal¢ula~ion,ithe; ,
! implified·Bishop,(clrcular,failure)·-and'-sfiding·qlock·methods-were·os-ed--forhm-alyzirtg--the·lanofillsfab·liiW"·-...:.,
·--·,·:···-·-i·---·;-·-,·~--·~-- ..--~-__J._,_L..._i-.-~_-~-,_.L,_J. __L_._L_.j__L_Lj·__j __·_:__'~·__:·_·_I_,_l__\,-.--:-i
_.__. J ~_l__L._--L..__,i,_._.._i ~ , _ ..._._.L_._1_l .L_J.. c__J.._.l_L__. _~__~ i __1_J---1_1
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.otil totaT anef"effedIve"stress analyses we're' 'peiformecf on-the"Tanafilfto-evaluate'iTie-fact%(sa-reiy-ag~lTnst __c

lope failure:' A,total'stress analysis is nonnallyperfonned:toevaluatesaturated'soil'undergoing-uilddined .,-,.,
o!!ciing... I.n ·app.!yiTlg.~. t~tal stress analy~is, the .undrained st(engtrshQuldr..eplil.c.e JOe·effe:~tjY~.~tr~,~~..~_Qb~.s..iQ.J.L __:..
ntercept when calculating stresses along a failure surface (Ref II). In addition, pore pressure should :be taken
s"zero' 'a:I6fi1piny-'fcii lUre'surface were -liiiariiii'"fed' sffer@h--j"s·-ii"!ied""(Ref. I'IT'-lii ·-tilses---Wliere·-a-T<iflure--Siirface-·--

ust. pass partly. through a free draining soil and partly. tlirough.an.undrainedmaterial~effective. stress:-strength .. ···
arameters along with the appropriate pore pressure apply along one portion of tne surface. and the total stress.arame'ters' (wlth'zero-'pore pressure) app.lyaiong.the'oih-er.(RerlTr--.-.-'------r---~·-'--~··--'~---i--r-T--'T---"'

_.._. __ ._". ~ ._~ ~ _...._..~___ .... ._.__. ...._.._~ ..._. .__.__... : "..:_. ... ....~._ ..__~~.._..__~_._. ~ _~._~ . -+ i ~__~ .

,g!..~b.~_.I~!19,ml.!iy!itc::m9jscussed above, it has ,b,~~n.,:a_ss1Jm~d JhllL9IJJY_the__.dr.~_dg~ __sp.o.iLJ~yeJ,;_~.iIL:xhi.b.iL-_
ndrained conditions during loading. All other soils have been assumed to drain freely, Therefore, w~en total
tre-ss analyses were.completed, the total stressparametefScifthearedgespoir-fiiilteriarwere-tised 'iiltne--moael'--'
ithno pore pressure acting along the fai lure surface of the dredge spoil materiaE.-Effective.stressparameters .
ith appropriate pore pressures were used for materials expected to exhibit 'drained. cond itions. . : ! : .

·.~:.~tr~~-~~-;~=~~~~~'.for the' dredge SPOi·I.~~:-~:e:'i::j~~-~:i~·lt~~~~;.~~~-~~.~:.:O~~~~i~1J;:J:h~J=:~--
·f1.9.Jhe .tJ.r1.9.~,rt,(lir1tY 9.fJO.e .strength of this m.aterjilt,.~Ihe.soil.strength.parameters .QfJhe. ~othecmateJials,_ used, .
n the stability analysis were conservatively chosen from literature. Because of th~e varying strength' properties
·fthe tap"mate'rials~~eaCli'soillayer in' the cap"\vikiiiClude-d'iii "th~' 'stabilitY'calCulations:' TIle-ilitei1fac~Trlaimr-"
ngl.esbetiveen. soi I. layers and geotexti les and· geomem braneswere.n·ot.consideredin:"the,STABIJ.an~lysi~.fo~,,-,,·-··

'deep" failure evaluations. The stability of the Interfaces betwe~n dip components were de~-!!"'ined usi~K..(_

e~a~te~,ntI~f~~s~ndve,;eersta"ii~~,s•..==T~r+_=q=-i:~=-H-_;L_!-
.~§'llMl>.:I'I QNS.__ ,._..__c •. ,_.-" - . - -.' ,-- -.---.,----.~-,.-------.,..-----:----,.-'-.:--,•••,.-.--.---.~----'---~----·-----i----:--'-,-c-

h-e'f(jlloWinl,rs~ctidii'describes~sliiriPtioilS~ma~e'-C6i'lC'ernj"ii~--tnt-\ia}iOU~-inPUf·~Ee-de-dTor-th~e-S'fAB!~-m9ael~--'-:
f.the.landfill.-..Requiredfor-.the.analysis-are-the--strength--paranieters.and-densities-for-the-vario~s-s?il--type~.---- ..
n the landfill and the configuration of these soils in the critical section. Also reguired is the water table.
"fevatlo-n--un;aerth'e--prop'ose~"c'ap'configurati'on~;-'--'-----:---·---'--"j·,-"-~-----'----------t-'--·_··.-·--;--r-"i~--T--

_._-_..:"'--.__.~'-~_.L ; i. ,_.__~. , -;-_'__--' ''-- -'-_----;-----L----i..:..---,--..--:----:------l---T-··~· , -;._;
RITICAL SECTION . . ,.. " .__L , : __: -+_~--~-__i.-_.J_---..:...-_.- 1-:-i--_L-~

.~ ~; ~ : : ~ ::; i ~ l { ; : ; i J ~.: 1 j ; -1

· siIrg-'t1ie-DIgrt~TerramMOaenDTM)create(ras; part-of tne:grounawater-riYoaermg :study, ~evetal cros~ .
ections.along,the-northemface,:ofthe-Iandfill,werejinvestigated:.to.determine,thb-eritical·sectio~·m~sHildey;·-·---:

?_.~~~~!~._i_~..!~_~__!.?.~~.s.~__f~~~~.,?f,s_~fe!>'J()!.J!~~.~!!!Y:i:-S_€?~€?_~l!IJ,,:f.t()EL~!1~l~Q!~~--V-I_~!!'!.~".!:~~g~i,_q~_B !!~_~b.~ :
epthof waste, and :the :depth to bedroc~ were <;:onsldered for each ,cross sectIOn. The CrItical cros~ sectl0ll; ,
hosen -islocate4in'the-northwest end'of the"landfi II 'and'-iS"Sro~n'in~planview'~n'F igure-2;·page,·-tstr'i~ure-
..._Pilg~.JQ_.~hQw.s._the._profile __:of:.the...criticaLcross.section.,andthe..subsurface._stiatigrapHy..as_deflned..by..the,---.--.
TM. It should be noted that construction of the laridfili cap at this iocation will: occur inside otthe ~ssu'med
imifof"waste"niateriar;-liiia'therefore''-'a'rayerofprobafile~iStem'aterral"wifiremiiTi-beTow'the-cap termtnatlon:'-'--'

~:t:~~t}~:glspt~~~erj .-~~,j" tl~"jj~=t:=r_!==-l=~=~--t~=-t-
, r, _~__._i_-1__._..2

·--..;·,----~-rl...-l--:...--1----:..--:----i~--:-i--~-!- i --i--'---;--~ , t
.! ' ~ ~ !: i i ~ ........__!.. ~_

.---------- ~---.~---- ------------;--- ---~------!-----._------_.-, -:------:-~-;~----~_·_ ..----7~·T.-!--~_·-- i ~

_____... __ . ..__i ~. ._~_~--.:. -.,...._.. ..:. __._._,, ;... .__-'-_.~~__L '- l ~__-.: .....;.. J '_.....-o;-__l ;.. .~~-'---
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I. ..,'. - ..:
••-, •••••_.~....~-~._- • _ •.• - - - "h_ - •.• ---- ----:-- ---- -----;••• --...:.-----;~--·-·:·--------·--·-'--·-.,1--.---;----·--~-----f----~

.-.._;--. "--- --------- ------':-- ..---: --.----.-----... . ---_. -_ -~.----.~---.-.:-._ ..-.;--_.. ~----.----.--.--.~----- ..------t----··-~·_----~·----_:.----·~--~+_--~----+-1
.Ifq~l3,1 ~tres~_AD.l:l.ly~i.~_~ .. f 9f the purpose ot tQl5!.t§tress.,~I1aly~-i.~,-.ii. ~~~_JI.~~m]l(~9. Jh~t: lh~.l p!.~i.c;Q.osJn!cti9!~_. ;
Igroundwater table will be present immediately after regrading and construction iof the landfill c~p. :This is a ,
ICbrisetv'ative-'as'slimptiori'sincethe wafer-tcible-WiI11ikelyoe:lowef'as-a':resillt-onerri"j:i<:Yfary'a-nCl7or-permane'iiC--
Igroundwaterlsurt-acewater controls utilizedduring:construction.-..The.assume&'physical.water..;surt:ace-(i.e.:; ....._,
\elevation head) used iri the stability calculations starts at the same elevation as the standing \water in the
iWeiiands~·--ATttle·ioe-(;rihe·landfi II, the-·phySlcaCwate',='suiface'ruos··illo-ng'·the·-fac'e-'of'the·Titn-dfiJT(i le~:-seepr--'"
o-the gabionbasketJwaste·j nterface. Fromhere;-this·surface·continues at-:a'~constantelevatlon'~ntii--the---_..:
~~9.me!l!g.r<m.C;:_.!~!IT!j_l)i:njQ!1. _point. Beh ind .thege_QmeJl)bJ~I1~Uhe._physi<::aLw~te_L.suJfa.ce .r~s,e_mb.les-that.-Whj$::h.__~
pxisted prior to construction. All soils above the geomembrane were assigned this surface when calculating .
pore ptes·sutes'andsoi I-driVing forces. ... -- ..,_..--_. ------.,--- _._.._------....-...".,,_._-,_.------,·-'---·-'---·--:,----·--i---~----c,

...••.• ~ .:.. .. •. ~.__ • ~_~ :. ~_._.__ :_.,._~•. .__ .•. ._~ •.• --:.__:. I .

.' '. i ; ; :. J l

n order account for the additional pore pressure acting on soils behind the geomembrane, ac piezometric ..
~uiface.'(indlislve'of"ei"e'vat ion head and pressure--heaCl)-was ·u~·edTri"ihe"stabTiitY-·anajy'sTs:-Thi~-surface--;-as--'~

. identical···to-·the·-physical-' surface except· that-a-constant--head '0 was-assumed-'from-the'"-inters~etiorr-of-the---:

/g~Q_'!1 ~mpr.~.Q.t:: .. ~!:!4 Jhe.:p!:~~<::onstruction gmunawateLJflbli..tQ..Jhe.igeom.err,tbrane_.tenninati6n,;poirlt._.._;Ih i~,__",:
~onstant head was linearly reduced between the :geomembrane tennination point and the gabionbasketJwaste :
.nte-rfa'ce: -All-free.draining soils located· belciw·thergeomerii5-riiile·wereas~ignea·Uiis'plireatic--funace-.wnert'-·---:
r-;alculatingpore:pressures,.etc.. A third phreatic.surface was utilized speclfically.for-the.undrained;dredge--spoil-,--.:
Imaterials. This phreatic surface was located along the bedrock boundary!. in iorder to sirhuldte zero :porJ .
iP-ressure-;n-the-mi,fratned-materlaC-FIgu'i-e4:page-17s-'lb~sthe pti"i~atlc: surfaces as deflne;nn the total Stress

. ~.~~.i.~~~~.:_~.:I~~.i~~~.~~~~:~~~~~::::-:.-:.',:_._:.::.,: .:".~.:~:':-_=:~I~~I=~_. .__~T--:-~-=~~r:~'T'=:J=:~J_ ..:~:~~-:- J-_T-~ _l_~
IEffective Stress: Analysis - For the purpose of effective stre~s arialysis; ~o phreatic ;surfaces were eyaluated~ .
rrtfese· sulfates·Were- oased-on .the .i'esuIts' of the--gr61inawater-'mod"eliriKsfiiaY"(~ee~Reference-9r---;I1iei"fjrst-·-'-;

~urface~depicts.;the-steady--state-condition-that,-would--exist~after-capping--and-,installation-·of-an--upgFadient...:..--:

.nterceptor trench. The second depicts the steadY state condition that would exist :after capping and installAtion :.
p{-an--u-pg-ra(nenfrniercePtor-'i"rench-an'd:toe;-dra!~(6pilonalfdesign~~pproach"io-\b~'i~~i~a-i~d).-A~--~ffe~ti~~------:

stress-analysis-was-conducted-·for-both··cases:---F~gure-'5-;;page-18-shows·the'preatic'·s.urfaces-as·-d~fin~d-f~-th~----~

"ff~~tjYf-,~1~~~~-~t~J~,i!i1Y~.~Qa:lYSii··_·"·"·'-~7--~--i-;----I-.-r--,·-'-r-+-,+--: ~'~-- ·1--1 j i 'l-j
,; ." I I ! 1

~..:.~~~::i~=~~~-,---~-,-Lr~;=j=~L~-:J '-.::+. i-~-· f +-+·-i--:-~-·-"~,-~:-~+-!
~~~,_~~~~?~~~~~a~~~~_~_~~~,~;~~ _t<?_~.t?:.!.~~~-!~,~~.!:..!im it:QL~~Lf_'!~L~~~i~!f~~~-~h~Q~gt1h~-l~l:!D~f~J-L;~_-:-··_-+__~

l'\I:iuv,urtt·,,·l·~,-L-_:-----.L---~------~-,_.-L---;,,-.l._--L_-;-c-~--+--f;-+- .. ,! -'l!----~_-i~_-~ ; i

. j j .: . . .' I' i ;..', i ,I i

~h;i-~y~-;~f;~~dig;~cle-~~~~~'t~;~d-~I~~ the dredge spoil:ma~riai is asstimed~to be a SP type ~oil.! Ty~ica, :
~ffe~tiv·e-·st~n~h":paramerersT6F·this ··t)lpe'ol"soi·I'are-'a-'cofiisiortof-O--ps"rana'-ii-tFiction-angre-ofYJ7°f(Rer4y---';
k\-typical dl')'u~ it.weight-.is:-ll O!pcf(Ref-4);andf·a-tYpical,v<>idrati01for'~his·:typ~of-soiris·O;50'~Re~'5):·tTh~---';

~a~ated ~.~~!_~~lg9U~t:.!~_~~~_!I~Y,~!l~.~~_~~J~!!!!1.!..~<,L~itl}...!.~_~J9J.1.Q~,LJ:lgL~'l~~!i9k_(R~fJ,Q}:j, ;__.i_-.L~_W

~:~~-=~!=-~-jL~~J~==~~~~t~l~i~b~_~L!~l_JLJ-~_l-L.l-;
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....._..- ::.. __.. _ _ ~ __ .

Where::' ".--.--.:. ;..--.. . . - - ~ ..-··-"··_--·····----7···-··;··· ..·-······;··.-·-·····-···'·--·.:·······i---·-:······-,

.._...... . : :._.._3,,1:. = saturated un it weightof S9.0_: ..__ ~ .. _..~._.__~._.__ : _~__.: : ;_._.J.._._~.._j _t
. , Ws ' = dry weight of the soil (pet) :,. .,: . '.

···.~:~·:---::::-::~:~~r-~~-:-:::·· ....: :~:~~:t~~f sbi I (~.~.~~...--::~.-..=::~:=~:~-=.~.~.::=::~:~:·:~~C-===:~:~::::~.·:~..;.-~~l~-l:~~-:-l
, .

... ... ... _.. ...., ....... _.!'!!..t.r = unit weight of w~!e.rS~t:~._~sq-_...---__----- ..- ....-----~----: ..---.~- ..-.-.._._.. ~_.__.c '- ,

Irhis equates to~a·saturated unit weight of 130.8 pcf. Avalue'~fI30 was used·in.the-stability.~naIYSes~-·-···-·f
.~--------.__._.__._-------:--------------_ ..----------_. - -~. --~----_._....._._~._----_ •.-----------

[rhe total and effective stress strength pararneiersofthe..dredgespoil were. determined by..triaxial.testson...~:---.:
~amples of dredge spoil taken from under the landfill. The unit weight of the dred'ge spoil was also . : ..
~eteririii-led from tesfresults. .. --- :..- -.- ,-..c··~---··-·_---------·~----T·····:----;-·---~

. .'----_._---.__ .._---_._--~-~------_._------- - __ ._ . ._. . :..-... :.__. ~....__--.,;,__.__-+..~__. . ' __' _:--_l

T~~.e..~~p!~~ ..».:e.r~.t~~t~.d. to determ ine both eff~c;ti.v~_.s!.rC;:lJgt~. pat:~lITI_e!~mumQ_.!Q~!.*.eng1:h p_a.r~_~!~r~_._ ..,.__;
cohesion and friction angle).. The lowest cohesion and the lowest friction angle from each of the three '
esultswere used--irhhe' STABL runs to be con~'eiVative''-' --The·:triaxianesCtestiltSare listed bel6W:·;--·--~·__·t'-:

,. : I ~

.. .. .__ -~--_:_ ...-----;--------~~ .... - - - . . ..~ ~__ i : .. ~ ~___:. ~ ._. -J .__._._.•~~_~:_.,. . ---1 : --1-----:
Saniole:No. . Cohesion (PSF) : Fri~tio~_.~.rl¥;I.~Jd~?!.~:h __~ ~ ~_._. i _....:__i .-:...l
Effective-·Stj-ess---·~_·-: -_ : --------- --.. . i '

~i:iig~;~~-'~:~:'---- ~7i: -.-~=Lttm==:=tt=~:-=L±-=:L~l
. , . : i '.--... .... .... ... . .. ---- .. -- ....:---~---• ..;••---_.:...--.-"- ..--.-- ,---.-c-----.,-------C-----"-.--..7----------.~----.-\-.-,-----'

~~·~~~=:~·~~=]=r=C.-~----~--- ..--..--12-~-.~i--: -L-)i----.30.6----!---f-"~--""'"__~'';-''''':~--'-__.....
\ .: .._. -- ..-~-~ ._;__---1 ~---+_.--~------~-----~--j-----~---_r-----l---l.----'.-~--'----'

~[~~i~;!~.L=r-E:E:----:--~::-- ••• L~:T-=t+--1~:r= ---=i=.L=_tL·tjJ_L~
~F-SB02·19 . 173' : : ; : 1 14.8: ! i

u~~~I··:Jj-~L-:F=-=-~1~-EiJ~.cl±·8[1~i=L:I=LtIJ~.ilei
Based on observations of the characteristics of the dredge spoils in th~ wetlands noted in the bQring logs. i
blow·counts)' ~-weH'as field' observations;:thejstre~gth-of-the-dredge·Spoil'- in the' wetland·appeared·to..1be··-;--·-~
1~~~.!~_~J~i.~j!!b~.~tr.~_~I;lJl~, .. -.I~,c;: ..~trenglh.Q.Lth~--gr~dg¢_sPQ.iI ..may.;be._higheLu~de~'_thei.landfJ..Il;.due __to__L_.__~._-.J
\,;onsolidation of the dredge spoil causedbythe:weight bf the landfilL Based on this premise, 'the strength: [
of·the·dtedge- spoilWo~ld'be' expected.'fo'decfease"withTaecreasj'fig'landfilrh-eig~C'Conse'rvative--(Io'w)T-'-~-!

s:~~:.a::J~~~;~~~:~~:a~:;~;~~:~~:t S:h:'~;8~~:f'J:~~d~tJ~~t~· :e~~~:!l~~J;~:::2-t~t:.:.'
cons'oTidatlon'stre-sses'wtt"il-alstance: ..t'herefo~e,rtwo"addiiionaT~one~-oTd~idgeT~'p6i-1 ~t~~~iths were : j i.
incOrporated·in~o·the'STABLmodel"onhe~landfifl·to·J1transition"'from-~th·e·fass~med·weak'stte'fi:gth-; , : ~

.. .....__ ._~ .__"..~.__L ~ , ..:_. ..__-----~----i...c..T----~-l-.---"..----_.t--t--+------~.-.~.---;-·--_1. \_._.1......1 .
_.__. ~_._~ ~ ~ ._: ._l~ ._. L..._~ .:-~__.:. ~ ....:.__--i.. ~ !........__• -'_:-_!-~-

(

-----_. -_._------'-
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~ :: i ! ; : .......-.:--.- --;--.•.-: :-. ·20..':···· --..-.-.- ..-..-- ..- - ---- --.. ..,..- .., -.:..-.---,.---.
23· /.. . i_.._~---~~--,.-------~~----_.,. __ .-.-.~ .._-_._.~----:-----'---.-._-------. -------

. 27: . .: .
.......: ~ - .·;----30:6 .- -·.·-···· - ..~-- ..------·,--- ;..---~.,..·:-T- -- ;.- _-

. ..._.... :__ . . .. __..:. .~ .. .... ;... .._.,;.__,_.. :._.__. . 1_.__~-. ._.__
! ; ,

-.' :. .: \ :
• - •• - - - .--- .-~~:.•--- ---- - ••• _-_. ~-,-~-_._;.-------.--~---.'_.-~~-".---- •••.~ •.• - •.•.- ..-----:-.--_.~~--.,-•• - ;:0••• '~-f-----~-~"---'-----

o
24
48
72

. , .
. '- -_..-,.- " .... -~._._._.

our sets of strength properties were used for the dredge spoil for both the· effective arid total stress , .
nalyses·:-·The··~trengths·are listed below:""'--'" .,-- ...----.-.;-.--.:~.~--.~--..--:-----~_.--.--..---.--r-1---:--;-,-'

. I ._._---- ..._--------.----~----~._----. __ .--;-._.,.,_.,~---'.;. __._--'_._----_..,-------_.-:-._-,---~--.-;-_._-'--_.

Cohesion (PSF) • Friction Angle:(degrees) . . . ; : . ,
. _.. -- ---.- ---------_._~- ..~ _-_.. _- _.. _ _----- --,..--.---- --_.. _._._ __._--~---;._----:----:~---:.--:----

ocation
ffeC"five--Stre·ss·:·· .. ·, .... ··..,·-"··

etland (assumed)

.. ~-'!!1.~j tio '"!.J _._ .....' '__"".'" _...._. .
railsition 2
est Results'" " --- .

'rop"erties" iil'thewetliri"ds'to the stronger. strengtll'propertles'ullder"ihe"iiiidfirnreterml"nea-'wifh"theti-T~lar'-'""
esting :. .' ".--.., "-"--.' -.._._.c .._..oo._ ..-. ::-.--.: :-.---:-.----'.---.--;-- ,- ..-.. :···------i··---..:..·--·:,--~··_·

otal Stress:

etIiin,f(as"sumeaF' ... .;'112000 ._.....:;..-..-~" ..-....~~,..==:..._=.-~.=_~.:. '40~2,., .:.:~-,"'---'.~ '~=_!.~o._,__--~,~:'"--]'''-·-·1...~-:-~---·
Fansition .1-...---.:.--.:.-:-......:-----....--. --- '''.
ransition 2 . 145:, 8; ! ' .,,:.-esi"R:(;;uli's"'" -..- --......-- .,. .. I 70 . :...- ...c-- ..-'--· ..-.. ·:.......-~---..:i: i·:i~ ...-....,--·-..,...--·-·,_·.. -· ..---..--i·-·...,..---,.....-'-_·

...---;--------.-----..:-..----;-----;------:.--------.---.- . ··-·~-·--:---.;.r---_7·-_·~·--··_··;-·-.:----.!·--~-+·_~-----.--.--.-:----}---.-.-;--}--+-----

.heJine. betwetk.the..wetland strength paramere"rs. and..the.-transition 1- par~eters.was.chosen.bhsed.on .lthe.;.....-..
xis~ing. landfiJi: slope and extends downward td the. bedrock suiface at a 1 H : 2V' slope to the bedrock :
·urrace:·.-~is..·angle:wourd··ro·ughry·-correspomrtoThe area--of in-fluence of tfie-~d-dltIonarfilTload oft~-,-,"
andfi II·materiat:~-The-fuIlconsol idated strength of- the-'IandfiIlcouldb~ expected· t6be-achieved-at :the'iop':'----'

..f.!_~~.~?'_is!i~g.1~~QfUL~i~.~.~I()p.e, ..wh~.r~ ..th.~.J~!l<;ifi.U.om!.l!~Ij~!_I~~.c;b~.~jl~_.fl!U ...h~.ighLIh.~ ...Y~Ii9_Y~~QiL~ .~._...
oundaries used in the STABLmodelofthe landfill are shown:in Figure 3; page 16.. . i ! : :

. ~__. .......; ~ ...:._.......;_ __~_- - :__ __ ,." -'-;_.__: _~._ '-..-_,.--.:.- -----_c--~,---..--...:_.__ j,..--.....:...--;.....--;.-.--

. . 1 : .; . !, .:';"""
ased..on..th~:tesLresultS.oLthe-dredge.-spoil,-.the..d~--unit'--weigh~s-of-.the--dredge~spo;il ..ranges ..frqm-58~-1-to.:--
3.93 pcf. The!dry: unit weight; of the dredge spoiliwas ass:umed to be as 6:1 pd. The void ratio ranged .
ioni"·..r~5·87·Io--1r.8"1l._-The-tYpicarvo"l(rratlO··was-assurrie(rto··be~rK9~-·-ffie--saturaiedumt-weJgtftTs"1then------:---:

. !. " _ .";.: j • '.' ;: : i t, ; j

.alculated-to··beHOO;-2,,·pef:o·:Arounded·value·of'\OO--pcfwas"used·inthe'stabilityanaly~es:·-··o .._-t--I--;-T"-:

--R€OG-E-spotiwAs"fE INT~RFACELA Y~R"-:-'_:--! ~-'---i-L1-~--..L-.l--i--{~1-,-+-,
. -. __~ ~ __:_~_,_l l

---i---~-~-i-;~-i-·.~-;--;--:--~-.:; : ~ , : ; .; ; ! ~- j 1 : ! .
.. ._portio~ .. of.the.-w~te.~yer.defined-by,.thei.o:rM ..was-mod~ledias.a.~~dtedg~.s~ill~aste--interfate.l~yeFi'-toj ..--- .. ~
nvestigate the effect or: varying strength parameters of this iinterl'ace on the: stability analysis. Each o(the :
-taoilifY-scenarioswas evaTuate"dtwlce:--()nce'us"liig--ii1e-strength-:'larameters-b"f"tlle"waste'to--(ie-t1ri~-ih~-:"--'-:--'-~

reeigespoillwaSte··interface:-lay~r;·and··~gai~·using-the--strength"panimeters·~{t~etr~nsition·~2--dtedg~-spoilsJ·..--··~
_<?_.<!~fl~L!h~l!l~~tf~£~_..Lay~r~ ...S_~p..~r~te..tQt.!J.J.Ls..tr.~.s-and __e.ffectiv.e.jstress_analy~es ..wert'i...conducted..to_;__~ !_
etermine h~w ~he strength parameters of this "inteiface" layer ~ffected: overall !stabilitY. ' i . i i

·.:~::l~-~~==~~-~- __~~~~:=:_~_";.= __'.~.=~:::-.:~-__~_._. :'--~~--'-~_~=-r-·-~.=-.:~_r= __~:~~'~~~+~-T--~J'--- -T--== ;__~=~.~:=
ASTE MATERIAL , : .' i j : !. ::!.!,.. i' : j . :'----r-·..·:·-·.. r·-T-·-r· .....·t-f---r....--' ....·-r--j--!-r-T-l"--T-';--r--T--r-;---T--T--r-··T-l----r-·;
u~·-to--the--riature--of-waste·materials ..(being:a·rriixture..bf-many·h'Pes·ofrmateriat-generally'placed-fan-domly'---

.---L.----~,-._~-.-..~.--i-- ..~--:~ ..-+-..-~----:.--._:-.-··--- ..;-·-:--··L.·+-·~;---+-·H-c-._+----;-.c-J-._ ..L----+-'''''T---''
. L ._L L.._-L ! ..; .-:....._._. __l_.__ .~__·__L L._.; . ; ;_~._~ j_.:._.L , _~ : __1.__~__. __,_._

•
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RANULAR DRAINAGE MATERIAL! ,; . i . ; . .

h~ granular·d~inage material in the caps~s~~~~i~--::~::~--~:·-:~~I~p~~~~J~~:e~~sa~1:~~~;r:Tioej=~T :~---.
dequate.f1uid ..t1ow:.Jt. is ..assumed that. this Same. materiaLwiILbe..usedJor--the.gas.mamigementdayel",.-.~An.{-- ..-..:

sp ~oil. as classified by the uses, represents a: poorly graded ~Iean sand, sandi gravel mix with typical! : i

"l1ear·stren-gtl1--pro-pert.-eS--onrpsfror-coheswn and:r-[Oforeffect.·v·e--frictlonangJe(irt;l4;-see page: 12)~---~
ry·;·unit·weightiof·.j·lO pcf was judged to be··representative:for-this~material-(Ref-4);"'The·saturated·unit·- ..:··_--~

... ~i.g~t..~ll.s.~c.~IS!!I.~t~q ..~s.ir1g !l ty.p.ical.YQj.<:I ..r'l.!.i~ ..9L9..:.?Q_JQUhj.s_tyPe.._QtlIl~~e..r.i.~URe..L?,.~e..e....p~~~_ULLIh~., __
aturated unit weight was calculated to be 130.~ pcf. The valu~ on3l: pcf was used in the stability i'
alysi~:·------:·-----··~··--·-······.; __. ·· .. ·- .._~-- ..-i..-:--_·_..--:..·i---·_·:---··..:··-~i-·-t--;_·_--:------T"1-'-----·

._--_.:~._-----_.-'--:--.;,.----_:..........._-_.-----_._-..;--. --.----.

----·:----·~·-..--:--t·---:..·_·:-_..-;_··+_···~··-:- ..,··-;-----!--:~--:---,··_·:·---i·_ ....(--T·..·j·---r-··_·-:--t--1-"+-'-T-'-;
he·one ·foot·laYer·of·riprap· to be ·placed·on·the -steep portion·of-the-cap.-is·:assfImed to:have-sirniia...·-·--;-~

_~!1.~i.ti~_~.~~.~!h~_:~.<l:I!~..~~~.~.rillJ.ipJhe..,.~.aJU~y~~~_mL.lh~~t.f.~mn.h.p~r~.?:te.t.(;:I~_9JJh~ ..r~p,mp_:W__e.[e_~~1mn~~Lt9 ..b~L__,
p~f for cohesion and 41 ° for an effectivefrict}on angle. The :intemal. fric~ioni an~le was assu~edito oe .; ;

imtlar·ro···th·e·-arrgle~-of~repose··of·fiprafq"me·angle-ofrep6se-repfesenTsTtli"e-aifg'e-oflnfernalIfictlon of1neT""'-~

ranular. materiaLaLitsJoosest.stateF,.Ref.6) The..riprap .material: i~.assumed.t~-ha{,ea;..-D50·off-3!.~-Fr,?m.~ -; .
hart 12 of: Reference 7, the angle ofr¢pose for crushed rock to very angular riprap is:approxiinately 41 0

.;

~~~~~~J~=tfEI~~=l=Ft=;~~--=~~ffT-lET-=l=Lf-l
n previouscakulations. it was .detennined thaliadditional stone would be required at the toe of the landfill
o'provide"an ·a.deq~atefactbr of··s·afetyag"iliiisfbuoyan(uplifr-onnJ-c-ap-fo-e~:""A-gabior{liasKeCaesign-~as-1--'~
.ncorpor-ated..at .the.toe.to.replaCe the. riprap;...-The-gabion.backetsserve:two.purPoses;.to.provide. additional: _.......

eight on the tbe, and to provide a:materiai th~t would'resist f~ilure sJrfacbs t~rough the q~.~~u~~_~i~~:__:_._
Sfncethe--gaf;io!1's'are"wTred'tog'ether;-'jl:was'asS"ume,(that··the·fiifu-r1·-suifac"i·couid-n-ot·p·~·s through the ' .
abions~-Limit~-were-used·:in·the-niodel-to-:preVent·assumed·fai·ture~·surfacesfrdm-pa5singthro~ghi:he-+---·-:

·.-=====-=~~==~~=:~~~~:_~··t::=i~:=i..ctjj-'::Tl=tt:=--r=j-tt '

;
" •. I . ' ;

a:nd'having:varyin'g'~imOljriis 'of compactioo),"the"strength'ao'{j'welghCparameters"'offhe'waste'!11'ilterlarmay'-'-'
inherentlyhave:·a high degree of variability-.··-The·weight· and~trengthparamet~rs·for ..the·waste·material·"···;·"-·

. \V~.~~I:I~~~q..9~ .typi~(.ll: yal ues for mun icipal.~~~.~.J~!ld.fi.H~~:.J:3.e~.<l~~.~g.f..1h~.y.!1!:,i.~.~i1j!Y.~h.<lt.c:~~;()S~!J..r:.._;---.L---.:
ithin the landfill (i.e., because of this variability, sample results may not be typical of the waste material)

and·the··d ifficulty-of'detenn in ing stren·gth "patafiretets"ofwaste-in'a":lab'orafOry;-the"waste"param~teYS-Wefe'-~---:
chosen_from.typical.l iterature values. Reference.2.I ists .a.range.of.frictionangl~..oLlO~,-toJ 5.0 . and.a ._.._:.--~_:
ohesion of range 200 to 1440 psf. Typical waste strength parameters of c' of 250 psf and a~' of 25i . ."ere '1i"ssumed"f6f'the"ariiilysis. .. . - :-- _ _..,..-..- -_. ---'---·..··..-··-·-··---;--·---·'----r--·-
.-._. -_:. --- ---- --- .--..~"...'.._- .--'.__.-_ ..-_. . .- ----- --;'--"---------.--.----.. ---,..,---.. :-..------~.--- ._~ .._--._-;. -----,,...~-_ .._--·-------~--~·---r---~----

._~~_.!J.IlJ! _y:~.g~! ..~fJ~e...\Y.~~te was taken fr.()I!! ..~Rj~.aLy_?-h!~gJQ!::.~~jL~Qmp~~!~d_r~?h:t~.m.!?-L~_~~l~.~ittL~ ~_._
ange of 1000 to 1250 pcy with typical value being 1000 pcy (Ref 3). Since landfill A is an "bIder" :

landfi II; a unit 'weight ·denser than typical Wan::ncrsen tciaCCbunt-for-degraoation--<ihd'consolloation:-'-A";--":"--:
alue .0f.1 200 pcy ..was.assumed; which corresponds .to.approximately 45 .pcL.This .will..be.used..as_the '_'_,'_"_
oist unit weight. For the saturated unit weight 80 pcf was a~sumed. This·corresponds to the: range of: .

hehighe·s!·wet":unif·weights given in R.eferenCe·2:··:·_·-_..··_··:·....-~·-·-;·- ..~·~·_· .._·..T--...... ----..;---'---i---r---·;---:-·j----
._--_...:..._-----~------.:.-------_...: __ .__ .,._ .•._..";.-,._--------------~-------~._-~----~-
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. ..'......_ . . . ,.... . -- _.._ --- - ".--._ _----._ !-..--.-- _ _.._.,.._._--._--~_._ _._!. giloions·...The..uniCweignts :of the gabion baskets were assumed to be the same'as the riprap. for use in .:
STABL, the·rip· rap--soi I··strength .parameters -were-use&for,the':gabions~-howev~r;-these.values~o--riot-+·---·+---1
i'!1pa~t.t.~e ·final resultssir~~e the failure surfEc;:.~..~~S __f.l()t~\.IQ~.e.9J.9.J'-~s.sJh!().llgb ...th~,ga.~i()i:J J?~S_~~t§.: ;__l_J

1 : : '.' . • !
SIDE' SLOPE-BEDDING'SOI L ...-.--.,,--.-.---.-:---.-·----:----c---,-----i·-~---i--·-:---!--;-:-i..,' i

t l
.. -. --:'. -----.-'-~ ..-._..._~.---'":---~-_._------- -- ._-,. . ....-----:" --.. --;>------,:------~~------_·_-~-·-~7-........;... ._--~ ---i------·~~·-- -.-~---~--.---~----'-------'---'-----

The six inch layer of cohesive soil beneath'the;geomembrane on -the steep portIon of the land~1I c~p i~' . ,
"issumea to:'oe"eithe',="a-'SM:elr SC type'of soi[-1'y'plcarerfeciTve-'strength'parameters'fo;'-thlstYr)e-qrso:tT-r--i
are'a cohesion 0[300 psfand a friction angle·of33°··(Ref-4);·····Atypical·dry·unit-·weight·for·this·tYpe-cif-·J --·..·;

. ~QiL~~.J~.<2 p.£f..(B~L.4} .!'!n~,~. typical void. I~ti_Qj§..Q-'-'~L.c.R~f..~l.:_.I.h!§__~_q ~.Et~_~UQ.JL~~!..l!r.~!~Q:.yJ!.i.l w~ight~Q.L~-i
138 pcf.· I .

.. ----:.-----..;. -------. ----~--•.---:.----..,._: .'..•.. _.. . ....•.._..... - -- ..-_ ...-."._-,._- ~-_._'"-_._- ;.f-.-.•__ -------.----,------~--_._._-----:-----~------t---~--~------;----.~

ASPHALT.PAVEMENT ' ---:-------:--..---..-·.. -------~-------·--T·---~-- ..'·T·--:·--·~------~._- ..t-:-L i i-i.

The flat poiiio~ .. o(th·e'·landfi II cap wi II be' pav~(ri~·-cr~aie--a--parklniToL-th(dtreigth-'par~-ihe~er~-bf t~e---:-i
asphalt~paving·will-'-be·conservatively·assumed·to-be-the-same-as·the·riprap;with--a·cohesion-of-O-pCf-and··a-:-:

friction angl.~.Q.f.~.1.~.. _ln ..n~ality the asphalt ~m__h.;:lY.~JLhjgh __<;.Q.h~$jp.n, __i!~..Q":~!L~~_~.y.mRti.9.n,.Qf.!"!9 ..~~.~_~i.Q!'!..~_. ;
~iii"b~':~onservaiive f~om a stability standpoint. The u:nit weight of the comp~cted asphalt pa~ing jis! i i .

. assumed'to·'have·'a'bulkspecific gravity'of2344'-afid-a;-maxj[ifilffi"specificgraviitY-'of'2A38;'OI'f~ea-on-lq--T-i

typical pavemenLdesign.in Reference. 8....This. corresponds.to.~.approximate--bul~-unit ..weigh~.of-i1-46-~pcf;-- ... --~
. • , . • • ,~ '. . l ~ . , • -" : i ! I

and a maximum unit weightof 152 pcf. A val'ue of 150 pcf was assumed lin the analysis. :.! .! i : !
--·--r--·----f----f--:--~----~-----·~~------------~---:-T--r-1~~·:--1-~·-:TTi-- ~ . i j ! ~ ! 1
The following table summarizes the unit weigh~and'strength·parameters'used-i'n·th~·stability·qllcuiations~.. ~.. ---~

, . [ . __ .~__ .,__.._.._.. J__.._~. l. 1 L.__~_ .._. :-..__~.:__.J._:_L_~~~ .l.._~j.__J_.;_·_..L ~.i,:.-' - _-- -,.-:_.- .. _.-~------------';------_.--., --.. ------_. _. ',' .
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." -."C'.-.~ .. -.;._.. - --..-~---..--- -----,--.----, -~-----~---- ----r--:·
-- ""'27/2S"--''''T'48/2S-0'--' '-""~8INA"'- '~--145iNA-' : .

80

100/80

100

61/45

------····45· -:

..p.r~qge.-- ..... .......__..
Spoil. Un- 61

'ger UihdfiW' .

Dredge
-'Spoil/Waste .
_J.n~~rfac.~.....

Layer
11-=----:....------+------+------+------+:...-...,---+-----+-----11'·......··----·

Waste-..Mate~laIs
Granular.
-Drainage'
--Material·

no . 13\

..·Riprap/---··---· .----.. -----...---.... lii---·-·:-------41~---:- ...:....--_.(J..-!-. :--""N-A._--.- -----N-A:-. --;-:

=;i::::~-'=~=O== • 138:~:~£i_li ;~~ =~;-=,--=:==:-":~==-,,-~_•
..1l~d4j~g: ...... _; ..;. __ ...1)9.. :_._ .

.IbS.,.."o"..."il~;==~~===........+--_--4....;-.-:...-.:.-....:...._h_---_+----_4...;....----:---_n--·--·--!._--;-_.._- .--.------~_.-_ ..--~- ~ ..----- ...---,.---- ." - t.

Asphalt: : ; r50 • 150-~------.-4I+----::-----~------:(} ..-·>-.. -----:··NA·--·-- -- +..·--NA--·..·..........;......--;..·Paving..--: ..-..;··...;-..·...· ...., .. ;
!!:==:~~~:::::;::=:::::;::=:====~==:::d:===:::::l:::;,=~::::b===d====:dJ ---- ...,

~~r:-~:~·;:~~;~~~h-. parameters· ~ere not avai lable- frir.t~ese .~oil~: ...---:_.~-~----_ ..~_...i-----J-.---: -- ..-~--+---~_._~._i---i
. ; ; . " , '. ":'.,

ANArVSIS·--L-~:..--,-------~--.------.---._-;---; -i-~--l------~--_..:._· i

~;;,;;'f;~~~F~~"====~=== .=_:-~-+.ClFI-F-F=L:'=-=i3~Tlr J
lloth-a-'cii'eu la:r-a'il'dTii"sl iding'bIock:t)tpe fiiiTiJre were..iiivesfigated--u~'Jng[an-·effecilVe:siress·anal y,s is.: Fot : i
he.effective ..str~ss.analysis;,.the:two-steady-'state-groundwater ...cbnditions--detennined·..by;the~roimdwater--~---f

modeling ~~~.?t~~~_~.~~9_t~..~y~!~~t~.~!()p~ __~t~~jHtY.: __..~lL~9_LI~.~l?..Qy_~_~i!g ..Q-~!Q~,J.b.~--gr.9-~-nci.wjlt~[:.s.u.rfa~e--.L--i
were"ass'igned the steady-state g'roundwatersurface for calculating pore 'pressures and driving forces. In ! :
~ddition;·the-soil-parameters··ofthe dredge·spoil/waste-·ihtetfa:c·eila:y~f·W'e'fe..Vafi~a-to--deterffiine ..~tIie-effecC--:--1

PJi!h~f~ctor9f's.rety(see.sect:on above).._,_._~_Lt-_L_···i ··_=~_~;=---'-t-~i-1-~

if'analyziiig-tne-slope'ui;iiig-circiilar-Tailures':-me-f~l1TiJre-jJfanelnitiation point, termination point, segment: ;
ength, -and in itiation angle· were varied toconverge;'on-~the'lowest.factor-'of-safety"agairist"cjrcuiar sloP~'-'-~'i
ailure. :T~.~..!~~u.!!~J'?f_tb~ __~!!~Jx~_~~.il}ct.i~~t~j.!h.'!L~h~ __~rjii~~Lf~.i!~r~JiJ,!r.f~c.~j.s._atl.tbe,tQe:.QfJheJ~ndfill~.J. ... __ .<--__..) .

~tartrng-:above t~e gabion baskets and tenninating optsi4e the I~dfill toe. The hlinimum factor; of safety: ~
bb~ined'using·t,he--circu,lar·failure·ahaIYi;is'i)reValuatirfg-the-'cii~'an'd-interc-eptor;'trench--sceii~,iriorwasT:~-.-'--T~

trhis.y.alue.was..obtained..when.the.dredge-spoillwaste..interface..mater-ial';'was..giv¢n-the·soil.. parameters--+·-;-:
eprese~tativeof the weaker dr~dge spoil (transition 2) mat~rial'. Using ih~__~lgb~~_.s_!.r.~~~~j.p',!£~!!!.~!~~j2Li. ..l
~".=T:~.~!.~~_"~ ..1::::J~=L---l-~_.=I=~: __~__.':~:~:j-_~:-'I:~::r:-'I~~I:=J=:::C.=.J.._~ L L__L__; ..l_,_l_:....-1
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h"e"wii"sie'T6'r'the-iiitenace'-material 'raised the"faC"for"o(safeiy-t6-T:8-:---FTguies"'6and7"~iiow-ihteff~-cT~f---;----
varying, dredge spolllw~steiriterface. layer 'properties·on··the:critical:failure 'siJrf~ces :for'acircu I~r·-failurr---,l.._.;

~i.th_<::~pp~~g~.1)4"i!!~~~<::t;lP~()r.trench constru~ti()fl:_.Jl1c1.u~ipn".9.L~.t9,~U:t.r;ihdQ_Jh'~..p~.v.,iQ~,s.Iy' ..g_i.~.9M~.~~J.t_:,_ .. __.;.__i
analysis served to slightly lower the groundwater table and 'slightlyincrease the factor of safety: ag~inst; ."
aiture'to--I':7;--assum ing..th·e....dredge spail/waste' ifllerrace-as' th-e-weaICmate:fHn:--SUostitlifirfg--th"eistreifgtlf--:--i

. barameters .. of. the stronger.waste material Jor-the-interfaceJayer..increased...the.factor..oLsafety. to-I.9..--.: L ;
f:iglJres 8 and 9' show the effects of various dredgespoil/w~steinte~ace layer properties on the~ critkal; . :
ailure-'suifac-es~for'a 'circurar 'fai Iure with cap-piii"g~-"lnteiceptor--tien-ch-co"nstruCilon,an(rtoe({raTn----'---T---f---~

onstruction,· :. ---...-......--:---- .. ,. ' . ,...... ----------:.----L- ...+--...:--"~....,~---_ ..;--_·..-'--·-~-"-..:_·-i- ---...!-_._; _.........:_-.--~

; i ~ ;

.\si;;;ii;~·-;~-;i~i~ was....~~~-pi~t~d using ~ii·di~·g·-bk;~k..·f~ii~;-~~rl"-;~~~t-~-&t~~i~e th~-f~tor -;-i safety.: ----
i1"'he~results·ofthe..analyses indicate that the' critical :f,iiltire ·sUrrace'soccliYiifth-e1"same-lri-catiO"ii"ifs"f6rthe-----'--------.
ircular..failures;aLthe .toe of the landfill, starting ..above..the ..gabionbaskets.andtermimiting,outside-the..._... _: ...__~

andfill toe. The minimum factor of safety obtained using the sliding block failure analysis in eval~ating i .
hecip-iiicf'inferceptor' french scenario was '1:4'.:-fhls-,,"a:itie' "warobtii"lned"when;'the':dreage--spoWw~ie-'---:-"---i
nterface-Iayer-wasgiven-the' soi I parameters -representative-'ofthe-w1eaker-di'edge-spoi,.(transiti6n-z}-:-_:_~
materiaL Using the' high_erstrength parameters .(}fJ_h~ ..~.~..t.~_fQrJJb~:i.!!t~.rr~_~~_J~Y.~LHli~~g ...tI1~_iC!<;mrLQ,LL~_~ __.._:'
·;f~tY--t~·~i~6-.-·-"Fi'g~~~;10 and 11 show the effects of varying interf~ce Iflyer soil properties on ~e criti~al: :
ail~re ·surfacesfor:a·sliding· block failure with-capp"iii~rand;mterceptOfCtrencnS(YJistrifctiofi~:-'In9Ius~o-n"ofa~"'----:

oe_drain ..to :the:previouSly.disc.ussed analys IS. served:tosl ightly-'Iower-the.gr:ounawater,.tabIe. an4-.s Iightly....... ;----..J
ncrease the'factor 6f safety: against failure to I ;5, ~suming theldredge 'spoil/waste Interrace as ~he weak ! !
liiaferlat---s'uDsmuii~g--t~-esirength--parameters ~f the stron~r~aste materi~1 fOf the--Interface T4ye~--.-j-f
ncreased .the· factor 'ofsafety· to· I .7. Figures ...12 and"lT-show ,the-effects'ofevarying 'dredge" sp~i Ilwaste:--- ---: -----.;
nterface SOil. parameters _Q!Uhe.·cr.itical. f~H~r~,.~l,!rf~~.~_.f.QL~ ~H~i.ngJ~.!.Q.~k ...fujlyr~,_wltJL~!lPpil}g~jntkr:ceptQrL ...~~
~ench-c6~;bU~tr~n:T~nd:'toedrain construction. •. : : ; : : ; .! ! , : ..! i ! ii
"---~--'--~-----:---:T--r--~:--~-"""""''''''--''':''''-~--''-r----t--T---i--...r--L-----i-T---~----~;--cti--:---r--:·

.<\dditionaLanalYses.;..were_.conductecLto._determine...the-factrn:~of-~fetY..against-slope-failure-for--deep-cirwlar...:-.......:
aihire that extended to the top of slope~ The iriitiation land: terrhination: poihts for the circular failute i : ; ..
..lirr~ce-:-were--fieloanocaiions'outSldethe-toean(fa~ove:the~ cre~toTthe--sJO-pe.--ifhe:factoro-f-s~etY ..furr--~--r
his"deep·.failure,was'1:8;-assum:ing-the"dredge,;poiVwa~te-jhterfaceiasthe,-weakhnaterial:-"·Figure··l~-sh~wsi-·--t

.h..~_£!j!_!£'!!J~jJ~r~.~~_Ji~_~~!} __fQ.r_.Q~~P.._fi.J:~..Y1C!r~ft!i.tyr.~ ... ~~t<mi,lJg!!!Ubc;U~e...Qf_Jb¢ ...s.loP..e"Md...extendinU~sl_t~e ...__;__~
op of slope.' .: ,; : i' j' , ! : i
- : , ! : i: :. : . : : : ; :. I ,.:,; I. ,

Copies ,of tlie..o~tpuLfi1~s_for~th~_ni ne-effect~ve. :streSs..~alyses.Jre ..p'resented,.()n+pages..J2- ,to:·68.~--"~--'---+---
, . . . . ' .! . j;,!::!. 1

~O+ACSTkE'is-----j--_!_._-~,-~--_.:_-,-~.----~--+-+--~+--J---+- \---+----i----l---
T
---:.--+-t-+---J-+

----;-r-~-+--~---; -~----r----~-,,·_·-,·_--,-+··~--;-+----j---+-~l-· -~---+--+-+-+-l'---i : ; I : ~--:
~l!~j_!Q..~~L_~!~~~~_~D!:lJY.§_~L':Y_~_~,_~.i..m.i..hlr:J9__lb~_~e<;iiY..e.;.st[e.Ss ....ahaly~is._~xc.ept_that.d:ifferent ..:stren~_paiam~ters~ .... _
~ere used for the soils and different assumptions were inad~ cohceming th~ water table' (see discussions : !

'. ·boVe):·-'Total··streS~"stfJfigt~parameters·"were-only~vaiTaole'Totth~-(fr~e;sp~lr-ma1erials~~-Fotfhroiher-';-.-;
oils. types..tised.~in-the,.ahaIYsis, ..the-effeCtive....str~ss ...strength--panUneters--weri·used,-with ..:the-pre-!·---; !. i 1

onstniction: ground~ater table used to calc~lat~ p'ore pressures.! Ttle total ~tres~_greBgih..p.~!:l_~~!~~ us~_~LL_J
or'th(;dredge--s~jolfrarready;accblint-forTihe--;-po-re-water-pressu~~f"jn'th~--~oi(Ts~the ;ater table used for i : ;

. : I:' iI' . , I . I : ; ~ , / ~ I,:

hese"soil- ..types:~as+set·at~the"'b6ttom-of-the~dredge"·ispotl-taYers~lJsing"'a:-hfgher-iwatenable":elevatio-h-n·-.L: -'-;--':

____~-----~--- ..L-,l..--..L--~--J---_! ..--,-~----L_ ..i...._-l-i__,i.: -1.' _~_:,:- :,'-' :1' ~__ t __,-_:---~·--f-~t--i.--t-!.
___L_~ ; --..-J__:_.-J_:-._.l , ~ , ._'-~_ _ . _ . _ .
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ould essentially account for the pore water p~ssures twice (s~e discussion above). However,; the: . . ,
saturated· unit·weightsof the dredge spoils'wer~'sti II·usedinthe-total·-stress· analysis when-calc~lating"'·;·"··-!..."-'

d~i.~ ing: f<:>rS.t?s:..·.. _.,,_ _ - ----;..- __, ..~__.. : i..~ __ ;--..- ~.-.--- ..-- '_, _~ __i _: _.j__:-L-L :
i

n-'analyzing··the--s lope' us ingcircu Iar .fai IUres;-·th·e failure--pliiiitdJiitiati6i1--poiiit~·-te-mrilratiorCriO inrsegfh~enr---~
length, .·and' initiation angle were varied toconv.erge-on,theJowest..factor.. ofsafety againstcircu.lar... $lope...~ ...-;
aiiure. The results of the analyses indicate that the critical failure surface 'occurs in the same location :as: '

.tle-:effective""st(ess-analyses·. The min imurn .factor 'of'saJetY--obtilne(rusTng:the':"c,rcular~TilTlire-/naTyslsiwas-~

1.3; This value was· obtained when the dredge'spoil/waste 'inteifacelayer- wasgiventhe'soi I p~rameterS'----:-'-':

r~p~~s.~!1~~..t~\:'5?.._~Uh~: ..\Y_t':a,ker dredge spoil (tr<.m_~.iJ!9..n_..~Ym..I~J~rj'!L_JJ~ ..il}gJh~__hjg!l{:x~~~r~!Jgtb. ..p~Ji!m~~~J~i..oJ.. ..:_.._~
he waste for the interface .layer raised the factor of safety to IA. Figures IS and 16 show theieffect of . .
arious 'dredgespoi I/waste interface layer properties 'oli' tne'critical'fail(ffe' ·siirracesfor.ccitcU!arfa:ilm'e.......--------
otal stress analysis __ .. ..__ __" .._ ------- ----- - :._ c ......J._. . , ;

;,! • . ; .

'''similariin'illysis"'was .coinpleted using sIidiiigj)rock--f~llli're ·suriaces-to..·deierm·lne--the-'factor-ofsafetY:~-- ..-·..:..---'
he·resuIts ·of-the--analyses indicate that ·the-critical··fai Iure -surface'occurs--iri--the-samelocation-as-for--th~'--~-;

..i!:~..lJ.!~E..flij.I.lJ..!:.e_~;... liL!he.t()e of the landfiIl,star.ti..IJg,_'!I?-QY~_JQ_~.gllJ:>i9..IJ.9_'..l?Is~!~.~!1.g.J~rJ1.1!Da,!!.D.g.._@~.~i~J.h~ .__~.:
landfill toe. The minimum factor of safety obtained using the sliding block failure analysis was 1.1. This:·
ahie was 'obtainedwhen the dredge spoil/W'astb'·iht~fface-·layetjwasgiv~rnhesoil·patameters.....-:---..:....-1-!-----
epresentativeoLthe:weaker dredge spoi I (transition. 2)'materiaL Usingthe-h igher.strength:-parameterslof,J--------. .: . : I . ; , :
he :waste for the interface layer raised the Jactor of safety to 1.'3. Figures 17 and 18 shoW' the :effects 9.f :
-arYing-interricesoirpropertles--oii·-ih·e~crrtlcaifai Itires-url'aces"'fora-srfdln-gblock'falrufe:--~~-!-:--i-i'
-' _...~_._ ..__~~........~- ...---1.--~- ... ~.. :__ . '--' ..... ;. ... ...... --- ·--..--+---------7----~~ ..--+..---j'-·_-;----·:-....--~---; ..----~----. --r---~---l--f----~
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will have inf.r
uncertainties that arise from sampling fluet.
tions, and they tend to vary from the true aver
ages more widely if the number of observations·

. is small. The plus or'minus limits gi\:,en are
determined mathematically from the number
of observations and from' the standard devia-

. tion of the data used to determine the average.
These limits imply that the true average, ob
tained by securing and testing more and more
samples under the. same essential conditions,
lies within the plus or minus values 9 chances

er liquid limits than these
engineering properties.

(b) :Permeability.-The voids in the soil·
mass provide passages through which water
may move. Such passages are variable in size
and the paths· of flow are tortuous and inter
connected. If, however, a sufficiently large
number of paths of flow are considered as aCtr
ing together, an average rate of flow for the
soil mass can be determined under controlled
conditions that will represent a property of the

TABLE 8.-Average properties o/soils

Proctor compaction Compressibility . Shearing strength
Boll classlft·

Optimum
Permeability,cation group Maximum Void ratio, e. k.dry density water teet per year @ 2Op.s.! .• @ 60 p.s.! .• C. C••• tan ~In pounds conterit, percent percent p.s.!. p.s.!.per cubic root percent--

.OW >118 <13.3 Ce) 27,OOO± <1.4. C·) Ce) Ce) >0.7813.000
OP >110 <12.4 Ce) 64,OOO± <0.8 CO) Ce) C·) >0.7434,000
OM >114 <14.11 Ce) >0.3 <1.2 <3.0 Ce) Ce) >0.67OC >1111 <14.7 Ce) >0.3 <1.2 <2.4 Ce) Ce)

.
>0.60BW 118±1I 13.3±2.11 0.37±e Ce) J.4±e Ce) 1I.7±0.G Ce) 0.711±0.028P 1l0±2 12.4±J.0 0.1IO±0.03 >111.0 0.8±0.3 Ce) 3. 3±0. 8 Ce) 0.74±0.028M 114±1 14.1I±0.4 0.48±0.02 7. 1I±4. 8 J. 2±0.1 3.0±0.4 7. 4±0. 8 2.8±1.0 O. 67±0. 028M-8C 1l8±1 12. 8±0. II O. 41±0. 02 0.8±0.6 J. 4±0. 3 2.9±1.0 7.3±3.1 2.1±0.8 0.66±0.07SC 1l1l±1 H. 7±0. 4 0.48±0.01 O.3±0.2 J. 2±0. 2 2.4±0.1I 10. 8±2. 2 J. 6±0. 9 O.6O±O.07 .ML 103±1 19. 2±0. 7 O.63±0.02 0.69±0.23 1.1I±0.2 2.G:±O.3 9.7±J.6 J.3±e O.G2±0.04ML-CL 109±2 . lG. 8±0. 7 0.1I4±0.03 0.13±0.07 LO±0.2 2.2±0.0 9.2±2.4 3.2±e 0.62±0.OGCL 108±1 17.3±O.3 0.1I6±0.01 0.08±0.03 . J. 4±0. 2 2. 6±0. 4 12.6±1.11 1.1I±0.3 O.M±O.04OL Ce) Ce) Ce) Ce) ce) Ce)· .... ,' , .... Ce) Ce) Ce)MH 82:H 36.3±3.2· J.11I±0.12 0.16±0.10 2. 0±1. 2 3.8±0.8 10.1I±4.3 2.0±1.3 O.47±O.05CH - 94±2 25.1I±1.2 O.8O±0.04 0.05±0.05 2.6±1.3 3. O±1. II H. 9±4. 0 J. 6±0. 86 O.M±O.09011 Ce) . Ce) Ce) Ce) Ce) Ce) Ce) Ce) ce)

The ± entry lndlcRtesOO percent confidence limits or the average value. e Denotes lnsumclent data, > Ls greater than, < Ls Ie!! than.
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New London Ar("n (\. LpndFill EFF.· Stress Cit~c. Failure, Final Condo 1

Ten Most Critical. N:CE f IN7PL T By' Robert F. Delisio 01-23-96 3:39pM

Y-Axi?

(rt)

160

120

80

40

o
o

II rs
1 l.62
2 1.64
3 1.65
4. 1.67
5 1.67
6 (.67
7 1.68
8 1.69
9 1.69
10 1.70

. •..
~' 10 10 14:l 111

~ e

IIIII~
~:l~
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I

111111111·
-~

6 .' -----' ..
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40 80 120 160 200
PCSTABLSM FS M;n=1.62 X-AxiS (F t)

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit \It: Unit VL Intercep.t Angle Pressure Constant Surface
No, (peF) (pef) (psF) ("eg) P,oroM. (psf) No,

I 45 BO 250 25 0 0 I
2 61 100 0 20 0 0 I
3 61 lOa 24 23 0 a I
4 61 lao 48 27 0 0 I
5 61 100 72 30.6 0 0 I
6 liS 130 a 37 0 0 I
7 110 IJI 0 41 0 0 I
8 110 131 0 37 0 0 I·
9 120 138 300 33 0 0 I
10 150 ISO 0 41 0 0 I
II 61 100 48 27 0 0 I
12 120 138 300 33 0 0 1
13 110 131 0 37 0 0 I
14 45 80 250 25 0 0 1

(8)-:,.
-. . ..,- - -

- ,.

Brown & Root Environmental
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40 80 120 160 200
PCSfABL5M rs M;n=1.81 X-AXiS (rt)

SOit fatal SaturatE'a Cohesion rriction Pore Pressure Piez.
Type Unit \J t. Unit ',/ t. In tereept Angle Pr-essure Cons tant Surface
No. <pef) (pen (psf) (deg) ParoM, (psF) No.

1 45 80 250 25 0 0 1
2 61 100 a 20 0 0 I
3 61 100 24 23 0 0 I
4 61 100 48 27 0 0 I
5 61 100 72 30.6 0 0 I
6 115 130 0 37 0 0 I
7 110 131 0 41 0 0 1
8. 110 131 0 37 0 0 i
9 120 138 300 33 0 0 I
10 150 150 0 41 0 0 I
II 45 80 250 25 0 0 I
12 120 138 300 33 0 a 1
13 110 131 0 37 0 0 \
14 45 80 250 25 0 0 I

I I I Iij rs
1 I.8l
2 1.82
3 1.85
4 1.<36
5 '1.87
6 1.87
7 1.87 /

8 1.88
9 1.88
10 1.88

! • •

~
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New London Arp.Cl 1\ LandFill EFF. Str"eS5 [ire. FClilure, FinCll Condo i
ren Mus t Critico.l. i'1:C:[ _r- IN6J)L T By: Rober t F. Delisio 01 - 23-:-96
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New London Are-o: A 1.. afldFill EFF Stress Cire. Failure, Final Condo 2

Ten Most Critical. NCTJIN13PLT By: Robert F, Delisio 01-25-96
160 r;==~'==i,---r---~-----,---------,-------,-------~

n rs
1 1.71
2 1.73
3 1.7~

4 1.75
5 1.76
6 1.76
7 1.76
8 1.77
9 1.78
10 1.78

120 fl-----'

crt) 80

40

~."
~
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New London (.',I-eo

Ten Mas t Cr'iticol,
f'\ l_ondF'illEF'F', Stress Cir'c. Foilur'e, Finol Condo 2

r,JCEJ- INl 9PL T By: Robert F, Delisio Ol-2S-c96 9:2701"1

Y-AxiS

crt)

160

120

80

40

o
o

--- I IU rs
1 Soil
2 '1.92
3 1.96
4 1.96
5 1.97
6 1.97
7 1.98
8 1.98
9 1.98
10 1.99

~~" •. "., VI
.,

If Yl2 ··t1li~~..: ~

IIIIII ' I :::?"". .
I J

-
~

6 ..-
.. - .-

40 80 120 160 200
['CSTABL5M rs Mln=1.91 X -AxiS crt)

Salt Total Saturated CoheSion FriC tion Pore Pressure Piez.
Type Unit I.'t. Unit I.'l. In tercept Angle Pr-pssure Constant Surface
No, (pcr) (p'cf) (pst> (deg) paron. (psf.) No,

I 45 80 250 25 0 0 1
2 61 100 a 20 0 0 I
3 61 100 : 24 23 0 0 1
4 61 100 48 27 0 0 1
5 61 100 72 30,6 0 0 1
6 115 130 a 37 0 0 1
7 110 131 a 41 a 0 1
8 110 131. a 37 a 0 1
9 120 138 300 33 a 0 I
10 150 150 '0 41 0 a I
11 45 80 250 25 a a 1
12 120 138 300 33 0 0 1
13 110 131 0 37· 0 0 1
14 45 80 250 25 0 a 1

(Ii)
Brown & Root Environmental



New London' Ar'C'a A LundFill EFF. Stn?55 Block Failure, Final Condo 1

Ten Most Critical. N:BE 1:-.IN10,Pl T By: Robert ~. DeliSio 01-23-96 4:13pM
160 ,---

~

I
2
3

·5
6
7
8
9
;0

1i!01L.-----'

Y-AXiS

80
'CFt) .

40

6

1" •

40 80 120' 160 200
PCSTABL5M FS Min=1.45 X-AxiS <Ft)

Soa Total Saturated CoheSion Friction Pore Pressure Piez.
fyp<.> Unit \.It. Un: l ""'t. IntE'rcE'p l AnglE' Pressure Constant SurfacE'
No. <pcr> <pcf) <psf) <c:l<.> g) Para.M. <psf) No.

I 45 80 250 25 a a I
2 61 lOa a 20 a a I
3 61 lOa 24 23 0 a l
4 61 100 48 27 a a I
5 61 100 72 30.6 a 0 I
6 lI5 130 a 37 a 0 I.'

. 7 110 131 a 41 a a I
8 110 131 ·0 37 a a I
9 120 138 300 33 a 0 I
10 150 150 O. 41 a a I
II 61 100 48 27 a 0 I·
12 120 138 300 33 a a I
13 110 131 a 37 a a 1
14 45 80 250 25 a a I

~
~

Brown & Root Environmental
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2 1.62
3 1.63
4 1.63
5 1.64
6 1.64
7 1.64
f.l 1.64
g 1.65
10 1.65
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40

120

New London Arell A landFill Err. Stress Block Fllilure, Final Condo 1

Ten Most CritiClll. N:BEJ[N4.PL r By: Robert F. Delisio 02-10-96 9:220["1
160

80(r t)

Y-AxiS

40 80 120
PCSTABL5M IS Min=1.61 X-AxiS crt)

160 200

Soil
Typ"
No.

1
2
3
4

5
6
7
8
g

. 10

11
12
13
14

Total
Unit '" t.
<pcFJ

45
61

61
61

61
115
110
110
120·
150
45

120
110
45

Sll tu'-o ted CoheSion Fr-iction Pore Pressur'l? Piez.
Unit "'l. Intercept Angle Pressure Constont Surroce
<pcFJ <psf) ("eg) PorOM. (psf) No.

80 250 25 0 0 1
100 0 20 0 0 I
100 24 23 0 0 1
100 48 27 0 0 1
100 72 30.6 0 0 1
130 0 37 0 0 I
131 0 41 0 0 I
131 0 37 0 0 1
138 300 33 O. 0 1
150 0 41 0 0 I
80 250 25 0 0 1
138 300 33 0 0 1
131 0 37 0 0 I
80 250 25 0 0 I

. EImlBE..11.
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Brown & Root Environmental
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New London AreCl r:' LondFill EFF. Stress Block Fo.ilure, Fino.l Condo 2
Ten Most Cr'itico.l f\JflE_rC-[N14.PLT By: Robert F. DeLisio 01-25-96 8:580.M

Y-AXiS

(ro

160

120

80

40

II FS
I I I I

ij

1 l.5l
2 1.55
J 1.56
4 1.57
5 1.57
6 1.58
7 1.58

.8 158
9 1.58
10 1.59

. r

~.
~~" WI" IJ .

V
1/ 5
r: !J. I

~

- .-

---::::«----6 --.- --"-

0 40 80 120 160 200
PCSTABL5M FS M;n=1.51 X-AxiS <r t)

soa Total Saturated Cohesion Fr--iction Pore Pressure Piez.
Type Un:t IJt. Unit IJI. In tercept ,\ngle Pressure Constant SurFace
No. (pcrl (pcrl (psrl (deg) ParoM. (psrl No.

I 45 80 250 25 0 a I
2 61 100 0 20 0 0 I
3 61 100 24 23 .0 0 I
4 61 100 48 '27 0 '0 I
5 61 100 72 30,6 0 0 I
6 tiS 130 O' 37 0 0 1
7 tlO 131 0 41 0 0 I
8 tlO 13\ 0 37 0 o . 1
9 120 138 '300 33 0 0 1
10 150 150' 0 41 0 0 I
tI 61 100 48 27 0 0 I
12 120 138 300 33 0 0 I
13 tlO 131 0 37 0 0 I
14 ' 45 80 250 25 0 0 I

~
Brown & Root Environmental
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New London I~rpn (\ LandFill EFF. Stress Block Fo.ilure, FinCll eand 2

Ten Most Cr-itiCCll f\J:8EJINJ'JPLT By: Robert r, Delisio 01-25-96 9:]7ClI"1

40 80 120 160 200
PCSTABL5M FS Min=1.67 X-AxiS (f t)

Soil Total Suturoted Cohesion rric tion Pore Pressure Piez.
Type Unit \J t. Unit 1J1. In tercept Angle Pressure Constant Surface
No. (p'ct) (pcf) (pst) (deg) Paron. (pst) No.
,1. 45 lJO 250 25 0 0 1
2 61 100 0 20 0 0 1
3 61 100 24 23 0 a I
4' 61 100 48 27 0 0 I
5 61. 100 72 30.6 0, 0 1
6 115 130 0 37 0 0 I
7 110 131 0 41 0 a I
8 110 131 0 37 0 0 I
9 120 138 300 33 0 0 1
10 150 150 0 41 0 0 1
11 45 80 250 25 a 0 I

.12 120 138 300 33 0 0 1
13 110 131 0 37 0 0 1
14 45 80 250 25 0 a I

-- -- I I I ..~
~ rs
I l.67
2 1.68
3 1.69
4 1.69
5 1.71
6 1.71
7 1.72
8 1.72
9 1.72
10 1.72a

• •
...... -<: -,
::::-~" Yl2 "

~ J'i~ 1/1
1/ J 4 II I ,/","

It ~

." -
~ ... -----.-_.

6 .....- ..--

-
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160

40

a
.0

80

Y-AxiS
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London ArE.'a i\. LcndFill EFF. Stress Cire. Failure, Final Condo 1

Most Critical j\JCEJ1N8.PL T By: Robert F. Delisio' 01-23-96

New

Ten
160 r.======::==]·-:----~I-----~---,_--------,-~-------~,_-------,

" f-S.
1 2.77
2 278
3 2.80
4 2.80
5 2.81
6 2,[32
7 2.85
8 2.86
9 2.86
10 2.86

120

Y-AXiS

(Ft> 80

40

Soil
TYPE?
No.

1
2
3
4

5
6
7

8
9
10
11
12
13
14

!,

I

i
.,

40 80 120 160 200
PCSTABL5M rs Min=2.77 X~AxiS (FO

Total 'Saturated Cohesion Friction Pore Pr"essure PieZ,
Unit "'t. Uni t '.'t. IntE?rcE?pt AngiE? Pressure Constant ·Surface
(pcF) . (pcF) (psF) (cJE?g) Pa.raM, (psF) No.

45. 80 250 25 0 0 I
61 100 a 20 0 .0 1
61 100 24 23 0 0 I
61 100 48 27 0 0 I
61 100 72 30.6 0 a I
115 130 a 37 0 a I
110 131 a 41 0 a I
110 131 0 37 0 a 1
120 138 300 33 0 a 1
150 150 a 41 0 a I
61 100 48 27 0 a I
120 138 300 33 0 a I
110 131 a 37 0 a I
45 80 250 25 0 0 I

'(fI)
Brown & Root Environmental
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New London Areo 1'1 LandFill fatal Stress CirC. Failure, Fino.l Condo

Ten Most Criticol N:C:T JIN98.PL T By: Robert F. Delisio 02-10-96

IDO II " rs
1 I.2S
2 1.2"1
3 1.29
4 1.32
5 1.33
6 1.33
7 1.37
8 1.37
') 1.40
10 1.42

120

7:55aM

Y-AxiS

(r t)
80

40

0 r
0

Soil
TYPl?
No.

I
2
3
4

5
6
7
8
9
10
11
12
13
14

40 80 120 160 200
PCSfABL5M IS f"l;n=1.25 X-AxiS (I. t)

fotal $oturoteo CoheSion FriC tion Pore Press ..... rp. Piez.
Unit \J t. Unit \J t. (n tE'rcept Angll? Pressure Constant Surfoce
(per) (perl ~psf) (c!l?g) ParOM. (psf) No.

45 80 250 25 0 0 3
100 100 100 0 a 0 2
100 100 120 4 a a 2
100 100 145 8 a 0 2
100 100 170 1\.8 0 0 2
115 130 0 37 0 0 3
110 131 ·0 41 0 a I
110 131 a 37 0 a I
120 138 300 ·33 a a 3
150 150 0 41" 0 0 I
100 100 145 8 0 0 2
120 138 300 33 0 0 :i
110 131 0 37 0 0 3
45 80 250 25 0 0 3

~

8)) •
Brown & Root Environmental



New London Ar~eo A 1._·onciFill Toto.l Stl~ess Cir'c. Fo.ilure, Final Condo

Ten Host Critico.l. I\JC1 f~[N99.PL T By' Robert F.DeLisio 02-10-.96
160 1;=======;----,--

ij . rs
1 SAl
2 1.42
3 IA3
4 tA3
5 1.44
6 1.4 4
7 1.45
8 1.45
9 1.46
10 1.46

120 ILC":""--':"""":":,,,,--

8510.1"1

Y-AXiS

(f t)
80

40

0
0 40 flO 120 160 200

PCSTABL5M FS M:n=1.41 X-AXiS (rt)

SoU Total Saturated Cohesion Friction Pore Pressure Piez.
TypE' Un:t IJ t. Un:t IJ l. IntE'rCE'pt AnglE' Pressure Cons tan t SurfacE'
No. (pcf) (per> (psf) ("E'g) Parart (psf) No.

1 45 80 250 25 0 0 3
2 100 100 100 0 0 0 2
3 100 100 120 4 '0 0 2
4 100 . 100 \45 8 '0 0 2

-5 100 100 170 11.8 0 0 2
6 115 130 0 37 0 0 3
7 \10 131 O· 41 0 0 1
8 \10 131 0 37 0 0 I
9 ·120 138 300 33 0 0 3
10 150 150 0 41 0 0 I
11 45 . 80 250 25 0 0 3
12 120' 13B 300 . 33 0 0 3
13 110 131 0 37 0 0 3
14 45 80 250 25 0 0 3

.~
Brown & Root Environmental
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160 ,--'-
~ rs
1 U1
2 1.13
3 1.13
4 . 1.13

·5 '1.13
b 1.13
7 1.13
8 1.13
9 1.14
10 1.14

120

~~ew London Ar-po' f\ LandFill Toto.l Str-ess Block Failure, Fino.l Cond,

Ten Most Criticol ['J:IH J[N98:PL T By: Robert FDeLisio02-10-96

I

9:15aM

Y-AxiS

(ft)
80

11
2 '"

f

! . ,p •

40

40 BO 120 160 200
PCSTr,BL5M rs Min=l.ll X-AxiS (f t)

Soil Totol So tUr'Q·ted. CoheSion Friction Pore Pressure Piez.
TypE' Una '" t. lJnit "'t. IntE'rcE'pt AnglE' Pressure Cons tont Surfac,?
No. (pcf) (pcf) (psF) (dE'g) ParaMo (psf) No,

I 45 BO 250 25 0 0 3
2 100 100 100 0 0 0 2
3 100 100 120 4 0 0 2
4 100 100 145 8 0 0 2
5 100 100 170 11,8 0 0 2
6 115 130 0 37 0 0 3
7 110 131 0 41 0 0 1
8 110 131 0 37 0 0 1
9 120 138 300 33 0 0 3
10 150 150 O· 41 0 0 1
11 100 100 145 8 0 0 2
12 120 138 300 . 33 0 0 3

'13 110 131 0 37 0 0 3
14 45 80 250 25 0 0 3

'(Ii).. .

Brown & Root Environmental
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New London Areo. A L0ndFitl Toto.l Stress Block Fo.ilure, Fino.l Condo

Ten Most Critical N13fJ:-[N99.PLT By:'Robert F. DeliSio 02-10-969:18o.M
160 r;==::=:===;--

~ rs
1 U!8
2 1.29
3 1.30
4 1.30
5 1.30
6 1.30
7 UO
8 1.31
9 I.:lI
10 1.31

120fL----'

80
(Tt)

Y-AxiS

40

,. V2

a
a 40 80 120 160 200

PCSTABL5M FS M:n~1.28 X-AxiS (ft)

Soil Tot'nl Saturated Cohesion Friction Pore Pressure Piez.
Type Un:t '"It. Unit 'vi t. Intercept Angle Pressure Constant SurFace
No. (pcf) (pcT) (psf) (d"g) PorOM. (psf) No.

1 45 80 250 25 0 a 3
2 100 100 100 a a 0 2
3 100 IIi0 120 4 0 0 2

'4 100 100 145 8 a a 2
5 100 100 170 11.8 0 0 2
6 115 130 0 37 0 0 3
7 110 131 0 41 0 0 I
8 110 131 0 37 0 0 1
9 120 138 300 ]] 0 0 3
10 150 150 0 41 0 0 I
11 45 80 250 25 0 0 3
12 120 138 300 33 0 0 3
13 110 13\ 0 37 0 0 3
14 45 80 250 25 0 0 ]

,~
l ..:jj

.((Ii)
Brown & Root Environmental



** PCSTABL5M **

. by
Purdue University

--Slope Stability Analysis-
Simplified Janbu, Slmplifled Bishop

. or Spencer's Methoa of Slices

3;2 o~ B!3

Run Date:
Time of Run:
Run Bv:
Input'Data Filename:
Output Filename:
Plotted Output Filename:

01-23-96
3:39pm
Robert F. DeLisio
N:CE FIN7.IN .
N:CE-:-FIN7.0UT
N:CE-FIN7.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Eff. Stress Circ. Failure, Final Condo 1

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 70.00 93.00 70.00 2
3 93.00 70.00 96.50 71.00 11
4 96.50 71.00 103.00 73.00 11
5 103.00 73.00 114.00 78.00 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10

~
9 103.00 73.00 107·.00 73.00 11

10 1·07.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12· 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 ·157.50 85.00 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 11
20 113.00 73 ..00 121. 00 75.00 13
21 121.00 75.00 157·.38 84.50 8
22· 157.38 84.50. 157.50 85.00 8

I
\



23
24
25
26.
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45:00
47.50
50.00

200.00
123.00
115.00.
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113 . 00
119.00
126.00
160.00
200.00
107.00
113;00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00

.84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

.2
3
4
5
5
5
3
4
5
6
6
6
6
6
6

3301=" B9

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) . (deg) Paramo (psf) No.

1 45.0 80.0 250.0 . 25.0 .00 .0 1
2 61. 0 100.0 .0 20.0 .00 .0 1
3 61. 0 100.0 24.0 23.0 .00 .0 1
4 61. 0 100.0 48.0 27.0 .00 .0 1
5 61. 0 100.0 72.0 30.6 .00 .0 1
6 115.0 130.0 .0 37.0 .00 .0 1
7 110.0 131.0 .0 41. 0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0 ·1
9 120.0 138.0 300.0 33.0 .00 .0 1

10 150.0 150.0 .0 41.0 .00 .0 1
11 61. 0 100.0 48.0 27.0 .00 .0 1
12 120.0 138.0 300.0 33.0 .00 .0 1
13 110.0 131.0 .0 37.0 .00 .0 1
14 45.0 80.0 250.0 25.0 .00 .0 1

------------------------------------_.~-------------_.------------------------~---

1 PIEZOMETRIC SURFACE(S) HAVEBEEN SPECIFIED



Unit Weight of Water 62.40

Piezometric Surface No. 1 Specified by 6 Coordin'ate Points

Point X-Water . Y-Water.
No. (tt) (ft)

1 .00 71.00
2 96.50 71.00
3 140.00 72.00
4 149.00 72 .. 00
5 160.00 73.00
6 200.00 76.50

searchin~ Routine Will Be Limited To An Area Defined By 9 Boundaries
Of Whic 'The First 6 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 117.00' 50.00
4 117.00 50.00 135.00· 58.00
5 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123.10 78.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

200 Trial Surfaces Have Been Generated.

10 Surfaces Initiate. From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X 85.00 ft.

and X 87.00 ft.

Each Surface Terminates Between
and

X
X

124.00 ft.
130.00 ft.

Unless Further Limitations Were' Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 30.00 ft.



2.00 ft. Line Segments Define Each Trial Failure Surface.·

•- - - - - - - - -: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -: - - - -.- - - - -_:.. -.-.- - - - - - - - ~;- - - --
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined.· They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 23.Coordinate Points

Point X-Surf· Y-Surf
No. (ft) (ft)

1 85.74 70.00
2 87.46 68.98
3 89.24 68.08
4· 91. 09 67.32
5 92.99 66.69
6 94.93 66.19
7 96.90 65.84
8 98.89 65.63
9 100.88' 65.56

10 102.88 65'.64
11 104.87 65~86
12 106.84 66.22
13 108.77 66.72
14 110.67 67.36
15 112:51 68.14
16 114.30 69.04
17 116.01 70.07
18 117.65 71.22
19 119.20 .72.49
20 120.65 73.86
21 122.00 75.34
22 123.24 76.90
23 124.20 78.31

Circle Center At X = 100.8 ; Y 93.4 and Radius, 27.8

*** 1.618 ***

'?5 o~ B6

Individual data on the 43 ·siices

Water Water Tie Tie Earthquake



** PCSTABL5M **
by

Purdue University

--Slope Stability Analysis~
Simplified Janbu, Slmplifled Bishop

or Spencer's Method of Slices

Run Date:
Time of Run:
Run By:

. Input Data Filename:
Output Filename:
Plotted Output Filename:

01-23-96
2:58pm
Robert F. DeLisio
N:CE FIN6.IN
N:CE-FIN6.0UT
N:CE-PIN6.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Eff. Stress Circ. Failure, Final Condo 1

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) ( ft) (ft) (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 '60.00 70.00 93.00 70.00 2
3 93.00 70.00 96.·50 71.00 11
4 96.50 71.00 103.00 73.00 11
5 103.00 73.00 114.00 78.00 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10
9 103.00 73.00 107.00 73.00 11

10 107.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 157.50 85.00' 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 11
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27

. 28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
i26.00

93.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47.50
50.00

200.00
123.00
115.·00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113 .00
119.00
126.00
160.00
200.00

, 107.00
113 . 00
119.00

20.00
·78.00
94.50

102.00.
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

2
3
4
5
5
5
3
4
5
6
6
6
.6
6
6

-------------------------------------------~-------~-- -------------------------'-

. ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
. No. (pcf) (pcf) (psf) (deg) ·Param. (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 1
2 61. 0 100.0 .0 20.0 .00 .0 1
3 ·61.0 . 100.0 24.0 23.0 .00 .0 1
4 61.0 100.0 48.0 27.0 .. 00 .0 1
5 61. 0 100.0 72.0 30.6 .00 .0 1
6 115.0 130.0 .0 37.0 .00 .0 1
7 110.0 131.0 .0 41. 0 .00 .0 1
8 110.0 131. 0 .0 37.0 .00 .0 1
9 120.0 138.0 300.0 33.0 .00 .0 1

10 150.0 150.0 .0 41. 0 .00 .0 1
11 45;0 80.0 250.0 25.0 .00 .0 1
12 120.0 138.0 300.0 33.0 .00 .0 1
13 110.0 131.0 .0 37.0 .00 .0 1
14 45.0 80.0 250.0 25.0 .00 .0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Unit Weight of Water

Piezometric Surface No.

62.40

1 Specified by 6 Coordinate Points

Point X-Water V-Water
No. (ft) (ft)

1 .00 71.00
2 96.50 71.00
3 140.00 72.00
4 149.00 72.00
5 160.00 73.00
6 200.00 76.50

searchin~ Routine Will Be Limited To An Area Defined By 9 Boundaries
Of Whic The First 6 Boundaries Will Deflect Surfaces Upward'

Boundary X-'Left V-Left X-Right V-Right
. No. (ft) (ft) ..(ft) . (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 II '7.00 50.00
4 117.00 50.00 135.00 58.00
5· 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00 73.00' 107.00 73.00
8 107.00 73.00 123.00 77.00
9. 123.00 77.00 123.10 78.00

A Critical Failure Surface Searching MethOd, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

200 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X 85.00 ft.

. and X 87.00 ft.

Each Surface Terminates Between
and

X
X

124.00' ft.
130.00 ft.

•

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 30.00 ft .



2.00 ft. Line Segment~ Define Each Trial Failure Surfa~e .

•------------~--------------------------------------------.--. ----------------~--

Following Are Displayed The Ten Most Critical Of The Trial .
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf
No: (tt) (ft)

1 85.74 70.00
2 87.46 68.98
3 89.24 68.08
4 91.09 67.32
5 92.99 66.69
6 94.93 66.19

·7 96.90 65.84
8 98.89 65.63
9 100.88 65.56

10 102.88 65.64
11 104.87 65.86
12 106.84 66.22
13 108.77 66.72
14 110.67 67.36
15 112.51 68.14
16 114.30 69:04
17 116.01 70.07
18 117.65 71.22
19 119.20 72.49
20 120.65 73.86
21 122.00 75.34
22 123.24 76.90
23 124.20 78.31

Circle Center At X· = 100.8 ; Y 93.4 and Radius, 27.8

*** 1.809 ***

Individual data on the 43 slices

Water Water Tie Tie Earthquake





** PCSTABL5M **

by
Purdue University

- -Slope Stability Analysis-- ,
Simplified Janbu, 'Slmplifled Bishop

or Spencer's Method of Slices

41 or; 86

Run Date':
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

01-25-96
8:36am
Robert F. DeLisio
N:CE FIN13.IN
N: CE-FIN13 . OUT
N: CE-FIN13. PLT

PROBLEM DESCRIPTION New London Area A Landfill
Eff.Stress Circ: Failure, Final Condo 2

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left ,Y - Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 70.00 93.00 70.00 2
3 93.00 70.00 96.50 71.00 11
4 96.50, 71.00 103.00 73.00 11
5 1,03.00 73.00 114.00 78.00 7
6 114;00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10
9 103.00 73.00 107.00 73.00 11

10 10T.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.'00 157.50 85.00 ' 9
16 157.50 85.00 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 11
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41·
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70 ..00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47.50
50.00

200.00
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113 . 00
119.00
126.00
160.00
200.00
107.00
113 . 00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

2
3
4

.5
5
5
3

·4
5
6
6
6
6
6
6

------------~------------------------------------~---- -----.---------------------

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 1
2 61. 0 100.0 .0· 20.0 .00 .0 1
3 61. 0 100.0 24.0 23.0' .00 .0 1
4 61. 0 100.0 48.0 27.0 .00 .0 1
5 61.0 100.0 72.0 30.6 .00 .0 1
6 115.0 130.0 .0 37.0 .00 .0 1
7 110.0 '131.0 .0 41. 0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 300.0 33.0 .00 .0 1

10 150.0 150.0 .0 41. 0 .00 .0 1
11 61. 0 100.0 48'.0 27.0 .00 .0 1
12 120.0 138.0 300.0 33.0 .00 .0 1
13 110.0 131.0 .0 37.0 .00 .0 1
14 45;0 80.0 250.0 25.0 .00 .0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Unit Weight of Water 62.40

43o~ &

•

Piezometric Surface No. 1 Specified by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 70.00 71.00
3 100.00 70.00
4 126.00 70.00
5 200.00 76.50

searchin~ Routine 'Will Be' Limited To An Area Defined By 9 Boundaries
Of Whic The First 6 Boundaries Will Deflect Surfaces Upward

'Boundary X-Left Y-Left X-Right Y-Right
No. ' (ft) (ft) (ft) (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 117.00 50.00
4 117.00 50.00 135.00 58.00
5 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103,00, 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123;10 78.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified .

200 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Betweeh X 85.00 ft. '

and X 87.00 ft.

Each Surface Terminates Between X
and ,x

124.00 ft.
130.00 f,t.

Unless Further Limitations Were Imppsed; The Minimum Elevation
At Which A Surface Extends Is Y = 30.00 ft.



2.00 ft. Line Segments Define Each Trial Failure Surface .

. Followi~g Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical

. First.' .

~ * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 85.74 70.00
2 87.46 68.98
3 89.24 68.08
4 91.09 67.32
5 92.99 66.69
6 94.93 66.19
7 96.90 65.84
8 98.89 65.63
9 100.88 65.56

10 . 102.88 65.64
11 104.87 65.86
12 106.84 66.22
13 108.77 66.72
14 110.67 67.36
15 112.51 68.14
16 114.30 69.04
17 116.01 70.07
18 117.65 71.22
19 119.20 72.49
20 120.65 73.86
21 122.00. 75.34
22 123.24 76.90
23 124.20 78.31

Circle Center At X = 100.8 ; Y 93 .. 4 and Radius, 27.8

*** 1.706 ***

44 OF ~t

Individual data on the 43 slices

Water Water
Force Force

Tie
Force

Tie
Force

Earthquake
Force Surcharge



** PCSTABL5M**

by .
Purdue University

-------~-----------------------------~----~----~------------------~--_._---------

--SlopeStabilit¥ Anal¥sis-
Simplified Janbu, Slmplifled Bishop
. or Spencer's Methoaof Slices

~5 OF t

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

01-25-96
9:27am
Robert F. DeLisio
N:CE FIN19.IN
N:CE-FIN19.0UT
N:CE-FIN19.PLT

PROBLEM DESCRIPTION . New London Area .A Landfill
Eff. Stress Circ. Failure, Fin~l Condo 2

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
. No. .(ft) (ft) (ft) . (ft) Below·Bnd

.1 .00 68.50 60.00 ·70.00 2
2 60.00 70.00 93.00 70.00 2
3 9.3 .00 70.00 96.5.0 71. 00 11
4 96.50 71.00 103.00 .73.00 11·
5 103.00 73.00 114.00 78.00 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7

• 8 158.00 87.00 200.00 88.50 10
9 103.00 73.00 107.00 73.00 11

10 107.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9

·16 157.50 85.00 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 11
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.3.8 .84.50 157.50 85.00 8



23
24 ,
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38'
121.00
113 . 00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
'73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47.50
50.00

200.00
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113.00
119.00
126.00
160.00
200.00
107.00
113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

2
3
4
5
5
5
3
4
5
6
6
6,
6
6
6

Lf-b0Fb

-----------------------------------~--------------~-----,------------------------

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure, Piez.
Type Unit wt'. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (pst) (deg) Paramo (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 1
2 61. 0 10'0.0 .0 20.0 .00 .0 1
3 61. 0 100.0 24.0 23.0 .00 .0 1
4 61. 0 100.0 48.0' 27.0 .00 .0 1
5 61.0 100.0 72: 0 30.6 .00 .0 1
6 115.0 130.0 .0 37.0 .00 .0 1
7 110.0 131.0 .0 41. 0 .00 .0 1
8 110.0, 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 300.0 33.0 .00 .0 1

10 150.0 150.0 .0 41. 0 .00 .0 1
11 45.0 80.0 250.0 25.0 .00 .0 1
12 120.0 138.0 300.0 33'.0 .00 .0 1
13 110.0 131.0 .0 37.0 .00 .0 1
14 45.0 80.0 250.0 25.0 .00 .0 1

--------------~------------------------------------------------------------~----

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



unit Weight of Water 62.40

Piezometric Sur1ace No. 1 Specified by 5 Coordinate Points

Point X-Water Y-Wa·ter
No. (ft) . (ft)

1 .00 71.00
2 70.00 71.00
3 100.00 70.00
4 126.00 70.00
5 200.00 76.50

searchihg Routine will Be Limited To An Area .DefinedBy 9 Boundaries
Of Whic The First 6 Boundaries will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) . (ft) (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 11 7.00 50.00
4 117.00 50.00 135.00 58.00
5 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00. 123.10 78.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

200 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X ·85.00 ft.

and X 87.00 ft.

Each Surface Terminates Between
and

X
X

124.00 ft.
130.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 30.00 ft.



2.00 ft. Line Segments Define Each Tria:). Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Fa~torsAre Calculated By The Modified Bisho~ Method * *

Failure Surface Specified By 23 Coordinate Points

Point,
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21'
22
23

X-Surf
(ft)

85.74
87.46
89.24
91.09
92.99
94.93
96.90
98.89

100.88
102.88
104.87
106.84
108.77
110.67
112.51
114.30
116.01
117.65
119;20
120.65
122.00
123.24
124.20

Y-Suif,
(ft)

70.00
68.98
68.08
67.32
66.69
66.19
65.84
65.63
65.56
65.64
65.86
66.22
66.72
67.36
68.14
69.04
70.07
71.22
72.49
'73.86
75.34
76.90
78.31

Circle Center At X = 100.8; Y 93.4 and Radius, 27.8'

*** 1.905 ***

Individual data on the 43 slices

Water Water
Force Force

Tie
Force

Tie
Force

Earthquake
Force Surcharge



** PCSTABL5M **

by
Purdue University

-~---------------------------'------------.---------~-----------------------------

--Slope Stability Analysis-
Simplified Janbu, S~mplif~ed Bishop

or Spencer's Methoa of Slices

Run Date:
, Time of Run:

Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

01-23-96
4:13pm
Robert F. DeLisio
N:BE FIN10.IN
N:BE-FIN10.0UT
N:BE-FIN10:PLT

PROBLEM DESCRIPTION New London Area A Landfill
Eff.Stress Block Failure, Final Condo 1

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 70.00 93.00 70.00 2
3 93.00 70.00 96.50 71.00 11
4 96.50 71.00 103.00 73.00 11
5 103.00 73.00 114.00 78;00 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50' 10
9 103.00 73.00 107.00 73.00 11

10 107.00 73,.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 157.50 85.00 157.75. 86.00 8
17 '157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 Ill. 00 73.00 113.00 73.00 11,
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.'38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47.50
5.0.00

200.00
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113.00
119.00
126.00
160.00
200.00
107.06
113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

2
3
4
5
5
5
3
4
5
6
6
6
6
6
6

50 Of 80

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 1
2 61. 0 100.0 .0 20.0 .00 .0 1
3 61. 0 100.0 24.0 23.0 .00 .0 1
4 61. 0 100.0 48.0 27.0 .00 .0 1
5 61. 0 100.0 72.0 30.6 .00 .0 1
6 115.0 130.0 .0 37.0 .00 .0 1
7 110.0 . 131. 0 .0 41.0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 300.0 33.0 .00 .0 1

10 150.0 150.0 .0 41.0 .00 .0 1
11 61. 0 100.0 48.0 27.0 ~OO .0 1
12 120.0 138.0 300.0 33.0 .00 .0 1
13 110.0 131.0 .0 37.0 .00 .0 1
14 45.0 80.0 250.0 25.0· .00 .0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Piezometric Surface No. 1 Specified by 6 Coordinate Points•
Unit Weight of Water 62.40

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 96.50 71.00
3 140.00 72.00
4 149.00 72.00
5 160.00 73.00
6 200.00 76.50

searchin~ Routine Will Be Limited To An Area Defined By 9 Boundaries
OfWhic The First 6 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) . . (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 117.00 50.00
4 11 7.00 50.00 135.00 58.00
5 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123.10 78.00

----~_.~-------------~------------------.--------------------------~--------------

A Critical Failure Surfac~SearchingMethod,· Using A Random
Tec~igue For Generating Sliding Block. Surfaces, Has Been
Speclfled. .

200 Trial Surfaces Have Been Generated .

. 3 Boxes. Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 2.0 . . .

Box
No.

X-Left
(ft)

Y-Left
(ft)

X-Right
(ft)

Y.,.Right
(ft)

Height
(ft)



1
2
3

97.00
108.00
122.00

63.00
65:00
75.00

103.00
115.00
124.00

64,00
66.00
76.00

3.00
3.00
2.00

---------------------------------------------------------~---_._-------------~---

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 13 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 89.02 70.00
2 89.25 69.85
3 90,69 68.47
4 92.59 67.83
5 94.11 66.53
6. 96.00 65.89
7 97.44 64.50
8 99.15 63.47
9 101.09 62.96

10 108.38 64.75
11 122.47 76.09
12 123.78 77.60
13 124.00 78.26

*** 1.445 ***

Individual data on the 33 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force surcharae

Slice Width wei1"ht TO~ Bot Norm Tan Hor Ver Loa
No. Ft(m) Lbs kg) Lbs( g) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 .2 1.7 14.3 18.2 .0 .0 .0 .0 .0
2 1.4 121.1 90.2 229.3 .0 .0 .0 .0 .0
3 1.9. 350.3 118.2 355.6 .0 .0 .0 .0 .0
4 .4 97.4 25.9 114.0 .0 .0 .0 .0 .0
5 1.1 349.1 60.5 362.8 .0 .0 .0 .0 ; 0
6 1.9 829.0 50.8 597.8 .0 .0 .0 .0 .0
7 .5 . 263.6 2.3 231.8 .0 .0 .0 .0 .0
8 .9 576.5 .0 493.5 .0 .0 .0 .0 .0
9 1.7 1263.1 .0 880.4 .0· .0 .0 .0 .0

10 1.9 1642.7 .0 981.9 .0 .0 .0 .0 .0
11 1.9 1702.5 .0 975.5 .0 .0 .0 .0 .0



** PCSTABL5M **
by

Purdue University

--Slope Stability Analysis-
Simplified Janbu, Slmplifled Bishop .

or spencer's Method of Slices _

53 O~. ~

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

02-10-96
9:22am
Robert F.· DeLisio
N:BE FIN4.IN
N:BE-FIN4.0UT
N:BE-FIN4.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Eff. Stress Block Failure, Final Condo 1

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 68:50 60.00 70.00 2
2 60.00 70.00 93.00 70.00 2
3 93.00 70;00 96.50 71.00 11

_4 96.50 71.00 103.00 73;00 11
5 103.00 73.00 114.00 78.00 7
6 114.00 78.00 123.00 78.00 7
7- 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10
9 103.00 73.00 107.00 73.00 11

10 107.00 73.00 157.75 86.00 8
11 .157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 157.50 85.00 157.75 86.00 8
17 157.50. 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 11
20 113.00 73~00 121. 00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00,
145.00
115.00
126.00

93.00
107.00·
113.00
119.00
126.00
160.00
'94.50

102.00
109.00

.00
20.00
78.00
94.50

102.00.
109.00

84.50
75.00
73.00
73.00
75'.00.
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47·.50
50.00

200.00
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113.00
119.00'
126.00
160.00
200.00
107.00
113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75:00
84.00
84.5.0
85.50
76.00
77.00
78~00
73.00
73.00
70.00
70.00
70.00
70.00
73.00

. 76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14

'11
11

2
3
4
5
5
5
3
4
5
(5
6
6
6
6
6

64 Of 3Z

------------------------------------~------------------------~------------------

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 1
2 61. 0 100.0 .0 20.0 .00 .0 1
3 61. 0 100.0 24.0 23.0 .00 .0 1
4 61. 0 100.0 48.0 27.0 .00 .0 1
5 61. 0 100.0 72.0 30.6 .00 .0 1
6 115.0. 130.0 .0 37.0 .00 .0 1
7 110.0 131.0 .0 41. 0 .00 .0 1
8 110.0· 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 '300.0 33.0 .00 .0 1

10 150.0 150.. 0 .0 41. 0 .00 .0 1
11 45.0' 80.0 250.0 25.0 .00 .0 1
12 120.0 138.0 300.0 33.0 .00 .0 1
13 110.0 131.0 .0 37.0 .00 .0 1
14 45~0 80.0 250.0 25.0 .00 .0 1. .

----------------------------------------------------------------------.----------

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Unit Weight of Water 62.40

Piezometric Surface No. 1 Specified by 6 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 96.50 71.00
3 140.00 72.00
4 149.00 .72.00
5 160.00 73.00
6 200.00 76.50

-·-7·-------------------------~---------------------------------------------------

searchinI{ Routine Will Be Limited To An Area Defined By 9 Boundaries
Of Whic The First 6 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
-3 87.00 40.00 117.00 50.00
4 11 7.00 50.00 135.00 58.00
5 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00 73.00 107.00 73.00

'8 107.00 73.00 123.00 77.00
9 123.00 ,77.00 123.10 78.00

A Critical Failure Surface Searching Method, Using A Random
Technigue For Generating Sliding Block Surfaces, Has Been'
Specifled. '

200 Trial Surfaces Have Been Generat~d.

3 Boxes Specified For Generation Of. ~entral Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 2.0 '.

'=>5 ot= Z~

Box
No.

X-Left
(ft)

Y-Left
, (ft)

X-Right
(ft)

Y-Right
(ft) .

Height
(ft)



1
2
3

99.00
108.00
122.00.

63.00
65.00
75~00

105.00
115.00
124.00

64.00
66.00
76.00

3.00
3.00
2.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure $urfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Sur£ace Specified By 13. Coordinate Poi~ts

Point X-Surf Y-Surf
No. (ft) (ft)

1 91.02 70.00
2 91.25 69.85
3 .92.69 68.47
4 94.59 67.83
5 96.11 66.53
6 98.00 65.89
7 99.44 64.50
8 101.15 63.47
9 103.09 62.96

10 108.38 64.75
11 122.47 76.09
12 123.78 77.60
13 124.00 78.26

*** 1.607 ***

Individual data on the 33 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force surchar~e

Slice Width· wei1"ht TO~ Bot Norm Tan Hor Ver Loa
No. ·Ft(m) Lbs kg) Lbs( g) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 .2 1.7 14.3 18.2 .0 .0 .0 .0 .0
2 1.4 121.1 90.2 229.3 .0· .0 .0 .0 .0
3 .3 48.8 19.3 52.5 .0 .. 0 .0 .0 .0
4 1.6 330.2 79.6 303.1 .0 .0 .0 .0 .0
5 1.5 510.6 32.6 476.7 .0 .0 .0 .0 .0
6 .4 168.8 1.4 117.6 .. 0 .0 .0 .0 .0
7 1.5 715.3 .0 481.8 .0 .0 .0 .0 .0
8 1.4 852.9 .0 730.7 .0 .0 .0 .0 .0
9 1.7 1263.6 .0 886.2 .0 .0 .0 .0 .0

10 1.8 1549.5 .0 942.0 .0 .0 .0 .0 .0
11 .1 76.2 .0 45.7 . o· .0 .0 .0 .0



.** PCSTABL5M **

. by, , .
Purdue Un~vers~ty

. --Slope Stability Analysis-
Simplified Janbu, S~mplif~ed Bishop

. or Spencer's Method of Slices

Run Date:
Time of Run:
Run By:
Input Data. Filename:
Output Filename:
Plotted Output Filename:

01-25-96
8:58am
Robert F. DeLisio
N:BE FIN14.IN
N:BE-FIN14:0UT
N:BE-FIN14.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Eff. Stress Block Failure, Final.Cond: 2

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 70.00 93.00 70.00 2
3 93.00 70.00 96.50· 71.00 11
4 96.50 71.00 103.00 73.00 11
5 103.00 73.00 114.00 78.00 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10
9 103.00 73.00 107.00 73.00 11

10 107.00· 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 ·87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 157.50 85.00 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 12i.00 75.00 12
·19 IiI. 00 73.00 113.00 73.00 11
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

.46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113 .00
119.00
126'.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00

, 77.00
73.00
73.00.
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31. 00
32.50
40.00
45.00
47.50
50.00

200.00
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113.00
119.00
126.00
160.00
200.00
107.'00
113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
II'

2
3
4
5
5
5
3
4'
5
6
6
6
6
6
6

ISOTROPIC SOIL PARAMETERS

14 Type(s) of So{l

.Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 1
2 61. 0 100.0 .0 20.0 .00 .0 1
3 61. 0 100.0 24.0 23.0 .00 .0 1
4 61. 0 100.0 , 48.0 27.0 .00 .0 1
5 61. 0 100:0 72.0 30.6 .00 .0 1
6 115.0 130.0 .0 37.0 .00 .0 1
7 no.o 131.0 .0 41. 0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 300.0 33.0 .00 .0 1

10 150.0 150. O· .0 41. 0 .00 .0 1
11 61. 0 100.0 48.0 27.0 .00 .0 1
12 120.0 138.0 300.0 33.0 .00 .0 1
13 110.0, 131.0 .0 37.0 .00 .0 1
14 45.0 80.0 250.0 25.0 .00 .0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Unit weight of Water 62.40

Piezometric Surface No. 1 Specified by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 70.. 00 71.00
3 100.00 .70.00
4 126.00 70.00
5 200.00 76.50

searchinIi Routine will Be Limited To An Area Defined By 9 Boundaries
Of. Whic The First 6 Boundaries will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) . (ft) (~t)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 117.00 50.00
4 117.00' 50.00 i35.00 58.00
5 13 5.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123.10 78.00

A Critical Failure Surface Searching Method, using A Random
Technigue For Generating Sliding Block Surfaces, Has Been
Specifl.ed.

250 Trial Surfaces Have Been Generated.

3 Boxes Specified F6r Generation Of Central Block Base

Length Of Line Segments ·For Active And Passive Portions Of
Sliding Block Is 2.0

Box
No.

1

X-Left
(ft)

9E).00

Y-Left
(ft)

63.00

X-Right'
(ft)

100.00

Y-Right
(f.t)

64.00

Height
(ft)

3.00



2
3

107.00
122.00

67.00
75.00

114.00
124.00

68.00
76.00

3.00
2.00

· cOo OF ~

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 12 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 88.56 70.00
2 88.93 69.66
3 90.44 68.35
4 91.91 67.00
5 93.40 65.66
6 94.93 64.37
7 96.90 64.03
8 98.69 63.13
9 108.95 65.80

10 122.14 75.98
11 123.55 77.39
12 ·124.25 78.32

*** 1.512 ***

Individual data ·on the 31 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force surchar~e

Slice Width wei1ht TOk Bot Norm Tan Hor Ver . Loa
No. Ft(m) Lbs kg) Lbs( g) . Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)

1 .4 6.2 8.5 17.0 .0 .0 .0 .0 .0
2 1.5 150.9 32.5 167.0 .0 .0 .0 .0 .0
3 1.5 342.1 26.9 326.6 .0 .0 .0 .0 .0
4 1.1 379.2 16.9 340.6 .0 .0 .0 .0 .0
5 .4 169.4 4.4 147.7 .0 .0 .0 .0 .0
6 1.5 803.4 .0 645.9 .0 .0 .0 .0 .0
7 1. 6· 9·88.7 .0 587.6 .0 .0 .0 .0 .0
8 .4 264.7 .0 152.9 .0 .0 .0 .0 .0
9 1.8 1303.8 .0 810.1 .0 .0 .0 .0 .0

10 1.3 1032.3 .0 569.5 .0 .0 .0 .0 .0
11 3.0 2306.4 .0 1187.6 .0 .0 ;0 .0 .0
12 1.3 1000.3 .0 465.4 .0 .0 .0 .0 .0
13 2.7 2223 .. 7 .0 883.4 .0 .0 .0 .0 .0



*.* PCSTABL5M **
by

Purdue University

--Slope Stability Analysis-
Simplified Janbu, S~mplif~ed Bishop

or Spencer's Methoa of Slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

01-25- 96
9:37am
Robert F. DeLisio
N:BE FIN19.IN
N:BE-FIN19.0UT
N:BE-FIN19.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Eff .. StressBlock Failure, Final Condo 2 .

.BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X:-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 70.00 93.00 70.60 2
3 93.00 70.00 96.50 71.00 11
4 96.50 71.00 103.00 73.00 11
5 103.00 73.00 114.00 78.00 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10
9 103.00 73.00 107.00 73.00 11

10 107.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 Ill. 00 73.00 11
14 Ill. 00 73.00 119.00 75.00 12
15 119.00 75.00. 157.50 85.00 9
16 157.50 85.00 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 Ill. 00 73.00 113.00 73.00 . 11
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.38 .84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43 .
44
45
46
47

.48
49

157.38
121.00
113 .00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113 .00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00.
84.00
84.00
75.00
76.ob
77.00
73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00.
45.00
47.50
50.00

200.00
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113.00
119.00
126.00
160.00
200.00
107.00
113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.·00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

2
3
4
5
5
5
3
4
5
6
6
6
6
6
6

---------------------------·----------------7------------------------------------

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Param, (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 1
2 61. 0 100.0 .0 20.0 .00 .0 1
3 61. 0 100.0 24.0 23.0 .00 .0 1 •4 6.1.0 100.0 48.0 27.0 .00 .0 1
5 61. 0 100.0 72.0 30.6 .00 .0 1
6 115.0 130.0 .0 37.0 .00 .0 1
7 110.0 131.0 .0 41.0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0· 1
9 120.0 138.0 300.0 33.0 .00 .0 1

10 150.0 150.0 .0 41.0 .00 .0 1
11 45.0 80.0 250.0 25.0 .00 .0 1
12 120.0 138.0 300.0 33.0 .00 .0 1
13 no.o 131.0 .0 37.0 .00 .0 1
14 45.0 80.0 250.0 25.0 .00 .0 1

------ ---------------------------------~--------,--------------------------------

1.PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified. by 5 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 . 00 71.00 .
2 70.00 71.00
3 100.00 70.00
4 126.0.0 70.00
5 200.00 76.50

searchin~ Routine Will Be Limited To An Area Defined By 9 Boundaries
Of Whic . The First 6· Boundaries will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right 'i-Right
No. (ft) (ft) . (ft) (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 117.00 50.00·
4 117.00 50.00 135.00 58.00
5 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00. 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123.10 78.00

A Critical Failure Surface Searching Method, Using.A Random
Technigue For Generating Sliding Block Surfaces, Has Been
Specif~ed.

250 Trial Surfaces Have Been· Generated.

3 Boxes Specified For. Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 2.D .

.Box
No.·

1

X-Left
(ft)

96.00

Y-Left
(ft)

63.00

X-Right
(ft)

100.00

Y-Right
(ft)

64.00

Height
(ft)

3.00



·2
3

107.00
122.00

63.00
75.00

114.00
124.00

64.00
76.00

3.00
·2.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First. .

* * Safety Factors Are Calculated By The Modified Janbu Method * *

·Failure Surface Specified By 11 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (ft)

1 89.69 70.00
2 90.53 69.52
3 92.31 68.60
4 93.80 67.26
5 95.26 65.90
6 96.86 64.70
7 98.53 63.60
8 107.40 63.06
9 122.05 75.92

10 123.42 77.38
11 124.35 78.35

*** 1.667 ***

. Individual data on the 30 slices·

Water Water Tie Tie Earthquake .
Force Force Force Force Force surcharae

. Sli·ce Width Wei1ht TO~ Bot Norm Tan Hor Ver Loa
No. Ft(m) Lbs kg) Lbs ( g) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs (kg)

1 .8 20.2 17.2 34.4 .0 .0 .0 .0 .0
2 1.8 167.5 31. 6 153.3 .. 0 .0 .0 .0 .0
3 .7 118.8 10.5 113.6 .0 .0 .0 .0 .0
4 .8 197.1 5.4 173.5 .0 .0 .0 .0 .0
5 1.5 538.7 ·.0 448.9 .0 .0 .0 .0 .0
6 1.2 616.2 .0 454.1 .0 .0 .0 .0 .0
7 .4 204.6 .0 148.4 .0 .0 .0 .0 .0
8 1.7 1083.1 .0 739.6 .0 .0 .0 .0 .0
9 1.5 1073.0 .0 595.4 .0 .0 .0 .0 .0

io 3.0 2317.8 .0 1234.7 .0 .0 .0 .0 .0
11 .6 527.8 .0 269.2 .0 .0 .0 .0 .0
12 3.4 3130.2 .0 1429.9 .0 .0 .0 .0 .0
13 .4 416.4 .0 173.7 .0 .0 .0 .0 .0
14 3.6 3530.6 .0 1601.8 .0 .0 .0 .0 : 0

•



** PCSTABL5M **

. by
Purdue University

--Slope Stability Analysis-- .
Simplified Janbu, Slmplifled Bishop

or Spencer's Methoa of Slices

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

01-23-96
3:43pm
Robert F. DeLisio
N:CE FIN8.IN
N:CE-FIN8.0UT
N:CE-FIN8.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Eff. Stress Circ. Failure, Final Condo 1

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) . (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 70.00. 93.00 70.00 2
3 93.00 70.00 96.50 71.00 11
4 96.50 71.00 103.00 73.00 11
5 103.00 73.00 114.00 78,00 7
6 114.ob 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10
9 103.00 73.00 .107.00 73.00 11

10 107.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 157.50 ·85.00 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 ·11
20 113.00 73.00 121.00 75.00 13·
21 121.00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

9.3.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47.50
50.00

200.00
123.00
115.00
123.00
157.25
157.38.
200.00
139.06
145.00
200.00
126.00
160.00
107.00
113.00
119.00
126.00
160.00
200.00
107.00

·113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

2
3
4
5
5
5
3
4
5
6
6
6
6
6
6.

ISOTROPIC SOIL PARAMETERS

14 Type (s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure ·Piez.
Type unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) - No.

1 45.0 80.0 250.0 25.0 .00 .0 1
2 61~0 100.0 .0 20.0 .00 .0 1
3 61. 0 100.0 24·.0 23.0 .00 .0 1
4 61. 0 100.0 48.0 27.0 ;00 .0 1
5 6i. 0 100.0 72.0 30.6 .00 .0 1
6 115.0 130.0 .0 37.0 .00 .0 1
7 110.0 131.0 .0 41. 0 .00 .0 1
8 110.0 131.0 • O· "37.0 .00 .0 i
9 120.0 138.0 300.0 33.0 .00 .0 1

10 150.·0 150.0 .0 41. 0 .00 .0 1
11 61. 0 100.0 48.0 27.0 .0'0 .0 1
12 120.0 138.0 300.0 33.0 .00 .0 1
13 110.0 131.0 .0 37.0 .00 .0 1
14 45.0 80.0 250.0 25.0 .00 .0 1

-----_~_---------------------------------------------- ------------------------

·1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



3.00 ft. Line Segments Define Each Trial Failure Surf~ce.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfa,ces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modi£ied Bishop Method * *

Failure Surface Specified By 30 Coordinate Points

Point ' X-Surf Y-Surf
No. (ft) (ft)

I' 85.00 70.00
2 87.66. 6.8.61
3 90.39 67.36
4 93.17 66.25
5 96'.01 65.29
6 98.90 64.47
7 101.83 63.80
8 104.78 63.28
9 107.76 62.91

10 110.75 62.70
11 113.75 62.64
12 116.75 62.73
13 119.74 62.98
14 122.71 63.38

,IS 125.66 63.93
16 128.58 64.63
17 131.45 65~48
18 134.28 66.48
19 13 7.06 67.62
20 139.77 68.90
21 142.42 70.31
22 144.98 71.86
23 147.47 73.54
24 149.86 75.35
25 152.17 77.28
26 154.36 79.32
27 156.46 81.47
28 158.43 83.72
29 160.29 86.08
3"0 161.03 87.11

Circle Center At X = 113.4. ; Y 121.2 and.Radius, 58.5

*** 2.765 ***

(,8 O~ 68



** PCSTABL5M **
by

Purdue University

--Slope Stability Analysis-
Simplified Janbu, Slmplifled Bishop

or Spencer's Method of Slices

b~ OF- B8

Run Date:·
Time of Run:
Run By: .
Input Data Filename:
Output Filename:
Plotted Output Fil~name;

02-10-96
7:55am
Robert F. DeLisio
N:CT FIN98.IN
N:CT-FIN98.0UT
N:CT-FIN98.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Total Stress Circ. Failure, Final Condo

. BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left: X-Right Y-Right Soil Type
No. (ft) ( f t: ) (ft) (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 70.00 93.00 70.00 2
3 93.00 70.00 96.50 71 .. 00 11
4 96.50 71. 00 103.00 73.00 11
5 103.00 73.00 114.00 78.00 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10
9. 103.00 73.00 107.00 73.00 11

10 107.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 157.50 85.00 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 11
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113.00
119,00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
.109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
73.00
73;00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47.50
50.00

200.00·
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113.00.
119.00
126.00
160.00
200.00
107.00
113.00
119:00

20.00
78.00
9.4.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

2
. 3

4
5
5
5
3
4
5
6
6

·6
6
6
6

70 Q= &<l.

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No.

1 45.0 80.0 250.0 25;0 .00 .0 3
2 100.0 100.0 100.0 .0 .00 .0 2
3 100.0 100.0 120.0 4.0 .00 .0 2
4 100.0 100.0 145.0 8.0 .00 .0 2
5 100.0 100.0 170.0 11. 8 .00 .0 2
6 115.0 130.. 0 .0 37.0 .00 .0 3
7 110.0 131.0 .0 41. 0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 300.0 33.0 .00 .0 3

10 150.0 150.0 .0 41.0 .00 .0 1
11 100.0 100.0 145.0 8.0 .00 .0 2
12 120.0 138.0 300.0 33.0 .00 .0 3
13 110.0 131.0 .0 37.0 .00 .0 3
14 45.0 80.0 250.0 25.0 .00 .0 3

---~----'----------------------~---------------------- ---------------------------

3 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Unit Weight of Water 62.40

Piezometric Surface No. 1 Specified by 11 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 96.50 71.00
3 103.00 73.00

·4 107.00 73.00
5 111.00 73.00
6 119.00 75.00
.7 121.00 75.00
8 123.00 75.00
9 139.00 76.00

10 145.00 77.00
11 200.00 78.00

Piezometric Surface No. 2 Specified by 7 Coordinate Points

Point X-Water Y~Water

No. (ft) (ft)

1 .00 30.00
2 45.00 30.00
3 87.00 40.00
4 117.00 50.00
5 135.00 58.00
6 140.00 60.00
7 200.00 72.00

Piezometric Surface No. 3· Specified by 10 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 96.50 71.00
3 103.00 73.00
4 111.00· 75.00
5 119.00 75.00
6 121.00 75.00
7 123.00 75.00
8 139.00 76~00

9 145.00 77.00



10 200.00 78."00

7J. OF ?:l

searchin~ Routine Will Be· Limited To An Area Defined By 9 Boundaries
Of Whic The First 6 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (ft: )

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40'.00 11 7.00 50.00
4 117.00 50.00 135.00 58.00
5 135.00 58.00 140.00 60.00
6. 140.00 60.00 200.00 72.00
7 103.00 73 .. 00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123.10 78.00

------------------------------------------------------------7-------------------,

A Critical Failure Surface Searching Method,. Using A Random· .
Technique For Generating Circular Surfaces, Has Been Specified.

ioo Trial Surfaces Have Been Generated.

5 Surfaces Initiate From Each Of 20 Points Equally Spaced
Along The Ground Surface Between X 70.00 ft.
. . and X 100.00 ft.

Each Surface. Terminates Between
and

X
X

124.00 ft.
140.00 ft.

Unless Further Limitations Were Imposed, The Mini~um Elevation
At Which A Surface Extends Is Y = 30.00 ft.

2.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten M6st tritical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 27 Coordinate Points



Point ·X-Surf V-Surf
No. (ft) (tt)

1 81.05 70.00
2 82.55 68.68
3 .84.15 67.47
4 85.83 66.38
5 87.58 65.43
6 89.40 64.60
7 91.28 63.91
8 93.20 63.36
9 95.16 62.95

10 97.14 62.69
11 99.14 62.57
12 101.14 62.61
13 103.13 62.79
14 105.11 63.11
15 107.05 63.59
16 108.95 64.20
17 110.81 64.95
18 112.60 65.84
19 114.32 66.86
20 115.96 68.00
21 117.52 69.26
22 118.97 70.63
23 120.32 72.10
24 121.56 73.67
25 122.68 75.33
26 123.68 77.07
27 124.28 78.33

Circle Center At X = 99·7 ; Y 89.7 and RacEus , 27.1

*** 1.251 ***

Individual data on the 47 slices

Water Water ·Tie Tie 'Earthquake
Force Force Force Force Force surchar~e

Slice Width wei1'ht TO~ Bot Norm Tan Hor· Ver Loa·
No. Ft(m) Lbs kg) Lbs( g) Lbs(kg) Lbs(kg) Lbs (kg) Lbs (kg) Lbs(kg) Lbs (kg)

1 1.5 99.2 .0 .0 .0 .0 .0 .0 .0
2 1.6 307.0 .0 .0 .0 .0 .0 .0 .0
3 1.7 515.9 .0 .0 .:0 .0 .0 .0 .0
4 1.8 718.6 .0 .0 .0 .0 .0 .0 .0
5 1.8 908.4 .0 .0 .0 .0 .0 .0 .0
6 1.9 1078.8 .0 .0 .0 .0 .. 0 .0 .0
7 1.7 1090.1 .0 .0 .0 .0 .0 .0 .0
8 .2 134.9 .0 .0 .0 .0 .0 .0 .0
9 2.0 . 1406.9 .0 .0 .0 .0 .0 .0 .0

10 1.3 1064.0 .0 .0 .0 .0 .0 .0 .0
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--Slope Stability Analysis-
Simplified Janbu, S~mplif~ed Bishop

or Spencer's Method of Slices .

74 Ol=- 89

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

01-24-96
9:36am
Robert F. DeLisio
N:CT FIN99.IN
N:CT-FIN99.0UT
N:CT-FIN99.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Total Stress Circ. Failure, Final Condo

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (tt) (ft) Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 70,00 93.00 70.00 2
3 93.00 70.00 96.50 71.00 11
4 96.50, 71.00 103.00 73.00 11
5 103.00 73.00 114.00 78.00' 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 '158.00 87.00 200.00 88.50 10
9 103.00 73.00 107.00 73.00 11

10 107.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 '11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 . 157.50 85.00 . 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 11
20 113.00 ·73.00 121.00 75.00 13
21 121. 00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

, 41
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70.00
70.00
70.00
70~00
70.00
73.00
45.00
47.50
50.00
31.00

.32.50
40.00
45.00
47.50
50.00

200.00
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00,
200.00
126.00
160.00
107.00
113.00
119.00
126,00
160.00
200.00
107.00
113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
76.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14
'1

8
1

14
14
14
11
11

2
3
4
5
5
5
3
4
5
6
6
6
6
6
6

750r ~~

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated 'Cohesion Friction Pore Pressure Piez.
Type unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No.

11 45.0 80.0 250.0 25.0 .00 .0 3
2 100.0 100.0 100.0 .0 .00 .0 2
3 100.0 100.0 120.0 4.0 .00 .0 2
4 100.0 100.0 145.0 8.'0 .00 .0 2
5 100.0 100.0 170.0 11.8 .00 .0 2
6 115.0 130.0 .0 37.0 .00 .0 3
7 110.0 131.0 .0 41.0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 300.0 33.0 .00 .0 3

10 150.0 150.0 .0 41.0 .00 ,.0 1
11 45.0 80.0 250.0 25.0 .00 .0 3
12 120.0 138.0 300.0 33.0 .00 .0 3
13 110.0 131.0 .0 37.0 .00 .0 3
14 45.0 80.0 250.0 25.0 .00 .0 3

-------------~------------------------------------------~-----------------------

3 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Unit Weight of Water 62.40

Piezometric Surface No. 1 Specified by 11 Coorci':'nate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 96.50 71.00
3 103.00 73.00
4 107.00 73.00
5· 111. 00 73.00
6 119.00 75.00

.·7 121.00 75.00
8 123.00 75.00
9 139.00 76.00

10 145.00 77.00
11 200.00 78.00

Piezometric Surface No. 2 Specified by .7 Coordinate Points

Point X-Water Y-Water
No .. (it) . (ft)

1 .00 30.00
2 45.00 30.00
3 87.00 40.00
4 117.00 50.00
5 135.00 58.00
6 140.00 60.00
7 200,00 72.00

Piezometric Surface No. 3 Specified by 10 Coordinate Points

76 or::: ~~

Point
No.

1
2
3
4
5
6
7
8
9

X-Water
(ft)

.00
96.50

103.00
111.00
119.00
121.00
123.00
139.00
145.00

Y-Water
Cft)

71.00
71.00
73.00
75.00
75;00
75.00
75.00
76.00
77.00



10 200.00 78.00

( ( OF o()

searchin~· Routine Will Be Limited To An Area Defined By 9 Boundaries
Of Whic The First 6 Boundaries Will Deflect Surfaces. Upward

Boundary X-Left Y-Left X-Right Y-Rigbt
No. (ft) (ft) (ft) .. (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00· 87.00 40.00
3 87.00 40.00 117.00 50.00
4 117.00 50.00 ·135.00 58.00
5 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123.10 78.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

200 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 20 Points Equally Spaced
A~ong The Ground Surface Between X 80.00 ft.

and X 85.00 ft.

Each Surface Terminates Between
and

X
X

124.00 ft.
135.00 ft.

Unless· Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 30.00 ft.

2.00 ft. ~ine Segm~nts D~fihe Each Trial Failure Surface:

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
F~rst.

* *: Safety Factors Are Calculated By The Modified Bishop Method

Failure Surface Specified By 27 Coordinate Points

* *



Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

X-Surf
(ft)

82.37
83.78
85.31
86.93
88.64
90.43
92.28
94.19
96 .14
98.12

100.12
102:11
104.11
106.07
108.01
109.89
111.'72
113.48
115.15
116.73
118.21
119.58
120.82
121.94
'122.91
123.75
124.06

Y-Surf
(ft)

70.00
68.59
67.29
66.12
65.08
64.19
63.44
62.84
62.40
62.11
61.98
62.02
62,.21
62.56
63.,07'

, 63.74
64.55
65.51
66.60
67.82
69.17
70.63
72.20
73.86
75.61
77.42
78.27

78 OF ~<&

Circle Center At X = 100.7; Y 86.9 and Radius, 24.9

*** 1. 412 ***

Individual data on the 47 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force surchar~e

Slice Width 'wei1'ht ' TOk Bot Norm Tan Hor Ver Loa
No. Ft (m) Lbs kg} Lbs( g) Lbs(kg} Lbs(kg} Lbs(kg} Lbs(kg} Lbs(kg} Lbs(kg}

1 1.4 100.0 .0 .0 .0 .0 .0 .0 .0
2 1.5 314.1 .0 .0 .0 .0 .0 .0 .0
3 1.6 534.5 .0 .0 .0 .0 .0 .0 .0
4 1.7 752.4 .0 .0 .0 .0 .0 :0 .0
5 1.8 959.3 .0 .0 .0 ' .0 .0 .0 .0
6 1.9 1147.3 .0 .0 .0 .0 .0 .0 .0
7 .7 479.7 .0 .0 .0 .0 .0 .0 .0
8 1.2 845.8 64.1 .0 .0 .0 .0 .0 .0
9 2.0 1536.2 48.3 .0 .0 .0 .0 .0 .0

10 .4 302.2 1.2 .0 .0 .0 .0 .0 .0

•
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--Slope Stability Analysis-
Simplified Janbu, Slmplifled Bishop

or Spencer's Methoa of Slices

'I vr- Uo

Run Date:
Time of Run:'
Run By:
Input Data Filename:
Output Filename:
Plotted Output Filename:

02-10-96
9:15am
Robert F. DeLisio
N:BT FIN98.IN
N:BT-FIN98.0UT
N:BT-FIN98.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Total Stress Block Failure, Final Condo

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) . (ft) (ft) . Below Bnd

1 .00 68.50 60.00 70.00 2
2 60.00 .70.00 93.00 70.00 2
3 93.00 70.00 96.50 71.00 11
4 96.50 71.00 103.00 73.00 11
5 .103.00 73.00 114.00 78.00 7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00 88.50 10
9 103.00 73.00 107.00 73.00 11

10 107.00 73.00 157 .. 75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111.00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 ·157.50 85.00 157.75 86.00 8
17 157.50 85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 11
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38
121.00
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.00
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47.50
50.00

200.00
123.00
115.60
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113.00
119.00
126:00
160.00
200.00
107.00
113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

. 86.00
75.00
73.00
75.00
84.00
84.50
;J5.50
7'5.00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50 .
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13
11
14

1
8
1

14
14
14
11
11

2
3
4

.5
5
5
3
4
5
6
6
6
6
6
6

ISOTROPIC SOIL PARAMETERS

14 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 3
2 100.0 100.0 100.0 .0 .00 .0 2

,3 100.0 100.0 120.0. 4.0 .00 .0 2
4 100.0 100.0 145.0 8.'0 .00 .0 2
5 100.0 100.0 170.0 11. 8 .00 .0 2
6 115.0 130.0 .0 37.0 .00 .0 3
7 110.0 131.0 .0 41. 0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 300.0 33.0 .00 .0 3

10 150.0 150.0· .0 41.0' .00 . .0 1
11 100.0 100.0 145.0 8.0 . 00 .0 2
12 120.0 138~0 300.0 33.0 ,00 .0 3
13 110.0 131.0 .0 37.0 .00 .0 3
14 45.0 80.0 250.0 25.0 .00 .0 3

----------------~----------------------------~-------- --------------------------

3 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED
..



Unit Weight of Water 62.40

Piezometric Surface No. 1 Specified by 11 Cool~inate Points

Point
No.

1
2
3
4
5
6
7
8
9.

10
11

X-Water
(ft)

.00
96.50

103.00
107.00
111.00
119.00
121.00
123.00
139.00
145.00
200.00

Y-Water
(ft.)

71.00
71.00
73.00
73.00
73.00
75.00
75.00
75.00
76.00
77.00
78.00

Piezometric Surface No. 2 Specified by 7 Coordinate Points

Point
No.

1
2
3
4
5
6
7

X-Water
(ft)

.00
45.00
87.00

117.00
135.00
140.00
200.00

Y-Water
(ft)

30.00
30.00
40.00
50.00
58.00
60.00
72.00

Piezometric Surface No. 3 Specified by 10 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 96.50 71.00
3 103.00 73.00
4 111.00 75.00
5 119.00 75.00
6 121.00 75.00
7 123.00 75.00
8 139.00 76.00
9 145.00 77.00



10. 200.00 78.00

searchinE: Routine Will Be Limited To An Area Defined By 9 Boundaries.
Of Whic The First 6 Boundaries Will Deflect Surfaces· Upward

Boundary X-Left Y-Left X-Right Y:Right
No. (ft) (ft) (ft) (ft)

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 117.00 50.00
4 117.00 50.00 135.00 58.00
5 135.00 58.00 140.00 60.00
6 140.00 6.0.00 200.00 72.00
7 103.00 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123.10 78.00

A Critical Failure Surface Searching Method, using A Random
Technigue For Generating Sliding Block Surfaces, Has Been
Specifled.

200 Trial Surfaces Have· Been Generated.

3 Boxes Specified For GeneratiohOf Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 2.0 .

Box X":' Left Y-Left X-Right Y-Right
No. (ft) ·(ft) (ft) (ft)

1 94.00 57.00 103.00 58.00
2 108.00 65.00 115.00 66.00
3 122.00 75.00 124.00 76.00

Height
(it)

2.00
3.00
2.00

Fo~lowing Are Display~d The Ten Most Critical Of The Trial
Fa~lure Surfaces Examlned. They Are Ordered - Most Critical
First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 16 Coordinate Points



~3 OF ~~

Point X-Surf Y-Surf
No. (ft) (ft)

1 83.07 70.00
2 83.70 69.83
3 85.21 68.51
4 86.64 67.12
5, 88.05 65.70
6 .90.03 65.42

'7 91.64 64.23
8 93.05 62.82
9 94.47 61.41

10 95.95 60.06
11 97.42 58.70
12 99.37 58.26
13 113 .23 67.10
14 122.10 75.91
15 ' 123.42 77.41
16 123.59 78.15

*** 1.106 ***

Individual data on the 36 slices

Water Water Tie Tie Earthquake
Force Force Force Force Force surchar~eSlice Width wei1'ht TO~ Bot Norm Tan Hor Ver Loa

No. Ft(m) Lbs kg) Lbs( g) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg) Lbs(kg)
1 .6 5.5 .0 .0 .0 .0 .0 .0 .0
2 1.5 125.2 .0 .0 .0 .0 .0 .0 .0
3 1.4 312.8 .0 .0 .0 .0 .0 .0 .0
4 1.4 507.7 .0 .0 .0 .0 .0 .0 .0
5 2.0 878.6 .0 .0 .0 .0 .0 .0 .0
6 1.6 829.0 .0 .0 .0 .0 .0 .0 .0
7 1.4 880.8 .0 .0 .0 .0 .0 .0 .0
8 .1 37.9 .0 .0 .0 .0 .0 .0 .0
9 1.4 1151.2 .0 .0 .0 .0 .0 .0 .0

10 1.5 1459.6 .0 .0 .0 .0 .0 .0 .0
11 :6 614.7 .0 .0 .0 .0 .0 .0 .0
12 .9 1103.9 .0 .0 .0 .0 .0 .0 .0
13 2.0 2556,.2 .0 .0 .0 .0 .0 .0 .0
14 2.6 3412.5 .0 .0 .0 .0 .0 .0 .0
15 1.0 1315.0 .0 .0 .0 .0 .0 .0 .0
16 4.0 4858.1 .0 .0 .0 .0 .0 .0 .0
17' 3.8 4456.0 .0 .0 .0 .0 .0 .0 .0
18 .2 180.8 .0 .0 .0 .0 .0 .0 .0
19 2.0 2249.5 .0 .0 .0 .0 .0 .0 .0
20 .2 252.0 .0 .0 .0 .0 .0 .0 : 0
21 .8 851.0 .0 .0 .0 .0 .0 .0 .0
22 .8 843.2 .0 .0 .0 .0 .0 .0 .0
23 .2 191.7 .0 .0 .0 .0 .0 .0 .0
24 1.1 1060.2 .0 .0 .0 .0 .0 .0 .0
25 2.9 2038.0 .0 .0 .0 .0 .0 .0 .0



** PCSTABL5M **
by .

Purdue University

--Slope Stability Analysis-
Simplified Janbu, Slmplifled Bishop

or Spencer"s Methoaof Slices

84 OF l/l

Run Date:
Time of·Run:
Run By: .
Input Data Filename:
Output Filename:
Plotted Output Filename:

02-10-96
9:18am
Robert F. DeLisio
N:·BT FIN99.IN
N:BT-FIN99.0UT
N:BT-FIN99.PLT

PROBLEM DESCRIPTION New London Area A Landfill
Total Stress Block Failure, Final. Condo

BOUNDARY COORDINATES

8 Top Boundaries
49 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd

1 .00 68.. 50 60.00 70.00 2
2 60.00. 70.00. 93.00 70.00 2
3 93.00 70.00 96.50 71.00 11
4 96.50 71.00 103.00 73.00 11
5 103.00 73.00 114.00 78.00 '7
6 114.00 78.00 123.00 78.00 7
7 123.00 78.00 158.00 87.00 7
8 158.00 87.00 200.00· 88.50 10
9 103.00 73.00 107.00 ·73.00 11

10 107.00 73.00 157.75 86.00 8
11 157.75 86.00 158.00 87.00 10
12 157.75 86.00 200.00 87.50 8
13 107.00 73.00 111. 00 73.00 11
14 111.00 73.00 119.00 75.00 12
15 119.00 75.00 157.50 85.00 9
16 157.50 85.00 157.75 86.00 8
17 157.50 .85.00 200.00 86.50 8
18 119.00 75.00 121.00 75.00 12
19 111.00 73.00 113.00 73.00 1·1
20 113.00 73.00 121.00 75.00 13
21 121.00 75.00 157.38 84.50 8
22 157.38 84.50 157.50 85.00 8



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

157.38
121.0'0
113.00
115.00
123.00
157.25
157.25
123.00
139.00
145.00
115.00
126.00

93.00
107.00
113.00
119.00
126.00
160.00

94.50
102.00
109.00

.00
20.00
78.00
94.50

102.00
109.00

84.50
75.00
73.00
73.00
75.0'0
84.00
84.00
75.00
76.00
77.00
73.00
73.00
70.00
70.00
70.00
70.00
70.00
73.00
45.00
47.50
50.00
31.00
32.50
40.00
45.00
47.50
50.00

200.00
123.00
115.00
123.00
157.25
157.38
200.00
139.00
145.00
200.00
126.00
160.00
107.00
113.00
119.00
126.00
160.00
200.00
107.00
113.00
119.00

20.00
78.00
94.50

102.00
109.00
135.00

86.00
75.00
73.00
75.00
84.00
84.50
85.50
~'6 .00
77.00
78.00
73.00
73.00
70.00
70.00
70.00
70.00
73.00
76.50
70.00
70.00
70.00
32.50
40.00
45.00
47.50
50.00
58.00

8
13

.11
14

1
8
1

14
14
14
11
11

2
3
4
5
5
5
3
4
5
6
6
6
6
6
6

ISOTROPIC SOIL PARAMETERS

14 Type (s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressur,= Constant Surface

No. (pcf) (pcf) (psf) (deg) Paramo (psf) No.

1 45.0 80.0 250.0 25.0 .00 .0 3
2 100.0 100.0 100.0 .0 .00 .0 2
3 100.0 100.0 120.0 4.0 .00 .0 2
4 100.0 100.0 145.0 8.0 .00 .0 2
5 100.0 100.0 170.0 11.8 .00 ~ 0 2
6 115.0 130.0 .0 37.0 .00 .0 3
7 110.0 131.0 .0 41. 0 .00 .0 1
8 110.0 131.0 .0 37.0 .00 .0 1
9 120.0 138.0 300;0 33.0 .00 .0 3

10 150.0 150.0 .0 41. 0 .00 .0 1
11 45.0 80.0 250.0 25.0 .00 .0 3
12 120.0 138.0 300.0 33.0 .00 .0 3
13 110.0 131.0 .0 37.0 .00 .0 3
14 45.0 80.0 250.0 25.0 .00 .0 3

3 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED



Unit Weight of Water 62.40

Piezometric Surface No. 1 Specified by 11 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 71.00
2 96.50 71.00
3 103.00 73.00
4 107.00 73.00
5 111.00 73.00
6 119: 00 75.00
7 121.00 75.00
8 123.00 75.00
9 139.00 76.00

10 145.00 77.00
11 200.00 78.00

Piezometric Surface No. 2 Specified by 7 Coordinate Points

Point X-Water Y-Water
No. (ft) (ft)

1 .00 30.00
2 45.00 30.00
3 87.00 40.00
4 117.00 50.00
5 135.00 58.00
6 140.00 60.00
7 2.00.00 72.00

------------------------~-~----_._-----------------------------------------------

Piezometric Surface No. 3 Specified by 10 Coordinate Points

Point
No ..

1
2
3
4
5
6
7
8
9

X-Water
(ft)

.00
96.50

103.00
111.00
119.00
121.00
123.00
139.00
145.00

Y-Water
(ft)

71.00
71.00
73.00
75.00
75.00
75.00
75.00
76.00
77.00



10 200.00 78.00. . . .
------------------------------------------------------ -_._-------------------~---

searching Routine will Be Limited To An Area Defined By 9 Boundaries
. Of Whic The First 6 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right .
No. (ft) (ft) (ft) (ft) .

1 .00 30.00 45.00 30.00
2 45.00 30.00 87.00 40.00
3 87.00 40.00 117.00 50.00
4 117.00 50.00 135.00 58.00
5 135.00 58.00 140.00 60.00
6 140.00 60.00 200.00 72.00
7 103.00 73.00 107.00 73.00
8 107.00 73.00 123.00 77.00
9 123.00 77.00 123.10 78.00

--------------,----------------~------------------~~-----------------------------

A Critical Failure Surface Searching Method, Using A Random
Technigue For Generating Sliding Block Surfaces, Has Been
Specifled. .

200 Trial Surfaces Have Been Generated ..

3 Boxes Specified For Generation Of Central Block Base

Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 2.0

Box
No.

1
2
3

X-Left
(ft)

94.00
108.00
122.00

Y-Left
(ft)

57.00
65.00
75.00

X-Right
(ft).

103.00
·115.00
124.00·

Y-Right
(ft)

58.00
66.00
76.00

Height
(ft)

2.00
3.00.
2.00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical

. First.

* * Safety Factors Are Calculated By The Modified Janbu Method * *

Failure Surface Specified By 16 Coordinate Points



Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

X-Surf
(ft)

84: 24 .
85.83
87.25
88.81
90.54
91.96
93.53
95.53
97.18
98.64

100.46
102.30
113 . 37
122.15
123.33
124.19'

1.280 ***

Y-Surf
(ft)

70.00
68.84
67.43
66.19
65.17
63.77
62.52
62.47
61.35
59.99
59.14
58.35
64.64
74.98
76.60
78.31

'06 01=' 88

Individual data .on the 36 slices

Water Water Tie Tie Earthquake .
Force Force Force' Force . Force surcharae

Slice Width wei1ht TO~ Bot Norm Tan Hor Ver Loa
No. Ft (m) Lbs kg) Lbs( g) Lbs(kg) Lbs (kg) Lbs (kg) Lbs(kg) Lbs(kg) Lbs(kg)
'1 1.6 92.2 .0 .0 .0 .0 .0 .0 .0
2 ·1.4 263.5 .0 .0 .0 .0 .0 .0 .0
3 1.6 499.8 .0 .0 .0 .0 .0 .0 .0
4 1.7 744.8 .0 .0 .0 .0 .0 .0 .0
5 1.4 787.0 .0 .0 .0 .0 .0 .0 .0
6 1.0 68.9.9 .0 .0 .0 . 0 .0 . .0 .0
7 .5 386.8 31. 7 .0 .0 .0 .0 .0 .0
8 2.0 1569.5 73.1 .0 .0 .0 .0 .0 .0
9 1.0 831.3 8.8 .0 .. 0 .0 .0 .0 .0

10 .7 622.4 .0 .0 : 0 .0 .0 .0 .0

.~
1.5 1512.1 .0 .0 .0 .0 .0 .0 .0
1.8 2139.9 .0 .0 .0 .0 .0 .0 .0

.9 1167.2 .0 .0 .0 .0 .0 .0 .0
14 .9 1230.4 .0 .0 .0 .0 .0 .0 .0
15 .7 953.0 .0 .0 .0 .0 .0 .0 .0
16 4.0 5404.1 .0 .0 .0 .0 .0 .0 .0
17 2.2 2969.1 .0 .0 .0 .0 .0 .0 .0
18 1.8 2326.1 '.0 . 0 • O. .0 .0 .0 .0
19 2.0 2620.8 .0 .0 .0 .0 .0 .0 .0
20 .4 483.8 .0 .0 .0 .0 .0 .0 '.0
21 .6 813.9. .0 .0 .0 .0 .0 .0 . .0
22 .8 989.6 .0 .0 .0 .0 .0 .0 .0
23 .2 224.8 .0 .0 .0 .0 .0 .0 .0
24 2.9 2847.9 .0 .0. .0 .0 .0 .0 .0
25 1.1 796.9 .0 454.3 .0 .0 .0 .0 .0



APPENDIX F.2

REVISED SETTLEMENT ANALYSES
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. OBJECTIVE:

Determine ·the minimum design grade for the Area· "A" Landfill

Cap Design t'o maintain a fincH minimum grade of' 3 % after

corisidering settlement.

APPROACH:

Settlement of a cohesive material occurs as a result of an

increase in effective pressure exerted on that material.

This increase results in a decrease in void ratio which

yields settlement.

In order' to determine the minimum design grade, settlement

due to the increased effective pressure ~aused by the

construction of the, final cover system will be considered.

A Digital Terrain Model (DTM) of the subsurface strata wa~

created from boring logs and data generated during a

comprehensive characterization of the subsurface conditions

at Landfill "A". This series of settlement calculations is

based on the DTM and the results of, the groundwater modeling

study completed for Landfill "A" (See Ref 3). The various

'layer thicknesses comprising Landfill "A" were examined for,

6 different ,cross-sections along the total len~th of

Landfill "A". The ,location of these cross-sections is

presented in Figure 1. Itw~s determined from inspection of

these illustrated cross-sections that cross-section E

presented the most critical condition regarding'differential

settlement within the dredge spoils layer. The thickness of

the dredge spoils layer illustrated in cross-section E is

relatively the same across the entire section. In all ,other
,

corss-sections examined for this analysis, the thickness of
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the dredge spoils layer is relatively greater on the

downgradient portion of the section when compared to the

upgradient portion of the section. This condition of a

greater dredge spoils layer on the downgradlent portion of

the section suggests that differential settling will fav6r

increased sloping in the required direction. The consistent

relative thickness of the dredge spoils' layer acro~s section

E, therefore, represents the most critical differential

settling condition since both the downgradient and

upgrad~ent portions of th~ section may settle an equal

amount.' Figure 2 and Figure 3 illustrate the subsurface

conditions at cross-section E that were used in the

supporting calculation~.
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Figure 1 - Landfill CrQss~sectiQns
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APPROACH:·(cont'd)

Subsequently, the minimum intitial slope to maintain a

mini~um 3% grade ,after settlement· will be calculated from

the differential settlement.

BACKGROUND:

A review of numerous soil borings revealed that, in general,

the strata in the landfill consists of sand to sand and

gravel fill (landfill contents) underlain by silty clay

dredge spoil material. As the fill material (landfill

conients) ~onsistsprimarilyof granular material, it is not

anticipated that settlement iri that strata will be

significant, and therefore will not be considered.

Settlement will only be calculated for the cohesive silty

clay dredge spoil material. The dredge spoil layer will be

divided evenly into 3 separate laye~s, for calculations, to

better estimate the settlement in the entire layer.

Construction of the final cover system will introduce

additional pressure on the underlying strata due to the

placement of structural fill, regraded waste, ·and the final

cover system. As the future anticipated use of the landfill

area is consistent with its present use, loading from

vehicles or materiai storage will not be considered.

In addition, the placement of the final cover system may

serve to reduce infiltration and yield a reduction.in the

groundwater surface elevation. Construction of the final

cover system on the plateau area of the landfill, in

conjunction with the perimeter surface water diversion and
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BACKGROUND: (cont'd)

ground water interception system, will serve to reduce the

amount of infiltratibn into the landfill. In most cases,

the reduction of infiltration can be expected to lower the

ground water table from its pre-capped condition. In

contrast, the construction of the final cover system on the

northern sideslope portion of the landfill may attenuate the

dissipation of the piezometric head within the landfill.

resulting from seasortal high ground water conditions, thus

creatin~ a slight increase of the water table elevation

within the landfill. Since the settlement estimates will be

greatest when a net lowering of the ground water table is

assumed, (due to an increase in effective stress), the

corresponding settlement calculations will be based upon

this conservative assumption. Thes'e calculations will be

based on the data generated in the DTM and groundwater

modeling study. Effective stress increases (if any) within

compressible soils beneath the landfill will be determined

based upon the differential between the existing ground

water table conditions (as determined from test borings) and

the final ground .water taple conditions based on the

modeling study.
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CALCULATIONS:

Settlement in the cohesive silty clay dredge spoil material

will be calculated as. outlined in Reference #1, Section

10.19 .. The following equations give the basis for the

attached spreadsheet calculations.

Equation·1:

where

.S=H(·~)
1+ eo

Ref. 1, Eqn 10.39

S=settlement, ft

H = height of layer, ft

~e =ef - eo

ef = void ratio @ Pf

e = void ratio @ .p
o 0

Pf = f inal effective pressure, psf

Po = original effective pressure, psf

Equation 2:
Po =y H (above water table)

.where

y =layer density,· pcf

Ref. 1, Eqn 10.32

Equation 3:

Po =~ sat -y water)H. (below water table) Ref. 1, Eqn 10.33

where
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·Ysat =saturate soil density,· pcf

Ywater = water density, pcf

Equation 4:

where

.. (PI]eI =eo - Cc log -
Po

Ref. 1, from Eqn 10.35

Cc =coefficient of consolidation

The density of the fill material was estimated to be 124 pcf

based on typical soils. The dredge spoil layer density is

approximately 98 pcf based on the results of laboratory

.. testing..

The layer ,depths and elevations are noted on Figures 2 and 3

for both pre- and ~ost-capping conditions. In addition, the

assumed ground~ater elevation is also shown.

Consolidation testing was performed on two samples of the

dredge, spoils. From this testing, the coefficient of

consolidation for each test was determined from the

consolidation curves. In addition, the· original void ratio

was determined for each sample. The average c·oefficient of

consolidation (0.31) and the average original void ratio

(1.724) were used in ~he spreadsheet calculations. The

laboratory results of these test are .given in Reference 2.

RESULTS:

The results of the settlement calculations at each location
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are pres~nted in attached spreadsheets. The results

indicate post carPing settlement in the vicinity of Pt. "A"

of cross-section '''E'' to be -0.11 inches(-0.009 feet). This

portion of the capped surfa~e along cross-section E is

expected to rise 0.11 inches. ,The post capping ~ettlement

in the vicinity of Pt.' "B" of cross-section "E" is 4 :35

inches(0.363 feet).

The differential settlement between the two locations is

4.36 inches(0.363 feet). The horizontal distance between

the two points is approximately 153 feet. Based on the

following' equation and Figure 3, the defiign and final slopes

are calculated:

RESULTS: (cont'd)

Slope = (!:!,.elevation)
, Length

Design:

Sio e = (87.l ft - 82.l ft )
tp d 153ft

Sloped == 3.3%

Final:

Sio e =(86.74ft - 82.1 1ft ) .
tp J ,153ft

SlopeJ == 3.0%
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Figure 3 - Differential Settlement
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CONCLUSIONS:

Based on the calculations presented, the design'slope is

acceptable considering settlement, effects.
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SETTLEMENT ANALYSIS

AREA "A" LANDFILL
SUBMARINE BASE NEW LONDON

I.) DETERIMINE THE ORIGINAL LAYER COMPOSITION
From Point A of Cross-Section E

Layer .1 2 3 4 5 6

Description CAP STR. FILL FILL
DREDGE DREDGE DREDGE

SPOIL SPOIL SPOIL

Thickness. (ft) 0.00 0.00 22.50 6.80 6.80 6.80

Density (pet) 150.0 120.0 124.0 98.0 . 98.0 98.0

Depth BGS (ft) 0.00 0.00 22.50 29.30 3610 42.90

J Depth to water I 1.0 f1" i

2.) DETERMINE THE ORIGINAL EFFECTIVE PRESSURE,,po AT m·E MIO.flEIGHT'OF £ACHLA¥£R

Layer I 2 3 4 5 6

Description' CAP STR. FILL FILL
DREDGE DREDGE- DREDGE

SPOIL SPOIL SPOIL

Total Layer Pressure 0.0 0.0 2790.0 666.4 . . 666.4 666.4.
Layer Pore Pressure 0.0 0.0 718.2 424.3 424.3 424.3

Original Effective
0.0 0.0 2071.8 242.1 242.1 242.1

Pressure per layer (pst)

n:\data\bbrf679\nwlondon\SETPTA.XLS Page 1 2/23/96 12:18 PM



.··~o,.
SETTLA ANALYSIS

AREA "Aft LANDFILL

SUBMARINE BASE NEW LONDON

Original Effective
Pressure Per Layer @

Mid-Height (pst)

n:\data\bbrf679\n"wlondon\SETPTA.XLS

0.0 0.0

Page 2

1035.9 2192.8 2434.9 2677.0

2/23/96 12:18 PM



f€:J()LP
SETTLEMENT ANALYSIS

AREA "A" LANDFILL
SUBMARINE BASE NEW LONDON

3.) DETERMINE THE FINAL LAYER COMPOSITION
From design drawings

Layer I. 2 3 4 5 6

Description CAP STR. FILL FILL
DREDGE DREDGE DREDGE

SPOIL SPOIL SPOIL

Thickness, H (ft) 2.60 0.0 19.1 6.80 6.80 6.80

Density (pet) 150.0 120.0 124.0 98.0 98.0 98.0

Depth BGS (ft) 2.6 2.6 21.7 28.5 35.3 42.1 !

I Depth to water 10.3 ft 1

4.) DETERMINE THE FINAL EFFECTIVE PRESSURE (Pf) AT THE MIO-'HEiGHT 1'0 THELA\,·ER·OF:INTEREST

Layer [ 2 3 4 5 6 ,

Description CAP STR. F[LL F[LL
DREDGE DREDGE DREDGE

SPOIL SPOIL SPOIL

Total Pressure (pst) 390.0 0.0 2368.4 666.4 666.4 666.4

Pore Pressure (pst) 0.0 0.0 708.9 424.3 424.3 424.3

Final Effective Pressure
390.0 0.0 1659.5 242.1 242.[

Per Layer (pst) .
242.1

n:\data\bbrf679\nwlondon\SETPTA.XLS Page 3•• 2/23/96 12': 18 PM



;(260~
SETTLa ANALYSIS

AREA -A- LANDFILL

SUBMARINK BASK NEW LONDON

Final Effective Pressure

Per Layer @ Mid
Height (pst)

n:\data\bbrf679\nwlondon\SETPTA.XLS

195.0 390.0

Page 4

1219.8 21.70.6 2412.7 2654.7

2/23/96 12:18 PM



Rj()~
SETTLEMENT ANALYSIS

AREA "A" LANDFILL
SUBMARINE BASE NEW LONDON

5.) DETERMINE THE UNCONSOLIDATED VOID ·RATIO (eo) AND THE COEFFICIENT OF CONSOLIDATION (Cc)

Based on results of geotechnical laboratory analysis

eo
Cc

1.724
0.31

Average unconsolidated void ratio

Average Coefficient of Consolidation

6.) DETERMINE THE INCREMENTAL SETTLEMENT IN EACH LAYER

Layer I 2 3 4 5 6

Description CAp· STR. FILL FILL
DREDGE DREDGE' DREDGE

SPOIL SPOIL SPOIL !

eo NA NA NA 1.724 1.724 1.724 I
I
J

Cc NA NA NA 0.31 0.31 0.31
,

Po 0 0 1036 2192.8 2434.9 2677.0
I
!

Final Effective Pressure

Per Layer @ Mid- 195 390 1220 . 2170.6 2412.7 2654.7

Height (pst)

H 2.60 0.00 19.10 6.80 6.80 '6.80

ef NA NA NA 1.725 1.725 1.725

Incremental

Settlement (dS)
NA NA NA r-0.003 -0.003 -0.003

7.) DETERMINE THE TOTAL SETTLEMENT IN THE DREDGE SPOILS

·Isum of Settlement -0.009 (ft) = -o.lt (inches) I

n:\data\bbrf679\nwlondon\SETPTA.XLS Page 5 2/23/96 12:18 PM



RfO~ SKTT~' ANALYSIS

AREA to A to LANDFILL

SUBMARINE BASE NEW LONDON

I.) DETERIMINE THE ORIGINAL LAYER COMPOSITION
From Point B of Cross-Section E

Layer I 2 3 4 5 6

Description CAP STR. FILL FILL
DREDGE . DREDGE DREDGE

SPOIL SPOIL SPOIL

. ThiCkness. (ft) 0.00 0.00 13.50 5.87 5.87 5.87

Density (pet) 150.0 120.0 124.0 98.0 98.0· 98.0

Depth BGS (ft) 0.00 0.00 13.50 19.37 25.23 31.10

J Depth to water 8.1 . ft I
2.) DETERMINE THE ORIGINAL EFFECTIVE 'PRESSURE,!Po AT 111ft: M;f:O....EIGHT oGF ,EAOH,LA'V~

Layer I 2 3 4 5 6
I

Description . CAP STR. FILL FILL
DREDGE DREDGE DREDGE I

!

SPOIL SPOIL SPOIL

Total Layer Pressure 0.0 0.0 1674.0 574.9 574.9 574.9

Layer Pore Pressure 0.0 0.0 335.7 366.1 366.1 366.1

Original Effective
0.0 0.0 1338.3 208.9 208.9 208.9

Pressure per layer (pst)

n:\data\bbrf679\nwlondon\SETPTB.XLS Page 1 2/23/96 12:22 PM



R1{)F
SETTLEMENT ANALYSIS

AREA "A" LANDFILL

SUBMARINE BASE NEW LONDON

Original Effective
Pressure Per Layer @

Mid-Height (pst)

n:\data\bbrf679\nwlondon\SETPTB.XLS

0.0 0.0

Page 2

669.1 1442.7 165\.6 1860.4

2/23/96 12:22 PM



RJ01Le
SETTLe ANALYSIS

AREA • A· LANDFILL

SUBMARINE BASE NEW LONDON

3.) DETERMINE THE FINAL LAYER COMPOSITION
From design drawings

Layer I 2 3 4 5 6

. Description CAP STR. FILL FILL
DREDGE DREDGE DREDGE

SPOIL SPOIL SPOIL

Thickness, H (ft) 2.70 0.0 16.8 5.87 5.87 5.87

Density (pet) 150.0 120.0 124.0 98.0 98.0 98.0

Depth BGS (ft) 2.7 2.7 19.5 25.4 31.2 37.1

J Depth to water 14.7 ft I
4.) DETERMINE THE FINAL EFFECTIVE PRESSURoE tPf)Alf mt: M:fif)..HtJlGHif 11'0 lI'HElLA'VtJR'OF.IN'if.ERESif

From des~n drawings .

Layer I 2 3 4 5 6 ,

~ DREDGE DREDG~ DREDGE
Description CAP STR. FILL FILL

SPOIL SPOIL SPOIL·

Total Pressure (pst) 405.0 0.0 2083.2 574.9 574.9 574.9

Pore Pressure (pst) 0.0 0.0 302.6 366.1 366.1 366.1

Final Effective Pressure
405.0 0.0 1780:6 208.9 208.9 208.9

Per Layer (pst)

n:\data\bbrf679\nwlondon\SETPTB.XLS Page 3 2/23/96 12:22 PM
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SETTLEMENT ANALYSIS

AREA RAR LANDFILL
SUBMARINE BASE NEW LONDON.

Final Effective Pressure

Per Layer @ Mid

Height (pst)

l>

n:\data\bbrf679\nwlondon\SETPTB.XLS

202.5 405.0·

Page 4

1295.3 2290.0 2498.8 2707.7

2/23/96 12:22 PM



teJ°fe. . SETTL~ANALYSIS
AREA flAfi LANDFILL

SUBMARINE BASE NEW LONDON

5.) DETERMINE THE UNCONSOLIDATED VOID RATIO (eo) AND THE COEFFICIENT OF CONSOLIDATION (Cc)
Based on results of geotechnical laboratory analysis

eo
Cc

1.724
0.31

Average unconsolidated void ratio
Average Coefficient of Consolidation

6.) DETERMINE THE INCREMENTAL SETTLEMENT IN EACH LAYER

Layer I 2 3 4 5 6

Description CAP STR. FILL FII~L
DREDGE DREDGE· DREDGE

SPOIL SPOIL ·SPOIL

eo NA NA NA 1.724 1.724 1.724 "j

Cc NA NA NA 0.31 0.31 0.31

Po 0 0 669 1442.7 1651.6 1860.4

Final Effective Pressure

Per Layer@ Mid- . 203 405 1295 2290.0 2498.8 2707.7

. Height(pst)

H 2.70 0.00 16.80 5.87 5.87 5.87
..

ef NA NA NA 1.662 1.668 1.673

Incremental

SeUlement(dS)
NA NA NA 0.134 0.120 0.109

7.) DETERMINE THE TOTAL SETTLEMENT IN THE DREDGE SPOILS

Isum f Settlement 0.363 (tt) = 4.35 (inches) f

n:\data\bbrf679\nwlondon\SETPTB.XLS Page 5 2/23/96 12:22 PM
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G.1 Organics Data Package. ..
G.2lnorganics(Metals and Cyanide) Data Package
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ORGANICS DATA PACKAGE
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Brown &Root Environmental
INTERNAL CORRESPONDENCE

C-49·12·5·296

TO:

FROM:

_~~~!,.~-~-1 ' .. ,

J~L; GLORIEUX

ANNE K. BATTISTA

DATE:

COPIES:

JANUARY 31,1996

DV FILE

SUBJECT:

SAMPLES:

ORGANIC DATA VALIDATION· ORGANICS VOAlBNAlPEST/PCB
CTO #203, NEW LONDON NAVAL SUBMARINE BASE (NSB),
GROTON, CONNECTICUT .
CASE NO. NUS, SDG 24070

2JAqueous

3MSP01 TB30-111595

The sample set for the CTO 203 New london "'SB site, Case NUS, SDG 24070, consists of one (1) aqueousenvironmental sample and one (1) aqueous trip blank (designated TB-). The environmental sample was analyzed forTarget Compound List (TCl) volatile, semivolatile and pesticide/PCB organic compounds. The trip blank was analyzedfor volatile compounds only. The field crew did not designate a sample for Matrix Spike/Matrix Spike Duplicate (MS/MSD)analysis, therefore, the laboratory analyzed laboratory Control Spikes instead. No field duplicate pairs were included inthis SDG.

The samples were' collected by Brown & Root Environmental on November 11 th, 1995 and analyzed .by Southwestlaboratories of Oklahoma under Naval Energy and Environmental Support Activity (NEESA) level 0 QualityAssurance/Quality Control (QAlQC) criteria. All analyses were conducted using the Contract Laboratory Program (CLP)Statement of Work (SOW) OLM03.1 3/90 analytical and reporting protocols.

The data were evaluated based on the following parameters:

*
*
*

*
*
*
*

•
•
•
•
•
•
•
•
•
•
•
•

Data Completeness
Holding Times
GC/MS Tuning
Calibrations
Blanks
Surrogate Spike Recoveries
laboratorY Control Spike/laboratory Control Spike Duplicate Results
Internal Standards Performance '
Instrument Performance
Compound Identification
Compound Quantitation
Tentatively Identified Compounds (TICs)

The asterisk (*) indicates that all quality control criteria were met for this parameter.

Qualified (if applicable) analytical results are summarized in Appendix A.Results as 'reported by the laboratory arepresented in Appendix B. Appendix, Ccontains Region I worksheets, and Appendix 0 contains the documentation tosupport the findings as discussed in this data validation report. The attached Table I summarizes th~ validation,qualifications which were based on the follOWing information:



MEMO TO:
DATE:

J. L. GLORIEUX
JANUARY 31, 1996 -"AGE 2

C-49-12-5-296

CALIBRATIONS

.The following tables summarize calibration non-compliances and corresponding actions. The key associated with thes.
tables is presented in following the tables.

Volatiles

Compound
Bromoform .
1,1.2.2-Tetrachloroethane
Chloromethane
Acetone
2-Butanone
4-Methyl-2-Pentanone
2-Hexanone

Associated Samples:

CC
11/17/95

X
X

TB30-111595. 3MSP01

CC
11/21/95

X
X

X
X
X
X
X

None

No action was necessary for the aforementioned volatile compounds since only positive results are affected by these
noncompliances, and no positive results were reported for those compounds in the affected samples.

Semivolatile

Compound
2.4-Dinitrophenol .
Hexachlorocylcopentadiene
4,6-Dinitro-2-methylphenol
Pentachlorophenol
Butylbenzylphthalate

Associated Samples:

CC
11/30/95

XX
X
X
X
X

3MSP01

The nondetected result reported fo~ 2,4-dinitrophenol in the affected sample was qualified as estimated, (UJ), as a result
of a %D >50%. A positive result for butylbenzylphthalate was qualified as estimated, (J), due to the %D > 25%. No
actions were necessary for any of the other remaining semivolatile compounds in which %Ds were greater than 25% since
no positive results were reported for these compounds in the affected sample and nondetects are not considered
compromised by these noncompliances.

Calibration Actions:

X
XX

Percent RSD>. 30; percent'D > 25; Estimate (J) positive results.
Percent RSD > 50; percent D > 50; Estimate (J) positive results and (UJ) nondetects.

•



MEMO TO:
DATE:

BLANKS

J; L. GLORIEUX·
JANUARY 31,1996 - PAGE ~

C-49-12-5-296

The maximum concentration of contaminants founcj in associated low level laboratory method blank analyses are
summarized below:

Compound
Methylene Chloride
Acetone
Diethylphthalate
Bis(2-ethylhexyl)phthalate

Affected Samples:

Blank Actions:

Maximum
Concentration

. 4 pg/L
4 pg/L
2 pg/L

13 pg/L

ALL

Action·
Level
40 pg/L
40 pg/L
20 pg/L
130 pg/t:.

• Value < Contract Required Quantitation IJmit (CRQL); report CRQL followed by a U.
• Value> CRQL and < action level; report value followed by a U.
• Value> CRQL and> action level; report value unqualified.

Sample aliquot size and dilution factors were taken into consideration prior to the application of all action levels. No actions
.were taken for methylene chloride, acetone or diethylphthalate, .since no positive results were reported for these
compounds in the affected samples. A positive result for bis(2-ethylhexyl)phthalate was qualified in the manner indicated
by the blank actions table. .

LABORATORY CONTROL SPIKE/LABORATORY CONTROL SPIKE DUPLICATE RESULTS

Semivolatiles

The aqueous Laboratory Control Spike/Laboratory Control Spike Duplicate (LCS/LCSD) analyses yielded low· Percent
Recoveries (%Rs) for 1,4-dichlorobenzene and 1,2,4-trichlorobenzene. A high Relative Percent Differences (RPD) was
also. reported for 1,4-dichlorobEmzene. Positive and nondetected. results are affected by these noncompliance.
Nondetected results for the aforementioned compounds were qualified as estimated, (UJ), in the affected sample.

Pesticides/PCBs

The aqueous LCS/LCSD samples LC1118WD and LD1118WD had 10w%Rs reported for gamma-BHC and Endrin on
column DB-1701. No action was taken as a result of these marginally low %Rs since they were noncompliant on one
column only.
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DATE:

J. L. GLORIEUX
JANUARY 31,1996· PAGE 4

C-49-12-5-296

ADDITIONAL ·COMMENTS

Positive results ·reported at concentrations below the Contract Required Quantitation Limit (CRQL) were qualified as.
estimated, (J).

No other problems were encountered in this case. The text of this report has been formulated to address only those
problem areas affecting data quality.

OVERALL ASSESSMENT

Laboratory Performance: A continuing calibration %0 greater than 50% was reported for 2,4-dinitrophenol. Continuing
calibration %Ds greater than· 25% were noted for several volatile and semivolatile compounds. Methylene chloride,
acetone, diethylphthalate and bis(2-ethylhexyl)phthalate was detected in a laboratory method blank. 1,4-Dichlorobenzene,
1,2,4-trichlorobenzene, gamma-SHC and Endrin had low LCS/LCSDOfoRs reported. A high LCS/LCSD RPD was noted
for 1,4-dichlorobenzene.

Other Factors Affecting Data Quality: None.

•



The data for these ~nalyses were reviewed with reference to the EPA "Functional Guidelines for Organic Data Validation"
(3/90). EPA Region I has not yet released Regional amendments updating th xisting EPA Region I 2/88 National
Functional Guidelines modifications to address 3/90 analytical protocol. . Quality requirements outlined in the NEESA
guidelines document entitled "Sampling and Chemical Analysis Quality Assurance Requirements for the Navy Installation
Restoration Program (NEESA 20.2-047B; 6/88) were also referenced.•

MEMO TO:
DATE:

J. L. GLORIEUX
JANUARY 31,1996 - PAGE 5

C-49-12-5-296

"I attest that the data referenced herein were validated according to the agreed upon validation criteria as specified in the
NEESA Guidelines and the Quality Assurance Project Plan (OAPP)." . .

;.~0vru /:6(/JIMP
Halliburton NUS Corporation

Anne K. Battista
Chemist/Data Validator

Joseph A. Samchuck
Data Validation Quality Assurance Officer

Attachments:

1. Appendix A - Qualified·Analytical Results
2. Appendix B - Results as reported by the Laboratory
3. Appendix C - Regional Worksheets
4. Appendix D ~. Support Documentation



NEW LONDON NSB

CASE NUS, SDG.24070

TABLE I. Recommendation Summary----------'---e
Sample 10

3MSP01
TB30-111959

VOA SVOA

A,,2,3,4,S

FtSIRB

If the. field is left blank, the qualifier is A - accept all data.

Accept data, but change a positive result for bis(2-ethylhexyl)phthalate to a revised detection limit and
'qualify as nondetected, (U), as a result of laboratory method blank contamination.

Accept data, but qualify a nondetected result for 2,4-dinitrophenol as estimated, (UJ), as a result of a
continuing calibration %0 > 50%.

Accept data, but qualify· a positive result for butylbenzylphthalate as estimated, (J), as a result of a
continuing calibration %0 > 25% .

Accept data, .but qualify nondetected results for 1,4-dichlorobenzene and 1,2,4-trichlorobenzene as
estimated, (UJ), as a result of low LCS/LCSO recoveries.

AcCept data, but estimate (J), all positive results reported at concentrations below the CRQL.



TIC 3MSP01 .

NEW LONDON NSB

CASE NUS, SDG 24070

TABLE II. Tentatively Identified Compound Summary

TB30-111595

Cyclopentasiloxane, decamethyl- X
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APPENDIX A

QUALIFIEDLABORATORYRESULTS



lA
VOLATILE ORGANICS' ANALYSIS DATA SHEET

EPA SAMPLE NO.

'. TB30-111595

SAS No. : SDG No.: 24070

La,b Sample ID: 24070.01

Lab File ID: LIB546.D

Date Received: 11/16/95

Date Analyzed: 11/17/95

5.0 (g/mL) ML

LOW

~ Moisture: not dec.

.~ Name: SWL-TULSA Contract:

Lab Code: SWOK Case No.: NUS

~atrix: (soil/water) WATER

Sample wt/vol:

Level: (low/med)

GC Column:DB-624 ID: 0.53 (mm)

Soil Extract Volume: (uL) .

CAS NO. COMPOUND

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

__(uL)
•

Q
-

74-B7-3-----~---Chloromethane 10 U
74-e3-9--~------Bromomethane 10 U
75-01-4---------Vinyl Chloride 10 U
75-00-3-------~-Chloroethane 10 U
75-09-2---------Methylene Chloride 10 U
67-64-1---------Acetone 10 U
75-15-0---------Carbon Disul£J.de 10 U
7S-35-4-----~---1,1-Dichloroethene 10 U
75-34-3---------1,1-Dichloroethane 10 U
540-S9~0--------1,2-Dichloroethene (totall_ 10 U
67-66-3~--------Chloroform 10 U
107-06-2--------1,2-Dichloroethane 10 U
7e-93-3------~--2-Butanone 10 U
·71-5S-6-~------~1,1,1~Trichloroethane 10 U
56-23-S---------Carbon Tetrachloride 10 U
75-27-4--~~-----Bromodichloromethane 10 U
7B-B7~S---------1,2-Dichloro~ropane 10 U
10061-01-S------cis-1,3-Dich oropropene 10 U
79-01-6---------Trichloroethene 10 U
124-4e-l--------Dibromochloromethane 10 U
79-00-S-------~-1,1,2~Trichloroethane 10 U
71-43-2----~----Benzene 10 U
10061-02-6------trans-1,3-DJ.chloropropene ' 10 U
75-2S-2---------Bromoform -.- 10 U
10e-10-1-----~--4-Methyl-2-Pentanone 10 U
591-7e~6--------2-Bexanone 10 . U
127-1B-4--------Tetrachloroethene 10 U
79-34-S---------1,1,2,2-Tetrachloroethane 10 U
10e-ee-3--------Toluene . -- . 10 U
10e-90~7---~----Chlorobenzene - 10 U
100-41-4--------Ethylbenzene 10 . 0
100-42-S--------Stlrene 10 . 0
1330-20-7-------Xy ene (Total). 10 .0

FORM I VOA OLM03.0



IE
VOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

" '\b Name: SWL-TULSA

J.lab Code: SWOK Case No.: NUS

Contract:

SAS No.:'

EPA SAMPLE NO.

TB30-111595

SDG No.: 24070

Matrix: (soil/water) WATER

Sample wt/vol: 5.0 (q/mL) ML

Level: (low/med) LOW

'" Moisture: not dec.

Lab Sample ID: 24070.01

Lab File ID: L18546.D

Date Received: 11/16/95

Date Analyzed: 11/17/95

Number TICs found: 0

~ Column:DB-624

Soil Extract Volume:

ID: 0.53 (mm)

___(uL)

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:'
(uq/L or uq/Kq) UG/L

__(uL)

.
CAS .NUMBER COMPOUND NAME RT EST. CONC. a

==============ca ~==========c==========ac====c:=_==-=- II:==========CZ_ aaaaa

1.
2.
3.
4.
5.
6.
7. -
8.
9.

10.
11.
12.
13.
14. ."

15.
16.
17.
18.
19.
20.
21.
22.
23 •.
24.
25.
26 •

. 27~
28.
29.
30.

FORM I .VOA-TIC OLM03.0

25



J,A\,,{ ;,

VOLATILE ORGANICS ANALYSIS DATA SBEET

- "lb Name: SWL-TULSA COIlt'ract:

Lab Code: SWOK Case No.: NUS SAS No.:

.atrix: (soil/water) WAT~R

Sample wt/vol: 5.0 (q/mL) ML

Level: (low/med) LOW

, Moisture: not dec.

GC Column:DB-624 ID: 0.53 (mm)

Soil Extract Volume: ' (uL)

SDG No.: 24070

Lab Sample ID: 24070.02

Lab File ID: L18547.D

Date Received: 11/16/95

Date Analyzed: 11/17/95

Dilution Factor: 1.0

CAS NO. COMPOUND

Soil Aliquot Volume:

CONCENTRATION UNITS:
'(uq/L or uq/Kq) UG/L

__(uL)

Q.

-
74~87-3---------Chloromethane 10 '0
74-S3-9---------Bromomethane 10 U
75-01-4---------Vinyl Chloride 10 '0
75-00-3--------~Chloroethane 10 ''0
75-09-2---------Methylene ChlorJ.de 10 U
67-64-1---------Acetone 10 U
75-15-0---------Carbon Disulfide 10 '0
75-35-4-----~---1,1-Dichloroethene 10 U
75-34-3~--------I,I-Dichloroethane 10 U
540-59-0--------1,2-Dichloroethene (tota1)_ 10 '0
67-66-3---------Chloroform , 10 U
107-06-2--------1,2-Dichloroethane 10 U
7S-93-3-----~---2-Butanone ' 10 '0
71-55-6-~-------1,1,1-Trich10roethane 10 U
56-23-5---------Carbon Tetrachloride 10 U
75-27-4---------Bromodichloromethane 10 '0
7S-S7-5---------1,2-Dichloro1ropane 10 '0
10061-01-5--~---cis-1,3-Dich oropropene 10 '0
,79-01-6---------Trichloroethene ' 10 '0
124-4S-1--------Dibromochloromethane 10 U
79-00-5---------1 1 2-Trichloroethane 10 U, , , ,

71-43-2-~-------Benzene 10 '0
10061-02-6------trans-1,3-DJ.chloropropene 10 '0
75-25-2~--------Bromoform ' ---- 10 U
10S-10-1--------4-Methyl-2-Pentanone 10 '0
591~78-6--------2-Bexanone 10 U
127-1S-4--------Tetrachloroethene 10 U
79-34-5--,-------1,1,2,2-Tetrachloroethane__ 10 U
10S-88-3--------Toluene 10 U
10a-90-7--------Chlorobenzene 10 U
100-41-4--,;.-----Bthylbenzene 10 U
100-42-5--------Stlr ene, ' 10 U
1330,;.20-7-------Xy ene (Total) 10 U

FORM I VOA

.. '

OLM03.0

20



IE
VOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

'h Name: SWL-TULSA

~.ab Code: SWOK Cas No.: NUS

Contract:

SAS No.:

EPA SAMPLE NO •.

3HSPOl

SDG No.: 24070

LOW

1atrix: (soil/water) WATER

:3ampI wtjvol: 5.0

Level: (lowjmed)

\ Moisture: not dec.

(qjmL) HL

Lab Sample ID: 24070.02

Lab File ID: L18547.D

Date Received: 11/16/95

Date Analyzed: 11/17/95

__(uL)

. ':::..

GC Column:DB-624 ID: 0.53 (mm)

Soil Extract Volume: (uL)

Numb r TICs found: 0

Dilution Factor: 1.0'

Soil Aliquot Volume:

.CONCENTRATION UNITS:
(uq/L or uq/Kq) UG/L

I -

CAS NUMBER COMPOUND NAME RT EST. CONC. Q
================ ====a=============_=_a._=___ _ a_-==I:II=a ===-=======-_. =__c.

1.
2.
3.
4. '
5.
6.
7.
8.
9.

10.
ll.
12.
13.
14.
15.
16.
17.
18.
19 •..
20.
21.
22.
23.
24.
25.
26.
27.
28.
29. '
30.

, ...~ .

FORM I VOA-TIC OLM03.0

, ~' 21 .'



IB
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

r,b, Name: SWL-TULSA

...ab Code: SWOK Case No.: NUS

Contract: NUS

, SAS No.:

3MSPOl

SDG No.: 24070

Concentrated Extract Volume:

Matrix: (,soil/water) WATER

2.0(uL)

1000 (q/mL) ML

LOW

Lab Sample 10: 24070.02

Lab 'File 10: Vl1226.D

Date Received:ll/16/95

Date Extracted:ll/17/95

Date Analyzed: 11/30/95

Dilution Factor: 1.0

(Y/N)_

1000(uL)

decanted:

Injection Volume:

Sample wt/vol:

Level: (low/med)

, Moisture:

GPC Cleanup: '(Y/N) N pH: 7.2

CAS NO. COMPOUND
CONCENTRATION UNITS:
(uq/L'oruq/Kq) UG/L' Q

108-95-2--------Phenol 10 U
111-44.;.4--------bis(2-Chloroethyl)Ether 10 U
95-57-8---------2-chloro1henol ' 10 U
541-73-1--------1 3-Dich orobenzene " 10 U, ,
106-46-7--------1,4-Dichlorobenzene 10 {95-50-1---------1,2-Dichlorobenzene 10
95~48-7----~----2-Methylbhenol 10 U
108-60-1--------2,2·-0~ is(1-Chloropropane) 10 U
106-44-5-~------4-Methy phenol ' 10 U
621-64-7~-------N-Nitroso~di-n-propylamine 10 U
67-72-1---------Hexachloroethane ' -- 10 U
98-95-3---------Nitrobenzene 10 0
78-S9-1-----~--~Iso~horone 10 0
88-7S-5---------2-N~trophenol 10 0
105-67-9~-------2{4-Dimethylphenol 10 U
111-91-1--------b~s(2-Chloroetho~)methane 10 U
120-83-2--------2,4-Dichloropheno -- 10 U
120-82-1--------1, 2, 4-Trichlorobenzene 10 y
91-20-3---------Naphthalene ' 10 U
106-47-8--------4-Chloroanil~ne 10 U
87-68-3-~-------Hexachlorobutad~ene 10 0
s9-S0-7---------4-chloro-3-MethIlPhenol 10 U

. 91-s7-6---------2-MethIlnaphtha ene 10 U
77-47-4---------Hexach o~~clopentadiene___ 10 U
88-06-2---------2,4,6-Tr;ch orophenol ' 10 0
95-9s-4---------2,4,5-Tr~chlorolhenol 25 0

'91-s8-7---------2-chlorona1htha ene 10 0
88-74-4---------2-Nitroani ine , 25 0
131-11-3--------DimethIl£hthalate 10 0
208-96-8----~---Acenal:t ylene 10 0
606-20-2--------2 6-D itrotoluene 10 0' ,
99-09-2-~-------3-HitroaDiline . 25 0
83-32-9---------Acenaphthene ... ,--.

10 0

u:r

UJ

•
PORM I SV-1

..'

3/90

94



,I,\",

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET
i:S.k'A ::iAMPLE NO.

~b Name: SWL-TULSA. Contract: NUS
3MSP01

.L.ab Code: SWOK Case No.: NUS SAS No.: SDG No.: 24070

Matrix: (soil/water) WATER Lab Sample ID: 24070.02

Concentrated Extract Volume:

2.0(uL)

1000 (q/mL) ML

LOW Date Received: 11/16/9S

Date Extracted: 11/17/9S·

Date Analyzed: 11/30/9S

Dilution Factor: 1.0

V11226.DLab File ID:

(Y/N)_

1000(uL)

decanted:

Injection Volume:

Sample wt/vol:

Level: . (low/med)

, Moisture:

GPC Cleanup: (Y/N) N pH: 7.2

CAS NO. eOMPOUND·
CONCENTRATION UNITS:
(uq/L or uq/Kq) UG/L Q.

51-2S-5----~----2,47Dinitrophenol 25 B U
100-02-7--------4-N~trophenol 25 U
132-64-9--------Dibenzofuran 10 U
121-14-2--~~----2,4-Dinitrotoluene 10 U
84-66-2---------Diethylphthalate 10 U
7005-72-3-------4-Chlorophenyl-phenylether 10 U
86-73-7---------Fluorene -- 10 U
100-01-6--------4-Nitroan~l~ne 25 0
534-S2-1--------4,6-Dinitro-2-methylphenol 25 U,
86-30-6---------N-Nitrosodiphenhlamine (1)--" 10 U
101-55-3--------4-Bromophenyl-p enylether -- 10 U

,

118-74-1--------Bexachlorobenzene -- 10 O.
87-S6-S---------Pentachlorophenol 2S U
85-01-S---------Phenanthrene 10 U
120-12-7-----~--Anthracene 10 U
86-74-8---------Carbazole 10 0
84-74-2---------Di-n-but

h
l phthalate 10 U

206-44-0--------Fluorant ene . 10 U
129-00-0--------Pyrene 10 0
85-68-7---------Butylbenzrlphthalate 0.5 .~

91-94-1---------3,3'-Dich orobenzidine 10 U
56-5S-3---------Benzo(a) anthracene 10 . U
21B-01-9--------Chrysene 10 u
117-81-7---~----bis(2-Ethrlhexyl)Phthalate 26 ~ ~
117-S4-0--------Di-n-octI phthalate . -- 10 U
205-99-2----~---Benzo(b) luoranthene 10 U
207-08-9--------Benzo (k.J fluoranthene 10 0
50-32-B---------Benzo(a pyrene 10 0
193-39-5--------Indeno(1,2,3-cd)pyrene .10 U
53-70-3------~--Dibenz(a,hlanthracene 10 0
191-24-2--------Benzo(q,h, )perylene 10 0

(1) - Cannot be separated from Diphenylamine

PORM I SV-2 3/90

t:' 95



IF, ' ;,' ," .' .,.":
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET,

TENTATIVELY IDENTIFIED COMPOUNDS

b Name: SWL-TULSA' Contract: NUS

EPA SAMPLE NO.

3MSP01

Lab Code: ' SWOK Cas No.: NUS SAS No.: SDG No.: 24070

_ Matrix: (soil/water) . WATER

Sample wt/vol: 1000 (g!mL) HI.

L vel: (low/med) LOW

, Moisture: decanted: (Y/N) ,

Concentrated Extract Volume: 1000(uL)

Injection Volume: , 2.0 (uL)

Lab'Sampl 10: 24070.02

Lab File 10: V1l226.D

Date Received: 11/16/95

Date Extracted:l1/17/95

Date Analyzed: 11/30/95

Dilution Factor: 1.0

GPC Cleanup: (Y/N) N pH: 7 .2

Number TICs found: 1
CONCENTRATION UNITS:
(ug/Lor ug/Kg) UG/L

CAS NUMBER COMPOUND.NAME RT EST. CONC. a
~~aaa_=_a__a __ aaa_a=__=---_____aa__a ______ ---- I:===__aa::==___ a_Da_

1. 541-02-6 Cyclopentasiloxane, decameth 4.547 2 NJ
2.
3.
4.
5.
6.
7~

8.
9.

10.
11.
12. ' ,

13.
14.
15.
16. . '

17.
18~

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29,.
30.

\

•
FORM I SV-TIC t/~' 3/90

• I.' 9S



10
PESTICIOE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

ab Name: SWL-TULSA

Lab Code: SWOK Case No.: NUS

Contract: PEST/PCB

SAS No.:

3MSP01

SOG No.: 24070

Matrix: (soil/water) WATER

1000 (q/mL) ML

decanted: (Y/N)

Sample wt/vol:

, Moisture:

Extraction: (SepF/Cont/Sonc)

Concentrated Extract Volume:

SEPF

10000(uL)

Lab Sample 10: 24070.02.

Lab File 10:

Date Received:" 11/16/95

Date Extracted:11/18/95

Date Analyzed: 11/26/95

InjeCtion volume: 1.0(uL) Dilution Factor: 1.0

Q

GPC Cl anup:

CAS NO •.

(Y/N) N pH: 7.2

COMPOUND

Sulfur Cleanup: (Y/N) N

CONCENTRATION UNITS:
(uq/L or uq/Kq) UG/L

319~84-6-~------alpha-BHC 0.050 U
319-85-7--------beta-BHC 0.050 U
319-86-8--------delta-BHC 0.050 U
58-89-9-~-------gamma-BHC (L~naane) 0.050 U
76-44-8---------Heptachlor 0.050 U
309-00-2--------Aldrin . 0.050 U
1024-57-3-------Heptachlor epox~ae 0.050 U
959-98-8--------Endosulfan I 0.050 U
60-57-1---------0ieldrin 0~10 0
72-55-9---------4,4'-DDE 0.10 U
72-20-8---------Endrin 0.10 U.
33213-65-9------Endosulfan II 0.10 0
72-54-8---------4,4'-000 ·0.10 U
1031-07-8--~----Endosulfan sulfate 0.10 U
50-29-3----~----4,4'-DOT 0.10 U
72-43-S---------Methoxychlor 0.50 U
53494-70-5------Endrin ketone 0.10 U
7421-93-4-------Endrin aldehyde 0.10 0
5103-71-9-------alpha-Chlordane 0.050 0
5103-74-2-------gamma-Chlordane 0.050 U
8001-35-2~-~----Toxa~hene 5.0 U
12674-11-2--~---Aroc or-1016 1.0 U
11104-28-2------Aroclor-1221 2.0 0
11141-16-5------Aroclor-1232 1.0 U
53469-21-9------Aroclor-1242 1.0 U
12672-29-6------Aroclor-1248 1.0 U
11097-69-1------Aroclor-1254 ·1.0 U
11096-82-S------Aroclor-1260 1.0 0

·FORM I PEST
158 OLM03.
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1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

. EPA SAMPLE NO.

.'"'\b Name: .SWL-TULSA

.Lab Code: SWOK Case No.: NUS·

Contract:

SAS No~:

TB30-111595

SDG No.: 24070

. ,-latrix: (soii/water) .WATER

Sample.wt/vol: 5.0 (g/mL) ML

GC Column:DB-624

~ Moisture: not dec.

Level.: (low/med) LOW

ID: 0.53 (mm)

Lab Sample ID: 24070.01

Lab File ID: L18546.D

Date Received: 11/16/95

Date Analyzed: 11/17/95

Dilution Factor: 1.0

Soil Extract Volume:

CAS NO.

___(uL)

COMPOUND·

Soil Aliquot Volume:

.CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

, .

.

74-87-3---------Chloromethane 10 ·U
74-83-9---------Bromomethane 10 U
75-01-4---------Vinyl Chloride 10 U
75-00-3~--------Chloroethane 10 U
75-09-2---------Methylene Chloride 10 U
67-64-1---------Acetone 10 U

. 75-15-0---------Carbon Disulfide 10 U
75-35-4---------1,1-Dichloroethene 10 U
75-34-3---------1,1-Dichloroethane 10 U
540-59-0--------1,2-Dichloroethene (total)_ 10 U
67-66-3---~-----Chloroform 10 U:
107-06-2--------.1,2-Dichloroethane 10 0
7S-93-3---------2-Butanone 10 0
71-55-6~--------1,1,1-Trichloroethane 10 0
56-23-5---------Carbon Tetrachloride 10 0
75-27-4---------Bromodichloromethane 10 0
7S-87-5---------1,2-Dichloro1ropane 10 U
1.0061-01-5------cis-l,3-Dich oropropene 10 0
79-01-6------~--Trichloroethene 10 U
124-4S-1--------Dibromochloromethane 10 0
79-00-5---------1,1,2-Trichloroethane 10 0
71-43-2---------Benzene 10 0
10061-02-6------trans-l,3-Dichloropropene 10 0
75-25-2~--------Bromoform --- 10 U
10S-10-1--------4-Methyl-2-Pentanone 10 0

. 591-7S-6--------2-Bexanone 10 U
127-18-4--------Tetrachloroethene 10 0
79-34-5---------1,1,2,2-Tetrachloroethane___ 10 U
10S-SS-3--------Toluene 10 U
10S-90-7--------Chlorobenzene 10 U
100-41-4---------Ethylbenzene 10 u
100-42-5--------StI r ene 10 u
1330-20-7~------Xy ene (Total) 10 U

FORM I VOA

I .

OLM03.0

• ,.. 24



1E
VOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

:,. '\b Name: SWL-TULSA

.uab Code: .SWOK Case No.: NUS

Contract:

SAS No.:

EPA SAMPLE NO.

TB30-111595

SDG No.: 24070

LOW

~atrix: (soil/water) WATER

~ample wt/vol:5.0

Level: (low/med)

, Moisture: not dec.

(g/mL) ML

Lab Sample ID: 24070.01

Lab File ID: L18546.D

Date Received: 11/16/95

Date Analyzed: 11/17/95

Number TICs 'found: 0

GC Column:DB-624

Soil Extract Volume:

ID: 0.53 (mm)

___(uL)

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

__(uL)

CAS NUMBER COMPOUND NAME RT EST. CONC. Q
================== ============~=============== =====...... =-==========c= -_II:

1.
2.

·3.
4.
5 •

.6.
7.
8.
9.

10.•
11-
12~
13.
14.
15.
16.
17.
18.
19.
20.
21-
22.
23.
24.
25.
26.
27.
28.
29.
30.

FORM I VOA-TIC
l.. .....

OLM03.0

4 ,,' 25



1A
VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

- "I.b Name: SWL-TULSA Contract:
3MSPOl

.L.ab Code: SWOK . Case No.: NUS SAS No.: SDG No.: 24070

Matrix: (soil/water) WATER

Q

(·uL)---

Sample wt/vol:·

Level: (low/med)

, Moisture: not dec.

GC Column:DB-624

Soil Extract Volume:

CAS NO.

. S.O(g/mL) ML

LOW

ID: O. S3 (mm)

(tiL)----
COMPOUND

Lab S~ple ID: 24070.02

Lab File ID: L1SS47.D

Date Received: 11/16/9S·

Date Analyzed: 11/17/9S

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

-

74-S7-3---------Chloromethane .10 U
74-83-9---~-----Bromomethane 10 U
7S-01-4------~--Vinyl Chloride. , 10 U
7S-00-3---------Chloroethane 10 U
7S-09-2---------Methylene ChlorJ.de 10 U
67-64-1---------Acetone 10 U
7S-1S-0---------Carbon Disul£J.de 10 U
7S-3S-4--~------1,1-Dichloroethene 10 . U
7S-34-3---------1,1-Dichloroethane

.(total)_·
10 U

S40~S9-0--------1,2-0ichloroethene 10 U
67-66-3---------Chloroform 10 Jr

. 107-06-2--------1.,2-0ichloroethane 10 U
78-93-3--------~2-Butanone 10 U
71-SS-6------~--1 1 l-Trichloroetbane 10 U. , ,
S6-23-S---------Carbon Tetrachloride 10 'U

r7S-27-4---------Bromodichloromethane 10 U
.7S-S7-S---------1,2-0ichloro1ropane . 10 U
10061-01-S------cis-l,3-0ich oropropene .. 10 U
79-01-6---------Trichloroethene 10 U
124-4S-1--------0ibromochloromethane 10 U
79..;.00-S-~-------1,1,2-Trichloroethane 10 U
71-43-2---------Betizene 10 U
10061-02-6------trans-l,3-DJ.chloropropene 10 U
7S-2S-2-~-------Bromoform --- 10 U
10S-10-1--------4-Methyl-2-Pentanone 10 U
S91-78-6--------2-Hexanone 10 U

. 127-1S-4-~------Tetrachloroethene 10 U
79-34-S---------1,1,2,2-Tetrachloroethane . 10 U
10S-8S-3--------Toluene --- 10 .U
10S-90-7--------Chlorobenzene 10 .. U
100-41-4----~---Ethylbenzene 10 ·U
100-42-S--------Stlrene 10 u
1330-20-7----~-~Xy ene (Total) 10 U

. FORM I VOA

• •

OLM03.0

20



lE
VOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

'.b Name: SWL-TULSA

T.ab Code: SWOK Case No.: NUS

Contract:

SAS No.:

EPA SAMPLE NO.

3MSPOl

. SDG No.: 24070

% Moisture: not dec.

~~trix: (soil/water) WATER

Sampl wt/vol: 5.0 (g/mL) ML

Level: ( low/med). LOW

Lab Sample ID: 24070.02

Lab File ID: L18547.D

Date Received: 11/16/95

Date Analyzed: 11/17/95

GC Column:DB-624 ID: 0.53 (mm).

.Soil Extract Volume: (uL)

-Number TICs found:_O

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
- (ug/L or ug/Kg) UG/L

__CuLl

- --

I CAS NUMBER COMPOUND NAME RT EST. CONC. Q
===---========== ===============c=======_c=~====-- =========-a =====

1-
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21-
22.
23.
24.
25-.
26.
27.
28.
29.
30.

FORM I VOA-TIC

' ..

OLM03.0

,~- 21



. 1B
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO •

WATER

1000 (q/mL) ML

LOW

decanted: (Y/N) ___

Case No.: NUS

Concentrated Extract VolUme:

Lab Sample ID: 24070.02

Lab File ID: Vl1226.D

Date Received: 11/16/95

Date Extracted:11/17/95

Date Analyzed: 11/30/95

Dilution Factor: 1.0

3MSP01

SDG No.:. 24070SAS No.:

Contract: NUS·

1000(uL)

2.0(uL)Injection Volume:

P"'\b.Name: SWL-TULSA

•

uab Code: SWOK

Matrix: (soil/water)

Sample wt/vol:

Level: (low/med)

, Moisture:

GPC Cl anup: (Y/N) N pH: 7.2

. CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or uq/Kq) UG/L.

••

108-95-2--------Phenol 10 U
111-44-4--------bis(2-Chloroethyl)Ether 10 U
95-57-8--------~2-chlorolhenol . 10 U
541-73-1--------1,3-Dich orobenzene 10 U
106-46-7--------1,4-D~chlorobenzene 10 U
9S-S0-1---------1,2-D~chlorobenzene 10 U
9S-48-7---------2-MethylEhenol 10 U
108-60-1--------2,2·-0~ is(l-Chloropropane) 10 U
106-44-5--------4~Methy phenol . 10 U
621-64-7-~-----~N-Nitroso-di-n-propylamine . 10 U
67-72-1~--------Hexachloroethane -- 10 U
98-9S-3-~-------Nitrobenzene 10 U
78-S9~1-----~---Iso~horone 10 U
88-75-5---------2-N~trophenol 10 U
105-67-9--------2,4-Dimethylphenol . 10 . U
111-91-1--------bis(27Chloroetho~)methane-- 10 U
120-83-2--------2,4-D~chloropheno 10 U
120-82-1--------1, 2, 4-Trichlorobenzene 10 U
91-20-3---------Naphthalene 10 U
106-47~8--------4-Chloroanil~ne 10 U
87-68-3---------Hexachlorobutad~ene 10 U
?9-50-7------~--4-Chloro-3-MethIlPhenol 10 U
91-57-6---------2-MethIlnaphtha ene 10 U
77-47-4----~----Hexach oro~clopentad~ene 10 U
88-06-2------~--2,4,6-Trich orophenol --- 10 U
95-95-4---------2 4 5-Trichloro1henol 25 U. , ,
91-58-7---------2-chlorona1htha ene 10 U
8.8-74-4---------2-Nitroani ine 25 U
131-11-3-~----~-DimethLlhhthalate 10 U
208-96-8-~------Acena~ t ylene 10 U
606-20-2-~------2,6-D~nitrotoluene 10 U
99~09-2---------3-Nitroaniline 25 U
83-32-9---------Acenaphthene 10 U

. FORM I SV~l 3/90

••' 94



1C
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

. "b Name: SWL-TULSA

Lab Code: SWOK Case No.: NUS

Contract: NUS

SAS No.:

3MSPOl.

SDG No.: 24070

Matrix: (soil/water) WATER Lab Sample ID: 24070.02

Concentrated Extract Volume:

. Date Received: 11/16/95

Date Extracted:11/17/95

Date Analyzed: 11/30/95·

Dilution Factor: 1.0

Sample wt/vol:

Level: (low/med)

, Moisture:

Injection Volume:.

1000 (q/mL) ML

LOW

decanted: (Y/N) ___

1000(uL)

2.0(uL)

Lab File ID: V11226.D

GPC Cleanup:

CAS NO.

(Y/N) N pH: 7.2

-
COMPOUND

CONCENTRATION UNITS:
(uq/L or uq/Kg) UG/L Q..

51-2B-5---------2,4-Dinitrophenol 25 ·0
100-02-7--------4-Nitrophenol . 25 0
132-64-9--------Dibenzofuran 10 0
121-14-2--------2,4-Dinitrotoluene 10 0
B4-66-2---------Diethylphthalate 10 0
7005-72-3-------4-Chlorophenyl-phenylether 10 0
B6-73-7---------Fluorene .-- 10 0
100-01-6----~---4-Nitroan.1.line 25 U
534-52-1--------4,6-Dinitro-2-methylphenor" .. 25 U
B6-30-6-------~-N-NitrosodiphenLlamine (1):: 10 0
101-55-3--------4-Bromophenyl-p enylether___ . 10 U
11B-74-1--------Bexachlorobenzene 10 0
87-B6-5---------Pentachlorophenol 25 U
B5-01-B-----~---Phenanthrene . 10 U
120-12-7--------Anthracene 10 0
B6-74-B---------Carhazole 10 U
B4-74-2---------Di-n-but

L
l phthalate 10 U

206-44-0--------Fluorant ene 10 0
129-00-0--------Pyrene 10 0
85-6B-7---------Butylbenzrlphtbalate 0.5 J
91-94-1---------3,3'-Dich orobenzidine 10 U
56-55-3---------Benzo (a) anthracene 10 0
21B-01-9--------Chrysene 10 u
117-Bl-7--------bis(2-Ethrlhexyl)phthalate 26 B
117-B4-0--------Di-n-octy phthalate -- 10 U
205-99~2--------Benzo(b)fluoranthene 10 U
207-0B-9--------Benzo(k)fluoranthene 10 0
50-32-B---------Benzo(a)pyrene 10 0
193-39-5--------I~deno(1,2,3-ca)pyrene 10 0
53-70-3---------Dibenz(a,hlanthracene 10 U
191-24-2------~-Benzo(q,h,~)perylene 10 U

•

(1)- Cannot be separated from Diphenylamine

FORM I SV-2

.:'

3/90

95



1F
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

b Name: SWL-TULSA Contract: NUS

EPA SAMPLE NO.

3MSP01.ab Cod
. SWOK Case No. : NUS.
(soil/water) WATERMatrix:

I •

Sample wt/vol: 1000 (g/mL) ML

Level: (low/med) LOW,

Concentrated Extract Volume:

,SAS No.:

, Moisture:

Injection Volume:.

decanted:

2.0(uL)

(Y/N)_

1000(uL)

SDG No.: 24070

Lab Sample 10: 24070.02

Lab File 10: Vl1226.D

Date Received: 11/16/95

Date Extracted:11/17/95

Date Analyzed:. 11/30/95

Dilution Factor: 1. 0

GPC Cleanup: (Y/N) N pH: 7.2

Number TICs found: 1
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

I,

CAS NUMBER COMPOUND NAME RT EST•. CONC. Q
~====~a========a ======================aa==== .:::::====~- ============a a:aa=:a

1. 541-02-6 Cyclopentasiloxane, ·decameth 4.547 2 NJ
2.
3.
4.
5.
6.
7.

-,
8.
9.

10.
ll.
12. -.'
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

I

FORM I SV-TIC 3/90

, J," 96



10
PESTICIDE ORGANICS ANALYSiS DATA SHEET

EPA SAMPLE NO.

ab Name: SWL-TULSA

Lab Code: SWOK Case No.: NUS

Contract: PEST/PCB

SAS No. ~

3MSPOl

SDG No.: 24070

Matrix: (soil/water) WATER

1000 (g/mL) ML

decanted: (YIN) _'

Sample wt/vol:

\ Moisture:

Extraction: (SepF/Cont/Sonc)

Concentrated Extract Volwne :,

SEPF

10000(uL)

Lab Sample ID: 24070.02

Lab File ID:

Date Received:' 11/16/95

Date Extracted:ll/1S/95

Date Analyzed: 11/26/95

Injection Volume: 1. 0 (.uL) Dilution Factor: 1.0

Q

GPC Cleanup:

CAS NO.

(Y/N) N pH: 7.2

COMPOUND

Sulfur Cleanup: (Y/N) N

CONCENTRATION UNITS:
',(ug/L or ug/Kg) UG/L

319-S4-6--------alpha-BHC 0.050 0
319-S5-7--------beta-BHC 0.050 U
319-S6-S--------delta-BHC 0.050 U
5S-S9-9---------gamma-BHC (L~ndane) 0.050 0
76-44-S----~----Heptachlor - 0.050 0
309-00-2--------Aldrin .-. 0.050 0
1024-57-3-------Heptachlor epox~de 0.050 O.
959-9S-S--------Endosulfan I 0.050 0
60-s7-1---------Dieldrin 0.10 0
72-55-9---------4,4'-00E 0.10 0
72-20-S--~------Endrin 0.10 0
33213-65-9------Endosulfan II 0.10 0

. 72-54-S---------4,4'-000 0~10 0
1031-07-S-------Endosulfan sulfate 0.10 0
SO-29-3---------4,4'-ODT 0.10 U
72-43~5---------Methoxychlor 0.50 U
53494-70~5------Endrin ketone 0.10 0
7421-93-4-------Endrin aldehyde 0.10 U
s103-71-9-------alpha-Chlordane 0~050 0
5103-74~2------~gamma-Chlordane 0.050 U
SOOl-35-2~------Toxalhene 5.0 U
12674-11-2------Aroc or-l016 1.0 -0
11104-2S-2------Aroclor-1221 2.0 0
11141-16-5------Aroclor-1232 1.0 0
s3469-21-9------Aroclor-1242 1.0 0'
12672-29-6------Aroclor-124S 1.0 0
11097-69-1~-----Aroclor-1254 1.0 0
11096-S2-s------Aroclor-1260 1~0 0

FORM I PEST
158 OLM03
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:U:C::OM I
:a~a Review ~orkshee~s

Si:e Same 1/513 /'k,wL~/1 dOh
Reterenee N~er c- ;j2j·/:;>·S-P;91,

~GI:M I R!VI~ OF ORGANIC
. CCHTRAC"l' !.UORATORY CATA PACDGI

:-:':e ~ar:c:pied (:at:orat:ry :-:a::e) SC>/"Iih w~st :iata packac;e received __

~eq~cn : '~a. ceen :'8viewed and :~e ~al~ty assurance and per::lr::iance

:ia~3. su:nmari:ed.. :-~e da~a :,eVl8V ~~cluded:

:3seSo. ~ $>'S ~o. Saml'linc; Oate(s)
;:CSo. 011/070 ~3~=:'X Ofld@ Shippinq Cate (s)

~o. =~ sa.::ples e2, L ::ate Ree': =y t..aD
II)IS)t'fS

31l1:JPOI

:=:.;: SlaM So.: . T6ft) . /l;s4:;
!:\.J i ;:::en t 91 an.it So.: __N.~Q",M.::IIoo

_

::ei: :upSos: lYRa(

::~ So. =equi:9s ~~at speei:ic a~aly~ical .ark ce cone a~d

~::a; 3ssoc~a~aci =epor":s ;:. ::==vl:ied '::Jy ;~e·l3.~ora~ory :0 :~e Reqi::-:s.

!:"!S:.-!;; ,and SMO. 7~e general =:,,:..:eria used t:l deter:zine t~e

~er:=~ance .arecasad en an exam~nation o~:

-Oa:3. completeness
-Holdinc; Ti::e.
_·~C/~ '!'uninq
-':301 i=rations
-31an.x.s
-5u~==qate Recoverie.

-Matrix spIke/Matrix Spike :~;

-Field Duplicate.
-Internal Standard Perfor=ance
-Pe.ticide Inst. Perfor:nance
-Coml'ounci Identification
-Compounci Quanti:ation

. :':er'all :::men:s----------------------

:a!i~i:i:ns anci Cuali:~.rs:

.:..

~..
oJ

~c=eptable data •
~~proxi::ate data ~ue ::I~ality control criteria.
~.ject data due to quality c:lntrol criteria.
~o=pounci not d.tec~.Q•

Reviewer: Cat.:



::"::C:OH I
:a:a Review ~orkshe.es

:ATA CCMP~tNESS

~_~-.~_ ~'B c·u~'~~
_~ __ -xi"' ,,"'1,- • .::.. :~T!

,:~,.., ..
r· em •

-~~------------.



~C::H I
:.1:1 ~ev:..W "or)(s::.e~s-. . .

::. HO~I!fC: ''rIMES ::~~le~. ~lble for all s••~les and ci=:le ~~e

~:'lC:-::':::S '.":'::1 are no~ .it:\in c=1-:aria.

-~.

--~

, 1//OLb

;:£51'

- :.:~;:=.served: .~r=:la~:.= '.~~~in 1 days, :'\=n-lr==a~1c ,wi~~1n :.. 4
:! sa8Ple ccll.c~:'Qn.

?:eserved 30th .l-:~i:: l4 days otsa.~le collec:1 n.
Soils 30~ '.~. ~~:':1 l4 days ot sa.~le colleC:1on.

:SA .. ~::ST - ::x~:'3.c-:ad '",it~~~ 7 days, analyzed wi.thin 40 days, soils _

'::1.. 3HA
!~"!PU :.\':'t-.' :.\~! :.\:t I :A4'% :A1'tI

__:_~__ : S~'!?!:.!~ ';~AL ::x~! .l.HAt. J ::XTI

r8~'/I/S9$ 1l/1I:/9S: lJ/I7/9si ><- ,I~ l~
3MsPOl !~I/I.sI's : 11/11/~' 1I)'7/C7Sf Illa0 I II/If'

I I I
---- ----~ ,I ----I l ~_

I I_______________I---1---j----
____: 1 J 1 _

i ' I---- ----- ----- -----. ._--- -----
J' I---- '._--- -----

____ ----- ---- ---.t----l J _

----- ----- ----- ---_.1- 1--- ,---
I----_ - ----1 -

____ ----- ----- -----,----- -----1-- _
I---- ----- ----- ----·1--......_-1----1-----I

---- ----- ------- ----- -----~ I_' _

'.~==:::f:
:... :~ ~olc!i:1q ti:es are exc.eded all posi~ive rasults are eS~l::~

(=1 and non-de~ac~s are ••~1maced (UJ').
2. :: holdinq ti:e. araq=ossly exceeded. tha reviewer may

:ecacine thac, non-dec.c1:S &Z'a unuaaala(e). '

[VIII- ~~,r ,!J~f -a,..t:.



~GION I
:aea rteview... :.iorlcshaees

::I. GC/MS ~ING

/ ~=und
.,. -_ ..-•.. -

:~ :-:0,
Sa::;: l as a! ~ec:-:ed: ~

~are raviewed and tound to ... -_. .~ _.. _..

Sa::;: ~es a: ~ ~c~ed: .... _

:~ =~ss cal
~x::anded c:"

==3Ci.:~

:er:a.
:s :~ er:,,::- :"e!er -:= -:~e Reqion qui:ali~es ~::

-. ~eces3ary, all associated data as unusak2la ._.



:U;C;:OH I .
:a~! R.vlew- ;,;or:<sr.••ts ..

:~;;!F;" :::;
?: , u~s ~ ,?F, '0

rl A.

/1/17

/ 1/01/

• OLATILE CALl3RAT!ON '~I:ICATION

:ae8 ot:~':'~ial Cali=raeion q/IY /95
:at8s c~ ::nei::uinq Ca1i=raeions: /11/7 /1&1
:~se=·.:::.nt :~ . .. ~ .
~! ,::,:,x/:'ave1 ; aptLw.s/Lpl!'

C;:-1POQ1Q ('/ot;;!:)

Samples ':'!:ec,:ea:

S~mples A!:eco:ea:

Samples A::ec,:ea:

Samples At:eco:ea:

Samples A: :'.c~ eel :

~amples A~:.ceeci:

-. A' • ~?"'s, and :\1'5 ~\:5e ::. :>v.':5-. ~-..
.~ll %RSC's Muse :.<30''" .

.; . .~l: %0.' s muse :.<2"
AC-:-::S:
:. ::any compound ~as an 1:'1i':ia1 U or a con~inuinq R!' ot <O.O!:

a.Flaq posit~~. results ~~r:~ae compound .s ••eimaead (J).
:.Flaq non-d.eec~s ~~r t~ae c:=pounc! •• unusaale (I).

Z~ :: any cc=~ound has a ~RSC >30' or a 'D >25':
.a. Flaq po,s1eiv. results ~or :~ae compound .s ••1:ima1:ad (J).=. Flaq non-d.e.c~s !~r ~~.e cQmpound a•••cima1:eci (03) it ·the 'RSO
. or 'D is >SO'.

~ separa~e ~orkshe.e snoulc! be tilled u1: t r ••cb initial curve.

~ ()CliO~ 1\10 posrh 'Y'~~ rLperlrd.



REC:ON I
:ata ~ vlaw W rksheets

IV B. St.'tIVO~TIU: CAL:SRATIOH 'll!RIFlCATIOH

11/·/otf/95:a:. ~! :~itia1 Cali~ratiQn : __~__~~__
:ates ~! C:ntinu inc; cal i~rltiQns:__"./.iO~_I..;9-...~,--_
:~st~~~anc ID· v

te "/1"'1

~~ ;-;'!~.!'; :;;.
? r , 'RS 0 , ? F , t 0

.t1Ll 01.dlMp." ~.

rc
cc

11/30

11/30

: Samples At:ec:.~:

a/a.D 7S0X. ...;;, LJ- Dlh,6bp J1£nO/' S4.~ @
Samples ,H:ac:ac1: .;3MsPOI, sBLK.I, Leo, L.?:SD ...

•~ lJ _,/~ llexacJ,~~clo,af!i'~a(),~ .
~a::tples A!~ac:ec1: ~fD· Dlni ~·wu 'Hf' p noli ~/.q,/

P.L.,,~c. h IOl'OpNnoJi &s, SJ 8 tJ l:...lblnl'lIlp1T1noliKl
..75.8'. en (J J

Samples At:ec:ac1: Son"\,,( 05 abolle.

Sa::tples A::ec:ec1:

Sa:lp.la. Af:.c::ac1:

Sa:lple. At:8cta~:

S.i:npl •• Af:ec:ac1:

Sampl•• At:ac-:.ac1:

Sa:npla. A::ac:.4:

Sall~J.a. At:ecta4:

SampL•• Atfactaa:

SampLa. .\::ecta4:

•

SampL•• At:actad:

Se. worxsh••e IV-A tor criteria an4 ae~1on••

A naw ~orksh••~ should =•. :11184 QUe :o~ a.en initial curY••



V A~ SLAIlX ~AL'tSIS RESULTS (sec::'ons ~ , 2) .

:.~s: t.~. e:n.;aml:-:aticn i:'i :~. :1anJcs caley.. .

l. :..abora~e:'Y Slank.·

. .

tAvel:Low

:"''';': :;.;B ;~ ::'~JC:;;~/

~X;;HX

IIIn VBtKl Y()-fI Q9iuDU6

l l. J.

11/30 s&kJ SVOAIQ7~~

J t It-

"-"O~trng. '-y' " .

-, ......:..a..w. --: "I
~

C::tC:PfT;UT;;~:'
t.:NJ7a

A. separa~. worksheee shoulc1 c. used tor low' and mecUwa lav.l blanks.



:U:C::H I
:ata ~.view -orxs~••ts

./ 8. :t.\.~K ANALYSIS RESta::S :Sec::':n.J')

AC:~:~ :evels shoul~ ~. ~as.d ~~:n :~. hi;hest ::~c.ntration ot
=::: :!::~::an': :etl~ ~:-:.d :':r any =la!"l)c. ;~. ac::':n: eval ~:r sa=:~lIS '.:~: :.-.
... . -een ---"en .. W2

".'" C" A' •·· .. e... s ", ... ""a' .."1·· .. ' 'e'" ""y .-.· •~ .... _. "- _ •. _ _. - - w ..... • __ • w . • -. _ ..6..... . f" ~. w... .... .

=:~:e~:=3:::~/:il~:i:~ ~ac::r. ~o ~:s1ti~a sac~la resul: shoul~ ~e

~eoer:e~ ~~:e~. :~a c:~:.n':ra'::'~n of :~. c:~pound i~ :~. same1a .x:ae~s

~~. ac::.cn :aval of :~ X'S :~e a~oun: in :~. clanx'!or t~. c=~~on
-"'r:""-' -ants ... - II: X 'S a....··_ .. '''r any ot-ar t'"w.. _-o .....n.... Se."" .:-_.......__•• 'W_ _ ••. w ..... --. • •• _ .... '-''' w • _ ••• _

ac':i:::s a~e as !:l::~.:
,".:""

·-.
7~a ==~=!~:=3~::~

:a\-el, :!;:r~ :~a

~s';~e~:ar :~a~ :~. c~C~,

=::::e:::=l~::n ~:~nd C.
'...•--- :ess :~an :. -- . -----_ ..

J. :~a :::::a:::rati:n ~s ;=ea:er :~an :~a action :eval. =e~or: :~.

::~=a~~=~·~~:~ ~~;~a:~:ia~.

ID
/0

/0<1 "gIL

~x. ';;sc, "
·~:st;s

· ~.-:-..
cn' nn'

.~ se;:arat.••.:rks:":ee1: s:-lcu:: :a ·~s.d ~:r ~:v and :acUua laval clanxa.



REGIeH I.
:a~a Review Workshe.~s

. . .
·;I. St.mAOGAT% SPIKZ RECCVERIES

:~~~. :~. percen~ =accveries Whi=~'co no~ ~ee~ t~e c=1taria
sur==qaeareccvery..,

---:-.; ,;

tIC:,

'-
:!P ':'9 PffI. 2rp ·,:,!P

at1~.~...--

•
_.

-.

- - -
- -

-
-

- - -
- - ~

-
--- -
-

- -
-

-..- -..-
--

?osi~iv. sam~le re.ults
~lc:n-dacac~aci rasulU

19,-ga
J
OJ

C~ -C:ntract Requirad Recovery Ranq••
sur==qa~. action .sAoul~ :e a~plied:

1. It a~ ~a••~ ~~o sur=:~ata.in. BIK or A fracc10D or one
surro~at. in ~~e VOA !=Sct1on are ou~ at spac1t1ca~1on. =u~
have recoverie. at >10t. .

2. It anyone surrcqat in atrac:1on sbow <lOt racavery.



REGION I - DATA VAUDATION WORKSHEETS ADDENDUM

PESTICIDE/PCB CLP3/90 SOW - 5URROGATE SPIKE RECOVERIES

MATRIX: A7UUv:5

::":

List ttl Percent Recoveries which do not meet the criteria for surrogate recovery.

TR #'5 . TCX (column 1) TCX (column 2) DCB (column 1) DCB (column 2)
_~a;;;..,;;l;..;..l_-=~~= o·~. -

*QC Limits

*Advisory

60
to

150

60
to

150 .

60
to

150

60
to

150



·- ..caca ~.vi.w ~orxsnl.es

Laboratv l1.f [onPt> / . . .
VII A. ~X SPlKE/~SPIXt COPLICATZ
LQ .I::o/'oiDrl.f Co/" -bo / . . .
:. ~i~Spixe/~.':ixspixeCuplic~~1RecQveril. and Prlcision

~ SeSe LCS LC5D :..ve~: L6W Matrix: (]ltl(Ot6

·~~S~ ~~e per:en~ ~ec=v.ries ana RrO's ot c::peuncs .hic~ co net
~e.1: ~~. c:=::eria s~a~.d =~ Fo:o: ~.

v/J,4
0voAjLC5

J,

.:4Y77'f7'ff?e
.5Yo~/LC5D

lW~·~.

l. 1- /)/c h/lI'6 bt,n-?e~·
o

l,~, 4- rnChJ{)lDbuJ~

.fJ1 .e;tJjIOI't>li2Ii'a-a~
/) 4 - D/ch/6/r).~

os; !.;:-:!-:,s

== l~Y ::=;=~~: ::es
:::-_~l ::~:=... :~e .!c::.:::s

~ae~ ~~s ~=~:~3C~ ~e~~:=a~ ~ec=v.rl
:s~:1:ea : eic·J:

~~~::~·:a Sa:=le ~es~::s

.··:~-·~e:ac:aa ~t!5ul:s

<". -,
~ : :a - ,,=;,R..

~ ..

--.. :: ~ny ~:=;C~~~ ~:es ~:: =ee1: :~e ~~o c:~:er~3. :~3q ~csi~iveresu~:=

~:: :~3e .::=;:c~~c: 35 ~5e:'=3eaci (:1.



---_. _... -..-_ ....•..,-•.. ..,

----- .
----:»".'S-.. -----

~.~:!r:-:.!:

:~ -:::l
:~ sa:~~es .n~=~ == ~:~ =••c :~a

:~:er~~l s~ar.car: are. :~ :~. ass~=~

:~"':~~_. _. . . . .. - . .
2m ---.. ~ --- .- , .

SV()A

-. C -··--_..-

_. -¥:=~1_::'.·/~ _~~Ul?:S ~::: ==::;'~~;'~S CVl~~-:3.~~_~s,gtet ~~~~:~a:.

~:~aqea ~s eS~::3.~ea ::= :~a: s&m~l. _=3~~an.

~:cn-d.c.c:s ~ =: =====~:::s :.:an:1:a~ac:i USlr.q e::a: :S ara ~ :~=;=
!S ••c~:.G \~=1 ~:= ~~3~ ·sa.~l. t~3c~cn.

:: .~r•••ly ::~ a:ea ==~~:s ara r.~ar:aa. or i: pe~tor.:anc.

~~:'=it:s a :&1C: ::==-~~~. :~an • savara lass ot senat:~y~:~

~~::':3.~.a. ~cn-~8~.c=S snaul~ :~an ce ~laqq" .s unUS.~la ..

:: ~n:: =scan::'::1 :::a '.·a::ss :ora ~~an!O saccnc.,·:,,~.

;~=:=.c=q=3~n:= ~=:~:~a ::= ~~3.: saaplamuac ce .x~.. t= cacer=:

.~ ~ny ~~ls. ~csl::.es == ~~aac~~a. extsc. :or sht:~S ot • :i:~a

=3.qn~:~c•• :~. :8V18war =3V ~:~Sl=.r p.~1al cr :o:al =a).c~~:~

:~. C3.e& ::r ~~a: 5am~!. ~:~c~~=n.



RZGION !
:aea ~.viav Norxsha.es

X A. ?!STICID! :~STR~~ PERFO~~C! (Sec~ion 1)

._. -..--....

:~s-: ~~e :OT s~Jndar:s ·..nic~ ~ava a reeaneion:.i:e eRr) o! less
~~an :~ ~inu:.es on ':~e ;:acked c=l~:z.n (excepeOV-l or 0'1-101) •

S-:-t;':::';BC ::j :a;:;t
--,,'"
~

,--- ..
~

'-

•

:: -:~. RT" is lass than 12 ::1inu~•• , examine the chromatoqrapny to
eval~at. the separation. :: adequate separa~ion is not achieved, ~:~"

~il at:ec-:ad c=::1~ound daea as unusable (R) •



:a~a ~eview ~orksheets

X 3. ?ESTICIO! :NS~~~YT ?ERFC~~C~ (Sec~ien 2)

. .

:~S~ :~e =:=::~~:5 -~:=~ a:e~ot ~i~~i~ t~e esta~lished wi~dews.

:.~:';
. -·-ve-,

n .,,"'

-.

---e·

:~eck ~~. sample c~r==ateq=ams of t~. sample. analyzed attar t~e l~st

=:~~::~ standard !or reaks .it~i~ an expanded window. :: n ·peaks a:
::esent. :~ere is usual: .. :-:0 et!ec~ on t."1. data. Refer t Reqional

. ;~::al~~es for i~te~at~=n en ~ality1nq data it~.aks ara pre.ent.
;ea~s ~:e present, :ise~ss ac~~:~s calew:



RECIOK I
:ata ReV11W worksh.ets

x: A. ?ESTICIDE CALIBRATION (S.c~i=ns 1 and 2)

...
:~S~ ~~e c:=poundswhi~~ di~ ~ot =eet ~~e Relative Standard :.via:i=~
:;50) c=i:aria ot less t~an ::, ~cr t~e initial cali~rati6n on :~a

~~an~i~a~::n colu:n. .

c;;,:.~

::!q a1: lssociated positive results as esti=ated(J) ~=r samples
.~~~ '~=: ~e.~ ':~. "RSD c~i~.ri&.

.... , -..... --

-. -.... -' .
7~e cata may be attected. :'~e data reviewer must useprotessienal

: ',;:;e:=:ent ::1 determine t~. s.v.ri~y ot t~a .tteC:1: and quality t~. cata
lC=:I=:i~;ly. Oiscuss any ac~ions calow:



REC::OH I
Cata Revie,..- ~orksh.ets

XI 3. ?£STICICE CALIBRATION ~S.c~i=n J)

:~s: :~. c==;:our.:S lJhi=~ =:: :-::::::e.1: t~e percent difference ('0)
=:,:.:eri~ot <l~' en t~e ~..:ant:.:!t:'::t c=l'.J:nn or <20' on the c=ntir~a:::

~:r :~~ c=nti~ui~q cal:~r31::on.

c ....t.·~= "r

-_----...
:~ :~e \0 cr:':er:'a i5:":=t :::8t, ~:!q all associated positive results as
~5::.=:~:ed (.1).



REC:ON I
:a~a _.view ~orkshe.~s

~~d ~~~-~~ -aq-~da~~-n.... -...... _.. - _.. '---
:,;,s: :~e s:anc1ar::s ·..hic~ ~ave a ~:':' or ::ndrin ::-eakc1own o~ ;r.a~.:- :::~:

:0'.
.:r.;..~poBp

-'"\,
e'

:P'!' '=3
;;'CSpf

~..

o
_0

.
- 0

::3qai: ~ositiv. results !or OOT as .s~ima~ed (3) tor all
sa~ples ~=llovinq~~e :as~ in con~r=l s~andar~. :: no :~~ ~as

;re~en~, ~U~ OCC ari~/e:, :CE are posi~ive, :~en !laq ':h~

'~~an~i:a':iQn'l~::i~ ~=r:~ as l,;nusaDl. (R). '

•

-. :~a ~~rc8n~ b:'8akdovn~=r !~drin is qre.~er than 20')

::!q all ;:esitive results !or .ndrina••s~1=a~.d (J') tor all

samples !:llQwinq t~e 13s~ in-con~rol s~anclarcl. If n 8nc:':~

.as de~ec~ecl. :u~ endrin ald.hycl.and/or .nclr1n k.~on. are

~Qsi~iv•• !laq ':h. quan':ita~1Qn limit tor andrin a. unusacl. ,;

:. :laq all pQsi~:.ve r.sults tor endrin k.t:cna a•••~i=at:.cl (.:).



llCION I
:ata Review ~o~kshee~s

x ~. ~ESTICIOE INSTRUMENT PERFORKAHCZ (Sec~ion 4)

... ,

-:.". .
','

•

:~S~ :~. ~er=ant di~~erence ~:~ :~a CSC ~hitt;=eatar t~an ~, ::= =~=

.::l ',,;.:~s, ;~.ater :~an 1. S, ~:~ 'Ji:ia-cora capil:ary columns, or;:'ea ':a,

:::an O. J' ~=r :-:ar=:w-core ca:lll~ary columns.

7~ II S oC::;:::S

-. :~.C!C doe. no~ =ee~ :~a ~.~en~ion tim_ critaria, the analysis :a'

:e ~~aq;ea as unusable (~) ~=r t~e aftac~ed sample., bU~ qual1f1ca~~::

_J :~e :a:a is :.tt up :0 :~. ?rc!e.sional juaqemen~ of the reviewer,

:~sc~ss any quali:ica~ion :t :~e data celow:

•



CLP 3/90-S0W PESTICIDE/PCB ADDENDUM TO REGION I WORKSHEETS

1. Pesticide Laboratory Control Sample Recovery (Form III - LCP) :

Water:

~2 : LC/llywD:

·.~21 LDII/8 WD :

~~ ... ~H(, .5~X.R

E~ . . 41%~

[~ sn~.R

•

2.

3.

4.

5.

6.

Pestici6e Analyte.Resolution Suinmary (Form VI - Pest 4):

CUL·~d ~.

Pesticide Calibration Verification Sur,~ry (Form VII ~ Pest 1
(7D); RPD becween nominal amounts and calculated amounts of
PEM) :

Pesticide Calibration Verification Summary (Form VII - Pest. 2
(7E); RPD becween nominal amounts and calculated amounts of
IND A and IND B Mixtures) :.

Pesticide Florisil Cartridge Check (Form IX - Pest 1 (9A»:

au.~~'

Pesticide Identification Summary of Single Component Analytes
(Form X - Pest 1 (lOA); %D between positive results on column
1 and column 2) : ' .



~GIOH I
:~:! ~.view ~Qrksh••~s

x::. s~~PLE QUAHTITATIOK"

:~ :~e s:~c~ ~el:w, ::ease shew a ~ini~um ot ene sample ealeula~~:~ :. . "

~_5V__
5D7

LCII/fjWD D6-/701 ..

II~Sf'170

CJ//9737S
10000 tJ;-" I _-----)1 - ,.
/OOOhnL, /.~~
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SOUTHWEST LABORATORY ·OF OKLAHOMA
1700 West Albany, Suite. A / BroKen Arrow, OK 74012

918-251-2858

SDG NARRATIVE
December 7. 1995

CLIENT:

SDG No.:

. NUS

24070

VOLATILE FRACTION

Two water samples were submitted for Volatile Organic analysis. The samples
were analYzed by GC/MSfollowing the OlM03.2 ClP Statement of Work.

Alternate columns used by Southwesf laboratory of Oklahoma. for the analysis of
volatile compounds by Method OlM03.2 are the Restek XTI-5 (bonded 5%
phenyl-95% dimethyl polysiloxane), 30m, 0.25mm 10, 1um film thickness (Restek
#12253) and the DB624. 75m, 0.53mm1D Megabore, 3um film thickness (J&W

.An alternate trap used for· the analysis of volatile compounds by Method
. OlM03.2 is the Vocarb 3000 (Carbopack B/Carboxen 1000 & 1001: Tekmar #2
1066).

No major problems occurred during the analyses of these samples.

Blanks: VBlK 1 contained low-level methylene chloride and acetone
contamination. less than CRQL.

surrogates: No problems.

laboratory Control Spikes: No problems.

Internal Standards: No problems.

SEMIVOLATILE fRACTION'

One water sample was submitted for Semivolatile Organic Analysis. The sampl
was analyzed by GC/MS following the OlM03.2 ClP Organic Statement of Work.

The following column is used for the semivolatile analysis: Restek XTI-5 (bonded
%5 phenyl-95% dimethyl polysiloxane). 30m, 0.25mm ID. 0.25um film thickness
(Restek # 12223). .

I



No major problems occurred during the analyses of these samples.

Blanks: SBLKlhad low level phthalate contamination above CRQL at 13 ug/L,
but. below five times CRQL. Therefore blank was considered acceptable.

Surrogates: No problems.

Matrix Spik·es: No matrix spikes were analyzed with this set of data, instead
laboratory control spikes were analyzed and reported.

Laboratory Control Spikes: LCS had low recovery of 1A-dichlorobenzene at 32%
and 1,2.4-trichlorobenzene at 36%. The LCS/LCSD had high RPD for 104
dichlorobenzene at 36%.

Internal Standards: No problems.

\

;J~h1~Vy
Harry M. Borg
Organic Program Manager

December 7. 1995 .



South,west Laboratory ofOklahonuz

SPO Narrative
November 30, 1995

Case:
SOO:
Contract:
Samples:
Fraction:

NUS
24070
PESTIPCB
3MSPOl.
PesticidelPCB

;

\

.SDO 24070 consisted of I water sample which was analyzed for pesticidelPCBs. All
. samples, blanks and spikes were extracted and analyzed according to EPA SOW OLM03.2. The
samples were analyzed on J&W Scientific dual analytical columns (30m x 0.32mni m, 0.251lO1
film thickness, DB-17 and OB-1701). The DB-17 phase consists of (SOo/o-Phenyl) ,
Methylpolysiloxane and the DB-170 1· phase consists of (14%-Cyanopropylphenyl)
Methylpolysiloxane. These columns were specifically designed for' pesticidelPCB separation as
required by the EPA's SOW. All applicable manufacturer's instructions were followed for the
analysis of pesticideslPCBs. Manufacturer provided information concerning the performance
characteri~icsof the column are·kept on site.

Surrogate recoveries ofall method blanks, QC, and samples were within limits. The
LCILDl18WD recoveries were high. The surrogate recoveries indicated acceptable extraction
efficiency. The high recoveries may be due to a concentrated spike solution. The spike solution
had been remade. . .

.The following tables list the total nanograms injected on column for each calibration
standard based upon amount injected on colum.n, IJ,lL or 2J,lL:

RESOLUTION CHECK

Compounds. Total nanograms (1J,lL) Total nanograms (2J,lL)
gamma-Chlordane 0.01 0.02
Endosulfan I 0:01 0.02
4,4'-DDE 0.02 0.04
Dieldrin 0.02 0.04
Endosulfan Sulfate 0.02 0.04
Endrin Ketone 0.02 0.04
Methoxychlor 0.1 0.2
Tetrachloro-m-xylene 0.02 0.04
Decachlorobiphenyl 0.02· 0.04

PERFORMANCE EVALUATION
.COmpoundst\>::):>:.:::·:Total nanogJ"BlIlS(1jili) .. ::. ::.: ·:::TOtaI:·oarn:JgI'8ins(2JiLl"'::::;:.:::
gamma-BHC 0.01 0.02
alpha-BHC 0.01 0.02
4,4'-DDT 0.1 .02

1700 W. Albany Broken AJrow, OK. 74012-1421 (918)251-2858 .
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J5A 'j ',. ~ ~;;

VOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK
BROMOFLUOROBENZENEJ (BFB) .

. ' .. , ~.

·r·ab Name: SWL-TULSA C6ntract:

"-lab Code: SWOK Case No.: NUS SAS No.: SDG No.: 24070

Lab File ID: L17759.D

Instrument ID: L

GC Column:DB624 ID: 0 • 53 .( mm)

BFB Injection Date: 09/18/95

BFB Injection Time: 1100

Heated Purge: (YIN) N

2-Value ~s % mass 176I-Value ~s % mass 174

%RELATlvt;
mle ION ABUNDANCE CRITERIA ABUNDANCE

-==== ============--===================-=================== a=============
50 8.0 - 40.0% of mass 95 16.4
75 30.0 - 66.0% of mass 95 38.2
95 Base peak, 100% relative abundance 100.0
96 5.0 - 9.0% of mass 95 6.1

173 Less than 2.0% of mass 174 0.0 ( o. en 1
! 174 . 50.0 - 120.0% of mass 95 61.4
I 175 4.0 - 9.0% of mass. 174 3.8. ( . 6.2)1

I
176 93.0 - 101. 0% of mass 174 61.6 (100.3)1
177 5.0 - 9.0% of mass 176 4.6 ( 7.5)2

,

1'HIS CHECK APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

EPA LAB LAB DATE TIME
SAMPLE NO. SAMPLE ID . FILE ID ANALYZED ANALYZED

============ c====c===cc:=== ==acz==a::z::::====-.:=_ ========== ====-=__cc:=

VSTD050L6 VSTD050L6 L17760.D . 09/18/95 1123
VSTD100L6 VSTD100L6 L17762.D 09/18/95 1212
VSTD020L6 VSTD020L6 L17763.D· 09/18/95 1237
VSTD010L6 VSTD010L6 L17764.D 09/18/95 1302
VSTD200L6 VSTD200L6 L17765.D 09/18/95 1352

:

01
02
03

. 04
05
06
07

'. 08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

.ge 01 of 01
. FORM V VOA OLM03.0

... 15



6A
VOLATILE ORGANICS INITIAL CALIBRATION DATA

I Name: SWL-TULSA Contract:

. Calibration Date(s): 09/18/95

Case No.: NqSI.e :> Code: SWOK

II ::trument ID: L

BEJ.ted Purge: (Y/N) N

. SAS No.:

Calibration Times: 1123

SDG No.: 24070

1352

*'
*I
*
*
*
*
*
*
*

1

*
1
*

1

1
*

1

*
*
*
*
*
*

1
I

ID: 0.53 (min)

..JU3 FILE ID: RRFlO =L17764.D RRF20 =L17763.D
RF50 =L17760.D RRF100=L17762.D RRF200=L17765.D ,

COMPOUND RRFIO RRF20 RRF50 RRF100 RRF200 RRF RSD
~==================-====== ====== ====== ====== ====== ====== ====- ====a
hloromethane 0.873 0.975 1.157 1.193 1.003 1.040 12.8
romomethane 0.957 1.056 1.103 1.189 0.966 1.054 9.2
inyl Chloride * 0.971 1.133 1.316 1.391 1.160 1.194 13.7
·.J.loroethane

1
0.703 0.830 0.927 0.936 0.780 0.835 11.8

ethylene_Chlor~de 1.347 1.442 1.421 . 1.316 1.159 1.337 8.3
cetone 0.563 0.531 0.548 0.482 0.427 0.510 . 10.9
:rrbon D~sulf~de· 4.363 4.868 5.189 4.388 4.222 4.606 8.8
.,1~DiChloroethene 1.391 1.550 1.645 1.559 1.523 1.533 5.9
,1-Dichloroethane "* 2.945 3.297 3.387 3.244 3.109 3.196 5.4
,2-Dichloroethene_(total)__ 1 1.687 1.893 1.945 1. 726 1.655 1. 781 7.2
~loroform * 2.886 3.214 3.298 3.117 2.988 3.100 5.3
,2-Dichloroethane * 1.527 1.727 "1. 726 .1.519 1.428 1.586 8.5
~utanone . 1 0.812 0.872 0.821 . 0.797 0.725 0.805 6.6
., 1-Trichloroethane 0.474 0.536 0.521 0.484 0.469 0.497 6.0

~rbon Tetrachloride * 0.402 0.4.65 0.449 0 .• 450 ·0.442 0.442 '5.3
·romodI'chloromethane * 0.430 0.474 . 0.469 0.432 0.412 0.443 6.0
,2-Dichloropropane I 0.348 0.381 0.377 0.375 0.350 0.366 4.3
is-1,3-Dichloropropene * 0.428 0.478 0.486 0.433 0.413 0.448 7.1
richloroethene * 0.316 0.360 0.351 0.344 0.330 0.340 5.1
ibromochloromethane * 0.293 0.330 0.323 0~304 0.293 0.309 5.6
,1,2-Trichloroethane * 0.230 0.255 0.240 0.244 0.231 0.240 4.3
enzene * 0.869 0.956 0.929 0.888 0.822 0.893 5.8
rans-1,3-Dichloropropene___* 0.341 0.369 0.363 0.325 0.317 0.343 6.6
romoform . * 0.158 0.181 0.170 0.168 0.155 0.167 6.2
-Methyl-2-Pentanone 10.424 0.449 0.370 0.359 0.345 0.390 11.4
-Bexanone 0.318 0.372 0.302 0.310 0.284 0.317 10.3
etrachloroethene 0.387 0.431 0.416 0.371 0.358 0.393 7.7
,1,2,2-Tetrachloroethane· * 0.382 0.420 0.351 0.354 0.308 0.363 11.3
'oluene . ---* 1.403 1.542 1.436 '1.372 1.307 1.412 '6.1
hlorobenzene' * 0.892 0.973 0.939 0.921 0.873 0.920 4.2
thylbenzene * 0.460 0.525 0.472 .0.473 0.457 0.477 5.7
tyrene * 0.864 0.956 0.904 0.831 0.749 0.861 9.0
ylene_(Total) . * 0.532 0.597 0.562 0.55,5 0.501 0.550 6.4
-== =e=- == ===============1=====- =--- ====- a=-=== =-== c::="__ --=-
oluene-d8 1.099 1.Q87 1.256 1.194 1.289 1.185 7.6
rOmofluoroEenzene .'. 0.508 .0.492 0.571 0.548 0.543 0.532 5.9
,2-Dichloroethane-d4 11.236 1.191 1.415 1.373 1.453 1.334 8.5

==

l.
E
1
c
T
D
1
B
t
B
4
2
T
1
T
C
E
S
X

T
E
J.

.=
C
D
V
C
J.!
A
C
J
1
1
C
1

GC Column:DB-624

r
h.

Compounds with required minimum ~.and maximum %RSD values.
-ll other compounds must meet a~n1mum RRF of 0.010 •.

\

FORM VI VOA OLM03.0

...' 28
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VOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK
BROMOFLUOROBENZEN~~' ~"i"( BFB )

',; ,)
.;~~.;

b Name: SWL-TULSA ' Contract:

"Lab Code: SWOK Case No.: NUS SASNo.:" SDG No.: 24070

:.ab File ID: L18529. 0

Instrument ID: L

GC Column:DB624 ID: 0.53 (mm)

BFB Injection Date: 11/17/95

BFB Injection Time: 0906

Heated Purge: (Y/N) N

2-Value ~s % mass 176I-Value ~s % mass 174

% WJi' "n~IVJ::;

m/e ION ABUNDANCE. CRITERIA ABUNDANCE
==== ===================================================== -==============

50 8.0 - 40.0% of mass 95 17.9
75 . 30~ 0 - 66.0% of mass 95 38.6
95 Base peak, 100% relative abundance 100.0

·96 5.0 - 9.0% of mass 95 6.9
173 Less than 2.0% of mass 174 0.0 { 0.0)1
174 50.0 - 120.0% of mass 95 ' 57.2
175 4.0 - 9.0% of mass 174 4.5 { 7.8)1
176 93.0 - 101. 0% 'of mass 174 57.0 { 99.6)1
177 5.0 - 9.0% of mass 176 3.5 { 6.2)2

,

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

01
02
03
04
05
06
07
08
09
10
11

, 12
13
14
15
16
17
18
19
20
21
22

EPA LAB LAB DATE TIME
SAMPLE NO. SAMPLE ID FILE ID ANALYZED ANALYZED

============ ============== ecce=====::::= ========== ========ClC
VSTD050LE VSTD050LE L18530.D 11/17/95 0933
VBLK1 . L951117A L18532.D 11/17/95 1045
LCS1 LCS1 L18533.D 11/17/95 1125
LCSD1 LCSD1 L18534.D 11/17/95 1152
TB30-111595 24070.01 L18546.D 11/17/95 1825
3MSP01 24070.02 L18547.D 11/17/95 1852

~.1ge 01 of 01
FORM V VOA OLMO~.O

••" 16



7A
VOLATILE CONTINUING CALIBRATION CHECK

Init. Calibration Date(s): 09/18/95

Calibratiori Date: 11/17/95Instrument ID: L

Lab File ID: L18530.D

. "\b Name: SWL-TULSA

.!..aab Code: SWOK Case No.: NUS

Contract: .

SAS No.: SDG No.: 24070

Time: 0933

\,

Eeated Purge: (Y/N) N Init~Calibration Times: 1123 1352

GC Column:DB-624 . ID: 0.53 (mm)

RRF
M~N MAX

COMPOUND RRF50 RRF %D %D
====== _====c--============ ====== -====== ==--= ======- a==
Chloromethane 1.040 0.820 -21.2
Bromomethane 1.054 1.026 0.100 -2.7 25.0
Vinyl_Chloride - 1.194 1.302 0.100 9.0 25.0
Chloroethane 0.835 0.916 9.7
Methylene_Chlor~de 1.337 1.578 18.0
Acetone 0.510 0.507 -0.6
Carbon D~sul£~de 4.606 4.652 1~0

1,1-Dichloroethene 1.533 1.665 0.100 8.6 25.0
1,1-Dichloroethane 3.196 3.484 0.200 9.0 25.0
1,2-Dichloroethene_(total) 1.781 1.810 1.6
Chloroform - 3.100 3.283 0.200 5.9 25.0
1,2-Dichloroethane 1.586 1.484 0.100 -6.• 4 25.0
2-Butanone 0.805 0.798 -0.9
1, 1, I-Trichloroethane 0.497 0.465 0.100 -6.4 25.0
Carbon Tetrachloride 0.442 0.419 0.100 -5.2 25.0
BromodIchloromethane 0.443 0.435 0.200 -1.8 25.0
1,2-Dichloropropane 0.366 0.384 4.9
cis-l,3-Dichloropropene 0.448 0.452 0.200 0.9 25.0
Trichloroethene 0~340 0.332 0.300 . -2.4 25.0
Dibromochloromethane 0.309 0.274 0.100 -11.3 25.0
1,1,2-Trichloroethane 0.240 0.229 0.100 -4.6 25.0
Benzene 0.8~3 0.894 0.500 0.1 25.0
trans-l,3-Dichloropropene___ 0.343 0.324 0.100 -5.5 25.0
Bromoform 0.167 0.120 0.100 1(''''"'26.:( 25.0
4-Methyl-2-Pentanone 0.390 0.378 -3.1
2-Hexanone 0.317 0.329 3.8
Tetrachloroethene 0.393 0.386 0.200 __1.8 25.0
1,1,2,2-Tetrachloroethane 0.363 0.251 0.300 I(-"'u~~25. 0
Toluene --- 1.412 1.489 0.400 ~.5 25.0
Chlorobenzene 0.920 0.882 0.500 -4.1 25.0
Ethylbenzene 0.477 0.448 0.100 -6.1 25.0
Styrene 0.861 0.677 0.300 -21.4 25.0
Xylene_(Total) 0.550 0.450 0.300 -18.2 25.0
an=n.====nrzr::rrcrzc.ac-==--___I:ID_ ---- -=-C~I:I ClD",,"" !!!Inr_._ ====
Tluene-d8 1~185 1.447 22.1
BramofluoroEenzene 0.532 0.502 0.200 -5.6 25.0
1,2-Dichloroethane-d4 1.334 1.441 8.0

..

All other compounds must meet a minimum RRF of 0.010.

FORM VII VOA OLM03. 0

• .. 48
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VOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK
BROMOFLUOROBENZENE·~1( BFB) .

,b Name: SWL-TULSA C~htiact:

[.ab File ID:L18589. D .

.~·ab Code: SWOK

1nstrument ID: L

GC Column:DB624

'Case No.: NUS

ID: 0.53' '(mm)

SAS No. : SDG No.: 24070
;

BFB Injection Date: 11/21/95

BFB Injection Time: 0852

Heated Purge: (Y/N) N

2-Value ~s % mass 176l-Value ~s % mass 174

% RELATIVE
m/e ION ABUNDANCE CRITERIA ABUNDANCE
== ===================================================== =========--====

50 8.0 - 40.0% of mass 95 18.0
75 30.0 -, 66.0' of mass 95 38.7
95 Base peak, 100' relative abundance 100.0
96 5.0 - 9.0' of mass 95 6.4

173 Less than 2.0% of mass 174 0.0 ( 0.0'>1
174 50.0 - 120.0% of mass 95 59.2

, 175 4.0 - 9 .. 0' of mass 174 4.2 ( 7.2)1
176 93.0 - 101.0% of mass 174 57.4 ( 97.0)1
177 5.0 ~9.0' of mass 176 3.7 ( .6.5)2

,

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS ,AND STANDARDS:

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

. EPA' LAB LAB DATE TIME
SAMPLE NO. " SAMPLE ID FILE ID ANALYZED ANALYZED

=========== ============== ============== ==--===== =========
VSTD050LB VSTD050LB L18590.D 11/21/95 1103
VBLK2 L95112lA L18591.D 11/21/95 1232
VBBLK1 VBBLK1 L18598.D 11/21/95 . 1625

3.ge 01 of 01
1....- " FORM V VOA " OLM03.0

••' 17



7A
VOLATILE CONTINUING CALIBRATION CHECK

Calibration Date: 11/21/95 Time: 1103

Init. Calibration Oate(s): 09/18/95

Case No.: NUS SDG No.: 24070

b Name: SWL-TULSA

Lab Code: SWOK

Instrument ID: L

Lab File IO: L18590.0

lleated Purge: (Y/N) N

Contract: .

SAS No.:.

Init. Calibration Times: 1123 1352 .

GC Column:DB-624 ID: 0.53 (mm)

RRF
MIN . MAX

COMPOUNO RRF50 RRF . %0 %0
==========-=-=--========~=== ====== a==a..... =- -=.=a== _=c=
Chloromethane 1.040 0.763 C-Zb .b..

Bromomethane 1.054 0.900 0.100 -T4.6 25.0
Vinyl_Chloride - 1.194 1.206 0.100 1.0 25.0
Chloroethane 0.835 0.874 4.7
Methylene_Chlor~de 1.337 1.285. ..=3.9
Acetone 0.510 0.306 . <'-4\J~
Carbon D~sulf~de 4.606 4.861 -5.5
1,1-0iCbloroethene 1.533 1.700 0.100 10.9 25.0
1,1-0ichloroethane 3.196 3.630 0.200 13.6 25.0
1,2-0ichloroethene_(total)__ 1.781 1.867 4.8
Chloroform 3.100 3.354 0.200 8.2 25.0
1,2-0ichloroethane 1.586 1.528 0.100 .=3.7 25.0
2-Butanone 0.805 0.525 C-3~.]:
1,1,1-Trichloroethane 0.497 0.488 0.100 . -=1.8 25.0
Carbon Tetrachloride 0.442 0.430 0.100 -2.7 25.0
BromodIchloromethane 0.443 0.423 0.200 -4.5 25.0
1,2-0ichloro1rop ane 0.366 0.367 0.3
cis-1,3-0ich oropropene 0.448 . 0.444 0.200 -0.9 25.-0
Trichloroethene 0.340 0.338 0.300 -0.6 25.0
Dibromochloromethane 0.309 0.257 0.100 -16.8 25.0
1,1,2-Trichloroethane 0.240 0.218 0.10.0 -9.2 25.0
Benzene 0.893 0.883 0.500 -1.1 25.0
trans-l,3-Dichloropropene___ 0.343 0.314 0.100 .-=..-8.5 25.0
Bromoform . . 0.167 0.117 O.~OO -~. 25.0
4-Methyl-2-Pentanone 0.390 0.278 -~ts.

2-Bexanone 0.317 0.200 -36. )

Tetrachloroethene 0.393 0.402 0.200 z-. 25.0
1,1,2,2-Tetrachloroethane 0.363 0.247 0.300 ~..)~.u_~5.0
Toluene . . -.-- 1.412 1.455 0.400 ..).u 25.0
Chlorobenzene 0.920 0.854 0.500 -7.2 25.0
Ethylbenzene 0.477 0.448 0.100 -6.1 25.0
Styrene 0.861 0.712 . 0.300 -17.3 25.0
Xylene. (Total) 0.550 0.459 0.300 -16.5 25.0
z:z::::u:::==:cr:m==.....==nrft"mannacraa__ ---- --- --- =_...... =:==1:1
Toluene-d8 1.185 1.187 0.2
Bromofluorobenzene 0.532 0.423 0.200 -20.5 25.0
1,2-0ichloroethane-d4 1.334 1.211 -9.2

-
~l other compounds must meet a minimum RRF of 0.010.

FORM VII VOA . OLM03.0
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4A

VOLATILE METHOD BLANK :SpMMARY
EPA SAMPLE NO.

- w Name: SWL-TULSA

...ab Code: SWOK Case No.: NUS,

, .
",
I 'I ~

Contract:

SAS No.:

VBLKI.

SDG No.: 24070

.Lab File ID: L18532. D

Qate Analyzed: 11/17/95 Time Analyzed: 1045

Heated Purge: (Y/N) NGC Column:DB-624

Instrument ID: L

1D: 0.53 . (mm)

Lab Sample ID ~ L951117A

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD

01
.02

03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

COMMENTS:

EPA LAB LAB TIME
SAMPLE NO. SAMPLE ID FILE ID ANALYZED

============ ============== -=-============= ==========
LCSI LCSI L18533.D 1125
LCSDI LCSDI L18534.D 1152
TB30-111595. 24070.01 L18546.D 1825
3MSPOI 24070.02 L18547.D 1852

.,

;

pag 01 of 01

FORM IV VOA

....
OLM03.0,

13



1A
. VOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

r~ Name: SWL-TULSA

. ,ab Code: SWOK Case No.: NUS

Contract:

SAS No.:

VBLKI

SDG No.: 24070

·'~trix: (soil/water) WATER

Sample wt/vol: 5.0 (g/mL)ML

Level: (low/med). LOW

.~ Moisture: not dec.

GC Column:DB-624

Soil Extract Volume:

CAS NO.

ID: 0.53 (mm)

___CuLl

COMPOUND

Lab Sample ID:L9S1117A

Lab File ID: LlS532.D

Date Received: / /

Date Analyzed: 11/17/95

Dilution Factor: 1.0

Soil Aliquot Volume: (uL)

CONCENTRATION UNITS:
(ug/L .or ug/Kg) UG/L Q .

74-S7-3~--------Chloromethane 10 U
74-S3-9---------Bromomethane 10 U
7S-01-4~--------Vinyl Chloride 10 U
75-00-3---------Chloroethane . 10 U
7S-09-2---------Methylene Chloride (~ .Ii)
67-64-1---------Acetone ( -4 :11)

7S-1S-0---------Carbon Disulfide 10 U
7S~3S-4---------1,1-Dichloroethene 10 U
75-34-3---------1,I-Dichloroethane 10 U
S40-S9-0--~-~---1,2-Dichloroethene (total)_ 10 U
67-66-3---------Chloroform 10 U·
107-06-2--------1,2-Dichloroethane 10 U
7S-93-3----~----2-Butanone 10 U
71-55-6---------1, 1, I-Trichloroethane 10 U
S6-23-S-----~---Carbon Tetrachloride lO- U
7S-27-4-----~---Bromodichloromethane 10 U
7S-S7~5-----~---1,2-Dichlorolropane 10 0
10061-01-S------cis-l,3-Dich oropropene 10 U
79-01-6---------Trichloroethene 10 U
124-4S-1--------Dibromochloromethane 10 U
79-00-5---------1,1,2-Trichloroethane 10 U
71-43-2---------Benzene 10 U
10061-02-6------trans-l,3-D1chloropropene- 10 U
7S-2S-2------~--Bromoform ~ 10 0
10S-10-1-~-~----4~Methyl-2-Pentanone 10 U
591-7S-6--------2-Bexanone 10 0
127-1S-4--------Tetrachloroethene 10 U
79-34-S-~-------1,1,2,2-Tetrachloroethane____ 10 U
10S-SS-3--------Toluene 10 U
10S-90~7--------Chlorobenzene 10 U
100-41-4--------Ethylbenzene 10 0
100-42-S--------Str;ene 10 0
1330-20-7-------Xy ene (Total) 10 0

FORM I VOA OLM03.0
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1E
VOLATILE ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

. EPA SAMPLE NO.

VBLK1
Contract:

SAS No. : SDG No. : 24070

Lab Sample ID: L951117A

Lab File ID: L18532.D

Date Received: / /
(g/mL) ML

LOW

Case No.: NUS

'b Name: SWL-TULSA'

l.ab Code: SWOK

~ Matrix: (soil/water) WATER

3ample wt/vol: 5.0

~evel: (low/med)

GC Column:DB-624

__(uL)

% Moisture: not dec. _

ID:. 0.53 (mm)

Soil Extract Volume: (uL )

Number TICs found: O·

Date Analyzed: 11/17/95

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L.

CAS NUMBER COMPOUND NAME RT EST. CONC. Q
r=--=--===--====== ============================ ======== ============= ======

1.
2.
3.
4.
5.
6.
7.
8.
9.

_.
10.
11.
12.
13.
14.
15 •.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

FORM I VOA-TIC OLM03.0
\. .

• .. . 66



5B
SEMIVOLATlLE ORGANIC INSTRUMENT PERFORMANCE CHECK

DECAFLUOROTRIPHENYLPHOSPHINE (OFTPP)

·,b Name: SWL-TULSA Contract: NUS

.LIab Code: SWOK Case No.: NUS SAS No.: SDG No.: 24070

Lab File ID: V11006.D

Instrum nt ID: V

DFTPP Injection Date: 11/14/95

OFTPP Injection Time: 0629

~ ~li' .:a~IVE

m/e ION ABUNDANCE CRITERIA ABUNDANCE
===== ====c========acc===============================--==== =====--========

51 30.0 - 80~0% of mass 198 42.8
68 Less than 2.0% of mass 69 0.0 ( 0.0)1
69 Mass 69 relative abundance 57.0
'flO Less than 2.0% of mass 69 0.4 ( 0.7)1

127 25.0 - 75.0% of mass 198 49.5
197 Less than 1.0% of mass 198 0.0
"198 Base peak, 100% relative abundance 100.0
199 5.0 to 9.0% of mass 198 7.0 '-.
275 10.0 - 30.0% of mass 198 24.5
365 Greater than 0.75% of mass 198 4.54
441 Present, but less than mass 443 11.2
442 40.0 - 110.0% of mass 198 74.7
443 15.0 - 24.0% of mass 442 14.3 ( 19.2)2

I-Value ~s % mass 69 2-Value ~s % mass 442

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS," AND STANDARDS:

01
02
03
04
05
06
07
08
09
10
11
12
13
14

"15
16
17
18
19
20
21
22

EPA LAB LAB DATE Tl:ME
SAMPLE NO. SAMPLE ID FILE IO ." ANALYZED" ANALYZED"

=====aa====_ ==aaz:za_______a
1:1IIICI==_amaaa=_a _===_aa==_ ...._---

SSTD050VV SSTD050W V11007.D 11/14/95 0711
SSTD020VV SSTD020VV VI1008.D 11/.14/95 0744
SSTD080VV SSTD080VV V11009.D 11/14/95 0814
SSTD120VV SSTD120VV V11010.D 11/14/95 0844
sSTb"160VV SSTD160VV" ~ VII011.D 11/14/95 0915

ge 01 of 01
FORM V SV·

.."

3/90

90 •.~.
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SEMIVOLATILE ORGANICS INITLAL CALIBRATION DATA

Calibra:tion Date(s): 11/14/95

Calibration Times: '0711

L- Name: SWL-TULSA

at Code: 'SWOK .

-'strument ID:' V'

Case No.: NUS

Contract: NUS

SAS No.: SDG No.: 24070

0915

*
*
*
*
*
*

*
*

I
*
*
*
*
*
*
*
*
*
*
*
I
*

1

1

1
*
1
1
*I

LAB FILE ID: RRF20 aV11008.D RRF50 =V11007.D
RRF80 =V11009.D RRF120=V11010.D RRF160=V11011.D ,

COMPOUND. RRF20 RRF50 RRF80 RRF120 RRF160 RitF RSD
========================-=== c:::::=z::=_ ====- a===a= ====== ====== ===c:=m =====
Phenol 1.626 1.134 1.085 1.302 1.270 1.283 16.5
bis(2-Chloroetfiyl)Etfier * 1.194 1.096 0.996 0.888 0.995 1.034 11.2
2-chloro1henol . * 1.392 1.244 1.109 1.141 1.135 1.204 9.7
1,3-Dich orobenzene - * 1.602 1.456 1.529 1.398 1.307 1.458 7.8
1,4-Dichlorobenzene * 1.526 1.330 1.633 ·1.517 1.334 1.468 .8.9
1,2-Dichlorobenzene * 1.555 1.449 1.394 1.121 1.188 1.341 13.5
2-MethylEhenol '. * 1.061 0.855 .1.059 0.833 0.870 . 0.936 12.2
2,2'-O~ is(l-Cfiloropropane)! 1.102 0.921 0.917 0.944 0.930 0 •. 963 8.1
4-Methy phenol 1.179 0~873 0.792 1.097 0.889 0.966 16.9
N-Nitroso-di-n-propyl~ne_'_*0.826 0.765 0.747 .0.722 0.689 0.750 6.8
Hexachloroethane . * 0.904 0.780 0.710 0.60.7 0.633 0.727 16.5
Nitrob nzene * 0.507 0.485 0.419 0.499 0.429 0.468 8.7
Iso~horone * 0.908 0.847 0.798 0.816 0.847 0.843 4.9
~ ~~trophenol. * 0~240 0.236 0.235 0.207 0.209 0.226 7.1

-Dimethylpfienol * 0.376 0.388 0.378 0.391 . 0.378 0.382 1;7
b~S(27Chloroetho61)metfiane__' ~ 0.449 0.417 0.385 0."393 0.393 0.407 "6.4
~, 4-D~chloropheno . * 0.349 0.349 0.346 0.330 0.361 0.347 :3.1

,2,4-Trichlorobenzene * 0.415 0.415 0.415 . 0.404 0.422 0.414 1.5
aphthalene * 1.064 1.069 1.051 1.032 1.179 1.079 5.3
4-Chloroanil~ne I 0.458 0.468 0.414 0.445 0.432 0.443 4.8
Hexachlorobutad~ene 0.308 0.325 0.307 0.295 0.313 0.310 3.5
4-chloro-3-MethIlPhenol . * 0~365 0.366 0.333 0.324 0.347 0.347 5.4
2-Methylnaphtha ene' * 0.695 0.683 0.683 0.688 0.752 0.700 ·4.2
Hexachlo~ocIclopentaaiene___l 0.464 0.529 0.521 0.532 0.547 0.519 6.1
2,4,6-Tr~ch orophenol . 0.393 0.437 0.394 0.422 0.410 0.411 4.5
2,4,5-Trichloro1henol . * 0.000 0.469 0.397 0.385 0.402 0.413 9.1
2-chlorona1htha ene . * 1.110 1.126 1.051 1.003 1.045 1.067 4.7
2-Nitroahi ine 10.000 0.418 .' 0.403 " 0.390 0.371 0.396 5.0
DimethhlEhthalate 1.346 1.368 1.273 1.252 1.257 1.299 4.1
Acena~ t ylene 1.891 1.839 1.762 1.672 1.740 1.781 4.8
2,6-D~nitrotoluene * 0.349 0.348 0.317 0.298 0.291 0.321 8.5
3-Nitroaniline ! 0.000 0.313 0.291 0.261 0.276 0.285 7.7.
Acena~hthene . 1.092 1.094 1.028 1.044 1.052 1.062 2.7
2,4-D~nitrophenol 10.000 0.182 0.180 0.195 0.182 0.185 3.7
4-Nitrophenol 0.000 0.248 0.245 0.253 0.236 0.246 2.8
Dibenzofuran 1.543 1.560 1.486 1.414 1.477 1.496 3.8
2,4-Dinitroto!uene * 0.426 0.450 0.430 0.399 0.395 0.420 5.4

I

* Compounds with required minimum RRF and maximum 'RSD values.
-ll other compounds must meet a minimum RRF of 0.010.

FORM VI SV-1 3/90

• t' 103



6C
SEMIVOLATILE ORGANICS INITIAL CALIBRATION DATA

1. Name: SWL-TULSA Contract: NUS

Lab Code: SWOK Cas No. : NUS SAS No.: SDG No.: 24070

Instrument·ID: V Calibration Date(s): 11/14/95

Calibration Times: 0711 0915

LAB FILE ID: RRF20=V11008.D RRF50 aV11007.D
RRF80 aV11009.D RRF120-V11010.D RRF160=V11011.D ,

COMPOUND RRF20 RRF50 RRF80 RRF120 RRF160 RRF RSD
~--.....-== ...-==----=--- -_...... ==a___ -===SII:::I_ a:==-=== __==ac:r e=_==- ......=

Diethy1phtha1ate 1.498 1.477 1.375 1.293 1.275 1.383 7.3
4-Ch1oropheny1-phenylether__* 0.518 ·0.517 0.517 0.529 0.522 0.521 0.9*
~luorene * 1.119 1.168 1.089 1.099 1.146 1.124 2.9*
4-Nitroan.1.l.1.ne - 0.000 0.272 0.266 . 0.275 0.263 0.269 2.0
4,6-Dinitro-2-methylphenol 0.000 0.190 0.183 0.176 0.187 0.184 3.1
N-Nitrosodipheny1amine (1):: 0~562 0.526 0.527 0.496 0.505 0.523 4.8
4-Bromopheny1-pheny1etner___* 0.241 0.246 0.235 0.244 0.248 0.243 2.1*
Bexachlorobenzene * 0.354 0.351 0.353 0.351 0.367 0.355 1.9*
P ntachloropheno1 . * 0.000 0.180 0.184 0.188 0.195 0.187 3.4*
Phenanthrene * 1.125 1.099 1.067 1.052 1.123 1.093 2.9*
Anthracene * 1.035 0.996 0.969 0.937 0.984 0.984 3.6*
Carbazo1 I 0.861 0.827 0.810 0.813 0.861 0.834 . 3.0I
Di-n-butLlphthalate 1.616 1.544 1.492 1.393 1.412 1.492 6.2
T-"·'10rant ene· * 0.905 0.938 0.952 0.950 0.975 0.944 2.7*

:ene * 2.107 1.992 1.889 1.800 1.858 1.929 6.3*
b~ty1b nZIlphthalate 11.213 1.186 1.104 1.;017 1.032 1.110 '7.91
3,3'-Dich orobenzidine 0.327 0.390 0.406 0."482 0.487 0.418 16.0
Benzo(a) anthracene 1.238 1.319 1.266 1.312 1.331 1.293 3.0
Chrysene * 1.235 1.215 1.212 ·1.277. 1.301 1.248 3.1*
bis(2-EthIlhexyl)phthalate I 1.532 1.509 1.446 1.321 1.353 1.432 6.41Di-n-octy phthalate .-- 2.031 2.494 2.407 2.320 2.414 2.333 7.7
Benzo(b)f1uoranthene * 1.132 1.228 1.247 1.292 1.408 .1.26i 7.9*
Benzo(k)f1uoranthene * 1.233 1.402 1.390 1.422 1.369 1.363 '5~5*

Benzo(a)pyrene * 1.009 1.141 1.112 1.164 . 1.203 1.126 6.5*
Indeno (1,2, 3-cd) pyrene * O. 8.41 1.024 1.001 1.061 1.144 1.014 10.9*
Dibenz(a,h)anthracene * 0.720 0.926 0.901 0.970 1.021 0.908 12.5*
Benzo(g,h,.1.)perylene * 0.861 1.008 0.953 0.988 .1. 050 0.972 7.3*
======--==I:l=-=aaa:::z:::m==z::==~aa:::::a=a.I-=-z-==-= ==- ====== ======. ====== ==-==.: c:J::==cl
Nitrobenzene-d5 . . * 0.565 0.516 0.497 0.478 0.487 0.509 6.7*
2-F1uorobiphenyl * 1.358 1.345 1.254 1.317 1.207 1.296 4.9*
Terpheny1-d14 * 1.185 1.230 1.215 1.174 1.272 1:215 3.2*
Pheno1-dS * 1.448 1.271 1.156 1.172 ·1.142 1.238 10.3*
2-F1uoro~henol . * 1.114 1.064 . 1.023 1.010 0.937 1.030 6.3*
2,4,6-Tribromophenol 1 .0.162 0.184 0.186 0.185 0.200 0.183 7.21
2-ch1oro1heno1-d4 1.357 1.127 ·1.090 1.095 1.084 1.150 10.• 1
1,2-Dich orobenzene-di * 0.887 0.867 0.810 0.759 0.762 0.817 7.2*

I I

(1) - Cannot be separated from Diphenylamine
* "ompounds with required minimum RRFand maximum %RSD values.
( .1 oth r compounds must meet a minimum RRF of 0.010.

FORM VI SV-2 .3/90

• ,. 1"04
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SEMIVOLATILE'ORGANIC INSTRUMENT PERFORMANCE CHECK
DECAFLUOROTRIPHENYLPHOSPHINE (DFTPP)

.b Name: SWL-TULSA

Lab Code: SWOK Case No.: NUS

.Contract: NUS

SAS No.: SDG No.: 24070

Lab File ID: Vl1220.D·
~

Instrument ID: V

,DFTPP Injection Date: 11/30/95

DFTPP Injection Time: 0921

, % RELATIVE
m/e' ION' ABUNDANCE CRITERIA ABUNDANCE

=-- =- a_a=====_==a=a=a==_ca==a_========_============c===~=========-=======
51 30.0 - 80.0% of mass 198 54.5
68 Less than 2.0% of mass 69 0.0 (. 0.0)1
69 Mass 69 relative abundance 71.4
70 Less than 2.0% of mass 69 0.0 ( 0.0)1

127 25.0 - 75.0% of mass 198 51.2
197 Less .than 1.0% of mass 198 0.0
198 Base peak, 100% relative abundance 100.0
199 5.0.to 9.0% of mass 198 8.0
275 10.0 - 30.0% of mass 198 22.2

,

365 Greater than 0.75% of mass 198 4.69
441 Present, but less than mass 443 9.8
442 40.0 - 110.0% of mass 198 66.3
443 15.0 - 24.0% of mass 442 13.4 ( 20.2)2

I-Value ~s % mass 69 2-Value ~s % mass 442

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES, MS, MSD; BLANKS, AND STANDARDS: .

'01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

EPA LAB LAB --n~TE 'l·~Mti

SAMPLE NO. SAMPLE 'ID FILE ID ANALYZED . ANALYZED
============ ==-======--= =====-==-======= ========== ===a:awaau......
SSTD050VF SSTD050VF V11221.D 11/30/95 0944
SBLK1 BLll17WD . V11223.D 11/30/95 1055
LCS LCll17WD Vl1224.D 11/30/95 1124
LeSD LDll17WD J Vl1225.D 11/30/95 1153
3MSP01 24070.02 Vl1226.D 11/30/95 1222

4ge 01 of 01
FORM V SV . 3/90

.. ,' 91



7B
SEMcrVOLATILE CONTINUING CALIBRATION CHECK

Init. Calibration Oate(s):11/14/95

Case No.: NUS

-"\b Name: SWL-TULSA

J..ab Code: SWOK

Instrument IO: V

Lab File IO: Vl1221.0

Contract: NUS

SAS No.:

Calibration Oat : 11/30/95

SOG No.: 24070

Time: 0944

Init. Calibration Times: 0711 0915

MIN MAX
·COMPOUNO RRF RRF50 RRF %0 %0

=-=aa==-==c=~= __cc====~==_= acc:z:aa c===== c:::::a==== ======= ====
Phenol 1.283 1.090 0.800 15.1 25.0
bis(2-Chloroethyl)Ether 1.034 0.933 0.700 9.8 25.0
2-Chloro1henol 1.204 1.021 0.800 15.2 25.0
1,3-0ich orobenzene 1.458 1.549 0.600 -6.2 25.0
1,4-0ichlorobenzen~ 1.468 1.395 . 0.500 .. 5.0 25.0
1,2-0ichlorobenzene 1.341 1.293 0.400 3.6 25.0
2-Methylphenol 0.936 0.783 0.700 16.3 25 •.0
2,2'-O~bis(1-Chloropropane) 0.963 0.898 6.7
4-Methy phenol 0.966 0.774 0.600 19.8 25.0
N-Nitroso-di-n-propyl~ne__ 0.750 0.580 0.500 22.6 25.0
Hexachloroethane 0.727 0.712 0.300 2.0 25.0
Nitrobenzene 0.468 0.554 0.200 -18.6 25.0
Iso~horone 0.843 0.828 0.400 1.8 25.0
2-NJ.trophenol 0.226 0.212 0.100 6.2 25.0
2,4-Dimethylphenol 0.382 0.422 0.200 -10.4 25.0
bis(2-Chloroetho61 )methane 0.407 0.473 0.300 -16.1 25.0
2,4-0ichloropheno --. 0.347 0.365 0.20.0 -5.1 25.0
1,2,4-Trichlorobenzene 0.414 0.493 0.200 . -19.0 25.0
Naphthalene 1.079 1.149 0.700 -6.5 25.0
4-Chloroaniline 0.443 0.423 4.5
HexachlorobutadJ.ene 0.310 0.377 -21.8
4-Chloro-3-MethIlphenol 0.347 0.333 0.200 4.0 25.0
2-MethIlnaphtha ene 0.700 0.764 0.400 -9.1 25.0
Hexach orocrclopentadJ.ene 0.519 0~359 ~.Jl:

)

2,4,6-Trich orophenol --- 0.• 411· 0.420 0.200 -2.2 25.0
. 2;4,5-Trichloro1henol 0.413 0.462 0.200 -11.8 25.0

2-chlorona1htha ene 1.067 1.179 0.800 -10.5 25.0
2-Nitroani ine 0.396 0.458 -15.8
Oimethhlphthalate 1.299 1.377 -6.0
Acena~ thylene 1. 781 1.818 0.900 -2.1 25.0
2,6-0J.nitrotoluene 0.321· 0.332 0.200 -3.4 25.0
3-Nitroaniline 0.285 0.303 -6.4
Ac na~hthene 1.062 1.068 0.900 ~~ 25.0
2,4-0J.nitrophenol 0.185 0.085 ~21". 7::
4-Nitrophenol 0.246 0.256 :-a .1
Dibenzofuran 1.496 1.575 0.800 -5~3 25.0
2,4-0initrotoluene 0.420 0.413 0.200 1.6 25.0

--
All other compounds must meet a minimum RRF of 0.010.

FORM VII SV-1 3/90 .:

.; 122
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SEMIVOLATILE CONTINUING CALIBRATION CHECK

Calibration Date: 11/30/95

"!\b Name: SWL-TULSA

•

uab Code:, SWOK

nstrument ID: V

Case No.: NUS

Contract: NUS

SAS No.: SDG No.: 24070

Time: 0944

Lab Fil ID: Vl1221.D Init. Calibration Date(s): 11/14/95

Init. Calibration Times: 0711 0915

MIN -feOO(

COMPOUND RRF RRF50 RRF %0 '%0
~==_=_=~=___aaaa=c_.~=a amma=c: ac===c: a==== =====a

__me

Di thylphthalate 1.383 1.508 -9.0
4-Chlorophenyl-phenylether__ 0.521 0.567 0.400 -8.9 25.0
Fluorene 1.124 1.134 0.900 -0.9 25.0
4-NitroanJ.lJ.ne 0.269 0.274 .::..1.8
4,6~Dinitro-2-methylphenol ' 0.184 0.107 (4~ )

N-Nitrosodiphen~lamine (1):: 0.523 0.548 00I"I£. I

4-Bromophenyl-p enyletner 0.243 0.251 0.100 -3.3 25.0
Bexachlorobenzene ' --- 0.355 0.364 0.100 -:l,.3 25.0
P ntachlorophenol 0.187 0.121 0.050 \',,::7. ;J ~5.0

Phenanthrene 1.093 1.082 0.700 'T."l) 25.0
Anthracene 0.984 1.048 0.700 -6.5 25.0
Carbazole 0.834 0.931 -11.5
Di-n-but~lphthalate 1.492 1.508 -1.1
Fluorant ene 0.944 1.029 0.600 -9~0 25.0
Pyr ne , ' 1.929 1.495 0.600 22.5 25.0
ButYlbenzIlphthalate 1.110 0~824 ' ~ ,,0-. t[

3,3'-Dich orobenzidine 0.418 0.443 -"'5".8
Benzo(a) anthracene ' , 1.293 1.246 0.800 3.6 25.0
Chrysene 1.248 1.219 0.700 2.3 25.0
biS(2-EthIlhexyl)phthalate 1.432 1.089 23.9
Di-n-octy phthalate . -- 2.333 1.822 21.9
Benzo(b)fluoranthene 1.261 1.287 0.700 -2.0 25.0
Benzo(k)fluoranthene 1.363 1.400 0.700 -2.7 25.0
Benzo (a )pyrene ' ' 1.126 1.110 0.700 ' 1.4 25.0
Indeno(1,2,3-cd)pyrene 1.014 1.119 0.500 -10.4 25.0
Dibenz(a,h!anthracene 0.908 1.041 0.400 ,'-14.7 25.0
Benzo(g,h,J.)perylene 0.972 1.093 0.500 -12.4 25.0
===================c====_=== c=m=== ===-=c:c ===== ====== ====
Nitrobenzene-d5 0.509 0.619 0.200 -21.7 25.0
2-Fluorobiphenyl 1.296 1.494 0.700 -15.3 25.0
Terphenyl-d14 1.215 1.002 0.500 17.5 25.0
Phenol-d5 1.238 0.982 0.800 20.7 25.0
2-Fluoro~henol 1.030 0.969 0.600 5.9 25.0
2,4,6-Tribromophenol 0.183 0.185 . -0.7
2-chloro1henol-d4 1.150 0.963 0.800 16.3 25.0
1,2-Dich orobenzene-d4 0.817 0.773 0.400 5.4 25.0

Al
(l) Cannot be separated from Diphen¥lamine

1 other compounds must meet a min1.mum RRF of 0.010,.

FORM VII SV-2 3/90
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4B
SEMIVOLATILE METHOD BLANK SUMMARY

EPA SAMPLE NO.

- "\b Nam : SWL-TULSA

J."ab Code: SWOK Case No.: NOS

Contract: NUS

SAS No.:

SBLK1

SDG No.: 24070

Lab Fil ID: V11223.D Lab Sample ID: BL1117WD

Instrument ID:· V

Matrix: (soil/water) WATER

Level:(low/med) LOW

Date Extracted: 11/17/95

Date Analyzed: 11/30/95

Time Analyzed: 1055'

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

COMMENTS:

EPA LAB LAB DATE·
SAMPLE NO. SAMPLE ID FILE ID ANALYZED
~=-==_ ..-- ==I:II:I===mac:==== -.::n:am__=-:n::II=a.:a CI-==-=___==al:l

LCS LC1117WD V11224.D 11/30/95
LCSD LD1117WD V11225.D 11/30/95
3MSP01 24070.02 V11226.D 11/30/95

.ge 01 of 01
FORM IV SV 3/90
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1B
SEMIVOLATILE ORGANICS ANAL~SIS DATA SHEET

r

.Lab Sample ID:· BL1117WD

Lab File ID:' V11223.D

Date Received: / /
Date Extracted:11/17/95

Date .Analyzed: 11/30/95

Dilution Factor: 1.0

SBLK1

EPA SAMPLE NO.

SDG No.: . 24070No. :SAS

'Contract: NUS

(Y/N)_

1000(uL)

2.0(uL)

decanted:

injection Volume:

Concentrated Extract VolUme:.

- "'\b Name: SWL-TULSA

~ab Code: SWOK Case No.: NUS

.·Matrix: (soil/water) WATER

Sample wt/vol: . 1000 (g/mL) ML

Level: (low/med.) LOW

% Moisture:

GPC Cl ~up: (YIN) N pH: 7.0

CAS NO. COMPOUND
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L Q

108-95-2---~----Phenb1 10 U
111-44-4--------bis(2-Chloroethyl)Ether 10 U
95-s7-8---------2-chloro1henol : 10 U
541-73-1--------1,3-Dich orobenzene .10 U
106-46-7--------1,4-Dichlorobenzene 10 U
95-50-1---------1,2-Dichlorobenzene 10 U
95-48-7---------2-MethylEhenol . . 10 0
108-60-1--------2,2·-0~ is(l~Chloropropaner 10 'U
106-44-5--------4~Methyphenol . 10 0
621-64-7--------N-Nitroso-di-n-propylamine .' 10 U·
67-72-1---------Hexachloroethane -- 10 U
98-95-3-~-------Nitrobenzene 10 0
78-59-1--------~Iso~horone 10 U
88-75-5--------~2-N~trophenol 10 0
105-67-9----~---2{4-Dimethylphenol 10 U
111-91-1--------b1S(2~Chloroetho61)methane 10 U
120-83-2--------2;4-Dichloropheno· .-- 10 U
120~82-1--------1,2,4-Trichlorobenzene 10 U
91-20-3---------Naphthalene 10 U
106~47~8--------4-Chloroanil~ne 10 U
87-68-3---------HexachlorobutadIene 10 U
59-50-7---------4-chloro-3-MethIlphenol . 10 0
91-S7-6---------2-Methrlnaphtha ene . 10 U
77-47-4~--------Bexach orohIclopentaa~ene 10 0
88-06-2---------2,4,6-Trich orophenol --- 10 U
9S-9S-4---------2,4,s-Trichloro1henol 2S U
91-S8-7---------2-chlorona1htha ene 10 0
88-74-4---------2-Nitroani ine 2S U
131-11~3--------DimethLlhhthalate 10 0
208-96-8--------Acena~ t ylene '. 10 U
606-20-2-~------2,6-D1nitrotoluene 10 U
99-09-2---------3-Nitroaniline 25 0
83-32-9---------Acenaphthene 10 0

FORM I SV-1 3/90
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lC
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE NO.

·~b Name: SWL-TULSA

J.oa.b Code: SWOK Case No.: NUS

Contract: NUS

SAS No.:

SBLKl

SDG No.: 24070

Matrix: (soil/water) WATER

Sample wt/vol: . 1000 (g/iDL) HI.

Level: . (low/med) LOW

, Moisture: decanted: (Y/N)___

Concentrated Extract Volume: 1000(uL)

Inj etion Volume: 2.0(uL)

Lab Sample ID: BLll17WD

Lab File ID: Vl1223.D

Date Received: / /

Date Extracted:ll/17/95

Date Analyzed: 11/30/95

Dilution Factor: 1.0

GPC Cleanup:

CAS NO.

(Y/N) N pH: 7.0

-
COMPOUND

CONCENTRATION UNITS: .
(ug/L or ug/Kg) UG/L Q.

51-28-5---------2, 47Dinitrophenol 25 U
100-02-7--------4-N~trophenol 25 U
132-64-9--------Dibenzofuran 10 U
121-14-2--------2,4-Dinitrotoluene 10 U
84-66-2---------DiethYlphthalate a: J D
7005-72-3-------4-Chlorop~enYl-phenylether__ 10 U
86-73-7---------Fluorene 10 U
100-01-6~-------4-Nitroan~l~ne 25 U
534-52-1--------4,6-Dinitro-2-methylphenol 25 o·
86-30-6---------N-NitrosodiphenLlamine.(1)-- 10 0
101-55-3------~~4-Bromophenyl-p enylether -- 10 0
118-74-1--------Hexachlorobenzene ---- . 10 0
87-86~5---------Pentachlorophenol 25 0
85-01-8---------Phenanthrene 10 0
120-12-7--------Anthracene 10 0
86-74-8---------Carbazole 10 U
84-74-2---------Di-n-but

L
l phthalate 10 U

206-44-0--------Fluorant ene . 10 U·
129-00-0--------Pyrene 10 U
S5-6S-7---------Butylbenzrlphthalate 10 U
91-94-1~--------3 3'-Dich orobenzidine 10 0. ,
56-55-3---------Benzo (a) anthracene 10 U
21S-01-9--------Chrysene 10 0
117-S1-7--------bis(2-Bthrlhexyl)phthalate ("1'3
117-S4-0--------Di-n-octI phthalate -- 'IV u
205-99-2--------Benzo(b) luoranthene 10 U
207-0S-9--------Benzo(k)fluoranthene 10 0
50-32-8---------Benzo(a)pyrene 10 U
193-39-5--------Indeno(1,2,3-cd)pyrene 10 U
53-70-3-------~-Dibenz(a,h)anthracene 10 U
191-24-2--------Benzo(g,h,~)perylene 10 U

(1) - Cannot be separated from Diphenylamine

PORM I SV-2

.,.

3/90
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IF
SEMIVOLATILB ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

... '\b Name: SWL-TULSA Contract: NUS

EPA. SAMPLE NO.

SBLKI

, Moisture: decanted:· (Y/N)__

Concentrated Extract Volume: 1000(uL)·

SDG No.: 2407.0

Lab Sample ID: BLII17WD

Lab File ID: V1I223.D

Date Received: / /

Date Extracted:11/17/95

Date Analyzed:. 11/30/95

Dilution Factor: 1.0

SAS No.:NUS

(g/mL) ML

2.0(uL)

LOW

Inj ction Volume:

~~ab Code: SWOK Case No.:

~atrix: (soil/water) WATER

Sample wt/vol: 1000

Leve~: (low/med)

GPC Cleanup: (Y/N) N pH: 7.0

Number TICs found: 0
CONCENTRATION UNITS:
(ug/L or ug/Kg) UG/L

CAS NUMBER COMPOUND NAME RT EST. CONC. a
c::::z:z==-==_=--==-===== ===a==m===~_==aaa. ___--==_== __a::::.=a:::u::ICZ= =-==-===1::==___ __a.

1.
2.
3.
4.
5.
6.
7.
8 •

. 9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

FORM I SV-TIC . 3/90
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3C
WATER SEMIVOLATlLE MATRIX SPIKE/MATRIX SPIKE DUPLICATE. RECOVERY

'b Name: SWL-TULSA

Lab Code: SWOK Cas No.: NUS

Contract: NUS

SAS No.: sO<; No.: 24070

Matrix Spike - EPA Sample No.: LCS

SPIKE SAMPLE MS MS OC.
ADDED CONCENTRATION CONCENTRATION " LIMITS

COMPOUND (ug/L) (ug/L) (ug/L) REC , REC.
~~a=:a~I:I___=ac:J mca==-=_ma =c:c:___-===_-=a= -==========-== =...,.-. ___=ram

Phenol 75 0 35 47 12-110
2-chloro1henol 75 0 40 . c::~f;- 27-123
1,4-Dich orobenzene 50 0 16 36- 97
N-Nitroso-di-n-grop.(l) 50 0 24 ....;:a: 41-116
1,2,4-Trichloro enzene 50 0 18

~~
39- 98

4-Chloro-3-Methylphenol 75 0 42 23- 97
Acenaphthene 50 0 23 46 46-118
4-NitroJ?henol - 75 0 47 63 10~ 80
2,4-Din~trotoluene 50 0 24 48 24- 96
Pentachlorophenol 75 0 45 60· 9-103
pyrene 50 0 21 42 26-127

PIKE D MSD
ADDED CONCENTRATION " " QC LIMITS

COMPOUND (ug/L) (ug/L) REC t RPD t RPD REC.
.==n:::II~=c.=__==a==CI=-____ -===-=:_== ============= ====== ===m=m c:::==_ =a_-===
Phenol 75 50 .···67 35 42 12-110
2-chloro1henol 75 58 77 40 27-123
1,4-Dich orobenzene 50 23 46 28 36- 97
N-Nitroso-di-n-groP.(l) 50 26 52 38 41-116
1,2,4-Trichloro enzene 50 20 40 10 28 39- 98
4-Chloro-3-Methylphenol 75 39 52 7 42 23- 97
Acenaphthene 50 28 56 20 31 46-118
4-NitroJ?henol 75 51 68· 8 50 10- 80
2,4-Din~trotoluene 50 ·27 54 12 38 24- 96
Pentachlorophenol 75 45 60 0 50 9-103
Pyrene 50 28 56 28 31 26-127

(1) N-Nitroso-di-n-propylamine

t Column to be used to fla~recovery and RPD values with an asterisk
* Values outside of QC lim1ts

RPD: lout of 11 outside limits
Spike Recovery: 2 out of 22 outside limits

COMMERTS:

FORM III SV-l 3/90
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8D
PESTICIDE ANALYTICAL SEQUENCE'

T,ab Name: SWL-TULSA Contract: PEST/PCB

Lab Code: SWOK Case No. : NUS SAS No.: SDG No. : 24070

GCColumn: DB-17 ID: 0.32(mm) Init. Calib. Date( s) : 11/24/95 11/24/95

Instrument ID: HP 02A

THE ANALYTICAL SEQUENCE OF'PERFORMANCE EVALUATION MIXTURES, BLANKS,
SAMPLES, AND STANDARDS IS GIVEN BELOW:

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17

,18
19
20
21
22
23
24
25
26
27
28
29

, 30
31
32

MEAN SURROGATERT FROM INITIAL CALIBRATION
TCX: 7.51 DCB: 21.46

EPA LAB, DATE TIME TCX DCB
SAMPLE NO. SAMPLE ID 'ANALYZED ANALYZED RT # RT #

============ ===:::;:======= ========= ========== ======== ========
RESC2Q 5-311-14 11/24/95 ,1~45 7.51 21.46
PEM2Y 5-355-14 11/24/95 1716 7.51 21. 46'
AR16602H 5-348""'14 11/24/95 1746 7.51 21.46
AR12212Q 5-349-14 11/24/95 1817 7.51 21.46
AR12322Q 5-350-14 11/24/95 1848 7.51 21.46
AR12422Q 5-351-14 ' 11/24/95 1919 7.51 21.46
AR12482V 5-352-14 11/24/95 1949 7.51 21.46
AR12542V 5-353-14 11/24/95 2020 7.51 21.46
TOXAPH2Q 5-354-14 11/24/95 2051 7.51 21.46
INDAL2Q

,
8-62-5 11/24/95, 2122 7.51 21.46

INDBL2Q 8~65-5 11/24/95 "2152 7.51 21.46
INDAM2I 8-61-5 ' 11/24/95 2223 7.51 21.46
INDBM2I 8-64-5 '11/24/95 2254 7.51 21.46
INDAH2Q 8-60-5 11/24/95 23'24 7.51 21.46
INDBH2Q 8-63-5 11/24/95 2355 7.51 21.46
PIBLK2Q 5-310-14 11/25/95 0026 ' 7.51 21.46
PEM2Z 5-355-14 11/25/95 0057 ' 7.51 21.46
PIBLK2S 5-310-14 11/25/95 1853 7.51 21.47
PEM2A 5-355-14 11/25/95 1924, 7.51 21.47
PBLKWD PBLKWD 11/25/95 1954 7.51, 21.46
ZZZZZ PBLKWA 11/25/95 2056 7.51 21.46
ZZZZZ PBLKW.J 11/25/95 2158 7.51 21.46
LC1118WD LC1118WD 11/25/95 2259 7.51 21.46
LD1118WD LD1118WD 11/25/95 2330 7.51 21.46
ZZZZZ LCl116WA 11/26/95 0001 7.51 21.46
ZZZZZ LDll16WA 11/26/95 0032 ,7.51 21.46
3MSpoi' 24070.02 11/26/95 0103 7.51 21.46
ZZZZZ 24060.12 11/26/95 0134 7.51 21.46
ZZZZZ 24131.01 11/26/95 0235 7.51 21.46
ZZZZZ 24131.02 11/26/95 0306 7.51 21.46
PIBLK2T 5-310-14 11/26/95 0510 7.51 21.46
INDAM2K " 8-61-5 11/26/95 0541 7.51 21.46

QC LIMITS
(+/- 0.05 MINUTES)
(+/- 0.10 MINUTES)

TCX = Tetrachloro-m-xylene
DCB= Decachlorobiphenyl

!

# Column to be used to fla9 retention time values with an 'asterisk.
* Values outside of QC liJuts " ' ,

'-\age 1 of 2 .
\. r'

FORM VIII PEST OLM03.0
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8D
PESTICIDE ANALYTICAL SEQUENCE

Contract: PEST/PCB

Init. Calib. Date(s): 11/24/95 11/24/95

- ab Name: SWL-TULSA

Lab Code: SWOK

GC Column: DB-17

Case No.: NUS

ID: 0.32(mm)

SAS No.: SDG No.: 24070

Instrument ID: HP 02A

THE ANALYTICAL SEQUENCE OF PERFORMANCE EVALUATION MIXTURES, BLANKS,
SAMPLES, AND STANDARDS IS GIVEN BELOW:

01
·02

03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
2S
26
27
28
29
30
31
32

.MEAN SURROGATE RT FROM INITIAL CALIBRATION
TCX: 7.51 DCB: 21.46

EPA LAJ:S lJATE TIME TCX DCB
SAMPLE NO. SAMPLE ID ANALYZED ANALYZED RT # RT #

============ ============ =====-==== =========:a ========= ___• .:ac==

INDBM2K 8-64-S 11/26/95 0611 7.51 21.46
ZZZZZ PBLKSD 11/26/95 0713 7.51 21.46 ,

ZZZZZ LClllSSD 11/26/95 0815 . 7.51 21.45
ZZZZZ LDlllSSD 11/26/95 0846 7.51 21.45
ZZZZZ 24060.11 11/26/95 0917 7.51 21.48
PIBLK2U 5-310-14 11/26/95 1355 7.51 .21. 46
PEM2B S-3SS-14 11/26/95 1426 7.51 21.46

TCX = Tetrachloro-m-xylene
DCB = Decachlorobiphenyl

QC LIMITS
(+/- 0.05 MINUTES)
(+/- 0.10 MINUTES)

# Column to be used to fla9 retention time values with an asterisk.
* Values outside of QC l~ts .

~._~_ ,?age 2 of 2

FORM VIII PEST .... 185
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':lb Name: SWL-TULSA

SD
,PESTICIDE ANALYTICAL SEQUENCE

Contract: PEST/PCB

Init. Calib. bate(s): 11/24/95,11/24/95

Lab Code: SWOK

GC Column: DB-1701

Case No.: NUS

ID: 0.32 (mm)

SAS No.: SDG No.: 24070'

Instrument ID: HP02B'
,.

THE ANALYTICAL SEQUENCE OF PERFORMANCE EVALUATION MIXTURES, BLANKS,
SAMPLES, AND STANDARDS IS GIVEN BELOW:

•

01
02
03
04
05
06
0,7
OS
0.9
10
11
12
13
14
15
16
17
IS
19
20
21
22
23
24
25
26
27
2S
29
30
31

,32

MEAN SURROGATE RT FROM INITIAL CALIBRATION
TCX: 7.64 DCB: 20.19

EPA LAB DATE TIME
SAMPLE' NO.' SAMPLE ID ANALYZED ANALYZED

==========-= ========c:;=== ====-===== ==========
RESC2Q 5-311-14 11/24/95 1645
PEM2Y 5-355-14 11/24/95 1716
AR16602H 5-34S-14 11/24/95 1746
AR12212Q 5-349-14 11/24/95 lS17
AR12322Q 5-350-14 11/24/95 1848
AR1: 2 422Q 5-351-14 11/24/95 1919
AR124S2V 5-352-14 11/24/95 1949
AR12542V 5-353-14 11/24/95 2020
TOXAPH2Q 5-354-14 11/24/95 2051'
INDAL2Q 8-62-5 11/24/95 2122
INDBL2Q S-65-5 11/24/95 2152
INDAM2I S~61-5 11/24/95 2223
INDBM2I S-64-5 11/24/95 225,4
INDAH2Q 8-60-5 11/24/95 2324
INDBH2Q 8-63-5 ,11/24/95 2355
PIBLK2Q 5-310-14 11/25/95 ,0026
PEM2Z , 5-355-14 11/25/95 '0057
PIBLK2S 5-310-14 11/25/95 1853
PEM2A

~

5-355-14 11/25/95 1924
PBLKWD ,PBLKWD 11/25/95 1954
ZZZZZ PBLKWA 11/25/95 2056
ZZZZZ PBLKWJ 11/25/95 2158
LCl11SWD LCl11SWD 11/25/95 2259
LDl1lSWD LDl11SWD 11/25/95 2330
ZZZZZ .LCll16WA 11/26/95 0001
ZZZZZ LDll16WA 11/26/95 '0032
3MSPOI 24070.02 11/26/95 0103
ZZZZZ 24060.12 ' 11/26/95 0134
ZZZZZ 24131.01 11/26/95 0235
ZZZZZ 24131.02 11/26/95 0306
PIBLK2T 5-310-14 11/26/95 0510
INDAM2K 8-61-5 11/26/95 0541

RT #

7.64
7.64
7.64
7.64
7.64
7.64
7.64
7.64
7.64
7.64
7.64
7.64
7.64
7.64,
7.64
7.64
7.64

'7.64
7.64
7.65
7.64
7.64
7.64
7.64
7.64 .

'7.64
7.64
7.64
7.64
7.64
7.64
7.64

20.1S
20.19'
20.19
20.19
20.19
20.19
20.19
20.19
20.19
20.19
20.19
20.19
20.19

.. 20.18
20.18
20.19
20.19
20.19
20.19
20.18
20.18,

,20.19
20.1S
20.1S

,.20.19
20.19
20.1S
20.19
20.1S
20'.19
20.19
20.19

#

FORM VIII PEST OLM03.0
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. ab Name: SWL-TULSA

8D
PESTICIDE ANALYTICAL SEQUENCE

Contract: PEST/PCB

SAS No.: SDG No.: 24070 .•

Init. Calib. Date(s): 11/24/95 11/24/95 -

Lab Code: SWOKCase No.: NOS

GC Column: DB-1701 ID: 0.32(mm)

Instrument ID: HP 02B

THE ANALYTICAL SEQUENCE OF PERFORMANCE EVALUATION MIXTURES, BLANKS,
SAMPLES, AND STANDARDS IS GIVEN BELOW:

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22

. 23
24
25
26
27
28
29
30
31
32

HEAR SURROGATE RT FROM INITIAL CALIBRATION
TCX: 7.64 . DCB: 20.19

EPA LAB DATE TIME -TCX DeB
SAMPLE NO. SAMPLE Ii> ANALYZED ANALYZED RT # RT I

==========-:1: ============ =====--==== ========== ===-==== ========
INDBM2K 8-64~5 11/26/95 . 0611 7.64 20.19
ZZZZZ PBLKSD 11/26/95 0713 7.64 20.18,
ZZZZZ LCll15SD 11/26/95 0815 7.64 20.18
ZZZZZ LD1115SD 11/26/95 0846 7.64 20.18
ZZZZZ. 24060.11 11/26/95 0917 7.64 20.17
PIBLK2U 5-310-14 11/26/95 1355 7.64 20.19
PEM2B 5-355-i4 11/26/95 1426 7.64 20.19

•

TCX ~ Tetrachloro-m-xylene
DCB a Decachlorobiphenyl

QC LIMITS
(+/- 0.05 MINUTES)
(+/- 0.10 MINUTES)

# Column to be used to fla9 retention time values with an asterisk.
* Values outside of QC limJ.ts· " .

pag 2 of 2
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3LCC
WATER PESTICIDE LABORATORY CONTROL SPIKE RECOVERY FORM

Lab Name: SWL-TULSA Contract: PEST/PCB

l,...oJ Code: SWOK Case No: NUS.ab Sample ID: LCll18WD
LCS Aliquot: 1000 mL
Cone. Extract Volume: 10000 uL
Injection Vol: 1.00 uL
Sulfur Cleanup: (y/n) N

SDG No: 24070

LCS Lot No: 5-264-14
Date Extracted: 11/18/95
Date Analyzed: 11/25/95
Dilution Factor: 1.00
pH: 7.00

Instrument·1D(l) HP 02A GC Column(l) :DB-17 ID: .32mm

AMOUNT AMOUNT QC
-ADDED RECOVERED LIMITS

COMPOUND (ug/L) (ug/L) , REC #
================================ ============== ========= ------------

gamma-BHC (Lindane) 1.00 .635 64 56-123
Heptachlor .- 1.00 .643 64 40-131
Aldrin 1.00 .569 57 40-120
Dieldrin 2.00 1.31 . 66 52-126
Endrin 2.00 1.48 74 56-121
4,4'-DDT 2.00 ·1.80 90 38-127

/'

~strument 1D(2) HP 02B GC Column(2) DB-1701 ID:.32mm

AMOUNT AMOUNT QC
ADDED RECOVERED LIMITS

COMPOUND '(ug/L) (ug/L) , REC #
================================ ============== ========= ------------

gamma-BHC (Liridane)_ 1.00 .541 ('54 D 56-123
Heptachlor 1.00 .537 54 40-131
Aldrin 1.00 .492 49 40-120
Dieldrin 2.00 1.23 62 52-126
Endrin 2.00 •. 827 qg .3) 56-121
4,4'-DDT 2.00 1.50 38-127

# Column to be used to flag recovery and RPD values with an asterisk
* Va!u s outside of QC limits .

LCS Recovery: 2 Outside limits out of 12 total.

COMMENTS: ..------------------......;..,-------.----.:......_.

•
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3LCC·
WATER PESTICIDE LABORATORY CONTROL SPIKE RECOVERY FORM

J-~ Name: SWL-TULSA Contract:. PEST/PCB

LClD Code: SWOK Case No: NUS SDG No: 24070

Lab Sample ID: LDll18WD
LCS Aliquot: 1000 mL
Cone. Extract Volume: 10000 uL
Injection Vol: i.oo uL
Sulfur Cleanup: (y/n) N

LCS Lot No: 5-264-14
Date Extracted: 11/18/95
Date Analyzed: 11/25/95
Dilution Factor: 1.00
pH: 7.00

Instrument ID(l) HP 02A GC Column(l) :DB~17 ID: .32mm

AMOUNT AMOUNT QC
-ADDED RECOVERED LIMITS

COMPOUND (ug/L) (ug/L) , .REC #
================================ ============== ========= ======

gamma-BHC (Lindane)_ 1.00 .719 72 56-123
Heptachlor· 1.00 .704 70 40-131
Aldrin 1.00· .632 63 40-120
Dieldrin 2.00 1.50 ·75 52-126
Endrin 2.00 1.66 83 56-121
4,4'-DDT 2.00 2.0.1 101 38-127

,

Instrument ID(2) HP 02B GC Column(2) DB-1701 ID:.32mm

AMOUNT AMOUNT QC
ADDED RECOVERED LIMITS

COMPOUND (ug/L) (ug/L) , REC #
===============================~ ============== --------- ======---------

gamma-BHC (Lindane)_ 1.00 .642 64 56-123
Heptachlor 1.00 .595 60 40-131

.Aldrin . 1.00 .557 56 40-120
Dieldrin 2.00 1.40 70 52-126
Endrin 2.00 1.00 (50 €) 56-121
4,4'-DDT 2.00 1.69 85 38-127

# Column to be used to flag recovery and RPD values with ~n asterisk
* Values outside of QC limits

LCS Recovery: 1 outside limits out of 12 total.

COMMENTS:

FORM III LCP ., 156
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APPENDIX G~2

INORGANICs (METALS AND CYANIDE) DATA PACKAGE



~
Brown & Root Environmental INTERNAL CORRESPONDENCE

C-49-12-5-295
TO : Jl.'-GLORIEUX: ... ~;;.._.. ,.~. DATE: DECEMBER 27, 1995

OV FILECOPIES:
WILLIAM J. BROTZ

SUBJECT: INORGANIC DATA VALIDATION· TAL METALSCTO 203, SUBASE NEW LONDON, GROTON, CONNECTICUTPROJECT NO. 5082, SOG 24070

FROM:

1/Aqueousi 3MSP01

.Introduction

A validation was performed on the inorganic analytical data from CTO 203, Subase NewLondon, SDG No. 24070; one (1) aqueous sample was included for these analyses.. No field, duplicate pairs were.included with this SDG. This sample was analyzed for Target Analyte List(TAL) metals. The samples were collected by Brown and Root Environmental on November 15,1995.
'.

All analyses were performed by Southwest Laboratories of Oklahoma using Contract LaboratoryProgram (ClP) Statement of Work (SOW) ILM03.' analytical and ,reporting protocols. Thesedata are reported as NEESA Level 0 and were evaluated based on the following parameters:
•
•
•

•
•
•
•
•

Data Completeness
Holding Times
Calibration Verifications
Laboratory Blank Analyses
ICP ,Interference Check Sample Results
Laboratory Control Sample Results
Laboratory Duplicate Results
Detection Limits
Sample Quantitation

• - All quality control criteria were met for this parameter.



MEMO TO: J.L. GLORIEUX
DATE: DECEMBER 27, 1995 - PAGE 2

C-49-12-5-295

The attached Table 1 summarizes the validation recommendations which were based on thefollowing "information:

Note: All analyses were conducted via Inductively Coupled Plasma methodology with theexception of mercury which was analyzed via Cold Vapor AA.Matrix Spike and ICP SerialDuplicate samples were not included in this SDG.

Laboratory Blank Analyses

The following contaminants were detected in the laboratory method and field quality controlblanks at the maximum concentrations indicated below:

Analyte

aluminum 1

sodium
thallium 1

zinc 1

Samples affected : All

Maximum
Concentration (ug/U

10.3 ug/L
152.5 ug/L
3.1 ug/L .
2.4 ug/L

Action
Level Aqueous

51.5 ug/L
763 ug/L
15.5 ug/L
12.0 ug/L

f Contaminant was detected at a maximum concentration in an associated
laboratory preparation blank. "

An action level of 5X the maximum positive concentration has been established to evaruate thesample data. Sample aliquot and dilution factors were considered prior to the application. of theaction levels. The positive result for aluminum within the action level is qualified asnondetected, "U". No actions were required for the remaining analytes as all results wereeither >. action level or were nondetects.

Base line drifting (Le., negative concentrations) and poor instrument response was noted forcalcium in some laboratory method blanks. Negative concentrations > 2X IDL for this analytewere evident in these blanks. The positive result for calcium was qualified as estimated, "J".

Executive Summary

Laboratory Performance: The data are acceptable for use as qualified. Detection limits forseveral analytes were raised as a result of blank contamination. Base line drifting and poorinstrument response was noted for calcium.

Other Factors Affecting Data Quality: None.



MEMO TO: J.L. GLORIEUX
DATE: DECEMBER 27, 1995 - PAGE 4

C-49-12-5-295

The data for these analysis were reviewed with reference to the "National Functional Guidelines,
for inorganic Data Validation", as amended for use within USEPA Region I; and the NEESA
document entitled "Sampling and Chemical Analysis Quality Assurance requirements for the

, Navy Installation Restoration Program" (NEESA 20.2-047B; 6/88).

The te2<t ofthisreport has been formulated to address only,those problem areas affecting data
quality.

"I attest that the data referenced herein was validated according to the agreed upon validation
;';:. criteria as specified in the NEESA Guidelines and the Quality Assurance Project Plan (QAPP)."

Brown a Root EnVironmental
William J. Brotz

, Chemist/Data Validator

Brown and Root Environmental,
Joseph A. Samchuck
Quality Assurance Officer

- Attachments:

1. Appendix A - Qualified Analytical Results
2. Appendix B - Regional Worksheets
3. Appendix C - Support Documentation
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SUBASE NEW LONDON
SDG 24070

C-49-12-5-295

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper.
Iron
Lead

TABLE ,. - RECOMMENDATION SUMMARY

Magnesium
Manganese
Mercury .
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium

.Zinc
Cyanide

If the field is left blank, the qualifier is A - Accept all data.

Accept data but qualify as nondetected, "U", as a result of laboratory blank
contamination.

Accept data, but qualify positive result as estimated, "J", as a result of baseline. .
drifting and poor instrument respqnse.



APPENDIX A
QUALIFIED LABORATORY RESULTS



u.s. EPA - CLP

1
INORGANIC ANALYSES DATA SHEET

EPA SAMPLE NO.

Contract:
24070 SAS No.:~

Name: SOUTHWEST LAB OF OK
Code: SWOK . - Case No.:

atrix (soil/water): WATER
Level (low/med): LOW
, Solids: . 0:0

,""".-------,
: 07002,
I ~S..O;:;G~N~O-.-:--=2"':'4"=0"::7"=0

Lab Sample 10: 2407002
Date Received: 11/16/9S--

concentration Units (ug/L or mg/kg dry weight): VG/L_
.-----"'1"1------.....,---~--.;..--T""I-rj---or--
I' I. I
'CAS No. . I Analyte ConcentrationlC I Q M

I •

~=~."...-~ l ~----"T"i-- ------::~~,j --- -7429-90-5 ,AlWlUnum 51. 1 1 P l).
7440~36-0 IAntimony- 2.0 U P-
7440-38-2 IArsenic - 4.0 U P-
7440-39-3 :Barium - 46.6 B P-
7440-41-7· BeryllIWii 1.4 B, P-
7440-43-9 Cadmium 1.0 U:· P
7440-70-2 calcium-_- 22400 _I lp: l'
7440-47-3 Chromium_ t 1.5 Bl lP_
7440-48-4 Cobalt__ l 1.5 BI IP_
7440-50-8 tCopper l 1.0 Ul IP_
7439-89-6 Iron I . 27601 I P
7439-92-1 . Lead: 2.0 0: P-
7439-95-4 Magnesiuml '8660' P-_I _

,7439-96-5 Manganese: 605 P
'7439-97-6 Mercury_l 0.20 0 AV
7440-02-0 Nickel 3.8 B P
7440-09-7 PotassIWii 5020 p-,- -'7782-49-2 Selenium 2.0 U P_l
7440-22-4 Silver 2.0 U P
7440-23-5 'Sodium-- 46800 P
7440-28-0 ThalliUiil'" .3.0 UI P-
7440-62-2 vanadium: 1.0 U Ip-
7440-66-6 Zinc -: 42.6 P-

Cyanide_: Ni

I. I

---1-1
---1-1

----- ----.,.. ----------1- I-I
----- ----- -------1- I-I__________ - 1- I_I

Color Before: COLORLESS
Color After: COLORLESS

Clarity Before: CLEAR
Clarity After: CLEAR-

Texture:
Artifacts:

Comments:
CLIEHT_IO_=_3MSP01 ~~-------

• FORM I - IN
ILM02.1
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REGIONAL WORKSHEETS



REG:CX :
Oaea ~eview workshe.~s

Site Nama N5B Nlw lD,.,bOl/'l
a.terenca NUDlJ:.r.....::~:.:."l>;."J;.;o _

REGION I. REVIn 01' nlORGUtC
c:o:rruC'l' UBOllA'l'OItY OATA i'AC:ncz

-:~e har:::;=ied (latlcra-::=y name ~S,\J, LA~s.' ~4~~ da~a· packaqe :ace::ae ~ea~cn I has been :eviewed ana ~~8 qua!~~l assurance and ~er:===~:=a~a si1--ari:eQ~ Tte caea review i~c~~ced:

Case N.c.
SCG. ~o. d.... Ol O

~c. 0: samples ,,,, .

Samplinq Oate(s)
Shippi~q Caea(s)
DaeeRec'd bytatl

. 7=~!~:':· Repcr-: ~rcs: -.::.3~M~.s~?~¢~/.;... ~-----------

:=:.; S.laruc: :10.: /1111::::-.: =. ==ene :!.anie ~ro. : ..;.-tJ~·;';A~---";"-------------';""--------: ~e I ~ :~p ~cs : .......,.,~'* ..;.. _
sc~ ~lo. :eau:':as ~~ae s::ec:'~:': anal'/-::'.:al.ork be ci:::e =-:-.::_

2SS~"'_' _"'-... e'" -os"'cr-s -e· --_..• ..a ea' ;;,. ... "-e ' a""'e-:'~--'1 -~ ·-e ~ea' --s ,:,ve
- '- .... - _:- - .. :- - - •• ~ - .' ...... ~.... 'Ii. _,.. ...... _.. ~. _..... •:~,.an= S~O. 7~egeneral c=:.~eria used -:: cieeer:i~e e~a per:===a~:a ~c~ased C~ an exami~a~~:~ o~: .

-~a~a C:=;le~e~ess
-~=lc:'~q ':':':es
-·:al:'==at::":ns
-31an.ks .
-!C~ :~~er:e~ence C~eck ~esu:~s
-~~-:=:.x S~ike Rec:~er~es
-~=c=~e=~/ Cupl~=~ees

..
-Field Cupli:aees
~Latl C:ne==l Sample ~e~~:~s
-:u~ace AA Results
-!C~ Serial 01lu~~:n ~e~~:~z
-Oeeec~i=n Li~it Resul~z
-Sample Cuane~~aei:n

:·.:e:.-~~:' ~.:==en,=s:--------------------------

~e;·-·-·--s and ~'·al·~:e~s·- -_.----_.. ""... --- - .
•
.~

w
.- AC:2p~atlle ~a~a.·

.~pp:,=xi::la1:e ~a'C~ cue t.= qt:ali:'!· c=n~==l c::i~ari~.·
?e'Jec~ da~a ~ue ~: q-..:ali:y =:n~==.l c=i~ar:.a.
Analy~e no~ deeec~ad.



:u:ca;o;;:. 4
:a~a ~eview Wor~heees

I. OAt~ COHP~S8

l,fT~~~"'rGfl'': •• • 0 DAT; ---,:-:,,..ttllll\
my X

-~---~------.



._-.. ---

-.-.- C:=ple~a ta~le !:r all sam~les anae~=::a ~~a
analyslsc:a~e f:= samples,nQ~ "ic:.~ c=:'~a:':~.

.;..c::::;

I 11- U-'s:/J-2.I-'S-i
-~--

CAn::
SN,!P!'z!j

1I-/S-9:f

-~--1------
~'~p;

------;-------
'I

'j

I

,I

0'

-----',-----

"

I \,
I

"'--.. -...:._.--~
\.I~-= r- ---:.J.._.--_.-.

:30
43. ....

C~1S' F~C~

CAYS :~c~

........ 1...:.; __.._--_ ..-
, --- -" ..-.'"- ~ -_.' .

...
~:.=es

,- I

excae-:'ed
, ,.
a.:..._ :::s:. -::..:e - ~ e·· I .. -!-------

( ~._'.... , .



atG:ON I
:a~a Review ~Qrksne.~s

I:: A.
,_.

I~snman OL:~n1'IOB (Se~ien 1)

Recovery C=i~aria

:~S~ ~~e analytes whic= dia ~c~ =ee~ t~ap8~can~ ~eccvery (~R) =~i~a=

~:= !ni~ial or c=n~i~ui~q Cali==a~ion.

..........
~ 0<:;:::' ~'\f~T ~~_N,. sr. , -------·-·~~;T-·-

:~ any analy~a c:es ~=~ .~eee ~~e %R c=~~eria ::l:=~ ~~e ac~:=~s s~a~

:e1.o·.. :

- \4'0,..-··...-·.. _- ---!
90-~~OtR

aO-:..~O~R

as-ll:1R

7s-a9~R, l::-l:SlR
65-79%R, :21-l~:\R

70-S4%R,. ::5-1:0lR

<75\R~ >l::lR
<65\R. >1::1R
<70lR. >l::lR

.-- ~en-de~ec~ed ~es~~:s:

( fT-'.... ,

~e:':-':=J

C'/anice

90-:':~\R

aO-l!SlR
as-l!otR

7S-S9%R
6S-79%R
70-S4tR

<75\R, >l::lR
<65lR. >l::lR
<70lR, >l::lR



Rr~::N I
Ca:a Review worksheets

II: 3. IXltlUKEHTC1tIJJAtICH (s.c~;=n 2)

2. Analy~i=al Sequence

A. 01: t~e la=cra~=~/ ~se t~e p==;er nu::er of
sta~:ar:s ~:= cali==at~:~ as eesc=~=ea i~ t~e
SeW? -.-

9. ".recali==a~icns
eac~ analysis?

at t~a beainninc c~. . -.-

-.

c.

,'" ".0

_0

~ere eali~=ati:~ s~ar::ar:s analyzed at t~e ~eqinninq c! sac;le analysis ana at a cir.i=~= ~=a
~~encycf tan ~er=e~~ or eve~/ t.o hc~=s d~=~~;
a ~slvsl'S 'Jh~~~~ve~ ~s ---e t-~-'e~-~'j._.~ ,. ~ .....- - - , ...,. --~- .... -
"ere ~~e e===~la~~:~ c:e:~::ien~s ~:= ~~e cal~==a-::':n c~~:es ~:= ;...,:..,~ ana c:: .a 00 S95?

~as a s~an~a:: a-: =xc~:~ analyzed f:='all IC~analyses?

6J> --.-
~ -- t

lEP -- r.-

any

7~e' ca~a ::ay ce af.~ec':a.d. t:se t:rc~essic::al jucqe=.ene ::sever:'-:: of ~~a effac~ ana ~~ali~l t~e data ac===:ir.qlyo
ae~.i:~s ~elcv ind :~S~ ~~e sa=?les af:ec~a~.

.. ,; 'e _ •• e.. _-'-'--



Uti:CH I
C.:a Review Worxsn••:

IV A.BLlNX AHlLYSII lEBnLTS (s.c~icns 1-3)

t.~se the clank c::n:aminaei:n in Sec~i\:lnS l.' 2 ~.lcw •• erxshe~c should :a usad t:= soil and waeer blanks.
...
........
.~.

I/-ZI

1/-2.,

II- 2.1

II -1.1

;;!/c:;.t

1"...\T~!X : ....6'--·.........__

c........ /'"'l--. =,f'- - ",,;..;

/tJ,3 '!tIL

1P., S- 1lJIL

.. ,-,.. ..
. ............- r.--··~-: -.,.".,ye. ;~.

, . :-.-..· ..·--e flllt - ,,. .... --: .. -:-- .. -.' ._-~ -, .:.a:;xs NA

'.

,
1'\.

3.

''';as a· p=e;a=~":i:~ :: ~:ank anal y:ed ~:= eac~ :::21~=:.x.::= everj :0 sac;~es an: ~:= each diges::':n
:a:=~?

Was a cali=ra:~=n :lank~~n every 10 sam~les e=.everj ~ h=~=s .h~=~ever :s ~ore f=e~~en:?

----
----

-. ~:o.

~~e ca:a ~ay :e af!ec~e~" Use p==!essic~al jud;e~enc ::":~e sever:::'!" c~ ":~e ef!ec~ anc: q-..:ali:j". t~. c:aca ac=:=:i~q~y,any ac~~=~s :elcw, and lise :~e sa=~les at:ec~ed.

"'e--.~. :~- .__ s .. __



UC::OH I
Cata Rlview Workshel~

IV B. BUR" AntIlll lZSt1I.TS (S.~i=n .)

4. Blanx Ac~iQns

~~e Ac~~:~ Levels tor any analy~e is equal t: tive ti:a. t~e ~~;~25·c'=:-:=2n~=3.~i::1·c-t t~ae ele:len~'s c:::~a.mina.~i::1 'i:1 any clank. '!'~e ac:~:level ~:~ sam;:les .wnic:=. have c.~n cQncen~:a-cec1 cr' cil~~ed sne-.:~: 0::~l.::';:l.ieci :y t~i c:ncen:=a~i=n/dilu~iQn·tac'::=•. NopQsi~i·l. 5a==~:esu~: s~euld b. repor':ed u~lesst:a ccr.can~=a~ien of t~e analy~e ~~ ~~5a=;:1.e exceeds t~e Ac~i=~ Level (AL). Speei~i= ac':i=~s are ast::"::o.,s

~~en ~~8 c:~cen~=3t:':~ is q=e~ter t~an t~e !:~. :u: less ~~~~~c'::':~ :evel. :epe=~ ~~a sam~l.e c:ncen~=~~i:n cetected .it~ _

,-.

.0 ~11en :~e sa!:;·~e c:~=en~=!.~~:~
:!~~~~ :~e sa=;le c=~='en~=~~i:~

is q=ea ter .":~an
uncr..:a 1i.~ ied.

:o'.A'l'i\!X: --------
':-'~~,,~\:-:",.z. : :-~~~'l1'"e·····'· . :-'.~x. c:~c. '

teN:;;
!. T"
~

t'N!-;;

lJl-~,"'? ID.3 v,Jl SI.~. III/L..

.SoJ.;_ 15"~. f -, /l 7'3 Cf1 h.

16"·- 3. \
"" Jl

IS.S- ';'1Jl

~."''" . ~.\of 111 I'" {J.. O -oIL

,.._ ... o~'-----
=la~ks·anal!:ea d~=~~q a sci~ case cus~ :e c:~ver~ed-:: c::;are t~em wi:.~ :.~e sa:n;:~e resul:'s.·

'::~=. .. ..... ,T' X ·.·e 1'..:~e
,... ~,·-s ... -- ';"O~l' X • • X .

"""'jlII\-~ X ,_0' -e;1 - -.. =--- ~ • ,. W 'OJ ....... -- = -- .c: =.-......-:,. ._.We1q::.t :::';es1:ea ( l;:-3::1 ) lCe:::! lkq lCCO!.:;
~~~::;~y:~; ~~:.s ~esul:' ~y ~ t: .r=~~. al: ~~e ac':~:n lavel qives a ~~~~_~es-.:~~ :..:: ::q/ xq ·...ni:::· c3n ~~en :e c::parea t= sample re.sul t.s.



ua::x I
c&ea Review Wrksh.ees

v ~.

1. Reccvery C=i~aria

(S.c~icns 1 , 21~~

Lis~any••l.=.n~s i~ ~~. ICS AS 501u~ic~ whic~ aia no~ =••~ t~e c=~~e~.

!c: \R.

Ac:'::::S:

:: an ele~en~ c:es r.=~ =ee~ ~~e %R c=i~eria

c·el:·.. :

<SOt

?~s~:i~e Sa:ple Re5ul~s

~e~-~~~ec~2d Sac;le Res~:~s

50-79' >l~Ol

;;ere:~~er~areneeQC' sa:ples =-~~ a~ ~~e t:eqi~~~~q ana
e~c::: eac~ sa:;:le a~alys.s =-.:~ er a :::.:::'=~= e~ -:".. iee
:er a~=~: ",,;orki::a s~i~~, .hi:::ever is :::c::-e f=a~en~?

, . . . ..

-. -......-.

-- ,.-.. '

any

7~e ciata.:ay :e at~ee~2d. Use pr:!essic~al jUd;emen~ ~c

sever:'-:1 of t~e et~aco: and cr~ali:l t~e data ae====i::q1l"
ac':i=~s belew ana l~s': t~e sa:ples at:aco:ed.

-. c _ .. ~
~ ...---



REG:OH I
Ca~& Review W rkshaats

V I. IC' IHnU!I!!CZ ClZCI SUlU" CS.c~icn 3)

J. ~e~o:"': the ccncen~:'a~iQn otany .l.m.n~s c:1.~.~.Q in ~~. • ...
solu~i:n > 2xIOL :~a~ shoul~ no~ ba pres.n~.

\I~
•• oJ

C::lC. or INT~ItF~R~~;7S

IN n!t rcs
CA FE."AL

'61/'"

CONC. Orr!C':"!:~

IN :1!t res
~." ·~V1:'''u'I'-_--.._.;1 .

.301Jg/L ___ ""S'!O

______ '7/ r.3

. !!:;·=~ad
a!~;c~a=

:~e e:~=en~=~~~:~ p~::~=ac

sa:;:les . See qta:el.:.~es
=1 i~~ar~ere~ces celc~:

"'v • ... e • ... ·a.,..~e ... ·-- ele"'e"'·. -- . •.. -.,--- ._...., . -- .. -
fer exa:ples. I.is~ ~~e . 5 a:':':;

,-~~--~--"z. ..
E:~::S'I' SAMPU: SAMPU: :~T~:.F!:.!.\lT £ST:~.A7!:

AF:!=:Z: CCNe. CONC. I:rr~~:.

(uq/I.~ AL a FE "MG (uq/ =-~

"-

:~ ;e~e:-~l. ':~e sa::::lecia-=a. can :e accec~ec:1 ·Jit.~out. er.:ali::'=~..::.==
~~e sa:;:le c=ncen-==~t.~ons c! Al, Ca, Fe, ana Mq are less ~~a~ ::~
--e'- -es"'ec····e 'eve1s .- --a ··S 501'···-n .•.. __-. ~ .... • _' •.•, ....L.-. __".'.•

·~ . ~s':i:~t.e (J) pcsi':~~e =esults !== at~ec~aa element.s f== sam:les ~
:evels c:_~~':er:eren~s ~o~ cr ~o=e of ~~a~ ~n ~~e ICS solu~~:~.

·· . ~e~e~~ (R) l=csiti·..e =esults i: t~e :-epcr:aa c:ncen~=a~:':~

en;··ely -: ~·e ;--ar4 er·-- ele-en·. ~ ... " .... •••• - _ ••-: - ~ '-e .

.;. !S,:~=~':e (U:) nc~--:e~ec':aQ =esults :==" ·"hi..c~ !alse :ieqa~:.·:es

sus;:e':~.

~:~e eX~lana~i=ns !:r any ac~i:~s ~aken calcw:



~G.ON I
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TIt jMATlUX: _

1. Recovery cr:.taria

1
.... 0 :: -:~e sample c::-:cen-:=~~i.::"1 exceeds ':~e 'spike c::"1can~=a~i.::-: ":0: :~ac-::= c: ~ or =ore, ~e ac-:i.c:"1 is ~aken.

-.. 0 :: any analy~e c:es no-: =eee ~~e tR c=i.~ari.~s-:a-:ad :elow:

?~si-:i.'le Sa~~le Results
~o:-:-~eeec~ed'Results

."oJ

A

..
. .. 0

.Yes == ~:c

A.

3.

Was a ma~=ix spike ~=e~ared ae ':~e
quency?

Was a pes~ diqes~icn spike analyzad :er elemenes
t~a~ did nee ::eee=e<;ui=ea c=i~er:.a fer ::ae=i.x
sp~ke recoverl?

'{es -....

A separaee worxsheee should ce usea for each ~ae=i.x spike pair.
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Caea aeview Wor~he.~

- VII. VI

Lise the cencanua:1ens ot any ana1yt8 nc~ mae:1nq tha c:,itar:'a !::dUl=lj.ca~a praci.s1en. . Fer soil du;11ca~a9', calc:ul&~a tha·C1lDL i:'1 =c;/lt~usin~ tha sample ",aiqa:. volume an: parcan~sollc1s c1a:a ter 1:ha sa::;:leIncica~a "'ha~ c=i~aria was used t: ava1uaea precision by eircli~; el~~~:t.~. RPD or CltOI, tcr .ac~· alemen:.
KAnIx: --

QUpl !;3tet.Sample t~
",at':· soi!
uq/1. . mq/kqAlu:i:iu:_I_200_1 ' 1 .....! _

An-:i:cny .: 60! 1 : ~_Arsenic -'-10-: I I_1- -.----.,-.------1------- 1 _Bari-.::: ..200 ~
I.- -I I 1-------Be-,/" '1.:- I IE

I I
..~- .._,_-_: . 1-----Ca•• - ..... • C' I

j
•

......- J ...
~calci~=~~-SOOO-;. --------'- _._-_._------ ------_._-- ------C... ~..... .... . I 10 I ,.

I.....__ .._-t- -.--- -------:-------1Cc::al t :_~o_:--~ -----~-i :::::: _
C:;:::ar ~ 2S: .- ·t'---I:::: 1100-' I -----

____1_ 1 .,_-.;.. 1_ 1_--
Laaa I. 5. . I ,

_~__I__• 1 1 1 _
Maq~esl~__i-~OOO-; I 1-- : _Manc:anese . .. l!! I I --------Mer:-~:"'/--=; __.0.2:1---- t IN1ckel. 1_40_' -------t 1--- -----?01:assi.u: t. :000 ! It--------
S.·len'; •.- -1- c-j 1 I...---_.---; . .---S.• , ve· .,. ,~O I I I -----. •• - .J_. _: • t---Scc:i~:: .~ :000 : ' -----

___• - _. . 1 1 _
-=~al:.;...:: ~. 10 ! I t. --.- ._. , ,---~.~a r:a=i..'~= ~ . : 0 : I . I-'- _._-- -----~- -------_._--: ~~= ~ 40 ~

I,-..an·-a :-lO-j :--- -----.... : _.. -~- -,. ,.-.._- -----
!.aJ:e=:!1:::7 Ou;:lie31:e Ac~:':::s sheul:!:8, 'applied t= all Q~~er samples : ~. :~e sa:e ::at.=:'x 1:i"pe.'

AC:::~lS :

..... ~S~:':3t.e (~) pcsit:'~e =esults ~:= ele~en~s whi~~ have an RP~ ~~:\~:= .at.ers and >J~\ ~:r SOl~S.

2. :: sample =esults a=e less ~~an :x ~~e C~OL. e5~i:a1:e (3) pcs~:~~e:esults fer elemen~s ~hcse a~solu-:a di~:erence is >CRDL. (2xC~:~ ::~seils) .. !! :01:..':. sam;:las are r.c::--:e1:ec:-:ad. t~e RPD is l7C~ .: ale:.:~.:. :a:(NC).



u.s. EPA - CLP . '- . OIl>
6

DUPLICATES
EPA SAMPLE NO.

Lab Name: SOUTHWEST LAB OF OK--- . Contract:
LCSWD

Lab Code: SWOK Case No.: 24070 SAS No.: SOG No.: 24070

Matrix (soil/water): WATER

, Solids for Sample: 0.0

Level (low/med): LOW

, Solids for Duplicate: 0.0

Concentration Units (ug/L or mg/kg dry weight): UG/L_

1 I I I
I 1 I I

I Control : I:
Analyte : Limit : Sample. (S) C:: Duplicate (0)

1·1 I I
~_-:-__ J I I I

Aluminum : :·1965.5610 _: 1 1967.2280
Antimony-: : 496.8800 _I : 499.7520
Arsenic-=J : 2055.·8650 _: I 2061. 2750
Barium· : 11 1919.8490 _: 1914.2680
Beryllium I 52.6640 52.6770
Cadmium I 48.8880 48.4560
Calcium--: 5000.0 19315.5510 19388.9630
Chromium-:- 193.3600 194.1700
Cobalt -: 472.6740 473.7530
Copper::: 244.8440 243.4580
Iron 984.9110 1156.2720
Lead 498.0440 490~2680

Magnesium 5000.0 20072.4570 _: 20133.3610
Manganese 484.2060 _: I 484.8350
Mercury : 1.0600 _I 1.1100
Nickel -- : 486.7000 _: 488.1930

tPotassium 5000.0: 16992.7320 _: 16710.3610
·:Selenium_ - -:: 2103.2710:_: 2125.5530
\ Silver . __10.0_:: 47.7210:_: 48.4400
:Sodium-- 5000.0: : 18233.4180:: 18185.8.400
lThallium_ - -: -- 1944.1180::: 1950.9610
•Vanadium I 481-8350:_: 482.0900
Zinc 498.5810: 499.0630
Cyanide_ ::

I

---------l
---------i
--- 1

--------:-1
--------1-1
--------1-1
--------1-1
--------1-1________1_'

FORM VI - IN

,- --
1-
I-
I- -
1--
'- --

ILM02.1
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. -,

List ~~e ccncantraeions of all analytes in the fi.ld.duplicate ~ai: .
.:or soil c:1uplicata. ,c:alco.Jlata t."'. CAOL in mq/kq usinCJ~. sa!nl'le ..... i;:
volu::aand p.rcent solid.s c:1ata tor t.~e samt:21e. .Inclicaee ....hat =::::a:
-as used to evaluea ~e precision by ci:clinq ei~~.r ~~a RPD or C~CL :
eac~ el~ene. .

MAnIx: ~-_

sample it

--------.:-------- ---- -------- i _..

.gm,.
'Jaeer soil
uq/L· mq/kq

Alu::i:'lu::l_I'_2 00_I .~. ; ...... _
.un:~-cny ! 50 ' .•' .1 _-- _,_. _1 _
" , 0 . 1""rsenlc_

I
_- ~I --______ _ _

:ar:'''::: : 200! _
.- 5-: :. ~:ery1!.~U::_1'~ _I • • • _

-"0'-· :: I . I ,I\o.Q .-.1_-_.. . .....;,. _
Calc:'·~:: II .5000 :'_ .________.- - -. ... --_._----......~~,.._",.,..: , '0' ": ' '0"··.--"'--i-- _I ------__ - ............__ _ _
Cobalt : 50 ' _

C---e~ ;---25-1
-~~ - 1_ -1----

:::n ~ lOO
'Toad :- 5 I
-~ t- _1 -------- ------- ---
~aqneslU::1_I_:OOO-i-· _
~anc:anese ' 15, ~.... ;..._ -'-0 ~-l ---..er__·'/_I·_ .6-1---- _
Sickel 1_40_

1
-_- _

?oeasslU::_t_SOOO-I;..·---- -------- ------- ---.----C:elenl'•• - 5 , l.

;;"le~~-I---;O-: 1------_.- _. 1--.· _1 1 _

SoC:..~:: : :000 ~ I

. .- -. . ------""al'! : ..~ I 10 I -,... ---_.-- -;---- -------- -------- --- -----
·)'anacii~ : 50:_.- -.---- ---_....._-- -------_.---..:~~= ~. 20.: .. _~__
'-··an"'~e -:--'O-~ .

. .... ! -- -----.~ - --. -_......- --- --....;--

:' ield OU'Plic~ee Ac~:':nsshoulc:1.be applied t= all Q1:.~er samples Qf 
same::atr:'x type.

~C':':::IS:

Esti:aee (J) posit:'7e :esults :::
~or wa~ers an~ >50~ f:r soilS.

elemenes ~hic~ have an ~:o >~

~. !: sample resul:s are less t~an 5x t~a CROL. es~i~a~e (:) ~=si~:

=esults ancl (03) noncietec-:ecl results f=r elemenes ~hose a.i:sol:.:
dif:erence is >2XC.~OL. (4xCROL f=r soils). . I: coe..,. sam~les a:!! ~=

decec~ed, ~~e ?~O is nee =31c~ia~ed (~C).
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:'is~ any LCS recoveries no~ ·",it.':in t~8 8,0-120' c=itaria and: t~e sam;:l~

a:~ac':ea.

E!.~,.

:~S~ any analytes t~a~ ~ere no~

:::.~ ~=:' a:~e solid LCS samcle.
~valua~e solid rocs ,results.

...;. . •
~i~':i~ t~e c=n~==l ~indows se~ =y ~~
T~e aO-12ot c=iteria is no~ '~seci

Les C~::C. CCN'!70L ':~PQWS

::-:s i -:i'le ~esults
~c~-de~ec-:ad Results

R
R

?~:;5n~ Fecovery
51-~C?'

J
OJ

>120'

J
A

~:!..:= :c~

~osi':ive Results
~c~-detec':ad Results

,-.- .......-.1
-_·':"X=

J
OJ

C;ii;;;l

J
A

A. ~as an LCS analyzed for every ~at~ix, eve~l

dic;es~i=n l:a~=~, and evert :0 samples?
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X Ae" ltJRDCZ A~C: UIOU'nOH ADLYIIS

-------- Duplicata injeC1:iens andena-point analytical spike. wara 'Par 
feced. terall samples: duplicata injec-:iens aqre.d. wi~~:':: =
20t.

Duplicate Precisien
/'

1.

-------- Cuplica~a injec~:'Qns anc/erspikas ware no~ per~=r:ea f:~ ~~a
follQwinq samples/ elemen~s: _

-------- Cu=licata injec~ions did no~ aqree wit:in : 20t fer sac~~es/

ele.men~s:
------------------~-~---

~. ?cs~Ciqes~iQnSpike Receveries

Spike recoveries ~e~ ~~e 85-11~trecove~! c~i~aria

samples.

Spike recoveries did ne~ ~eee~~a 8S~11~t c~i~aria cu~
no~ require MS.\~=r ~~a foll'ewinq. samp~es/elemenes:

......---

-------- MSA ~as used to quanti~ata analytical results when c:n
t=ac-:~allyrequired..

Correlation c:et!~cien~ ~O.99S, accept =es~l~s.

Cor=ela~iQn cQat~~oients <0.995 fer sample
nw:LCers/ele~en~s: ...... _

--~----- Me~~cci ot Stancar: .\ddi~i=n (~SA) was no~ per!or:ed. as :-e-qui=ed ~Q~ samples/elecen~s: __

~C~:::lS :

...
~s~:'=aee (J) posi~:'ve resul~s it duplicate injec-:ions are
: 40 % RSO or CV. '

:! ~~e 'sample a.bsor:ance is <sot ot ;::ost diqes~ion spika abso==a:'1C~

t.::'e follewinq ac-:icns should be applieci: .

?osi~:'7e Sample Results
Ncn-~e1:ec~ed Results

J' or R
R

J
UJ

:. ~s-:.:'=a~e (oJ) sample results i! :-r.s~ was requi:ea and noe ;::ar:===ea.

4. ~s-:':'=3~e (oJ) sample results it cQr=ela~ion coef!~oien~ ~as <0.:95.



-----.. -

.....

:aea

XI •

Serial Dilutions ware partor:ad for each macrix and resur~;of the dilutad sam~la analysis aqraed within tan percan~ c'the oriqinalundilu~adanalysis•.
ISerial Dilutions ware not par!or.=ad for th_ followinq:

Serial Diluti:ns ware ~ar!or:ed, but analytical resul~s :::not aqree wit~i~ lot for anal~e concane=ations qreaeer ~~a:SOx ~~a IDL ~etcre ailu~1on.

:\epo~ all results below that .do not :neee t~a requi:-ea latlc:-~-;==.~c=i~aria for !C~ serial dilu~i=n analysis.
~,n!x: _

IO:' :Ox!::. SAM~U:

ru:StrL=
snUL

OILt.--r:C:l
%0 " .----,..-.,-. -_.'

Al~inu: I
I=ari~ l--- 1---- __""!"'.•.:eril15: ~- j'____ _Cad:1iu:: ! ---C ·l· -I I ----. : c::.~_:___ 1 -----C··===J.u:1_ 1 1' -----C::al~ I-.--- t---- ----C:::er· I.. -,--- 1---- -----_..... I

--_.. --- 1---- ----:'aaci ,--- ---- ----- -------- ------~-:---- -----~aq:-:es~~: : t---- -----~ar.C'anese: ---- -------- 1 -----\t' ~ 1 I :------- ..,.lc..... e -, 1" 1---- ------?otasSl~: 1 1 .-----Silver_l l _
S·odiu::_1

1, 1 1

-----
','anadiu: :

_-' -I j I.. :..nc___I I
,~ _

~c~i=ns apply t=all samples ot ~~e same ma~=ix.

~C':':CNS:

.... Es~::aee (~) posit:~e resul~s it %0 >15 •
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.~ Inse:umane Oee8ceion Luit rasult5 vere present anc:l f Qunc:ll ••s than t~a Conerac~ Require~ O.t.c~~QnI.imits.

• ,.. Inst:-~antC.t.~ion Limits

ICLs were noe include~ in t~e data packaqa on For: XI.

t:

cr

rots· were presene,tollQwinq elemenes: _

2. Repc~inq Requirements

W.r•. sam~le results on For: I repcrted down t=
~e IeL noe ~~e C~L :=r all analyeas?

:: '~lc,

Were sample ~esults thae ~ere analyzed :y !C~
~=r Se, !l,.As, or Pb at lease 5x IOL.

Were sample ..eigh~s, '/olumes, and. d.ilu-:ionstaken ineo ac=:une ~hen re~cr":inq detec":ion11::its on Fo=::t r. .

_~Xi..... \!:'

•

The repor-:ed resul~s :ay ce inac~~=ate~ Make t~e necessarl c~ang£.on the daea suc:ar/ ta~les and request ~~at thalaboratorl resu:=i~ "::.c===ec~ed data •
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Sampla results tall wi~in ~a linear ranq. ter IC~ ana ~i~~:the caliJ:ra~.a ranqater allo1:her parama~.rs•.

Sampla results ..are beyona t.~. linear ranqa/ c:a.libra~:'=n =~~c;ot ~e ins~:-.:::en~ fer ~. tollQwinq samples/ele:1en-:z

.Zn the space belc~, please show a minimu: ot one sample calc~:a~:=per :ne1:hca:·

c."".
(f
D.~
O.S
1.0

$.0
10.0

l!!..
-,...s
Ift·S
'3n5,,..,

10'$"

~,""3

COAs~l"-'i'f'."
x-'oc.f.t : ·~se·~

r : f). ~", ':

Ab~r~.....~

SIttW'U: L C .s
~ " ~'105'1D6 co

:c:'soil sam=les, :~e tc:l:;oJi:1c eaua~:'Qn may be necessar/ to C:=~-J'e:-~.raw daea vaiues (usually :-epcr-:ed. in uq/L) to ac-=ual sample ::=~.c:en~=aeiQns (mq/kq):

:'he lab is requi:ed. to use 1 qra: sample (·".re~ ·".reiqhl:) .to 200 ::1.

digesl: cone. in gg X ,00~1
L 1 q:

X . lL X
1000 ::11

lOOOqm
lkq

X ;ciq
lOOOuq

-II1£
kq

In adciition the sam~le resul~s are c:=nve~ed. to d~l ~aiqh~ ~si~q ~~Epercen~ solids calc:~laticns:

Wet ~eight ~;ne.

~solics

X 100 tinal c:oneen~:al:ion, dr/weight (=q/~



It · Iec,on _.INORCANIC REC10NAL DATA ASSESSMENT

CASE NO. d401- 0 SITt A~£4· A
LA 80RATOR.Y ..::Ss.::lN'::.:.:-=l..A~§s~..:tJ$::;.·...:::l*:;::I(~~-=4.Q:H:l:M"~"~ . NO. OF SAM PL ESI

MATR.IX J ,IA,"CAY"SOCia . ,*401=0 R.EVIEWER. (IF NOT ESD) W. Bltora . /lINyS,SOW.
R.EVIEWER.'S NAME

OPO: ACI10N m )( COMPLETION OATE (l.- z.+ -95'

. ,~

CYANIDE

/tIA

o

o
o

o
o

o

,v

DATA ASS;:;SME,-r" SUMMARY

AA . HI

N4·· 0

o

Iep

I. HOLDING TIMES 0
2. CA LIBR.AnONS 0

3. BLANKS X1)Xz.
4. lCS 0
5. L.CS ()

6. OUPUCATE ANAl.YStS ()

7. MAT1UX SPIKE tJfJ
I. MSA 1'111
9. . SERIAL elLunON riA

10. SAMPL! VERrFiCAnON 0

11. ordER QC 0
12. OVERALL. ASSF':':MENT

O. Oaa had DO problems/or Qualiiied due to micor problems.M·. [)ata Quuitied dUI to mjor ~roblems..Z • Data ucacce~Qble.
X • i'rClblcms. bur do Dor aItecr daa.

AcnON rtt~ Xl. ~ ~!1AAL Q"'Z!!m'd4e'71 fflNb ''''' UtJ.AA-zmt ?All" iJvr.oJII,Xl - .tJ"CeA.7't/I a\JW!(. ~.,I~"'~"t/"" &,,"D IAJ &.ItA """'''1'

AREAS OF CONCERN: -----------0:--------------
NOTABLE PERFORMANCE.:

_
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U. S. EPA - CLP

2A
INITIAL AND CONTINUING CALIBRATION VERIFICATION

004

Name: SOUTHWEST LAB OF OK--- Contract:

Lab Code: SWOK Case"No.: 24070 .SAS No.: ."---- SOG No.: 24070

Continuing Calibration Source: IN.VEN. _

Initial Calibration Source: EPA-LV---
•

I,
I
I

Ml,
-'P I

... 1
P I

_IP .,, -'P 1

-'P I
_I

P I
_I

P ,
-'P I

-'P I
_I

P I
_I

P I
_I

p'_I
P I
_I

P
AV
P
P-
P'"
p'"
p"'l
p
p
p-
Hi

Concentration Units:ug/L

I I I
I I I
: Initial Calibration : Continuing Calibration :
:Analyte True Found %R( 1): True . Found %R( 1) Found %R( 1) I
I I I
I I 1 I
Aluminum :. 1000.0: 994.87.: 99.5 5000.0: 5090.19: 101. 8: 5042.54 100.9:
Antimony-: - 500.0: -519.73: 103.·9 =-500.0: =-507.991101. 6: =-504.90 101. 0:
Arsenic -: --250.0: -258.94 \103.6 500.0 1 502.14\100.4: SOL 77 100.4
Barium -:---1000.0 -986.70 98.7 ---sob.o -510.21l102.0:--507.19 101.4
Beryllium -- 25.026.12 104.5 500.0 --502.661100.5:--501.64 100.3
Cadmium ~25.0 126.11 100.9,-500.0 -508.37·1101.7:--507.37 101.5

,Calcium=: _2500.0 _2466.62 _98.7:_5000.0 _5045.57\100.91_5046.52,100.9
:Chromium__100.0 _99.95 _99.9:_500.0 _505.661101.1: -,-504. 77l101. 0
! Cobalt__. _250.0 _249.60,_99.8 1_500.01_503.10 l100. 61 __498 .561_99.71

pper 125.0,_125.40 100.3 500.01_509.32: 101.9 __505. 38 ~ 101.1

•

•:on 500.0: 488.96 97.8 5000.01 5083.66l101.7 5092.00 101.8
" ead. -250.0:--252.02 100.8 -- 500.0:- 505~791101.2 - 505.27 101.1

,Magnesium _2500.01_2478.21 _99.1 _5000.0:_5043.58 ' 100.9 _5032.03 100.6
:Manganese _"_250.01_252.04 100.8 500.0: _504.95 101. 0 __503.06 100.6
I Mercury_ 4.91 5.67 115.7 5.0 5.19 103.8 5.18 103.6
Nickel 250.0: 249.91 1 100.0, 500.0 509.05 101.8 507.99 101.6
Potassium ---2500.0:~547.03 101.9 ---5000.0 -S176.24 103.5 -S134.15 102.7
Selenium_;-- 250.0::350.97 100.4 500.0 __508.17 101.6,=-504.12 100.8
Silver : 125.0:_124.34 _99.5 500.0 _505.82 101.2 _504.80 101.0
Sodium : 2500 • 0 1 2706. 31 108. 3 5000. 0 5377 • 29' 107 . 5 5372 • 83 107. 5
Thallium_:==-250.0:=-250.65 100.3 =-500.0:=-505.41 101.1 =-50~.89,100.6
Vanadium_I 250.0l_254.71 101.9 __. _500.01_"_506.82 101.4 _505.20 101.0
Zinc ' __250.0:_255~89 102.4 _"__500.01_.512.06 102.4 __511.25 102.2
Cyanide__: :-----I ----- -----

-----I --------- ,--____ '. ... 1-

, I_____ I __.,..-_ , __

l.. I
___~II --------- I .,-

----...,-- -------1---- ----- ------ ------ --- ----- --- I~
----1----- ---- ----- ----- --- ------ ---- 1-

-------- -----1 11-____ I II-

I I'______ ' 1 I 1_

,., Control Liinits: Mercury 80-120; Other Metals 90-110; Cyanide 85-115

FORM II (PART 1) - IN

ILM02.1



u.s. EPA - CLP '- 005
2A

INITIAL AND CONTINUING CALIBRATION VERIFICATION

Lab Name: SOUTHWEST LAB OF OK--- . Contract:

Lab Code: SWOK Case No.: 24070 SAS No.: SDG No.: 24070

Concentration Units: ug/L

Continuing Calibration
Found %R(l) Found %R(l)'l'rue

Initial Calibration
True Found %R(l)

I I
I I
I I
I I

:Analyte:
1 1I I --:- ~-_

1 Aluminum. : : 5000.0 5078.53 101. 6: 5081. 57 101.6
Antimony-:---- I 500.0 508.24 101. 61- 509.13 101. 8
Arsenic -: -.-500.0 -504.90 101.0 -510.15 102.0
Barium -.-,------ --500.0 -513.18 102.6 --512.23 102.4__ I __ __

Beryllium\______ I 500.0 504.66 100.9 -505.01 101.0
Cadmium \ --500.0 --510.90 102.2 -512.50 102.5
Calcium-: ------'-.....- --5000.0 5058.86 101. 2 5071. 20 101. 4
Chromiurn-: ----- 500~0 507.31 101.5 - 507.12 101.4

!Cobalt : ---500.0,--499.28 99.9 --500.67 100.1
pper--:---- , ---500.0 --514.15 102.8 --512.14 102.4

I_.i'on \____ : --5000.0 5105.46 102.1 5112.21 102.2
: Lead : 1_· : 500.0 506.84 101.4 - 508.87 101.8
:Magnesium: : : --5000.0 5055.13 101.1 5055.13 101.1
IManganese I : 500.0 506.29 101.3 506.10 101.21
Mercury :: 5.0 5.16'103.2 - 5.08 101.6:
Nickel -:: 500.0 -sl1.44 102.3 -sl2.59 102.5:
Potassium:: I. 5000.0,_5221.58 104.4 _5216.33,104.3\
Selenium:: __500.0 _506.90 101.4:_510.04:102.0:
Silver -: \ __500.0 _508.65101.7:_507.751101.5
Sodium-·-:5000.O 5418.79108.4: 5392.27107.8
Thallium-: 500.0 507.85 101.6\- 510.25 102.0
vanadium-: -.-500.0 -508.99 101.8:--508.70 101.7
Zinc -: --500.0 -515.49 103.i:-515.59 103.1
Cyanide_: 1== ---'- _

I

---'------ ------ ---l----- -----___ 1 _

--- -------- ------1--- ------ ---
------l----- ------ ---

---- --- -------- ------1---- -----
-------1---- ----- ---
------1--- ----- ----______ -------'---1 __- _

1__
I,-'

--I
I

--I
•-I

__ I
I--'.

. . \ Control L'imits: Mercury 80-120; other Metals 90-110 ; Cyanide 85-115

FORM II (PART 1) - IN

ILM02.1



u.s. EPA - CLP

2B
CRDL STANDARD FOR AA AND rCp.

• Name: SOUTHWEST LAB OF OK _ Contract:

Lab· Code: SWOK Case No.: 24070 SAS No.: SDG No.: 24070

AA CRDL Standard Source: PLASMACHEM

rcp CRDLStandard Source: rN.VEN. ~

Concentration Cniis: ug/L

%R

1
_-.".~_--I ~~-.".
__124.991_104 .2
__18.31 _.91.5

_11.21 112.1
__10.29 -102.9

CRDL Standard for rcp
Initial Final

Found %R Found.

I

_~-=---=" __-:-:~-=-~I -=-=--=--"='
120.0 125.021104.2

20.0 -- 18.411 92.0---- ,-
__~~=-I -=-=--=---:'"

11.31\113.1
==:10.27:102.7

I , 1
I , ,

: CRDL Standard for AA ::
I I ,
I , I

iAnalyte True Found %R: I True
I ,

;Alwninwn .:-----:-------~---l
Antimony-: :
Arsenic -: :
Barium -, ,I

__ I -- _

Beryllium I : 10.0
Cadmium ',--10.0
Calcium- 't'----- ------1--- ---::'-=--":Chromium- I: 20.0 20.16 100.8 20.22 101.1,- ---- ------,--- - -balt _"-- : 100.0 99.51 99.5 98. 20 ~98.2 :

•

..Jpper__ _ 1, -.- 50.01·~48.70 -97.4 =:49.21 _98.41
ron - '1-- . ,

---- ------;---- --~.". ---....",..~.". -~~ ----=--=~ ---::'-=--':".,
I ad . 1.6 . 0 : 5.26 87.7 5.75 _95.8\
IMagnesiwn,---- --------,-"--- -- :--- :

\Manganese.:====:=: =::=:~~=~~!=:::=: 30.0: 30.54 101.8 __30.41 _101.4:
IMercury_l __O.2 0.241 120.0 -- :---- l
INickel ;...__- ....-_-=--=-__ :1._-___ 80.0: 81.78,102.2 81.93 102.4:
, Potassium - --: - ,I.---- ------:----Selenium 1___ 10.0 10.03\,100.3 9.12 91.2:
Silver -20.0 ----19.97199.8 _19.35 -96.7:
Sodium-- ---:- -:
Thallium- 20.0 22.96\114.8 __·_.20.87,~104.3:
Vanadium-: I '100.0 --104.64'104.6 __104.381_104.4:
Zinc -: .: :=-40.01'=-42-.13 105.3 ~42.57:_106.4:
Cyanide_: : : .__ . --"

I··j---I ---
---I,.----- ---- ------ ----I ,--- ------ ---
---l 1----- ----- ---

----- ---- ------ ----l 1--- ----- ---
----. 1'------ ----I 1--- ----- ---______ I It ·1 '--

I I I. I____ I I , , __

FORM II (PART 2) - IN

ILM02.1



U.S. EPA- CLP

3
BLANKS

Lab Name: SOUTHWEST LAB OF OK~~__ Contract:

007

•Lab· Code: SWOK case No.: 24070 SAS No.: SDG No.: 24070
Preparation Blank Matrix (soil/water): WATER

,
Preparation Blank Concentration units (ug/L or mg/kg): UG/L_

-------1- I_______ 1_ __I

Initial
Calib.

Blank
(ug/L)Analyte

1
I I I 1:
: 1 I II
I I 1: Continuing Calibration : Prepa- ! !: Blank (ug/L) : ration l :C.I 1 C 2 C 3 C: Blank C·\ M:I
I, 1---.,_-::--:--"""",:,,-:: 1__-::--=---:-:::-:-__-=---=--;-:-::-::--__-=-~~ I __-:-::~~~~I __ IAluminum 8.0_:U: 8.0:U 8.0 U 8.0 U 10.260 Bl P IAntimony- 2.0__ IU: 2.0~:U 2.0 U 2.0- U 2.000 U' P--:Arsenic - -----4.0__ : U: 4.0_: U 4.0- U 4.0- U 4.000 U 1 P::::::::!Barium .- 1.0_1UI 1.0_lU 1.0 U 1.0 U 1.000 U P_:BeryllIUm I 1.0_1UI 1.0 IU 1.0- U 1.0- U 1.000 U P__ lcadmium 1.0_IU\ 1.0_ U 1.0- U 1.0- U 1.000 U P_:,..Calcium -9.5 :BI -8.5 B -9.8- B ~13.3 B 5.000 U P__ lIChromium ---- 1.b-:U\---- 1.0: U --- 1.0- U 1.0::U 1.000 U P__ llCobalt--= 1.0_IUI 1.0_ U 1.0~ U1.0_IU 1.000 U P__ :pper -1.2__ 1B1 · -1.1_ B -1.6:::: B -1.8_IB 1.000 Uu Pp"'"_con 13.0_IUI 13.0_ U 13.0 U -14.7 BI 13.000 ~Lead 2.0_:U: 2.0 U --- 2.0- U 2.0- U: 2.000 U P__

1Magnesium I 8.0_"_IU\ 8.0_ U 8.0- U -13.7- BI 8.000 U P~anganese 1.0 lUI 1.0_ U 1.0- U 1.0- Ul 1.000 U P--Mercury 0.2_1U: 0.2_ U 0.2- U 0.2 U: 0.200 U AllNickel - 1.0 :UI 1.0_ U, 1.0- U, 1.0- UI 1.000 U P,Potassium 41.0_IUI 41.0_ U 41.0- U\ 41.0- U: 41.000 U P:S lenium_ 2.0_:UI 2.0_ U ---.2.0- U -- 2.0- Ul .2.000 U P--:Silver__ 2.0 Ul 2.0 U 2.0- U 2.0- U: 2.000 U p-,ISodium~ 10.0::::: UI_10.0: U 10.0:= U _10.0_ U: 152.454 B P::::::IThallium_: 3.0__ U 3..0_ U 3.0 U 3.0 U\I 3.107 B P_:'Vanadium I 1.0 U 1.0 U 1.0_ U 1.0_,U\ . LOOO U P_lZinc -:-1 1.0- U 1.0-"U 1.0 'u 1.0 \U: 2.371 B P_:Cyanide" I - -, -I I NR_
t
'-' 1- 1-' I------.,-\-1 l-.I --I----.,.---1- :- -- ,_____1- I_

I
-----1-
-----1-
-----1-
-----1------l-:__---.,__1_I

FORM III - IN ILM02.~·



u.s. EPA - CLP

3
BLANKS

ODS

Contract:

Lab' Code: .SWOK Case No.: 24070 SAS No.: SDGNo.: 24070

preparation Blank Matrix (soil/water): __~_

preparation Blank Concentration Units (ug/L or mg/kg):

•-.'

,
I

•I,
I
I
t

M I
I__ I

P :
_I

Pp-
P
P-
P
P
p-
P
P
P
P
p
P-;
_I

AV_:P_:
P I

-'P I
_IP_:

P_l
p I
_I

P_l
P 1
_I

NR_I

Prepa
ration
Blank C

•------1-
------1-
------l--------,-

.1

-I
-I
-I
-I
_I

C3

______ 1 --

•~ 1 -

, I •

------:-l-~----I-
----,....-1 -l l:-

-I 1--
_, I-

I I

-I 1-
-1- 1-
-1- 1-
-l- 1-
_I. I_I

• I

---~--I

-I ,
_I I_

I I

-I 1-
...,1.------1-
-I 1-
-I 1-
-' i-

------i-
------1-
------1-
___- ......._1-

I.

1-.......----1-
Il
l I
ll
I 1-
------1-
---:-----1-
------1-
------1-______1-

I I

------l-I______1_1

Continuing Calibration
Blank (ug/L)

C 1 C 2 C

I

------\-____________1- _

I .__--.;.. 1- _

i
1
1 Initial

Calib.
Blank

Analyte (ug/L) .

Aluminum 1 8.1 IB
Antimony- i- 2.0-:U
Arsenic- l - 4.0-:U-- \- -Barium· I 1.0 :U

I Bery·llIUm :- 1.0-IU------.-ICadmi.um_ I 1.0IU
ICalcium_ :- -11.1-\B
"Chromium I-' 1 0-' U~ '_I .. _,
~ Cobalt--= L... I 1. 0_1 0
pper~ :_: ~1.8_:B

.•.con '1 -17.8 IB
1_1--- _,

ead \_. 2.0_1U
Magnesium I -12.6 IB______1- _I

Manganese L 0 IU
Mercury_· 0.2 :U
Nickel 1.0:U, _
PotassIUm 41.0-:U
Selenium ---- 2.0::U
Silver 2.0 IU
SodiWIi--- 10.0-:U

,Thallium_ - --- 3.0- U
Vanadium 1.0- U
Zinc - 1.0- U
eyanid _

FORM III - IN
ILM02~1



u.s. EPA - CLP •• 003
4

ICP INTERFERENCE CHECK SAMPLE

Contract:

Lab Code: SWOK Case No.: 24070 SAS No: SOG No.: 24070

ICP 10 Number: TJA#2---- Ies Source: EPA-LV91

concentration Units: ug/L

872.2, 87.2
==-20.1:_-__
_---,-_-8 • 9 1~~~
__1002.11100.2
____22.2
__~-4.3

468.4 93.7
--940.7 -94.1

83.5

95.8

o
----~20

___-6
___-1
___28

3
89.7 ---0

-89.7 0

True
Sol. Sol.

A ABAnalyte

------- ..,.-- ---- ----- ---I
---- I

----- --- ---- 1
----- --- ---- ---- ----- --- ---- ----- ---I_ ""'--__ 1 I

I . I___ I I
I ,

--------11
--------1 I-- 1 ,

I I
1 1
: Initial Found Final Found I
: Sol. Sol. Sol. Sol. I
iA AB %R A AB %R'
I I

~_....-__,,:,"",=-:=-:-=-=~:--::-:::-==I I
Aluminum 1 500000: 500000: 447409: 434166.4: 86.8 _445707:_447734.1:_89.5\
Antimony- 0:- 0:-· 0:- 0.4:- -11 -0.81 :
Arsenic - 0\ 0: -1: -2.9/ : 0: -1.7: I

:Bariwri -. 01 __._500\ 0: __.466.01_93.2\ 01 __487.0'_97.4:
: BeryllIUiii 01 __._500: 1: __436.9: _87.4: 1: 455.8 91. 2
1 Cadmium O' 1000' -·1' 844.0 1 84.4 1 -1 1-882.3 -88.2• - ,_ I __ ,_ I 1_

:Calcium 500000: 500000: 434560 421510.41 84.31 436669: 438653.2 -87.7
:Chromium_ 0 =---500 - 1 -__430.1::86.0 - 11=---447.8 -89.6
·Cobalt_·_ 0 __500 1 _422.2:_84.4 11_434.5 -86.9
,Copper__ 0 __500 2 __504.4:100.9 11 528.0 105.6
I Iron 200000 200000 176814 171053.9185.5 1778331 178383.4 89.2
ILead I 0 __1000 -1 -__869.8:=:87.0 - -1:~906.0 -90.6
:Magnesium \ 500000 500000 475871 460315.0' _92.1 477335 _478801. 8 -95.8
lManganesel 0 500 2 441.5 88.3 1 __459.1 :91.8,
IMercury_l
:Nickel__ :--~0,__1000 0 _._834.8
: Potassium: 0\ 0 __-12 -33.0
1S lenium_l 01 0,. -5\ -5.8
:Silver__ : 01 __1900: 0: .. 957.8
ISodium__ l 00: 30'-- 14.0
:.Thallium_1 0 0 I 1 2.9
:vanadium:.-: 0 500' 0 448.5
Zinc 0 ---rOOO 0 ----897.4
Cyanide _

'-..

FORM IV - IN

ILM02.1



·U.S. EPA - CLP

7
LABORATORY CONTROL SAMPLE

01~

I Name: SOUTHWEST LAB OF OK. _ Contract:

Lab Code: SWOK·

Solid LCS Source:

Case No.: 24070 SAS No.: SOG No.: 24070

Aqueous LCS Source: EPA0392 _

,-----...,..,----~---------..,-;----------------------,
I Aqueous (ug/L) Solid (mg/kg) :
:Analyte True Found \R True Found C Limits \R I

: -:-:'--,--- --=,..."....,,,..,,..-,....,....~...,,..,,,....-,=-=-.--~--,,,-------..-.....;..----,..-...-----.--....;..--.,.--_:IAluminwn__2000.01_1965.561_98.3_1 1_ _ 1,, :

:Antimony 500.01 496.88: 99.4 I I

'Arsenic - 2000.012055.86 102.8- 1- ----.l---l
Barium - -2000.0 -1919.85 96.0 1- ----1---
BeryllIUmI- . 50.0 52.66 105.3 1- -----
Cadmium --50.0 ---48.89 97.8- 1-
Calciwn- 20000.0 19315;55 -:-96.6-:---~ 1- ---- ---- ---
Chromiwn 200.0193.36 -96.7-: -----1-
Cobalt -500.0 -472.67 -94.5-: I-

. Copper= =250.0 -244.84 -97.9-: 1- ---- ----- ---
1Iron 1000.0 -_984.91 :)8.5:1 !: ~ ---- ---
ILead 500.0 498~04 99.6: I

.gnesiwn 2.0000.0 20072.46 100.4-: 1
1

- ;:-, ,- --- I'

·I··.inqanese _500.0 484.21 _96.8_ 1 l- _
lMercury_,~1.0 1.06 106.0_: 1_ ---- _

INickel : 500.0 486.70 97.3 1 '
\Potassium\20000.0 16992.73 :85.0:1 l-

• 1 1- ----- ----- ---:Selen~um_I_2000.0 2103.27 105.2: I

Silver_l __50.0 __47.72 _95.4:: :: _
Sodium__ :20000.0 18233.4291.2 I '
Thallium_l_2000.0 1944.12 -97.2-: 1- _
Vanadiwn_l_500.0 _481.83 :96.4:: !: ---~ ---
Zinc : 500.0 498.58 _99.7_: I ;-

eyanid __ '1- . I, 1- ;,
1 l- ---- ---:'

----- ---- ----- ----I '1- I

------ ----- ----l 1- ------ ---- ---
....,...---- ---- ----- ----11-1---- ---- ---

---- ----- ----I 1-1-"""'--- ---- ---
----I 1 :-1---- ---~ ---

': ----: I 1-1------ ---- ---
1 ----I 1 1-1----
1------- ----l I 1-1---- ---- ---I I I '_1 _

'FORM VII - IN
. ILM02.1



u.s. EPA -CLP

7
LABORATORY CONTROL SAMPLE

012

I Name: SOUTHWEST LAB OF OK,.---,- Cont.ract:

Lab Code: SWOK

Solid LCS Source:

Case No.: 24070 SAS No.: SOG No.: 24070

Aqueous LCS Source: EPA0392 _

,-----,-.....;..-----------1------------------------1
, I

: Aqueous (ug/L). Solid (mg/kg) :
IAnalyte True Found \R True Found C Limits \R'
I I·

!Aluminum 2000.011967.23: 98.4 I i !
IAntimony- =-500.0:=-499.75:100.0: I ----- -----l---I- I I ----- -----1.---'IArsenic 2000.0,_2061.27,103.1- :11

I I ----- -----1---IBarium , _2000.0,_1914.27,_95.7- I . , :
'Beryllium: 50.0: 52.68:105.4: I

Cadmium :---50.0 ---48.46: 96.9- : :
Calcium-\ 20000.0 19388.96 \-96.9- : :
Chromium: 200.0 194.17 -97.1- I· I
Cobalt--=:::==500.0 ::==473.75 :94.8_ ! -1----- ----- ----I
Copper_l __250.0 __243.46 _97.4_ : -l----- :
Iron 1_1000.0 1156.27 115.6_ .: =1========= :
Lead· I 500.0 490.27 98.1: I

gnesiumI20000.0'20133.36 100.7= I -1----- ~---- -----I .
..ciDganesel __500.0 __484.83 _97.0_ l -- _I ---.

Hercury__ l 1.0 1.11 111.0_ I ~
Nickel.: 500.0 488.19 97.6 :-----
Potassiuml20000.0 16710.36 :83.6 \ _
Selenium I 2000.0 2125.55 106.3 1 _

Silver -:- 50.0 48.44 96.9 :
Sodium--·-:20000.0 18185.84 -90.9- l---~-
Thallium-: 2000.0 1950.96 -97.5 \
Vanadium:: =-500. 0 ,=-482.09,:96. 4: ------
Zinc : 500.01· 499~06 99.8

'Cyanide -- '-__- - -
I -- I ----- ----- -----1----- ---I 1 _,_ .....;..----1
1 I I 1------- ----
I , 1----- -~--- 1

1
_

1 I I·

: I :----- ------.; -----1----- ---1 I 1----- _ ,-.1, _

I , I1 I 1......, 1, __

1 I ,1 1 1----- 1- _

1 I I II . 1 1----- 1-- _
I. II II I 1----- 1---- _
I 1 1 I
1 I ,----- ----- ,----- ----

FORM VII - IN
ILM02.1



u.s. EPA - CLP

10
Instrument Detection Limits (Quarterly)

014

•
" Name: SOUTHWEST LAB OF OK
a...b Code: SWOK_ -Case No.: ~2~4'="0~7o'="

Iep ID Number: TJA/2
Flaine AA ID Number : ----
FurnaceAA ID Number

Contract:
SAS No.:
Date: 10/03/95

SDG No.: 24070

Back
ground"

Wave
length

(nm)Analyte

I 1
1 1
1 I
I I

CRDL ": IDLl
(ug/L) I" (ug/L) M I

I 1. --==""""'='-=-- =-="-=--' __ I

Aluminum 308.21 200 1 8.0 P_l
Antimony:I:206.83: ~ 60:: 2.0 P_l

~s~~c_ -~:~·~1- 2~g-r 1·g ~~!rl. _ _ . _ __ _I • " _I

Beryllium _313.04_ 5 I lOP I~ , • _"_I

Cadmium "226.50 5_1 1.0 P_l
Calcium- ""7317.93- ~sOOO_:" 5.0 P_l
Chromium- -267.72- 10_1 1.0 P l
Cobalt - -2"28.61- 50 I" 1.0 P=l
Copper :324.75: 25- 1.0 P_l
Iron 271.44 100- 13.0 P_l
Lead ~220.3s- -- 3- -- 2.~ P_l
Magnesium :279.08: 5000- 8.0 P_l
Manganese ~2s7.61_1s- 1.0 P__ l
Mercury_ 0.2- 0 .~ »ft~'Y
Nickel 231.60 40- 1.0 P_I
potassIUm -766.49-5000 41.0 P l
Selenium -196. 02~ 5: -- 2.0 p=:
Silver ~ -328.07- 1 10_ 2.0 P_l
Sodium- -588.99-: 5000 10.0 P_l
Thallium- -190.86-: 10 3.0,P
vanadium- -292.40-: 50- 1.0IP-
Zinc - -213.86-: 20- 1.0IP-
Cyanide_ - - 10-'NR

----- ----- ----- ----- ...,.---- -
Comments:

FORM X - IN ILM02.1 "
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TOE DRAIN SYSTEM DESIGN CALCULATIONS



CALCULATION WORKSHEET Order No. 1911601·91

CLIENT

PAGE OF

BASED ON DRAWING NUMBER
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CALCULATION WORKSHEET Order No. 19116 01-91

JOB NUMBER
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BASED ON DRAWING NUMBER

BY CHECKED BY

r{IH"S .2/21 q6
APPROVED BY
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CALCULATION WORKSHEET Order No. 19116 (01-91) PAGE' J OF

CLIENT

BASED ON

JOB NUMBER

5~;l.

DRAWING NUMBER

BY

r:J7t 2/ /16
APPROVED BY

If

••__ ~ •• _ •••• _.: •••_~,._'•.,,_~ ,_.;.~.~••_~·••".~ ••~ •••~R'__"'W _ ••
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APPENDIX H.2

TOE DRAIN SYSTEM CONSTRUCTION AND OPERATION
COST ESTIMATES



COSTLEAC.XLS

CTO 203 C.OST ESTIMATE FOR LEACHATE DRAIN
Unit

Description Cost Source Quantity Unit Cost
Excavation M 022-254-0090 3200 cy $3.19
Dewatering - 2" Trash Pump E 17-03-1002 80 day $37.98
Dewatering - Haul E 33-19-0207 320 mi $3.96
Dewatering - Disposal E 33-19-7102 160 kgal $1.86
Geotextile . E 33-08-0531 101000 sf $1.15
Geomembrane E 33-08-0572 39000 s,f $1.53.
Aggregate - Purchase M 026-012-0100 3200 cy $17.73
Aggregate - Compact M 026-012-0500 3200 cy $2.39
6" Piping M 027-111-0060 2000 If $1.75
6" Force Main M 026-678-2200 3000 If $7.94
6" Force Main - Excavation for 1000' M 022-254-0090 112 cy $3.19
6" Force Main - Backfill for 1000' M 022-254-3020 112 cy $1.28
Misc. Piping Supplies 1 Is $4,000.00
Sumps M 152-465-0740 10 ea $1,029.00
Sumps - Excavation M 022-254-0090 60 cy $3.19
Electric - 3 #6 wire UF ME 161-145-1950 300 elf $107.00
Electric - Transformer ME 164-120-1100 1 ea $830.00·
Electric - Panelboard ME 163-245-0250 1 ea $795.00
Electric - Breaker 30amp ME 163-250-0400 10 ea $51.00
Electric: Safety Switch 60amp ME 163-360-0200 1 ea $180.00
Electric - Safety Switch 30amp. ME 163-360-0100 10 ea $118.50
Electric - 3 # 12 wire UF ME 161-145-1650 1000 clf $120.00
Electric - Excavation ME 022-258-0200 3000 If $0.40
Electric - Backfill & Compact ME 022-258-1150 3000 If $0.54
Treatment Plant SEE ATTACHED 1 ea $364,427.00
6" Pipe for Plant Discharge M 026-678-2200 2400 . If $7.94.
6" Pipe - Excavation M 022-254-0090 267 cy $3.19 .
6" Pipe - Backfill M 022-254-3020 267 cy $1.28

Subtotal

Item
Cost

$10,208
$3,038
$1,267

$298
$116,150

$59,670
$56,736

$7,648
$3,500

$23,820
$357
$143

$4,000
$10,290

$191
$32,100

$830
$795
$510
$180

$1,185
$120,000

$1,200
$1,620

$364,427
$19,056

$852
$342

$840,414

3/6/96

Cost Source:
M :. Means Site Work & Landscape Cost Data, "995
ME : Means Electrical Cost Data, 1995
E : Echos Unit Cost Book, 1995

Cost Indexes for Connecticut at 10% $84,04.1
Subtotal $924,455

0& Pat 30% $277,337
Subtotal $1,201,792

$180,269
_._ $240,358

Page 1

Capital Cost $1,622,419



NAVAL SUBMARINE BASE
New London
CTO# 203
Groton, Connecticut
Area "A" Landfill Toe Drain Treatment System
(NSBNLTS)
3/6/96 Unit Cost Total Cost Total

Item Qty Unit Sub. Mat. Labor Equip. Sub. Mat. Labor Equip. Cost Comments
--------------------------------------- --- ---- ------ -------------------------- ---------------------------------------- ------------------
1) Mobi I i zalion LS 3000.00 3000.00 3000 3000 6000
2) Clearing &Grubbing 1 AC 1165.00 1840.00 1165 1840 3005
3) Earthwork Grading 600 CY .24 .78 144 468 612
4) Equalization Tank 1 5000.00 800.00 5000 800 5800 2500 gullon
5) Equalization Tank Mixer 1 4500.00 600.00 4500 600 5100
6) Transfer Pumps .2 4000.00 400.00 8000 800 8800 70 gpm @ 100'tdh
7) Multiple Bag Filter System 1 30000.00 1500.00 1500.00 30000 1500 1500 33000 25 micron
8) Activated Carbon System incl. (2) 1 170000.00 8500.00 8500.00 170000 8500 8500 187000

20000 lbs. Vessels, Piping, Valves
9) Interconnecting Piping

a) 2" 50 LF 13.00 7.00 650 350 1000
h) 3" 100 LF 19.50 10.50 1950 . 1050 3000
c) 4" 50 LF 27.00 13.00 1350 650 2000

10) Valves
a) 3" 8 300.00 90.00 2400 720 3120
b) 4" 2 450.00 110.00 900 220 1120

11) Level Control System 1 2000.00 800.00 2000 800 2800
12) Flow Control System 1 7000.00 1500.00 7000 1500 8500
13) Treatment Building 1250 SF 30.00 37500 37500 25' x 50'
14) Building Foundation 60 CY 170.00 315.00 15.00 10200 18900 .900 30000
15) Equipment Foundation 20 CY 135.00 250.00 15.00 2700 5000. 300 8000
16) Electrical

a) Power Supply LS 1000.00 1000 1000
b) #1 Starter 3 1350.00 550.00 4050 1650 5700
c) Disconnect Switch 3 150.00 50.00 450 150 600
d) Conduit, Cable, Control 3 655.00 735.00 1965 2205 4170
e) Instrument Loop 2 500.00 700.00 1000 1400 2400
f) Grounding LS 600.00 600.00 600 600 1200
g) Miscellaneous Wiring LS 1500.00 1500.00 1500 1500 3000

--------------------------------------- -------------------------------------------
38500 256215 53204 16508 364427



PWO LS 3/6/96

NAVAL SUBMARINE BASE, NEW LONDON
Groton, Connecticut
CTO 203 Cost Estimate For Leachate Drain

PRESENT WORTH ANALYSIS

COST/YEAR COST OCCURS ($OOO'S)
COST COMPONENT 0 1 2 3 4 5 6 7 8 9 10 11

1. CAPITAL COST 1622.4
2. a & M COSTS 90
3. ANNUAL COSTS 1622.4 90 90 90 90 90 90 90 90 90 90 90
4. ANNUAL DISCOUNT RATE=5% 1 0.952 0.907 0.864 0.823 0.784 0.746 0.711 0.677 0.645 0.614 0.585

PRESENT WORTH = 1622 86 82 78' 74 71 67 64 61 58 55 53

0& M COSTS
ANNUAL DISCOUNT RATE=5%

PRESENT WORTH =

12 .
90

0.557

50

13
90

0.53

48

14
90

0.505

45

15
90

0.481

43

16
90

0.458

41

17
90

0.436

39

18
90

0.416

37

19
90

0.396

36

20
90

0.377

34

21
90

0.359

32

22
90

0.342

31

23
90

0.326

29

0& M COSTS
ANNUAL DISCOUNT RATE=5%

PRESENT WORTH =

24

90
0.31

28

25

90
0.295

27

26

90
0.281

25

27

90
0.268

24

28

90
0.255

23

Page 1

29

90
0.243

22

30

90
0.231

21

TOTAL PRESENT WORTH (000'5)
$3,006
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