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EXECUTIVE SUMMARY

This application addresses four proposed meodifications to the Greensboro White Street
landfill, Permit No. 41-12:

+ Alternate Liner Demonstration for Cells 2 and 3 of Phase III in accordance with
Rule .1624,

+ Adjustment to the Cell 2 northwest boundary,

+ Adjustment to the proposed subgrade of Cell 2,

+ Revision to the proposed final grades in the Cell 2 area.

Alternate Liner System

An alternate composite liner system is proposed for the White Street Municipal Solid Waste
(MSW) Landfill in Greensboro, North Carolina. The proposed alternative liner system
consists of the following components from the top down:

4 60-mil HDPE geomembrane.
¢+ Geosynthetic clay liner (GCL).
+ 18 inches of 1E-5 cm/sec compacted soil liner.

This application is intended to satisfy the Point of Compliance (POC) demonstration
required by Subtitle D, 40 CFR 258.40(a)(1), and the North Carolina Department of
Environment and Natural Resources (NCDENR) Division of Waste Management Rule 15A
NCAC 13B .1624. The proposed alternative liner system, was examined for the following
factors:

+ The rate of leakage through the alternate liner system.

+ Contaminant concentration levels.

A POC analysis was performed to demonstrate that the alternate composite liner system
would prevent ground water contamination levels at the POC from exceeding the specified
Maximum Contaminant Levels (MCLS). This analysis was performed using “the
Environmental Protection Agency (EPA) Multimedia Exposure Assessment Model
(MULTIMED version 1.01) using both site-specific and default Subtitle D values. The
model simulates a steady-state condition that may develop in the future. The conservative
Subtitle D model assumptions, as recommended by the EPA, ignore several significant
modes of attenuation. These include potential decay of the contamination, processes of
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chemical reaction, biodegradation, and chemical adsorption. The only mode of attenuation
for contaminants entering the subsurface allowed by EPA guidelines is physical dispersion
and dilution in the vadose zone and receiving aquifer.

The MULTIMED analysis predicts a minimum dilution-attenuation factor (DAF} of 252 for
the White Street Landfill. This result is based on the worst-case conditions (12-inch head
over the entire liner) for the site with horizontal permeability of the upper aquifer between
1E-6 and 1E-1 cn/sec. The DAF for the worst-case condition modeled by HELP (7.3 inch
head) is 680. These results satisfy the DAF minimum of 100 per EPA. Therefore, the
proposed alternate liner system satisfies the demonstration required by 40 CFR 258.40(a)(1)
and NCDENR Rule 15A NCAC 13B .1624.

This report also concludes that the proposed alternative liner system is expecied to allow a
lower flow rate through a given penetration in the geomembrane than the regulatory liner
(i.e., 60-mil HDPE geomembrane overlying 2 feet of 1E-7 cm/sec soil} under identical
conditions. Therefore, for equivalent field CQA programs, ithe proposed altermative
composite liner should produce a lower leakage rate. The alternative composite liner,
therefore, should provide greater protection against long-term migration of contaminants
from the landfill leachate.

Cell 2 Boundary Adjustment

A Duke Power substation is located within landfill property adjacent to Phase III. At the
time of original permitting, Duke Power owned the property and the Phase IIT boundary was
established to maintain the minimum 300-foot buffer off the substation property. The impact
of this separation requirement on the Phase III footprint was a reduction in potential lined
area of approximately 0.9 acres. This area was discussed during the permitting process with
NC DENR and the decision was made to apply for this modification after the City acquired
the substation property. To expedite the permitting process this area was deleted from the
original MSWLF unit design drawings, however all other aspects of the permit were handled
as if this would become part of the unit.

The City of Greensboro obtained title to the substation on December 10, 1997. Revised
drawings are included in this application that depict the additional 0.9 acre lined area
afforded by the City owning the substation property. The design adjustments comply with
all NCDENR buffer requirements,
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Cell 2 Subgrade Adjustment

This modification incorporates the expanded footprint into the subgrade design of Cell 2.
The required separation between groundwater has been maintained. Improved bedrock
surface information was obtained during preliminary preparation of the subgrade. The
attached Bedrock Surface Map has been modified based on this information. This resulted in
raising grades in some locations and lowering them in others. The proposed revision
maintains the required four-foot separation between the bedrock surface and liner system.

Final Grade Revision

The final grading plan is revised to reflect the liner boundary change in Cell 2. The net'result
of these changes increases the gross operating capacity of the facility by slightly more than

1%.

White Street Landfill ES-3 February 2000
Alternate Liner Demonsiration HDR Engineering, Inc. of the Carolinas



1.0

PURPOSE

The purpose of this application is to gain approval for four proposed landfill modifications.

They include:

2.0

+ Alternate Liner Demonstration for Cells 2 and 3 of Phase III in accordance with
Rule .1624,

+ Adjustment to the Cell 2 northwest boundary,

+ Adjustment to the proposed subgrade of Celi 2,

+ Revision to the proposed final grades in the Cell 2 area.

BACKGROUND

2.1 General History

The landfill is operated by the City of Greensboro as a municipal solid waste landfill
under North Carolina Department of Environment and Natural Resources
(NCDENR) permit 41-12. The landfill is located east of U.S: Highway 29, at the east
end of White Street.

Waste disposal activities in the area now known as the White Street Sanitary Landfill
began in 1943. The current landfill property covers an area of approximately 767
acres. As constructed, the landfill is divided into three Phases. Phase I is an 85-acre
site that stopped receiving waste prior to 1978. Phase II consists of approximately
135 acres, which received municipal solid waste until the end of 1997. Phase III is
the first area to be lined and consists of three cells totaling approximately 51 acres.
Waste placement began in Cell 1 (approximately 25.5 acres) in December 1997,

2.2  Landfill Configuration

Cell 2 is located to the west of Cell 1, and Cell 3 is located South of Cells 1 and 2
(refer to Figure 1). The proposed subgrade ranges between 2 percent to 6 percent
slope. Cells 2 and 3 consist of approximately 14 and 12 lined acres respectively.
Based on information submitted with the Construction Permit Application, ground
water generally flows in a north-northeast direction. The long axis of Cell 2 is
roughly parallel to ground water flow. A minimum separation of 4 feet is required
(by regulation) between the bottom of the liner and the estimated long-term seasonal
high water table. A separation between the liner system and the long term seasonal
high groundwater table of 5 feet was estimated based on data from boring B-1, as

White Street Landfill 1 February 2000
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reported in the Design Hydrogeologic Report. Boring B-1 i1s centrally localed
within Cell 2. This boring was chosen for modeling purposes to best represent the
actual site conditions.

The proposed alternate liner system varies from the standard Subtitle D design by
replacing the 2-foot thick 1E-7 cm/sec compacted clay liner with a geosynthetic clay
(bentonite) liner (GCL) and 18 inches of 1E-5 cm/sec soil. The cell layout is
illustrated in Figure 1.

3.0 ALTERNATE LINER DEMONSTRATION

According to Rule 15A NCAC 13B .1624,, the alternate liner design must demonstrate,
through a modeling approach acceptable to NCDENR, that it meets the following criteria:

¢  The specified Maximum Concentration Levels (MCL’s) will not be
exceeded in the uppermeost aquifer at the POC.

The demonstration following for the alternate liner system addresses several
scenarios, Various Dilution Attenuation Factors (DAFs) are computed using the
following variables:

¢+ A range of soil hydraulic conductivities (1.0E-1 to 1.0E-3) that bounds
the expected, site-specific average conductivity of 6.39E-4.
+ Several head conditions, including:
- the full 12 inches supported by the Section’s Permitting
Guidance for Alternative Composite Liner Systems, and
- the calcnlated maximum head on liner (7.3 inch peak over the
10 year model peried)-from both the HELP Model and
Giroud’s Equation, using an inserted 24-hour 25-year storm
event.

The standard composite liner system consists of a geomembrane (normally 60 mil HDPE)
and a compacted clay liner with a minimum thickness of 24 inches and permeability of no
more than 1E-7 cm/sec. The proposed alternate liner design substitutes a GCL of 5E-9
cm/sec permeability and 18 inches of 1E-3 cm/sec compacted clay, for the 24 inches of 1E-7
cmy/sec compacted clay in the standard composite liner. A typical cross-section for the
alternate liner system is shown on Figure 2.

White Street Landfill 3 February 2000
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3.1  Leakage Rate of Leachate

It is necessary to first estimate the rate of leakage through the liner system to model the
transport of contamination away from the landfill unit using MULTIMED. The amount of
liquid available to leak out of the system is generally assumed equivalent to the rainfall over
the site. MSW landfills are prohibited from accepting liquid waste and, on average, MSW is
not fully saturated when it is landfilled. Landfill leakage can be attributed to defects in the
liner and diffusion through the liner, both of which are highly dependent on leachate head.
For this demonstration, one 5.75-inch, 25-year, 24-hour storm was added to the rainfall data
file in the HELP model.

The modeling is intended to be representative for Cells 2 and 3. HELP model Version 3.07
was used to analyze the regulatory composite liner and alternate liner systems over a 10-
year period. The 10-year period was used to estimate the average condition. The average
annual head and leakage rates from the HELP model were compared with estimates based
on equations by McEnroe and Giroud to check the results. The HELP model and McEnroe
calculations are attached for information and review.

The predicted head on the geomembrane is approximately the same for the regulatory and
the proposed alternate liner systems. The HELP model predicts an average head of 0.8
inches based on site-specific data. Modeling was performed for the constant 12-inch (30.48
cm) head condition. The SWANA white paper presented the leakage rate of 0.53
gal/acre/day (1.81E-4 meters/year). HDR conservatively modeled the higher leakage rate of
2.24E-4 meters/year predicted by the HELP model, which includes diffusion leakage.

The leachate collection layer (1E-1 cm/sec minimum permeability) and operational cover
(2E-5 cm/sec minimum permeability) criteria were assumed for the HELP model to be the
same as specified for Cell 1. The permeability of these layers impacts the head over the
liner, however, since the worst case scenario of 12 inches of head is also modeled, the effect
of these inputs is only useful as a comparison.

The calculated leakage rates for the alternate liner and the composite liner are shown on
Figure 3. The lines indicate leakage based on Giroud’s equation. The two points, a circle
and a triangle, indicate HELP model calculations. It should be noted that, for heads in
excess of 33 inches, the modeling indicates that the regulatory system is more effective.
However, a head condition of 33 inches is not anticipated, as it violates the design premise
of maintaining less than 1 foot of head on the liner.

Whire Street Landfill 5 February 2000
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To confirm the HELP model results, McEnroe's Mound Equation was used to calculate the
leachate head over the liner. This equation is purported to use the “true” shape of the
piezometric surface rather than assuming an elliptical surface. This equation predicted
somewhat higher heads than the HELP model. The HELP model predicted a head of 0.8
inches. McEnroe’s equation calculated a head of 7.3 inches. The calculated heads and the
HELP model head were input into Giroud’s leakage evaluation. The calculated leakage
through landfill liners accounted for defects and diffusion. Diffusion was based on the
equation presented in the engineering documentation for the HELP model. A conservative
estimate of leakage (2.24E-4 m/yr) was chosen for use in the MULTIMED model, based on
a 12 inch head. Based on McEnroe's head calculation the leakage rate is estimated to be
1.02E-4 m/yr. The calculations are included in the Appendices.

3.2  Construction Implications

The evaluation for the alternative composite liner system is based on key assumptions
regarding the GCL component and the quality of its field placement. These assumptions
require that specific conditions be incorporated in the project specifications and construction
quality assurance (CQA) program to ensure the constructed alternative comiposite liner
system performs as predicted. The key assumptions made in the alternative composite liner
evaluation are as follows:

1. The geomembrane is installed with less that eight punctures per acre.
2.  The geomembrane and the GCL are in lgood contact.
3. The GCL has a fully hydrated permeability of < 5E-9 cm/sec.

4,  Under anticipated field loading conditions and fully hydrated, the GCL
has a thickness of approximately 7 mm.

The first two assumptions relate to the level of CQA program maintained during
construction. The third and fourth assumptions relate to the product specified for the
project, and are achievable with a geotextile-bentonite-geotextile product.

Previous studies have shown that the number of penetrations that a geomembrane develops
during construction is related to the quality of installation, testing, materials, surface
preparation, equipment, and CQA program. Estimates of the number of penetrations for a
range of installation quality are presented by EPA in the HELP Model User's Guide as
follows:

White Street Landfill 7 February 2000
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concentration. The DAF describes the decrease in contaminant concentration
decrease between the bottom of the landfill disposal unit (poinf of leakage) and the
POC. A unit concentration of 1 mg/l is used in the MULTIMED model for the
convenience of calculating the DAF. The DAF is defined as the initial leachate
concentration divided by the predicted concentration at the POC. The design would,
according to the USEPA, be acceptable if the DAF is 100 or greater, due to the
maximum expected concentration of contaminants. Typical leachate contaminant
concentrations found in municipal solid waste landfills are approximately 100 times
greater than the MCL for each constitnent ®“* *®, The North Carolina Maximum
Contaminant Levels (MCL) standards and associated DAFs are shown in Table 1.
Though the North Carolina standards imply that a DAF of 5,000 is necessary for
some constituents, the state threshold for acceptability. is the same as the EPA.

MULTIMED has two options for landfill simulations: 1) generic landfill, and 2)
Subtitle D landfill. For this report, the Subtitle D option was used. Under the
Subtitle D optien, the contaminant source is never removed, thereby creating a
continuous source over time. This steady-state solution will estimate the maximum
contaminant concentrations under long-term equilibrium conditions. The model
does not address the time required for this steady-state condition to develop.

White Street Landfiil g February 2000
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PERFORMANCE STANDARDS

TABLE 1

AND MINIMUM DAF REQUIREMENTS

NCDENR Maximum Dilution Attenuation
Chemical Contaminant Level' (mg/L) Factor® (DAF)
Arsenic 0.05 20
Barium 1.0 1
Benzene 0.005 200
Cadrmium 0.01 100
Carbon tetrachloride 0.005 200
Chrornium (hexavalent) 0.05 20
2.4-Dichlorophenoxy acetic acid 0.1 10
1,4-Dichlorobenzene 0.075 13.3
1,2-Dichloroethane 0.005 200
1,1-Dichioroethylene 0.007 142.9
Endrin 0.0002 5000
Fluoride 4 0.25
Lindane 0.004 250
Lead' 0.05 20
Mercury 0.002 500
Methoxychlor 0.1 10
Nitrate 10.0 0.1
Selenium 0.01 100
Silver’ 0.05 20
Toxaphene 0.005 200
1,1,1-Trichloroethane 0.2 5
Trichloreethylene 0.005 200
2.4.5-Trichlorophenoxy acetic acid 0.01 100
Vinyl Chloride 0.002 500

1) From Table | of 15A NCAC 13B.1624 Temporary Rule

2) DAF = initia} concentrntion (1mg/1 assumed) divided by allowable concentration (MCL)

As part of the alternative liner demonstration, leakage through the liner must be
estimated and input into the MULTIMED model. The equations that calculated liner
leakage, which were discussed in Section 3.1, were used to estimate the maximum
anticipated leakage through the liner system at the landfill. These conservative
leakage rates were input to the MULTIMED model ‘to estimate leachate
concentrations at the landfill’s relative POC.

For Subtitle D applications, only a Gaussian source is allowed for MULTIMED

(Ref. 17}

models . The mixing zone depth was also calcnlated by the program using a

Gaussian distribution function.

White Street Landfill 10
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Vertical, longitudinal, and transverse dispersivities were calculated by the model.
The model calculates longitudinal dispersivity as one-tenth the distance from the unit
boundary to the POC. The transverse dispersivity was calculated as one-third of the
longitudinal dispersivity, or one-thirtieth the distance to the POC. Similarly, the
model predicts the vertical dispersivity as 0.056 times the longitudinal dispersivity,
or the distance to the POC divided by 178.57. These relationships are restated
below, where X, is the radial distance from the edge of the landfill unit to the POC.

Xr

10

Longitudinal Dispersivity ( g, )=

Transverse Dispersivity ( gy )= %-L-

(CZL)

Vertical Dispersivi =—_="
erti persivity ( opy ) 717,857

The model calculated the ground water seepage velocity assuming a uniform,
saturated porous medium (Darcy’s assumptions) as

Seepage Velocity (V )= ?

e

where K is the apparent hydraulic conductivity of the aquifer, S is the aquifer A
hydraulic gradient, and 8, is the aquifer effective porosity.

3.3.2 Selection of MULTIMED Parameters

Multiple MULTIMED analyses were performed to establish the sensitivity of the
predicted ground water contaminant concentrations to changes in the assumed input
parameters. To the extent possible, site-specific hydrogeologic and physical data
were used to define applicable input parameters. The input data is consistent with
the EPA recommended ranges of values in the MULTIMED Subtitle D Landfill
Application Manual. Figure 4 shows a conceptual facility cross-section.

The following is a list of the general model assumptions used for the MULTIMED
analyses:

¢ all model runs were steady-state Subtitle D simulations (deterministic),
and

¢ only the Unsaturated and Saturated Zone Models were activated.

White Street Landfill 11 February 2000
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The use of the Sublitle D simulation implies that the following model assumptions
were also made:

+ the contaminant pulse is continuous and constant over time;

+ the receptor (POC) is located downgradient in the center of the
contaminant plume at the top of the aquifer;

4 no attenuation of contaminants occurs in the leachate during flow
through the composite liner;

+ processes of chemical reaction, biodegradation, and chemical
adsorption are neglected; and

+ the primary mode of attenuation for contaminants entering the
subsurface is physical dispersion and dilution in the receiving aquifer.

Based on NCDENR Rule .1631, Ground-Water Monitoring Systems, the
MULTIMED models evajuated in this study, the POC is assumed to be 250 feet
(76.2 m) from the leachate infiltration boundary (limit of liner). A summary of

parameter values (or ranges) used in the MULTIMED simulations is provided in
Table 2.

The Construction Permit Application contains hydraulic conductivity information on
page 18 of the Design Hydrogeologic Report and in Appendix C. The hydraulic
conductivity of the saprolite aquifer ranges from 0.049 to 6.6 feet per day (1.7E-5 to
2.3E-3). The model was run for hydraulic conductivities between 1.0E-5 and 1.0E-1
centimeters per second to illustrate the shape of the DAF curve. The hydraulic
conductivity reported for B-1, which is located within Cell 2, is 6.39E-4 cm/sec. The
Multimed model was run for the hydraulic conductivity at B-1.

The derived particle diameter of 0.25 cm was based on equation 6.6 of the
MULTMED manual utilizing the porosity stated below. This diameter is equivalent
to very coarse sand, which is not the predominant grain size of the geology of the
critical area. A particle diameter between 0.0005 and 0.005 cm is within the range of
a very fine to coarse silt.

Although these values are differ significantly, MULTMED does not utilize particle
diameter during its analysis when a porosity value is given. A porosity value of 20%
utilized in the MULTMED analyses was obtained from EPA literature.

White Street Landfill 13 February 2000
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The bulk density of soil at 1.44 g/cc, is representative of the type of material which is
the predominant lithology of Cells 2 and 3.

The thickness of the aquifer is approximately .914 m. This thickness was derived
from water table and soil boring data for B-1, located within the footprint of Cell 2
and is considered representative.

The recharge rate is based on personal communications between HDR and C.C.
Daniel, III, of the United States Geological Survey located in North Carolina. He is
a recognized and published expert in the field of surface and groundwater hydrology.
It is our understanding that his work in the area of infiltration rates will be published.

White Street Landjfill 14 February 2000
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TABLE 2

MULTIMED INPUT PARAMETERS

Variable SOURCE VALUE

Vadoze Zone Specific:

*  SATURATED HYDRAULIC DHR B-1 Ava. RISING/FALLING HEAD | 1.62 CM/HR
CONDUCTIVITY

* UNSATURATED ZONE POROSITY DHR AVG. OF RANGE 2925

* DEPTH OF UNSATURATED ZONE DHR B-1 (5' SEPARATION) 1.52 M

*  RESIDUAL WATER CONTENT MULTIMED TABLE 6-4 SILTY CLAY | 0.07

" ALPHA COEFFICIENT MULTIMED TABLE 6-5 SILTY CLAY | 0.005

" VAN GENUCHTEN EXPONENT MULTIMED TABLE 6-5 SILTY CLAY | 1.09
(BETA COEFFICIENT)

Source Specific:

* INFILTRATION RATE GIROUD @ 0.0053 INCHES OF HEAD 224 E4AM/YR

*  AREAOF WASTE UNIT (A) 14.34 ACRES 5.85 E+4 M2

" RECHARGE RATE C.C. DANIELIII 7.5 INCHES/YEAR 0.190 M/YR

* INITIAL CONCENTRATION UNIT SOURCE 1 MG/L

" LENGTHOFUNIT (L) ESTIMATED BY A/W 300 M
(CALCULATED)

*  WIDTH OF UNIT (W) (MEASURED ESTIMATED PERPENDICULAR TO GW 195 M
FROM CONSTANT BASELINE ON FLOW
NORTH SIDE) (640 FEET)

Aquifer Specific:

* PARTICLE DIAMETER Derived from MULTIMED Eg. 6.6 0.25 oM

" AQUIFER POROSITY DHR 0.2

* BULK DENSITY MULTIMED Table 6-11 for Silt and 1.44 G/cc

Clay Average

"  AQUIFER THICKNESS DHR B-1 0914 m

* HYDRAULIC CONDUCTIVITY DHR TABLE 3-5 LAB PERMS. VARIED

" HYDRAULIC GRADIENT DRAWING 0.033

* TEMPERATURE _ GW BASELINE REFORT MW-AvVG. 14°C

* PH GW BASELINE REPORT MW-AvG. 6.48

®* ORGANIC CARBON CONTENT A Piedmont Site 0.0008
(FRACTION)

" __POINT OF COMPLIANCE 250 FEET 762 M

DHR - DESIGN HYDROGEOLOGIC REPORT, HDR APRIL 1996,

MULTIMED — MULTIMED SUBTITLED APPLICATION MANUAL, AUGUST 1990,
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3.3.3 Hydrogeologic Conditions

A hydrogeologic study was performed for the site by HDR and was included with
the approved Construction Permit Application approved. We have extracted the
relevant information for Cells 2 and 3 and included it as follows.

1. The surficial/uppermost aquifer which exists in saprolite in the study area serves
as the reservoir that recharges the underlying fractures rock aquifer (called
shallow and deep herein). Hydraulic conductivities are lower in the rock aquifer,
but actual pore water flow velocities can be relatively high due to the very low
effective porosities. In rock, the available hydraulic head is forced to travel
through a relatively small volume of fractures, which act as conduits for flow. In
shallow bedrock where an effective porosity of 5% is appropriate, flow velocities
of up to 0.46 feet/day (168 feet/year) can prevail. In deep bedrock, effective
porosities of 0.1% result in calculated velocities of up to 3.3 feet/day (1,205
feet/year).

2. In the case of the deep bedrock aquifer, a published value of 0.1% for secondary
porosity (Heath, 1980) and a hydraulic gradient of between 0.018 and 0.022 were
used to calculate an estimated range of flow velocity of 2.7 to 3.3 feet/day.
Given that the upper portion of the bedrock aguifer has more fractures, a
correspondingly higher secondary porosity (estimated at 5%), and a hydraulic
gradient of 0.023 to 0.033, a third intermediate range of groundwater velocity
between 0.32 and 0.46 feet/day was calculated.

3. Hydraulic conductivities are generally highest in the saprolite aguifer, lowest in
the deep rock aquifer, and intermediate in the shallow rock aquifer. In saprolite,
the granite appears to be more conductive than the gneiss, but where saprolite is
developed in a sheared, foliated, or fractured dike, the measured conductivity can
be as much as an order of magnitude higher than in either gneiss or granite. In
terms of groundwater flow velocity in saprolite, the same relative rates prevail
with dike material having the highest value (up to 6.60 feet/day or 2,409
feet/year), granite having an intermediate value (up to 0.29 feet/day or 69
feet/year), and gneiss having the lowest pore velocity (up to 0.049 feet/day or 18
feet/year). It is expected that flow rates should be higher parallel to the
orientation of foliations in the gneiss (i.e., N65E-N70E).

4. The permeability of the unsaturated saprolite is lowest near the original ground
surface, where finer grained clay-rich soils (silty clays, clayey silts, clayey sands,
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etc.) are common. Remolded permeability measurements for these soils ranged
from 2.1 to 2.8 x 107 cmy/sec, values. At greater depth in the lower portions of
the unsaturated zone, it is expected that the coarser grained soils will have
permeabilities in the 10™ to 10” cm/sec range.

5. The most influential hydrogeological features for the Phase III Area are the
unnamed creek east of the site, the topographic ridge/divide along Nealtown
Road and Huffine Mill Road to the west and south of the Phase IIl area, and
North Buffalo Creek. As a result of these features, groundwater flow in the
surficial aquifer generally trends to the northeast. The horizontal potentiometric
gradients for the surficial aquifer range from 0.004 to 0.056. The horizontal
potentiometric gradients for the shallow-and deep rock aquifers range from 0.023
to 0.033 and from the 0.018 to 0.022, respectively.

6. A comparison of hydraulic head differences for nested well pairs in the Phase III
area, based upon the historical water level measurements from January 10, 1993,
through August 29, 1996, indicated a downward gradient in the vertical direction
for every well pair (except for B-22/22D). The gradient data for B-1/1D showed
the greatest magnitude change from 0.08 ft/ft to 1.96 ft/ft. All of the other
piezometer pairs showed minimal fluctuation over time. Although the vertical
gradients measured at B22/22D are primarily slighted upward, these very low
vertical gradients at this west pair indicate virtually horizontal groundwater flow.

7. Using the effective porosities given in the RCRA Facility Investigation Guidance
Document (1987), the hydraulic conductivities mentioned above, and appropriate
horizontal hydraulic gradients, a range of horizontal flow velocities of between
0.01 and 6.60 feet per day results for the uppermost (saprolite) aquifer. Note that
the dike material (one slug test only) is at least an order of magnitude more
conductive than saprolite developed in granite or gneiss, but at depth, these dikes
may become essentially impermeable.

3.3.4 Output Results

For the given site geometry, varying the horizontal permeability of the saturated
layer caused a significant variation in the value of the calculated DAF. Figure 5
shows the DAF value when the horizontal permeability of the saturated layer is
between 1E-5 and 1E-1 cm/sec. Table 3 lists the values plotted in Figure 5.
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Figure 5

Alternate Liner DAF Criteria
Greenshoro White Street Landfill
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The results of the baseline modeling yielded a minimum DAF of greater than
252 for a 12-inch head. This value corresponds to an aquifer hydraulic
conductivity of 1.25E-3 cm/sec. The anticipated condition of a 7.3-inch head
results in a minimum DAF of 680.

.~ TABLE3
MULTIMED RESULTS

(m/year)

lnﬁltration Rate.

Hydraullc: ,
Conductwlty

- (m/year) (cm/sec)

Ccmcentratlon From
Model

DAF

DAF Results for 19-1nch Head GlI‘DUd-PICdlCth Inﬂltranon Rate and Varymrr Hydrauhc

720E.04

L A3E04

6975103

2.24E-04 3150 1.00E-2 1.26E-03 7.96E+02
2.24E-04 789 2.50E-03 3.31E-03 3.02E+02
2.24E-04 354 1.25E-03 3.97E-03 2.52E+02
2.24E-04 315 1.00E-03 3.90E-03 2.56E+02
2.24E-04 221 7.00E-04 3.43E-03 2.92E+02
2.24E-04 158 5.00E-04 2.64E-03 3.79E+02
2.24E-04 315 1.00E-04 3.87E-05 2,58E+04
2.24E-04 30 9.50E-05 3.07E-05 3.26E+04
2.24E-04 284 9.00E-05 2.34E-05 4.27E+04
2.24E-04 6.31 2.00E-05 - 8.45E-11 1.18E+10
2.24E-04 4.7 1.50E-05 1.14E-10 8.81E+0%
2.24E-04 3.15 1.00E-05 1.69E-10 5.90E+09

2. 24E 04

0315 IODE 06

1.69E-09

3. 90E+08

1.02E-04

1 47E 03

6.80E+02
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4.0 CELL 2 BOUNDARY ADJUSTMENT

A Duke Power substation is located within landfill property adjacent to Phase ITI. At the
time of original permitting, Duke Power owned the property, and the Phase III boundary
was established to maintain the minimum 300-foot buffer off the substation property. The
impact of this separation requirement on the Phase III footprint is reduction in lined area of
approximately 0.9 acres. This area was discussed during the permitting process with NC
DENR and the decision was made to apply for this modification after the City acquired the
substation property. To expedite the permitting process this area was deleted from the
original MSWLF unit design drawings, however all other aspects of the permit were handled
as if this would become part of the unit. The City of Greensboro obtained title to the
substation on December 10, 1997. Revised drawings are included in this application that
depict the additional 0.9 acre area afforded by the City owning the substation property. The
design adjustments comply with all NCDENR buffer requirements.

5.0 SUBGRADE REVISION

This modification incorporates the expanded footprint into the subgrade design of Cell 2.
Before modifying the subgrade, the groundwater and rock data acquired since the
Construction Permit application was evalvated. Groundwater elevations collected from
recent monitoring events confirmed the seasonal high groundwater elevations set with the
original piezometers. Drawing C-4 is included to illustrate the long term seasonal high
groundwater elevations in the vicinity of the expanded footprint, see contours 740 and 745.
The required separation between groundwater and base grades is maintained as illustrated in
drawing C-1.

Additional bedrock surface information was obtained during preliminary preparation of the
subgrade. The attached Bedrock Surface Map, drawing C-5, was modified based on this
information. Contours 7435 through 760 in Cell 2 were adjusted and the original location of
the contour lines shown as dashes. The base grades for this area of the site are generally
limited by groundwater.

This revision resulted in raising grades in some locations and Jowering them in others. The
addition of this area necessitated adding a sump in Cell 2. The proposed revision maintains
the required four foot separation between the bedrock surface and liner system. Drawing C-2
illustrates the proposed top of liner grades and revised leachate collection layout for Cell 2.
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6.0 FINAL GRADE REVISION

The final grading plan has been revised to address the expanded Cell 2 footprint. The
revised final grades increase the total capacity of Phase IIT by slightly more than 1%.

7.0 CONCLUSIONS

The results of the alternate liner modeling yielded a minimum DAF of greater than 252 for a
12-inch head. This value corresponds to an aquifer hydraulic-conductivity of 2E-4 cm/sec.
The anticipated condition of a 7.3-inch head results in a minimum DAF of 680. The
proposed design is, according to EPA guidance, acceptable because the DAF is greater than
the EPA recornmendation of 100.

The alternative composite liner should provide equivalent or greater protection to the public
health and environment than that provided by the regulatory default liner, based on the
demonstration provided.

The adjustment of the Cell 2 boundary complies with the required buffers based on the
City's purchase of the substation property. The subgrade revisions comply with the required
long term seasonal high groundwater and bedrock separations. The final grade revision is
consistent with the concept of the original final grades.
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Appendix A

HELP MODEL OUTPUT
Regulatory Liner 2% Floor.........c..cocoveeeiinn s page 1
Alternate Liner 2% Floor. .......ocovviiivininene. page 7
Regulatory Liner 3:1 slope.........cccovineinns page 14

Alternate Liner 3:1 slope......oovvvviievcincnnene. page 20
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* * &
ok * *
bl HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
* DEVELOPED BY ENVIRCNMENTAL LABORATORY i
** USAE WATERWAYS EXPERIMENT STATION i
T FOR USEPA RISK REDUCTION ENGINEERING LABORATORY il
x * * *
* ¥ * %
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
S50IL AND DESIGN DATA FILE:
QUTPUT DATA FILE:

:\help307\gboro\GBORD.D4
:\help307\gboro\GBORO.D7
:\help307\gboro\GBORO.D13
:\help3l7\ghoro\GBORD.D11
:\help307\gboro\C2REG2FL.D10
:\help307\gboro\C2REG2FL.OUT

Do omDO®ME

TIME: B:51 DATE: 9/21/1588

**********************************t*******************************************

TITLE: Greensboro White Street Landfill Cell 2 (Reg 2% Floor)

******************************************************************************

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAIL PERCOLATION LAYER
MATERIAL TEXTURE NUMEBER 18

THICKNESS = 120.00 INCHES
POROSITY =  0.6710 VOL/VQL

FIELD CAPACITY 0.2920 VOL/VOL
WILTING POINT 0.0770 VOL/VOL
INITIAL: SOIL WATER CONTENT 0.3152 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC

[}
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LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL S0IL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

12.00 INCHES

0.4640 VOL/VOL

0.3100 VOL/VOL

0.1870 VOL/VOL

0.3721 VOL/VOL
0.1855999995000E-04 CM/SEC

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT

- INTTIAL SOIL WATER CONTENT

EFFECTIVE SAT. HYD. COND.
SLOPE
DRAINAGE LENGTH

IE N

nun

1

12.00 INCHES
0.3970 VOL/VOL
0.0320 VOL/VOL
0.0130 VOL/VOL
0.0413 VOL/VOL

£.100000001000 CM/SEC
2.00 PERCENT
250.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIi. WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

0.06 INCHES

0.0000 vOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL

0.0000 VOL/VOL
0.199599996000E-12 CM/SEC

TYPE 3 - BARRIER SQIL LINER
MATERIAI TEXTURE NUMBER 16

THICKNESS

POROSTITY

FIELD CAPARCITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

1.00 HOLES/ACRE
B.00 HOLES/ACRE
3 - GoOD
5
24.00 INCHES

0.4270 VOL/VOL

0.4180 VOL/VOL

0.3670 VOL/VOL

0.4270 VOL/VOL
0.100000001000E~-06 CM/SEC
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
S50IL DATA BASE USING SOIL TEXTURE #18 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 250. FEET.

SCS RUNOFF CURVE NUMBER 80.00

FRACTION OF AREA ALLOWING RUNOFF 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 5.0 INCHES
INITIAL WATER IN EVAPQORATIVE ZONE 2.740 INCHES
UPPER LIMIT QF EVAPORATIVE STORAGE 6.03% INCHES
LOWER LIMIT OF EVAFPORATIVE STORAGE 0.693 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL, WATER IN LAYER MATERIALS 53.029 INCHES
TOTAL INITIAL WATER 53.029 INCHES
TOTAL SUBSURFACE INFLOW 0.0C INCHES/YEAR

1l

EVARPQTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
GREENSBORO NORTH CAROLINA

STATION LATITUDE 36.10 DEGREES

MAXTIMUM LEAF AREA INDEX = 0.c0

START OF GROWING SEASON (JULIAN DATE) = 90

END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 5.0 INCHES
AVERAGE ANNUAL WIND SPEED = 7.60 MPH
AVERAGE 15T QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE ZND QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
3.51 3.37 3.88 3.16 3.37 3.93
4.27 4.189 3.64 3.18 2.59 3.38

Greenshon White Sieey LarslRll Poe 30l 26 G770-029.018-02
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NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSRORO NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE {(DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP BPR/CCT MARY /NOV JUN/DEC
37.50 3g.90 48 .00 58.30 66.50 73.50
77.20 76.30 69.90 58.40 48.50 40.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FCR GREENSBORC NORTE CAROLINA
AND STATION LATITUDE = 36.10 DEGREES

R R R E R R R R R E RS SRR R R S R AR RN SRR RS SRR R EREE R EEEEE RS R RS

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 10

JAN/JUL FEB/AUG MAR/SEP APR/QOCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 3.01 3.14 4.14 2.51 3.56 4.49
5.44 5.30 4.00 2.84 2.09 3.82
STD. DEVIATIONS 2.22 1.31 1.75 1.15 1.5%9 3.13
1.77 2.81 2.73 1.83 1.25% i.71
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.co00
0.000 0.000 0.000 . 0.ooc 0.000 0.000
STD. DEVIATIONS 0.o00C 0.000 0.000 0.000 0.000 0.000
0.000C 0.000 0.000° 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 1.533 . 1.923 3.011 2.980 2.985 3.505
4.415 3.631 2.776 2.274 1.550 1.214
STD. DEVIATIONS 0.241 0.263 0.331 0.792 1.051 2.110
0.871 1.235 0.893 0.831 0.340 0.300
LATERAI. DRAINAGE COLLECTED FROM LAYER 3
TOTALS 1.4528 i.91896 1.2350 1.1945 0.5852 0.5462

0.8146 i.1324 1.0724 1.4598 0.9211 0.3805

STD. DEVIATIONS 1.1430 1.5203 .5552 L7372 L4721 0.7059
1.1027 1.0928 1.2180 1.5423 0.7348 0.3047

[ ]
[ ]
(o]
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PERCOLATION/LEAKAGE THROUGH LAYER &

TOTALS 0.0002 0.0002 0.0001 G0.g0o001 0.06001 0.0001
0.0001 0.0001 0.0001 0.0002 0.0001 0.0000

STD. DEVIATIONS 0.000% 0.0001 0.0001 0.0001 0.0001 0.0001
0.0001 0.0001 {.0001 0.0002 0.0001 0.G000

____.___...___.._.___...___...____........____...____......___.___,.....___.._..__._..._________._._____.______...

AVERAGES 1.0337 1.5034 0.8787 .8785 0.41564 0.4016
0.5796 0.8058 0.7885 1.0670 0.6772 0.2707

o

5TD, DEVIATIONS 0.8133 1.1977 0.6797 0.5420 0.3359 .5191
0.7846 0.7776 0.8955 1.0974 0.5403 0.2168

<

***********f*******************************************************************

*************'A’*********1\'******'Jr**'ﬁr***1\-**********************1\'***************'ﬂr**

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10

INCHES CU. FEET PERCENT
PRECIPITATION 44 .35 { 7.337) l61008.6 i006.00
RUNOFF b0.000 ( 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 31.835 { 2.9361) 115562 .61 71.774
LATERAL DRAINAGE COLLECTED 12.7543% { 5.78703) 46258.141 28.75506
FROM LAYER 3
PERCOLATION/LEAKAGE THROUGH G.001383 { 0:00058) ‘ 5.040[ 0.00313
LAYER 5 s
AVERAGE HEAD ON TOP l 0.775’( 0.354)
OF LAYER 4
CHANGE IN WATER STORAGE -0.236 { 1.6405) -857.10 -0.532

********************1\'******ir*'i:************************************************'k

Greensbaso While Street Landiil] Pupe 5 af 26 6770-029-018.02
HELP Quiput 10-05-99
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 10
T
PRECTPITATION 55 20872.500
RUNOFF 0.000 0.0000C
DRAINAGE COLLECTED FROM LAYER 3 0.20718 752.07520
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000020 0.07323
AVERAGE HEAD ON TOP OF LAYER 4 4.570
MAXIMUM HEAD ON TOP OF LAYER 4
LOCATIbN OF MAXIMUM HEAD IN LAYER 3
{DISTANCE FROM DRAIN) 51.7 FEET

SNOW WATER 1.73 6282 .1865
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.6710
MINIMUM VEG. S0IL WATER (VOL/VOL) 0.0770

**% Maximum heads are computed using McEnrce's eguations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Val. 11%, No. 2, March 1993, pp.

262-270.

T N e R R R R T2 RS TR R R R RS RN E RS R A R R R RS LRSS E s

B R R R R AR R R R E R E S EE R SRS E R LR AR SR

FINAL WATER STORAGE AT END OF YEAR 10
""""""""""""" taveR | (mcmes)  (vorvon,

1 35.8898 " 0.2991
2 ' 4.1327 0.3444
3 0.3972 0.0331
4 0c.0000 0.0000
5 10.2480 0.4270

SNOW WATER 0.000
Gregnsbany White Street Land Rl Pape B uf 26 6770-029-018-02

HELP Qurpu
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****'ir****i‘*'i*****#***i"&*1\-1\-*'ir**'l'*********************1‘*******i—**i**************

'A’*******i—*i’*'ﬁ‘*i'**f****'k*******************'k***************************i—*******

* * ¥* w
* *
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
* HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *
** DEVELOPED BY ENVIRONMENTAL LABQRATORY *
bl USAE WATERWAYS EXPERIMENT STATION *
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY i
* o %
% * A

****'ir‘a'r********************1’!’***************'ir**'k**********************‘**********
*****************************1’***************************t********************

PRECIPITATION DATA FILE: 2:\help307\gboroc\GBORO.D4
TEMPERATURE DATA FILE: e:\help307\gboro\GBORO.D7
SOLAR RADIATION DATA FILE: 2:\help307\gboro\GRORO.D13
EVAPOTRANSPIRATION DATA: e:\help307\gboro\GBORO.D11
SCIL AND DESIGN DATA FILE: e:\help307\ghoro\C2ALT2FL.DL0
OUTPUT DATA FILE: 2:\help307\gboro\C2ALTIZFL.QUT
TIME: 14:44 DATE: 8/21/1999

*11'*****************************‘k************i—**********************1\-**********

TITLE: Greensboro White Street Landfill Cell 2 (Alt 2% Floor)

*****'ﬁ‘************************************************************************

NOTE: INITIAL MOISTURE CDNTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM,

LAYER 1

TYPE 1 - VERTICALl PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 120.00 INCHES

POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0.0770 VOL/VOL

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.3152 VOL/VOL
0.100000005000E-02 CM/SEC

Greenstam While Sirest Landil Pupe T ol 26 6770-029.018-02
HEL? Outpul 10-05-99



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMEBER 0

THICKNESS = 12.00 INCHES

POROSITY = 0.4640 VOL/VOL
FIELD CAPACITY = 0.3100 VOL/VOL
WILTING POINT = 0.1870 VOL/VOL

0.3721 VOL/VOL
0.1999995855000E-04

INITIAL S0OIL WATER CONTENT
EFFECTIVE S5AT. HYD. COND.

TYPE 2 - LATERAL DRATINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHES
POROSITY 0.3970 VOL/VOL
FIELD CAPACITY 0.0320 VvOL/VOL
WILTING POINT 0.0130 VQL/VOL
INITIAL SOIL WATER CONTENT 0.0413 VQL/VOL
EFFECTIVE SAT. HYD. COND. 0.100000001000
SLOPE 2.00 PERCENT
DRATINAGE LENGTH 250.0 FEET

W oo n

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY 0.0000 VOL/VOL
FIELD CAPACITY 0.0000 VOL/VOL
WILTING POINT 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY
FML INSTALLATION DEFECTS
FML, PLACEMENT QUALITY

o w non

3 - GOOD

TYPE 3 - BARRIER S50IL LINER
MATERTAL TEXTURE NUMBER 17

THICKNESS = 0.28 INCHES
POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL

0.4000 VOL/VOL
0.7500 VOL/VOL

WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

It

"

CM/SEC

CM/SEC

0.199535996000E~-12 CM/SEC
1.00 HOLES/ACRE
g.00 HOLES/ACRE

0.300000003000E-08 CM/SEC

Greenshons White Street Bundfill Puge 8 0f 26

HELP Qutpu

6770-029.018-02
10-05-99



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT

INITIAL S0IL WATER CONTENT
EFFECTIVE SAT. HYD. COND,

= 18.00
= - 0.42
= 0.41

0.36

il

0

70
80
70

0.3773
0.955959975000E~05 CM/SEC

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: §SCS5 RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
S0IL DATA BASE USING SOIL TEXTURE #1B WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND
A SLOPE LENGTH OF 250. FEET.

5C5 RUNOCFF 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

[t}

ft

CcCoONWOUE OO

.
\0

49,
0.

.00

.0 PERCENT
.00C ACRES
.0 INCHES

.740 INCHES
.03% INCHES

.693 INCHES
.000 ZINCHES
.7B3 INCHES
783 INCHES

o INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
NORTH . CAROLINA

GREENSBCRO

STATION LATITUDE

MAXIMUM L.EAF AREAZ INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND
AVERAGE 15T QUARTER
AVERAGE ZND QUARTER
AVERAGE 3RD QUARTER
AVERAGE 4TH QUARTER

SPEED

RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY

1n

f1

36.10 DEGREES
g.00
90
305
5.0 INCHES
7.60 MPH
66.00
68._00
74.00
70.00

df df of of

Greenshony White Sineet Landfill
HELP Cutput

Page 9 uf 26

G770-029.018-02
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NOTE: PRECIPITATION DATA WAS SYNTHETTCALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION {INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
3.51 3.37 3.88 3.16 3.37 3.93
4.27 4.19 J.6é 3.18 2.59 3.38

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSEQORO NORTH CAROLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHERENHEIT)

JAN/ JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
37.50 35.90 4B8.00 58.30 66.50 73.50
T7.20 76.30 69.90 58.40 48.50 40.20

NOTE: GSOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 36.10 DEGREES

LR R R R R R R R RS SRR R R R R R R R R R R R R L R e R R R EE RS

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 10

PRECIFITATION
TOTALS 3.01 3.14 4,14 2.51 3.56 4.49
5.44 5.30 4.00 2.84 2.09 3.82
5TD. DEVIATIONS 2.22 1.31 1.75 1.15 1.59 3.13
1.77 2.81 2.73 1.83 1.29 1.71
RUNQOFF
TQOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 g.000 0.000 0.000
S5TD. DEVIATIONS D.000 0.o000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
Greenshom White Sireet Lasdfill Page 10 0f 26 4770.029.018.02

HELP Outpin 10-05-94



EVAPOTRANSPIRATION

TOTALS 1.533 1.923 3.011 .980 2.585 3.50%
4.415 3.631 2.778 2.274 1.55%0 1.214

3%

o

STD. DEVIATIONS .241 0.263 .331 0.792 L0351 2.110

0.871 1.235 0.853 0.831 0.340 0.300

a
=

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS . 1.4529 1.58198 1.2351 1.1950 0.5853 0.5463
0.8147 1.1325 1.0725 1.49897 D.9212 0.3805

STD. DEVIATIONS 1.1431 1.5204 0.9553 L1372 0.4722 0.70&0
1.1028 1.0929 1.2181 1.5425 0.7349 0.3047

)

TOTALS 0.0000 0.0000 g.oooo 0.000C 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.o0000 0.00600

STD. DEVIATIONS 0.0000 0.0000 0.06000 .Gooo0 0.o0000C 0.o0000C
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

o

TOTALS 0.0021 0.0018 0.0019 0.0018 0.0017 0.0016
0.0034 0.0014 0.0013 0.0013 0.0012 0.0012

o.

STD. DEVIATIONS 0.0030 0.0025 .0026 .0024 0.0023 0.0021
0.0021 0.0020 0.0018 0.0018 0.0017 0.6017

a

AVERAGES 1.0338 1.5035% 0.8788 0.8786 0.4164 0.4017
0.5797 0.8058 0.7886 1.0671 0.6773 0.2708

5TD. DEVIATIONS 0.8133 1.1878 0.6797 .5421 .3360 0.5191
0.7847 0.7776 0.8956 1.0875 0.5403 0.2168

[}
f ]

*************************'k****'Ir*****1r'k**********'k‘.\'*****************************

Greenshors White Sireet Landfifl Puge k1 af 26 6770-029-18.02
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS)

INCHES

PRECIPITATION 1235 (

RUNOFF 0.000

EVAPOTRANSPIRATION 31.835 |

LATERAL DRAINAGE COLLECTED 12.75551 |
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH 0.00019 ¢

LAYER 35

AVERAGE HEAD ON TOP 0.775){

OF LAYER 4

PERCOLATION/LEAKAGE THROUGH 0.01877 |
LAYER &
CHANGE IN WATER STORAGE -0.255 (

0.354)

0.02611)

1.6467)

FOR YEARS 1 THROUGH 10

CU. FEET PERCENT
7.337) 161008.6  100.00
0.0000) 0.00 0.000
2.9361) 115562 .61 71.774
5.78752) 46302.48B8  2B.75776
0.00010) 0.00043

68.145 0.04232

-9024.56 -0.574

LA AR AR R R R SRR R R A EE R R R R R R R R R R o i

******"************************************************************************

PEAK DATILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 3
PERCOLATION/LEAKAGE THROUGﬁ LAYER 5
AVERAGE HEAD} ON TOP QOF LAYER 4
MAXIMUM HEAD ON TCP OF LAYER 4

LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN)

PERCOLATION/LEAKAGE THROUGH LAYER 6

SNOW WATER

MAXTIMUM VEG. S50IL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

1 THROUGH 10

(INCHES) (CU. FT.)
Css 20872.500
0.000D 0.0000
0.20720 752.12067
0.000004 0.01465

4.570
51.7 FEET
0.000315 1.14235
1.73 6282.1865
0.6710
0.0770

Greenshos White Sireet Londiiil Pape 120f26
HELP Curput

6770-029.018-02
10-05-99



***  Maximum heads are computed using McEnroe's eguations. **+
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmentazl Engineering
Vol. 118, No. 2, March 1993, pp. 262-270.

LA S A AR R A AR R R AEE R R R R R R R R R R R e R R R R R N R L v At U TS

**'ﬂ'*************‘#*****1\-***********************‘********************************

FINAL WATER STORAGE AT END OF YEAR 10

LAYER {INCHES) {VOL/VOL)
1 35.8898 0.2991
2 4.1327 : 0.3444
3 . 0.3572 0.0331
4 0.0000 0.0000
5 0.2100 0.7500
6 6.6060 0.3670
SNOW WATER 0.000

************************************************************i‘*****************
***1’**********************i’**********1\'***************1\'***1\'********************

Greensbom While Strexs LandFll Pupe 130726 6770.029-048-02
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** *
* * * *
* HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ‘ *
** HELP MODEL. VERSION 3.07 {1 NOVEMBER 1897} .
*k DEVELOPED BY ENVIRONMENTAL LABORATORY *
* %k UUSAE WATERWAYS EXPERIMENT STATION **
* Kk FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
* % 2
* * . * &

dhkhkdkhkhkdhhdhkhdhddh kbbb kb r bk hkdh b h kA A A A I A A KT I TR T TR NI R AR b dh b kb bk R Ak A hddd*hr

LR AR AR E R RS EERESESEREER SRR R EREEEE R R R R R R g g R A S TR IR T R e

PRECIPITATION DATA FILE: e:\help307\gboro\GBORO. D4
TEMPERATURE DATA FILE: 2:\help307\gboro\GBORD.D7
S0LAR RADIATION DATA FILE: e:\help307\gboro\GBORO.D13
EVAPOTRANSPIRATION DATA: e:\help307\gboro\GBCRO.D11
SOIL AND DESIGN DATA FILE: e:\help307\gborco\C2REG35L.D10
OUTPUT DATA FILE: e:\helpl07\gboro\C2REG3S5L.0UT
TIME: 14:57 DATE: 9/21/1959

LA RS RS SRR EES SR AR RS R EaR SRR SRR R R SRR R R R TR R R R R R R R R I g

TITLE: Greensboro White Street Landfill Cell 2 {(Reg, 3:1 Slope)

LS R AR LRSS EREEEERESERELERERES SRS SR ERER R R R R R TR

NOTE: INITIAL MOISTURE CONTENT QF 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 18

THICKNESS = 120.00 INCHES
POROQSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0.0770 VOL/VOL

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.3161 VOL/VOL
0.100000005000E-02 CM/SEC

i}

Greenshury While Sirery Landiill Puge 14 0f 26 &TH-II5-018-02
HELP Quiput ) 10-05-99



LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL, TEXTURE NUMBER 0

THICKNESS = 24.00 INCHES

POROSITY = 0.3870 VOL/VOL

FIELD CAPACITY = 0.0320 VOL/VOL

WILTING POINT = 0.0130 VOL/VOL

INITIAL SOIL WATER CONTENT = _0.0766 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC
LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 34

THICKNESS = .25 INCHES
POROSITY = 0.8500 VvOL/VOL

FIELD CAPACITY = 0.0100 VOL/VOL
WILTING PCINT = .0050 VOL/VOL
INITIAL S0IL WATER CONTENT = 0.0100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 33.0000000000 CM/SEC
SLOPE = 33.00 PERCENT
DRAINAGE LENGTH = 45.0 FEET

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAI. TEXTURE NUMBER 35
THICKNESS = 0.06  INCHES

POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAT. SOIL WATER CONTENT = 0.0000 VOL/VOL

EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML, INSTALLATION DEFECTS
FMI. PLACEMENT QUALITY

0.1959990996000E-12 CM/SEC
1.00 HOLES/ACRE
8.00 HOLES/ACRE

3 - GOOD

W

TYPE 3 - BARRIER S0IL LINER
MATERIAL TEXTURE NUMBER 16
24.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.36870 VOL/VOL
0.4270 VOL/VOL
0.100000001000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITTIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

m i nu

Greenshom White Simeen Landfill Pape 13 0f 26 6770-029-018.02
HELP Qurpun 10-05-99



GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING S0IL TEXTURE #18 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 33.% AND
A SLOPE LENGTH OF 45, FEET.
5CS5 RUNOFF CURVE NUMEER - 83.20
FRACTICN CF AREA ALLOWING RUNOFF 0.0 PERCENT
AREA PROJECTED ON HORIZONTAL FLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 9.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE 2.941 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE 6.039 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE 0.693 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS 50.017 TINCHES
TOTAL INITIAL WATER 50.017 INCHES
TOTAL: SUBSURFACE INFLOW .00 INCHES/YEAR

uon

It

1

1l
o

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
GREENSBCRO NORTH CAROLINA

STATION LATITUDE 36.10 DEGREES

MAXIMUM LEAF AREA INDEX = 0.00
START OF GROWING SEASON (JULIAN DATE) = 90

END OF GROWING SEASON (JULIAN DATE) = 305
EVAPORATIVE ZONE DEPTH = 9.0 INCHES
AVERAGE ANNUAL WIND: SPEEDR = 7.60 MPH
AVERAGE 15T QUARTER RELATIVE HUMIDITY = 66.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 68.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES}

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.51 3.37 3.B8 3.1s6 3.37 3.83
4.27 4.19 3.64 3.18 2.59 3.38

Greenshoro White Street Landfill Pape 16 01 26 6770-029-018-02
HELP Ousput 10-05.99



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CARQOLINA

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/QCT MAY /NCOV JUN/DEC
37.50 38.5%0 48.00 58.30 66.50 73.50
77.20 76.30 69.90 58.40 4B8.50 40.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 35.10 DEGREES

*****1\'****************************************************1’***************'ﬁ’***i

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 10

PRECIPITATION
TOTALS 3.01 3.14 4.14 2.51 3.56 4.49
5.44 5.30 4.00 2.84 2.08 3.82
STD. DEVIATIONS 2.22 1.31 1.75 1.15 1.59 3.13
1.77 2.81 2.73 1.83 1.20 1.71
RUNOFF )
TOTALS 0.000 '0.000 0.000 0.000 0.000 0.000
‘0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 1.530 1.937 3.019 2.987 3.010 3.503
4,418 3.639 2.783 2.277 1.570 1.212

o’

STD. DEVIATIONS .237 .248 0.329 .787 1.041 2.112

0.875 1.229 0.B83 0.817 0.361 0.304

[}
o

LATERAL: DRAINAGE COLLECTED FROM LAYER 3

TOTALS 1.9339 1.7108 1.2201 1.2033 0.3176 0.5517
0.8753 1.2013 1.1596 1.4765 0.7659 0.2870

STD. DEVIATIONS 1.3432 1.5952 1.0434 .9371 0.255% 0.7857
1.2738 1.3074 1.2663 1.4815 0.8480 0.288B8

o

Greenshony Wiise Street Landfill Pupe 170728 4110-029-018-02
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PERCOLATION/LEAKAGE THROQUGH LAYER 5

TOTALS 0.0000 0.0000 0.0000 .0ogo 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 D.0000

[}

STD. DEVIATIONS 0.0000 ¢.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.06000 0.0000 0.0000

AVERAGES 0.0002 0.o0002 0.0001 0.0001 0.0000 0.0001
0.0001 0.0001 0.0001 0.0002 0.0001 0.0000

STD. DEVIATIONS 0.0002 0.co002 g.0001 0.0001 0.0000 0.c001
D.0002 0.0002 g.0002 0.0002 0.0001 0.0000

AR AR L RS R E R SRR I EES SRR SRR RS R E RS E R E R E A R R R LR

AR S A RS A R EREERASESERERERE AR RS RS S S Sl EREE R RS ERERtEREEEEE s R R R R EEEEEEEEER

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10
S mckes cu. rEET PERCENT
PRECTPITATION 4635 ( 7.337)  161008.6  100.00
RUNOFF 0.000 { 0.0000) 0.00 0.000
EVAPOTRANSPIRATION 31.883  { 2.9161) 115736.95 71.882
LATERAL DRATNAGE COLLECTED 12.70355 { 5.75336) 46113.873  2B.64062
FROM LAYER 3
PERCOLATION/LEAKAGE THROUGH 0.00000 { 0.00000) [o.002]  0.00000
LAYER 5 ‘
AVERAGE HEAD ON TOP [0-006](  o0.000)

OF LAYER 4

CHANGE IN WATER STORAGE -0.232 { 1.6349) -842.16 -0.523

LR RS AR RS SRR RS LS SRRl AR LSRRl RSl E SRRl RS sREl el ERERRERESRERERERSEEEESE.]

Greenstaey White Street Landfill Puge 18 0f 26 6770-029.014.02
HELP Outpu 10.05-99
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 10
e
PRECIPITATION Css 20872.500
RUNOFF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 3 ‘ 0.36359 1319.83850
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00002

AVERAGE HEAD ON TOF OF LAYER 4 0.001
MAXIMUM HEAD ON TOP OF LAYER 4 fﬁfﬁiﬁj
LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 1.73 6282 .1865
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.5217
MINIMUM VEG. SOIL WATER (VOL/VOL) ‘ 0.0770

*+%  Maximum heads are computed using McEnroe’s equations. **%
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnrce, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 118, No. 2, March 1993, pp. 262-270.

*****************************************‘k************************************

***************************************************-k'k'k**********fr**********f'ﬁ\"k

FINAT, WATER STORAGE AT END OF YEAR 10

LAYER { INCHES) {VOL/VvOL)}

1 35.9781 0.2998
2 1.4681 0.0612
3 0.0025 0.0101
4 0.0000 0.0000
5 10.2480 .0.4270

SNOW WATER g.000
Greenshoms White Street LundFill Pupe 19 0r 26 , 6770-029.018-02

HELF Output 10-05-99
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***'ﬁr*******************t********************s\-********i***w********************

* & L
* & . ek
o HYDROLOGIC EVALUATION OF LANDFILI. PERFORMANCE ] **
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) .
** ' DEVELOPED BY ENVIRONMENTAL LABORATORY **
** USAE WATERWAYS EXPERIMENT STATION **
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY bl
* * - * o
* ok L

***‘A‘****************************************'k***'Jr*********************f****r**

R R R R R R R R R A i I AUV U RS

PRECIPITATION DATA FILE: e:\help307\gboro\GEORC.D4

TEMPERATURE DATA FILE: e:\help307\gboro\GBORQ.D7
SOLAR RADIATION DATA FILE: 2:\help307\gboro\GBORQ.D13
EVAPOTRANSPIRATION DATA: e:\help307\ghoro\GBORO.D11
S50IL AND DESIGN DATA FILE: e:\help307\gboro\C2ALT3SL.D10
QUTPUT DATA FILE: 2:\help307\gboro\C2ALTISL. QUT
TIME: 9:17 DATE: 5/21/1999

L R e R R b A I e e L L R E R T L Ly ey

TITLE: Greensboro White Street Landfill Cell 2 (Alt, 3:1 Slope)

AR S SRR R SRR EREE R R EREA R RS R e R R R T I

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 18

THICKNESS = 120.00 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0.06770 VOL/VOL
INITIATL, SOIL WATER CONTENT = 0.3160 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
Greenshon White Street Landsitl Pupe 200 26 G770-029-H8-02

HELP Output 10-05.99



LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 24.00 - INCHES
POROSITY = 0.3%70 VOL/VOL
FIELD CAPACITY = 0.0320 VOL./VOL

WILTING POINT = 0.0130 VOL/VOL
INITIAL S0OIL WATER CONTENT 0.0320 vOL/VOL
EFFECTIVE SAT. HYD. COND. 0.195559535000E-04 CM/SEC

1]

TYPE Z ~ LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 34

THICKNESS = 0.25 INCHES
POROSITY = 0.8500 VvOL/VOL
FIELD CAPACITY = 0.0100 VvOL/VOL

WILTING POINT
INITIAL SOIL WATER CONTENT

0.0050 VOL/VOL
0.0100 VOL/VOL

EFFECTIVE SAT. HYD. COND. 33.0000000000 CM/SEC
SLOPE = 33.00 DPERCENT
DRAINAGE LENGTH = 45.0 FEET

LAYER 4

TYFE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES

POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

0.0000 VOL/VOL
0.199999996000E-12 CM/SEC
1.00 HOLES/ACRE
8.00 HOLES/ACRE

3 - GOOD

LAYER 5

TYPE 3 - BARRIER SOIL LINER
MATERIAL, TEXTURE NUMBER Y

THICKNESS = 0.28 INCHES
POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL
WILTING POINT = 0.4000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.4599995097000E-08 CM/SEC
Greensbon White Street Landfill Pupe 21 0f 26 6770-029-018-02

HELP Qutput . D-05-99



LAYER &

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER

THICKNESS = i8.00

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL: WATER CONTENT
EFFECTIVE SAT. HYD. COND.

NOTE:

S5CS RUNOFF CURVE NUMBER
FRACTION OF AREA ALLOWING RUNOFF

AREA

o

1

]

INCH

ES

0.4530 VOL/VOL

0.1900 VOL/VOL

0.0850 VOL/VOL

0.18%6 VOL/VOL
0.955859575000E-05 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

SC5 RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT

S0IL DATA BASE USING SOQIL TEXTURE #18 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE QF 33.% AND

A SLOPE LENGTH OF 45. FEET.

n

PROJECTED ON HORIZONTAL PLANE

EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPCRATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE

I}

INITIAL SNOW WATER =
INITIAL, WATER IN LAYER MATERIALS

TOTAL INITIAL WATER = . =
TOTAL SUBSURFACE INFLOW =

NOTE:

na]

[l Tt
OMNMMNMNOODMNWEHO W

.20

.000

.875
.038%
.683
.000
.315
.315
.00

EVAPOTRANSPIRATION AND WEATHER DATA

EVAPOTEANSPIRATION DATA WAS OHBTAINED FROM

GREENSECROC NORTH CAROLINA

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END QF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 15T QUARTER RELATIVE HUMIDITY
AVERAGE 2ZND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

[}}

1l

36
0

9.
7.
66.
68.
74.
70.

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.10 DEGREES
.00

9@
305
0 INCHES
60 MPH
00 %
00 %
00 %
00 %

Greenshbuny White Sireel Landfijk
HELP Outpul

Puge 12 0f 26

6770-029-0F8.02
10-05-99



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CARQLINA

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.51 3.37 3.88 3.16 3.37 3.83
a4.27 4.19 3.64 3.18 2.59 3.38

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CARCLINA

NORMAL MERN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
37.50 39.90 48.00 58.30 66.50 73.50
77.20 76.30 69.90 58.40 48.50 40.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GREENSBORO NORTH CAROLINA
AND STATION LATITUDE = 36.10 DEGREES

*****1’*************************************************************************

AVERAGE MONTELY VALUES IN INCHES FOR YEZRS 1 THROUGH 10

PRECIPITATION
TOTALS 3.01 3.14 4.14 2.51 3.56 4.48
5.44 5.30 4.00 2.84 2.00 3.82
STD. DEVIATIONS 2.22 1.31 1.75 1.15 1.59 3.13
1.77 2.81 2.73 1.83 1.29 1.71
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 G.000 6.000
0.000 0.000 0.000 0.000 0.000 0.000
STD. DEVIATIONS 0.000 0.000 g.000 0.000 0.000 G.000
0.000 0.000 0.000 0.000 0.000 g.000
Greenshon White Streel Land i Pape 230l 26 6770-0H 4N B-02

HELF Quipn H0-05-89



EVAPOTRANSPIRATION

H
o
E
n
=

.531 1.937 3.018 2.985 .998 3.528
4.393 3.637 2.781 2.274 1.570 1.212

[ 8]

STD. DEVIATIONS 0.239 0.247 0.330 0.792 1.043 2.087
0.873. 1.230 0.885 0.821 0.365 0.304
LATERAL DRAINAGE COLLECTED FROM LAYER 3
TOTALS 2.3215 1.4009 1.2444 1.0830 0.1845 0.5736

1.0915 1.1040 1.3544 1.3726 0.5451 0.4102

STD. DEVIATIONS 1.2723 1,5175 0.9837 1.0772 0.3907 . 7007
1.3575 1.2638 1.4158 1.2701 0.7028 0.3598

]

TOTALS 0.0000 0.00co00 0.o000C 0.0000 .0000 .0000
0.0000 G.0000 0.o0000C 0.0000 0.0000 0.0000

o=}
e}

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 .0000 .0000
0.0000 0.0000 0.o0o0C 0.0000 0.0000 0.0000

]
]

TOTALS 0.0010 0.0007 0.0008 0.0006 .@003 0.0004
0.0008 0.0005 0.0006 0.0007 0.0004 0.0005

o

S5TD. DEVIATIONS 0.0003 0.0004 0.0004 0.0004 .aooz 0.0004
0.0003 0.0003 0.0004 0.0004 0.00602 g.o002

o

AVERAGES 0.0037 0.0024 C.0018 ¢.0017 0.0003 .0009
0.0016 0.0017 0.0023 0.0022 0.0009 g.0006

[am}

STD. DEVIATIONS 0.0020

[
=]
[==]
b
LA

0.0015 .0016 0.0006 L0012
0.0025 g.o0022 0.0011 g.a005

o
e}

[}
L
[ww}
'_I
w
0
[}
o)
=
0
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Greensbony White Strewt LandfilE Puge 23 0f 26 &6770-029-(18-01
HELP Output 10-05-99



********************'A"*i‘*******************************************-***i*********

AVERAGE ANNUAL TOTALS & {STD. DEVIATIONS) FOR YEARS 1 THROUGH ip
INCHES CU. FEET PERCENT
PRECIPITATION 44 35 { 7.337) 161008.6 i100.00
RUNOFF ¢.000 { 0.0000) 0.00 g.o000
EVAPOTRANSPIRATION 31.865 { 2.9244) 115668.62 ) 71.840
LATERAT, DRAINAGE COLLECTED 12.68631 { 5.77207) 46051.320 28.60177
FROM LAYER 3
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.000 0.00000
LAYER 5
AVERAGE HEAD ON TOP !0.002}( 0.001)
OF LAYER 4
PERCOLATION/LEAKAGE THROUGH 0.00710 ( 0.00157) 25.763 0.01600
LAYER 6
CHANGE IN WATER STORAGE -0.203 ([ 1.4299) . -737.01 -0.458

******************‘k*‘k************‘k‘ﬁ‘****'#*'i-**'k**’******************i’*************

**'k*********‘k*‘k*****************v********'ir*‘********'k'ir‘k*****************i*******

PEAK DAILY VALUES FOR YEARS 1 THROUGH 10
T (mcwEs) (o, Fr.)
PRECIPITATION Csos 20872.500
RUNOFF 0.000 0.0000
DRAINAGE COLLECTED FROM LAYER 3 0.37799 1372.11096
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00001
AVERAGE HEAD ON TOP OF LAYER 4 0.022
MAXIMUM HEAD ON TOP OF LAYER 4 Egzﬁizl
LOCATION OF MAXIMUM HEAD IN LAYER 3
(DISTANCE FROM DRAIN) 0.0 FEET

PERCOLATTON/LEAKAGE THROUGH LAYER 6 0.000044 0.15846
SNOW WATER 1.73 6282.1865
MAXIMUM VEG. SOIL WATER (VOL/VOL) | 0.6320
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0770

Greenshaen White Street Land6ll Pape 23 0l 26

6770-0129-018-02
HELP Quiput 14-05-99
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Reference:

Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, PD. 262-270.

Maximum heads are computed using McEnroe's equations.

***w*********t******'ﬂ'********************************************‘k************

************************'ﬁr********‘i’*‘k*************************************1—*1—**

FINAT WATER STORAGE AT END OF YEAR

LAYER { INCHES)
1 135.9620
2 0.7680
3 0.0025
4 0.0aoo0
5 0.2100
6 3.3425

SNOW WATER 0.000

0.0000

0.7500

0.1857%

****************‘k********‘k****************************************************

**************************************************'Jr**********************‘k****

Greenshom Wisiie Ssreet Landiill
HELP Quiput

Page 260126

#170-029-018-02
10-05-99



Appendix B
LEACHATE HEAD CALCULATIONS

LEAKAGE RATE CALCULATIONS






Greensboro White Street LLandfill

Alternate Liner Demonstration

Leachate Head Calculation

McEnroe’s Mound Equation
ASCE Journal of Environmental Engineering. Vol. 119 No. 2, pp 262-270, March/April 1993

EQON 1 1

Ha-A-2 -2 T
ForR< 1/4 Ymax = (R—RS + R:Sl)2 (1=A-2R){1+A-2RS)
(1+A-2R)(1- A-2RS)
EQN 2 Vi — RO-2RS) 2R(S-1)
For R = 1/4 ~ (1-2R) (1-2RS)(1-2R)
EQN 3 szt | n " (2RS -1} mn~l(2R-1
For R> 1/4 ¥max = (R -RS + RS )‘e’q{ B | B J— B ( B ]
For: R = T
"~ Ksinla R = 1.09E-06 8.82E-02=>Use EQN 1
1
A = (1-4R)> A= 1.00 0.80
. ; :
B = (4R-1) B= #NUM!  #NUM!
Ymx = Yuu{L{tana));maximum head on the liner.
Cell Slope  Cell Floor

Where: L (drainage length, feet) = 45 250

T (impingement, in/day) = 0.12 0.12

K (hydr cond., cm/sec) = 33 0.1

C=1K 1.07E-07  3.53E-05

S (slope, ft/ft) = 0.330 0.020

a (angle of inclination) = 18.263 1.146
Yields: Y= 1.09E-06 1.21E-01

Vma (inches) =  1.94E-04 7.27E+00

Use Worst Case  7.27E400 inches of Head

GboroAllLiner.xls Head Calculation 12/21/99



Greensboro White Street Landfill

Alternate Liner Demonstration

Leakagpe Rate

Q - Cq0[1+0'1(h/tum)0.95]a0.lh0.9kum0.74

Where:

Q = Leakage rate (m’/s)

Reference: Giroud et al. 1998 Sixth International Conference on Geosynthetics

Cqo = coefficient that characterizes contact quality (dimensionless)

0.21 for good contact
a = defect area {(m™)

7.85E-07 pin hole defect (m®)
1.00E-04 installation defect (m?)
h = leachate head on tap of liner (m)
tyn = thickness of low permeability medium under the geomembrane {m)
kumn = hydraulic conductivity of low permeability medium under the geomembrane (m/s)
The equation is valid for conditions when:
defect diameter between 0.5 mm and 25mm
Head less than or equal to 3m
Ky is less than kg as described in the paper

Leakage by Diffusion Throuph HDPE

1.13 for poor contact

1
8

Estimated Number of defects per acre

The equation is valid.

Reference: HELP Engineering Dacumentation pg. 76. Eg'n 141 and Table 8

Qaiffusion = Ks*(h‘f'Tg)ff 2 ‘Where: T, Liner Thickness {mils) = gp

K, {cmisec)= 2E-13

Composite Liner Alternate Liner (GCL)
021 Cap Cyu 0.21
0.6 tum tum 0.007
1.00E-09 kum kym 5.00E-11 Composite] Alternate
Head (h) leln from Giroud Qdiffusiun Qlum.l anl:!]
(in) (m) (mals) Infltration Rate {m?/s) (mslacre/yr) (malacrelyr) (m3/acre/yr)
100.0000| 2.54E+00. 5.08E-07 | 3.96E-03 8.68E-03 I.11E-06 | 1.D5E-04 4.07E-03| - 8,78E-03
33.0555| B.40E-01| 1.53E-07 | 1.19E-03 | 1.19E-03 1.53E-07- | 3.48E-05 1.23E-03) 1.23E-03
12.0000f 3.05E-01] 5.69E-08 | 4.44E-04 { 2.12E-04 2.71E-08 { 1.27E-05 4.56E-04] 2.24E-04
7.2659| 1.85E-01| 3.56E-08 | 2.77E-04 | 9.47E-05 1.22E-08 | 7.70E-06 2.85E-04] 1.02E-04
0.7750| 1.97E-02| 4.61E-09 | 3.59E-05 | 4.94E.06 6.34E-10 | 8.78E-07 3.68E-03] 5.82E-06
0.1000| 2.54E-03{ 7.28E-10 | 5.67E-06 | 6.41E-07 8.23E-11 1.6BE-07 5.84E-0o] 8.09E-07
0.0100| 2.54E-04( 9.16E-11 | 7.14E-07 | 7.81E-08 1.00E-11 | 7.36E-08 1.87E-07] 152E-07
0.0010} 2.54E-05) 1.15E-11 | 8.99E-08 | 9.79E-09 [.26E-12 | 6.41E-08 1.54E-07| 7.39E-08
0.0002 4.93E-06} 2.64E-12 | 2.05E-08 | 2.24E-09 2.87E-13 | 6.33E-08 8.38E-08] 6.55E-08
(0.0000] 0.00E+00| 0.00E-+00 | 0.00E+00 0.00E+00 | 0.00E+00 | 6.31E-08 6.31E-08] 6.31F-08
Head (h) HELP Composite Qtotal from HELP Alternate HELP
{in) Mode] (ft3lyear) Infiltration Rate (m/yr) (ftalyear) Model _ slope
0.060} C2ZReg3Sl} 2.00E-03 | 1.40E-08 | 0.00E+00 0.00E+00 | C2AN3S! 33% slope
0.775] C2Reg2FI | 5.04E+00 | 3.33F-05 4.84E-06 6.91E-01 | C2AM2F 2% floor
Area Modeled Conversion Factors
1 acre Giroud Calculation 4046.856 m’/acre
1 acres HELP Model with 33% slope 3.1536E+07 seconds/year
1 acres HELP Model with 2% slope 2.832E-02 mYf?

2.540E-02 m/in
Leakage rate for the alternate liner is less than for the composite liner system for heads less than 33 inches.

Giroud's eguation predicts a more conservative leakage rate than the Help Model
Use Leakage rateat 17 inch head of  2.24E-04 meters/year per NC DENR. 7&’

———— ——

GberoAitLiner.x1s Leakage Calculation

12/21/99



Appendix C

MULTIMED MODEL OUTPUT

12-Inch Head

Aquifer Hydraulic Conductivity 1E-1 cm/sec................ page 1
Aquifer Hydraulic Conductivity 1E-2 cm/sec................. page 3
Aguifer Hydraulic Conductivity 2.50E-3 cm/sec............ page 5
Aquifer Hydraulic Conductivity 1.25E-3 cm/sec............ page 7
Aquifer Hydraulic Conductivity 1E-3 cm/sec................ page 9
Aquifer Hydraulic Conductivity SE-4 cm/sec................ page 11
Aquifer Hydraulic Conductivity 5SE-4 cm/sec................ page 13
Aquifer Hydraulic Conductivity 1E-4 cm/sec................ page 15
Agquifer Hydraulic Conductivity 1E-5 cm/sec................ page 17
Aquifer Hydraulic Conductivity 1E-6 cm/sec................ page 19
7.3-Inch Head

Aquifer Hydraulic Conductivity 6.39E-4 cm/sec............ page 21

SWANA White Paper Infiliration
Aquifer Hydraulic Conductivity 6.39E-4 cm/sec........... page 23
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u. §. EHNVIRONMENTAL FEROTECTION

EXPOSURE ABSESSMENT
HULTIXEDTIA HODEL

MULTIMED {Version 1.01, June 153%)
1

Run oprions

K=1lp-1 2.24E-4

Cell 2 WHITE STREET MSWLF, GREENSHORO, NC
Chemical simulared is DEFAULT CHEMICAL

Opcion Chosen Saturated and unsaturated =gne modeis
Run was HETERMIN
Infilvration input by user

Run was steady-state

Reject runs if ¥ coordinare ecutside plume
Eeject runs if Z coordinate outside plume
Gaussian source used in saturated =afe model
1
1

UNSATUHATED ZONE FLOW ¥ODEL PARAMETERS

{input paramerer description and valusa)

NP « Total number of nodal points 240
NHAT - Number of different porous materiais 1
KPROP - Van Genuchten gr Brocks and Corey 1
IMSHGN - Spatial discretiravicn option 1
HVFLAYR - Number of layers in flow model 1

OFTICHS CHOSEN

Van Genuchten functional coefficisnts
Usar defined coordinate system
1

Layer information

LAYER NO. LAYER THICRNESE

AGENCY

1 1.52
DATA FOR MATERIAL 1
VARIABLE NAME UNITS BISTRIBUTIOH BARARMETEAS LIMITS
HEAN STD DEV MIN
Saturated hydraulic conduccivity cm/hr CONSTANT 1.62 -89y, 0.10DE-10 0.100E+D5
Unsaturated zone porosity - CONSTANT 0.225 ~099, 0.100E-06 0.930
Air entry pressure head m CONSTANT 0.000E+DD -999, 0.300E+00 -993.
Pepth of the unsarurared =sne m CONSTANT 1.52 -89g, 0,10DE-08 -999.
DATA FOR MATERIAL 1
VAGDSE ZONE PUNCTION VARIAELES
VARIABLE HAME UNITS DISTRIBUTION PARAHETERS LIMITS
MEAN 5TD DEV MIN
Residual warer content -- CONSTANT 0.700E-D1 -999, 0.3100E-03 1.00
Bropk and Corey exponent, EN - CONSTANT =990, ~989, 0.8008+00 18.D
ALFA coefficient 1/em CONSTANT 0.5D0E-02 -299. 0.000E+00 1.D0
Van Genuchten exponent, ENN - CONSTANT 1.0% -939, 1.00 5.00
1

UNSATURATED ZONE THANSPORT MODEL PARAMETERS

NLAY - Number of different layers used 1
NTSTPS - Humber of time values concentration calc 40
DMy - Not presently used 1
I50L - Type of scheme used in unsaturated zone 1
H - GBtehfest terms or number of incremente 18
NTEL  ~ Points in Lagrangian interpolatiaon 3
NGPTS - Number of Causs points 104
NIT - Convolution integral segments 2
IBOUND - ‘Iype of boundary copdirion 1
ITSGEN - Time valuas generated or input ° 1
THAX - Hax simulation time - 0.4
WIFUN - Weighting facroy - 1.2

OFTIONS CHOSEN

Stehfest numerical inversion algorithm

Hondecaying continuous source

Camputer generated times for camputing concentrations
1

Greensbam White Street Land Rl Pope 1 of 24
nwlimedoutput doc

6770-029-618-02
December 21, 1999



DATA FOAR LAYER 1

VADOSE THRAMSPOAT VARIABLES

VARIABLE MAME UNITS DISTRIBUTION PARAMETERS LIMiT:
MEAN STD DEV Hin HAX
Thickness of layer m CONSTANT -93%, 0.100E-0B -4yy,
Longitudinal dispersivity of layer " NERIVED -gan 0.100E-62 0.10DE-05
Percent organic matter -- CUNSTANT -995 . 0.400E-G0 108,
Bulk dencicy of soil for layer glce CONSTANT 1.4 -999, 0.100E-D1 5.00
Biolugical decay coefficient ityr CONSTANT O.000E+DD -44g . 0.Q00E+32 -593.
1
CHEMICAL SPECIFIC VAHIABLES
VARIABLE NAME UNITS DISTRIBUTION PARAAMETERS LIMITS
MEAN STD DEV MIN MAX
S0l1id phase decay cpefficient l/yx CONSTANT 0.9D0E+DD -9%9. D.000E+CD  0,190E+11
Dissolved phase decay coefficient 1/yr CONSTANT 0.00DE+DD -989. 0.000&£+D0 D.10DE+11
Overall chemical decay coefficient 1/yr CONSTANRT 0.aJ9E+DD -999. 0.000E+D0 U0.180E+11
Acid cartaly=ed hydrolysis race 1/M-yr CONSTANT 0.00aE+0D -599, 0.000E+OD  -983,
Heutral hydroiysis Tace constant 1fyr CONETANT 0.000E+DD -44y 0.000E+00 -989.
Hige ratalyzed hydrolysis rate 1/M-yT CONSTANT 0.000E+{D -99G, 0.00GE+0D  -9§9,
Reference Lemperature c CONSTANT -999, -983, 4.0DGE+00 180.
Normalized distribetion eoefficient mlig CONSTANT D.000E+0D -989, 4.0beE+DD  -999,
Distribution coefficient - BERIVED LN -983. 4.00GE+QD 9.100E+1%
Bipdegradation coefficient (sat., zene) 1/yr CONSTANT C.0DDE+Q0 -949Y . q.000E+0D -~939.
Alr diffusion coefficient cmZ/s CONSTANT 0.000E+U0 ~339. 0.op0E+OD  10.8
Refercnce temperature for air diffusion C CONSTANT ¢_.DODE+00 -99%, 0.800E+00 1ao.
Molecular weight gfH CONSTANT ©.00DE+00 -399. 0.000E+0D ~99%.
Mole fraction of solute - CONSTANT . 000E+00 -393, 0.100E-08 1.00
Vapor pressure of solute mm Hg CONSTANT G.00DE+00 -999, 0.000E+0D 100.
Henry's law caonstant arm-m*3/M CONSTANT 0.00DE+DD -993, 0.140dE-D3 1.p0
Overall lst order detay sat. zone 1/yr DERIVED 0.00DE+D0 O.00QE+DL 0.030E+08 1.o00
Not currently used CONSTANT -98%. -9949 0. 000E+08 1.00
Hot currently used COHSTANT -95%, -999. 0.000E+0%0 1.00
1
SOURCE SPECIFIC VARIABLES
VARIAELE NAME UNETS DISTRIBUTICN PARAMETERS LIMITS
MEAN 5%0 DEV HIN
infiltration rate m/yr CONSTANT 9.224E-03 -393. 4.1D00E-09 0, 100E+11
Area of waste disposal unie m"2 COHSTANT 0.585E+05 -99%, 0.100E-01 -8999,
Duration of pulse yr CONSTANT -394, ~449 0.100E-08 -999.
Spread af contaminant seurce ' ™ DERIVED -93%, -999, 0.100E-08 0,100E+11
Hecharge rate m/yT CONSTANT 0.190 -999, 0.004E+00 0.100E+11
Source decay constant 1/yr LOHSTANT 0.048E+00 -49899. 0.000E+D0  -999.
Initial eencentration ap landfili ma/l CONSTANT 1.00 -999, 0.090E+0G -9%89,
Length srale of facility m TORETANT iog. -999, 0.100E-DB  0.1D0E+31
Width scale of facility n CONSTANT 195, -4hg, 0.100E-08 D.1H0E+11
Near field dilution DERIVED 1.00 0.20Dg+00 .0OCE+DD 1.00
1
. AQUIFER SPECIFIC VARIABLES
VARIABLE NAME UHITS BISTAIBUTION PARRHETERS LIMITS
H
Pargicle diamecer [~ CONSTANT D.2%50 -55%. C.10DE-9B iog.
Aquifer porosivy - CONSTANT #4.200 ~GYg, #.100E-98 ©.990
Bulk density glcc CONSTANT 1.44 ~599 . (¢.100E-0F 5.00
Aguifer thickness m CONSTANT 0.9128 -999, 0.100E-0B 0,100E+D&
Source thickness (mixing zone depth) m NERIVED ~394, -349, 0.100E-DE  0.1DDE+D6
Conductivity (hydraulig) miyr CONSTANT 0.315g+05 -999, 0.100E-D& 0,1DDE+D9
Gradient {hydraulic) CONSTANT 0.33g4E-p1 -9099, 0.100E-DY7 -850,
Groundwater seepage velocity miyr DEATVED -9949, -989. 0.10p2-D3 D, 100E+09
Recardation coefficient - DERIVED -0gy, -9849, 1.00 0.100E+09
Longitudinal dispercivicy m FURCTION OF X -999, -9y, -899, -983,
Transverse dispersivicy m FUNCTION OQF X -999, ~939, -39, -539,
Vartical dispersivicy m FUHCTION QF X -45g -8a49, -355, -gg9g9,
Temperature of aguifer c CONSTART 14.0 -899, .000E+00D 1g0.
pH I CONSTANT G.45 -9339, 4.300 14.0
Qrganic carbon cantent (fraction} CONSTANT 0.BODE-Q3 -89%. {.200E-05 1.00
wWell distance from site ™ CONSTANT 76.2 =599, 1.00 -994,
Angle off center degree CONSTANT 0.00DE+QD -9939, a.o840E+00 380.
Well vertical distance m CONSTANT 0.900E+DD -993 . 9.000E+00D 1.00
CONCENTRATION AFTER SATURATED ZONE MODEL §.3434E-01
-—-—n——"‘_———______
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. S. ENVIRONHENTAL PROTECTICUY AGZNCY
EXPOSURE ASSEESSHENT
HULTIMEDIA HODDEZL

MULTIMED (Vergios 1.01, June 13911
1

Run options

K=1la-2 2.248-2

Cell 2 WHITE STREET MSWLF, GREENSBORO, KC
Chemical simulated is DEFAULT CHEMICAL

Optian Chosan Saturated and unsaturated zone modelis
Hun wis PETERMIN

Infiltration input by user

Run was steady-state

Reject runs if Y coordinate outyide plume

Reject vuns if ? coordinate cutside plume

Gaussian Source used in saturated zone model

=

UNSATURATED ZONE FLGW MODEL PARAMETERS
linput parameter description and value}

P « Tntal number of nodal points 240
NMAT - Humber of different porvus materials 1
KFROP - Van Ganuechren or Brooks and Corey 1
IMSHGH « Spatial discretization option 1
HVFLAYR - Number of layers in flow model 1

OPFTIONS CHOSEN

Van Genuchten functional coefficients
User defined coordinate system
1

Layer informatiaon

LAYER NO. LAYER THICKNESS MRTERIAL PROPERTY

DATA FOR MATERIAL 3

VADCSE Z0NE MATERIAL VARIABLES

- VARIABLE NAME UNITS - DISTRIBUTION PARAMETERS LIMITS
MEAR 5TD DEV MIN X
Saturated hydraulic caonductivicy cm/hr CONSTANT 1.82 ~95g, 0.100E-19 D.3iDDE+DS
Unsaturated zons porosicy -- CONGTANT D.2325 -99%. 0.100E-98  G.550
Rir enury pressure heag m CONSTANT D.000E+DO -35%. 0.000E+04 -9853,
Bepth of the unsaturated zooe m CONSTANT 1.82 ~gog, D.100E-DB -9%%,

DATA FOR MATERIRL 1

VADOSE ZOHE FUNCTION VARIABLES

flesidual warer content - CONSTANT 0.709E-0: «593. 0.1GDE-0B 1.o00
Brook and Corey exponent, EN -- CONSTANT ~939. -999, . DROE+RD 1g.0
ALFA coefficient l/cm CONSTANT 0.500E-02 -999. a,.0004e+00 1.00
Van Genuchten exponent, ENY - CONSTANT 1.89 -993, 1.00 5.00

1

UNSATURATED ZONE TRANSPORT HODEL PARAMETERS

KLAY - Numbher of different layers used i
NTSTPS - Numher of time values concentrarcinp calc 40
PUMMY - Not presencly used 1
IS0L -~ Type of scheme used in unsaturated zaone 1
b} - Stehfest terms or numbar of increments 18
KTEL - Points ip bLagrangian interpolation 3
NGPTS - Number of Gauss points 1pd
nrt - Convolution ingegral Segments 2
IBOUND « Type of boundary conditien 1
ITSGEH - Time values generataed or input 1
TMAX - Hax simulation tims - D.0
WITFUN - Weighting factor - 1.2
OPTIONS CHDSEN

Scehfest numerical inversion algerithm

Nondecaying continuous source

Compurer generated times for computing concentrations
Greenshor White Street Landfill Papz Juf 24 6770-029-018-02
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DATA FOR LAYZR 1

VADOSE TRANSPORT VARIABLES

VARIABLE HAME UNITS DISTRIBUTION PARAMETEAS LINTTS
M MEAN 5TD DEV HIR HAY
Thickness of layer m CONSTANT 1.52 -48g 0.10DE«D5 -800
Longitudinal dispersivicy of layer m DERIVED ~999 -G53 0.100E-02 ©.3100=+03
Percent arganic macter .- COHSTANT 0.138 -980 o.006E~-DT 1Gh.
Bulk density of soil far laver gfce CORSTANT i.44 -3go t.100E-D2 3. 60
Biolegical decsy coefficient 1/vrT CONSTANT D.000E+QD -984. G.D00E+Q0 -8,
1
CHEMICAL SPECIFIC VANIABLES
VARIABLE NAHE UNITS DISTAIBUTION PARAMETERS LIMITS
HEAR 5TD DEV H HAR
Solid phase decay coefficient livr CONSTANT .000E+0D -908, 0.000E+DD 0.100E-11
Dissolved phase decay coefficient 1/yr TONSTALY 0.00DE«DD -939. G.DOQDE-OD  0.10302-11
Overall chemical decay woefficient 1/yr CONSTANT 0.00HE+00 -999, 4.DPCE+OE  0.100E+11
Acid catalyzed hydrolysis rate 1/H-yT CONSTAMNT 0.000E+00 -4%99. J.DDGE«~DD  -99%,
Neutral hydrolysis rate comstant 1iyr CONSTAKT D.QD0E+DO -5O93, 0.0DEE+E0  -239.
Base ratalyzed hydrolysis race 1/H-yr CONSTANT D.DODE+DO -899%. 0.ee0E+OR -399,
Reference temperature CORSTANT ~509, -989. 0.0G0E+00 loo.
Normalized discribuction goefficient mifg CONSTANT G.000E+00 -95%, G.O00NE+LO  ~99G.
Discribution coefficient -- DERIVED -95%, -yug, 0.000E+DD  0,3iDDE+11
Bindegradation coafficient {sat. zone} 1/yT CONSTANT 0,000E+00 -999. C.000E+00 -989.
Air diffusion coefficiapnt cml/s CONSTANT 0.000=+00 -999, L.DDUE+DD  1p.D
Reference temperature for air difFusion © CONSTANT D.000E-DD -999 0.D0DE+DD 100,
Holecular weight g/H CONSTANT 0.000E+DD -GBY, 0.000E+Q0  -5899.
Mole fraction of solute .- CONSTANT 0.DD0E~DD -509, 0.104-08 1,00
Vapar pressure of solute mm Hg CONSTANT 0.0D0E+«RD -599, 0.039E+QQ 100.
Henry's law ¢onstant atm-m"3/H CONSTANT G.000E+GD -939, 0. 100E- 04 1.o0n
Overall 1st order decay sat. snne 1ryr DERIVED 4.000E+00 0.0GOE+DO 0. 000E-00 1.00
Yot currently used CONSTANT ~393 -39g8, 0.000E+00 1.00
ot currentiy used CONSTANT -99g, -599, 0.DROE+DD 1.09
1
SOURCE SPECIFIC VARIABLES
VARIABLE NAME UNITE DISTRIBUTION BARAMETERS LIMITS
MEAN 5TD DEV HIN MAX
Infiltration ratre miyr CONSTANT 0.224E-01 -999, 0,1DDE-39 ©.100E+11
Area of waste disposal unit w3 CONSTANT 0.5BSE+D5 -0549, 0.100E-01 -B0Y,
Duragion of pulsa ¥r CONSTANT ~0999. -995. 0.180F-08 -982,
Spread of contaminant soupee m DERIVED -9399, -899, G.100E-05 0.100E+11
flecharge rate m/yr CONSTANT g.190 ~339g 0.0002-00 0,i0D02+11
Scurce decay coastant 1/yr CONSTANT D.04DE+00 -999. O.000E+N0D  -389,
Initial concentration at landfill mg/fl CONSTANT 1.00 -989 J.0poE~DE -399,
Length scale of Faciliny m CONSTANT KTili -959, 0.100E-88 0.1005+11
Width seale of facilicy m CONSTANT 185, -559. 0.:10CE-08 40.100E+11
Near field dilution DERIVED 1.00 0.0N0E+DD G.aacE+00 1.00
1
AQUIFER SPECIFIC VARIABLES
Particle diamater tm CONSTANT D.254 =989, 0.100E-DB 108.
Aquifer porosicy - CONETANT D.204 -§59, 0.100E-GE  D.3390
Bulk density gice CONSTART 1.44 ~589 0.1e0E-01 5.00
Amuifer thickness m CONSTANT 0.%14 -59%, 0.100E-08 0.100E+D6
Source thickness (mixing zone depth) th DERIVED -5955, -499%, C.100E-DB {.3DDE+(G
Conductivity (hydraulie) miyr CONSTANT D0.3i5E+04 -999, 0.1D0E-Da 0.iRGE+LY
Gradient (hydraulic) CONSTANT 0.330E-D1 -989, 0.1bDE-07 -984,
Groundwater seepage velocity miyrc DERIVED ~999 -989 0.190E-09 U.100E+0%
Retardation roefficient -- DERIVED -999, -939, 1.00 D.100E+09
Longituedinal dispersivity m FUNCTION OF ¥  -8%9 -8493, -3y, -49g9,
Transverse dispersivircy ™ FUNCTION OF X -89, «939 ~999, -954,
Vartical dispersivity m FUNCTION QF X -903, -599, -998, -985,
Temperature of aguifer [ CONSTANT 14.0 -g98g9, 4.000E+00 104a.
pH - CONSTANT 5.48 -959, a.300 4.0
Organic carbon contenk {fraction] CORSTANT 0.800E-DF -Bgg. 0.30DE-053 1.D0
HWell distance frow site m CONSTANT 75.2 -955%, i.ep -939,
Angle aff center degrees CONSTANT 0.0DDE+00 -%9G, D.o0aE+0D 360.
Well vertical distance m CONSTART 0.00DE+Dd -595. 0.000E+ND 1.00
CONCENTRATION AFTER SATURATED ZONE MODEL f.12578-02
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u. s.

EXPOSURE
HULTIMKEDTI A

HULTIMED

1
Run pptions

K=2.38E-1 3F.24E-4

Cell 2 WHITE STREET MSWLF, GREEMNSBORO,
Chemical simulaced is DEFAULT CHEMICAL

HC

Uprion Chosen

Rufs wag

Infiltration input by user
Run was steady-state
Aeject runs iF ¥ coordinate outside plume
fleject runs if Z coecrdinace outside plume
Gaussian source used in sacurated zone model
1

DETERMIN

UNSATURATED ZONE FLOW MODEL PARAMETERS
[input paramerer dascription and value)
ne - Total number of nodal poincs

HMAT -~ Number of different porous materizls
KPROP ~ Van Gepuchten or Brooks and Corey
IHSHGH - Spatial discretizaticn option
HVFLAYR - Numper of layers in flow modsl

CPTIOCNS CHOSEN

Van Genuchten functienal coefficients
Uner defined coordinate system

Layer informanion

ENVIROWNHENTAL PROT

Saturated angd unsaturated

ECTIQHN AGENCY

ASSESSESHNERNRT
MDDEL

{(Version 1.01. June 1981}

zone models

240

[N Eyye]

LAYER NO. LAYER THICKNESS HATERIAL PROPERTY
1 1.52 1
DATA FOR MATERIAL 1
Saturarted hydrawlic cm:lduc:i\r.i.l:y em/hyr CORSTANT 1.62 -939 0.10BE-I0 0.10DE+0%
Hgsaturated sOne porpsity - CONSTANT 0.225, -93%, 0.3i00E-0GH D0.9%8
Alr entry pressure head m CONSTANT 4.a00E+00 -99%, 0.DC0OE+D0 -899%,
Depth of the unsaturaced zane -] CONSTANT 1.52 -385 0.100E-0B -9%4,
DATA FOR MATERIAL 1 ’
VADUSE ZDNE FUNCTION VARIABLES
VARIABLE RAME - UMITE DISTHIBUTION pARAMETERE LmrTe e e .-
MEAN 5TD DEV MIH MAX
Hesidusl water content - CONSTANT 0.700F-B1 -904, D.100E-DB ";Eﬁ-““ _______
Brook and Carey exponenc, ER - CONSTANT -995, -999. 0.000E+00 1.0
ALFA coefficient 1llem CONSTANT 0.500E-02 -893, 0.000E+00 1.00
Van Genuchten exponent, ENH -— CONSTANT 1.09 -889 X.00 5.00
1
URSATURATED ZONE TRANSPORT MODEL PARAMETERS
HLAY - Number of different layers used 1
NTSTPS5 - Number of time values concencrztion calc 40
PUMMY - Not presently used 1
I50L - Type of scheme used in unsaturated zaone 1
N - Stehfest teans or muher of intrements 18
NHTEL - Ppints in Lagrangian interpolation a
NGPTS - Number af Gause poings 104
nIt - tonvolution integral segments 2
IBCUND - Type of boundary condition 1
ITSGEN - Time values generated or input 1
THAX - Bax simulation time - - 0.0
WTFUN - Weighting factor - 1.2
OPTIONS CHOSEN -
Seehtast pumerical inversion algozithm
Nondecaying continuous source
Computer generated times for computing concentratians
1
Greenshon White Street Lantfil Pope 5 of 24 6770-029.018-02
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Thickness of layer

DATA

FOR LAYER 1

VADOSE TRANSPORT VARIABLES

MEAN STD DEV

Particle diameter

AQUIFER S5PECIFIC VARIABLES

m CONSTANT 1.582 -399, 0.100E-08  -§559.
Lengitudinal dispersivi:y of layer m HERIVED -g939, -994, 0.186-02 0.100E-0S
Fercent prganic matter - CONSTANT 0.138 -Dag, 0.0G0E+030 106.
Bulk densiry of spil for layer gfoe CONSTANT 1.82 -o39g9, 0.100E-01 5.00
Hiologiral decay coefficient 1iyr CONSTANT 0.0D00E+GG -993, 0.000E+00 -990,
1
CHEMICAL SPECIFIC VARIAELES
VARIASLE NAﬁE UNITS DISTRIBUTIDN PARAMETERS LIMITS
MEAH STD DEV HAX
Solid phase decay cosEficient 1lyxr COHSTANT 0.0DOE+D) -D5Y, G.000E+OD  0.100E+11
Dissolved phage deca" coefficient Ly CONSTANT D.DDOE+{0 -3955. 4. 000E+08  0.1802-11
averall chemical decay coefficienc 1tyr LONSTANT 0.DDOE+QD -999, 0.00DE+0D 0.,100E-11
Acid catalyzed hydralysis rate 1/H-yxr CONSTANT .D0DDE+DD -00Y, 0.0DDE+0G  -339.
Neutral hydrolysis -ate constant liyr CONSTANT 0.DO0E-TD -599. 0.q0de+04  -gaog,
Base catalyzed hydrolysis race 1/M-yr CDNSTANT {.0DDDE-O0 -999, 0.049E-00 -999,
Reference remparatvure c CONSTANT -955. -499, 0.004E+00 140,
Hormalized distribuction coefficient mlfg CONSTANT ¢.00DE-DD -BOY, 0.000E+QQ -3939%89,
Distripution coeffigient - DERIVED -98%., ~-399, 0.000E+00 D0.10DE+1%
Biodegradacion coefficient (sat. 2pne) 1/yr COHSTALT {.0a0E+08 -399, 0.000E+0D0 -999,
Alr diffusion coefficieny cml/s CONSTANT 0.04C00E+DQ -299, D.000E~D0 10.0
Reference cemperature for air diffusion C CORSTANT a.0c08+00 ~0499. D.000E+DD 104.
Molecular weight a/H CONSTANT a.00GE+00 -390, 0.000E+DD -9949,
Mole Eraction of solute -- CORSTANT 0.00GE+00 -99%9, 0.100E-08 1.00
Vapor pressure ef solute mn Hg CORSTANT 0.000E+~00 ~88Y4, 0.000E+DD 10n.
Henry's law econstans atm-m-3I/M COMSTANT 0.000E+D0 ~988, 0.100E-0% i.o00
Overall Ist crder decay sat. zone 1/vr DERAIVED 0.000E+~DQ .000E+DO 4.000E+00 1.00
Hot currently used CONSTANT -849, -938, 4.000E+DE 1.00
Not currentcly used COMSTANT ~8499 ~589 a.DoDE+OR i.00
1
SOURLE SFECIFIC VARIABLES
InEiltrarion rage miyr CONSTANT 0.2242-D3 -~593_ D.100E-D% 0.10G8+il
Area of waste disposal univ mm2 CONSTART 0.385E+0% -999. 0.100€-01 -999.
Duration of pulse ¥r LONSTANT ~999. -gog, G.100E-D2  -999,
Spread of contaminant source m DERTVED -999, ~-95G ., 0.1002-08 0.100E+11
Recharge rate m/yr CONSTANT 0.194a -9589, 0.000E-0D0 §.100E+11
Source decay conrstant 1ryr CONSTANT 0.000E+00 -99%, n.000=-00 -8998,
Initial concentration at landfill mgll CONSTANT 1.00 -985. ¢.0D0E-02 -~9uY,
Length scale of facilicy m CONSTANT joo. -3539, O.100E-08  4.100E+11
wWideth scale of facilivy m CORNSTANT 195. -394, 0.100E-083 0.100E+11
Rear Eieid dilution DERIVED i.0o 9.000E+00 0.3q0E+04 1.09
1 .

tm CONSTANT D.250 ~599 0.:00E-NB 100.
Aguifer parosicy -— CONSTA 4._200 -599, 0.100E-08 0.3390
Bulk densicy a/coc TONSTAY 1.44 -§93, 0.100E-01 5.00
Agquifer thickness m TONSTANT 0.914 ~099. 0.100E-08 0.100E«Ds
Source thickness (mixing sone depch) m DERIVED -g93 -89, D.100E-H8 0.1008+06
Conduetivicy (hydraulic} m/yr CONSTANT 784, -54%, 0.100E-Db D,.100E+DY
Gradient {hydraulic) CONSTANT 0.330E-01 -95%, D.100E-07 -499.
Groundwaler seepage velocity m/yT DERIVED -999, ~995, D.100E-0% 0.100E+DY
Recardation coefficient - DERIVED -959, -995. 1.00 0.10DE+09
Longitudinal ¢isparsivity m FUNCTION OF X -9939, -999, -089, -933.
Transverse dispersivicy m FUNCTION OF X -959, ~49g9 -804, -599,
Vertical dispersivity m FUNCTION OF X -859, 099 -389, -84,
Temperarure of aguifer [ng CONETANT 14,0 -909, a.0J9E+DOD 144,
pH - CDONSTANT 6.432 -889. 0.300 14.0
Organic carben content (Eractiond CONSTANT 0. EDB:»D! -a959, 0.100E-05 i.00
Well distance from size m CONSTART 78.2 -0y4, 1.04 -993,
Angle off center degree CONSTANT u.nuos+nu -390, 0.900E+D0 140,
Well vertical distance m COHSTANT 0.0n0GE+DO0 -999, 0,000E+DD 1.00

CONCENTRATION AFTER SATUHATED ZDNE MODEL 0.3311E-02
-
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Y. 5. ENVIAROHNMENTAL FPREOTECTION AGENCDCY

EXPOSURE

ASBSESSMKHENT

HULTIHEDISA HODEL

HULTIMED
1
Hun opcions

K=1.15E8-3 D.24E-4

Cell 1 WHITE STAEET MSWLF, GREENSBORD, NC
Chemical simulared is DEFAULT CHEHICAL

WWVersion 1.01, Jure 1931

.
fiptian Chosaen Saturated and unsaturated zone madels

Run was DEZTERMIN
Infiitration input by user

Aun was steady-state

Reject runs if Y coordinare putside pluma
Reject runs if Z eoordinate butside plume
Gaussian scurce used in sacuraced zone madel

1

1
RHSATURATED ZONE FLOW HODEL PARAMETERS
{inpur parameter description and value)

NP - Total number of nodal points

NMAT - Number of different porous materialg
KPROP ~ Van Ganuchten or Hrooks and Corey
IM5HGH - Spatial discretization option

HVELAYR - Number of layvers in flow model

OPTIONS CHDSEN
Van Genuchten functional coefficieats
User defined coordinate system

Layer informarian

5]
e

HEREO

* VAAIABLE NAHME

Saturated hydraulic conductivity
Unsarurated zone porosity

ALy entry pressure head

Depth of the unsarcurated zone

UNITS BISTRIBUTION PARAMETERS LIMITS
- MERN STD DEV MIN X
cafhr CONSTANT 1.62 -ogo, 0.100E-10 0.100E+(35
-- CONSTANT 0.225 -989, 0.1408£-08  0.990
m CONSTANT G, G00E+00 -999. {.000E+00  -999.
m CONSTANT 1.52 -g999. 0.10DE-OB  -999.

DATA FOR MATERIAL 1

Aesidual warcer content - CONSTANT 0.700E-01 -%99. 0.100E-08 1.00
Brotk and Corey exponent,EN - CONSTANT -899, -boy, . DA0E+3D 10.0
ALFA coefficient 1/cm CONSTANT 0.5008-02 999, 0, D49E+DD 1.00
Van Genuchten exponent, ENB -= CONSTANT 1.09 -999, 1.00 5.00
1
UNSKTURATED ZONE TRANSPORT MUDEL PARAMETERS
MNLAY -« Number of different leyers used 1
NTSTBES - Number of cime values concentration zalg an
OUMMY - Not presencly used 1
ISGL - Type of scheme used in unsaturated zone 1
N - Stehfest terms or oumber aof increments 14
NTEL - Poipts in Lagrangian interpolation 3
HGPTE - Number of Gauss points 104
NiT - Convolution integral segments 2
IBOUND ~ Type of boundary condition 1
ITSGEN - Time values gensrated or input 1
THAX - Max simulation time - G.0
WIFUR - Weighting factor - 1.2
DPTIONS CHOSEN
Stehfest numerical inversion algerithm
Hondacaying centinucus source
Computer generated times for romputing concentrations
Greenshou White Sirezt Landfilk Pupe 7 of 24 6770-029-018-02
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UATA FOH LAYER 1

VADOSE THRANSPORT VARIABLES

VARIABLE NAME DIST

IBUTION
Thickness bf layer m CONSTANT 1.523 -5958, 0.140£-03 -993,
Longitudinal dispergivity of layer m DERIVED -333, BY-11-38 0.100z-02 0.1008+05
Percent organic matcer -- CONSTANT £.1358 -804, 0.000E~DD 100,
Bulk density of soil for laver grec CONSTANT 1.43 -993, 0.100£-01L 5.00
Biolegical decay ceefficient 1l/yr CONETANT C.00Q0E+NQ -899. 0.000g~-D0  -333,
i
CHEMICAL SPECIFIC VARIAHLES
VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
. HEAN Th DEV HIN HAX
Solid phase decay coefficienc 1/yr CONSTANT 0.000E+0D 00T, 8.000E-00 G.1DDE+1)
Dissolved ghase decay coefficient liyr CONSTANT {.000E-D8 -G98, D.060E«00  0.100E+11
Dverall chemical decay coefficiant liyr CONSTANT G.006E-Q4 -999. 9.GBJE-O00 0,10DE-11
Acid cataly:ied hydrolysis rate 1/M-yr CONSTANT 0.00CE+D0 -399, d.000E~DD  -995.
Neurral hydrolysis rate constant 1syr CONSTANT 0.00DE-00 -4999. 0.G00E+0D -999,
Bage catalyzed hydrolysis rate 1/¥-yr CORSTANT 0.0GOE+DD -899. 0.0008+D0  -999,
Aeference temperature o CONSTANT -3489, -999, 0.0NuE-DD 100.
Normalized discribution coefficient mlig CORSTANT 0.080CGE+DD -339 0.000E+{ -999,
Distribution coefficient . DERIVED -38g, -9339, G.0008+00 0.100E+11
Bicdegradation coefficient (sat. zonel 1/vyr CONSTANT O.400E+0D -9ug, #.0002+30 -5og,
Air diffusion coefficient cinl /g CONSTART 0.900=+00 -999. G.0DDE+] 0.0
Reference temperature for air diffusion [vg CONETANT 0.0D0E+CD -993, C.0DRE~J0 100.
Holecular weighe gy CONSTANY 0.000E+D0 -89, G.008E+00 -59%9,
Hole fraction of golute - CONSTAKRT 0.000E-BD -99%. B.100E-05 i.00
Vapor pressure of solute mm Hg LONSTANT 0.000E+QD -%9%, a.00dEe+00 100.
Henry's law constant atm-m~3sy CONSTAKT 0.000E+0% -99% . 0.188E-0% 1.00
Overall lse order deray sat. rzane /yr DERIVED C.000E+00 0.0DDE-DD 0.000E-00 1.00
Not currently used CONSTANT -ogg, -89%, a.080E-DD 1.00
Hot currently used CONSTANT -933. -g95 0. 08000 1.00
1 .
SCQURCE SPECTIFIC VARIABLES
HMEAN 5TD DEV HIN HAX
Infiltrarion race miyr CONSTANT 8.2248-03 -499, G.I0BE-09 0.10DE+11
Area gf waste disposal unit m~2 CONSTANT 0.585E+05 -599 9.100E-01 -%93.
Puracion of pulse yr CONSTANT -94g -899, 4.100E-08 -999,
Spread of contaminant scurce m DERIVED ~9589 -ggo 4.100E-08 0,1088+11
Racharge rate m/yr CORSTANT 0.19¢ «~999 J.600E+ND D.100E+11
Scurce decay constant 1iyrs CONSTANT 0.000E-DD -9949, 0.000E+DR -999,
Inirial concencration at landfili mg/l CONSTANY 1.00 -999 G.0D0E+3d  -994,
Length scale of Eacilicy m CONSTANT 300, ~-599 0.100K-08 0.100E-11
Width scale of facilicy m CONSTANT 195, ~59%. 2,100E-08 0.1D0E+11
Near tield dilution BERAIVED 1.ap 0.000E-00  0.880E+00 1.00
1
AQUIFER SPECIFIC VARIABLES
Particle diameter cm CONSTANT 0,350 «399 0.100E-08 1in0.
Aguifer porosiny - CONSTANT b0.200 -999, 0.100E-D8 0.990
Bulk density , g/cc CONSTANT 1.44 -gog, 0.100E-D1 5.00
Aguifer thickness m CONSTANT 6.914 -899. 0.100E-08 0.100E+06
Spurce thickness {mixing zone depth) m PERIVED -G89, -59%, D.100E-08 0.1DDE«Dd
Conductivity thydraulie) miyr CONSTANY 3sd, -50%, G¢.1DPE~0& D.1DDE-pS
Gradient {hydrauiig) CONSTANT 0.330E-G1 -55%9. C.100E-07 -85%5,
Groundwater seepage welogity n/yr DEAIVED -4959, -g5g, B.100E-09 O.1DDE+GY
Retardation coeffigient - DEAIVED -859, -95%., 1.00 0.100E+09
Longitudinal dispersivicy m FUNCTION OF X -958, -993, -999, -§og,
Transverse dispersivizy m FUNCTINR OF X -959. -499. ~-899, -989,
Vertical dispersivisy o FUNCTICN OF X -985, ~999 -939 -399,
Temperature of aguiier c CONSTANT 14.0 -999, 0.900E+DD 100,
pi ' - CONSTANT 6.48 -999, 0.300 14.0
Organic carbon contear (fraccion) CONSTANT 0.8002-03 -999, 0.10DE-05% 1.04
Well discange from sice m CONSTANT 78.2 -099, 1.00 -59%,
Angle off center degres CONETANT 4.p0D0E+0G -994, 0.000E+GD 1s0.
Well vertical distance m CONSTANT 9.D00E+00 -994, 0.00CE+0D 1.00
CONCENTRATION AFTER SATURATED ZONE HMODEL ©.3972E-02
Greenshum White Sireet | andsitl Pape § of 24 6770-025-018-02
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5. ENVIRONHME
EXPOSURE
MUTLTIHN
MULTIHED

i
RBun options

K=le-3 1.14E-4

Ceil 2 WHITE STREET MSWLF, GREENSBORO,
Chemical simulated is DEFAULT CHEMICAL

HC

Option Chosan

Runt wasg

Infiltration input by user
Run was steady-state
Reject runs if Y coordinate cutside plume
Aeject runs if Z coordinare eutside plume
Gaussian source used in saturated zone madel

DETEAMIN

1
UNSATURATED ZONE FLOW HODEL PARAHMETERS
linput parameter description and value)

ne -~ Total number of nodal points

MMAT - Number of different porous materials
KPROP « Van Genuchten or Broaks and Corey
THSHGH - Spatial #discretization ocpticn
HNVFLAYR - Number of layers in fiocw model
OPTIGHNS CHOSEN

Van Genuchten functional coefficients
User defined coordinate system

Laver information

LAYER THICKNESS MATERIAL PFROFERTY

1 1.52 1

NTAL PROT
ASS5ESS5HE

EDIA HODE

240

o

DATA FDR MATERIAL 1

ECTION AGENCY
N T

L

(Version 1.01. June 1991

Satrurated and unsaturated zone models

VADOSE ZONE MATERIAL VARIABLES

VARIABLE HNAME UNITS NISTAIBUTION PARAMETENS LIMITE
HEAN - ETD DEV MIN. HAX
Barurated hydraulic conductivity cm/hr CUNSTANT 1.62 -939, 0.180E-10 C€.100E+D5
Unsarturated rone parosicy - COHSTAL 0.225 -444, D.180E-B3 G.990
Air enrry pressura head m CONSTANT 0.DODE+D0 -993. 0.0DAE+DT  -§89.
Depth of the unsaturated zone m CONSTANT .52 -9939., 0.104E-08 -gog9.
DATA FOR MATERIAL 1
VADOSE ZONE FUNCTIDN VARIABLES
VARIABLE HAHE INITS DISTAIBUTION PARAMETERS LIMITS

Aesidual water cantent - CONSTANT 0.700E-D1 -999. 0.1DOE-D08 1.00
Srook and Corey esxpehsnt,EN - CONSTANT =599, -933 0.0DGE+DD 10.90
ALFA ccefficient l/cm CONSTANT 0.500E-02 -939. 0.00DE+DD 1.00
Van Genuchten exponent, ENH - CONSTANT 1.09 -988. 1.00 5.040

1

UNSATURATED ZOHE THRANSPORT MODEL PARAMETERS

NLAY - Humber of different layers used 1

NTSTPS - Number of time values concentration calec 40

PUMHY - HNot presently used 1

I50L - Type of scheme used in unsatureted zone 1

N - Stehfest terms or number of incremencs 1B

NTEL - Pogines in Lagrangian incerpolation k|

HGPTS - Numbey of Gsuss points ' 104

HIT - Canvolution incegral segments 2

IEQUND - Type of houndary candition 3

ITSGEN - Time values generated or input i

THAX -~ Max simulatipon time -- 0.0

WTFUN - Weighting factaor -- 1.2

OPTICNS CHOSEN

Stehfest numerical inversicn algorithm

Nondecaying continuous source

Computer geierated times for computing concentrations

1

Greenshunt White Street Landfill Pupe 9 0f 24 6770-029-018-02
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DATA FOR LAYER 1

VARIABLE NAME UNITS DISTRIBUTION
Thickness of layer m CONSTANT
Longitudinal dispersivicy of layer m DERIVED
Percent organic matver - CONSTANT
Bulk density of soil for layer gfcc CONSTANT
Biolagical decay cosfficient isyr CONSTANT

DISTAIBUTION
Solid phase decay coaffircient liyr TONSTANT
Dissalved phase docay coefficient iyt CONSTANT
Dverall chemical decay coefFicienc 1ryr CONSTANT
Acid catalyzed hydrolysis rate 1/M-yr CONSTANT
Negcral hydrolysis rate censtant 1yr CONSTANT
Base catalyzed hydrolysis rate 1/H-yr CDNSTANT
Reference vemperature [y CORSTANT
HNormalized discribution eoefficient mlrg CONSTANT
Distribucicn goefficient -- DERIVED
Biodegradation coefficient {sat. zonasl liyr CONSTANT
Air diffusion coefficient emlfs CONSTANT
Reference temperaturs for nir diffusion C CONSTANT
Molecular weight o/ CONSTANT
Mcle fraction of spluta -- CONSTANT
Vapor. pressure of saolute mm Hg CONSTANT
Henry‘s iaw constant atm-m"J/H CORSTANT
Ovarall lsc order decay sat. zone ltyr DERIVED
Hot currencly used CONSTANT
Not. currently used CONSTANT

CHEHICAL SPECIFIC VARIADLES

SOURCE SPECIFIC VARTABLES

VARIABLE NAME UNITS DISTRIBUTION
Infiltration rate miyr CONSTANT
Area of waste disposal unit m*2 CONSTANT
Duration of puylse ¥ CONSTANT
Spread of contaminant seurce m GERIVED
Hecharge rate mfyr CONSTART
Setirce decay constant l/yr CONSTANT
Initial eoncentratien at landfill mgfl CONSTANT
Lengch scale of facilicy n CONSTANT
Width scale of facility m CONSTANT
Hear field dilution DERIVED

ARQUIFER 5PECIFIC VARIABLESG

UNITS BISTRIBUTION
Particle diameter cm CONSTANT
Aguifer porosicy -- CONSTANT
Bulk densicy groe CONSTANT
Agquifer thickness m CONSTANT
Sourge thickness (mixing zone depth) in DERIVED
Conductivity (hydraulic) m/yr CONSTANT
Gradient [hydraulie) CORSTANT
Grovndwater serpage velpeity m/yr DERIVED
Retardation coefficient - DERTVED
Longitudinal dispersivicy m FUNCTION OF X
Transverse dispersivigy m FUNCTINI OF X
Vertical disparsivivy m FUNCTISN OF X
Temperature of aguifer c CONSTANT
ol -- T
Organic carkon content {Eraction)
Well distance From site m
Angle off cencer degree g
Well vertical distance m CONSTAHT

CONCENTRATION AFTER SATURATED ZOHE MODEL 0.3%03E-02

PARAMETERS
MEAN 5TD DEV
.52 -5084,
-%o99. -9939.
0.213 -899,
1.44 ~89a,
0.00DE+DD -999.
PARAMETERS
HEAN S5TD DEV
0.000E-00 -999,
0.0DDE-00 -999.
0.0COE+DD -99%,
0.000E+DD ~588_
0.0D0E+H0 -589.
0.000=+00 -9%9,
-933, -999.
0.0Q0DE+DD -999,
-§89, -848G.
U.000E+90 -999,
0.000E+00 -999,
U.00DE~00 -99%.
0.003E+DD -39%.
0.0008+00 -95%,
0._900E+06 -585,
C0.0D0E+00 -3940,
G.00BE+DD 0.000E+0D
-993, -999.
-899, «089,
PARAMETERS
MEAN S5TT OV
0.Z24E-03 903,
D.SH5E+D5 -980,
~4tg, -89,
-955%. -290,
0.190 -933,
0.D0GE+DD -999.
1.0o0 -999.
anen. -95%,
1as, -Ggg,
i.00 a.goog-o00

0.250 -9949
0.300 -994.

1.42 -999.,
0.914 -989,
-994 _ -g9y9,

315, -999,
C.330E-D1 «558,
-9493, -949
~999. -999,
-959. -989,
-49%, -599
=09%, ~489,
14.0 -99%,

5.44 -993.
0.B00E-D3 -99%.
76.2 -85,
0.08DE+{(0 -589,
0.00DE+QD -999,

0.3100E-GE
0.100E-08
D.1D00E-01
0.100E-D8
0.109E-08
0.1002-08
0.106E-07
0.100E-D9
1.00

-999,

-599,

-390,

0.D0GE+DD
. 300

0.100£-05
0.00DE+00
0.0CCE+DO

LIMITS
MIN HAX

0.1849E-p9 880,
0.100E-82 0.100E+05
0.0300E+248 100,
1.100E-91 5.40
0.D0DDE+«DD ~203.

LINKITS
0.D04E+D0  0,10DE+11
0.080E+D0  0.1908+11
0.000E+08  ©0,100E+31
0.0DDDE+0Q -883.
0.DODE+DC  -559,
1. 00GE+DD  -980,
0.CO0E+0G 100.
0.000E+00 -999,
0.00DE+0D £.100E+11
G.000E+00 . .
0.podE+D0 10.0
0.000E+}D 104.
0.400E+0a  .999,
0.100£-05 1.00
. 0DDE+DO 100.
0.100E-DY 1.00
0.40CE+DE 1.68
4.000E+80 1.00
0.000E+00 1.o00

LIMITS

HAX

0.100E-69 0.10DE+21
0.100E.01 -fog,
0.10DE-0B -3%9.
CG.100E-DS ©.100E+11
0. DOBE+DD  0.10DE+1)
G.000E+88  -993.
0.000E+30 -9%§9,
0.100£-08 ©.1DOE+11
0.1D0E-D& 0.3i00E+11
0. GORE+OD 1.0

5.00
9. 1DE+D6
0.100E+06
0.100E+03
-459,
0.i0DE+L0Y
0.1005+05
-4dg,
~aag,
-8GY,
194,
14.0
1.00
«90%,
Iad,
1.84

Greenshore White Sereet Landfil)
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u. 5. E

HNVIRKROGCHMENTAML PROTECTIDN AGENCY
EXPOSURE ASSESEMENT
HULTIMEDTIA HODEL
MULTIMED (Version 1.01, June 193%)
1
fun options
K=Te-4 2.24E-4
Cell 2 WHITE STHEET MSWLY, GREENSBORO, NC
Chemical simulated is DEFAULT CHEMICAL
Option Chogen Saturated and unsaturated zone medels
fun wes DETERMIN
Infileration input by user
Run way steady-stace
Reject runs if ¥ coordinate outside plume
Heject yuns if % coordipate ourside plume
Gauussian source used in saturaced zone model
2
1
UNSATURATED ZONE FLOW MODEL PARAMETERS
{input parameter description and value)
HE - Tocal number of nodal poincs 240
HMAT -~ Rumbar of different porous materials i
KPROP - Van Genuchten or Brooks and Corey 1
IMSHGH - Spatial discretization option 1
NVFLAYR - Rumher of layers in flow model 1
DPTIONS CHOSEN
Van Genuchten functional ceefficients
User defined coordinate System
Layer information
LAYER NO. LAYER THICKNEES HMATERIAL PROPERTY
1 1.52 1
DATA FOR MATERIAL 1
VADOSE ZONWE MATERIAL VARIABLES
VARIABLE HAME WNITS DISTRIBUTION PARAMETERS LIMITS
. HEAN 5T DEV MIN '
Saturated hydraulic conduztivicy e f hy CONSTANT 1.82 «899_ 0.1948-10 0.10DE+8%
Unsaturated zone porosicy - CONSTANT 0.235 -599, 0.1802-658 D0.99D
Air encry pressure head m CONSTANT 9. 00DE+DOD -599, 0.8802-00 -9%99.
Pepth of the unsaturated zone m CONSTANT 1.52 ~599, 0.100E-08 -B994.
DATR FOR MATERIAL 1
VARIABLE MAME UNITS ODISTRIBUTICN PARAMETERS LIMITE
HERN &TD DEV MIN X
Residual water concent -- CONBTANT D.700E-01 -955. 4.10DE-62  1.00
Brock and Corey exponent,EN -— CONSTANT -989. -95%, 0.00CE-00 ift.0
ALFA cosfficient l/cm CONSTANT 0,500E-02 -89%, #.0002+00 1.44
Van Genuchrten expunent, ENN - CORSTANT 1.08 =589, 1.00 5.00
1
UNSATURATED ZONE TRANSPORT MODEL FARAMETERS
RLAY -~ Number of different lpoyers used 1
NTSTPS - Number of time values concentratien calc 40
DUMHY - Not presently used 1
ISOL ~ Type of scheme used in unsaturated zone 1
H - Stehfest terms or number of increments 18
HTEL = Points in Lagrengian interpolation 3
HGPTS - Number of Gauss points 104
NIT - Convelution incegral segments 2
IEOUND - Type of boundary condicion 1
ITSGEX - Time values generated or input 3
TMAX - Hax simulation time - G.D
WI¥UH - Weighting factor — 1.2
OGPTIDNS CHOSEN
Stehfest numerical inversion aigorithm
Nondecaying continuous source
Commputer generated times for computing cententrations

1

Greensham White Streer Landfill
nwltinedounput.doc
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DATA FDR LAYER 1

mulimedoutjutdoc

PARAMETER. LIMITS
MEZAN STD DEV M1y MAX
Thickness of layer m CONS'TANT 1.52 -993, G.100E-08 .gag,
Longitudinal dispersivity of layer m DERIVED -9g39, ~-Gaa, 0.100E-D2  0,100E-0%
Parcent nrganic maccer -- CONSTANT 0.138 ~599, a.000E+00 1n0.
Bulk density of soil for layer /e CONSTANT 1,42 -59%, 4.100GE-D1 5.00
Biolpgical decay coeEficient liyr CONSTANT D.00DE+D0 -95%, 0.DGCE+D¢ .803
1
CHEMICAL SPECIFIC VARIABLES
Solid phase decay coefficient liyr CONSTANT ¢.00DE+DD -390, 0.000E+00 0.100E~-11
Dissolvad phase decay coefficient liyr CONSTANT 0.000E+DOD ~-998, 0.000E+D0  0.iBDE+11
Overall chemical decay coefficient ltyr CONSTANT 0.000E+0GD -993. D.000E+Q0 D.10CE+11
Acid cacalyzed hydralysis race 1/M-yr CONSTANT 0.000E+GD -999, f#.000E+OD -999,
Neutral hydrolysis rate constant ilyr CONSTANT 0.000E+00 -8%93, 4.000E+0Q -993,
Base caralyzed hydralysis rate /M-yr CONSTANT D.D00E+DE 599, 9.00DE+BD  -999.
Reference temperature c CONSTANT -489. -§558, 0. 000E+DD 100,
Normalized distriburion coefficient ml/g CONSTANT D.0n0DE+DU -959. a.0ooE+GE  -8og,
biscribution coefficiear - DERIVED -85, -9385. 0.080E+RG  0.100E+11
Bipdegradation cosfficient (sat. zone) 1/yr CONSTANT 4. 0DOEHND ~998, 0.000E+00 -uoa
Air diffusion coefficient cm/ss CONSTANT 0. J0DE+DO -995. D.000E+00 19.0
Reference temperature for air diffusion c CONSTANT 0.008E+2D -999, G.000E+0D 1090,
Holecular weighe g/H CONSTANT 0.000E+0D -884, G.00DE+DD  -333
Mole fraction nf sgluze -- CONSTANT 0.000E+30 -999, 0.100&-08 1.00
VYaper pressure of soluge mm Hy CONSTANT 0.000E+09 -859, &, D00E+DD 100.
Henry's law constant atm-m~1/H CONSTANT 0.000%+00 -889, 0.108E-09 l.o00
Overall 1st order decay sar. zone 1/yr DERIVED D.00GE+DD D.46DE+OD 0.000E 04 1.00
Not currently used CONSTANT ~Ggg . -894, 0.009E+00 i.00
Not currently used CONSTANT ~558% -g99g, 0.090E+Q0 1.0D
1 .
SOURCE SPECIFIC VARIABLES
VARIABLE NAHE UNITS DISTRIBUTIOH PARAMETERS LIMITS
HEAN TP DEV MIN MAX
Infilcration rate miyr CONSTANT 0.224E-03 -8999. 0.100E-D9 {.100E+1
Area of waste disposal unin m-3I CONSTANT 0.585E+05 ~0989. B.1DDE-D1  .339,
Puration of pulse yr CONSTANT -44g, -389, 0.10DE-DB  -999,
Spread of contaminant scurce m DERIVED E3-1-1- N -958, 0.100E-DB 0.1D0E+11
Recharge rate m/ve CONSTANT 0,150 ~939 . 0.080E+D08 0.30DE+11
Source decay censcant A/yr COMSTANT 4.0DDE+DD -99%, 0.004E+00 -B%G,
Initial eoncentratien at,landfill mgsl COMNSTANT . -949g, 0.000E+00  -49%,
Langth scale of facilicy m CONSTANT Ang. ~399. 0.100E-08 O©O.1GDE+3I1
Widch scale of facilicy m CONSTANT 195. -5359. #.100E-08 G.100E+11
Hear fleld diluticn DERIVED 1.00 0.00DE+DO O.DDOE+GD  1.00
1
AQUIFER SPECIFIC VARIAELES
VARIABLE NAME
Particle diameter =11 CONSTANT B.250 -599, 0.100E-0 iG0.
agquifer parosity - CONSTANT 4,260 -G89 . 0.10Q0E-DS D0.99¢
Bulk density g/uc CONSTANT 1.44 -85%, 0.10D02-01 .00
Agquifer thickness m TONSTANT 0.914 -995. 4.10CE-NB §.100E+04
Souree thickness Imixing znpne depth) m DERIVED -999, -993 0.100E-D3 0.100E+05
Condupcivity {(hydraulic) miyr CONSTANT 221, -949, 0.100E-03 0.10DE+D%
Gradiant thydrauljc} CONSTANT 0.330E-D) ~999. 0.100E-07 -~989.
Groundwater sgepage velpgoity miyr DERIVED ~-895, -999, 0.100E-09 D,10DE+BS
Retardation coeEficienc - DERIVED -9939, -39 1.00 D.130E+q9
Longirudinal dispersivity m FUNCTION OF X -99%, ~303, -948g, ~099,
Transverse dispersivicy FUNUTION OF X -09y -39, -954, -999,
Vertical dispersivity FUNCTION OF X  -999, -999, -9383, -999,
Temperature of aguifer c CONSTANT 1li.0 -999., 0.090E+d0 1co.
pH -- CONSTANT 6.43 -bag 0.300 14.0
Organiec carbon content |fraction} CONSTANT 0.8BDE-D3 -5DO. 0.100E-0% 1.00
Well disvance from site m CONSTANT 76.2 -555. 1.00 -549,
Angle off center degree CONSTANT 0.000E+0D -955. 4.0D0DE+DO 30,
Well vertical distance m CONSTANT 0.000E+00 -999. 4.00CE+RD 1.00
CONCENTRATION AFTER SATURATED ZONE HODEL 0.34238-02
Grernsbom Wiiite Strvet Landfitl Page 120124 6770-029-01B-02
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"

LIMITS
MIN . HAX
0.1002-10 8.104E-05
0.100£-03 0.9°%0
0.900E+00 -999,
0.100E-08 -999.
LIMETS
MIN X
4.10CE-QB 1.40
0.000E+0D 1D.9
0.000E+0D 1.00
1.00 .00

ENVIRONHKHENTAL FROTELCTTION AGENCY
EXPOSURE ASSESSMNERT
HULTIMKMEDTIA HODEL
HMULTIMED (Version 1.031, June i891)
3
Run options
K=5e-4 2.24E-4
Cell 2 WHITE STREET MSWLF. GREENSBORD. NC
Chemiral simuelaced is DEFAULT CHEMICAL
Qprion Chosen Saturat#d and wnsaturated zone models
Run was DETERMIN
Infiltravien input by user
Aun was steady-state
Reject runs if ¥ coordinate outside plume
Heject runs if Z coordinare outside plume
Gaussian source used in saturated zone model
1
UNSATURATED ZONE FLOW MODEL PARAMETERS
{input parameter description and valuee)
NP - Towsl pumber of nodal points 24D
HMAT - Number of different porous materials 1
KFROP = Van Genuchten or Srooks and Corey 1
IMSHGN - Spatial disgresizacion option 1
NVFLAYR - Number of layers in flow model 1
OPTIONS CHOSEN
Van Genuchten functicnal coefficients
User defined ceordinate system
Layer infcrmatcion
LAYER KHO. EAYZR THICKRESS MATERIAL PAOPFERTY
1 1.53 1
DATA FOR MATERIAL b
VADOSE Z20NE HATERIAL VARIABLES
VARTABLE HAHE UNITS DISTAIBUTION PARAMETERS
. - HEAHN 5Th DEV
Saturared hydraulic conductivicy cm/hr CONSTANT 1.62 ~-999,
Unsaturated zone parosity - CONSTANT a.2z -9908.
Alr entry pressure head m CONSTANT 0.000E+00 -999.
Pepth #f the unsaturated zone m CONSTANT 1.52 -~5§59.
DATA FOR MATERIAL 1
VARIABLE NAME UNITS DISTRIBUTION PARAMETERS
HEAN 5TD DEV
Residual water content - CORSTANT 0.70DE-D1 -889,
Brook and Corey exponent,EN - CORSTALT -5%49, -984
ALFA coefficient 1l/cm CONSTANT 0.500E-02 -99%.
Van Genuchten exponent, ENN -- CONSTANT 1.09 -99%,
1
UHSATURATED ZONE TRANEPORT MODEL PARAMETERS
HLAY - Number of differant layers used . 1
HTETPS - Number of time values concentration calc 41
DUMMY - Nat presently used 1
ISDL - Type of scheme used in unsaturatved zone 1
N - Stehfest terms or number af increments 18
NTEL ~ Points in Lagrangian interpolation 3
NGPTS -~ Number of Gauss points 102
NIT - Convolurion integral segments 2
IBOUND - Type of boundary condition 1
ITSGEN - Time values generated or input 1
THAX - Max simulacion time -- 6.0
WTFUN - Weighting factor -- 1.2

DPTIONS CHOSEN
Stehfest numerical inversion algorithm
Rondecaying gontinuous source

Comptiter generated times for computing concentrations

1
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DATA FOR LAYER

1

VADOSE THANSFORT VARIABLES

VARIASLE HAME UNITS DISTAIBUTION
Thickness of layer m CONSTANT
Laongicudinal disparsivicy of layec m DERIVED
Percent organic marrer -- CONSTART
Hulk density of soil fer layer g/cc CONETANT
Binlogical decay coefficiant 14yr CONSTANT
1
CHEMICAL SPECIFIC VARIABLES
VARTABLE NAME UNITS DISTRIBUTIO
5S50lid phase decay coeffisient 1/yr COUSTANT
Dissolved phase decay coafficisnt 1/yr CONSTANT
Overall chemical decay cosfficient 1/yr CONSTANT
Acid cacalyied hydrolysis rare Y/M-yr CONSTANT
Heutral hydrolysis rate constant iryr CONSTANT
Base gatalyzed hydrolysis rare 1i¥-yr CONSTANT
Reference remperature c CONSTANT
Normalized discribution coefficient mlig CONSTANT
Distribution coefficiens .- DERIVED
Biodegradation coefficient |sar. tane) iyr CONSTANT
Air diffusion cosfficient cmils CONETANT
Reference temperaturs for air diffusion = CONSTANT
Mnlecular weight g/H CONSTANT
Mote fraction of soluce -- CONSTANT
Vapar pressure of solute mn H CONSTANT
Henry's law constang atm-m-3/H CONSTANT
Cverall lst order decay sat. zone 1iyr DERIVED
Nou currently used CONSTANT
Not currently used COHSTANT
1
SOURCE SPECIFIC VARIABLES
VARIABLE NAME UNITE DISTRIBUTION
Infiltration rate miyr CONSTANT
Area nf waste disposal unic m-2 CONRSTANT
Duratinn of pulse ¥T CONSTANT
Spread of contaminant source m DERIVED
Recharge rate miyr CONSTANT
Source decay constantc ltyr CONSTANT
Initial eoncentracion at landfill mg/l CONSTANT
Length scale of facilicy m CONSTANT
Width scale of facitiny m CONSTANT
Hear field dilucion DERIVED
1

Particle diamecer
Aguifer porosicy
Bulk density
Aguifer thickness
Source thickness Imixing zone depth)
Condugeiviny thydraulic)

Gradient [hydraulic}

Groundwarer seepage valocicy
Hetardation coefficient
Longirudinal dispersiviry
Trangverse dispersivity

Vertical dispersivicy

Temperature of aguifer

PH

Organic carbon content [Eractiont
Well distance frum mite

Angle off center

Well vertical distance

ADUIFER SPECIFIC VARIABLES

CONSTANT

- CDNSTANT
gicc CONSTANT
o CONSTANT
m DERIVED
m)yr CONSTANT
CONSTANT
miyr DERIVED
-~ DERIVED
m FURCTION OF X
m FUNCTION OF X
m FIRCTION QF X
< COHSTANT
-- CONSTANT
CONSTANT
m CONSTANT
degrae CONSTANT
m CANSTANT

CONCENTRATION AFTER SATURATED ZONE HGDEL 0.2816E-D2

PARAMETERS
HMEAN STh DEV
i.52 -4sg,

-993 ~94g
0.138 -994
1.4¢ -389.
D.490E+0D -999,

PARAMETERS
HEAN STD CEV

0,00DE+80 -09%,

D.DODE+DD -995.
0.NO0E+DD -989,
7.400E-00 848,
0.000E+00 -930,
0.QBDE~BD -991,
-ggg, -593,
D.BROE+0D -589,
-5og, ~5h3, ’
4.000E+00 -550,
0.000E+D0 -58%,
0.000E+00 -396,
0.0DDE+DD -99%.
0.D0DE+DD -999,
0.0309E+0G -507,
B.000E+00 -959,
8.000E+00 O.000DE+0D
-99g -gug,
-59g ~99g_

PARAMETERS
MEAN 5TD DEY
0.Z23E-b3 999,
D.585E+05 -89y,
-859, -599.
~389, -559,
0,190 -gog,
0.0DDE+ND -B93.
1.08 -889,
300, -394,
195, -393,
1.00 D.080E+0D

0.250 -999,
0.206p g9,
1.4 -599.
0.514 -985,
-9494 -99%,
158. -909,
0.330E-01 -990,
-804, -439,
~939, -38%,
-993, -9ag,
-993, -999,
~59%, -289,
.0 ~049,
E.48 ~859,
G.B00E~03 -899,
6.2 -99%.

D.0DOE+DD -999,
0.0D0E+OD -89,

LIXITS
B HAX
0.1008-08 -93g,
C.1002-02 ©0.100E+05
8.0DDE+DO ioo.
4.100%-02 5.00
0.00DE+DD  -BOY,
LIMITS
HIn HAX
0.0002+00 ©0.100E+11
9.000E+00  D.100E~11
0.00DE+00 0.3pDpE-1]
0.BGDE+QG -3u9.
0.000E-RG -999,
C.00DE~00 -999%,
E.0DOE-DO 100,
0.000E-00 -~YO9,
0.DBGE-DO 8.108E+11
0.440E<80 -390,
D.o00z-g0 14.0
4.000E+00 100,
1.000E+00 -59%,
0.10DE-DS l.op
U.000DE~DD ieQ.
0.3100E-DY 1.00
0. 0agE~pE 1.q0
0.000=+00 1.00
¢.an0E~+00 1.0p
LIMITS
HIN Hax
D.100E-09 p.100E+11
0.100E-D1 -983.
0.100£-08 -99%,
0.108E-08 0.1008-13
0.900E+20 0.1008-33
4.000E+00 589,
0.000E+00 -954,
0.1DRE-DE  0.1DDE«14
0.100E-08 0.100E+11
. 000E+00 1.00

¢.100E-DB
0.100E-D1
0.100E-08
0.100€-08
4.100E-35
0.100E-07
0.10DE-~0%
1.00
-85,
~599,
-84y,
0.00DE+DD
0.1300
0.100E-g05
1.00
0.0002+00
4.00DE+00

0.100E+D%
0.100E+De
0. LODE~DBY
-95%,
C.100E+D9
0.100E+DY
-999,
-589,
-9%5.
iom,
14.0
1.00
-55%.
360.
1.00
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LI¥iTs
HIN HAX
0.10pE-10 O0.l00z-0%
0.i00=-08 ©0.39%90
0.c00DE+00 -999,
0.100=-08 -B09%,

¥, 5 ENVIRONMNENTAL PRAOTECTION AGENCL
EXPOEURE ASSESSHEHRT
MULTIHXEDTIA HMOo0pEtL
MULTIMED [Versiogn 1.0, June 189213
1
Run gprions
K=le~4 2.24E-4
Cell 2 WHITE BTREET MSWLF. GREENSBDRO, NC
Chemical simulated is DEFAULT CHEMICAL
Opticn Chosen Saturated and wnsaturated zone medels
Aun was DETERMIN
Infilvration inpur by user
RAun was sceady-scate
Reject rung if Y coordinate outside plume
Heject runs if 2 coordinace outside plume
Gaussian source used ipn gsaturated zone model
1
1
UNSATURATED ZONE FLOW MODEL PARAMETERS
linput parameter description and value}
NP - Totel number of nodal points 240
HNHAT - Number of different porous materials 1
KPHROP - Van Genuchten or Brooks and Carey 1
IMSHGN -~ Spatial discrecizaripn option 1
NVFLAYR - Number of layvers in Elow model 1
OPTIONS CHOSEN
Van Genuchren funcrional coefficients
User defined coordinate system
Layer information
LAYER ND LAYER THICKNESE MATERIAL PROPERTY
1 1.52 1
DATA FOR MATERIAL 1
VADOSE ZONE MATERIAL VARIABLES
VARIAEBLE NAME UNITS DISTRIBUTION PARAMETEAS
MEAN
Saturated hydracvlic cenductivity cm/hy CQHSTRﬁT 1.62 -gag
Unsaturated zope porosity -- CONS’ 0.225 -9939
Air entry pressure head m CONSTAHT 9.000E+0D -9g58
Depth of the unsaruraced zone m CONSTARY 1.52 «938
DATA FOR MATERIAL 1
VARIABLE NAME UNITS DISTRIBUTICH PARAMETERS
HEAR
Aesidual water content CONSTANT 0.700E-01 -59%.
frook and Corey exponent,EH - COHSTART -509, -955
ALFA coefficient ifom CONSTAX D.500E-D3 -9%%,
Van Genuchten exponent, EHH -- CONSTANT 1.09 -§55.
1
UNSATURATED ZONE TRANSPORT MODEL PARAMETERS
HLAY -~ Nuttber of different layers used 1
NTSTPE - Number of time values concentration calc 40
DUMMY - Not presently used 1
1504 - Type of scheme used in unsarurated zone 1
H - Stehfest terms or number of increments 18
NTEL - Points in Lagrangian interpolation 3
NGPTE - Number of Gauss poincs 104
HIT ~ Cosawelution integral segments 2
IEQUND - Type of boundary condition 1
ITSGEN - Time values generated or input 1
THAYX -~ Max simulation time - g.0
WTFUN - Weighcing factor - 1.2

OPTIONS CHOSEH
sStehfest numerica® inversion algorithm
Nondecaying ¢ontinuous source

Computer generated times for compuning concentrations
1 .

S5TD DEV

LIMITS
IN
4.1D0E-03 i.00
4.0DDE+DEG 10.0
0.0D0E+DD 1.00
.00

1.00
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DATA FOH LAYER 1

HEAN STD DEV MIN HAX

Thickness of layer m CONSTANT -3ea,
Longitudinal dispersivity af layar m DERIVED .100+0%
Percent organic matter -- CoNsTANT 0.1358 ~59%, 0.000E+048 100.
Bulk density of soil for layer g/en CONSTANT 1.43 -98g, 0.100z-01 5.00
Biological decay coefficient 1/yc CONSTANT D.0DOE+ND -9%5. U.DDDE+D) -5B89,
1
CHEMICAL SPECIFIC VARIAHLES
VARTIABLE NAME
5o0lid phase decay coefficient Lliyr CONSTANT 0.000E«G0 -999. 7.000E-0D ©.1DDE-11
Dissolved phase decay coefficient 1/yc CONSTANT 0.00GE+0DCG -B99. 0.000E+D0 9, 1488E-11
Querall chemical decay coefficient 1yt CONSTANT 0.000E+00 -399, 0.000E«B0  §.100E+11
Avid cataly:ed hydrolysis rate 1/4-yr CONSTANT D.D0DE+DD -§5%5. 0.000E+00 -990
Neurral hydrolysis rate constant 1/yr CONSTANT D.NDOE+DD -955_ 0.0002+00 -og%9,
Base catalyzed hydrolysis rate /M-y CONSTANT {.0DDE~DD -89GO 0.CDCE+DD  -goG,
fleference temperarure T CONSTANT -304g_ -9g9g9, ¢.000E+DD itp.
Normalized distribytion coefficient ml/g CONSTANT 0.04GE+00 =990 0.003E+DD  -585.
Distribution coefficient - DERIVED -939, -9g9a, 0.0002+06F O.106E+11
Biodegradation zoeEficient isac. zone} 1syx CONSTANT 0.4J0E+00 -899, 0.000E-{t0  -gymg,
Air diffusion coefficient crl/s CONSTANT D.000E+Q0 -899, 0.D00E«OQ 10.0
Reference temperacure For air diffusion c CONSTANT 0.000E+DQ -30Y 0.000E+00 ing.
HMolecular weight /¥ CONSTANT C.DRDE+DD -985. 0.G00E+D0 -3319,

) Hole fracction of solute - CONSTANT G.00DE+DO -939, 0.100=-p03 1.03
Vapor pressure of solute Mg CONSTANT G.000E+D -999, {4.000E+00 100.
Henry's law constang atm-m~3/M CONSTANT a,G00E~04 -599. 0.100E-09 1.00
Overall 1sc order decay sat. zope 1/ye DERIVED 0.0#0E+00 D, OOOE+DD 0.000=2+00 1.00
Not currently used CONSTAKT -993, -§0g, 0.RCDE-DD 1.00
Nat currently used CONETANT -999, ~955, 0.EROE-GD 1.0p

1

SCUACE SPECIFIC VARTABLES
VARIABLE HAME UNITS BISTRIBUTION PARAHETERS IMITS
5TD DEV HIN AR

Infilrration race miyT COHSTANT 0.274E-83 -993. 0.100K-99 0.1D0E+11
Area of wasce disposal unie m-3 CORSTANT G.585E+p5 -Bag, 4.100E-91 -gos,
Duratian of pulse ¥y CONSTANT -99%. ~Goo, 0.100E-03 -Goe,
Spread of contaminant ssurce m DERIVED ~a99 -§09, 0.100E-08 0. 100E-11
Recharge rate miyr CONSTANT 0.1t%0 -959, 0.GOCE«CD R.1C3=-11
Source decay constant 1/yr COHSTANT 0.D00E+DD -984, 0.600E+DD  -94g
Initial concentration at landf£ill mg/l CONSTANT 1.00 -955, D.000E-RB8  -99Y4.,
Length scale of Eacilirvy m CONSTANT 300. -gqug G.100E-CB 0.]C0E-Y1
Widrh scaie of facilivy m CONSTANT 145. -999, 0.1D0E-0E 0.100DE+11
Near field dilution DERIVED 1.09 D.DO0OE+0D 0.0DDE+0D 1.90

1

AQUIFER SPECIFIC VAALARLES :
VARIABLE HAME
Parcicle diamecer &m CONSTANT - D0.250 -39g. D.100g-08 iog.
Agquifer porasity -- CONSTANT 0.200 -999, 0,100E-DB [p.85H
Bulk density . alee CONSTANT” 1.44 -84y, ¢.100E-D1 §.a0
Aquifer chickness m CONSTANT 0.914 -539. 0.100E-08  9.100£-08
Source thickness {mixing zone depth) m DERIVED -995 -390, 0.1008-88 0.10CE+00
Conductivity (hydrauiig) m/yzr CONSTANT 1.5 -9493, 2.100E-06 0.100E+30
Gradient (hydraulic) CDONSTANT 0,310E-p1 -9939, 0.100E-07 -5%%,
Groundwater sespage velociny miyr DERIVED -840 _ -99%, 0.1DCE-D?  0,10DE-00
Retardacion coefficient -- DERIVED ~359, -959. 1.00 ©.1008-00
Longitudinal disparsivity m FUNCTION OF X -989, -%50, -589, -999,
Transverse dispersivicy m FUNCTIDN OF ®  -88%5. ~Bgo, -559, -993,
Vertical dispersivicy m FUNCTICN OF X -any, -99%, -599, -54g9,
Temperature of aguifer c CONSTANT 14.0 -go0% 0.000E+00D 104,
PH i CONSTART 6.48 -gea, ¢.300 14.0
brganic carbon content {fracrion) CONSTANT 0,B00E-B3 -99%, 0.100E-05 1.00
Well distance from site m CONSTANT 6.3 ~qo6 1.00 -499.
Angle off center degree CONSTANT 0.000E+00 -983. 0.GJ0E+00 a0,
Well vertical disvance m CONETANT 0.000E+00 -980, 0.000E+a0 l1.00
CONCENTRATION AFTER SATURATED ZONE HODEL 0.3B74E-04
Greensbont White Sireet Landfi Puge 16 0f 24 4770-029-018.02
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u. 5. EXVIHOHNHENTAL PROTECTIOHN

AGENCY
EXPOESUHRE ASSESSESMENT
HULTIKEDIA MODEL
HULTIMED (Versien 1.01, Juse 1931}
1
Run options
k=le-5 2.24E-4
Cell 2 WHITE STREET MSWLF, GREENSBORD, NC
Chemical simulated is DEFAULT CHEMICAL
Pption Chosen Saturated and unsaturated zene models
Run was NETERMIN
Infiltration input by usar
Run was sready-state
Reject runs if ¥ coordinate cutside plume
Reject runs if 7 cowrdinate outside plume
Gaussian source used in sacurated zone model
UNSATUHATED ZONE FLOW MODEL PARAMETERS
lipput parameter description and value)
NE - Total number of nodal paints 240
NMAT ~ Number of different porous maverials 1
KPROP - Van Genuchten or Brooks and Corey 1
IMSHGN - Spatial discrecizarisn eption 1
NVFLAYR - Hwmber of layers in flow wmodel 1
OFTIONS CHDSEN
Van Genuchten functional coetficients
User defined coocrdinace system
Layaer informatian
LAYEHR NO. LAYEA THICENESS HATERIAL PROPERTY
1 1.52 1
DATA FDR MATERIAL 1
VADDSE ZONE MATERIAL VARIABLES
VAAIABLE HAME UNITS DISTRIBUTION PARAMETERS LIMITS

- ) ) MEAN STD REV MIN HAX

Sarurated hydraulic conductivicy cm/hr CONSTANT . 1.82 -599, 0.IG0E-E0 {1 .ID0DE-GY

Unsaturaced zone porusity - CONSTANT 0,125 -599 O.1GRE-DE @, %50

Air entry pressure head m CONSTANT 0.00DE+BD ~55%. 0.DGRE+DG  -9045.

Depth i the unsaturaced :ope m CONSTAKT 1.52 ~555. D.100E-0B ~939.

BATA FOR MATERIAL 1

Residual warer content --

CONSTANT 0.700E-01 -999, G.100E-08 i.00
Brook and Corey exponentc,EN - CONSTANT -50g, =339, 0.000E+00 i0.0
ALFA coefEicient l/cm CONSTANT 0.50DE-Q12 -999, 0.000=+00 i.00
Van Genuchten exponent, ENN -- COHSTANT 1.08 -8999, 1.00 5.00
1
UNSATURATED ZONE TRANSPORT MODEL PARAMETERS
HLAY - Humber of different layers used 1
WiSTPS - Numher of time values cancentration talc 4
OUMMY - Not presently used 1-
I50L - Type of scheme used in unsaturated zone 1
N - fekhfest terms or number of increments 1B
NTEL - Points in Lagrangian interpolacien 3
HNGPTS = Numher of Gauss polncs 104
NIT - Coavoluticn integral segments 2
IROUND - Type of boundary condicien 1
ITSGEN - Time values penerated or input 1
THAX - Hax simulation time -- a.o
WIFUN «~ Weighting Factor - 1.2
OPTIONS CHOSEN
Stehfest pumerical inversion algurithm
HNandecaying continuoug source
Computer penerated times for computing concentrations
Greenshur White Sireet Eandfil Puge 17 0l 24 6770-029-018.02
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DATA FOH LAYER 1

VADOSE TRANSEORT VARIABLES

Thickness of layer m CONSTANT
Longitudinal dispersivicy of iayer E DERIVED
Parrent arganic tacrer ~- CONSTANT
Bulk densicy of soil for layer glcc CONSTANT
Biological decay coefficient 1iyr CONSTANT
1
CHEHICAL SPECIFIC VARIABLES
VARIABLE MNAME UNITS DISTAIBUTION
Snlid phase decay cuefficient 1iyr CONSTANT
Dissolved phase decay coefficiept 1/yz COHNSTANT
Overall chemical decay eoefficient 1y CONSTANT
Acid catalyzed hydrolysis rate 1/H-yr CONSTANT
Neutral hydrglysis rate censtgant 1/y7 CONSTAMT
Base catalyzed hydrolysis rate 1/H-yr CONSTANT
Reference cemperaturs C LONSTANT
Normalized distribucion coefficient miig CONSTANT
Distriburion coefficient - DERIVED
Bipdegradacion coefFicient (sar. sone} 1/yr CONSTANT
Air diffusiaon coefficient emi/s COMSTANT
Reference cemperature for air diffusion C CONSTANT
Molecular weight giH CONSTANT
Mole fraction of solute -- CONSTANT
Vapor pressure of snlute mm Hg CONSTANT
Henry's law constant T atmem"I/H LONSTANT
Overall lst order decay sat. zone 1iyr DERIVED
Not currencly used CONSTANT
Hot curreatly used CONSTANT
1
SUURCE SPECIFIC VARIARLES
VARIABLE NAME UNITS DISTRIBUTION
Infilrration rate m/yx CONSTANT
Area of waste disposal unit m*2 CONSTANT
Duration 3 pulse yT CONSTANT
Spread of contaminant source m DERIVED
Recharge rate . miyr CONSTANT
Scurce tercay constant 1ryr CONSTANT
Inictial zonceniration at landfill mg/1 CONSTANT
Length scale of facilicy m CONSTANT
Widch scale of Eacilicvy m CONSTANT
Hear field diluvion DERIVED
1

AQUIFER SPECIFIC VARIABLES

Particls diamerer =1 LONSTANT
Aquifer porgsity -- CONSTANT

Bulk density gice CONSTANT
Aquiter thickness m CONSTANT
Source thickneses (mixing =one deprh) m DERIVED
Condugtivicy lhydraulic} miyr COMSTANT
Gradient thydraulicl COHSTANT
Groundwat#r seepage velocity miyr DERIVED
Retardation coefficient -- DERIVED
Longirudinal dispersivicy m FUNCTION OF X
Transverse dispersivirgy m FUNCTION OF X
Vertical dispersivity m FUNCTION OF X
Temperatutre of aguifer c COMSTANT

pH - CONSTANT
QOrganic carbon content tfraction) CONSTANT

Well distance from size m CONSTANT
Angle off center degree CONSTANT

Well vertical discance w COHSTANT

CONCENTRATION AFTER SATURATED ZONE MODEL 0.16232-09
= %® WARNING -+~ Mear field mixing facvor is greater than 1.

0.33GE-D1
-58%,
8849 .
-935.
-99%,
-4993.
14.4
6.48
0.E0GE-Q3
76.2
b.0DDDE+DD
G.000E+0D

1.42 -593 .
-959., -399,
0.138 -499,

1.4 «295
D.DOGE+DOD -509_

PARAMETERS

HEAN STDh DEV

Q.000E+DO ~989.
0.0D0E+GO0 -958%,
0.800E+00 -955.
0.490DE+G0 999,
0.000E+20 -980,
0.000E+00 -33%,
-999, ~9%9,
0.000E+00 -989,
~939%, -999.
0.00DE+DD -98%,
0.000E+00 -999,
0.000E+00 -959,
0U.00QE+0D -9%0,
0.00QE+00 -499,
0.00C0E+OD -999,
0.000E+00 -3999,
0.000E+00 0.000E+DO
-9949, ~999,
-559. -999,

PARAMETERS

MEAN STD DEV
0.224E-1}) -99%,
0.5558+05 -998.
~9494, -399,
~-9958. -993,
0.190 -999.
D.DOOE+0D ~399.

1.08 -399,

oo, -9,

185, ~959.

1.00 0.000E+DD

-838,
-580,
-59%.
=599,
~589.
~8399,
-999,
-999,
-999.
-999,
-~959,
-958,
-9589,

0.10DE- 08
0.10g=-03
B.100E-DL
0.100E-08
0.10CE-08
1.100E-06
1.300=- 07
U.100E-09
1.00
-599,
-%99,
-599,
0.00DE+DD
o.3oh
R.100E-D5
1.08
C.O0NJE+D0
G.000E+OD

0.100E-08 -99%.
.100E-02 D.10DE+05
0.tboE~OC 109.
G.100E-21 5.00
G.000E-00 -399.
LIMITS
HIN X
0.0082+8¢ {.100E+11
0.000E+02  4.100E-1)
0.0084E-02 0.108E+11
0.000%-00 -993,
0.000E-QY  -999,
0.000E+20 -939,
0.000E+0D 100,
0.J00E~-00  -339,
0.000=~30 0.100E+11
0.000E«D)  -9ag,
0.000E-QO 10.0
U.Q0DE~00 100.
0.000E+00  -99%.
0.100-03 1.00
0.0Q0E+J] oo,
0.100%-9% 1.00
b.oGoz-00 1.00
B.O0GDE~QQ 1.60
. 030E+0D 1.00
LINITS
MIN HAX
0.100E-0% 0.100E+11
0.1002-01  -999,
0.1002-03  -9998,
0.100E-08 0.100E+11
0.0002-00 0©0.100E-131
0.00DE-0D -998,
C.00DE+0D -998.
G.1{40E-D3 0.1PDE+IL
0.190E-08 0.100E+11
0.000E«09 1.40

ipo.
0.%90
5.6D
0.1P0E+0G
G.1005+04
¢.108E+09
~599 .
0.10GE+D9
0.100E-D3
-999,
-89y,
~999,
100,
1s.0
i.00
~-800,
368,
1.00

Hiwing factor = 1.9
Greenshom While Sireet Luretfill Page 18 ol 24
nultinedowputdoc

6770-029-043-02
Deesmber 21, 1990



EXPOSURE
HULTIHNHEDTIA,

HULTIHED

1
Aun options

Cell 2 WHITE STREET MSWLF. GEEZZNSBOED, NC
Chemical simulated is DEFAULT CHEHICAL

Option Chosen

Hun was

Infilrracion input by user
Aun was steady-stace
Reject runs if ¥ coordinate outside plume
Reject rung if Z coordinate outside plume
Gaussian source used in saturated zone model
1

DETERMIN

1

UNEATURATEDR ZONE FLOW HOUDEL PARAMETERS
linput parameter descriprion and value]
NE - Total numper of nodal poincs

NMAT - Number of differsnt porous materials
XKeROP + Vap Genuchten or Brooks and Corey
IMSHGH - Spatial discrerization opricn

NVFLAYR - Number af layers in fiow magdel

Van Gepuchten funcricnal goefficients
User defined coordinate system
i

Laver informacien

HVIRONHMENTAL

PROTECTIOHN
ASSEESESEHNENT
HODEL

iVersion 1.01, Jupe 19%1

Saturated and unsavurated zone models

240

e

AGERCY

LAYER HO, LAYER THICKHESS HATERIAL PROPERTY
1 1.52 1
DATA FDOR MATERIAL 1
VADOSE ZONE MATERIAL VARIABLES
VARIABLE HAME UNITS DISTRIPUTION PARRMETERS LIMITS
HEAN STD DEV HIn HAX
- Saturated hydraulic condurctiviry em/hr CONSTANT 1.82 -549, 0.100E-13 [, 1B0E+D5
- Unsaturated zone porosity - COHSTANT 0.225 -94g, 4.100E-23  ©.93D
Air encry pressure head m CONSTANT 0. D00E+GD -389. 0.o0gE-33  -9949.
Depth of the unsacurated zone " CONSTANT 1.52 -939, 0.104E-38 -9y,
DATA FOR HATERIAL 1
VADOSE ZONE FUNCTION VARLAHLES
VARIARBLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
MEAN S5TD DEV HAX
Residual warer centent -- CONSTANT D.700E-D1 -599. 0.100E-08 1.00
Brock and Carey exponent, EH - CONSTANT ~0oy, =559, 0.000E+N0 10.0
ALFA tpefficient i/em CONSTANT 7.500E-D2 -559. 0.000£+00 i.o0
Van Genuchcen exponent, ENN -- CONSTANT 1.09 -59%. l.00 5.00
1
URSATURATED ZONE TRANSPORT MODEL EARAMETERS
HLAY =~ Number of differesr layers used 1
HTSETPS - Number of rime values concentration cale 40
by - Not presencly used 3
ISDL ~ Type of scheme used in unsacurated zone i
H - Sceifest terms or number of increments 18
WIEL - Points in Lagrangian interpolation 3
NGPFTS - Number of Gauss points 104
RIT « Convolution inregral segments 2
IBGUND - Type of boundary condirion 1
ITSGEN ~- Time values generated ar input k3
THAX - Max simulation time - a.0
WTFiM - Waeighting factor - 1.2
OFTIONS CHDSEN
Stehfest numerical inversion algozithm
Rondec¢unying contimueous source
Computer generated times for computing concentrations
1
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Thickness of layer

Longitudinal dispersivity of layer
Percent organic matter

Bulk density of soil for layer
Binlogircal decay coefficient

Solid phase decay coefficient
Dissolved phase decay confEicient
Overall chemical decay coefficient
Acid catalyzed hydrolysis race
Heutrral hydrolysis rate constant
Base cacalyzed hydroiysis race
Reference semperature

Normalized distributian coefficient
biscribution confficient
Biodegradation coefficient (sat. zane)
Air #iffusion coefficient

Reference temperature for air diffusion

Holecular weigho

Mole fraction of solute

Vapor pressure of solute

Henry's law constant

Cuerall 1lsc order decay sat. zone
Nor currently used

Hot currently used

VARTABLE NAME

Infilvration rate

DATA FOR LAYER

1

DISTRIBUTION
in CONSTANT
™ DERIVED
- CONSTANT
gfce CONSTANT
liyr TONSTANT

CHEWICAL SPECIFIC VARIABLES

UNITS DISTRIBUTION
liyr CONSTANT
Hyr CONSTANT
liyr CONSTANT
L/M-y7 CONSTAKT
l/yr CONSTANT
1/H~yr CONSTANT
c CONETANT
ml/g CUONSTANT

- DERIVED
1yr CONSTANT
cm2/s CONSTANT
c CONSTANT
g/H CONSTANT
-- CONSTANT
mmn H CONSTANT

arm-m“J/H CONSTANT
liyr RERIVED
CONSTANT

CONGTANT

SOURCE SPECIFIC VARIABLES

PARAMETERS
HEAN STD DEY
1.5 -804,
-3989, -55839
0.138 -g5a
1.44 -goo

BARAMETERS
HEAN 5TD DEV

G.D00E+QD -980,
G.0Q0E+40 -v3g,
0.000E+08 -3999
B.000E+Q0 -9B9,
¢.000E+00 -339
0.D00E+0D -939,
-599, -9499,
0.000E+08 -93%
-499. -999,
0.000E+D0 -339
0.0002+08 -999
¢.000E+Qq -999,
0.D00E+00 -329,
0.000E+00 -390
¢.000E+0D -999,
0.000E+QY -939.
@.000E+09 0.000E+00
-493, -939,
~599, -999,

LIMITS
HIN HAN
0.100E-08 -933.
0.1008-02 ©0.I00E-05
G.GODOE+DQ 0o,
G.100E-01 5.00
C.00DE+DD  -980,
LIMITS
MAX
0.00DE+OD 0. 108E-11
0.000E-D0  0.3100E~-11
¢.000E+00 0,190E+11
¢.000E+0D0  -9939,
0.000E+DD  -999,
0.000E«pD  ~989,
0.008E+00 100.
0.{Q0E+08 -55%.
0.CU0E+DD  ©.100E+11
0.040E+08  -399.
0.D00E-QD 0.0
0.008E+DD ige.
0.UQ0E+OD  ~993.
0.190E.08 1.00
0.000E+00 100.
0.100E-D9 i.00
0.000E+DD 1.00
0.008E+DD 1.00
0.008E+DD l.00

miyr CONSTANT 0.2248-01 -939. 0.1002-0% O0.3i00B+11
Area of waste disposal unic m-2 CONSTANT 0.585E+05 089 #.100E-D1  -98%,
Duraticn of pylse yr CONSTANT -995, -859, G.10DE-BE  -3g8,
Spread af contaminant source m DERIVED 999, -989, 0.100E-D8 0.1008+11
Recharge ratce m/yr CONSTANT 4.1%0 -%ga, 9.00BE+DD 0, 100E+11
Bource decay constant 1iye CGNSTANT 4. 0G0E+OD -8%a, a.pB8E+0  -993,
Initial concentracion av landfill mg/l COMSTANT i.on0 -9&g, 0.00cdE+00  -9499.
iength scale ot facility m CONSTANT 3oo. -gag. 0.100E-08 O0.10DE+11
Width scale of Eacilicy m CONSTANT 1385, -gug 0.100E-080 0.100E+11
Heatr f£ield dilution PEHIVED 1.00 0.000E+BD 0.00DE+00 1.00
AQVUIFER SPECIFIC VARIABLES N
VARIABLE HAME DISTRIBUTION PARAMETERS LIMITS
Pargicie diamecer cm CONSTANT 4.250 ~-983, 0.100E-28 in0.
Aguifer porosity - CONSTANT ¢.100 -999, 0.100E-0F {.990
Bulk density gicc CONSTANT 1.44 -59g, 0.1l00E-01 5.00
Aguifer thickness o CONSTANT 0.514 ~953 D.100E-08 B.3100E+06
Source thickness (mixing zons depth) m NERIVED -959. =533, D.10RE-DE 0.10DE-O&
Canduczivity (hydraulic) miyr CORSTAYT 0,315 -599, 0.100E-D5 0.:i0DE«DS
Gradient (hydraclice) CONSTANTY 0.310E-D1 -5%9, #.100E-D7 -955,
Groundwater seepage velocity miyr DERIVED -995, -GGy i4.1DCE-D% 0.100E+9
Retardazion coefficiang -- DERIVED -999. -589, 1.00 0. 100E+8Y
Longitudinal dispersivity m FUNCTION OF ¥ -495 -359. ~995, ~46g
Transverse dispecsivicy m FUNSTION OF X -03g, -449 -99%, -959
Vartical dispersivicy m T DF X -99%, ~559, -939, -999,
Temperarture of aguifer c 14.0 -850, 0.0BNE-CD 1aa.
pE -- 6,48 -955. 0.3n0 14.0
Orgiinic carbon content [fracticn) CONSTRIT 0.800E-DY -95%, 0.3D0E-015 1.00
Well distance from site m CDHETANT 76.2 -4995 1.00 ~999,
Angle nff cenger degrae CONSTAT 8.00CE+g -98%, 0.000E+DO 360,
Well vertical distance m CONSTANT 0.000E+CC -999, 0.600E+D0 1.00
CONCENTRATION AFTER SATURATED ZOUNME MODEL O.1§93E-0R

“** WARNING *~* Rear field mixing factor is greater thap 1.

Mixing factor =  1§.9
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MULTIMED
1

Hun optians

K=6.39e-5 Leakage = 1.02e-dm/year

WHITE STHEET MSWLF., GREENSBORD, NC
Chemical simulated is DEFAULT CHEMICAL

Dpticn Chosan

Run was

Infilrratien input by user
Run was steady-state
Reject rung il ¥ tacrdinate oucside plume
Reject runs if 2 coordinate oucside plume
Gaussian source used in sarurated zone model

Saturated a
DETERMIN

3
UNSATURATED ZONE FLOW MODEL PARAMETERS
{inpur parameter descriprion and valuse)

NE - Tatal number of nodal points
NMAT - Humber of differenr porcus materials
KFROP - Van Genuchten or Brooks and Corey

IMSHGN - Spatial discretization option
NVFLAYR - Number of layers in flow model

OFTIONS CHOSEN

Van Genuchten functional c¢oefficients
User definnd coordinate system

Layer information

Saturatzed hydraulic conduccivivy
Unsaturated zone porosicy

Air encry pressure head

Depth of the unsaturated zone

ENVIREONMENTAL

PROTECTTION AGEHNCTTY

SURE ASSESSHENT

TINEDTIA HMODEL

IWersion 1.0, June 1901

nd unsaturated zone models

14
Ny

oD

HMATERIAL PHOPERTY

DATA FOR MATERIAL 1

VADDSE ZONE MATEHIAL VARTABLES

PARAMETERS
* STD DEV

MEAN

emihe COHSTANT 1.62 -99%.
-- CONSTANT 0.225 w355,
™ CONSTRNT 0.G0DE+(0 -995,
™ CONSTANT 1.52 -9gg.

DATA FOR MATERIAL 1

{.100E+05
€.930
-99%,
-953.

VARIABELE NAME UNITE

Eesidual water content - CONSTANT ¢.700E~01 -999, 0.100E-85 1.80
Brook and Corey exponens, £ -~ CONSTANT -99g5, -955, 0.00DE~Q0 10.0
ALFA coefficient item CONSTANT 0.50DE-02 -955. {.000E+Q0  1.00
Van Genuchten exponent, -- CONSTANT 1.0% -98%, 1.00 5.00

1

UNSATURATED 2UNE TRANSPORT MODEL PARAMETERS

HLAY = Number of differenc layers uged 1

NTSTPS - Humber of time values concencration calc 4n

DUMMY - Not presently used 1

isoL - Type of scheme used in unsaturated zane 1

n - Stehfest rermy or number sf increments Y]

NTEL ~ Points in Lagrangian incerpolation 3

HGPTS ~ Humber of Gauss points 104

NIT - Convoluticn integral segmants 2

IBEDUND - Type of boundary condition 1

ITSGEN - Time values gensrated or inpug 1

THAX - Max simulation cime .- 0.0

WIFUN - Weightipg factor - 1.2

DBTIONS CHOSEN

Stehfest numerical inversion algorithm

Nondecaying continuous scurce

Computer penerated times for computing concentracions

1
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DATA FOR LAYER b3

Thickness of layer m TONSTANT 1.52 ~8999, 0.10DE-08 -855.
Longitudinal dispersivicy of layer m DERIVED -939, -9494, 0.100E-02  D.1DBE+DS
Percenz organic matter - CONSTANT 0.138 ~-389 C.000E+OD 100.
Bulk density of soil for layer glcc CONSTANT i.a4 -253, C.100E-DL 5.0
Hiological decay coefficient 1iyr CONSTRNT G.000E+B0 -959, C.0DDE+DC  -29%.
CHEMICAL SPECIFIC VARIABLES
ARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
MEAN 5TD DEV HIN MAN
Solid phase decay coefficienz Tsyr CONSTANT 0.D0UE+Q0 -9u5. 0.0DGE+DD 0.100E+1%
Dissnlved phase decay cnefficient 1/yr CONSTANT U.D00E~QQ -98%, 4.000E+DT 0.100T+11
Overall chemical decay coefficienc 1/yr CONSTANT 0.00DDE+DD -895%. 4.D00E+DD  0.1D0E~11
Acid cavalyzed hydrolysis rate 1/M-yr CONSTANT 0.0pDE+DD -9989, 0.0R0E+OD 909,
Neutral hydrolysis rate consgant 1iyr CONSTANT C.000E+00 -899, 0.0040E+B8D -8B%9,
Base caralyzed hydrolysis race 1/H-yT CORSTANT G.004E+QD ~389. 0.000E+00 . -99%
Refdrence temperature [ud CORSTANT -999, -999, 0.000E+0C i0a.
Nommalized distriburion ceefficienc mi/g CONSTANT 0.00DE+O#t -999. E.0DOOE+DR -9o0u_
Discribegion coefficient -- DERIVED ~85G, -939, $.0PDE+RO  0.100E+11
Biodegradacticn cosfficient (sat. zone) lryr CONSTANT 0.0DDE+0NQ -037, 0.000E«DD  -D9G,
Afr diffusion coefficienc cm2/s CONSTANT D,0O00E+DD ~599. 0.000%+00 i0.0
Reference temperature for air diffusicn [ CONSTANT 0.coRE+DD -599, 0.380E+00 1aa,
Moipcular weight =14 CONSTANT 0.oegE+00 -99g, 0.900E+0D -9848
Mole fraccion of solute - CONSTANT T.00GE+DD -999. 0.100E-08 1.00
Vapor pressure of soluce mm Hg CONSTANT 4.000E+00 -999, 0.000E+00 ing.
Henry's law constant atm-m~3/H CONSTANT 0.000E+08 -4959, #.100E-D8 1.09
Overall 1st order decay sat. zane 1/yr BERIVED 0.N00E+Q0 0.CDDE+OG 0.00DRE-DE 1.00
Yor currdatly used CONSTANT -494g, -98%, 0.000E+D0 1.00
Yot currently used CONSTANT ~988, -59%, 0.0RO0E+DO i.o0

SOUACE SPECIFIC VAHIABLES

Infilvracion race m/yr CONSTANT D.102E-D3 -4893, 0.100E-G9 O0.1DDE~11
Area of waste disposal unit m"2 CONSTANT 4.585E+05 -559. 0.14d0#-01 -53%,
turation of pulse ¥y CONSTANT -849. -959, 0.100E-08 -399,
Spread of contaminant source m DPERIVED -S89, -4999, 0.100E-DB 0.100E+11
Recharge rate miyr CONSTANT 0.180 -995, O.00GE+DU 0.100E+11
Source deeay constant i/yr CONSTANT 0.00DE+DO -99%. 4,.00CE+DD  -95%9,
Inicial concentration at landfill mg/l CONSTANT 1.00 -G8y, 0.DDOE+DE 554
Lepgth scale of facilicy m CONSTANT g, -339. 0.180E-0B D.I0DDE+11
Wideh scale of facilicy m CONSTANT 195. -939, 0.100E-05 0.3DDE+11
Near Eield dilurion DEAIVED 1.00 0.000E+GE  D.UDDE+OD  1.GD
AQUIFER SPECIFIC VARIABLES -
PARAMETERS LINITS
MEAN ETD DEV MAX

Partigle diameter

om CONSTANT 0.250 -48g, 0.1DDE-DR i10o.

* Aquifer parosity - CONSTANT 0.300 ~959, 0.100E-0H D.5%0
Bulk density glce CONSTANT 1.44 -999, 0. 100E-11 5.00
Aquifer thickness m CONSTART G.914 -999 0.100B-95 0.3iDDE+D§
Soeurce thickness (mixing spne depth) m VERIVED -G89, -94ag, 0.100E-08 ©.10DE+D&
Canductivity (hydraulic) ulyr CONSTANT an1. -90g, @.10DE-05 ©0.106E+DD
Gradient {hydraulic) CONSTANT 0.33DE-D1 -359. ¢.100E-D7 -993.
Groundwater seepage velogity m/ye DERIVED -995, -G99, 0,100E-D9 0,100E+09
Hecardation coefficient - DERIVED -995, ~89g 1.498 0.1DOE+0Y
Loagitudinal dispersiviry m FUNCTION OF X -hag, ~90G, ~939, -850
Transverse dispersivigy m FUNCTION OF X -804, -996, -899, -885,
Vertigal dispersiviey m FUHWCTION QF X -389, -989, -§99, -48g
Temperature of aguifer [nd CONSTANT 14.0 -359, 0.0D0E+00 104,

PH - CONSTANT 5.48 -954 0.3oc 14.4
Organic carban content [fracrion) CONSTANT 0.800E-03 -939. 0.:0BE-05 1.00
Well distance from site m CONS'TANT T6.2 -599, 1.00 -8599,
Angle off center degree CONETANT G.D0DE+QD -899, 0.000E+0Q jap.
Well vercical distance m CONSTANT 0. 000E+0G ~999, 0.000E+80 .00
CONCENTRATION AFTER SATURATED ZONE HOREL 0.1471E-02
Greenshore While Stneet Land 1) Page 22 of 24 G770-029.018-02
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1 u. 5. ENVIRONH

gHTaAaL PEDTECTION AGENCY

EXPOSURE ASSELSHENT
HULTIHNEDIA MHODEL
HULTIMED (Version 1.0i, June 1891

1
Run options

k=6.15e-5 Leakage = 1.8le-dm/yesar

Cell 2 WHITE STAEET MSWLF, GREENGBORD, HC
Chemical simulated is DEFAULT CHEMICAL

Oprion Chosen

Run was

Infiltracion input by user
Run was steady-state
Reiect runs if Y coordinace oursids plums
Reject runs if 7 cwordinate outside plume
Gaussian source used in saturated zone model

1
UNSATURATED ZONE FLOW MODEL PARAMETERS
linput parameter description and valuel

Saturaced a
DETERMIN

e - Tatal number of nodal points

WMAT - Humber of different porous materials
KPROP - Van Genuchten or Brooks and Corey
IMSHGN - Spactial discretization opcion
NVFLAYR - Number of lavers in flow model
OPTIOHS CHOSEN

Van Genuchren funcrional coefficients

User defined coordinate system
1

Layer informmation

MATERIAL

nd unsaturaced yone models

L)
o=

YRSy

PROPERTY

DATA ¥OR MATERIAL 1

VADOSE Z0NE MATERIAL VARIABLES

DISTRIBUTION PRAAAMETZRS LIMITS
MERN _5TD DEV MIN X
Saturated hydraulic conducrtivicy cmihr CONSTANT 1.62 -89y, 94.10DE-10 0.100E-95
Unsaturated zone porosity -- CONSTANT f.a2 =999, 9.100E-08  0.u900
Air entry pressure head m CONSTANT 0.4a00E+OC -599. 0.00GE-DD  -999.
Depth of the unsaturated =cne m CONSTANT 1.52 -4, d.108E-08 -999,
DATA FOR MATERIAL 1
VADQSE ZONE FUNCTIDR VARIABLES
VARIRBLE NAME UNITS PISTRIBUTION FARAMETERS LIMITS
MEAN 5TO DEV MIN HAX
Residual wvarer gontent - CONSTANT 0.700E-01 -55%. 0.:0DE-08 1.0G
Brpnk and Corey exponent,EN - CONSTANT -239, -4505 D.000E+(Q in. o
ALFA cuaefficient l/icm CONSTANT 0.500E-02 «535%. 0.C00E+Q4 1.9%
Van Cenuchusi exponeat, ENN - CORSTANT 1,049 -850, 1.00 5.00
1
UNSATURARTED ZOKE THANSPORT MODSL PARAMETERS
HLAY - Number of different layers used 1
NTSTPS - Number of time values concenpration calc L]
DUMMY - Mot presently used 1
Is0L - Type nf scheme used in unsaturated zone 1
] - Stehfest terms or number of increments 18
HTEL -~ Points in Lagrangian incerpolation 3
HGPTS - Number of Gauss poincs 104
HIT - Convolucion integral segments 2
IBOUND - Type pf boundary condition 1
ITSGEN - Time values generated gr input 1
THMAX - Max simulation time e 0.0
WIFUN - Weighting Eactor - 1.2
OFTIONS CHOSEN
Stehfest numerical inversion slgorithm
Nondecaying esntinunus scurce
Computer generaced times for computing toncentrations
1
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DATA FOR LAYER 1

VADOSE THANSPORT VARIABLES

VARIABLE HAME

Thickness of layer m CONSTANT 1.53 -390, 0.100E-35 -939,
Longitudinal dispersivity of layar m DERIVED -59%., -994, 0.1005-02  {.100%+05
Percent ctganic macrer - CONSTANT 0.133 -9a4 ¢ .000E+80 100.
Hulk density of sail for layer glco CONSTANT 1.44 ~933, G.100E-01 5.0
Hiological depay coefficient 1/7yT CANSTANT 0. 000E+DD -999, 0.000E+QD  -9a3,
1
CHEMICAL SPECIFIC VARIABLES
VARIABLE NAME UNITS DISTRIBUTION PARRMETERS LIMITS
HMEAN ST0 DEV MIN Hax
Solid phase decay coefficienc 1iye COHNSTART 0.000DE+D0 -99%. 9.000E+00 0,100E+11
Dissoived phase decay coefficient 1iyr CONSTART 0.400E+00 -995%, 9.000E+00 D,100E+11
Ovirall chemical decay goefficient 1/yr CONSTANT 0D.300E+DD -04Y%, 4.000E-00 D.I00E-11
Acid catalyzed hydrolysis race 1/M-yr COHSTANT 4.090E+60 -999. 4.000E-DD -850,
deucral nydrolysis rate constant Yiyr CONSTANT 0.0080E+DD -599, 0.DRRE-OD -89GO,
Base catalyzed hydrolysis race 1iM~yr CORSTANT 4.000E+D00 -899, 0.00DE-DOD  -890,
Reference temparature < CONETANT -599. -899. 0.8C0E+00 104,
Hormalized distribution coaefficienc ml/g CONSTANT 0.000E+30p -599, D.BGUE-DD -G89,
Pistrihution coefficient - DERIVED -%89, -889, 0.000E+DD  0.100E+11
Hiodegradation coefficient (sat. =onel 1/yr CONSTANT 0.000E+DC -999, 0.0D0E+DD -B899,
Air diffusion coefficioent cmifs CONSTANT 0.00GE~DG -5999, 0.000E-DD 4.0
Reference cemperature for air diffusion c CONSTANT 0.0DOE+00 ~399. L.000E~DO 180,
Hnlecular weight giM COMSTANT 0.2DDE+DO -89, 0.000E«DD -989,
Mole frastion of solute -- CONSTANT D.00DE+DD -999, 0.100E-p3 1.09
Vapor pressure of solute mi Heg CONSTANT D.0BOE+DO -993. a.o00E+DA 100.
Henry's law constanc atm-m~37M CONBTANT {t.00GE+8D -939, 0.10NE-0Y l.00
Overall 1st order decay sat. zone ilyr DERIVED ¢.000E+UD O.OQOE+DD 0.000E+Q0 1.00
Not gurreatly used CONSTANT -9949, ~og0_ 0.000E-Q0Q 1.o0
Not currently used CONSTANT -g9899, -550, 0.0noE+OD i.00
1
SQUACE SPECIFIC VARIABELES
VARTAHLE HAME UNITS DISTRIBUTION PARAMETERS LIMITS
MEAR STD DEV H
Infiltration rate mlyr CONSTANT 0.181E-03 -9989, 0.3i0BE-09
Area of wagte dispmsal unit m=2 CONSTANT 0.593E+05 -999, 0.10RE-01
Puration of pulse yr COHNSTANT -859, «~38G 0.100E-08
Spread of contaminanc source m DERIVED -5hg -984, 0.1HIE-UE
Recharge rate m/yT CONSTANT D.i%D -339, 0.000E+DD
Source decay constang 1/yr CONSTANT D.8DDE+HO ~933. 0.000E+D9
Inirial concentraticn at landfill mg/l CONSTANT il.oo -939, C.000E+DD 999,
Length scale of farilizy m CONSTALT 306G. -g9g, G.100E-D8 0.107Es+11
Width scale of facilicy m CONETANT 195, -999. 0.100E-0F 0.100E-11
Near field dilurisp DERIVED .00 o.000E+DD 0.000E+DO 1.30
1
. - AQUIFER SPECIFIC VARIABLES
I
Particle diametar cm CONSTANT 0.250 -850, 0.100E-08 184.
Aguifer porosity -- CONSTANT 0.zZ0Q -939, 0.100E-08 {§.9399
Hulk density glen CONSTANT 1.44 ~999 G.100E-01 5.00
Aguifer thickness m CONSTANT 0.514 -999, 0.100E-0B 0.10DE+04
Source thickness !mixihg zone depth) m DERIVED -85, -899, G.100E-08 0.109E-35
Conductivity |hydraulici miyr CONSTAIT 0L, -99%, 0.10DE-f#6 D.1iD0E-09
Gradient [hydraulic) CONSTANT ¢.330E-01 -5o9Y4. 0.100E-07 -99%.
Groundwater seepage velocity m/yr DERIVED ~993 555 0.108E-95 D.I0OE+DD
Recardation coefficient -- DERIVED -89y, -589, 1.80 C.IO0E+GD
Longicudinal dispersivicy m FUNCTION OF X -999, -98g, -oug, -999
Transvarse dispersivity ™ FUNCTION OF % -909, 3589 -539, -999,
Vervical dispersivity m FUNCTION OF X -899, -999 -899, -999,
Temperarure of aguifer c CONSTANT id.0 -gag 0.000E+G0 lon.
gH -— COHSTANT 6.48 =956, a.300 14,0
Organic carbon content (fraction) CONSTANT 0.B00E-01 -9u9, 0.10DE-B5 1.00
wWell disgance from sige m CONSTANT 76.2 :LL 1.00 -499.
Angle off center dagree CONSTANT 0.900E+QD -850, 0.GOGE+DO 360,
Well vertical distance m CONSTANT 0.900E+0G0 -3509. 0.0EGE+D 1.a0
CONCENTRATICH AFTER SATUHATED ZONE HODEL b.2E108-02 "
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PART 1 -

SECTION 02775
HDPE GEOMEMBRANE LINER SYSTEM

GENERAL

101 SUMMARY

A. Section Includes:

L.

W

Furnish all labor, materials, tools, and equipment, and perform all work and services
necessary for or incidental to the furnishing and installation, complete, of an impermeable,
HDPE geomembrane liner as shown on Drawings and specified in accordance with
provisions of the Contract Documents,

Completely coordinate work with that of all other trades.

Work items in project include, but are not necessarily limited to, the liner for the landfill
lateral expansion.

Although such work is not specifically shown or specified, all supplementary or
miscellaneous items, appurtenances, and devices incidental to or necessary for a sound,
secure, complete, and compatible installation shall be furnished and installed as part of this
work.

Furnish CQC Consultant to monitor work of Geomembrane Installer and to perform CQC
testing in accordance with provisions of the Contract Documents,

The Contractor, Geomembrane Installer, and CQC Consultant are required to attend the
CQA/CQC Resolution Meeting and the CQA/CQC Preconstruction Meeting, Section
01200.

B. Related Sections include but are not necessarily limited to:

1.
2
3.
4.
5.

Section 02220 - Earthwork.

Section 0222] - Trenching, Backfilling, and Compacting.

Section 02240 - Operational Cover and Leachate Collection Layer.
Section 02276 - Sail Liner System.

Construction Quality Assurance Plan.

1.2 QUALITY STANDARDS

A, Referenced Standards:

L

06770-026-018

American Society for Testing and Materials (ASTM).

a.  ASTM D638, Standard Test Method for Tensile Properties of Plastics.

b.  ASTM D792, Standard Test Method for Density and Specific Gravity (Relative
Density) of Plastics by Displacement. '

c. ASTM D1004, Standard Test Method for Initial Tear Resistance of Plastic Film and
Sheeting.

d. ASTM DI1238 Standard Test Method for Flow Rates of Thermoplastics by Extrusion
Plastometer.

e. ASTM D1603 Standard Test Method for Carbon Black in Olefin Plastics.

f. ASTM D3015 Standard Practice for Microscopic Examination of Pigment Dispersion
in Plastic Compounds. Refer to Subpart 2.2 for property to be tested.

8. ASTM D3895 Test Method for Oxidative Induction Time of Polyolefins by Thermal
Analysis.

h. ASTM D4218 Test Method for Determination of Carbon Black Content in
Polyethylene Compounds by the Muffle-Furnace Technique.

i.  ASTM D4833 Test Method for Index Puncture Resistance of Geaotexliles,
Geomembranes, and Related Products.

Jo ASTM D5199 Test Method for Measuring Nominal Thickness of Geotextiles and
Geomembranes,

City of Greensboro
White Street Landfill
02775-1
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k. ASTM D3397 Procedure to Perform a Single Point Notched Constant Tensile Load —
Appendix (SP-NCTL)} Test.

. ASTM D3596 Test Method for Microscopic Evaluation of the Dispersion of Carbon
Black in Polyolefin Geosynthetics.

m. ASTM D35721 Practice for Air-Oven Aging of Polyolefin Geomembranes.

n.  ASTM D5883 Test Method for Oxidative Induction Time of Palyolefin Geosynthetics
by High Pressure Differential Scanning Calorimetry.

0. ASTM D5994 Test Method for Measuring the Core Thickness of Textured
Geomembranes,

p.  ASTM DG392 Standard Test Method for Determining the Integrity of Nonreinforced
Geomembrane Seams Produced Using Thermo-Fusion Methods,

The Geosynthetic Research Institute (GRI).

a.  GRI GM5(a) Notched Constant Tensile Load {NCTL) Test for Polyolefin
Geomembranes.

b.  GRI GMS6 Pressurized Air Channel Test for Dual Seam Geomembranes.

GRI GM 10 Specification for the Stress Crack Resistance of Geomembrane Sheet,

d.  GRIGMII Accelerated Weathering of Geomembranes Using a Fluorescent UV A-
Condensation Exposure Device,

e. GRI GM12 Measurement of the Asperity Height of Textured Geomembranes Using a
Depth Gauge. :

f.  GRIGMI3 Standard Specification for Test Properties, Testing Frequency, and
Recommended Warranty for High Density Polyethylene (HDPE) Smooth and Textured
Geomembrane. '

[£)

o

B. Qualifications:

1. Each geomembrane manufacturing or installation firm shall demonstrate 5 years continuous
experience, including a minimum of 10,000,000 SF of HDPE geomembrane manufacture or
installation.

2. Geomembrane Installer Personnel Qualifications: Installation Superintendent shail have
worked in a similar capacity on at least five HDPE geomembrane liner jobs similar in size
and complexity to the project described in the Contract Documents. The Master Welder
shall have completed a minimum of 5,000,000 sf of HDPE geomembrane seaming work
using the type of seaming apparatus proposed for use on this Project. Other welders shall
have seamed a minimum of 1,000,000 sf of HDPE geomembrane.

3. The CQC Consuttant shall meet the qualification requirements of Section 01410 of these
Specifications.

C. CQA Plan Implementation: Construction Quality Assurance for the HDPE geomembrane

installation will be performed for the Owner by the CQA Consultant in accordance with the
CQA Plan prepared for this project. The work performed under the CQA Plan is paid for by the
Owner and 1s not a part of this contract. The Contractor, CQC Consultant, and Geomembrane
Installer, however, should familiarize themselves with the CQA Plan and are responstble for
providing reasonable notice of and access to work elements that the CQA Consultant is required
by the CQA Plan to overview. :

1.3 SUBMITTALS

A.  Submit for Engineer's approval prior to placement of geomembrane liner, including:

1. Manufacturer's Submittals.

a.  Manufacturer's Quality Control (MQC) Program: Submit for review a complete
description of the geosynthetic manufacturer's formal quality control program for
manufacturing HDPE geomembrane. The MQC program shall at a minimum conform
to GRI GM13 standards. The manufacturer shall reject resin and geomembrane that
does not conform with the requirements of the approved MQC program.

b. Manufacturer's Field Installation Procedures Manual: Submit complete geomembrane
manufacturer's specifications, descriptive drawings, and literature for the recommended
installation of the HDPE geomembrane liner system, including recommended methods

06770-029-018 City of Greenshoro
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for handling and storage of all materials prior 10 installation, and ficld installation
guidelines that the manufacturer feels are relevant and important to the success of this
project. The manual clearly identifies any exceptions taken by the manufacturer in the
specified execution of the Work. Unless excepted and approved by the Engineer, the
procedures herein shall be considered part of the manual.

c.  Manufaclurer’s Material Data: Submit statement of planned production date(s) for the
geasynthetics ta be provided for this Project, Prior to shipment of geomembrane,
submit quality control certificates for each roli demonstrating conformance with the
requirements of these Specifications. Submit statement of production dates for the
resin and the HDPE geomembrane for this work,

d.  Manufacturer’s written acceptance of Geomembrane Installer’s qualifications far
installation of the HDPE geomembrane.

e.  Warranty: Submit a warranty signed by the manufacturer regarding the material
supplied.

2. Geomembrane Installer’'s Submittals.

a.  The Geomembrane Installer will submit writien documentation that their personnel
satisfy the qualifications of 1.2 B,

b.  Geomembrane Instailer’s Construction Quality Control Program: Submit for review a
complete description of the Geomembrane Installer’s formal construction quality
control programs 1o include, but not be limited to, product acceptance testing,
installation testing, including both nondestructive and destructive quality control field
testing of the sheets and seams during installation of the geomembrane, proposed
methods of testing geosynthetic joints and connections at appurtenances for continuity,
documentation and changes, alterations, repairs, relests, and acceplance.

c. Geomembrane Installer’s Installation Procedures Manual: Submit for approval the
Installer’s installation manual to include: ambient temperature at which the seams are
made, control of panel lift up by wind, acceptable condition of the subsurface beneath
the geomembrane, quality and consistency of the welding material, proper preparation
of the liner surfaces to be joined, cleaniiness of the seam interface (e.g., the amount of
airborne dust and debris present), and proposed details for connecting the HDPE liner
to appurtenances, i.e. penetrations of the containment Facilities, The document shall
include a complete description of seaming by extrusion welding and hot-wedge
welding. The Geomembrane Installer’s Installation Manual will by reference include
requirements of the Manufacturer's Installation Manual unless exceptions are noted and
approved by the Engineer. After this manual has been approved by the Engineer, the
Geomembrane Installer shall not deviate from the procedures included in the manual.

d. Geomembrane panel layout with proposed size, number, position, and sequencing of
panels and showing the location and direction of all field joints. Joints shall be
perpendicular to flow direction where possible, unless approved otherwise.

e. Warranty: The Geomembrane Installer shall agree in writing to warranty the
geomembrane system.

3. CQC Consultants Submittals:

a.  CQC Consultant shall submit written documentation that their personnel satisfy the
qualifications of Section 01400.

b. CQC Consultanis CQC Geomembrane Manual: Submit CQC Consultant’s written
program for meeting the geomembrane material conformance and CQC requitements
of these Specifications. '

4. Provide all submittals in a single coordinated transmittal. Partial submittals will not be
accepted. All submittals must be submitted prior to the Geomembrane Preconstruction

Meeting, Section 01200,

B. Submittals for Engineer’s Approval Required for Final Acceptance of HDPE Geomembrane
Liner Systemn:
1. Geomembrane Installer’s Submittals.

06770-029-018 City of Greenshoro
White Street Landfill
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a.  Warranty: Submita warranty signed by the Geomembrane Installer that the installed
geomembrane liner, attachments, and appurtenances are {ree of defects in material,
manufacturing, and workmanship,

b.  Record Drawings: Submit reproducible drawings of record showing changes fram the
appraved installation drawings. The record drawings shall include the identity and
location of each repair, cap strip, penetration, boot, and sample taken from the installed
geosynthetic for testing. The record drawings shall show locations of each type of
material anchor trenches and the construction baseline,

€. Welder Certification: Submit certification for each welder and performance records
that include linear feet of weld completed, number of samples tested, and test failure
rate for each welder. Submit field notes with daily equipment reports.

CQC Consultant’s Submittals.

a.  Certification: Submit written certification that the geomembrane liner was installed in
accordance with this Specification and with the approved shop drawings.

b.  CQC Records: Submit copies of all material and seam test results. Each test shall be
identified by date of sample, date of test, sample location, name of individual who
performed the test, and standard test method used.

c.  CQC Weld Test Summary Report: The CQC Consultant shall submit a report showing
normal distribution of all CQC seam test results, identifying the high, low, and average
of the five coupon samples in each test.

3. Provide all submittals in a single coordinated transmittal, Partial submittals will not be
accepted.

I3

1.4 PROJECT CONDITIONS.

A,

F.

When the weather is of such a nature as to endanger the integrity and quality of the installation,
whether this is due to rain, high winds, cold temperatures, or other weather elements, the
installation of the geomembrane shall be halted at the direction of, or with the concurrence of,
the Owner until the weather conditions are satisfactory.

The Contractor shall ensure that adequate dust control methods are in effect to prevent the
unnecessary accumulation of dust and dirt on geosynthetic surfaces which hamper the efficient
field seaming of geosynthetic panels. : :

The Contractor shall maintain natural surface water drainage diversions around the work area
and provide for the disposal of water which may collect in the work area directly from
precipitation falling within the area or from inadequale diversion structures or practices.

The Contractor shall be responsible to coordinate the installation of the leachate collection
System which shall be in accordance with Geomembrane Installer’s Installation Manual and as
specified in these Specifications and shown on the Contract Drawings.

Vehicles will not be allowed on the liner area unless at least 24 inches of cover has been placed
over the liner except as noted in these Specifications.

Vehicles larger than one and one-half ton pickup trucks are prohibited on the exterior berms,
Contractor shall repair any damage to exterior berms prior to final payment,

1.5 DEFINITIONS AND RESPONSIBILITIES

A.  Geomembrane Manufacturer: Manufacturer of geomembranes producing geomembrane sheets
from resin and additives. The manufacturer is responsible for producing geomembrane sheet
which complies with these Specifications. These responsibilities include but are not limited to:
1. Acceptance of the resin and additives from chemical formulators. Testing of the raw resin

and additives to ensure compliance with the manufacturer’s specifications and with this
Specification,
2. Formulation of the resin and additives into geomembrane sheeting using mixing and
extrusion equipment.
06770-025-018 City of Greensboro
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Testing of the geomembrane sheet Lo ensure compliance with manufacturer’s specilication
and this Specification.

Shipping of the geomembrane sheet (o installer designated facilities.

Certification of the raw materials and finished geomembrane sheet to comply with this
Specification.

6. Certification ol installer’s training, experience, and methods for welding and inspection of
geomembrane instaltations in compliance with manufacturers standards.

S

Geomembrane Installer. Installer of geomembranes are responsible for handling, fiting.
welding, and testing of geomembrane sheets or blankets in the field. These responsihitities
include but are not limited to:

1. Acceptance (in writing) of the geomembrane from the manufacturer,

2. Acceptance (in writing) of the CSL surface which will serve as a base for the zcomembrane.
This acceptance shall precede installation of the geomembrane, and shall state that the
installer has inspected the surface, and reviewed the Specifications for material and
placement, and finds all conditions acceptable for placement of geomembrane liners. The
written acceptance shall explicitly state any and all exceptions to acceptance.

3. Handling, welding, testing, and repair geomembrane liners in compliance with this
Specification and the Geomembrane Installer’s Installation Procedures Manual.

4. Performance of QA/QC testing and record keeping as required by the approved
Geomembrane Installer’s Field Installation Procedures Manual.

5. Repair or replacement of defects in the geomembrane as required by the CQC Consultant or
the CQA Consultant.

Engineer: Responsible for approval of submittals from the Contractor.

CQC Consultant: Responsible for observing field instaliation of the geomembrane and
performance of material conformance and CQC testing to provide the Contractor with verbal
and written documentation of the compliance of the installation with these Specifications. The
CQC Consultant reports to the Contractor and is part of this contract.

CQA Consultant: Responsible for implementing CQA Plan including overviewing material
conformance testing, field installation of the geomembrane, and CQC activities, and (o perform
limited CQA conformance testing to provide Owner with verbal and written documentation of
the compliance of the installation with these Specifications. The CQA Consultant will use the
written results of the CQC program and the CQA program in the preparation of the facility
Certification Document. The CQA Consultant reports to the Owner and is not part of this
contract.

Refer to the accompanying CQA Plan for additional definitions.

1.6 WARRANTIES

A. The Manufacturer's warranty shall be against manufacturing defects and workmanship and
against deterioration due to ozone, ultra- violet, and other exposure to the elements, for a period
of 20 years on a pro rata basis. The warranty shall be limited to replacement of material, and
shall not cover installation of replacement geomembrane.

B. The geomembrane supplied shali be capable of preventing the leachate produced by the solid
waste (refuse) from reaching the underlying soil. The material supplied including factory and
field scams shall have a manufacturer's warranty that it will remain impermeable when exposed
over twenty (20) years to a raw landfill leachate having the following range of values*;

LEACHATE QUALITY
Component Range of Values**
pH 3.6 B.5
Hardness (Carbonate) 35 8,120
_ Alkalinity (Carbonate) 310 9,500
06770-029-018 _ City of Greensboro
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Calcium 240 2.570
Magnesium 64 410
Sodium 85 3,800
Iron (Total) 6 1.640
Chlaoride 96 2,350
Sulfate 40 1,220
Organic Nitrogen 2.4 350
Ammonia Nitrogen 0.2 845
Conductivity 100 1,200
BOD 7,050 32,400
CoD 800 50,700
Suspended Solids 13 26,500

*  Gewsein, Allen 1., USEPA: EPA/530/SE-137, March 1975
** Values are in milligrams per liler except pH (pH units) and conductivity (Micromhos
per cubic centimeter).

C. The Installer's warranty shall be against defects in the system installed for a period of two years
from the date of final acceptance of the Work by the Owner.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS AND/OR GEOMEMBRANE INSTALLERS

A. Subject ta compliance with the Contract Documents, the following manufacturers and
Geomembrane Installers are acceptable:

1.

HDPE Geomembrane liners:

GSE, Inc., 19103 Gundle Road, Houston, Texas 77073.

National Seal Company, 1255 Monmouth Blvd., Galesburg, IL 61401.

Serrat Corporation, 271 Highway 74 North, Suite 4, Peachtree City, Georgia 30269,
Poly-Flex Inc., 2000 W. Marshall Drive, Grand Prairie, TX 75051.

Agru/America, Inc., 500 Garrison Road, Georgetown, SC 29440,

. Other installers may qualify by providing references for a minimum of 1 0,000,000 SF -
of liner installations. '

hmeraepope

B. Submit requests for substitution in accordance with Specification Section 01640.
2.2 MATERIALS

A. HDPE Geomembrane Liners:

I

06770-029-018

Geomembrane liners shall consist of unsupported polyethylene in thickness as shown on
Drawings and manufactured from virgin, first quality resin designed and formulated
specifically for liquid containment in hydraulic structures. Reclaimed polymer shall not be
added to the resin; except use of polymer recycled during the manufacturing process shall
be ailowed provided that recycled polymer shall be clean and shal] not exceed 2 percent by
weight,

The geomembrane liner shall be manufactured to be free of holes, blisters, undispersed raw
materials, or any sign of contamination by foreign matter. Any such defects shall be cause
for rejection of the defective geomembrane material. Minor defects may be repaired in
accordance with manufacturer's recommendations if this repair is approved by the Engineer.
The geomembrane liner shall be manufactured as seamless rolls or as prefabricated panels
with a minimum width of 22 FT as delivered to the site. All factory seams shall be inspected
and tested for strength and continuity prior to delivery to the site,

No additives or fillers may be added to the resin prior to or during manufacture of the
geomembrane,

City of Greensboro
White Street Landfill
02775-8
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Prior to shipment, the geomembrane manufacturer will provide the Project Manager and the

CQC Consultant with a quality control certificate for each roll of geomembrane provided.

The quality control certificate will be signed by a responsible party employed by the

geomembrane manufacturer and will include:

a. Roll numbers and identification; and

b.  The results of quality control tests performed under the MQC program.

6. The CQC Consuliant will verify that a control certificate has been received for each roll and
that the certified rol! properties meet the requirements of these Specifications.

7.  Textured HDPE sheet (both sides) shall be used on all lined slopes of 25 percent or greater

O oo~ b U —

i0 with a minimum runout of 6 feet. Smooth HDPE shall be used in all other lined areas.
Il 8. The geomembrane iiner material shall consist of 60 MIL NOMINAL HDPE and meel or
12 exceed GRI GM13 and the following requirements;
13
TEST VALUE
PROPERTY TEST METHOD TEXTURED HDPE SMOOTH HDPE
a. Sheet Thickness, Mils ASTM D59%94 or
» Minimum Average 25199 {for smooth) nominal £ 5% Nominal + 5%
= Lowest Individual 8 of 10 nominal + 10% Nominal +5%
s Lowest Individual 10 ef 10 nominal + 15% Nominal + 10%
. Sheet Density (g/cc) ASTM D792 0r D1505 = 0.940 =0.940
. MeltFlow Index (g/10 min.) ASTM D1238 < 1.00 <1.00
Condition 190/2.16
. Minimum Tensile Propertiecs ASTM D638, Type IV,
» Yield Stress Dumb-bell at 2 imp. 126 ppi 126 ppi
» Break Stress (each direction) 50 ppi 228 ppi
= Elongation at Yield 12% 12%
» Elongation at Break 160% 700%
{2-inch gage lenglh).
. Min. Tear Resistance ASTM D1004, Die C 45 lbs 45 Ibs
Initiation
. Carbon Black ASTM D1603 or 2.0-3.0% 2.0-3.0%
ASTM D4218
. Carbon Black Dispersion ASTM D55%6 Category Category
s 80f 10 lor2 lor2
= 100f 10 1,2,0r3 1,2,0r3
. Puncture Resistance, ASTM D4833 90 lbs 90 Ibs
Minimum Average
i. Oxidative Induction Time, ASTM D3895 or 100 min. 100 min.
Minimum Average ASTM D5885 400 min. 400 min,
j. Asperity Height, Minimum  GRI GM12 7 mil NA
Average
14 B. Extrusion rod shall be manufactured from identical resin to that used in seomembrane
15 manufacture. Manufactured extrusion rod shall be tested for carbon black content and
16 dispersion, specific gravity, and melt index at a frequency of not less than one test per batch,

06770-029-018 City of Greensboro
White Street Landfill
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2.3 INTERFACE FRICTION TESTS

Al

Interface Friction Tests.

!, Test both materials using ASTM D 5321. Section 01060-Special Conditions, paragraph
1.13, outlines the conditions under which this material shall be tested.

2. This material is part of a system. The system shal] meet the requirements before the
component malerial can be deemed acceptable.

3. The costs associated with this testing shall be included in the bid price for each malerial.
Any retesting or other additional testing required to meet the Specification shall be at no
additional cost to the Owner.

24 EQUIPMENT

A.

Welding Equipment: Extrusion welding equipment shall be provided with thermocouples and
tlemperature readout devices which continuously monitor the temperature of the extrudate.
Radiant wedge welding equipment shall be provided with thermocouples and temperature
readout devices which continuously monitor the tlemperature of the wedge. Equipment shall be
maintained in adequate number to avoid delaying work, and shall be supplied by a power source
capable of providing constant voltage under a combined-line load. Use a rub sheet, sand bags,
or other method approved by the CQA Consuttant to separate the electric generators from the
geomembrane.

Field Tensiometer: The Geomembrane Installer shall provide a tensiometer for on-site shear and
peel testing of geomembrane seams. The tensiometer shall be in good working order, built to
ASTM D638 (Type IV, 2 ipm) specifications, and accompanied by evidence of recent
calibration. The tensiometer shall be motor driven and be equipped with a gauge that measures
the force in unit pounds exerted between the jaws as displayed on a digital readout.

Vacuum Box: The Geomembrane Installer shall provide a minimum of 2 vacuum box
assemblies consisting of a rigid housing, a transparent viewing window, a soft closed cel]
neoprene gasket attached to the bottom, a port hale or valve assembly, a vacuum gauge, a
vacuum pump assembly equipped with a pressure control, a rubber pressure/vacunm hose with
fittings and connections, and a soapy solution and an applicator. The equipment shall be capable
of inducing and holding a minimum vacuum of 5 psi.

Air Pressure Test: The Geomembrane Installer shall providé the necessary air pump and fittings
required to perform the GRI GME air pressure test on dual seams.

Roll Handling Equipment: The Geomembrane Installer shall provide handling equipment that is
adequate and does nol pose a risk to the geomembrane rolls. The CQC Consultant shall inspect
the equipment and confirm its adequacy.

PART 3 - EXECUTION

3.1 LINER SYSTEM CONSTRUCTION

Al

Compacted Soil Liner (CSL) Component:
1. The CSL component shall be constructed in accordance with Section 02276 and the

Contractor shall protect the CSL from freezing, desiccation, flooding with water, and
freezing.

2. Prior to placement of the geomembrane, the CSL must be prepared as follows:

2. Lines and grade must be verified by a Licensed Land Surveyor.
b.  The surface must be proofrolled to verify the supporting soil condition.
c. The surface must be inspected for rocks larger than 0.75 IN.
d.  Steel drum rolled in preparation for the geomernbrane,

3. CSL acceptance: Geomnembrane liner materials shall not be placed until the required CSL
preparation has been completed and the CSL has been accepted and certified in writing by
the Geomembrane Installer and approved by the CQA Engineer.

06770-029-018 City of Greensboro
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B. Geomembrane Liner:

=]

06770-029-018

The geomembrane liner shall be manufactured in accordance with the approved MQC
program. The manufacturer shall not deviate from the program without wriiten approval of
the Engineer.

Transportation and handling of the seomembrane shall meet the following requirements:

a. Transportation of the geomembrane is the responsibility of the Geomembrane Installer.
Contractor, or other party as agreed upon.

- All handling on site is the responsibility of the Geomembrane Installer.

c.  The CQC Consultant will verify that the handling equipment used on the site is
adequate and will not damage the geomembrane.

d. Upon delivery to the site, the Geomembrane Instailer and the CQC Consultant will
conduct a surface examination of all rolls for defects or damage. This inspection will
be conducted without unrolling rolls. The CQC Consultant will ensure that defective
rolls are rejected and removed from the site.

e. The Geomembrane Installer will be responsible for the storage of the geomembrane on
site. The Project Manager will provide a storage location on site. The Geomembrane
Installer shall ensure that the storage space is adequate to protect the geomembrane
from theft, vandalism, vehicular damage, etc.

Field Panel Identification: The CQC Consultant will document that the Geomembrane

Installer labels each field panel with an "identification code” consistent with the approved

panel layout plan. The location of the label and the color of marker used must be as agreed

to in the QA/QC Preconstruction Meeting.

Geomembrane Instailation: Geomembrane liner shall be installed in accordance with the

approved Geomembrane Installer’s Field Installation Procedure Manual and panel layout

drawing. The Geomembrane Installer shall maintain a weekly updated as-built drawing
showing the location of all field panels.

a. Geomembrane shall not be placed upon standing water or other conditions which will
result in deterioration of the soil liner.

b.  The Geomembrane Installer shall remave any materials placed to protect the soil liner
prior to placement of the geomembrane liner. .

c. Geomembrane liner shall be handled and placed in a manner which minimizes
wrinkles, scratches, and crimps. o

d.  Test seams shall be made upon each start of work for each seaming crew, upon every
four hours of continuous seaming, every time seaming equipment is changed, or if
significant changes in geomembrane temperature and weather conditions are observed.
These test welds shall be tested using daily record that summarizes panels deployed,
seams completed, seam testing, seam repair, personnel on site, and equipment on site
using field tensiometer and, at a minimum, exhibit the required seam strength.

e.  Surfaces to be welded shall be clean and dry at the time of welding. Geomembrane
shall not be welded when ambient temperatures are below 40 Deg F (5 Deg C) or
above 104 Deg F (40 Deg C) unless the Geomembrane Installer can demonstrate that
the seam quality is not compromised. .

f.  Geomembrane liners shall be welded continuously without fishmouths or breaks in the

weld. Where fishmouths are unavoidable, the geomembrane sheet shall be slit 1o a

point such that the sheet lies flat and with no remaining wrinkie. The two edges of the

slit shall be welded together provided that the overlap for this weld shall be a minimum
of 3 IN. Areas of the slit which do not achieve an overlap of 3 IN, including the
terminus of the slit, shall be provided with a patch as discussed below.

Defects in and damage to geomembrane sheets shall be repaired by welding a patch

over the defect using extrusion welding equipment. The patch material shall consist of

an undamaged piece of geomembrane cut to provide a minimum of 3 IN of overlap in
all directions from the defect. Torn or permanently twisted geomembrane shall be
replaced at no expense to the Owner.

as
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Personnel walking on the geosynthetic shall not engage in activities or wear lypes of
shoes, that could damage the geosynthetic. Smoking shall not be permitied while
working on the geomembrane.

Vehicular traffic directly on the geosynthetic shall not be permiuted. Equipment shall
not damage the geosynthetic materials by handling, trafficking, leakage of
hydrocarbons, or any other means. The unprotected geomembrane surface shall not be
used as a work area, for preparing patches, storing tools and supplies, or other uses.

Geomembrane Testing (Nondestructive): The Geomembrane Installer shall test and
document all seam welds continuously using one of the following nondestructive seam tests:

a.

b.

Vacuum testing shall conform to the following procedure: Brush soapy solution on
geomembrane, Place vacuum box over the wetted seam area. Ensure that a leak-tight
seal is created. Apply a pressure of approximately five (3) psi. Examine the
geomembrane through the viewing window for the presence of soap bubbles for not
less than 15 seconds. All areas where soap bubbles appear shall be marked and repaired
as described in this Section.

Air Pressure Testing (for double seam with an enclosed space) shall conform to GRI
GM6 requirements.

Destructive Testing: The Gearnembrane Installer shall field test seams destructively at a
minimum frequency of one test per 500 LF of weld. Destructive testing of these samples
shall also be performed by the CQC Consultant using the CQC Geosynthetics Laboratory.
The CQC Consultant shall determine the location of destructive test samples. Conformance
testing will be performed by the CQA Consultant in accordance with the project CQA Plan.

a.

The destructive sample shall be 16 IN wide by 42 IN long with the seam centered
lengthwise. The sample shall be cut into three (3) equal parts for distribution to the
geomembrane installer, the Owner, and the CQC Consultant.

All tests shall exhibit a Film Tearing Bond type of separation in which the
geomembrane material tears before the weld. At least 5 coupons shall be tested by each
test method. Four of five coupons shall meet minimum requirements, as specified
below:

Value
Description Test Methad ~ (lbsfin width)
HDPE Peel ASTM D6392 920
HDPE Shear ASTM D6392 120

7. Documentation: The following documentation must be maintained at the project site for
review by the Project Manager or CQA Consultant:

06770-029-018

a.

Geomembrane Installer’s Documentation;
1) Daily Log: daily record that summarizes panels deployed, seams completed, seam
testing, seam repair, personnel on site, and equipment on site.

2)  Panel Log: provides geomembrane roll number used and subgrade acceptance for
each pane! deployed.

3) Seam Testing Log: provides a complete record of all nondestructive and

destructive seam tests performed as part of the Geomembrane Installer’s QC
program.

4) Seam/Panel Repair Log: provides a complete record of all repairs and vacuum box
testing of repairs made to defective seams or panels.

3) As-Buiit Drawing: maintain an as-built drawing updated on a weekly basis.

CQC Consultant’s Documentation:

1) Daily Log: daily record that summarizes panels deployed, seams completed, CQC
seam testing, seam repair, personnel on site, equipment on site, weather
conditions, etc.

2) CQC Testing Log: recerd of all seam destructive tests and material conformance
tests performed by the CQC Geosynthetics Laboratory.

City of Greensboro

White Street Landfili
03775-10
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3)  Material Conformance: maintain original conformance certificate(s} Irom
geomembrane manufacturer.

4) Subgrade Acceptance Log: maintained originals of subgrade acceptance forms for
each panel and signed by ihe Geomembrane Installer.

3.2 GEOMEMBRANE ACCEPTANCE

A. The Geomembrane Installer shall retain all Ownership and responsibility for the gseomembrane
liner system until final acceptance by the Owner. Owner will accept the geosynthetic installation
when the installation is finished and all required submittals from the Geomembrane Installer and
CQC Consultant have been received and approved, and CQA verification of the adequacy of all
field seams and repairs, including associated testing, is complete.

END OF SECTION

06770-029-018 City of Greensboro
' White Street Landfill
02775 - 11






PART 1 -

1.1 SUMMARY

SECTION 02276
SOIL LINER SYSTEM

GENERAL

A. Section Includes:
Soil used in the containment system.

1.

B. Related Sections include but are not necessarily limited to:
Section 02110 - Site Clearing.

Seclion 02220 - Earthwork.

Section 02775 ~ HDPE Geomembrane Liner Systems.
Sectien 02800 - Geosynthetic Clay Liner.
Construction Quality Assurance Plan.

1.2 QUALITY STANDARDS

PR

5.

A. Reference Standards:
ASTM - American Society for Testing and Materials:

1.

a.
b
c
d
e.
f.
h
J
k
n
a

g
.
L
m
U

ASTM D-422 - Particle Size Analysis,

ASTM D-698 - Standard Proctor.

ASTM D-854 - Specific Gravity.

ASTM D-1140 - Fines Content in Soils.

ASTM D-1556 - In-situ Density Measurement Using the Sand Cone.
ASTM D-1557 - Modified Proctor.

ASTM D-2166 - Unconiined Compressive Strength.

ASTM D-2216 - Moisture Content Using Over-Dry Method.
ASTM D-2487 - Soils Classification.

ASTM D-2573 - Field Vane Shear Test.

ASTM D-2922 - In-situ Density Using Nuclear Methods.

ASTM D-3017 - In-situ Moisture Content Using Nuclear Methods.
ASTM D-4318 - Atterberg Limits.

ASTM D-5084 - Flexible Wall permeameter.

SEPA - United States Environmental Protection Agency

EPA/600/R-93/182 -"Quality Assurance and Quality Contro] for Waste Containment
Facilities,” September, 1993,

ASCE — American Society of Civil Engineers.

a.

b.

ASCE Paper No. 25333 — Water Content — Density Criteria for Compacted Soil Liners
{Daniel et at, 1998).

ASCE Paper No. 23827 — In-Site Hydraulic Conductivity for Compacted Clay (Daniel
et at, 1989),

4. Construction Quality Assurance (CQA) Plan.
1.3 SUBMITTALS

A. See Section 01300 - Submittals.
B. Refer to the CQA Plan.
1.4 JOB CONDITIONS

A, Verify conditions of subgrade prior to commencing work.

06770-029-018
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1.5 TOLERANCES

A. The soil liner system must meet the following tolerances:

1.

2.

3.

PART 2 -

The saturated hydraulic permeability of the soil liner must be equal to or less than 1.0 x 107
cm/sec, as determined by ASTM D5084,

The thickness of the soil liner must be equal to or greater than 18 IN. Any excess shall be on
the bottom of the layer.
The work should be constructed to lines, grades, and control points indicated on the
Drawings, and shall be controlled and documented with survey methods. Laser based survey
systems are preferred for grading.
Finished grade tolerance; plus 0.1 FT from required elevation.

PRODUCTS

2.1 MATERIALS

A. Low Permeability Soil - General:

1.

N

Contractor shall provide natural, fine-grained soil or bentonite amended soil that is capable
of being worked to produce a soil layer of thickness shown on the Drawings that meets the
hydraulic conductivity requirements,

In accordance with these Specifications, the Contractor is responsible for conducting a
borrow soil characterization study (BSCS).

Contractor shall provide the CQA Consultant and Owner access to information about the
borrow source of the low permeability soil and certify that it is not contaminated with
hazardous materials or hazardous wastes.

The soil shall be relatively homogeneous in color and texture and shall be free from roots,
stones, foreign objects, and other deleterious materials,

B. Natural Fine-Grained Soil

1.

2.

Classification: Natural fine-grained soil shall have a classification of CH, CL, MH, or ML
as determined by ASTM D2488.

Grain sizes shall be within the following gradation:
Sieve Size Percent Passing by Weichi
3/4 IN 100
No.4 >90
No. 200 > 30

Hydraulic Conductivity: The saturated hydraulic conductivity of the natural fine-grained
soil shall meet the stated tolerances, when compacted in accordance with requirements
established by the CQC Consultant and Contractor on the basis of the soil liner test strip as
specified herein.

Other Soil Liner Properties:

a.  The liquid limit shall be al least 25 as measured by ASTM D4318,

b. The plasticity index shall be at least 10 and less than 30 as measured by ASTM D4318.

C. Bentonite Amended Soil (where applicable):

1.

06770-029-018

Hydraulic conductivity of constructed bentonite amended soil shall meet the tolerances
when compacted in accordance with requirements established by the CQC Consultant on the
basis of test results from the soil finer test strip and the borrow soil characterization study.
Soil used in the bentonite amended soil shall be free from roots, organic matter, debris,
particles larger than 3/4 IN, and other deleterious material. All soil used in the bentonite
amended soil shall be taken from a borrow area approved by the CQC Consultant and
Engineer, ,

Unless approved otherwise by the CQC Consultant, the sail used in the bentonite amended
soil shall meet the following washed sieve gradation:

City of Greensboro
White Street Landftil
02376 - 2
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4.

Sieve Size Percent Passing by Weicht
34 IN 100
No. 4 55-100
No. 20 4595
No. 200 10-40

Benionite:

a. Bentonite shall be free-flowing, powdered, high-swelling, sodium montmorillenite clay
(bentonite) free of additives.

b. Acceptable bentonite manufacturers are:
1)  American Colloid, Co., (800) 637-6654,
2) Bentonite Corp., (303) 201-2940,
3) CETCO, (813} 527-0603.
4} Federal Industrial, {800) 231-3565.
5} WYO-BEN, (800) 548-7055.

. The Contractor may propose a bentonite supplier other than those listed above if it is
demonstrated that its use in the amended soil satisfies the requirements of these
Specifications,

D. Permeability Test

I.

Laboratory permeability tests (ASTM D-5084) shall be conducted in constant head, triaxial
type permeameters. The specimens shall be consolidated under an isotropic effective
consolidation stress not to exceed 10 psi and permeated with water under a backpressure of
at least 90 pounds per square inch (psi} to achieve saturation of the test specimens. The
inflow 1o and outflow from the specimens shall be monitored with time and the coefficient
of permeability calculated for each recorded flow increment. The test shall continue until
steady state flow is achieved and relatively constant values of coefficient of permeability are
measured.

E. Interface Friction Tests.

1.

2.

3.

Test materials using ASTM D 5321. Section 01060. Special Conditions, paragraph 1.13,
outlines the conditions under which this material shall be tested.

This material is part of a system. The system shall meet the requirements before the
component materiat can be deemed acceptable.

The costs associated with this testing shall be included in the Bid price for each material.
Any retesting or other additional testing required to meet the Specifications shall be at no
additional cost to the Owner.

2.2 SOIL LINER MATERIAL ACCEPTANCE

A. General: All imported, on-site, and processed materials specified in this Section are subject to
the following requirements: i

1.

06770-029-018

All tests necessary for the Contractor to locate and define acceptable sources of materials
shall be made by the CQC Consultant, Certification that the material conforms to the
Specification requirements along with copies of the test results from a qualified commercial
testing laboratory shall be submitied to the CQA Consultant for approval at least 10 days
before the material is required for use. All material samples shall be furnished by the
Contractor at the Contractor's sole expense. ’

All samples required in this Section shall be representative and be clearly marked to show
the source of the material and the intended use on the project. Sampling of the material
source shall be done by the CQC Consultant in accordance with ASTM D75.

Natify the CQA Consultant at least 24 hours prior to sampling so that they may observe the
sampling procedures.

Tentative acceptance of the material source shall be based on an inspection of the source by
the CQA Consultant and the certified test results of the Borrow Source Characterization
Study (BSCS) as submitted by the Contractor to the CQA Consuliant. No imported

City of Greensboro
Whilte Street Landfill
02276 -3
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materials shall be delivered to the site uniil the proposed source and materials tests have
been accepted in writing by the COA Consultant.

Final acceptance of any material wil] be based on results of lests made on material samples
taken from the completed soil liner test strip, combined with the results of the BSCS. If tests
conducted by the CQC Consuliant or the CQA Consultant indicate that the material does not
meet Specification requirements, material placement will be terminated unil corrective
measures are taken. Material which does not conform to the Specification requirements and
is placed in the work shall be removed and replaced at the Contractor's sole expense.
Contractor shall be salely responsible for obtaining all permits required to obtain acceptable
saurces of materials for use in the work.

B. Sampling and testing required herein shafl be done at the Contractor’s sole expense.

C. Borrow Source Characterization Swdy:

1.

‘The Contractor will be responsible for all processing and screening of the soil liner material
at his own cost to meet the requirements of the Specifications. The Contractor will be
responsible for the erosion protection of the stockpile and borrow area during his operation.
The Contractor shall coordinate all aspects of this operation with the CQC Consuliant, CQA
Consultant, and Project Manager.

CQC Consultant shall complete a BSCS of natural fine-grained soils or of soil that will be

used in bentonite amended soils.

Contractor shall conduct tests, including particle size, Atterberg limits, moisture-density,

and hydraulic conductivity tests, as necessary to locate an acceptable source of material,

Oncee a potential source of material has been located, the CQC Consultant shali develop and

undertake a testing program to demonstrate the acceptability of the proposed material,

Certified results of all tests shall be submitted to the CQA Consultant upon compietion of

tests. Tentative acceptance of the borrow source by the CQA Consultant will be based upan

the results of the study. The testing program shail include the following elements, at a

minimarm;

2. An excavation plan for the borrow source indicating proposed surface mining limits and
depths of samples to be taken for testing.

b. Test pits for borrow source sampling shall be appropriately spaced to reflect site
geomorphology and sampled at depth intervals appropriate to the proposed excavation
methods. : ‘

¢. A minimum of 12 samples shall be collected and tested for the parameters required as
described in the following paragraphs.

Test Parameters and Reporting for Natural Fine-Grained Soils: All samples collected from

the proposed borrow area for natural fine-grained soils shall be tested for the following

parameters:

Parameter Test Method
Particle Size (sieve plus hydrometer)  ASTM D422
Atterberg Limits ASTM D4313
Standard Proctor ASTM De93
Hydraulic Conductivity(1) ASTM D5084

(1) Hydraulic conductivity tests shall he performed on recompacted samples of the
proposed material, compacted according to criteria developed by the CQC
Consultant using data from tests conducted in accordance with ASTM D603,

6. Test Parameter for Soil to be Used in Bentonite Amended Soil:

06770-029-018

a. Parameters and reporting for soils to be used in bentonite amended soil shall be the
same as for natural fine-grained soil.

b. Tests required under this paragraph are part of the BSCS. Additional tests on the
bentonite amended soil product are required for soil liner acceptance. See 2.]E.

City of Greensboro
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D. Borrow Soils Conformance Testing:

1.

I3

Following acceptance of a borrow source for naturat fine-grained soils and soils for
bentonite amendment, the following tests shall be performed by the CQC Consuliant on
samnples taken from the excavated material using the methods and at the frequencies
indicated below:

Test Test Method Minimum Frequency
Percent Fines ASTM D1140 1 per 5,000 cu yd
Atterberg Limits ASTM D4318 1 per 5,000 cu yd
Standard Proctor ASTM D698 | per 10,000 cu yd

The CQC Consultant shall conduct tests more often if variation in test resulls is occurring,
or if material appears to depart from Specifications.

The CQA Consultant may also conduct independent tests to confirm the accuracy of the
CQC testine. '

It tests indicate material does not meet Specification requirements, Contractor shall
terminate material placement until corrective measures are taken.

Contractor shall remove and replace material which does not meet Specification
requirements at no additional cost to the Qwner.

E. Bentonite Amended Soil Conformance Testing (where applicable):

1.

Following acceptance of a source for soils to be used in bentonite amended soils, the CQC
Consultant shall perform a Design Mix Analysis and submit certifications for the imported
bentonite material as described below,

Design Mix Analysis:

& Collect two of the coarsest samples of the soil taken from the approved borrow area
(based on percent reiained on #200 siave). Soil samples for testing shall be at least 100
pounds each.

b.  Trial mix samples shall be prepared by mixing each soil sample with three trial
application rates of bentonite. Compact each trial mix sample to a dry density equal to
95 percent relative compaction and at a moisture content within the range of optimum
to optimum plus 3 percent (ASTM D-698) for the unamended soil.

"c. Test the hydraulic conductivity of the trial mix samples using ASTM D5084 and report

all data to CQA Consultant. Graph measured hydraulic conductivity vs. percent
bentonite.
d. Contractor shall select a minimum bentonite content needed to consistently achizve the
required in-place hydraulic conductivity.
After mix design and initial testing, CQC Consultant shall conduct tests of the mixed
bentonite amended soil, after it has been discharged from the pugmill and before this is
placed in the work using the following methods and at the following frequencies.

Test Method Minimum Frequency
Standard Proctor ASTM D698 or 1 per 10,000 cu yd
ASTM D1557

Bentonite: CQC Consultant shall submit certifications from the supplier of the bentonite
material that it meets the requirements specified under PART 2, PRODUCTS.

F. Fine-Grained Material Dewatering, Mixing, and Staging

1.

2

Dewatering of sail liner borrow excavations, if reguired, shall be solely at the Contractor’s
expense.

Drying, blending, or wetting required to maintain the soil liner soil at a suitable moisture
content shall be solely at the Contractor’s expense.

2.3 EQUIPMENT

A. Compaction Equipment:

06770-029-018
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The compaction equipment shall be of a suitable type, adequate to obtain the permeability
specified, that provides a kneading action, such as a wobble-wheeled roller or a sheepsfoot
rofler having tines as long as the maximum loose {ift thickness to ensure proper lift interface
compaction free of voids.

The CQC Consultant shall confirm compaction equipment adequacy. and recommend
changes if required, based on the soil liner test strip. Such additional equipment will be
provided by Contractor at no additional cost.

The compaction equipment shall be maintained and operated in a condition that will deliver
manufacturer’s rated compactive effort.

Hand-operated equipment shall be capable of achieving specified soil densities.

The finished surface of the final lift shall be rolled with a smooth steel drum roller or
rubber-tired roller to eliminate tine or roller marks and provide a smooth, dense surface for
geomembrane placement.

B. Moisture Contral Equipment:

1.

Equipment for applying water shall be of a type and quality adequate for the work, shall not
leak, and shall be equipped with a distributor bar or other approved device to assure uniform
application.

Equipment for mixing and drying out material shall consist of blades, discs, or other
equipment defined by the CQC Consultant as approved by the CQA Consultant.

Mixing of natural fine-grained soils may also be required to get even distribution of
moisture.,

Soil liner material must not be compacted within 24 hours of the adjustment of water
content by the addition of water.

C. Bentonite Amended Soil Mixing Equipment (where applicable):

1.

2.

PART 3 -

Contractor shall mix, process, and condition the bentonite amended soil in a pugmil prior to
placing and compacting the mixture.

The pugmill shall have the capability to break up soil clumps and mix material to form a
homogeneous blend. The pugmill shall have controls that allow a variable rate of discharge
from it, to control the degree of mixing. The pugmill shall have automated controls to
control the rate of feed of each material to within an accuracy of 2 percent by weight.

The pugmill discharge shall be equipped with a batching bin having a drop outlet for

- loading hauling vehicles directly from the pugmill. Pugmill shali be positioned to allow

direct discharge to hauling vehicles.
Contractor shall not store amended soil in a manner or for a length of time that will cause
any degradation of the project or amended soil.

EXECUTION

3.1 SOIL LINER TEST STRIP

A. Test Strip Installation: :

1.

06770-029-018

Prior to actual soil liner installation, a soil finer test strip of a dimension no less than 100 FT
long by 30 FT wide by 1.5 FT thick shall be constructed by the Contractor over a compacted
subgrade within the liner construction site.

The soil liner test strip shall be constructed in three 6 IN lifts. The final compacted thickness
of each lift shall be a maximum of 6 IN. Prior to placement of successive lifts, the surface of
the lift in place shall be scarified or otherwise conditioned to eliminate lift interfaces.

The soil liner test strip shall be constructed using the same equipment and construction
procedures that are anticipated for use during actual liner installation.

During test strip installation, the Contractor in coordination with his CQC Consultant and
the CQA Consultant shall determine the field procedures that are best suited for his
construction equipment to achieve the requirements specified herein,

City of Greensboro
White Street Lapdfill
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10.

1.

2.

13.

14.

15.

16.

17.

06770-029-018

If the test sirip fails to achieve the desired results, the soil material of the strip shall be
completely removed, and additional test strip(s) shall be constructed until the requirements
are met.

The CQC Consultant shal] document that the subgrade of the test strip liner is properly
compacted to at least 95 percent of the maximum dry density, as determined using the
Standard Proctor test (ASTM D-698). Field density tests on the subgrade shall be performed
by the CQC Consultant and documented at a minimum of three test locations within the (est
Sirip area.

At least five field densily measurements shall be performed by the CQC Consultant on each
ift of the liner test strip. The field density tests shall be conducted using a nuclear gauge
{ASTM D-2922) or other method, as approved by the CQA Consultant. Corresponding tests
for moisture content to determine dry density shall likewise be performed by usirg a nuclear
gauge (ASTM D-3017), or other approved method. On the test pad, the density
measurement if performed by a nuclear gauge shall be verified through performance of one
sand cone test (ASTM D-1356) or drive tube lest (ASTM D-2937) at a location selected by
the CQA Consuitant. The moisture content measurement, if performed by a nuclear zauge
shall be verified by recovering at least five samples for aven-dry testing (ASTM D-2216)
from the test location.

A composite sample will be taken from each lift for recompacted lab permeability (ASTM
D-5084).

Upon completion of the soil liner test strip, the CQC Consultant, as observed by the CQA
Consultant, shall measure the thickness of the test strip at a minimum of five random
locations.

A minimum of five random samples of the liner construction materials delivered to the site
during test strip installation shall be tested by the CQC Consultant for moisture content
(ASTM D-2216), sieve analyses (ASTM D-421, D-422) and Atterberg limits (ASTM D-
4318).

The CQC Consultant shall conduct at least one standard Proctor {ASTM D-698) and one
modified Proctor (ASTM D-1557) compaction test on bag samples of the test strip material
to determine the moisture-density relationships. '

A minimum of one undisturbed sample shall be taken from each lift of the test strip by the
CQC Consultant for laboratory hydraulic conductivity testing. The samples shall be taken
within a 2 FT radius of the in-situ density and moisture tests. The CQA Consuliant will also
conduct at least one confirmatory in-situ hydraulic conductivity testing.

The data gathered from the test strip sampling (i.e., field density, moisture, undisturbed
samples, and in-situ hydraulic conductivity) shall be used along with the Proctor curve for
the soil to develop a range of acceptable moisture and density test values which are likely to
be consistent with the required maximum permeability. This range of moisture/density
values will be established by the CQC Consuliant and the CQA Consultant and will be
utilized as a means 10 establish Pass/Fail Criteria for the remainder of the area to be lined by
the subject material. )

The test strip will be considered acceptable if the measured hydraulic conductivity of the
test strip as determined by ASTM D-5084 meets the requirements of the Specifications,

If field and laboratory test data indicate that the installed test strip meets the requirements of
this Specification, it may be used as part of the liner provided that it is adequately protected
by the Installer from drying and equipment damage after installation. The Installer shall
scarify the liner material along the edge of the test strip. A minimum 2 FT overlap per lift is
required for mixing and compaction between the test strip and the liner.

If the test strip fails to meet Specifications, additional mix designs (if bentonite amended)
and/or test strips will be constructed until a test strip meets the requirements. No soil liner
may be placed until a test strip has been accepted by the CQA Consultant.

Upon receipt of the test data from the CQA Consultant, the Project Manager shall inform
the Contractor if the test strip can remain in-place as part of the liner.

City of Greensboro
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INSTALLATION

Al

L.

The subgrade to be lined shal be smooth and free of vegetation, sticks, roots, foreign objects,
and debris. It shall be the responsibility of the Contractor to keep the receiving surfaces in the
accepted condition until complete installation of the liner is accomplished.

The subgrade shall be proofrolled with a pneumatic tired vehicle of at least 20 tons GVW,
making passes across the area as directed by the CQC and/or CQA Consultants. The soil liner
shall not be placed over areas deemed unacceptable by either the CQC or CQA Consultants
based on proofroll observations or inadequate test results.

The soil liner shall be installed in compacted lifts of approximate equal thickness. The material
shall be placed consistent with criteria developed from construction of a satisfactory test strip.

When particles exceeding % IN are observed at the final lift surface, they shall be removed by
the Contractor prior to final rolling of the surface.

Equipment shall be used such that bonding of the two lifts will occur. Equipment shall have
cleats or other protrusions of such length necessary Lo completely penetrate into the loose lift.
Compaction shall be performed using appropriately heavy, properly ballasted, penetrating foot
compactor making a minimum number of passes as approved by the CQC Consultant and CQA
Consuitant based on the soil liner test strip.

If desiccation and crusting of the lift surface accurs prior to placement of the next lift, this area
shall be scarified to a minimum depth of 2 IN or until sufficiently moist materials are
encountered, whichever is greater. After scarification, the superficial material should be
reworked to obtain a moisture content at least 2 percent above optimum moisture content.
Alternately, the drier superficial soil may be stripped and mixed with additional moist s0il to
achieve a moisture content satisfying the praject requirements.

No frozen material shall be placed.

Material shall not be placed on a previous lift which is frozen. Frozen in-place material shall be
removed prior to placement of additional soil material.

Material which has been subjected to a freeze/thaw cycle(s) shall be disked and recompacted
prior to placement of subsequent lifts.

During construction, exposed finished lifts of the soil liner material should be sprinkled with
water to minimize desiccation, as necessary. The Contractor is responsible to protect the soil
liner from rain, drying, desiccation, erosion and freezing. All defective areas shall be repaired by
the Contractor to the satisfaction of the CQC Consultant at no extra compensation.

Al the end of each day's construction activities, completed lifts or sections of the compacied soil
liner should be sealed. Common sealing methods include rolling with a rubber tired or smooth-
drum rolier, backdragging with a bulidozer, or placement of temporary cover soil over the
compacted soil liner. The compacted soil liner should be sprinkled with water, as needed.

If testing shows that a lift is significantly thicker than 6 IN, the top of the lift will be shaved off
so that the 1ift is approximately 6 IN thick.

3.3 FIELD QUALITY CONTROL AND QUALITY ASSURANCE

A. Refer to the CQA Plan.
B. The following field and laboratory quality control tests shall be performed by the CQC
Consultant at no additional expense to the Owner during soil liner construction:
06770-029-018 City of Greensboro
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Test Method Minimum Frequency Acceptable Criteria
1. Field Density ASTM D2937 1/10,000 SF/ift >95%
A%rTM D2937 1/5 D3017 tests >95%
ASTM D3017 1/10,000 SFAift >95%
2. Thickness Surveyor 8 locations/acre per plans
3. Atterberg Limits ASTM D4318 1/acreflift BSCS Criteria
4. Fines Content ASTM D1140 Vacre/lift BSCS Criteria
5. Hydraulic Conductivity ASTM D35084 lfacreflift <1x10™ cm/sec
6. Laboratory Moisture ~ ASTM D693

1/5,000 CY of NA
Density Relationship  or D1557 placed liner material '

Test methods shall also conform to criteria set forth in Paragraph 3.1, Seoil Liner Test Strip.

Test frequencies may be modified by the CQA Consultant. If there are indications of declining
or failing test results, frequencies may be increased. If hydraulic conductivity test results are well
above acceptable, the frequency for Atterberg limit and fine content testing may be waived.

The acceptable criteria may be modified by the CQA Consultant if supported by the test strip
results and approved by the Engineer.

Holes in the compacted soil liner created as a result of destructive testing (eg., thin-walled
Shelby tube sampling and nuclear gauge, field density determinations) shall be backfilled and
tamped by rod uniformly in 2 IN thick lifts. The backfill material shall be the same liner
construction material or hydrated bentonite powder, if approved by the CQA Consultant. On the
surface, the backfill material shall extend slightly beyond the holes to make sure that a good tie-
in with the surrounding liner is achieved. Repaired areas shall be observed and documented by
the CQC Consuliant,

Give minimum of 24 HR advance notice to CQA Consultant when ready for soil testing and
inspection in completed area of the soil liner.

.. For areas not meeting field and laboratory testing criteria, the Contractor shall scarify the full

depth of the lift or replace the material as needed. The material shall be reshaped, rewetted as
needed, rehomogenized and recompacted to the specified density. Areas not meeting the
thickness requirements shall be augmented with additional materials. The added materials shall
be reworked with the soil layer to ensure homogeneity and proper bonding. This may be done by
scarification of the surface prior to addition of new material. The repaired area shall be properly
documented, and field and laboratory quality contro! testing shall be performed to ensure the
repaired liner section meets the requirements specified herein.

The Contractor shall pay for all costs associated with corrective work and relesting resulting
from failing tests. The CQA Consultant shall be informed immediately of all failing tests.

END OF SECTION

Clity of Greenshora
White Street Landfill
02276-9
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PART 1 -

SECTION 02800
GEOSYNTHETIC CLAY LINER {GCL)

GENERAL

1.1 SUMMARY

A. Section Includes:

1.

2.
3

Furnish all labor, material, and equipment to complete installation of the GCL in accordance
with the Contract Drawings and these Specifications.

Completely coordinate work with that of other trades.

Although such work is not specifically shown or specified, all supplementary or
miscellaneous items, appurtenances, and devices incidental to or necessary for a sound,
secure, complete, and compatible instaltation shall be furnished and installed as part of this
work.

Furnish CQC Consultant 10 monitor the work of GCL Installer and to perform CQC testing
in accordance with provisions of the Contract Documents.

B. Related Sections include but are not necessanly iimited to:

1.
2

Section 02220 - Earthwork.
Section 02775 - HDPE Geomembrane Liner.

1.2 QUALITY STANDARDS

A. Referenced Standards:

L

American Society for Testing and Materials (ASTM).
a. ASTM D4632, Test Method for Grab Breaking Load and Elongation of Geotextile.
b. ASTM D4643, Determination of Water Content of Sail by Microwave Oven Method.
c. ASTM D4833, Test Method for Index Puncture Resistance of Geotextiles,
Geomembranes, and Related Products.
-d. ASTM D5084, Test Method for Hydraulic Conductivity of Saturated Porous Materials
- Using a Flexible Wall Permeameter,
e. ASTM D5261, Measuring Mass Per Unit Area of Geotextiles.
f. ASTM D532], Test Method for Determining the Coefficient of Soil and Geosynthetic
or Geosynthetic and Gegsynthetic Friction by the Direct Shear Method.
ASTM D5887, Measurement of Index Flux through Saturated GCL Specimens Using a
Flexible Wall Permeameter.
h. ASTM D5B88, Storage and Handling of GCL.
i. ASTM D5889, Quality Control of GCL.
j- ASTM D3890, Swell Index Measurement of Clay Mineral Component of GCL.
k. ASTM D3891, Fluid Loss of Clay Mineral Component of GCL.
L
m.

19

ASTM D5993, Measuring Mass Per Unit Area of GCL.
ASTM D6072, Installation of GCL.

Geosynthetic Research Institute (GRI):

a. (GCL-2, Permeability of Geosynthetic Clay Liners.

B. Qualifications:

L

Manufacturer: The GCL shall be furnished by a manufacturer that has previously produced
a minimum of 1,000,000 SF of the material for use in similar projects.

C. CQA Plan Implementation: Construction Quality Assurance documentation {or the GCL
installation will be performed for the Owner by the CQA Consultant in accordance with the
CQA Plan prepared for this project. The work performed under the CQA Plan is paid for by the
Owner and is not a part of this contract. The Contractor, CQC Consultant, and GCL Installer,
however, should familiarize themselves with the CQA Plan and are responsible for providing

06770-025-018
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reasonable notice of and access 1o work clements thai the CQA Consuliant is required by the
CQA Plan to overview,

13 DEFINITIONS

A.

D.
E.

A

Manufacturer: Manufacturer produces geosynthetic clay liner panels from first quality
geotextiles and sodium bentonite. The manufacturer is responsible for praducing panels which
comply with this Specification. These responsibilities include but are not limited to:

1. Acceptance of the geotextiles, bentonite, and additives from suppliers/manufacturers and
testing of these materials to ensure compliance with the manufacturer’s specifications and
with this Specification.

2. Fabrication of the geotextiles and bentonite into GCL panels using mixing and extrusion
equipment.

3. Testing of the GCL 10 ensure compliance with manufacturer’s specification and this

Specification.

Shipping of the GCL to fabricator/installer designated Facilities.

Certification of the raw materials and finished GCL to comply with this Specification.

Certification of fabricator’s and installer’s training, experience, and methods for seaming and

inspecting GCL installations in comnpliance with manufacturer’s standards and with Quality

Assurance requirements of this Specification (Article 1.2).

;b

Installer: Installers of GCLs are responstble for storing, handling, fitting, seaming, and tesling of

GCL panels in the field. These responsibilities include but are not limited to:

L. Acceptance (in writing) of the GCL rolls from the transporter.

2. Acceptance (in writing) of the soil material which will serve as a base for the GCL. This
acceptance shall precede installation of the GCL, and shall state that the installer has
inspected the surface, and reviewed the Specifications for material and placement, and finds
all conditions acceptable for placement of GCL liners. The written acceptance shall
explicitly state any and al exceptions to acceptance.

3. Handling, seaming, testing, and repair of GCL liners in compliance with this Specification
and with written procedures manuals prepared by the installer or the manufacturer,

4. Repair or replacement of defects in the GCL as required by the Inspector or the Owner,

5. Installer and manufacturer may be the same firm.

Inspector: Inspectors of GCL liner are responsible for observing field installation of the GCL

and providing the manufacturer, installer, and Owner with verbal and written documentation of

the compliance of the installation with this Specification and with written procedures manuals

prepared by the manufacturer. Inspector’s responsibilities include, but are not limited to:

1. Inspection of material, handling, and field installation of the GCL liner. Inspection of all
seams, repair, and test results,

2. All exceptions to material or installation shall be documented to the Engineer in writing
within 48 hours of discovery.

Engineer: The Engineer is responsible for design of the geosynthetic liner system.

Owner: Owner designates the party responsible for constructing and operating the lined
containment system.

14 SUBMITTALS

Pre-Installation: The Contractor shall submit the following information and material to the CQA

Consultant prior to installation of the GCL., ,

1. Product Data and Factory Test Results: Published produet properties and specifications for
the proposed GCL, as well as factory test results of materials certified by the GCL
manufacturer, shall be submitted showing conformance with the requirements of these
Specifications. In addition, the Contractor shail submit the manufacturer's certification
stating that the material is similar to and of the same formulation as that for which test
results are submitted, and by which actual usage has been demonstrated to be satisfactory
for the intended application.

06770-028-018 . City of Greensboro

White Street LandFill
02800-2
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Samples: Samples of the GCL sheeling shail be provided 10 the CQA Consultani. Samples
shall have a width of 6 IN, and a length of 8 IN.
3. Delivery, Storage, and Handling Instructions: The manufaciurer’s recommendations for
delivery, storage, and handling shall be submiited 1o the CQA Consultant for review.
4. Delivery Date: The CQA Consultant shall be notified of the scheduled delivery date for the
materials.
5. Installation Drawings, Procedures, and Schedules: Installation drawings, precedures, and a
schedule for carrying out the work shall be provided by the Contractor to the CQA
Consultant for review. Procedures addressed by the Contractor shall include but not be
limited 1o material unloading, storage, installation, repair, and protection to be pravided in
the event of rain. A schedule showing the order of placement, location of panals, seams, and
penetrations shall be submitted for the CQA Consuliant’s review. Submit drawings showing
the panel layout, seams, and associated details including pipe penetrations. Following
review, these drawings will be used for installation of the GCL. Any deviations from these
drawings must be approved by the CQA Consuliant.

Post-Installation: Upon completion of GCL installation, the Contractor shall submit the

following to the CQA Consultant:

1. A certificate stating that the GCL has been installed in accordance with the Plans,
Specifications, and the manufacturer’s recommendations.

2. Manufacturer’s Warranty: The material warranty shall be for defects or failures related 10
manufacture on a non-prorata basis for five (3) years after date of shipment.

3. GCL Installer’s Warranty: The GCL Installer’s warranty shall warrant their workmanship to
be free of defects on a non-prorata basis for five (5) yeurs after the final acceplance of the
Work. This warranty shall include but not be limited to overlapped seams, anchor trenches,
attachments to appurtenances, and penetration seals.

4. Record Drawing Information: Record drawings including but not limited to drawings
showing the location of all seams, panels, repairs, patches, anchor trenches, pipe
penetrations, and other appurtenances, including measurements and dimensions, shall be
prepared by the Contractor and submitted to the CQA Consultant following completion of
the project.

1.5, PROJECT CONDITIONS

A. The GCL shall nat be placed in standing water, high humidity, or while raining. Any material

that becomes partially or completely hydrated in the opinion of the CQA Consultant shall be
removed and replaced at Conlractor’s expense.

Take necessary precautions to protect underlying soil and geomembrane liners from damage due
to any construction activity. Damage to liners shall be repaired at Contractor’s expense.

The Contractor shall ensure that adequate dust control methods are in effect to prevent the
unnecessary accumulation of dust and dirt on geosynthetic surfaces, which hampers the efficient
field seaming of geosynthetic panels.

The Contractor shall maintain natural surface water drainage diversions around the work area.
The Contractor shall provide for the disposal of walter that may collect in the work area, from
precipitation falling on the work or from inadequate diversion structures.

PART 2 - PRODUCTS

21 MATERIALS
A. General:

1. The GCL shall consist of bentonite encased, front and back, with geotextile. GCL consisting
of bentonite backed with geomembrane can be used only if approved by the Project

06770-029-018 City of Greensboro

White Street Landfill
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Manager and Engineer. The materials supplied under these Specifications shall be first
quality products designed and manufactured specilically for the purposes of this work.

The GCL shall be supplied in rolls which have a minimum width of 12 FT. The roll length
shall be maximized to provide the largest manageable sheet for the fewest overlaps. Labels
on the roll shall identify the sheet number, date of fabrication, proper direction of unrolling,
and minimum recommended overlap. A qualily control certificate shall be supplied with
each roll.

The GCL shall be reinforced on slopes of 25% or greater with a minimum of § feet
runout and unreinforced on slopes less than 25%.

The bentonite shall be contineously adhered to both geotexliles to ensure that the bentonite
will not be displaced during handling, transportation, storage and installation, including
cuiting, patching, and fitting around penetrations. The bentonite sealing compound or
bentonite granules used to seal penetrations and make repairs shall be made of the same
natural sodium bentonite as the GCL and shall be as recommended by the GCL
manufacturer. The permeability of the GCL overlap seams shall be equal to or less than the
permeability of the body of the GCL sheet.

Physical Properties: Physical properties of GCL shall be as shown in Table 1 of this Section. The
manufacturer shall certify that materials provided meet these criteria according to ASTM
D5889 as modified by this Specification.

TABLE 1: REQUIRED GCL PROPERTIES

GCL PROPERTY

Maximum Hydraulic
Conductjvity

Minimum Bentonite
Content

Minimum Grab Tensile
Strength

Minimum Puncture
Resistance

Typical Shear Strength

Minimum Free Swel]
Maximum Fluid Loss

Maximum Moisture
Content

C. Interface Friction Tests,

VALUE
TEST METHOD REINFORCED NONREINFORCED
ASTM D5084 (@ 30 psi 5x107 cmys 5x107 c/s
effective stress)
ASTM D3993 (@ 0% 0.75 Ib/sf 0.75 lb/sf
moisture)
ASTM D4632 : 90 lbs’ 75 Ibs
ASTM D4833 801bs N/A
ASTM D5321 500 psf (when 50 psf
hydrated)
ASTM D35890 24 ml, 24 mL
ASTM D5891 18 mL 18 mL
ASTM D4643 100% 100%

1. Test this and adjacent materials using ASTM D 5321. Section 01060 Special Conditions

paragraph 1.13 outlines the conditions

under which this material shall be tested.
2. This material is part of a system. The system shall meet the requirements before the

component malerial can be deemed acceptable.

06770-029-018

City of Greensharo
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The costs associated with this testing shall be included in the Bid price {or each material,

Any retesting or other additional testing required 10 meet the specification shall be a1 no
addilional cost o the Owner.

EXECUTION

3.1 CONSTRUCTION

A. Shipping, Handling, and Storage:

1.

(]

During periods of shipment and storage, all GCL shall be protected from direct sunkigh,
waier, mud, dirt, dust, and debris. To the extent possible, the GCL shall be maintained
wrapped in heavy-duty protective covering until use. GCL delivered to the project site
without protective wrapping shall be rejected.

The Engineer shall approve the shipping and delivery schedule prior to shipment. The
Engineer shall approve the on-site storage area for the GCL. Unloading and storage of GCL
shall be the responsihbility of the Contractor.

GCL that is damaged during shipping, handling, or siorage shail be rejected and replaced at
Contractor’s expense.

B. [Installation of GCL:

1.

o

10.

GCL shall be placed to the lines and grades shown on the Contract Drawings. At the time of
installation, GCL shall be rejected by the CQA Consultant if it has defects, rips, holes,
flaws, evidence of deterioration, or other damage.

The surface recejving the GCL shall be prepared to a relatively smooth condition, free of
obstructions, excessive depressions, debris, and very soft or joose pockets of soil. This
surface shall be approved by the CQA Consultant prior to GCL placement.

The GCL shall be placed smooth and free of excessive wrinkles.

The GCL shall be instalied on sideslopes with vertical seams only.

When GCL is placed with upslope and downslope portions, the upsiope portion shall be
lapped such that it is the upper or exposed surface.

The GCL shall not be placed in standing water or while raining. Any material that becomes
partially/totally hydrated shall be rernoved and replaced.

The GCL seams shall be laid with a minimum overlap equal to 6 IN or the manufacturer's
recommendation, whichever is greater. '

GCL shall be temporarily secured in 2 manner approved by the CQA Consultant prior to
placement of overlying materials.

Any GCL that is torn or punctured shall be repaired or replaced as directed by the CQA
Consultant, by the Contractor at no additional cost to the Owner. The repair shall consist of
a patch of GCL placed over the failed areas and shall overlap the existing GCL a minimum
of 12 IN from any point of the rupture,

If in-place GCL is not otherwise protected from hydration due to rainfall, the GCL shall be
covered with a minimum of 12 IN of the overlying design material within 12 hours of GCL
placement.

3.2 FIELD QUALITY CONTROL

A. The CQA Consultant shall monitor and document the installation of GCL.to ensure that the
installation and necessary repairs are made in accordance with these Specifications.

3.3 GCLACCEPTANCE

A. The GCL Installer shall retain all ownership and responsibility for the GCL until final
acceptance by the Owner. The Owner will accept the GCL installation when the installation is
finished, all required submittals have been received and approved, and CQC/CQA verification of
the adequacy of all field seams and repairs, including associated testing, is complete.

06770-025-018
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1.1

1.2

SECTION 1.0
GENERAL

INTRODUCTION

This Construction Quality Assurance (CQA) Plan has been prepared to provide the Owner.
Engineer, and CQA Consultant the means to govern the construction quality and to satisfy
landfill certification requirements under current solid waste management regulations.

More specifically, this CQA Plan addresses the soils and geosynthetics components of the liner
and leachate collection/removal (LCR) systems. The liner system, as referenced herein.
generally consists of a soil subgrade and a composite liner (consisting of a compacted soil liner
and an averlymg HDPE geomembrane liner). The LCR system consists of a granular drainage
material with perforated collection piping, manholes, and fittings. General references in this

Plan to the various components as the "liner or LCR system(s)" are intended to be as described
herein.

The CQA Plan is divided into the following sections:

« Section 1.0 General

» Section 2.0  Soil Liner Construction Quality Assurance

» Section 3.0 Geomembrane Liner Construction Quality Assurance

» Section 4.0 LCR Construction Quality Assurance

» Section 5.0 Geotextile Construction Quality Assurance

» Section 6.0 High Density Polyethylene Pipe, Manholes, and Flttmgs
: Construction Quality Assurance

» Section 7.0 Geonet Construction Quality Assurance

» Section 8.0 GCL Construction Quality Assurance

« Section 9.0 Surveying Construction Quality Control

» Section 10.0 Construction Quality Assurance Documentation

Information provided in this CQA Plan is based on the North Carolina Solid Waste

Management Rules 15A NCAC 13B .1624. Compliance with these rules is a condition of the
contract,

DEFINITIONS RELATING TO CONSTRUCTION QUALITY
1.2.1 Construction Quality Assurance (CQA)

In the context of this Plan, construction quality assurance is defined as a planned and
systematic program employed by the Owner to assure conformity of the liner systems,
LCR systems, and protective cover system installation with Contract Drawings, and
the project specifications. CQA is provided by the CQA Consultant as a representative
of the Owner and is independent from the Contractor and all manufacturers. The CQA
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program is designed to provide adequate confidence that items or services meet
contractual and regulatory requirements and will perform satisfactorily in service.

1.2.2  Construction Quality Control (CQO)

Construction Quality Control refers to actions taken by manufacturers, fabricators.
installers, or the Contractor to ensure that the materials and the workmanship meet the
requirements of this CQA Plan and the project specifications. In the case of the liner
and LCR systems, CQC is provided by the Contractor's CQC Agency. In the case of
geosynthetic components, material ~quality --contra] -{QC) -is--provided -by the
manufacturer's certification and the CQC for the installation of the various
geosynthetics is provided by the Contractor's CQC Apgency. The manufacturer's
specifications and quality control (QC) requirements are included in this CQA Plan by
reference only. A complete updated version of each geosynthetic component
manufacturer's QC Plan will be incorporated as part of the Contractor's CQC Plan.

1.2.3 CQC/CQA Certification Document

At the completion of construction and prior to placement of waste in the landfill, a
certification document will be prepared by the CQA Consultant and be submitted to
State Solid Waste Regulators. The certification report will include all QC testing
performed by the Geosynthetics Manufacturers, all CQC testing performed by the CQC

Agency, or Geosynthetic Installers, and all CQA conformance testing performed by
the CQA Consultant. ‘

1.2.4 Discrepancies Between Documents

The CQA Plan is intended to be a supporting document to improve the overall
documentation of the Work. The CQA Plan is less specific from the project
specifications, and conflicts may exist between the documents. The Contractor is
instructed to bring discrepancies to the attention of the Engineer or CQA Consultant
for resolution. The Engineer has the sole authority to determine resolution of
discrepancies existing within the Contract Documents. Unless otherwise determined
by the Engineer, the more stringent requirement shall be the controlling resolution.
Reference is made to the project specifications, Section 00700 - General Conditions.

1.3 PARTIES TO CONSTRUCTION QUALITY ASSURANCE

1.3.1 Description of the Parties

The parties to Construction Quality Assurance and Quality Control include the Owner,
Project Manager, Engineer, Contractor, Geosynthetics Manufacturer, Geosynthetics
Installer, CQA Consultant, Geosynthetics CQA Laboratory, Soils CQA Laboratory,

. Construction Quality Assurance Plan Greensboro
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CQC Agency, Geosynthetics CQC Laboratory. and Soils CQC Laboratory. The lines
of authority and communications between each of the parties involved in the CQA and
CQC are illustrated in Figure 1 (Page 4).

1.3.1.1 Owner

The Owner is the City of Greensboro. who owns and/or is responsible for the facility.

1.3.1.2 Proiect Manager

The Project Manager is the official representative of the Owner. The Project Manager
serves as communications coordinator for the project, initiating the resolution.
preconstruction. and construction meetings outlined in Section 1.7. The Project
Manager shall also be responsible for proper resolution of all quality issues that arise
during construction. The Project Manager is HDR Engineering, Inc. of Charlotte, NC.

1.3.1.3 Engineer

The Engineer is responsible for the engineering design, drawings, plans and project
specifications for the liner system and protective cover system. The Engineer is HDR
Engineering, Inc. of Charlotte, NC.

1.3.1.4 Contractor

The Contractor is responsible for the construction of the subgrade, construction of the
subbase (as applicable), soil liner berms, soil and geomembrane liners, anchor trench
excavation and backfill, and for placement of the LCR system. The Contractor is
responsible for submittal coordination and the overall CQC on the project.

1.3.1.5 Geosynthetics Manufacturer

The Geosynthetics Manufacturer(s) is(are) responsible for the production of

geomembranes, geonets, and geotextiles. The manufacturers are responsible for
Quality Contro! (QC) during manufacture of the geosynthetic components, certification

of the properties of the geosynthetic components, and field installation criteria.

1.3.1.6 Geosynthetics Installer

The Geosynthetics Installer(s) is(are) a subcontractor of the Contractor and is(are)
responsible for field handling, storing, placing, seaming, protection of (against wind,
etc.), and other aspects of the geosynthetics installations, including the geomembranes
and geotextiles. The Installer may also be responsible for transportation of these
materials to the site, and for the preparation and completion of anchor trenches.

Construction Quality Assurance Plan Greensboro
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1.3.1.7 Construction Quality Assurance Consultant

The CQA Consultant is a representative of the Owner and is responsibie for observing.
testing, and documenting activities related to the CQC/CQA of the earthworks at the
site, and the installation of the geosynthetic components of the liner and leachate
collection/removal systems. The CQA Consultant is also responsible for issuing a

facility certification report, sealed by a Professional Engineer registered in North
Carolina.

1.3.1.8 Geosynthetics Construction Quality Assurance Laboratory

The Geosynthetics CQA Laboratory is a party, independent from the Owner, that is
responsible for conducting tests on conformance samples of geosynthetics used in the
liner and LCR systems. The Geosynthetics CQA Laboratory service cannot be

provided by any party involved with the manufacture, fabrication, or installation of any
of the geosynthetic components.

1.3.1.9 Soils Construction Quality Assurance Laboratory

The Soils Construction Quality Assurance Laboratory is a party, independent from the
Owner, that is responsible for conducting geotechnical tests on conformance samples
of soils used in the liner system. The Soils CQA Laboratory service cannot be
provided by any party involved with the Contractor.

1.3.1.10 Construction Quality Control Agency

The CQC Agency is a representative of the Contractor and is responsible for the
earthwork and soil liner quality contro} sampling and testing. The term CQC Agency
shall be used to designate the Engineer in charge of the quality control work. The
personnel of the CQC Agency also includes Quality Control Monitors who are also
located at the site for construction observation and monitoring. The CQC Agency is
responsible for the timely conveyance of CQC testing results to the CQA Agency.

1.3.1.11 Geosynthetics Construction Quality Control Laboratory

The Geosynthetics CQC Laboratory is a party, independent from the Contractor, that
is responsible for conducting tests on conformance samples of geosynthetics used in
the liner and LCR systems.

1.3.1.12 Soils Construction Quality Contro] Laboratory

The Soils Construction Quality Control Laboratory is a party, independent from the
Contractor, that is responsible for conducting geotechnical tests on conformance
samples of soils used in the liner system.

Construction Quality Assurance Plan . Greensboro
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1.3.2  Qualifications of the Parties

The following qualifications are required of all parties involved with the manufacture,
{abrication, installation, transportation, and CQC/CQA of all materials for the liner and
LCR systems. Where applicable, these qualifications must be submitted by the
Contractor to the Project Manager for review and approval.

1.3.2.1 Contractor

Qualifications of the Contractor are specific to -the--eenstruction -contract and
independent of this CQA Plan,

1.3.2.2 Geosynthetics Manufacturers

Each Geosynthetics Manufacturer must satisfy the qualifications presented in the
project specifications and must be prequalified and approved by the Project Manager.

The physical properties of each geosynthetic product must be certified by the
geosynthetics manufacturer. The properties certified must include, at a minimum,
those identified in the project specifications. Manufacturers certification must be
approved by the CQA Consultant before the product is used.

1.3.2.3  Geosynthetic Installer(s)

The Geosynthetic Installer(s) will be trained and qualified to install the geosynthetics
components of the liner system. FEach Geosynthetics Installer must meet the
requirements of the project specifications and be approved by the Project Manager.
The Geomembrane Installer must be approved by the Geomembrane Manufacturer.

1.3.2.4  Construction Quality Assurance Consultant

The CQA Consultant will act as the Owner's CQA Representative and will report to
the Project Manager. The CQA Consultant will perform conformance testing to satisfy
the requirements of this CQA Plan, will observe the CQC work performed by the CQC
Agency, and will prepare the certification document incorporating both CQA and CQcC
test data. The CQA Consultant will have experience in the CQC/CQA aspects of
landfill liner system construction and sojls testing, and be familiar with ASTM and
other related industry standards. The activities of the CQA Consultant will be
performed under the supervision of a Registered Professional Engineer.

1.3.2.5 Construction Quality Control Apency

The CQC Agency will be a party, independent from the Contractor. The CQC Agency
will be experienced with soils, including soil liners, and geosynthetics, including
geomembranes, geonets, and geotextiles. The CQC Agency will satisfy the

Construction Quality Assurance Plan Greensboro
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1.4

1.5

1.6

1.7

requirements of the project specifications and be approved by the Project Manager.
The activities of the CQC Agency will be performed under the supervision of a
Registered Professional Engineer.

1.3.2.6 Geosvnthetics Construction Quality Control Laboratory

The Geosynthetics CQC Laboratory is a subcontractor of the CQC Agency and will
have experience in testing geosynthetics and be familiar with ASTM. NSF. and other
applicable test standards. The Geosynthetics CQC Laboratory will be capable of
providing test results within 24 hours.or a reasenable- time after, as agreed-to-at the

outset of the project, receipt of samples, and will maintain that standard throughout the
installation. '

SCOPE OF CONSTRUCTION QUALITY ASSURANCE PLAN

The scope of this CQA Plan includes the CQA of the soils and geosynthetic components of the
liner and LCR systems for the subject facility. The CQA for the selection, evaluation. and
placement of the soils is included in the scope. This document is intended to be used in
concert with the CQC requirements presented in the project specifications.

UNITS

In this CQA Plan, all properties and dimensions are expressed in U.S. units.

REFERENCES

The CQA Plan includes references to the most recent version of the test procedures of the
American Society of Testing and Materials (ASTM), the Federal Test Method Standards
(FTMS), the "Standards for Flexible Membrane Liners" of the National Sanitation Foundation
(NSF), and the "Geosynthetic Research Institute" (GRI).

SITE AND PROJECT CONTROL

To guarantee a high degree of quality during installation, clear, open channels of
communication are essential. To that end, meetings are critical.

1.7.1 CQA/CQC Resolution Meeting

Prior to field mobilization by the Contractor, a Resolution Meeting will be held. This
meeting will include all parties then involved, including the Project Manager, the COA
Consultant, the Engineer, the Contractor, and the CQC Agency.

The purpose of this meeting is to begin planning for coordination of tasks, anticipate
any problems which might cause difficulties and delays in construction, and, above all,
review the CQA and CQC Plans to all of the parties involved. It is very important that

Construction Quality Assurance Plan
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the rules regarding testing, repair, etc., be known and accepted by all.
This meeting should include all of the following activities:

* communicate to all parties any relevant documents:

* review critical design details of the project;

* review the seam layout drawing  provided by the
Geomembrane/Geosynthetic Installer. -

* review the site-specific CQA and CQC Plans:

* make any appropriate modifications to the CQA and CQC Plans to ensure
that they specify all testing activities that are necessary;

* reach a consensus on the CQA/CQC quality control procedures.
especially on methods for determining acceptability of the soils and
geosynthetics;

* review the proposed liner system and protective cover system:;

* decide the number of spare seaming units for geomembranes to be
maintained on site by the Geomembrane/Geosynthetic Installer (this
number depends on the number of seaming crews and on the type of

seaming equipment);

* select testing equipment and review protocols for testing and placement
of general earthwork materials; .

. * confirm methods for the soil liner material selection testing, acceptable
zone determinations. and test strip instaliation;

- » confirm the methods for documenting and reporting, and for distributing
documents and reports; and

* confirm the lines of authority and communication.

The meeting will be documented by the Project Manager and minutes will be
transmitted to all parties. ‘

1.7.2  CQA/CQC Preconstruction Meeting

A Preconstruction Meeting will be held at the site prior to placement of the
geomembrane liner. At a minimum, the meeting will be attended by the Project

. Construction Quality Assurance Plan Greenshoro
Section 1.0 General . 1.0-8



Manager, Engineer, the CQA Consultant, the Contractor, the CQC Agency. and the
Geosynthetic/Geomembrane Installation Superintendent.

Specific topics considered for this meeting include:
« make any appropriate modifications to the CQA and CQC Plans:
* review the responsibilities of each party;
» review lines of authority and communication:

* review methods for documenting and reporting, and for distributing
documents and reports;

» establish protocols for testing;
* establish protocols for handling deficiencies, repairs, and retesting;
+ review the time schedule for ali operations;

* establish rules for writing on the geomembrane, i.e., who is authorized to
write. what can be written, and in which color;

* outline procedures for packaging and storing archive samples;
* review panel layout and numbering systems for parels and seams;

« establish procedures for use of the extrusion seaming apparatus, if
applicable;

* establish procedures for use of the fusion seaming apparatus, if
applicable;

* finalize field cutout sample sizes;
e review seam testing procedures;
* Teview repair procedures; and
* establish soil stockpiling locations (if any).
The meeting will be documented by the Project Manager and minutes will be

transmitted to all parties. The Resolution Meeting and the Preconstruction Meeting

may be held as one meeting or separate meetings, depending on the direction of the
Project Manager.

Construction Quality Assurance Plan Greensboro
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1.7.3  Daily and Weekly CQA/CQC Progress Meetings

A weekly progress meeting will be held between the Project Manager. the CQA
Consultant, the Contractor, the CQC Agency, the Geosynthetic/Geomembrane
Installation Superintendent, and representatives from any other involved parties. This
meeting will discuss current progress, planned activities for the next week. and any
new business or revisions to the work. The CQA Consultant will log any problems.
decisions, or questions arising at this meeting in his daily report. Any matter requiring
action which is raised in this meeting will be. reported to the appropriate parties.

A daily meeting will be held between the CQA Consultant, the CQC Agency. the
Geosynthetic/ Geomembrane Installation Superintendent, and representatives from any
other involved parties. This meeting will discuss current progress, planned activities
for the next shift, and any new business or revisions to the work. The CQA Consultant
will log any problems, decisions. or questions arising at this meeting in his daily
report. Any matter requiring action which is raised in this meeting will be reported to
the appropriated parties.

Meeting frequency will depend on the schedule of the project and the mutual
agreement of all parties involved. '

1.7.4  Problem or Work Deficiency Meetings
A special meeting will be held when and if a problem or deficiency is present or likely
to occur. At a minimum, the meeting will be attended by all interested parties, the
Contractor, the Project Manager. and the CQA Consultant. If the problem requires a
design modification, the Engineer should also be present. The purpose of the meeting
~ 15 to define and resolve the problem or work deficiency as follows:
* define and discuss the problem or deficiency;
* review alternative solutions; and

* implement an action plan to resolve the problem or deficiency.

The meeting will be documented by the Project Manager and minutes will be
transmitted to affected parties.

Construction Quality Assurance Plan CGreensboro
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2.1

2.2

23

SECTION 2.0
SOIL LINER CONSTRUCTION QUALITY ASSURANCE

INTRODUCTION

. Thus section of the CQA Plan addresses the soil components of the liner system. and outlines

the soils CQA program to be implemented with regard to materials confirmation. laboratory
and field confirmation test requirements. overview and. interfacing-with the -Contractor's
CQC Program, and resolution of problems.

EARTHWORK CONSTRUCTION

2.2.1

2.2.2

Subgrade

The subgrade material below the controlled fill will be prepared by the Contractor
prior to the placement of fill. The CQC Agency will provide density testing of the
pre-fill subgrade at the frequency specified in the project specifications. The CQA
Consultant will observe the proofroll by the Contractor, review the density test data
provided by the CQC Agency, and provide verification that the pre-fill subgrade is

acceptable. The CQA Consultant may conduct confirmation density testing as
deemed appropriate.,

Structural/Controlled Fill

The Contractor shall place fill in accordance with the project specifications. The
CQC Agency shall provide testing of'the controlled fill material in accordance with

the project specifications. The CQA Consultant will provide confirmation testing of
the controlled fill as deemed appropriate.

SOIL LINER SYSTEM

231

Soil Liner Subgrade

Testing will be conducted by the CQC Agency as observed by the CQA Consultant.
The subgrade material below the subbase is composed of controlied fill and in situ
soils. The surface of the subgrade will be prepared prior to the construction of the
subbase. The CQA Consultant will visually examine the surface of the subgrade to
verify that any potentially deleterious materials have been removed.

Construction Quality Assurance Plan : : Greensboro
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2.5

2.3.2 Seil Liner Material

The soil liner material shall be placed and compacted in accordance with the project
specifications. The CQC Agency shall conduct field density and moisture tests at the
frequency presented in the project specifications. In addition to the required CQC
tests, the CQA Consultant shall provide conformance tests at a frequency of
approximately 10 percent of the required CQC tests. Additional CQA conformance
testing may be performed at the discretion of the CQA Consultant.

Hydraulic Conductivity, Atterberg Limits, and Percent-Fines-testing of the soil liner
material shall be performed by the CQC Agency in accordance with the project
specifications. Additional CQA conformance testing may be performed at the
discretion of the CQA Consultant.

Thickness measurement shall be conducted in accordance with the project
specifications by the CQC Agency and observed by the CQA Consultant.

SOILS TESTING

24.1 Test Methods

All testing used to evaluate the suitability or conformance of soils materials will be
_ carried out in accordance with the project specifications.

2,42 Soils Testing Requirements

The soil CQC testing must comply with the minimum frequencies presented in the
project specifications. The frequency of CQA testing required will be determined

by the CQA Consultant in light of the potential variability of materials and the
acceptance/failure rate of the CQC testing,

SOILS CONSTRUCTION QUALITY ASSURANCE

CQA will be performed on all soil components of the liner construction. CQA evaluation
will consist of: (1) monitoring the work and observing the CQC testing; and (2) performing
laboratory and field conformance tests. Laboratory CQA conformance tests will be
conducted on samples taken at the borrow source, stockpile, and during the course of the

work prior to construction. Field CQA conformance tests will be conducted during the
course of the work.

2.5.1 Monitoring

The CQA Consultant shall monitor and document the construction of all soj]
components. Monitoring the construction work for the subbase soil, and the soil
component of the liner system, includes the following:

Construction Quality Assurance Plan ' Greensboro
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. observing CQC testing to determine the water content and other
physical properties of the subbase and soil component of the liner
system during compaction and compilation of the data;

. monitoring the loose thickness of lifts as placed:

. monitoring the action of the compaction and/or heavy hauling

equipment on the construction surface {i.e., penetration, pumping.
cracking. etc.); and

. monitoring the number of passes used to compact each lift.
2.5.2 Construction Quality Assurance Judgmental Testing
During construction, the frequency of conformance testing may be increased at the
discretion of the CQA Consultant when visual observations of construction
performance indicate a potential problem. Additional testing for suspected areas will
be considered when:

. the rollers slip during rolling operation;

. the lift thickness 1s greater than specified;

. the fill material i's at an improper moisture content;

. fewer than the specified number of roller passes are made;

. dirt—cloéged rollers are used to compact the material;

. the rollers may not have used optimum ballast;

. the fill materials diffe-rAsubstantially from those specified; or

. the degree of compaction is doubtful.

2.5.3 Perforations in Soil Liner

Perforations that must be filled will include, but not be limited to, the following:

. nuclear density test probe locations;
. permeability sampling locations; and/or
. thickness checks.
Construction Quality Assurance Plan Greensboro
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Unless otherwise noted, or as directed by the Project Manager, all perforations of the
subbase by probes or sample tubes will be backfilled in accordance with project
specifications. The CQA Consultant will observe and confirm that adequate
procedures are being employed.

2.5.4 Deficiencies

If a defect is discovered in the earthwork product, the CQC Agency will immediately
determine the extent and nature of the defect. If the defect is indicated by an
unsatisfactory test result, the CQC Agency will determine the-extent of the deficient
area by additional tests, observations. a review of records, or other appropriate
means. [fthe defect is related to adverse site conditions, such as overly wet soils or
surface desiccation, the CQC Agency will define the limits and nature of the defect.

2.5.5.1 Notification

After determining the extent and nature of a defect, the CQC Agency will notify the
Project Manager, the CQA Consultant, and Contractor and schedule appropriate

retests when the waork deficiency is corrected. The CQA Consultant shall observe
all retests on defects.

2.5.5.2 Repairs and Retesting

The Contractor will correct the deficiency to the satisfaction of the CQA Consultant.
If a project specification criterion cannot be met, or unusual weather conditions
hinder work, then the CQC Agency will develop and present to the Project Manager
and CQA Consultant suggested solutions for approval, '

All retests recommended by the CQC Agency must verify that the defect has been
corrected before any additional work is performed by the Contractor in the area of
the deficiency. The CQA Consultant will verify that all installation requirements are
met and that all submittals are provided. -

2.5.5.3 Penalties

Refer to Specification Section 02775,
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SECTION 3.0
- GEOMEMBRANE LINER
CONSTRUCTION QUALITY ASSURANCE

3.1 GEOMEMBRANE MANUFACTURER'S CERTIFICATION, AND CQA
CONFORMANCE TESTING

3.1.1 Geomembrane Manufacturer's Certification

Compliance testing will be performed by the Geomembrane Manufacturer to
demonstrate that the product meets the manufacturers' quality control and
conformance test minimum standards for geomembrane specifications and exceeds
the project specifications. Additional testing will be performed by the CQA
Consultant for purposes of conformance evaluation. If the results of the
Geomembrane Manufacturer's and the CQA Consultant's testing differ, the testing
will be repeated by the CQA Consultant's laboratory, and the Geomembrane
Manufacturer will be allowed to monitor this testing. The results of this latter series
of tests will prevail, provided that the applicable test methods have been followed.

3.1.1.1 Raw Material

Prior to the installation of any geomembrane material, the Geomembrane
Manufacturer will provide the CQA Consultant and the CQC Apency with the

following information as a bound document with the individual sections clearly
identified:

. the origin (Resin Supplier's name and resin production plant),
identification (brand name, number), and production date of the resin;

. a copy of the quality control certificates issued by the Resin Supplier;
. reports on the tests conducted by the Geomembrane Manufacturer to

verify the quality of the resin used to manufacture the geomembrane
rolls assigned to the project; and

. a statement that the percentage of reclaimed polymer added to the
resin is in accordance with the project specifications.

The CQA Consultant will review these documents and report any discrepancies with
the above requirements to the Project Manager.
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3.1.1.2 Geomembrane Manufacturing

Prior to the installation, the Geomembrane Manufacturer will provide the Contractor
and the CQA Consultant with the following:

. a properties sheet including, at a minimum, all specified properties.
measured using test methods indicated in the praoject technical
specifications, or equivalent;

. the sampling procedure and results-of testing;-and

. a certification that property values given in the properties sheet are
minimum average roll values and are guaranteed by the
Geomembrane Manufacturer.

The CQA Consultant will review these documents and verify that:

. the reported property values certified by the Geomembrane
Manufacturer meet all of the project technical specifications;

. the measurements of properties by the Geomembrane Manufacturer
are properly documented and that the test methods used are
acceptable; and

* - Report any discrepancies with the above requirements to the Project .
Manager.

3.1.1.3 Rolls and Sheets

Prior to shipment. the Geomembrane Manufacturer will provide the CQA Consultant
and the CQC Agency with a quality contro! certificate for each roll (HDPE
geomembrane) or sheet (non-HDPE geomembrane) of geomembrane provided. The
quality contro] certificate will be signed by a responsible party employed by the
Geomembrane Manufacturer, such as the Production Manager. The quality control
certificate will include:

. roll numbers and identification; and

. sampling procedures and results of quality control tests — as a
minimum, resuits will be given for thickness, tensile characteristics
and tear resistance, evaluated in accordance with the methods
indicated in the project specifications or equivalent methods
approved by the Engineer. '
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The quality control certificate will be bound and included as part of the report
required in Section 3.1.1.1.

The CQA Consultant will:

. verify that the quality control certificates have been provided at the

specified frequency and that each certificate identified the rolls or
sheets related to it;

. review the quality control certificates and-verify that-the certified roll
or sheet properties meet the project technical specifications: and

. report any discrepancies with the above requirements to the Project
Manager.

3.2 GEOMEMBRANE INSTALLATION

3.2.1 Transportation, Handling, and Storage

3.2.1.1 Transportation and Handling

The CQA Consultant will verify that:

. handling equipment used on the site is adequate, meets
manufacturer’s recommendations, and does not pose any risk of
damage to the geomembrane; and _

- the Geomembrane Installer's personnel handle the geomembranes
with care.

Upon delivery at the site, the CQA Consultant will conduct a surface observation of
all rolls and sheets for defects and damage. This examination will be conducted
without unrolling rolls or unfolding sheets unless defects or damages are found or
suspected. The CQA Consultant will indicate to the Project Manager:

. any rolls or sheets, or portions thereof, that should be rejected and
removed from the site because they have severe flaws; and

. any rolls or sheets that have minor repairable flaws.

Refer to ASTM D4873 for detailed methods.
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32.1.2 Storage

The CQA Consultant will document that the Contractor's storage of the
geomembrane provides adequate protection against moisture, dirt. shock. and other
sources of damage or contamination.

3.2.2 Earthwork

3.2.2.1 Surface Preparation

The CQC Agency and the Geomembrane Installer will certify in writing that the
surface on which the geomembrane will be installed meets line and grade. and the
surface preparation requirements of the project specifications. The certificate of
acceptance will be given by the CQC Agency to the CQA Consultant prior to
commencement of geomembrane installation in the area under consideration. The
CQA Consultant will give a copy of this certificate to the Project Manager.

To ensure a timely covering of the soil liner surface, the Project Manager may allow
subgrade acceptance in areas as small as one acre. After the supporting soil has been
accepted by the Geomembrane Installer, it will be the Geomembrane Installer's
responsibility to indicate to the Project Manager of any change in the supporting soil
condition that may require repair work. If the CQA Consultant concurs with the

Geomembrane Installer, then the Project Manager will ensure that the supporting soil
is repatred.

3.2.2.2 Anchorage System

The CQA Consultant will verify that anchor trenches have been constructed and
backfilled according to project specifications and design drawings.

3.2.3 Geomembrane Placement

32.3.1 Field Panel Identification

The CQA Consultant will document that the Geomembrane Installer labels each field
panel with an "identification code" (number or letter-nurnber consistent with the

layout plan) agreed upon by the CQC Agency, Geomembrane Installer, and CQA
Consultant at the CQA/CQC Preconstruction Meeting, Section 1.7.2.

The Geomembrane Installer will establish a table or chart showing correspondence-
between roll numbers and field panel identification codes. This documentation shall
be submitted to the CQC Agency and CQA Consultant weekly for review and

verification. The field panel identification code will be used for all quality control
and quality assurance records.
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3.2.3.2 Field Panel Placement

o

3.2.3.2.1 Location
The CQA Consultant will verify that field panels are instalied at the location
- indicated in the Geomembrane Installer's layout plan. as approved or modified in
Section 3.2.3.1.

32322 Installation Schedule

The CQA Consultant will evaluate every change in the schedule proposed by the
Geomembrane Installer and advise the Project Manger on the acceptability of that
change. The CQA Consultant will verify that the condition of the supporting soil has
not changed detrimentally during installation.

The CQA Consultant will record the identification code, location. and date of
installation of each field panel.

32323 Placement of Geomembrane

The CQA Consultant will verify that project specification related restrictions on
placement of geomembrane are fulfilled. Additionally, the CQA Consultant wili
verify that the supporting soil has not been damaged by weather conditions,

The CQA Censultant will inform the Project Manager if the above conditions are not
fulfilled.

3.23.24 Damage

The CQA Consultant will visually observe each panel, after placement and prior to
seaming, for damage. The CQA Consultant will advise the Project Manager which
panels, or portion of panels, should be rejected, repaired, or accepted. Damaged
panels or portions of damaged panels which have been rejected will be marked and
their removal from the work area recorded by the CQA Consultant. Repairs will be
made according to procedures described in the project specifications.

Asa minimum; the CQA Consultant will document that:

. the panel is placed in such a manner that it is unlikely to be damaged,;
and
. any tears, punctures, holes, thin spots, etc., are either marked by the

Geomembrane Installer for repair or the panel is rejected.
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3.2.4 Field Seaming
3.2.4.1 Seam Lavout

The Geomembrane Installer will provide the CQA Consultant with a seam layout
drawing, i.e., a drawing of the facility to be lined showing all expected seams. The
CQA Consultant and Engineer will review the seam layout drawing and verifv that
it is consistent with the accepted state of practice and this CQA Plan. In addition. no
panels not specifically shown on the seam layout drawing may be used without the
-Project Manager's prior approval. : :

A seam numbering system compatible with the panel numbering systern will be
agreed upon at the Resolution and/or Preconstruction Meeting, Section 1.7. An on-
going written record of the seams and repair areas shall be maintained by the
Geomembrane Installer with weekly review by the CQA Consultant.

3.2.4.2 Requirements of Personnel

The Geomembrane Installer will provide the CQA Consultant with a list of proposed
seaming personnel and their experience records. This document will be reviewed by

the Project Manager and the CQA Consultant for compliance with project
specifications.

3.2.4.3 Seaming Equipment and Products

Field seaming processes must comply with project specifications. Proposed alternate
processes will be documented and submitted to the CQA Consultant for his approval.
Only seaming apparatus which have been specifically approved by make and model
will be used. The CQA Consultant will submit all documentation to the Engineer for
his concurrence., '

3244 Nondestructive Seam Continuity Testing

The Geomembrane Installer will nondestructively test all field seams over their full
length using test methods approved by the project specifications. The CQA
Consultant shall periodically observe the nondestructive testing to ensure
conformance with this CQA Plan and the project specifications.

For approximately 10% of the nencomplying tests, the CQA Consultant will:

. abserve continuity testing of the repaired areas performed by the
Geomembrane Installer;
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. confirm the record location, date, test unit number, name of tester.
and compile the record of testing provided by the Geomembrane
Installer;

. provide a walkthrough inspection of all impacted seam areas and
verify that the areas have been tested in accordance with the CQA
Plan and project specifications; and’

. verify that the Geomembrane Installer has marked repair areas with
the appropriate color-coded-marking-pencil.

3.2.4.5 Destructive Seam Testing

Destructive seam tests will be performed by the CQC Agency at locations and a
frequency in accordance with the project specifications. The CQA Consultant will
perform conformance tests on a minimum of 10% of the CQC destructive seam test
samples obtained. Additional destructive seam tests may be required at the CQA
Consultant's discretion. Selection of such locations may be prompted by suspicion

of contamination, excessive grinding. offcenter and/or offset seams, or any other
potential cause of imperfect seaming.

3.2.4.5.1 Geosynthetics Construction Quality Assurance Laboratory Testing

Destructive test samples will be packaged and shipped by the CQA Consultant in a
manner that will not damage the test sample. The Project Manager will be
responsible for storing the archive samples. These procedures will be fully outlined
at the Resolution Meeting, Section 1.7. Test samples will be tested by the
Geosynthetics CQA Laboratory. ’

Conformance testing will include "Seam Strength" and “Peel Adhesion" (ASTM
D638 using one-inch strips and a strain rate of two inches per minute) in accordance
with ASTM D4437 and project specifications. All geomembrane destructive test

samples that fail to meet project specifications shall be saved and sent to the QA
Consultant for observation.

The Geosynthetics CQA Laboratory will provide preliminary test results no more
than 24 hours afier they receive the samples. The CQA Consultant will review
laboratory test results as soon as they become available.

32452 Defining Extent of Destructive Seam Test Failure

All defective seam test failures must be bounded by seam tests from which
destructive samples passing laboratory tests have been taken. The CQA Consultant

will document repair actions taken in conjunction with all destructive seam test
failures.
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3.2.5 Defects and Repairs

All seams and nonseam areas of the geomembrane will be examined by the CQC
Agency for identification of defects, holes, blisters, undispersed raw materials. and
any sign of contamination by foreign matter. Each suspected location. both in seam
and nonseam areas, will be nondestructively tested using methods in accordance with
the project specifications. Each location which fails the nondestructive testing will
be marked by the CQC Agency and repaired by the Geomembrane Installer, Repair
procedures will be in accordance with project specifications or procedures agreed 1o
by the Project Manager in the preconstruction -meeting. -The CQA -Consultant will
observe all repair procedures and advise the Project Manager of any problems.

3.2.6 Backfilling of Anchor Trench

Anchor trenches will be will be backfilled and compacted as outlined in the project
specifications. The CQA Consultant will review the backfilling operation and advise
the Project Manager of any problems.

3.2.7 Liner System Acceptance

The Geomembrane Installer and the Geosynthetic Manufacturers will retain all

ownership and responsibility for the geosynthetics in the landfil] cell unti] acceptance
by the Owner.

The geomembrane component of the liner system will be accepted by the Owner
when:

. the installation is finished:;

. verification of the adequacy of all seams and repairs, including
associated testing, is complete;

. - CQC Agency provides the CQA Consultant and Project Manager
with a final copy of the nondestructive test documentation, repair
information. and as-built drawings.

. CQA Consultant fumishes the Project Manager with certification that
the geomembrane was installed in accordance with the Geosynthetic
Manufacturer's recommendations as well as the Plans and project
specifications;

. all documentation of installation is completed including the CQA
Consultant's final report; and

. certification by the CQA Consultant, including Record Drawing(s),
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sealed by a Professional Engineer registered in the state in which the
project is located. has been received by the Project Manger.

The CQA Consultant will certify that the installation has proceeded in accordance
with this CQA Plan and the project specifications for the project except as noted to
the Project Manager.

3.2.8 Materials in Contact with Geomembhranes

The quality assurance procedures indicated in this-Subsection-are-only-intended to
assure that the installation of these materials does not damage the geomembrane.
Although protective geosynthetics and geotextiles have been mncorporated into the
liner system, all reasonable measures to protect the geomembrane and provide
additional quality assurance procedures are necessary to assure that systems built
with these materials will be constructed to ensure proper performance.

3.2.8.1 Soils

Prior to placement, the CQA Consultant will visually confirm that all soil materials
to be placed against the geomembrane comply with project specifications. The
Geomembrane Installer will provide the CQA Consultant a written surface
acceptance certificate in accordance with Section 3.2. 1. All soil materials shall be
placed and compacted in accordance with project specifications.

3.2.8.2 Sumps and Appurtenances

The CQA Consultant will.verify that:

. installation of the geomembrane in appurtenance areas, and

connection of the geomembrane to appurtenances have been made
according to the project specifications;

. extreme care 1s taken while seaming around appurtenances since
neither nondestructive nor destructive testing may be feasible in these
areas;

. the geomembrane has not been visibly damaged while making

connections to appurtenances;

. The 1installation of the geomembrane shall be exercised so as not to
damage sumps; and

. the CQA Consultant will inform the Project Manager if the above
conditions are not fulfilled.
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SECTION 4.0
LCR CONSTRUCTION QUALITY ASSURANCE

41 INTRODUCTION

This section of the CQA plan addresses the sand and gravel drains, and the soil buffer laver
of the LCR system. By reference to Sections 5.0 and 6.0 of this CQA Plan, this section also
addresses the perforated plastic pipes and geotextile filters and cushions that are included
in the LCR system. This section outlines the CQA-program to be-implemented with regard
to materials confirmation, laboratory and field test requirements, overview and interfacing
with the Contractor's CQC Program. and resolution of problems.

42  GRANULAR LEACHATE COLLECTION SYSTEM
4.2.1 Protective Cover (Leachate Collection Layer) Material

The LCR layer shall be placed and compacted in accordance with the project
specifications. The CQC Agency will provide gradation and density testing of the
granular material at the frequency specified in the project specifications. The CQA
Consultant will observe that placement of the granular material is done in a manner
to protect the geomembrane, and review the gradation and density test data provided
by the CQC Agency. The CQA Consultant may conduct confirmation gradation and
density testing as deemed appropriate.

4.2.2 Sump and LCR Pipe Drain Material

The drain material placed in the sumps and surrounding the LCR drainage pipe shall
be placed in accordance with the project specifications. The CQC Agency will
provide gradation and mineralogical testing of the gravel material at the frequency
specified in the project specifications. The CQA Consultant will observe that
placement of the gravel is done in a manner to protect the geomembrane and plastic
pipe and review the gradation and density test data provided by the CQC Agency.

The CQA Consultant may conduct confirmation gradation and additional testing as
deemed appropriate.

4.3 RELATED MATERIALS
4.3.1 Geotextile Cushion and Filter Material

The geotextile cushion placed beneath the gravel drain matenial, and the geotextile
filter placed between the sand drainage layer and the soil buffer layer shall be placed

in accordance with project specifications. The CQA program for these materials is
presented in Section 5.0 of this CQA Plan.
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4.3.2 High Density Polyethylene (HDPE) Pipe Material

The perforated HDPE pipe placed within the gravel drain material shall be placed in
accordance with project specifications. The CQA program for this material is
presented in Section 6.0 of this CQA Plan.

4.3.3 Soil Buffer Layer Material

The soil buffer layer material shall be placed and compacted in accordance with
project specifications. The CQC Agency -will provide-classifieation testing of the -
material at the frequency specified in the project specifications. The CQA
Consultant will observe that the placement of the soil buffer is done in a manner to
protect the filter geotextile and review the classification data provided by the CQC

Agency. The CQA Consultant may conduct confirmation classification testing as
deemed appropriate.

44  MATERIALS TESTING

4.4.1 Test Methods

All testing used to evaluate the suitability or conformance of LCR materials will be
carried out in accordance with the project specifications.

4.4.2 Material Testing Requirements

The material CQC testing must comply with the minimum frequencies presented in
the project specifications. The frequency of CQA testing will be determined by the

CQA Consultant in light of the potential variability of the materials and the
acceptance/failure rate of the CQC testing. ’

45 LCR CONSTRUCTION QUALITY ASSURANCE

CQA will be performed on all components of the LCR system construction. CQA evaluation
will consist of: (1) monitoring the work and observing the CQC testing, and (2) performing
laboratory and field conformance tests. Laboratory CQA conformance tests will be
conducted on samples taken at the borrow source, stockpile, and during the course of work

prior to construction. Field conformance tests will be conducted during the course of the
work.

4.3.1 Monitoring

The CQA Consultant shall monitor and document the construction of all LCR

components. Monitoring the construction work for the natural materials of the LCR
system includes the following: '
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. reviewing CQC testing for gradation and other physical properties of
the natural materials and compilation of the data;

. monitoring the minimum vertical buffer maintained between field
equipment and the geomembrane: and

. monitoring the placement of the natural materials does not fold or
damage the geomembrane in any way.

4.5.2 Deficiencies

If a defect is discovered in the earthwork product, the CQC Agency will immediately
determnine the extent and nature of the defect and report it to the CQA Consultant,
If the defect is indicated by an unsatisfactory test result, the CQC Agency will
determine the extent of the deficient area by additional tests, observations. a review
of records, or other means that the CQA Consultant deems appropriate.

4.5.2.1 Notification

After determining the extent and nature of a defect, the CQC Agency will notify the
Project Manager and Contractor and schedule appropriate retests when the work
deficiency is corrected. The CQA Consultant shall observe all retests on defects.

4.52.2 Repairs and Retesting

The Contractor will correct the deficiency to the satisfaction of the CQA Consultant.
If a project specification criterion cannot he met, or unusual weather conditions
hinder work, then the CQC Agency will develop and present to the Project Manager
suggested solutions for his approval.

All retests recommended by the CQC Agency must verify that the defect has been
corrected before any additional work is performed by the Contractor in the area of
the deficiency. The CQA Consultant will verify that all installation requirements are
met and that all submittals are provided.

4.5.2.3 Penalties

Refer to Specification Section 02775.
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5.1

52

5.3

54

5.5

SECTION 5.0
GEOTEXTILE MATERIAL AND INSTALLATION
QUALITY ASSURANCE

MANUFACTURING

The Contractor will provide the CQA Consultant with a list of guaranteed minimum average
roll value" properties (as defined by the Federal Highway Administration), for the type of
geotextile to be delivered. The Contractor will-also provide the -CQA -Gonsultant with a
writien certification from the Geotextile Manufacturer that the materials actually delivered

have "minimum average roll value" properties which meet or exceed all property values
guaranteed for that type of geatextile.

The CQA Consultant will examine all manufacturer certifications to ensure that the property
values listed on the certifications meet or exceed those specified for the particular type of
geotextile. Any deviations will be reported to the Project Manager.

The inspection methods, handling techniques, and property values identified in this section
for the filter geotextile shall also apply to geotextile portion of the geocomposite drain which
will be heat bonded to the geonet (see Section 7.0 for more detail).

LABELING

The Geotextile Manufacturer will identify all rolls of geotextile in conformance with the
project specifications. The CQA Consultant will examine rolls upon delivery and any
deviation from the above requirements will be reported to the Project Manager. '

SHIPMENT AND STORAGE

During shipment and storage, the geotextile will be protected as required by manufacturer’s
recommendations and the project specifications. The CQA Consultant will observe rolls

upon delivery at the site and any deviation from the above requirements will be reported to
the Project Manager.

HANDLING AND PLACEMENT

The Geosynthetic Installer will handle all geotextiles in such a manner as required by the

project specifications. Any noncompliance will be noted by the CQA Consultant and
reported to the Project Manager.

SEAMS AND OVERLAPS

All geotextiles will be seamed or overlapped in accordance with project specifications or
as approved by the CQA Consultant and Engineer.
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5.6 REPAIR

Any holes or tears in the geotextile will be repaired in accordance with the project
specifications. The CQA Consultant will observe any repair and note any noncompliance
with the above requirements and report them to the Project Manager.

5.7 PLACEMENT AND MATERIALS

All soil materials located on top of a geotextile shall be placed in accordance with the project

specifications. Any noncompliance will be noted by-the-GQA-Consultant and reported to
the Project Manager. _
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SECTION 6.0°
HIGH DENSITY POLYETHYLENE MANHOLES, PIPE AND FITTINGS
CONSTRUCTION QUALITY ASSURANCE

6.1 MATERIAL REQUIREMENTS

All HDPE manholes, pipe, and fittings shall be produced in accordance with the project
specifications. : . :

6.2 MANUFACTURER

Prior to the installation of HDPE manholes or pipes, the Manufacturer will provide to the
Contractor and the CQA Consultant the following:

. a properties sheet including, at a minimum, all specified properties,
measured using test methods indicated in the project technical
specifications;

. a list of quantities and descriptions of materials other than the base

resin which comprise the pipe;

. the sampling procedure and results of testing; and
. a certification by the HDPE Pipe Manufacturer that values given in
“the properties sheet are minimum vatues and are guaranteed by the
HDPE Pipe Manufacturer.

The CQA Consultant will review these documents and verify that:

. the property values certified by the HDPE Pipe Manufacturer meet
all of the project technical specifications; and

. the measurements of properties by the HDPE Pipe Manufacturer are
properly documented and that the test methods used are acceptable.

. Report any discrepancies with the above requirements to the Project
Manager.

6.2.1 Verification and Identification

Prior to shipment, the Contractor will provide the Project Manager and the CQA
Consultant with a quality control certification for each lot/batch of HDPE pipe
provided. The quality control certificate will be signed by a responsible party
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employed by the HDPE Pipe Manufacturer, such as the Production Manger. The
quality control certificate will include:

. lot/batch number and ide_ntiﬁcation; and
. sampling procedures and results of quality control tests.
The CQA Consultant will:
. verify that the quality control certificates have- been-previded at the

specified frequency for all lots/batches of pipe, and that each
certificate identifies the pipe lot/batch related to it; and

. review the quality control certificates and verify that the certified
properties meet the project technical specifications.

6.3  NONDESTRUCTIVE TESTING

6.3.1

Nondestructive Testing of Joints and Penetrations

All nonperforated HDPE joints and where the piping system penetrdtes the
geomembrane must be nondestructively tested. Pipe joints will be tested using the

pressure test as provided in the project technical specifications. Other nondestructive
test methods may be used only when:

* - the Geosynthetic Installer can prove its effectiveness:
- the method is approved by the Pipe Manufacturer; and
. the method is approved by the Engineer.

The Project Manager and the CQA Consultant will verify the effectiveness and
validity of the altemative test method.

The CQA Consultant will report any nonconformance of testing methods to the
Project Manager.
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7.1

7.2

7.3

7.4

7.5

SECTION 7.0
HDPE GEONET CONSTRUCTION QUALITY ASSURANCE

MATERIAL REQUIREMENTS

All HDPE geonet shall be produced in accordance with the project specifications.

MANUFACTURING

The Geonet Manufacturer will provide the Contractor and the CQC Agency with a written

certification, signed by a responsible party, that the peonets actually delivered have
properties which meet or exceed the guaranteed properties.

The CQA Consultant will examine all manufacturer's certifications to ensure that the
property values listed on the certifications meet or exceed the project specifications. Any
deviations will be reported to the Project Manager.

LABELING

The Geonet Manufacturer will identify all rolls of geonet in accordance with project
specifications. The CQA Consultant will examine rolls upon delivery and any deviation
from the above requirements will be reported to the Project Manager.

SHIPMENT AND STORAGE

Geonet cleanliness is essential to its performance; therefore, the shipping and storage of
geonet must be in accordance with the project specifications. The CQA Consultant will

examine rolls upon delivery and any deviation from the above requirements will be reported
to the Project Manager. :

The CQA Consultant will verify that geonets are free of dirt and dust just before installation.
The CQA Consultant will report the outcome of this verification to the Project Manager; and,

if the geonets are judged dirty or dusty, they will be washed by the Geonet Installer prior to
installation.

Washing operations will be observed by the CQA Consultant and improper washing
operations will be reported to the Project Manager.

HANDLING AND PLACEMENT

The Geonet Installer will handle all geonets in a manner in accordance with the project

specifications. The CQA Consultant will note any noncompliance and report it to the Project
Manager,
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7.6

7.7

7.8

STACKING AND JOINING

When several layers of geonets are stacked, care should be taken to ensure that stacked
geonets are placed in the same direction. A stacked geonet will never be laid in
perpendicular directions to the underlying geonet (uniess otherwise specified by the
Engineer). The CQA Consultant will observe the stacking of geonets and will note any
noncompliance and report it to the Project Manager.

Adjacent geonets will be joined according 1o construction drawings and project
specifications. The-CQA Consultant will note any noncompliance and-repert it 1o the Project
Manager. '

REPAIR

Any holes or tears in the geonet will be repaired in accordance with project specifications.
The CQA Consultant will observe any repair, note any noncompliance with the above
requirements, and report them to the Project Manager.

PLACEMENT OF SOIL MATERIALS

All soil materials placed over the geonet should be placed in accordance with project

. specifications so as to ensure:

. the geonet and underlying peomembrare are not damaged;

. minimal slippage of the geonet on the underlying geomembrane |
: occurs; and ' '

. no excess tensile stresses occur in the geonet.

Any noncompliance will be noted by the CQA Consultant and reported to the Project
Manager. :
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8.1

8.2

8.3

8.4

8.5

SECTION 8.0
GEOSYNTHETIC CLAY LINER (GCL) MATERIAL AND
INSTALLATION QUALITY ASSURANCE

MANUFACTURING

The Contractor will provide the CQA Consultant with a list of guaranteed “minimum
average roll value” properties (as defined by the Federal Highway Administration) for the
GCL 'to be delivered. The Contractor will also .provide the CQA Consultant with a
written certification from the GCL Manufacturer that the materials actually delivered have

“minimum average roll value™ properties which meet or exceed all property values
guaranteed for the GCL.

The CQA Consultant will examine all manufacturer certifications to determine if the

property values listed on the certifications meet or exceed those specified for the GCL.
Any deviations will be reported to the Engineer.

LABELING

The GCL Manufacturer will identify all rolls of GCL in conformance with the project
specifications. The CQA Consultant will examine rolls upon delivery and any deviation
from the above requirements will be reported to the Engineer.

SHIPMENT AND STORAGE

During sﬁipment and storage, the GCL will be protected as required by the project
specifications. The CQA Consultant will observe rolls upon delivery at the site and any
deviation from the above requirements will be reported to the Engineer.

HANDLING AND PLACEMENT

The Geosynthetic Installer will handle the GCL in such a manner as required by the

project specifications. Any noncompliance will be noted by the CQA Consultant and
reported to the Engineer.

SEAMS AND OVERLAPS

The GCL will be seamed or overlapped in accordance with project specifications or as
approved by the CQA Consultant and Engineer.
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8.6 REPAIR

Any holes or tears in the GCL will be repaired in accordance with the project
specifications. The CQA Consultant will observe any repair and note any noncompliance
with the above requirements and report them to the Engineer.

8.7 PLACEMENT AND MATERIALS
All soil materials located on top of the GCL shall be placed in accordance with the

project specifications. Any noncompiiance will he noted by the CQA Consultant and
reported to the Engineer.
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9.1

9.2

9.3

9.4

9.5

SECTION 9.6
SURVEYING CONSTRUCTION QUALITY CONTROL

INTRODUCTION

Surveying of lines and grades is conducted on an ongoing basis during construction of the
component liner and leachate collection systems. Close CQC of the surveyving is
absolutely essential to ensure that slopes are properly constructed. The surveying
conducted at the site shall be performed by the Contractor.

SURVEY CONTROL

Permanent benchmarks and baseline control points are to be established for the site at
locations convenient for daily tie-in. The vertical and horizontal controls for this
benchmark will be established within normal land surveying standards.

SURVEYING PERSONNEL

The Contractor’s survey crew will consist of a Senior Surveyor, and as many Surveying
CQC Monitors as are required to satisfactorily undertake the requirements for the work.

All Surveying CQC personnel will be experienced in the provision of these services,
including detailed, accurate documentation.

All surveying will be performed under the direct supervision of a Registered Professional
Engineer (PE) or Licensed Land Surveyor (PLS) licensed in the state in which the project
is located. The Licensed Land Surveyor may be the Senior Surveyor. ‘

PRECISION AND ACCURACY

. A wide variety of survey equipment is available to meet the requirements of this project.
- The survey instruments used for this work should be sufficiently precise and accurate to -

meet the needs of the project. All survey instruments should be capable of reading to a
precision of 0.01 foot and with a setting accuracy of 20 séconds. (5.6 x 107 deprees).

LINES AND GRADES

The following surfaces shall be surveyed to verify the lines and grades achieved during

construction. The survey should at least include (as deemed appropriate by the Engineer
and CQA Consultant):

D one or more construction baselines;

. a working grid with a sufficient number of benchmarks;

Construction Quality Assurance Plan Greensboro
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9.6

. surface of the subgrade;

. all existing structures;
. surface of the soil liner component;
. invert elevation of and location of leachate collection/header and force

main piping at each lateral intersection and endpoint. and every 30 feet
between the intersections and endpoints;

. mverts of sumps and manholes:

. surface of the leachate collection layer (protective cover);

. elevations of and locations of subcell berms:;

. top/toe of all perimeter berms, roads, and channels;

. location of edge of liner, tie-in seam to adjacent existing liner system (as
applicable);

. corners/intersections of all geosynthetic rolls or panels; and

. location of anchor trenches.

. All areas outside of the landfill unit graded.under this contract,

Laser planes are highly recommended for achieving the correct lines and grades during
construction of each surface.

FREQUENCY AND SPACING

All surveying will be carried out immediately upon completion of a given installation to
facilitate progress and avoid delaying commencement of the next installation. In addition,
spot checks, as determined by the Senior Surveyor, CQA Consultant, or Project Manager,

during construction may be necessary to assist the Contractor in complying with the
required grades.

The following spacings and locations will be provided by the CQC Surveyor, as a
minimum, for survey points: :

. surfaces with slopes less than 10 percent will be surveyed on a square grid
not wider than 100 feet; :

Construction Quality Assurance Plan
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SECTION 10.0
CONSTRUCTION QUALITY ASSURANCE DOCUMENTATION

16.1 DOCUMENTATION

An effective CQA plan depends largely on recognition of all construction activities that
should be monitored and on assigning responsibilities for the monitoring of each activity.
This is most effectively accomplished and verified by the documentation of quality
assurance activities. The CQA Consultant will document: that all quality assurance
requirements have been addressed and satisfied.

This CQA plan integrates the testing and inspection performed by the CQC Agency in
accordance with the project specifications with the CQA overview and conformance testing
performed by the CQA Consuliant, in accordance with this CQA Plan.

The CQA Consultant will provide the Project Manager with the CQC Agency's daily and
weekly reports including signed descriptive remarks, data sheets, and logs to verify that all
CQC meonitoring activities have been carried out. The CQA Consultant will also provide the
Project manager with a weekly report summarizing CQA activities and identifying potential
quality assurance problems. The CQA Consultant will also maintain at the job site a
complete file of Plans, Reports, project specifications, a CQA Plan, checklists, test
procedures, daily logs, and other pertinent documents.

10.2 RECORDKEEPING

The CQC Agency's reporting procedures will include preparation of a daily report which,
at a minimum, will consist of: a) field notes, including memoranda of meetings and/or
discussions with the Contractor; b) observation logs and testing data sheets; and c¢)
construction problem and solution data sheets. The daily report must be completed at the
end of each CQC Agency's shift, prior to leaving the site. This information will be submitted
weekly to and reviewed by the CQA Consultant.

The CQC Agency's weekly reports must summarize the major events that accurred during
that week. Critical problems that occur shall be communicated verbally to the Project
Manager or CQA Consultant immediately as well as being included in the weekly reports.

The CQC Agency's weekly report must be submitted to the CQA Consultant no later than
the Monday following the week reported.

The CQA Consultant's weekly report must summarize the CQC Agency's weekly and daily
reports, CQA conformance testing activities, construction problems that occurred, and the
resolution of construction problems. The CQA Consultant's weekly report should identify
all potential or actual compliance problems. outstanding. The CQA Consultant's weekly

report must be submitted to the Project Manager on the Wednesday following the week
reported.

Construction Quality Assurance Plan Greensboro
Section 10.0 Construction Quality Assurance Documentation 10.0-1



10.2.1 Memorandum of Discussion with CQC Agency or Geosynthetic Installer

A report will be prepared summarizing each discussion between the CQA Consultant
and the CQC Agency or Geosynthetic Installer. At a minimum. the report will
include the following information:

date, project name, location, and other identification;

“name of parties to discussion at the time;

relevant subject matter or issues;
activities planned and schedule; and

signature of the CQA Consultant.

10.2.2 CQA Observation Logs and Testing Data Sheets

CQA observation logs and conformance testing data sheets will be prepared by the

CQA Consultant on a weekly basis. Ata minimum, these logs and data sheets will
include the following information: :

an identifying sheet number for cross referencing and document
comntrol;

date, project name, location, and other identification;

data on weather conditions;

a reduced-scale Site Plan showing all proposed work areas and test
locations;

descriptions and locations of ongoing construction;

descriptions and specific locations of areas, or units, of work being
tested and/or observed and documented;

locations where tests and samples were taken;

a summary of test results;

calibrations or recalibrations of test equipment, and actions taken as
a result of recalibration;

Construction Quality Assurance Plan
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. off-site  materials received, including quality verification
documentation;

. decisions made regarding acceptance of units of work. and/or
corrective actions to be taken in instances of substandard quality: and

. the CQA Consultant's signature.
10.2.3 CQA Construction Problem and Solution Data Sheets
CQA sheets describing special construction situations will be cross-referenced with

specific CQA observation logs and testing data sheets, and must include the
following information, where available:

. an identifying sheet number for cross referencing and document
control;

. a detailed description of the situation or deficiency;

. the location and probable cause of the situation or deficiency;

. how and when the situation or deficiency was found or located;

* . documentation of the response to the situation or deficiency;

. final results of any responses;

. any meésures taken to prevent a similar situation from occurring in
the future; and

. the signature of the CQA Consultant, and signature of the Project

Manager indicating concurrence if required by this CQA Plan.

The Project Manager will be made aware of any significant recurring non-
conformance with the project specifications. The Project Manager will then
determine the cause of the non-conformance and recommend appropriate changes in
procedures or specification. When this type of evaluation is made, the results will
be documented, and any revision to procedures or project specifications will be
approved by the Owner and Engineer.

Construction Quality Assurance Plan , Greensboro
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10.3 CQA PHOTOGRAPHIC REPORTING DATA SHEETS

Photographic reporting data sheets. where used, will be cross-referenced with C QA
observation logs and testing data sheets and/or CQA construction problem and solution data
sheets. Photographs shall be taken at regular intervals during the construction process and
in all areas deemed critical.

These photographs will serve as a pictorial record of work progress. problems. and
mitigation activities. The basic file will contain color prints; negatives will also be stored
in a separate file in chronological order. These records will be presented 1o the Project
Manager upon completion of the project.

In lieu of photographic documentation. videotaping may be used to record work progress.
problems, and mitigation activities. The Project Manager may require that a portion of the
documentation be recorded by photographic means in conjunction with video taping.

10.4  DESIGN AND/OR PROJECT TECHNICAL SPECIFICATION CHANGES

Design and/or project specification changes may be required during construction. In such
cases, the CQA Consultant will notify the Project Manager and the Engineer. The Project
Manager will then notify the appropriate agency, if necessary.

Design and/or project specification changes will be made only with the written agreement
of the Project Manager and the Engineer, and will take the form of an addendum to the

project specifications. All design changes shall include a detail (if necessary) and state
which detail it replaces in the plans.

10.5 CQA PROGRESS REPORTS

The CQA Consultant will prepare a summary progress report each week, or at time intervals
established at the pre-construction meeting. As a minimum, this report will include the
following information; -

. a unique identifying sheet number for cross-referéncing and document
control;
. the date, project name, location, and other infqrmation;
. a summary of work activities during pfogress reporting period;
. a summary of construction situations, deficiencies, and/or defects occurring

during the progress reporting period;

a summary of all test results, failures and retests, and

. Construction Quality Assurance Plan Greenshoro
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. signature of the CQA Consultant.

10.6 SIGNATURE AND FINAL REPORT

At the completion of each major construction activity at the landfill unit. the CQA
Consultant will certify all required forms. observation logs, field and laboratory testing data
sheets including sample location plans. construction problems and solution data sheets. The
CQA Consultant will also provide a final report which will certify that the work has been
performed in compliance with the plans and project technical specifications. and that the
supporting-documents provide the necessary information.

The CQA Consultant will also provide summaries of all the data listed above with the report.
The Record Drawings will include scale drawings depicting the location of the construction
and details pertaining to the extent of construction (e.g., depths, plan dimensions, elevations.
soil component thicknesses, etc.). All surveying and base maps required for development of
the Record Drawings will be done by the Construction Surveyor. These documents will be
certified by the Contractor and CQC Agency and delivered to the CQA Consultant and
included as part of the CQA documentation (Certification) report.

It may be necessary to prepare interim certifications, as allowed by the regulatory agency
to expedite completion and review.

10.7 STORAGE OF RECORDS

‘All handwritten data sheet originals. especially those containing signatures, will be stored
by the Project Manager in a safe repository on site. Other reports may be stored by any

" standard method which' will allow for easy access. All written documents will become
property of the Owner, '
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NORTH CAROLINA NON-WARRANTY DEED

THIS DEED made this “Lfr’\) day of _Decu wln ey , 1997, by and between
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DUKE ENERGY CORPORATION, formerly CITY OF GREENSBORO et

DUKE POWER COMPANY, a North Carclina Post Office Box 3136

corporation, formerly a New Jersey Corporation Greensboro, NC 27402-3126

Attn: Property Management
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WITNESSETH, that Grantor, for valuable consideration paid by Grantee, the receipt of which is hereby
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éz_'fg_o_sboﬁﬂ_, Gilmer Township, Guilford County, North Carclina and more particularly described as
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the Utility Equipment and Improvements described on Exhibit B, which Exhibit B is altached hereto and
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ASSISTANT SECRETARY CERTIFICATE

I. Carel D. Denton. Assistant Secretary of Duke Enery Corporaticn, do hereby cenify
thai the following is a true and correct excerpt of a Resolution adopted February 27. 1995, by the
Managemem Committee of the Board of Director: of Duke Ererey Corporation, and that said
quoted Kesolution has not been reseinded or amended.

FURTHER RESOLVED, that cffective October 17, 1994, the Generul Manager of the
Reual Estate Division be and hereby is autharized (o exeeure iny contrict, lease, deed, or other
instrument relaring to real property without further action or approval by the Board of Direcrors
or this Committee when deemed by said General Manager th be necessary or desirable in the
operation of the Company's business, subject. however. 1o 3 monetary limit of $1,500.000.00
consideration or value in any single transaction, and 10 sxecute such documents in any such
transaction which is approved by a resolution of this Commiitee.

FURTHER RESOLVED, That the Secretary or pav Assistant Secretary be and hereby i
authorized to attest and affix the corporite seal 1o wny contracty, leases, deeds, or other
instruments sxecuted under authority of this resolution and iy execute any certificate thar may

be required to centify the incumbency and autaority cf the officer or manager executing such
documents.

[ further cenify that on Octoher §3, 1997, Larry G. Bost was the General Manager, Facility und
Real Estate Services, hereby by reason of holding said positien and bursuant ta the above quoted
Managemen: Commiitee's Resoluntion, had full autherity 1o represent and act on behalf of Duke
Energy Corporation with verpect 1o the conveyance of 1.1682 acres of land in Gilmer Tewnship,

Guilford County, Norihy Cuarolina, and to cxccuie an behalf of Duke Energy Corporation all
documents and instrumen:s relating in any way theeetg,

WITNESS iny hand and seal of said Company this 13 day of Qcraber, 1997,

» Assistant Secretary
SERL Z:
L3 ;
<
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¢849100



Exhibit A
to Norih Caroliza Non Wamanty Jecd from
Duke Energy Corporaiion
o
City of Greensboro

All that tract or parcel uf land in the County of Guilford and State of Nerth Curolina, in Gilmes
Township, adjoining the lands o others and bounded as follows:

BEGINNING at the center of the Duke Power right-of-way, a comer with James H. Neal and
the Trect he sold to the City of Greensboro, and running thence with ais line South 69-14-30
East 56.85 feet to the City'> southwest corner; thence with their sourh line South 83-39 East
401.68 feet to an iron pipe; thence with Mildred F. Lewis’ west line North 02-23 ast 149.49
feet to 2 point on the north line of Duke Power's right-of-way; thence with the line of the
right-of-way south 84-02-20 West 425.87 fect to a poini; thence Sowh 09-14-30 E.st 40.07
feet to the point of BEGINNING containing 1.162 acres and being all of the property
. conveyed to Grantor by the City of Greensboro, North Carolina by deed record<d in the
Office of Register of Deeds of Guilford County, North Careling in Book 1848, Page 139.

Tor further reference see Drawing PW364<% on file with the City of Greensboro, Engineering
and inspections Department,
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land (“Grentee's Adjacent Land™),
accommodate Grantee in
salid .aste facility. Grantor operates An clectric substatisn upon the
righs, privileges and easemants contained herein for its benefit in ordes

clectric substation. In consideraton of the foregoing and other velunble
agree as follows:

1.

LR
ﬁ-u. F_’
s

P35

Exhibit B
to North Caroling Non Werranty De=d fiom
Duke Energy Corporation
to
City of Greensbo-r,

Grantee is the owner and operator of a municipal solic waste facilitv an Grantee's edjacent
Grantor is cxeciming the deed at Grantes's request to
meelng legal requirements irnposed on the cpention of the municipal
Property and must reserve the
to continue to operate the
coasideration, the parties

Grantor reserves wito itself, its successar: and assigns, a penmenent exclusive
right, privilegsa and eassment over, upon, acrass and under the Froperty (the "Easement™)
(during the pendency of which Grantar shall have the exclusive right to enter upon and use

the Property) for the consmuction, maintcnacce, operation, repair, affixing, r=mowvel,

replacement nnd use of abovegrorad, surface level and underground electric ar natural EBS

Bpperatus, tywers, poles, wirss, conduits, appliances, pipes, lines, culverts, clectric or noturml
EsS equipment, transformers, substations, fencing, tzlzcommunications edquipment, personal
property, fixtures and ather related improvemsnts (whether or not affixed to the Property)
now or hereafter placed upon the Property (all of which is collectively called the “Uiliny
Equipment and Improvements™) used or uzefu in the production, transmitting and/or
distributon of rlectricity and/or natursl 813 andvar the operation of tzlecommunication
system(s) for so long as Grantor needs or desires fo use the Property for such purpases,
Grantor reserves unto itsslf, its sucesssars and assigns, all right, ttl= and igterest in and to
the Uzilisy Equipment and Improvements including the nght to remnave any or all of the
Utility Equipment and Improvements at any time. Grantor may ermirats this Enscment ot
any time upon written;notic= 10 Grantec,

LUiza. Grantor shall usc and occupy the Property for the purposes set forth above and no other
DUrposcs except with the mutnal written consent o the zartes nsrsto. In o cvent shall the
Property or eny part thereof be uszd for any puipose constuling a nuisuncs or in any
manner which is in viclation of gresent or futu-e lews or ptvermment regulations.

Mroinisrnapeg, Grantor shall, at its ocwn expense, keep
Equipment and Improvements thereon in good and s
necessary repaira and replacemcents to the Property.

the Property and all the Utrility
afc condition and shall make all

Indematfication. Grontor shall indemnify Grantes and ga
and all’ claims, actions, damages, linbilir;
cornection with the loss of life, personal injury

ve it hormless fom and against any
and expensa, including stiorneys fees in

act or emission of Grantor, its
agents, contraclars, emplovees, Invitees, visitora, or servants.  Likewise, Grantea shall
indemnify Grantor and sove it harmless from and against any and nll claims, actions,

Jdamages, liability and cxpense, including attoreys fres, including but not limited to, any

claims under CERCLA, in connection with the loss of life, persanal injury und/or damage

to property, inciluding, but not limited ta, damage to the Property, from or out of any

occurrence in, upon, under or at Granee's Adjeeant Land or the occupancy or use by

Grantee of the Grantee's Adjacent Land or any parst thereof, or acensioned wholly orin part
by any act or umission of Gruntee, {ts ageate, conoactars, cmployeess, invitees, visitors, or
servants., In case either party withewut fault on its part, is mads a pasty to B0y litigation
commenced by or against the ather party, then the other party shall protect and hald harmiess
and shall pay ull cost, expenses and reesonnble attorney's fees incurred ar paid by the party

without fault in conn=ction witls suck ligetivn, Each party shall also pay alf cost, £xXpenses
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and reasonable ettomey's Szes that may bs incumed by the other ferty in successfully
enforcing the covenants and sgreements in this deed.

Fnvimonment. Grantor agrees not to discharge. or allow 1o be discharoed upon the Property,
pny regulated contnminant in the environmens:, soil or ground water of the Enseme.".. In the
event of any such discharge of contaminsiion either, accidratally or intendonally, Graotor
shall irnmediately report the discharge o the Graoree and other proper authoritics os requirsd
by law and the nffected land shall be remedioted, cither actively or passively as allawed, by
Grantor in accordance with applicable law. Grantse agrees not 1o discharge, or allow to be
diacharged on ths sement from Grarteo's Adjecent Land or from the Property, any
contaminant in the environment, soil or ground warer. In the event of any such discharge
o contaminstian either, accidentaily or intentionally, Grantee shall immediately report the
discharge to Grantor and other proper authiorities as required by [sw and the affected land
<hall be remodiatad, cither actively or passively as ailawed, by Grantee in accordancs with
appliceble law.

Asls. Exceptas specifically providad herein, the Property is sold AS IS without covenant,
representation or warranty of any ldnd, including without liruitetion, the environmegtal
condition of the Property. Grontea acknowledges that Graatee has had arnple opportunity
10 inspect and hay inspected the Property and has determined the condition of the Property.
Grantes has satisfed itself thet the cendition of the Property, including without Limitation,
the environmental condition of the Propesty is satizfactory to Grantce. The Property is
conclusively presumed to be without environmental contemminstion as of the date of this deed
2nd Grantee shzll indemnify and save Grantor harmiess from and against any and all claims,
actions, dnmeges, lability and expense, including reasonable attorms=ys fces, in connection
with the post, preseat and/or future presence of any hazerdous waste, hazsrdous substances
and/or other waste ar contamination {including groundwsater contamination) on the Property,
excopt 23 specifically provided herein. Grantor represents, as of the daic of tais deed, that
Grontor neither kaovss of, nor bas been advised of, any legal ot adrninistrative proceedings,
=laims or alizcged claims, viclations or alleged vialstions, iafactions or alleged Infractons
of any law, rules or regulations relating to the anvironmentnsl conditdon of the Property end
Grantar has no Imowledge vuat any hazardous wastes oI hazardous substances have been
brought upon and/or discharged upon the Property by Granror. Grentor shall indemnify and
Mold Gruntee harmless fom and against any end all claims, actions, dnmages, liability and
sxpense, including reasonable atterueys fez in conn=ctian with any past, present or future
Lamnrdous waste or hazirdous substaoce as tc which it is established by clear and convineing
svidence was brought upon and/or discharged wpon Gie Praperty by Grantor.

Notices. All notces required hereunder shall be in writing by regisiered mail, to the
following addresses:

Duke Enesgy Corporation

4322 Soutlk Church Street
Charlortte, North Caroline 28242
Atur: W, Wallaes Gregory, I,

City of Greenabnero

Post DOffice Box 2136

Greenaboro, Nanh Cerolina 27202-31343
Attn: Property Manzagemenl

Entire Apreemeyl. This decd contains the ontre agreement gnd understanding between the
rarties as to the Prop-rty and the Essament. There are no oml! understandings, terms, or
conditions, and npither party has melied upon any represcntation, eXpress oo implicd, not
contain~d in this deed. All.pnar understandings. terms, and conditions are deemed mesged
in this deed. This dzed shall pot be changed orally, but only upon an agreement in writing
and signed by the party against wham =nfomcemeant or oV waiver, change, modification, or
discharge is sought :

wrha.CL 335027




9. Bipding Effect. Tios rights ~nd obligations contained in this deed shall inure to the benefit
and be binding upon tha pa1acs, their successors and assigns.
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Appendix G

VOLUME CALCULATIONS






aroject: gboro9?

New ghoro project to replace corrupted

page 1

Wed Oct 046 17:05:33 1999

Site Volume Table: Unadjusted

Cut Fill Net
yards yards yards Method
Jite: cell123
Stratum: vol13 123-r 3217
1] 6660855 64660855 (F) End area
0 6524601 6524601 (F) Prismoidal -
Stratum: vol1? 123-r cell3
15 5573814 5573800 (F) Prismoidal
15 5494280 5494265 (F) End area
Stratum: volid b11-6 123-r ’
25849 16221 94627 (C) End area
25642 16075 9568 (C) Prismoidal
stratum: val18 123-r &4-1 ;
136 5644843 5644707 (F) End area ccY3 9957 ﬂ;rm'l' /}f‘,j
188 5643476 5643288 (F) Prismoidal “3 . /
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