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1. INTRODUCTION

The Salzburg Hazardous Waste Landfill (SLF) is located in Midland, Michigan and is owned and
operated by The Dow Chemical Company (Dow).  The SLF is currently licensed under the
provisions of Part 111, Hazardous Waste Management, of the Natural Resources and
Environmental Protection Act, 1994 PA 451, as amended (Part 111) for the operation of a
hazardous waste landfill.  The facility provides disposal services for hazardous solid wastes from
Dow.  The landfill consists of ten closed units, two open units, and three future units not yet
constructed.  The closed units are as follows:

· Cells 1 – 2
· Cells 3 – 5
· Cells 6 – 8
· Cells 9 – 10
· Cells 11 – 12
· Cells 13 – 14
· Cells 15 – 16
· Cells 17 – 19
· Cells 38 – 39
· Cells 40 – 43

The open units consist of the following:

· Cells 20 – 22 (intermediate cover in place)
· Cells 23 – 26 (currently receiving waste)

The future units consist of the following:

· Cells 27 – 28
· Cells 30 – 37
· Cells 44 – 53

Cells 20 – 22 underwent an approved vertical expansion in 2009.  This expansion increased the
final waste grades from elevation 643.6 feet to 650.3 feet, and increased the slope of the top of
the  landfill  from  1%  to  2%.   The  revised  designed  waste  capacity  of  Cells  20  –  22  was
approximately 271,800 cubic yards.  Cells 20 – 22 received their final waste volume in
December, 2015.  An intermediate cover was installed in December, 2015 to prevent erosion of
the daily cover and manage storm water in the interim period prior to final closure.

1.1 PROJECT DESCRIPTION

Since Cells 20 – 22 have received their final volume of waste in December, 2015, final closure
must commence in accordance with Part 111 Rules R299.9613 and R299.9619(6).  This project
entails the design of the final closure system for Cells 20 – 22.
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Existing site features, utility location, topographic mapping, and survey information have been
provided by Dow.  This information is based upon ground surveys conducted by Wade-Trim and
AECOM in November and December, 2015.  While this information is assumed to be the best
available for the site, additional ground survey of current site conditions may be necessary to
verify existing conditions.

The design will meet requirements found in Part 111 Rule R299.9619(6) with the exception of
one condition.  The excepted condition is the decrease in slope from the required 4% per
R299.9619(6)(a)(iv) to 2% that was previously approved with the vertical expansion in 2009 and
will be held in the current design.

Additionally, this design requests an approval for an alternate final cover design which is
allowed per Rule R299.9619(7).  The proposed alternate design is the elimination of the
compacted clay liner component per R299.9619(6)(a)(i) and replaced with two (2) layers of
geosynthetic clay liner (GCL).  Equivalent environmental protection is demonstrated in this
design and the supporting analyses are provided as an attachment to this Report.

The following sections provide discussion of the engineering design of the final cover system.
The Engineering Plan Set is included as Appendix A to this Report.
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2. FINAL COVER DESIGN

The Cells  20 – 22 will  be covered by a final  cover system as described below.  The final  cover
grading plan is shown within the attached Engineering Plan Set.  The final contours consist of
two  percent  grades  on  the  top  areas,  and  4:1  grades  on  the  side  slope  areas  within  the
expansion area.  The proposed final grades will effectively promote runoff from the top and
side  slopes  of  the  final  cover  to  prevent  ponding  of  water  on  top  of  the  final  cover  system.
These final grades will be capable of supporting vegetation to minimize erosion, site infiltration
and site maintenance.

Establishment of vegetative growth will minimize wind and water erosion of the final protective
cover.  Vegetative growth established in diversion berms also aids in minimizing erosion.  The
seed mixture will consist of a diverse mix of native and introduced species consistent with the
post closure land use.  This seed mix will be compatible with local climatic conditions and will
be self-sufficient type of vegetation that will require little maintenance. Upon completion of
seeding, areas shall be adequately mulched with straw to retain moisture.  Erosion control such
as netting, soil stabilization, etc. shall also be provided where needed to minimize erosion of
soils.

Vegetation stress caused by landfill gas is not anticipated, as the composite cover (specifically
the two layers of GCL and geomembrane) should prevent outward gas migration; therefore, the
vegetation will not be affected by landfill gas.  Nevertheless, a landfill gas management system
comprised of two gas vent trenches approximately 18-inch deep by 24-inch wide trench, cut
through the foundation layer and into the daily-cover material for the approximate full length
of  the cell  will  be installed.  The trench is  filled with pea stone to collect  any gas generated.  A
vent pipe fabricated from 4-inch SDR-11 HDPE pipe is installed at the highest elevation of the
trench. The bottom of the vent pipe is embedded in the pea stone, and the pipe extends
upward through the other cap layers to a minimum of two (2) feet above the top of cap
elevation. A HDPE water stop is welded to the vent pipe exterior and embedded in the cover
soil layer to prohibit storm water infiltration. The geomembrane is also welded to the vent pipe
for this reason.

The final cover is designed to minimize surface water infiltration (thus minimizing leachate
generation), support vegetation, and minimize the effects of changes in climate and to provide
an aesthetically acceptable final surface.  The selected final cover system consists of a low
permeability layer and final protective layer.  The permitted final cover system configuration for
Cells 20 – 22 consists of the following components, from top to bottom:

· 6-inch Topsoil Layer
· 18-inch Protective Soil Layer
· Single bonded (2% slopes) or double bonded (side slopes) Geocomposite Drainage Layer
· 40 mil LLDPE Geomembrane
· 2 layers GCL
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· 12-inch Foundation Soil Layer
The 12-inch Foundation Soil Layer will be constructed out of the existing Intermediate Cover
soil that was installed in December 2015.  This soil layer will require that approximately 3-
inches or more Intermediate Cover soil be removed to build to the lines and grades shown on
the drawings.  Since the Intermediate Cover soil was installed at approximately 82%
compaction, based on Modified Proctor (ASTM D-1598), the soil will require compaction to
meet the project specifications.  If upon removal of the upper 3-inches of Intermediate Cover
soil the materials are excessively wet or unstable then the soils will be scarified, dried and
compacted, or removed and replaced with soil materials that meet the project specifications.

Each of the final cover system components will be installed as required by the facility’s
Construction Quality Assurance (CQA) Plan, included as a separate Attachment to this Report.
A complete discussion of final cover for the entire facility is included in the Closure and Post-
Closure Care Plans, Attachment 6 of the Hazardous Waste Management Facility Operating
License issued September 25, 2015.

2.1 FINAL COVER STABILITY

A stability analysis was performed to demonstrate the stability of the proposed final cover
system pursuant to Rule 299.9505(d)(iii), which states the slope stability analysis must calculate
final cover stability and long-term post closure stability.  The analysis is performed by use of
force equilibrium to balance the driving forces due to gravity pulling on the cover soils and the
resistance to sliding due to friction between the underlying subsurface and cover material as
presented by Koerner and Soong (Koerner and Soong, 2005).  The analysis is provided in
Appendix C of this report and presents calculations of the factor of safety against sliding for all
critical interfaces under various conditions.  The critical interfaces analyzed include the
following:

· Protective Soil Layer/Geocomposite Drainage Layer
· Geocomposite Drainage Layer/Textured LLDPE Geomembrane
· Textured LLDPE Geomembrane/GCL
· GCL/GCL
· GCL/Foundation Soil Layer

The analyses indicate that acceptable factors of safety against sliding are present for all
conditions based on the laboratory results of the peak interface shear strength for the materials
being proposed. Additionally, the critical interface between the Protective Soil
Layer/Geocomposite Drainage Layer, which demonstrated the lowest peak interface shear
strength result, was analyzed simulating an outside force acting on the cap which causes post-
peak strength to be mobilized.  In this case an acceptable factor of safety against sliding is
present under residual/large displacement condition.  Based on the results of the analyses, the
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proposed final cover configuration was determined to be stable using the materials proposed in
the project specifications for all conditions evaluated.

2.2 EQUIVALENT ENVIRONMENTAL PROTECTION

Dow is proposing an alternative final cover design as allowed under Rule R299.9619(7) of Part
111.  Rule R299.9619(6)(a)(i) requires a minimum of 90 centimeters (approximately 3 feet) of
compacted  clay  soil  with  a  permeability  less  than  1x10-7 cm/sec.  Dow previously requested,
and was granted conditional approval for, an alternative final cover design which included a
single  layer  of  GCL  overlying  12-inches  of  compacted  clay  liner  (CCL).   This  proposed  design
incorporates two (2) layers of GCL in lieu of the 90 centimeter layer of CCL.  The proposed final
cover design is as follows from top to bottom:

· 6-inch Topsoil Layer
· 18-inch Protective Soil Layer
· Single bonded (2% slopes) or double bonded (side slopes) Geocomposite Drainage Layer
· 40 mil LLDPE Geomembrane
· 2 layers GCL
· 12-inch Foundation Soil Layer

In order to satisfy the design requirements specified in Rule R299.9619(6)(a)(i) Dow must
demonstrate  that  the  proposed  final  cover  system  is  at  least  as  protective  against  leakage
through the final  cover as  90 centimeters  of  CCL with a permeability  less  than 1x10-7 cm/sec.
Additionally, the horizontal hydraulic conductivity of the overlapping seams of adjacent GCL
panels must be measured and compared against the vertical hydraulic conductivity of the GCL
panel itself. These results are provided in Appendix D of this Report.

The equivalent environmental protection analysis was performed by first measuring the
horizontal seam permeability and vertical permeability of representative samples of GCL
proposed for the final cover.  The results of these tests indicated a horizontal seam
permeability of 6.02x10-10 cm/sec and a vertical permeability of 3.41x10-10 cm/sec.  Both of
these results exceeded the vertical permeability value published by the manufacturer of the
GCL materials used in this analysis which was 5.0x10-9 cm/sec. For the purposes of completing
the equivalent environmental protection demonstration the more conservative, published
value, of the GCL permeability was utilized.

The leakage rate through the final cover was then estimated under different head conditions
for both the CCL and the two layers of GCL using an equation developed by J.P. Giroud (Giroud,
1997).  The first condition assumed that the head on the composite liner system was contained
within the thickness of the overlying geocomposite drainage layer.  The second condition
assumed that the head had built up to 1 foot over the composite liner system.  Once the
leakage  rates  were  calculated  a  comparison  was  made  to  determine  if  the  two  layers  of  GCL
were  at  least  as  protective  as  the  90  centimeters  of  CCL.   Under  the  first  condition  the  two
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layers of GCL were seven (7) times more protective than 90 centimeters of CCL.  Under the
second condition the two layers of GCL were more than three (3) times more protective than 90
centimeters of CCL.  Therefore, the two layers of GCL are substantially more protective against
leakage through the final cover system than the thickness of 90 centimeters of CCL as
prescribed under Rule R299.9619(6)(a)(i) of Part 111. The results of the equivalent
environmental protection analyses are provided in Appendix D of this Report.

2.3 SOIL EROSION AND SEDIMENTATION CONTROL

Permanent diversion berms along the east, west and south side slopes of Cells 20 – 22 will  be
installed upon placement of the final cover system as a means of controlling and diverting
storm water runoff from the landfill.  In addition, each site area will be seeded upon the
completion of final cover placement in accordance with the plans and specifications.  Straw
mulch blankets will be placed to protect the seed against erosive velocities, allowing the grass
seed sufficient time to germinate.  A soil loss demonstration for the erosion layer is described
below.

According to Part 111, R299.9619(6)(b), the proposed landfill final cover design must limit
erosion to less than 2 tons/acre-year of soil erosion based on the Universal Soil Loss Equation.
For  the  purposes  of  the  evaluation,  the  Revised  Universal  Soil  Loss  Equation  (RUSLE)  was
utilized.  The calculation is provided in Appendix E.  Results of these calculations are
summarized in Table 1 below:

Table 1 - Final Cover Soil Loss

Soil Loss

(tons/acre-year)
R factor C factor K factor

Slope
Length

(ft)

Slope

(%)
Slope
Factor LS Factor

0.91 90 0.014 0.2 91 25 2.95 3.61

Based on the analyses soil loss is estimated to be less than 2 tons/acre-year as required in Part
111.  Therefore, no additional diversion berms are necessary to reduce slope length and
erosion.

During site development, Best Management Practices (BMPs) will be employed to control
erosion.   BMPs  may  include  the  use  of  temporary  rock  rip  rap,  silt  fences,  straw  bales,  check
dams, interceptor swales and berms, temporary and permanent seeding and sodding, surface
roughening, matting and mulching, sediment traps, and surface wetting for dust control.

2.4 FINAL COVER DRAINAGE LAYER

The final cover drainage layer consists of a single bonded geocomposite drainage material
(GDM) on the 2% slopes and a double bonded GDM on the steeper side slopes. As discussed in
Section 2.1 of this report, the critical interface of the final cover stability analysis was between
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the protective soil layer and GDM on the steeper side slopes.  The primary destabilization
mechanism is the excessive head buildup in the drainage layer.  In order to ensure that the
steeper side slopes do not encounter the condition where the final cover system destabilizes
due to excessive head build up in the drainage layer, the flow through the GDM must be
separated between the upstream, 2% slope flow, and the steeper side slope flow.  Additionally,
the flow through the GDM on the steeper side slope must be conveyed within the thickness of
the GDM.

In order to separate the flow along the upstream 2% slope from the downstream steeper side
slope a drainage layer collection tile will be installed at the downstream reach of the 2% slope
and diverted via pipe to the perimeter ditch on the north end as shown on the plans.  This
design element effectively separates the flow from the upstream 2% slope from the
downstream steeper side slope.

To determine the long term capacity of the GDM along the steeper side slopes an analysis was
performed using the Single Slope Giroud Equation (Giroud, Zornberg, and Beech, 2000).  The
Single Slope Giroud Equation determines the maximum thickness of head on an impermeable
liner system using the anticipated infiltration rate through the final cover and is adjusted for
long-term  effects  through  a  series  of  reduction  factors.   Based  on  the  analysis  a  GDM  with  a
laboratory transmissivity rate equal to, or greater than, 9.2x10-4 m2/sec can convey the
anticipated infiltration rate within the thickness of the GDM.  Calculations pertaining to this
design are provided in Appendix F.

Based on the proposed design the flow through the drainage layer can be effectively managed
using a single bonded GDM on the 2% slope and a double bonded GDM on the steeper side
slope provided that a drainage layer collection tile be installed at the downstream reach of the
2% slope and the GDM has a minimum laboratory transmissivity of 9.2x10-4 m2/sec.
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3. HYDRAULIC AND HYDROLOGIC (H&H) ENGINEERING

H&H modeling was conducted to ensure the safe routing of storm water during a 100-year
flood event on this site. Final proposed grading was designed to prevent storm water from
overtopping the asphalt and gravel roadways to the north and south of cells 20-22.

3.1 HYDROLOGIC ANALYSIS

Hydrologic analysis began with the delineation of watershed boundaries. These boundaries
were drawn based upon proposed grading and topographic data for the existing site.
Watershed boundaries are shown in red in Figure 2.  The site is generally split with diversion
berms collecting flow from the fill slopes of the cap and conveying runoff to either the north
(D2) or south roadside ditch (D1).  These ditches are drained by culverts to the southeast (CV1)
and the north (CV3) and ultimately drain to outfalls 001D and 001B. A full site storm water plan
can be found in Appendix G.

Figure 2 Watershed delineations for cells 20-22 and surrounding areas.

Peak runoff flows from each of the drainage areas was calculated using the rational method
formula. The rational method is a simplistic and conservative method for estimating peak flows
using the equation:

Q = CIA
where,

Q= flow (cfs)
C= runoff coefficient (unitless)
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I= rainfall intensity (inches/hour)
A= total drainage area (acres)

A weighted runoff coefficient was calculated for each drainage area based on the following uses
and their corresponding runoff coefficients:

Table 1 Runoff coefficients from MDOT Drainage Manual, Chapter 3.

Surface Type Coefficient
Impervious 0.90
Steep Slope 0.50
Shallow Slope 0.30
Gravel Roadway 0.70

The coefficients used were found in the Michigan Department of Transportation (MDOT)
Drainage Manual, Chapter 3 on Hydrology.

To determine rainfall intensity, the site zone was determined based on site location. The site is
in Midland, MI which places it in zone 6. Furthermore, a minimum time of concentration of 15
minutes was chosen, which is consistent with industry standards. Using this information, the
rainfall intensities for the 10, 50 and 100-year storm events were obtained from the Rainfall
Intensity Final Report compiled by MDOT, producing the following values: I10= 3.44 inches/ hour,
I50= 4.38 inches/ hour, I100= 4.76 inches/ hour.

Resulting peak flows are shown in the tables below for the 10, 50 and 100 year storm events.
For detailed calculations, see Appendix G.

Table 2 Q10, Q50, and Q100 for all diversion berms.

Flow DB-1 DB-2 DB-3 DB-4 DB-5 DB-6
Q10 (cfs) 1.15 0.64 1.17 0.67 0.37 0.31
Q50 (cfs) 1.47 0.82 1.49 0.85 0.47 0.40
Q100 (cfs) 1.59 0.89 1.62 0.92 0.51 0.43

Table 3 Q10, Q50, and Q100 for roadside ditches.

Flow D-1 D-2 D-3 D-4
Q10 (cfs) 3.25 11.53 15.69 3.57
Q50 (cfs) 4.14 14.68 19.98 4.55
Q100 (cfs) 4.50 15.95 21.71 4.94
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3.2 DITCH CAPACITY ANALYSIS

To ensure that the peak flows from the site are safely conveyed to the two primary outfalls,
hydraulic analyses were performed for the ditches.  Ditch capacity calculations were completed
using the Manning’s equation:

Q = VA = ൬
1.49

n ൰ ∗ A ∗ R
మ
య ∗ S

భ
మ

where,
Q=flow, cfs
V= velocity, ft/s
A= cross sectional area, ft2

1.49=unit conversion factor, unitless
n= Manning’s Roughness coefficient
R=Hydraulic Radius, ft
S= Channel slope, ft/ft

The manning’s n value was determined to be 0.027 for the diversion ditches and 0.040 for the
roadside ditches. 0.027 represents the value for excavated or dredged channels with short grass
and few weeds and 0.040 represents the value for excavated or dredged channels with cobble
bottom and clean sides. These values were selected based on field observations of existing
ditches on site.  Ditch geometry and slopes are based on design grades and existing topography.
Calculated velocity,  depth of  flow and freeboard values are provided in the tables below. For
detailed calculations, see Appendix G.

Table 4 Calculated velocities and flows based on the Manning's equation for diversion berms.

Variable DB-1 DB-2 DB—3 DB-4 DB-5 DB-6
V (ft/s) 2.15 1.88 2.17 1.88 1.61 1.55
Depth of
Flow (ft)

0.54 0.44 0.55 0.44 0.35 0.33

Freeboard
(ft)

2.46 2.56 2.46 2.56 2.65 2.67

Q (cfs) 1.57 0.91 1.61 0.91 0.49 0.42
Q capacity
(cfs)

152.00 152.00 152.00 152.00 152.00 152.00

Table 5 Calculated velocities and flows based on the Manning's equation for roadside ditches.

Variable D-1 D-2 D-3 D-4
V (ft/s) 1.69 2.33 2.51 1.73
Depth of Flow
(ft)

1.15 2.72 2.08 1.19
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Freeboard (ft) 1.85 0.28 0.92 1.81
Q (cfs) 4.47 15.95 21.71 4.90
Q capacity
(cfs)

57.67 57.67 57.67 57.67

3.3 CULVERT ANALYSIS

Culvert analysis was conducted in HY-8, a culvert hydraulic analysis program provided by the
Federal Highway Administration. Three sets of culverts were evaluated as part of this analysis;
CV-1 which is comprised of two parallel eight inch pipes, DS-outlet which is the 24 inch culvert
downstream of CV-1, and CV-3 which is proposed dual 18 inch concrete pipes. The parameters
for each of these crossings include design flows, tail water conditions, pipe size, material,
inverts, and lengths.  This information is reported in further detail in Appendix G.

The following table reports the findings of the culvert analysis.  All of the design flows were
found to be contained within the site.  However, minimal freeboard is available for the 100-year
flows.  Berms were required for the north and south ditches to meet the head requirements for
passing peak flows through the culverts.

Table 6 Culvert descriptions and results from HY8.

CV-1 CV-2 CV-3
Culvert Location South end of site South end of site North of site
Description 8” PVC Pipe 8” PVC Pipe 2, 18” Concrete Pipes
100-year flow 4.49 cfs 4.49 cfs 14.34 cfs
Headwater Depth 630.99 630.99 627.27
Freeboard 0.01’ 0.01’ 0.73’

3.4 SHEAR STRESS ANALYSIS

Shear stress analyses were completed by using equations provided in Hydraulic Engineering
Circular No. 15, Third Edition: Design of Roadside Channels with Flexible Linings (HEC-15), a
MDOT publication.

Firstly, the applied shear stress was found for each ditch using equation 2.3 from HEC-15:
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Figure 3 Equation 2.3 from HEC-15.

The hydraulic radius value used in equation 2.3 corresponds to the depth of channel flow
calculated for the 100-year flow, listed above. The mean boundary shear stresses found are
listed in the table below. For detailed calculations, see Appendix G.

Table 7 Mean boundary shear stress values for diversion berms.

DB-1 DB-2 DB-3 DB-4 DB-5 DB-6
τ0 (lb/ft2) 0.15 .012 0.15 0.12 0.10 0.09

Table 8 Mean boundary shear stress values for roadside ditches.

D-1 D-2 D-3 D-4
τ0 (lb/ft2) 0.16 .025 0.29 0.17

The permissible shear stress for non-cohesive soils was then determined. According to HEC-15,
for fine-grained, non-cohesive soils that are less than 0.05 inches in diameter, the permissible
soil shear stress is relatively consistent and conservatively estimated at 0.02 lb/ft2. Since our
soil is assumed to be a mixture of coarse silt and very fine sand, this value is appropriate for the
permissible soil shear stress.

The permissible shear stress on the vegetative lining was then determined using equation 4.7 in
HEC-15:
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Figure 4 Equation 4.7 from HEC-15.

The  permissible  soil  shear  stress  was  taken  to  be  0.02  lb/ft2 for each ditch. The overall lining
roughness is equivalent to the Manning’s n coefficient which was 0.027 for diversion ditches,
and 0.040 for roadside ditches. The soil grain roughness value was input at 0.016 which is
appropriate when the soils are less than 0.05 inches. The grass cover factor was determined to
be 0.90 based on a good growth form for uniform stands of grass. Calculated values for the
permissible shear stress on the vegetative lining are summarized in the following table. For
detailed calculations, see Appendix G.

Table 9 Permissible shear stresses on vegetative lining  values+ for diversion ditches.

DB-1 DB-2 DB-3 DB-4 DB-5 DB-6
τp (lb/ft2) 0.57 0.57 0.57 0.57 0.57 0.57

Table 10 Permissible shear stress on vegetative lining values for roadside ditches.

D-1 D-2 D-3 D-4
τp (lb/ft2) 1.25 1.25 1.25 1.25

Values for the calculated applied shear stress are then compared to both the permissible shear
stress for soils and vegetation. For all diversion ditches, the applied shear stress values are
higher than the permissible shear stress for soils, but lower than the permissible shear stress
for vegetation. It is therefore recommended that a temporary lining be installed in all diversion
ditches. Similarly, for all roadside ditches, the applied shear stress values are higher than the
permissible shear stress for soils, but lower than the permissible shear stress for vegetation. It
is recommended that a temporary lining be installed in all roadside ditches.

The recommended temporary lining is the C-125 manufactured by North American Green. This
product is recommended for landfill caps, slopes of 1:1 and greater, a permissible shear stress
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of 2.25 lb/ft2 or less, and a max flow velocity of 10 ft/s or less all  of which fulfill  requirements
for our site.
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CONSTRUCTION QUALITY ASSURANCE PLAN

Final Cover for Cells 20 through 22
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MIDLAND, MICHIGAN
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1. Introduction

In accordance with Michigan Public Act 241, Part 111, R 299.9505(2), this document describes
the quality assurance steps that will be implemented during the construction of the Final Cover
of Cells 20 through 22 at the Salzburg Hazardous Waste Landfill (SLF).  This plan describes the
organizational responsibilities, personnel involved, project communication meetings and the
general requirements for inspection, sampling and documentation for the various components
of the cell construction.

The specific testing protocols and sampling frequency to be used for each closure component
are not included in this document.  The testing and sampling requirements are an integral part
of the final cover construction and, therefore, are included in the project specifications for each
closure component.  The construction contractors must know exactly what testing and
sampling will be required for the project since their personnel and equipment will be involved
in obtaining samples and/or scheduling work around the sampling and testing process.
Therefore, detailing the testing and sampling requirements in the project specifications is the
appropriate location for this information.

2. QA/QC Program

Although they are related, there is a significant difference between Quality Assurance and
Quality Control. These elements are often confused and interchanged because they are
interdependent. Quality Assurance (QA) relies on the Quality Control (QC) feedback and both
work to deliver good quality products and services. Although this plan is focused on
construction quality assurance, it necessarily also contains items associated with quality
control.

2.1. Quality Assurance

Quality Assurance starts at the beginning of the project during preparation of the engineering
plans and specifications. At this stage, the CQA Plan outlines means and actions to be employed
by the Owner through the CQA team to evaluate and measure conformity with the design,
production (manufacture and fabrication), and installation of equipment and materials in
accordance with this CQA Plan as well as with the plans and specifications.

2.2. Quality Control

Quality Control includes actions taken by all parties including the designer, manufacturer,
fabricator, and/or Contractor, to ensure that their methods, materials, and workmanship are
accurate and correct and meet the project requirements, in accordance with the approved
plans and specifications. QC is provided by each party for its own work, product, or service.
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3. Roles and Responsibilities

3.1. Owner and Operator

The plant and its ancillary functions are owned and operated by The Dow Chemical Company
(Owner). The Owner will be responsible for overall management of construction activities
including contracting and administration. The Owner will designate an on-site representative to
serve as Construction Manager (CM).

3.2. Construction Manager

The role of the Construction Manager (CM) is solely dependent on the needs and preferences
of the Owner. Comprehensive construction managers provide a wide range of services and can
be involved in both the design and construction phases of a project. In general, a Construction
Manager provides leadership to the construction team, and coordinates between the Owner,
CQA Consultant, and Contractor to plan and oversee the completion of a project.
Responsibilities of the Construction Manager may include managing the budget, construction
progress, schedule, and settling any disagreements between the Resident Engineer and the
Contractor on issues that arise during CQA activities.

3.3. Contractor

The Contractor for this project will be selected by the Owner. The Contractor is responsible for
construction activities associated with this project including meeting all of the requirements for
project quality as defined in the construction plans and specifications for his/her work as well
as that of his/her Subcontractors.

3.4. CQA Consultant

The CQA Consultant is responsible for making observations and performing field tests to
provide written documentation that a facility is constructed in accordance with the applicable
plans, specifications, and CQA Plan. The CQA Consultant may contract with third party testing
firms to conduct on-site and laboratory testing, as necessary. The CQA Consultant is responsible
for preparing the Construction Certification Report and record drawings for the project unless
otherwise directed by the Construction Manager. The following section provides a description
of the typical CQA Consultant team, including each member’s roles and responsibilities.

3.5. Certifying Engineer

The CQA Certifying Engineer is responsible for certifying to the Owner and the permitting
agency that the facility has been constructed in accordance with the applicable plans,
specifications, and CQA Plan. The Certifying Engineer serves as the Professional Engineer for the
project and properly certifies the as-built construction record document. Certifications will bear
the seal of a Professional Engineer registered in the state in which the work is being performed.
The Certifying Engineer may also function as the Project Engineer.
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3.6. Project Engineer

The CQA Project Engineer is responsible for providing engineering and technical support to the
field CQA team throughout the construction process. The Project Engineer works closely with
the Construction Manager to assist with calculations and complete take-offs in support of as-
built quantities for payment. The Project Engineer also reviews submittals and Requests For
Information (RFI) from the Contractor, reviews and maintains QA/QC data, and coordinates all
supplementary laboratory testing of geosynthetics and soils. The Project Engineer will provide
the following on-site QA personnel as needed and as directed by the Construction Manager:

· Resident Engineer

· CQA Inspector

· Third-party CQA testing firm

· Project Surveyor

3.7. Resident Engineer

The Resident Engineer (RE) will monitor work to evaluate conformance with the construction
plans and specifications. Specific duties include the following:

· Coordinate submittal reviews with the Project Engineer for compliance with contract
documents.

· Coordinate between the Construction Manager, Contractor and Project Engineer to
resolve design issues.

· Coordinate responses to RFIs and other technical issues with the Project Engineer.

· Monitor construction progress and review Contractor’s Construction Quality Control
(CQC) and as-built documentation on a daily basis.

· Represent the Project Engineer at on-site meetings.

· Plan, schedule and provide oversight of QA/QC testing and surveying
Subcontractors.

· Document construction progress and QA/QC activities with daily reports and
photographs.

· Notify the Dow Construction Manager and Project Engineer of any deficiencies or
non-conformance observed.

The Resident Engineer will distribute copies of test reports and other QA/QC documentation as
directed by the Construction Manager. In absence of the Resident Engineer, the Project
Engineer will be responsible for these tasks.
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3.8. CQA Inspector

The CQA Inspector will observe and document construction activities for compliance with the
contract documents. Specific duties of the CQA inspector include:

· Observe and document all construction related activities.

· Observe and document geosynthetic installation activities.

· Coordinate testing with CQA Subcontractor

· Monitor delivery, handling and on-site storage of construction materials.

· Evaluate conformance of all borrow source materials.

· Observe material placement and testing.

· Observe the installation and testing of all mechanical and electrical systems.

· Coordinate material sampling and shipping for laboratory testing.

Other duties and responsibilities of the CQA Inspector will be determined by the Resident
Engineer and the Construction Manager as the work progresses.

3.9. Subconsultant

The CQA Consultant will subcontract with a construction materials testing and inspection firm
for field and laboratory testing as needed. The CQA Subcontractor will provide technicians for
testing and observance including:

· Specialty geotechnical services

Laboratory testing may include:

· Soil testing

· Concrete testing

· Geosynthetic testing

3.10. Stop Work Authority

The CQA Consultant will advise the Construction Manager that the Contractor should stop work
in situations of recognizable stability issues, deviations from design and significant cost or
schedule impacts. The Construction Manager will obtain approval from the Owner or his
representative prior to stopping the Contractor's work. In situations where personnel safety is
concerned, the CQA Consultant will advise the Contractor to stop work and notify the
Construction Manager and the Owner or his representative as soon as possible of that action.
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4. Project Meetings

To achieve a high degree of quality during installation, clear, open channels of communication
are essential. The following meetings should be held when appropriate.

4.1. Pre-Construction Meetings

Following the completion of the contract documents and selection of a CQA Consultant for the
project, a Pre-Construction Meeting may be held. At a minimum, the meeting should be
attended by the Project Manager, the CQA Consultant's Certifying Engineer, the CQA
Consultant's Resident Engineer, the Geosynthetics Installer's Superintendent, the Earthwork
Contractor's Superintendent, the Design Engineer, the Permitting Agency and other involved
parties. Two Pre-Construction Meetings may be held, one prior to earthwork construction and
one prior to geosynthetic placement.

4.2. Daily Meetings

A daily meeting will be held, as necessary, between the CQA Consultant, the Geosynthetic
Installer, the Contractor, the Construction Manager, and other involved parties. Those
attending will discuss, plan, and coordinate the work and CQA activities to be completed that
day.

4.3. Progress Meetings

Progress meetings will be held weekly, or as determined to be necessary by the CQA Consultant
and Construction Manager. Attendees should include the Construction Manager, the CQA
Consultant, the Geosynthetic Installer, the Contractor, and other involved parties. Those
attending will discuss current progress, planned activities for the next week, submittals, and
new business or revisions to the work. The CQA Consultant will log problems, decisions, or
questions arising at this meeting.

4.4. Problem or Work Deficiency Meeting

A special meeting may be held when and if a problem or deficiency, which would impact the
construction schedule or other project requirements, is present or likely to occur. At a
minimum, the meeting should be attended by the affected Contractors, the Project Manager,
and the CQA Consultant. The purpose of the meeting is to define and resolve the problem or
work deficiency.

4.5. Safety Meetings

The Contractor will hold safety meetings in accordance with the Contractor’s Site Health and
Safety Plan. The Contractor’s Site Health and Safety Plan must be submitted to the Owner for
approval prior to commencing construction activities. Meetings will be held at the start of
construction and then periodically as conditions change or as determined by the Construction
Manager.
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4.6. Geosynthetics Pre-Construction Meeting

A meeting will be held at the project site prior to the installation of any geosynthetics
components of the composite liner or final cover system. The Geosynthetics Pre-Construction
Meeting will be attended by the Contractor, Geosynthetics Installer, the Resident Engineer or
other representative of the Project Engineer, the Construction Manager and any other Owner
representatives as determined by the Owner. These meetings will be held to discuss submittals,
materials, installation procedures, and project coordination.

5. Documentation

An effective CQA plan depends largely on recognition of construction activities that should be
monitored, and assigning monitoring responsibilities. This is most effectively accomplished and
verified through quality assurance activities. The CQA Consultant will document that quality
assurance requirements have been addressed and satisfied.

The CQA Consultant will prepare and provide to the Construction Manager periodic signed
reports which summarize construction activities and the results of observations and tests
including descriptive remarks, data sheets, and logs to verify that all quality assurance
monitoring activities have been carried out.

5.1. Reports

Progress reports will be prepared at regular time intervals to document the status of the work
by the CQA Consultant. Certifications will be prepared at the completion of major construction
activities. At the completion of the work, final documentation will be prepared and will include
a professional engineer’s seal along with supporting field and laboratory test results.

5.2. Daily Summary Report

Standard reporting procedures must include preparation of a daily report which, at a minimum,
will consist of:

· An identifying sheet number for cross referencing and document control

· Date, project name/number, location, and other identification

· A summary report including memoranda of meetings and/or relevant discussions
with the Owner, Construction Manager, and/or site contractors, observation logs,
test data sheets, decisions reached, activities planned and their schedule

· Other forms of daily recordkeeping to be used as appropriate including construction
problem and solution data sheets and photographic reporting data sheets

The daily summary report will also include the following information as needed:
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· 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 or reference to specific observation
logs and/or test data sheets where such information can be found

· A summary of field/laboratory test results or reference to specific observation logs
and/or test data sheets

· Calibrations or recalibration of test equipment and actions taken as a result of
recalibration, or reference to specific observation logs and/or test data sheets

· 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

· The CQA Consultant's signature

This information must be regularly submitted to and reviewed by the Construction Manager.

5.3. Observation Logs and Test Data Sheets

Observations of construction and QA-related activities will be recorded on project-specific logs
and data sheets by the CQA Consultant. At a minimum, the logs and data sheets will include the
following information:

· An identifying sheet numbered for cross referencing and document control

· Date, project name, location, and other identification; Description or title of activity
monitored

· Location of activity and locations of samples collected

· Locations of field tests performed and their results

· Results of laboratory tests received

· Results of monitoring activity in comparison to specifications

· The CQA monitor's signature

This information will be submitted with the Daily Summary Report during construction projects.
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5.4. Construction Certification Report

At the completion of the work, a signed Construction Certification Report will be prepared by
the CQA Consultant prepared in accordance with the project requirements.

The Construction Certification Report will be prepared and signed and sealed by a professional
engineer skilled in the appropriate discipline(s) and registered in the state in which the work
was performed.

At a minimum, the Construction Certification Report will include:

1. A narrative section that identifies the engineered components that were
constructed that includes the following:

· A summary of the design and construction specifications and a comparison with
the components that were constructed during the construction event

· A summary of how construction was impacted by weather and equipment
limitations and other difficulties encountered

2. All  alterations  and  other  changes  that  relate  to  the  installation  of  any  of  the
components to be certified and presented as follows:

· A listing of all applicable alteration requests/changes that were previously
concurred with

· All alteration requests/changes and supporting documentation which are
proposed for concurrence

· A list of any other changes made by the owner or operator which do not require
regulatory concurrence but which affect construction or the record drawings

The alteration request will be equivalent or more protective than the applicable regulation or
authorizing document.

3. Results of all tests and QA/QC data including manufacturers’ certifications in
accordance with the project specifications.

4. Results of all surveys in accordance with the project specifications. Unless otherwise
specified, the survey data will  be reported in a table(s) displaying the northing and
easting  for  each  designated  survey  point  established  to  be  no  more  than  one
hundred feet apart based on the grid system coincident with the design drawings.
Additional points will be established at grade breaks and other critical locations.

5. Record drawings of the constructed facility components showing the following:

· The location of all survey control points.
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· Plan views with topographic representation of all engineered components
depicted along with critical elevations such as pipe inverts, sump elevations,
ditch flow lines, tops and toes of berms, locations of repairs, etc.

· The location and as-built detail drawings of all components to be certified.

· If the Certification Report is submitted for the composite final cover system,
cross sections showing the top elevations of the existing waste, top elevation of
the composite cap system, and the elevations of the surface water management
system components (where applicable). The cross sections will be taken at the
same locations and using the same scale as in the approved permit to install.
Otherwise, the cross sections will be taken at an interval no greater than every
three hundred feet of length and width.

6. Qualifications of testing personnel that provided construction oversight and
conducted all the testing on the engineered components for which the Certification
Report is submitted including a description of the experience, training,
responsibilities in decision making, and other relevant qualifications.

7. A notarized statement that, to the best of the knowledge of the owner or operator,
the Certification Report is true, accurate, and contains all information required by
this rule and by the CQA plan.

5.5. Progress Reports

Progress reports at time intervals established at the Pre-Construction Meeting will be
completed and submitted to the Construction Manager and Owner by the CQA Consultant. At a
minimum, this report will include the following information:

· A unique identifying sheet number for cross-referencing and document control

· The date, project name, location, and other information

· A summary of work activities during progress reporting period

· A summary of construction situations, deficiencies, and/or defects occurring during
the progress reporting period

· The signature of the CQA Consultant's representative

Copies of progress reports will be distributed as decided at the Progress Meetings and as
determined necessary by the Construction Manager.

5.6. Photographic Log

Photographic logs will be used to assist in documenting general construction progress and
other specific items of work.  The photographic log will include a brief summary description of
the picture, the orientation and perspective from which the picture was taken, the date the
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picture was taken and the identity of the person who took the picture.  The photographic log
will be used in conjunction with the Daily Summary Report and will be included with the
Construction Certification Report.

5.7. Design and/or Specification Changes

Design and/or specification changes may be required during construction. In such cases, the
CQA Consultant will notify the Construction Manager and Project Engineer. The Construction
Manager will then determine the cause of the non-conformance and recommend appropriate
changes in procedures or specifications to the Owner. These changes will be submitted to the
Project Engineer for approval and if necessary, the Permitting Agency.

When this type of evaluation is made, the results will be documented with a description of the
changes by the CQA Consultant and cross-referenced to specific observation logs and test data
sheets.

These reports must include the following information:

· 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 identified or located

· Documentation of the corrective action taken to address the situation or deficiency

· Any measures taken to prevent a similar situation from occurring in the future

· The signature of the CQA Consultant, Construction Manager, and Certifying Engineer
indicating concurrence

Design and/or specifications changes will be made only with the written agreement of the
Owner and the Project Engineer, and will take the form of an addendum to the specifications.

6. Documentation Management

The Contractor and Resident Engineer will submit project documentation to the CQA
Consultant on a weekly basis or an alternate frequency established by the project
requirements.

Complete project CQA documentation must be collected and maintained on-site by the CQA
Consultant in a safe repository. This includes (but is not limited to):

· A complete set of construction drawings and specifications

· The CQA Plan
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· Project checklists, test procedures, and standards

· Project test procedures, daily logs, pertinent regulatory documents, and other
necessary documents.

6.1. Storage of Records and Records Retention

All data sheet originals related to the CQA and Certification process, test results, daily logs,
memorandums, etc., will be stored by the CQA Consultant in a safe repository on-site during
the construction project.

Upon completion of the construction project, records will either be retained at the facility or
alternately stored at the CQA Consultants or Certifying Engineer's office and be readily
accessible by the facility if requested. Records will be maintained for a minimum period of three
years from the project completion.

7. Failed Test Procedures and Alterations

A "failed test" occurs when a test performed on an engineered component yields a result that
does not meet the specifications outlined in the applicable plans or specifications. Testing
performed on an engineered component which does not meet the specifications is not
considered a failed test if the engineered component is undergoing construction or installation
at the time of testing and the testing is performed for the purpose of gauging the effectiveness
or completeness of construction.

An “alteration” or “field change” is a change in construction materials, specifications, or CQA
procedures from the project requirements that is necessary to perform the work or meet
project requirements.

7.1. Failed Test Prior To Certification Report Submittal

If, prior to submission of the Construction Certification Report for the engineered component,
the CQA Consultant determines that there is a "failed test," the CQA Consultant will perform all
the following:

· Retest or otherwise assess the engineered component or portion of the facility to
determine if construction is in compliance with the construction plans and
specifications or other project requirements and include the final results in the
Certification Report.

· Implement measures to attain compliance with the construction plans and
specifications or other project requirements. An area with a verified failure must be
reconstructed. Reconstructed areas must be retested at a frequency acceptable to
the CQA Consultant and at a frequency and location(s) sufficient to demonstrate
that compliance has been achieved.

7.2. Alteration Prior to Submittal of Certification Report



CQA Plan, Final Cover for Cells 20-22, SLF  Page 13 of 18 01/18/16

If, prior to submission of the Construction Certification Report the CQA Consultant and/or
Construction Manager determines that an alteration or field change is necessary to the plans or
specifications, the CQA Consultant will do all of the following:

· Include the applicable testing results and an assessment and justification for the
necessary change(s) in an appropriate section of the Certification Report where the
change is clearly identified.

· Provide a demonstration in the Certification Report that the change(s) are at least
equivalent to the project requirements, the construction plans and specifications,
and are at least as protective to human health and the environment.

· Submit the Certification Report as required by the Construction Manager.

7.3. Detection of the Change after Submittal of the Certification Report

If, after submission of the Construction Certification Report the CQA Consultant and/or
Construction Manager determines that the Certification Report is in error due to improper
documentation of an alteration or field change of the plans or specifications, the CQA
Consultant will do all of the following:

· Notify the Owner and/or Construction Manager as determined by the Certifying
Engineer of the change within twenty-four hours after discovery, by phone and
within seven days after discovery in writing.

· Within fourteen days of submitting the written notification required above, do
either of the following:

a. Implement the failed test procedures outlined above (Section 7.1) and amend
and resubmit the Construction Certification Report to explain the circumstances
and how compliance was achieved.

b. Submit the Alteration information outlined above (Section 7.2).

8. Surveying

Surveying of lines and grades will be conducted on an ongoing basis during construction of soil
layers, geosynthetics placement, and other engineered components. Surveying will be
performed to provide documentation for record plans, verifying quantities, and assist the
Contractor in complying with the required grades. Surveying conducted at the site must be part
of the CQA program.  The purpose of the survey is to verify that actual thickness and grades of
the construction components are in accordance with the plans and specifications. Surveying of
lines and grades will be conducted during construction of the soil layers. Review of the surveys
conducted at the site will be part of the CQA program. The permanent benchmarks at the
facility will be used for survey control. Surveying will be performed under the supervision of a
qualified, professional Land Surveyor licensed in Michigan.
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Based on the control points provided by the Owner, the Contractor is to provide all temporary
and permanent benchmarks, monuments, and increments needed to control work. If during the
work, control points set by the Owner are disturbed by the Contractor, the Contractor will
replace the control points.

8.1. Survey Control

The permanent benchmarks at the facility will be used for survey control. One or more
temporary benchmarks will be established for the site at a location convenient for daily tie-in.
Temporary benchmarks are to be considered as accurate as third order benchmarks. The
vertical and horizontal controls for this benchmark will be established within normal land
surveying standards.

All benchmarks established at the facility will comply with the following requirements:

· At least three permanent survey marks, with each located on separate sides of the
facility, will be established prior to any construction and within easy access to the
limits of waste.

· Survey marks will be referenced to the same horizontal and vertical datum used on
the design plans.

· Survey marks will be at least as stable as a poured concrete monument 10-inches in
diameter installed to a depth of 42-inches below the ground surface. Each
constructed survey mark will include a corrosion resistant metallic disk which
indicates horizontal and vertical coordinates of the survey mark and will contain a
magnet or ferromagnetic rod to allow identification through magnetic detection
methods.

Survey control standards for the survey marks will be in accordance with the following:

· For the first facility survey mark established from the known control point, minimum
horizontal distance accuracy will be one foot horizontal to two thousand five
hundred feet horizontal (1’ Horiz : 2500’ Horiz).

· For each facility survey mark established from the first facility survey mark,
minimum horizontal accuracy will be one foot horizontal distance to five thousand
feet horizontal (1’ Horiz : 5000’ Horiz).

· For the first facility survey mark established from the known control point and for
each facility survey mark established from the first facility survey mark, minimum
vertical accuracy will be one inch to five thousand feet horizontal (1” Vert : 5000’
Horiz).

8.2. Precision and Accuracy
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The survey instruments used for this work will be precise and accurate to meet the needs of the
project. Survey instruments will be capable of reading to a precision of 0.01 of a foot (3.1 mm)
and with a setting accuracy of 10 seconds.

A vertical tolerance of for elevation and slope of - 0.1 feet and - 10%, respectively, will apply to
each of the following components as they are constructed:

· Top of foundation layer

· Top of protective cover layer

· Top of topsoil layer

· Invert of pipes

Note: These tolerances are meant to assure that the required layer thickness and design intent
can be met upon final certification. A Professional Surveyor registered in Michigan will certify
results of the survey. Results will be included in the Certification Report provided to the Owner.

8.3. Frequency and Spacing

Surveying will be performed as soon as possible after completion of a given installation to
facilitate progress and avoid delaying the next installation. In addition, spot checks during
construction will be necessary to assist the Contractor in complying with the required grades.

The as-built thickness of various components of the facility (protective covers and compacted
clay liners) will be determined by non-destructive methods, i.e., comparison of the survey data
for the underlying materials with that of the component of interest. As-built survey data will be
obtained at locations having a typical on center spacing of 100-feet maximum, at all toe,
midpoint, and top of slope locations as well as grade breaks. Locations will be, to the maximum
extent possible, at the same coordinates as the survey data for the underlying materials.

8.4. Lines and Grades

When required, the extent of the following components will be surveyed to determine the lines
and grades achieved during construction:

· Original ground surface/Existing conditions

· Surface of excavation

· Alignment and inverts of gas vent trenches and vent piping

· Foundation layer

· Protective cover layer

· Topsoil cover layer
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· Geomembrane including anchor trenches, panel layout, destruct locations, repairs,
and penetrations

· Geosynthetics (other than geomembrane) including anchor trenches

· Surface water structure details including profiles, cross sections, and inverts for
ditches, culverts, catch basins, swales, benches, ditches, and sedimentation basins

· Alignment and inverts of piping

· As-built line and grade of all other piping structures

8.5. Surveying Personnel

8.6. Surveying for construction certification and record documentation purposes will be
performed under the supervision of a qualified, licensed Professional Land Surveyor
registered in the state of Michigan. The survey crew will consist of a Senior Surveyor and as
many Surveying Assistants as required to satisfactorily undertake the work. Surveying
personnel will be experienced in the provision of these services, including detailed,
accurate documentation.

Certification

Survey results will be certified by a licensed Professional Land Surveyor licensed in the state
where the work is performed and submitted to the CQA Consultant for review.

8.7. Surveys by Owner or Engineer

The Owner or Project Engineer may request additional surveys to monitor, verify, or document
the work.

9. Submittals

9.1. Submittal Procedure

Submittals include shop drawings, material data, and samples. Product data submittals,
samples, and shop drawings are required to verify that the correct products will be installed on
the project. The shop drawing submittal is a drawing or set of drawings produced by the
Contractor, Supplier, Installer, Manufacturer, Subcontractor, or Fabricator typically for pre-
fabricated components or construction procedures. The product data submittal usually consists
of the manufacturer’s product information. The sample submittal is a physical portion of a
specified product, often required when several products are acceptable, to confirm the quality
and aesthetic level of the material. The size or unit of sample material usually is specified.

Submittals shall be submitted electronically and will be initially submitted to the Resident
Engineer by the Contractor for review. After review, one copy of the submittal will be returned
to the Contractor. The Contractor will include a letter of transmittal along with each submittal
and include the following information at a minimum.
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· Owner's Name

· Project Name

· Contract No.

· Transmittal No.

· Specification Section or Drawing Reference

Shop drawings will be submitted well in advance of the need for the material or equipment for
construction by the Contractor and with ample allowance for the time required for engineer
review and to accept delivery of material or equipment afterward in accordance with the
project schedule.

9.2. Submittal Review

After the Resident Engineer completes his/her review, submittals will be returned to the
Contractor indicating whether or not the materials meet the project requirements along with
further instructions.

10. Requests For Information (RFI)

The purpose of this procedure is to formalize and detail requests for clarification or additional
information relative to the design drawings, construction specifications, or other construction
related issues. RFIs are to be processed expeditiously in order to avoid the possibility of delay to
the project. RFIs cannot be used as a substitute for items specifically requiring a submittal from
the Contractor or to change the design. If a change in the design is needed (i.e., based on an RFI
response), then a change order must be issued.  Responses to RFIs are not authorizations for
such change orders or payments.

RFI submittals will be submitted by the Contractor on forms specified by the Construction
Manager. The form must be completed using sequential numbers and submitted by the
Contractor to the Resident Engineer for review.

The Project Engineer will review and respond to the RFI or assign to the Resident Engineer to
obtain a response. If the RFI will lead to a Change Order, the Project Engineer will submit to the
Construction Manager for review. If the RFI does not lead to a Change Order, the Project
Engineer will sign and return the RFI to the Contractor.

11. Project Schedule

A detailed project schedule will be required to be provided by the Contractor to the
Construction Manager for review and approval prior to the preconstruction meeting. The
schedule must be generated using Primavera P6 software, or other similar program, and
composed of detailed activities logically tied together. The Contractor will construct the
schedule to have the following attributes at a minimum:



CQA Plan, Final Cover for Cells 20-22, SLF  Page 18 of 18 01/18/16

· Schedule narrative describing the logic for the work planned

· Clearly defined starting point

· Clearly defined completion date

· Project Milestones

· Mobilization and demobilization activities

· Critical paths identified

· Tasks that represent the performance of the work, including tangible deliverables or
products

· Specifies the resources required to perform the work (This will include labor,
equipment, and materials)

· Can be easily measured during the performance of the detailed activity relating to
the work

All details in the project schedule will be logically tied to other activities. As a general guideline
for generating schedules, the duration of an activity should be limited to 14 calendar days. In no
case should an individual work activity be scheduled for a duration longer than 45 calendar days
without approval from Dow. If any portion of the project is to be accomplished during a plant
outage, those scheduled activities should be incorporated into a separate hourly schedule. The
work should be broken down into sufficient enough detail to allow the maximum use of finish-
to-start relationships. In addition, start-to-start, finish-to-finish, or start-to-finish relationships
will be used at a minimum. In no case will negative lag values be allowed for any relationships.
In all cases, any exceptions to the above criteria must have Dow construction management’s
approval.

Individual activities in the project schedule requiring identifiable labor to complete the project
will be resource loaded with all necessary engineering labor hours, project support labor hours
and/or craft labor hours consistent with the Contractor’s estimate, scope of work and work
assignments. Progress for scheduled tasks will be tracked using physical percent complete. All
significant reductions in physical percent complete will be reported in the weekly report along
with an explanation.



APPENDIX C
SLOPE STABILITY ANALYSIS
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I. PURPOSE 

The purpose of this analysis is to evaluate the veneer stability of the final cover system at the proposed 
DOW Salzburg Hazardous Waste Disposal Facility by evaluating shallow translational failure potential in 
those areas.  There are no prescriptive standards related to slope stability in the Michigan Department 
of Environmental Quality (MDEQ’s) Office of Waste Management & Radiological Protection. These 
calculations are being provided pursuant to Rule 299.9505(d)(iii), which states the slope stability analysis 
must calculate final cover stability and long-term post closure stability. 

II. SITE AND PROJECT DESCRIPTION 

The shallow translational failure analysis was performed as part of the Final Closure Cap System for Cells 
20-22, for the proposed landfill cells located in the north east corner of the Salzburg Landfill in Midland, 
Michigan. 

The proposed cap system will be constructed for Cells 20-22 and submitted for approval to the MDEQ 
Division of Hazardous Waste Management.  

The following sections summarize the methodology, assumptions, and results of the shallow 
translational failure analysis. For further detail on the specific calculations performed, refer to the 
corresponding data provided in the Attachments. 

III. CONFIGURATION OF THE FINAL COVER SYSTEM  

Shallow translational/veneer stability was analyzed for the specified final cover system. Conservative 
assumptions and parameters for the stability models were chosen for each of the analyses, including 
modeling the maximum design grades and longest design slopes.  Figures 1 depicts the final cover 
systems, based on the facility design. 
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Figure 1.  DOW Salzburg Final Cover Detail Design 

 

IV. SHALLOW TRANSLATIONAL FAILURE ANALYSIS – METHODOLOGY 

Analysis of the sliding potential of relatively thin cover soil layers (veneer) above both geosynthetic and 
natural soil liners (i.e. geomembranes (GM), geosynthetic clay liners (GCL) and compacted soil liners) is 
important.  This is because the underlying barrier materials (geosynthetics) generally represent a low 
interface shear strength boundary with respect to the soil placed above them, and the geosynthetics are 
oriented in the direction of potential sliding.   

The method used in this analysis closely follows the methods outlined by Koerner and Soong (Koerner 
and Soong, 2005). The analysis is performed by use of force equilibrium to balance the driving forces 
due to gravity pulling on the cover soils and the resistance to sliding due to friction between the 
underlying subsurface and cover material.  Resistance to sliding is also due in part to the toe support 
(passive wedge) located at the base of the sliding mass.  This is conceptually illustrated in Figure 2.   
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Figure 2.  Conceptual Veneer Stability Analysis Cross Section/Free Body Diagram 

Where, 

WA = Total Weight of the Active Wedge 
WP = Total Weight of the Passive Wedge 
NA = Effective Force Normal to the Failure Plane of the Active Wedge 
NP = Effective Force Normal to the Failure Plane of the Passive Wedge 
γ = Unit Weight of the Cover Soil 
h = Thickness of the Cover Soil  
L = Length of Slope Measured Along the Geomembrane  
β = Soil Slope Angle Beneath The Geomembrane 
φ = Friction Angle of The Cover Soil 
δ = Interface Friction Angle Between Cover Soil and Geomembrane 
Ca = Adhesive Force Between Active Wedge Cover Soil and Geomembrane 
ca = Adhesion Between Active Wedge Cover Soil and the Geomembrane 
C = Cohesive Force Along The Failure Plane Of The Passive Wedge 
c = Cohesion of the Cover Soil 
EA = Interwedge Force Acting on the Active Wedge from the Passive Wedge 
EP = Interwedge Force Acting on the Passive Wedge from the Active Wedge 
FS = Factor of Safety Against Cover Soil Sliding on the Geomembrane 

The shallow translational failure analysis is analyzed by fully satisfying the equilibrium of forces in the 
vertical and horizontal directions.  By taking force summation parallel to the slope and comparing the 
resisting force with the driving or mobilizing force, a global factor of safety (FS) results: 
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FS= 
∑Resisting Forces
∑Driving Forces

 

As noted in the procedure contained in the Koerner and Soong paper, the FS for veneer stability (as 
depicted in Figure 2) is determined by solving the following quadratic equation: 

𝐹𝐹 =
−𝑏 + √𝑏2 − 4𝑎𝑎

2𝑎
 

Where, 

a = (𝑊𝐴 − 𝑁𝐴𝑐𝑐𝑐𝑐)𝑐𝑐𝑐𝑐 
 

b = −�
(𝑊𝐴 − 𝑁𝐴𝑐𝑐𝑐𝑐)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
+(𝑁𝐴𝑡𝑡𝑡𝑡 + 𝐶𝑎)𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

+𝑠𝑠𝑠𝑠(𝐶 + 𝑊𝑃𝑡𝑡𝑡𝑡)
� 

 
c = (𝑁𝐴𝑡𝑡𝑡𝑡 + 𝐶𝑎)𝑠𝑠𝑠2𝛽𝛽𝛽𝛽𝛽 

When the calculated FS value falls below 1.0, sliding of the the critical interface is to be anticipated.   

Typically, slope stability analyses require a static FS between 1.4 and 2.0 (or potentially higher if 
unknown conditions warrant it).  An FS of 1.5 is commonly used for landfill cap systems designed for 
long term static conditions and peak strength.  For short term conditions, a lower FS is usually warranted 
commensurate with the consequences of failure and the duration of the temporary condition.  A lower 
FS is also warranted where residual strength parameters are used in the analysis. 

For this analysis, the following conditions and factors of safety were used based on the anticipated 
probability and consequences of failure and are explained further below: 

• Static Conditions (Peak Strength):  FS ≥ 1.50 (long term conditions) 

• Static Conditions (Peak Strength):  FS ≥ 1.30 (short term conditions) 

• Static Conditions (Residual Strength):  FS ≥  1.10 

• Static Conditions (Full Drainage Layer):  FS ≥ 1.10 

• Static Conditions (Equipment Loads):  FS ≥  1.25 

• Seismic Conditions:  FS ≥ 1.00 
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A FS of 1.5 was used for the final cover system static analysis utilizing peak strength.   

The remaining analyses and the corresponding factors of safety represent temporary or extreme 
conditions, where a lower FS is warranted.  These conditions exist where: 

• Significant deformation along the interface has occurred and residual strength conditions have 
been mobilized. 

• A large storm water event has occurred and the drainage layer is at full capacity, allowing build-
up of seepage forces in the drainage layer. 

• Additional temporary forces act on the slope, such as construction equipment or a seismic event. 

Note that this analysis is not intended to design and size the drainage layer as it relates to seepage 
analysis.  The stability analysis, including seepage forces, assumes the infiltration from the design storm 
will be properly conveyed such that the maximum head within the drainage layer does not exceed the 
thickness of the drainage layer along the critical slope (i.e. the 4H:1V slope). 

Also note that this analysis for equipment load only accounts for the weight of the vehicle and assumes 
very small and gradual acceleration and deceleration on the slope such that it can be neglected.  It also 
assumes placement of the material beginning from the toe of slope progressing to the top.  

V. SELECTION OF PARAMETERS 

For the final cover systems, the following assumptions and design parameters were used.  Slope 
lengths and angles used in all analyses correspond to the maximum (i.e. worst case) values relative to 
each respective system. 

a. Slope Geometry 

The final cover system for the facility will have a maximum slope angle of 4H:1V.  Based on the 
final cover design grades, the maximum slope length is approximately 91 feet.   

b. Layers 

Layers and layer thicknesses for the cover system and liner system are anticipated as follows: 
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Table 1.  Layer Summary for the Final Cover System 
THICKNESS LAYER 
Final Cover 

6 in Vegetative Cover Soil 
18 in Protective Cover Soil 
n/a Double-Sided Geocomposite Drainage Layer 
n/a Textured LLDPE Geomembrane 
n/a GCL – two layers 

12 in Intermediate Cover Soil 
n/a – thickness of layer is small (negligible) 

c. Critical Interfaces 
The critical interfaces analyzed represent preferential pathways for mass sliding and typically 
between adjacent geosynthetic materials or between geosynthetic and soil materials.  The 
geosynthetics are of negligible thickness relative to the thickness of the cover soils, so the 
depth to the failure surface does not require adjustment for the individual geosynthetic 
components when they are stacked.   

For the final cover system, the critical interfaces analyzed are as follows: 

• Protective Soil/Geocomposite Drainage Layer 
• Geocomposite Drainage Layer/Textured LLDPE Geomembrane 
• Textured LLDPE Geomembrane /GCL 
• GCL to GCL 
• GCL to Intermediate Cover Soils 

Interface shear testing was performed for each interface as part of the design process.    

d. Material Parameters 

The various material parameters used in the veneer analyses are tabulated in Table 2. 
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Table 2.  Final Cover Variables 
PARAMETER VALUE COMMENTS 

Final Cover   
Dry Unit Weight of Veg. Cover Soil, γD-VC 90 pcf Assumed (typical of veg. material) 
Moisture Content of Veg. Cover Soil, wF-VC 26% Assumed (typical of veg. material) 
Dry Unit Weight of Protective Cover Soil, γD-CS 100 pcf Typical unit weight of in-situ lab samples 
Moisture Content of Protective Cover Soil, wF-CS 24% Typical moisture of in-situ lab samples 
Specific Gravity of Protective Cover Soil, GS 2.72 Typical GS of in-situ lab samples  
Friction Angle of Protective Cover Soil, φ 30 deg Conservatively assumed cover soil 

strength parameters Cohesion of Protective Cover Soil, c 0 psf 
Equipment Loads   
Weight of Construction Equip (Wb) 87,733 lbs CAT D8 LGP Dozer 
Length of Equip. Track (w) 10.5 ft CAT D8 LGP Dozer 
Width of Equip. Track (b) 2.8 ft CAT D8 LGP Dozer 
Seismic Loads   
Seismic Coefficient (Cover) 0.04g USGS seismic coefficient for 2% 

Exceedance in 50 Years  
 

Interface shear testing was performed for each interface as part of the design process.  The 
Interface Shear Results are provided as Attachment A.  A summary of the interface shear 
testing results is below:  

Table 3.  Interface Shear Results 

INTERFACE 
PEAK INTERFACE  

FRICTION, φ (DEGREES)* 

PEAK 
ADHESION 

(PSF) 
Protective Cover to Geocomposite 
Drainage Layer 28.3 3 
Geocomposite Drainage Layer to 
Textured Geomembrane 30 39 
Textured Geomembrane to GCL 28.8 35 
GCL to GCL 34.3 34 
GCL to Intermediate Cover Soils  28.6 17 

The critical interface, the interface with the lowest interface shear strength, was calculated as 
the protective cover to the geocomposite drainage layer.  This interface was utilized to 
calculate the factors of safety.  In addition, since this interface has the lowest peak strength, it 
is the interface that would displace first and therefore the residual strength for the protective 
cover to geocomposite drainage layer was utilized in the calculations where residual strength is 
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deemed appropriate.  The residual strength, resulting from laboratory testing, for this interface 
is summarized in the table below: 

Table 4.  Residual Strength of Critical Interface 

INTERFACE RESIDUAL INTERFACE  
FRICTION, φ (DEGREES)* 

RESIDUAL 
ADHESION 

(PSF) 
Protective Cover to Geocomposite 
Drainage Layer 27.8 0 

 

VI. RESULTS OF ANALYSIS 

The analysis consists calculating the factors of safety against translational failure based on the 
interface shear testing results.  The results of the analysis are summarized below.  Detailed 
calculations are included as Attachment B.   

    
Table 5.  Peak Strength Calculation Summary 

CONDITION CALCULATED FACTOR OF 
SAFETY 

REQUIRED FACTOR 
OF SAFETY 

Static 2.34 1.50 
Static (Full Drainage Layer) 2.23 1.10 
Static (Equipment Loads) 2.26 1.25 
Seismic 1.22 1.00 

*Calculations of friction angles assume interface adhesion (c) is equal to zero. 

The peak interface shear strength for the materials proposed to be used in the closure of Cells 
20-22 are anticipated to be acceptable based on the laboratory results for the interface shear 
testing.  However, should the cover or liner system be temporarily acted upon by an outside 
force that causes the post-peak strength to be mobilized, there may be some displacement of 
the cap system.  Movement will occur along the interface with the lowest peak strength.  This 
will then mobilize the residual/large-displacement strength of that particular interface.   The 
result of the residual strength analysis is shown below: 

Table 6.  Residual Strength Calculation Summary 

CONDITION CALCULATED FACTOR OF 
SAFETY 

REQUIRED FACTOR 
OF SAFETY 

Final Cover Static 2.25 1.10 
*Calculations of friction angles assume interface adhesion (c) is equal to zero. 
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Based on these results, the proposed configuration for the Dow Salzburg Landfill is calculated 
to be stable using the materials proposed in the project specifications for all conditions 
evaluated. 
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 Interface Shear Testing Results 

 

































 

 

ATTACHMENT B 
 Detailed Calculations 



JOB

SHT NO 1 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Objective:

Method:

Procedure:

Determine:  Static factor of safety for cover system based on gravitational forces only and peak strength.

Assumptions:

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

VC CS Utilized

Thickness (h) 0.5 1.5 2.0 ft Design

Dry Unit Weight (gD) 90.0 100.0 97.5 pcf Conservatively assumed based on  lab tests

Mois. Cont. (field cond.) (wF) 26.0 24.0 24.5 % Conservatively assumed based on  lab tests

Avg Field Unit Wt (g) - - 121.4 pcf 

Reference Stress - - 235.5 pcf 

Min. Friction Angle (f) 30.0 30.0 30.0 deg Assumed (conservative for sandy cover)

Min. Cohesion (c) 0.0 0.0 0.0 psf Assumed (conservative for sandy cover)

Slope Angle Beneath the Geom. (b) - - 14.03 deg Design

Ht. of Slp. Meas. Along Geom. (HL) - - 22.06 ft

Lng. of Slp. Meas. Along  Geom. (L) - - 91.00 ft

Inter. Frict. Angle for critical interface. (d) - - 28.3 deg

Adhesion for DL & Geom. (ca) - - 3.0 psf

Required Factor of Safety (FSR) - - 1.50 Min. req. FS for long term conditions

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22
NA

Figure 1.  Limit equilibrium forces involved in a finite length  slope analysis for a 

uniformly thick cover soil

Design

AECOM DOW Chemical 60440134

564 White Pond Drive

Akron, OH  44320 COVER VENEER STABILITY

Min. shear strength parameters from 

interface shear testing

Determine the veneer stability of the cover 
system at the Salzburg Landfill - Cells 20 - 
22.  The critical interface was determined to 
be protective cover to geocomposite 
drainage layer. 

Use methods outlined in the paper by Koerner 
and Soong, Analysis and Design of Veneer 
Cover Soils published in Geosynthetics 
International, 2005, 12, No.1. 

Determine the static stability of the veneer 
cover system to evaluate the minimum 
factor of safety for the cover system.  
Balance the forces as shown in Figure 1 and 
compare to the required factor of safety 
(FS). 

1. No geosynthetic reinforcements 
2. No interface adhesion for geosynthetic components. 
3. No tension allowed in geosynthetics 
4. Minimum cohesion for multilayered systems 

Salzburg Landfill Veneer-Final.xlsx 1



JOB

SHT NO 2 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Active Wedge Calculations

= 20,028    lbs = 19,430   lbs

= 248        lbs = (2,285)     lbs

Passive Wedge Calculations

= 1,032 lbs = -          lbs

= 453         lbs = 1,142      lbs

Static Factor of Safety

=       1,142  lbs/ft 

FSR = 1.50
FSA = 2.34

Min. Peak d 28.3 deg
Min. Peak ca 3.0 psf

=           363  lbs/ft 

Akron, OH  44320 COVER VENEER STABILITY
Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

NA

AECOM DOW Chemical 60440134

564 White Pond Drive

Determine the total weight of the active wedge (WA),the effective force normal to the failure plan of the active wedge (NA), 

the adhesive force between the cover soil of the active wedge and the geomembrane (Ca), and the interwedge force acting 

on the active wedge from the passive wedge (EA) using the following eqs:  

Determine the total weight of the passive wedge (WP),the effective force normal to the failure plan of the passive wedge (NP), 

the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge 

(EP) using the following eqs:

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as 

follows:

Allow Exceeds Req'd - OK

= (2,828)     lbs/ft 
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JOB

SHT NO 3 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Determine:  Static factor of safety for cover system based on additional seepage forces.
Procedure:

Assumptions:

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

VC CS Utilized

Thickness (h) 0.5 1.5 2.0 ft Design

Dry Unit Weight (gD) 90.0 100.0 97.5 pcf Conservatively assumed based on  lab tests

Mois. Cont. (field cond.) (wF) 26.0 24.0 24.5 % Conservatively assumed based on  lab tests

Avg Field Unit Wt (g) - - 121.4 pcf 

Specific Gravity of the (GS) 2.72 2.72 2.72 Assumed conservative

Unit Weight of Water (gW) - - 62.4 pcf 

Saturated Unit Weight (gSAT) - - 124.1 pcf 

Min. Friction Angle (f) 30.0 30.0 30.0 deg Assumed (conservative for sandy cover)

Min. Cohesion (c) 0.0 0.0 0.0 psf Assumed (conservative for sandy cover)

Slope Angle Beneath the Geom. (b) - - 14.0 degrees Design

Ht. of Slp. Meas. Along Geom. (HL) - - 22.06 ft

Lng. of Slp. Meas. Along Geom. (L) - - 91.0 ft

Depth of Water in DL (hW) - - 0.07 ft Max. thickness of DL (conservative)

Inter. Frict. Angle for DL & Geom. (d) - - 28.3 deg

Adhesion for DL & Geom. (ca) - - 3.0 psf

Required Factor of Safety (FSR) - - 1.10 Min. req. FS for temporary conditions

AECOM DOW Chemical 60440134

564 White Pond Drive

Akron, OH  44320 COVER VENEER STABILITY

Min. shear strength parameters from 

interface shear testing

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22
NA

Figure 2.  Limit equilibrium forces involved in finite-length slope of uniform cover 

soil with parallel-to-slope seepage build-up: (a) active wedge; (b) passive wedge

Design

In addition to the static case assumptions: 
1. Seepage is parallel to slope 
2. The drainage layer is sized such that liquid not 
build up beyond the thickness of the drainage 
layer. 
3. Drainage layer has adequate capacity to handle 
maximum surface water flow 
4. If geocomposite is used - it is less than 0.75 
inches thick. 
5. Max accumulation of up to 1 foot head on top 
of FML barrier to account for drainage aggregate 
in lieu of geocomposite. 

Determine the static stability of the veneer 
cover system to determine the minimum 
required interface friction angle for all 
engineered components of the cover system.  
Balance the forces as shown in Figure 1 and the 
required factor of safety (FS) then solve for 
minimum interface shear strength parameters.  
Account for seepage forces in drainage layer as 
noted in Figure 2. 
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JOB

SHT NO 4 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Active Wedge Calculations

= 17,084    lbs

= 0.15 lbs = 385         lbs

= 16,189   lbs

= (2,836)    lbs

Passive Wedge Calculations

= 829.4      lbs = 0.6 lbs

= 894 lbs

Static Factor of Safety w/ Seepage Forces 

= 4,018  lbs/ft 

FSR = 1.10
= (9,515.2)      lbs/ft FSA = 2.23

Min. Peak d 28.3 deg
= 1,220       lbs/ft Min. Peak ca 3.0 psf

AECOM DOW Chemical 60440134

564 White Pond Drive

Determine the total weight of the active wedge (WA),  resultant of the pore pressures acting on the interwedge surfaces (Uh), 

resultant of the pore pressures acting perpendicular to the slope (Un),  the effective force normal to the failure plan of the 

active wedge (NA), and the interwedge force acting on the active wedge from the passive wedge (EA) using the following eqs:  

Determine the total weight of the passive wedge (WP),  resultant of the vertical pore pressures acting on the passive wedge 

(UV), and  the interwedge force acting on the pass wedge from the active wedge (EP) using the following eqs:  

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as 

follows:

Allow Exceeds Req'd - OK

Akron, OH  44320 COVER VENEER STABILITY

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

NA
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JOB

SHT NO 5 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Determine:  Static factor of safety for cover system based on additional equipment loads.

Procedure:

Assumptions:

Figure 3. Additional load due to construction equipment moving on cover soil.

Equipment Parameters Source

Equiv. Equipment Load per Unit Width (We) 14939 lbs We = qwl

Influence Factor at the Geom. Interface (I) 0.95 See Figure 5 above.

Track Width to Cover Soil Thickness Ratio (b/h) 1.40

Distributed Equipment Load (q) 1492 psf q = Wb/(2 × w × b)

Weight of Equipment (Wb) 87,733 lbs Typical weight of CAT D8 dozer

Length of Equipment Track (w) 10.50 ft

Width of Equipment Track (b) 2.80 ft

AECOM DOW Chemical 60440134

NA

Figure 4.  Illustration of stress distribution from 

overlying equipment.

Figure 5.  Values of influence factor I to dissipate surface force through cover soil to 

geomembrane interface (after Poulos and Davis 1974)

Typical track dimensions of CAT D8 

dozer

564 White Pond Drive

Akron, OH  44320 COVER VENEER STABILITY

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

In addition to the static case assumptions: 
1. The equipment pushes material up slope 
leaving a toe buttress behind. 
2. The equipment accelerates slowly with no 
sudden starts or turns to minimize additional 
loads besides the weight of the machine.  

Determine the static stability of the veneer 
cover system to determine the minimum 
required interface friction angle for all 
engineered components of the cover 
system.  Balance the forces as shown in 
Figure 1 and the required factor of safety 
(FS)  then solve for minimum interface shear 
strength parameters.  Account for 
equipment loads (Wb) as final cover is placed 
as noted in Figure 3. 
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JOB

SHT NO 6 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

VC CS Utilized

Thickness (h) 0.5 1.5 2.0 ft Design

Dry Unit Weight (gD) 90.0 100.0 97.5 pcf Conservatively assumed based on  lab tests

Mois. Cont. (field cond.) (wF) 26.0 24.0 24.5 % Conservatively assumed based on  lab tests

Avg Field Unit Wt (g) - - 121.4 pcf 

Min. Friction Angle (f) 30.0 30.0 30.0 deg Assumed (conservative for sandy cover)

Min. Cohesion (c) 0.0 0.0 0.0 psf Assumed (conservative for sandy cover)

Slope Angle Beneath the Geom. (b) - - 14.0 deg Design

Ht. of Slp. Meas. Along Geom. (HL) - - 22.06 ft

Lng. of Slp. Meas. Along  Geom. (L) - - 91.00 ft

Inter. Frict. Angle for DL & Geom. (d) - - 28.3 deg

Adhesion for DL & Geom. (ca) - - 3.0 psf

Required Factor of Safety (FSR) - - 1.25 Min. req. FS for temporary conditions

Active Wedge Calculations

= lbs = lbs

= 248        lbs = (6,335)     lbs

Passive Wedge Calculations

= lbs = -          lbs

= 556         lbs = 1,167      lbs

AECOM DOW Chemical 60440134

Determine the total weight of the active wedge (WA),the effective force normal to the failure plan of the active wedge (NA), 

the adhesive force between the cover soil of the active wedge and the geomembrane (Ca), and the interwedge force acting 

on the active wedge from the passive wedge (EA) using the following eqs:  

34,967                      33,924                       

564 White Pond Drive

Akron, OH  44320 COVER VENEER STABILITY

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

Determine the total weight of the passive wedge (WP),the effective force normal to the failure plan of the passive wedge (NP), 

the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge 

(EP) using the following eqs:

1,032                        

NA

Design

Min. shear strength parameters from 

interface shear testing

Salzburg Landfill Veneer-Final.xlsx 6



JOB

SHT NO 7 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Static Factor of Safety w/ Equipment Load

=       1,994  lbs/ft 

FSR = 1.25

FSA = 2.26

Min. Peak d 28.3 deg
Min. Peak ca 3.0 psf

= 628  lbs/ft 

AECOM DOW Chemical 60440134

564 White Pond Drive

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as 

follows:

Allow Exceeds Req'd - OK

= (4,787)     lbs/ft 

Akron, OH  44320 COVER VENEER STABILITY

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

NA

Salzburg Landfill Veneer-Final.xlsx 7



JOB

SHT NO 8 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Determine:  Static factor of safety for cover system based on additional seismic loads.

Procedure:

Assumptions:

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

VC CS Utilized

Thickness (h) 0.5 1.5 2.0 ft Design

Dry Unit Weight (gD) 90.0 100.0 97.5 pcf Conservatively assumed based on  lab tests

Mois. Cont. (field cond.) (wF) 26.0 24.0 24.5 % Conservatively assumed based on  lab tests

Avg Field Unit Wt (g) - - 121.4 pcf 

Min. Friction Angle (f) 30.0 30.0 30.0 deg Assumed (conservative for sandy cover)

Min. Cohesion (c) 0.0 0.0 0.0 psf Assumed (conservative for sandy cover)

Slope Angle Beneath the Geom. (b) - - 14.0 degrees Design

Ht. of Slp. Meas. Along Geom. (HL) - - 22.06 ft

Lng. of Slp. Meas. Along  Geom. (L) - - 91.00 ft

Inter. Frict. Angle for DL & Geom. (d) - - 28.3 deg

Adhesion for DL & Geom. (ca) - - 3.0 psf

Seismic  Coefficient (CS or KS) - - 0.040 %g PGA for 2% Exceedance in 50 Years

Required Factor of Safety (FSR) - - 1.00 Min. req. FS for seismic conditions

AECOM DOW Chemical 60440134

NA

Figure 6.  Limit equilibrium forces involved in pseudo-static analysis using average 

seismic coefficient.

Design

Min. req. shear strength parameters from 

static analysis

564 White Pond Drive

Akron, OH  44320 COVER VENEER STABILITY

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

In addition to the static case assumptions: 
1. Seismic force acts on the centroid of the cover 
soil. 
2. Seismic force is horizontal. 
3. Deformation analysis not required. 
 

Determine the static stability of the veneer 
cover system to determine critical factor of 
safety for all engineered components of the 
cover system.  Balance the forces as shown in 
Figure 1 and compare to the required factor of 
safety (FS).  Account for seismic loads (CS) as 
noted in Figure 6. 
 

Salzburg Landfill Veneer-Final.xlsx 8



JOB

SHT NO 9 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Active Wedge Calculations

= lbs = lbs

= 248        lbs = lbs

Passive Wedge Calculations

= lbs = -          lbs

= 668         lbs = 1,194      lbs

Seismic Factor of Safety 

=       8,375  lbs/ft 

FSR = 1.00

FSA = 1.22

Min. Peak d 28.3 deg
Min. Peak ca 3.0 psf

= 1454  lbs/ft 

AECOM DOW Chemical 60440134

NA

Determine the total weight of the active wedge (WA),the effective force normal to the failure plan of the active wedge (NA), 

the adhesive force between the cover soil of the active wedge and the geomembrane (Ca), and the interwedge force acting 

on the active wedge from the passive wedge (EA) using the following eqs:  

20,028                       19,430                       

16,392                       

Determine the total weight of the passive wedge (WP),the effective force normal to the failure plan of the passive wedge (NP), 

the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge 

(EP) using the following eqs:

564 White Pond Drive

Akron, OH  44320 COVER VENEER STABILITY

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

1,032                        

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as 

follows:

Allow Exceeds Req'd - OK

= (11,431)  lbs/ft 

Salzburg Landfill Veneer-Final.xlsx 9



JOB

SHT NO 10 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Determine:  Static factor of safety for cover system based on residual strength.

Procedure:

Assumptions:

Veg. Cover Soil (VC)/Prot. Cover Soil (CS) and Slope Parameters Source

VC CS Utilized

Thickness (h) 0.5 1.5 2.0 ft Design

Dry Unit Weight (gD) 90.0 100.0 97.5 pcf Conservatively assumed based on  lab tests

Mois. Cont. (field cond.) (wF) 26.0 24.0 24.5 % Conservatively assumed based on  lab tests

Avg Field Unit Wt (g) - - 121.4 pcf 

Reference Stress - - 235.5 psf

Min. Friction Angle (f) 30.0 30.0 30.0 deg Assumed (conservative for sandy cover)

Min. Cohesion (c) 0.0 0.0 0.0 psf Assumed (conservative for sandy cover)

Slope Angle Beneath the Geom. (b) - - 14.0 deg Design

Ht. of Slp. Meas. Along Geom. (HL) - - 22.06 ft

Lng. of Slp. Meas. Along  Geom. (L) - - 91.00 ft

Inter. Frict. Angle for DL & Geom. (d) - - 27.8 deg

Adhesion for DL & Geom. (ca) - - 0.0 psf

Required Factor of Safety (FSR) - - 1.10 Min. req. FS

Active Wedge Calculations

= 20,028    lbs = 19,430   lbs

= -         lbs = (4,458)     lbs

AECOM DOW Chemical 60440134

564 White Pond Drive

Akron, OH  44320 COVER VENEER STABILITY

Min. residual shear strength from 

lowest peak interface

Determine the total weight of the active wedge (WA),the effective force normal to the failure plan of the active wedge (NA), 

the adhesive force between the cover soil of the active wedge and the geomembrane (Ca), and the interwedge force acting 

on the active wedge from the passive wedge (EA) using the following eqs:  

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

NA

Figure 7.  Limit equilibrium forces involved in a finite length  slope analysis for a 

uniformly thick cover soil

Design

No additional assumptions 
 

Determine the static stability of the veneer 
cover system to evaluate the critical factor 
of safety for all engineered components of 
the cover system.  Balance the forces as 
shown in Figure 1 and then compare to the 
required factor of safety (FS). 
 

Salzburg Landfill Veneer-Final.xlsx 10



JOB

SHT NO 11 OF 11

CALC BY NSG DATE 10/21/15

CHK BY SEB DATE 12/27/15

SCALE

Passive Wedge Calculations

= 1,032 lbs = -          lbs

= 643         lbs = 1,188      lbs

Static Factor of Safety for Residual Strength

=       1,142  lbs/ft 

FSR = 1.10
FSA = 2.25

Min. Resid. d 27.8 deg
Min. Resid. ca 0.0 psf

=           348  lbs/ft 

AECOM DOW Chemical 60440134

564 White Pond Drive

Determine the total weight of the passive wedge (WP),the effective force normal to the failure plan of the passive wedge (NP), 

the cohesive force along the failure plane (C), and the interwedge force acting on the passive wedge from the active wedge 

(EP) using the following eqs:

Determine the calculated Factor of Safety (FSA) using a quadratic equation relationship where the constants are defined as 

follows:

Allow Exceeds Resid. - OK

= (2,719)     lbs/ft 

Akron, OH  44320 COVER VENEER STABILITY

Tel. (330) 836-9111 Salzburg Landfill Cells 20-22

NA

Salzburg Landfill Veneer-Final.xlsx 11



APPENDIX D
EQUIVALENT ENVIRONMENTAL PROTECTION ANALYSIS



Alternative Cap System Equivalency Evaluation
Dow Chemical Salzburg Landfill Page 1 of 6

Section 1: Introduction

The hazardous waste administrative rules promulgated pursuant to Part 111, Hazardous Waste
Management, of the Natural Resources and Environmental Protection Act, 1994 PA 451, specify
the closure requirements of hazardous waste landfills in the State of Michigan.  In particular,
R299.9619(6)(a)(i)  requires  a  minimum  of  90  cm  (3  ft)  of  compacted  clay  liner  (CCL)  with  a
permeability no greater than 1.0x10-7 cm/sec  be  constructed  as  part  of  the  composite  cap
system of all hazardous waste landfills.  R299.9619(6)(a) also states:

 “…unless the owner or operator substitutes an equivalent design which shall include a
flexible membrane liner component with a minimum thickness of 1 millimeter (40 mil),
depending on the type of material selected, and demonstrates to the director that it
provides equivalent environmental protection:”

Dow is  proposing an alternative design for  the cap system at  Salzburg Landfill  (SLF)  for  use in
the closure of Cells 20-22 and future cells.  Refer to Figure 1, which provides a cross-section of
the proposed alternative cap system.  Dow is proposing to use two layers of GSE BentoLiner®
NWL  geosynthetic  clay  liner  (GCL)  in  lieu  of  the  three  foot  CCL  for  the  cap  system  at  SLF.
Material specifications for BentoLiner® NWL GCL are provided in Attachment A.

The objective of this position paper is to demonstrate that the proposed cap system, utilizing
two layers of BentoLiner® NWL GCL in place of the three foot CCL, will provide equivalent
environmental protection and allow the MDEQ to approve the alternative design for the closure
of Cells 20-22 and future cells at SLF.

Figure 1. Dow Salzburg Final Cover Detail Design
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Section 2: Equivalency Calculations

The following section provides engineering calculations to compare the hydraulic properties of
the cap system using two layers of BentoLiner® NWL GCL in lieu of the required CCL.  These
calculations demonstrate the hydraulic equivalency of the proposed cap system by comparing
the theoretical leakage through each liner system.

In order to complete accurate equivalency calculations, hydraulic conductivity testing was
performed on representative samples of the BentoLiner® NWL GCL by Geotechnics, Inc
(Geotechnics) as follows:

· Hydraulic conductivity performed on a single layer of GCL in accordance with ASTM D
5887 (Control Test)

· Hydraulic conductivity performed on a prepared seam of two GCL panels in accordance
with ASTM D 5887-modified (Horizontal Permeability)

An overburden pressure of 2 psi was applied during the testing to model the 24-inches of
overlying cover soil and topsoil above the composite cap system, as shown in Figure 1.  The test
results were reported as follows:

· Control Test
o Measured thickness and hydraulic conductivity of a single layer of GCL of 5.961

millimeters (0.23 inches) and 3.4x10-10 cm/sec, respectively.
· Horizontal Permeability

o Measured thickness and hydraulic conductivity of the prepared seam of two GCL
panels of 6.993 millimeters (0.28 inches) and 6.0x10-10 cm/sec, respectively.
Note that this horizontal seam permeability is significantly less than the standard
permeability of 5.0x10-9 cm/sec published by GCL manufacturers and generally
within the natural variation of testing results for GCL materials.

For the purposes of this equivalency demonstration the higher hydraulic conductivity of the
published permeability of 5.0x10-9 cm/sec will be used. The results of the Geotechnics testing
are included in Attachment B.  The paper prepared by J.P. Kline of Geotechnics is provided in
Attachment C.

J.P. Giroud developed the following equation to estimate the leakage rate through composite
liner systems (Giroud, 1997):
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This equation is based on empirical data and is a function of the head on the liner system (h),
the thickness of the soil liner beneath the geomembrane (TUM), the area of a theoretical hole in
the geomembrane (a), the permeability of the layer beneath the geomembrane (kUM), and the
quality of the intimate contact between the geomembrane and its underlying layer (Cqo).  By
utilizing this formula and the hydraulic conductivity test results in Attachment B, the expected
leakage rate through the proposed two layers of GCL + geomembrane cap system may be
compared with that of the three foot CCL + geomembrane cap system.  The leakage through
each system was calculated under the following two scenarios:

· Scenario 1: A typical scenario, with the depth of water above the cap system liner equal
to the thickness of the overlying geocomposite drainage material.

· Scenario 2:  A scenario assuming the depth of water above the cap system liner equal to
1 foot.  While the head above the cap system liner is not expected to exceed the
thickness of the geocomposite drainage material, this hypothetical scenario was utilized
to demonstrate the effect of additional head pressures on the performance of each
system.

Detailed calculations for each scenario are presented in Attachment D.  Under typical
conditions  (Scenario  1),  leakage  rate  for  the  three  foot  CCL  +  geomembrane  cap  system  are
more than 7 times the leakage rate through the proposed two layers of GCL + geomembrane
cap system.  When the head above the liner is increased to 1 foot (Scenario 2), the leakage rate
through  the  CCL  +  geomembrane  cap  system  is  still  more  than  3  times  the  leakage  rate
expected through the proposed two layers of GCL + geomembrane system.  Based on these
results, the proposed two layers of GCL + geomembrane cap system is considered to be at least
hydraulically equivalent to the three foot thick CCL + geomembrane cap system with respect to
preventing infiltration.
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Section 3: Advantages of GCL

In  addition  to  a  superior  hydraulic  effectiveness,  the  use  of  GCLs  in  the  cap  system  provides
additional benefits, resulting in superior performance during both construction and post-
closure.  The following outlines the additional considerations that influenced Dow’s decision to
propose the closure cap system alternative shown in Figure 1:

● GCLs are not affected by repeated freeze/thaw cycles as are CCLs.
● GCLs do not desiccate under repeated wet/dry conditions.
● GCLs provide superior intimate contact with the geomembrane materials,

resulting in significantly better performance in restricting potential horizontal
flow of water in the liner system.

● GCLs are easier and simpler to install and result in superior construction quality
control and uniform integrity of the capping system.

● GCLs act as a cushion layer to a geomembrane and do not contain rocks or debris
which could damage the overlying geomembrane.

In conjunction with Dow’s stringent Quality Assurance/Quality Control requirements, these
advantages will make the two layers of GCL a superior long-term performing component of the
capping system at SLF.  In addition, a preliminary analysis indicates that slope stability for the
proposed cap system will not be a concern due to the shallow and relatively short slopes on the
caps at SLF.
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Section 4: Conclusion

As provided for in R299.9619(6)(a) of Part 111, Dow is proposing to substitute two layers of
GSE BentoLiner® NWL GCL for the three foot thick CCL currently specified in the regulation.  The
horizontal seam permeability test results and leakage rate calculations detailed in this report
indicate the proposed two layers of GCL + geomembrane cap section is equivalent to the three
foot thick CCL + geomembrane cap.   When coupled with the advantages of a GCL over a CCL
such as:

· Unaffected by repeated freeze/thaw and wet/dry cycles,
· Better intimate contact with the overlying geomembrane,
· Ease of installation resulting in better construction quality control,

It is Dow’s position that the proposed two layers of GCL + geomembrane alternative cap design
will provide equivalent protection to human health and the environment over the CCL +
geomembrane cap currently mandated by Part 111.
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PRODUCT DATA SHEET

AT THE CORE:
This composite clay liner 

is composed of a uniform 

layer of granular sodium 

bentonite between a 

nonwoven and scrim-

nonwoven textile for 

dimensional stability.

GSE BentoLiner NWL Geosynthetic Clay Liner
GSE BentoLiner “NWL” is a needle-punched reinforced composite geosynthetic clay liner 

(GCL) comprised of a uniform layer of granular sodium bentonite encapsulated between 

a nonwoven and a scrim-nonwoven geotextile for dimensional stability. The product is 

intended for moderate to steep slopes and moderate to high load applications where 

increased internal shear strength is required.

Product Specifications 	
Tested Property Test Method Frequency Value

Geotextile Property

Cap Nonwoven, Mass/Unit Area ASTM D 5261 1/200,000 ft2 6.0 oz/yd2 MARV(1)

Carrier Scrim Nonwoven, Mass/Unit Area ASTM D 5261 1/200,000 ft2 6.0 oz/yd2 MARV

Bentonite Property

Swell Index ASTM D 5890 1/100,000 lb 24 ml/2 g min

Moisture Content ASTM D 4643 1/100,000 lb 12% max

Fluid Loss ASTM D 5891 1/100,000 lb 18 ml max

Finished GCL Property

Bentonite, Mass/Unit Area(2) ASTM D 5993 1/40,000 ft2 0.75 lb/ft2 MARV

Tensile Strength(3) ASTM D 6768 1/40,000 ft2 45 lb/in MARV

Peel Strength ASTM D 6496 
ASTM D 4632(4)

1/40,000 ft2 3.5 lb/in MARV 
21 lb MARV

Hydraulic Conductivity(5) ASTM D 5887 1/Week 5 x 10-9 cm/sec max

Index Flux(5) ASTM D 5887 1/Week 1 x 10-8 m3/m2/sec max

Internal Shear Strength(6) ASTM D 6243 Periodically 500 psf Typical

TYPICAL ROLL DIMENSIONS

Width x Length(7) Typical Every Roll 15.5 ft x 150 ft

Area per Roll Typical Every Roll 2,325 ft2

Packaged Weight Typical Every Roll 2,600 lb

NOTES:

•	(1)Minimum Average Roll Value.

•	(2)At 0% moisture content.

•	(3)Tested in machine direction.

•	(4)Modified ASTM D 4632 to use a 4 in wide grip. The maximum peak of five specimens averaged in machine direction.

•	(5)Deaired, deionized water @ 5 psi maximum effective confining stress and 2 psi head pressure.

•	(6)Typical peak value for specimen hydrated for 24 hours and sheared under a 200 psf normal stress.

•	(7)Roll widths and lengths have a tolerance of ±1%.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve 
built a reputation of reliability through our dedication to providing consistency of product, price 
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow  
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information. 
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE Lining Technology, LLC in the United States and certain 
foreign countries. REV 13JUN2012
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ATTACHMENT C
GCL Seam Testing Paper



Measuring the Hydraulic Performance of GCL Seams for Three GCL 
Products Using a Modified Index Flux Test Method 

 
J. P. Kline1, Jimmy Youngblood2 

 
 
Currently manufactured Geosynthetic Clay Liners (GCLs) conform to GRI – GCL3 Standard 
Specification for “Test Methods, Required Properties, and Test Frequencies of Geosynthetic 
Clay Liners (GCLs)”.   This standard establishes the minimum barrier performance requirements 
for a geotextile related GCL, having a geotextile cap and carrier, as a maximum Index Flux (q) 
value of 1 X 10-8 m3/m2/sec and a maximum Permeability (k) value of 5 X 10-9 cm/sec.   The 
question has been posed, if installed per the installation recommendations, will the seams of 
adjoining roll panels provide the same barrier performance to meet the Index Flux and 
Permeability values set forth by the GRI-GCL3 standard; as presented in Figure 1 and Eq. 1 & 2. 
 
 

Figure 1.  GCL Field Seam 
 
 qseam  ~  qproduct  <  1 X 10-8 m3/m2/sec       (1) 
 

kseam  ~  kproduct  <  5 X 10-9 cm/sec        (2) 
 
A modified ASTM D5887 “Standard Test Method for Measurement of Index Flux Through 
Saturated Geosynthetic Clay Liner Specimens Using a Flexible Wall Permeameter” was 
performed on a prepared GCL seam.    Modifications to the standard included: 
 

1. Stacking of 2 GCL specimens with powdered bentonite placed between the specimens to 
model a field installed seam. 

2. Specimen size of 12 inch diameter to allow for a full six inch wide seam to be constructed. 
3. Use of a 12 inch flexible wall permeability cell. 
4. Permeability was calculated based upon the average thickness of the clay component of a 

single GCL layer as the seam barrier performance is being correlated to the GCL product. 
 
To confirm the barrier performance of the GCL product itself and for comparison with the 
prepared seam sample, a standard 4 inch diameter index flux (ASTM D5887) test was 
performed.  The specimen for this test was taken from the same GCL sample roll as the 
specimens used for the index flux test on the prepared seam. 

                                                 
1 Laboratory Director, Geotechnics, Inc., 544 Braddock Ave., East Pittsburgh, PA 15235, jpkline@geotechnics.net 
2 Product Manager, GSE Environmental., 19103 Gundle Rd., Houston, TX 77073, jyoungblood@gseworld.com 
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A cross-section and plan view of the test setup is provided in Figure 2 with a description of the 
setup procedure following. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.  Test setup cross-section & plan view  

 
 
The GCL sample was rolled out and using a 12 inch diameter template, the outline of both 
specimens was traced on the sample.  Two parallel lines, each 3 inches from the specimen 
centerline, were placed on the specimen (Picture 1).  These parallel lines defined the 6 inch seam 
overlap, being the minimum overlap length per the GCL installation recommendations, and 
provided the reference line for which to cut a section out of the circular specimen to create an 
edge representative of the edge of a GCL roll.  The specimens were cut out along the traced 
outline and de-ionized water was applied to the cut edges of the specimen perimeter to minimize 
loss of bentonite from the specimen.  Once the specimens were prepared, assembly of the 
remaining seam test setup could be accomplished.  Filter paper and then the bottom GCL 
specimen was placed on the bottom porous stone.  Moist clean medium grained sand was placed 
on the remaining exposed portion of the filter paper where the semi-circular section parallel to 
the specimen centerline was removed.  This provided a level and uniform height across the 12 
inch diameter relative to the thickness of the GCL specimen.  Clean medium sand was used due 
to its structural ability to remain in place after placement and much higher flow characteristics 
than the GCL being tested.  Powdered benonite from the same GCL sample roll as the seam 
specimens was obtained, measured to a weight of 113.4 g (0.25lb), and placed uniformly along 
the 1 foot seam length and within the 6 inch seam width (Picture 2). This powdered bentonite 
application rate is in accordance with the GCL installation recommendations of 0.25 lb loose 
granular bentonite placed per linear foot of seam 



 
Picture 1. Traced Specimen   Picture 2. Placement of Powdered Bentonite 

 
 
The top GCL specimen was then placed over the bottom specimen with the cut edge opposite of 
the bottom specimen cut edge, representative of the seam in the field.  Moist medium sand was 
place on top of the exposed bottom GCL specimen, where the semi-circular section of the top 
GCL specimen parallel to the specimen centerline was removed, to provide a level surface for 
the porous stone (Picture 3).  A piece of filter paper was placed on top of the top GCL specimen 
and upper sand with the top porous stone being placed on top of the piece of filter paper.   To 
smooth out and secure the perimeter edge of the GCL and the sand, a bentonite paste created 
from powdered bentonite obtained from the same GCL sample roll as the seam specimens was 
applied around the circumference of the specimens (Picture 4). 

 
 

 
Picture 3. Top Specimen Placement with Sand Picture 4. Cross-section with bentonite paste   
 
 
To seal the seam cross-section and to minimize the possibility of side wall leakage, GE Silicone 
II sealant was applied over the bentonite paste around the circumference of the seam cross-
section. The GCL seam cross-section was placed on the base of the 12 inch diameter flexible 
wall permeability cell.  A flexible membrane was secured around the cross-section and the cell 
plumbing was attached (Picture 5).  The cell was then assembled (Picture 6) and filled with tap 
water.  The influent burette was then filled with de-ionized de-aired water, the water pressure 
was step loaded following the ASTM D5887 standard and the seam specimens were allowed to 
hydrate. 
 



 
Picture 5. Seam Cross-section on Cell Base  Picture 6. Assembled Permeability Cell 
 
 
Per ASTM D5887, the GCL must be hydrated for a minimum of 48 hours at a cell pressure of 80 
psi and backpressure of 75 psi.  Due to there being two GCL specimens much larger than the 
standard 4 inch diameter specimen for the prepared seam sample, an extended hydration period 
was needed.  The average post test weight of water for the seam samples were about 960 grams 
compared to 46 grams for the product samples; over 20 times more water uptake than the 4 inch 
diameter product samples.    
 
After hydration of the seam sample was completed, the inflow pressure was increased to 77 psi 
and flow through the sample initiated.  The Falling Head/Rising Tailwater Hydraulic system was 
employed for measurement of the inflow and outflow volumes.  For greater accuracy, 
measurements were performed using the pipette.  Due to the volume available in the pipette, 
measurements were performed during standard work hours with the outflow being shut off at the 
end of each day.  Beginning the next day, the inflow pipette was filled with de-ionized de-aired 
water, flow initiated by opening the outflow and measurements taken.  For all three tests, final 
measurements occurred over a 5 day period for which the index flux and permeability values 
leveled off below the requirements set forth by GRI-GCL3 for standard GCL products.  The test 
was ceased and the cell was de-assembled.  Picture 7 shows a GCL seam post test after being 
removed from the permeability cell.   
 
 

 
Picture 7.  Post Test Cross-Section View 



 
The modified index flux test on a prepared seam was performed on three GCL products: 
 
Test 1:  Reinforced double Non-woven GCL (R-NW/NW) 
Test 2:  Reinforced Woven/Non-woven GCL (R-W/NW) 
Test 3:  Lightly Reinforced Woven/Non-woven GCL (LR-W/NW) 
 
Results from both the prepared seam using a modified ASTM D5887 method and the GCL 
product using the standard ASTM D5887 method with a 4 inch diameter specimen are provided 
in Table 1.  The “After Test Thickness” listed is the average measured thicknesses of the clay 
component for the individual GCL specimens of the seam.  This is the thickness that was used 
for the calculation of the permeability.   
 
 

Table 1. Test Results 
 

 Type Property Seam Product 
Index Flux, (m3/m2)/sec 6.41E-09 2.29E-09 
Permeability, cm/sec 3.39E-09 1.12E-09 

T
es

t 1
 

R-NW/NW 
After Test Thickness, cm 0.705 0.715 
Index Flux, (m3/m2)/sec 5.72E-09 3.79E-09 
Permeability, cm/sec 2.63E-09 1.65E-09 

T
es

t 2
 

R-W/NW 
After Test Thickness, cm 0.683 0.671 
Index Flux, (m3/m2)/sec 4.87E-09 3.44E-09 
Permeability, cm/sec 2.57E-09 1.71E-09 

T
es

t 3
 

LR-W/NW 
After Test Thickness, cm 0.775 0.679 

 
 
These modified ASTM D5887 tests demonstrated that an index flux and permeability test can be 
performed on a prepared GCL seam, representative of the minimum 6 inch overlap as required 
for installation.  The purpose of this seam test was to confirm that the seam, if installed per 
installation recommendations, will meet the flow requirements set forth by the GRI-GCL3 
specification for a standard GCL product.  All seam tests met the required values of a maximum 
Index Flux of 1 X 10-8 m3/m2/sec and a maximum Permeability of 5 X 10-9 cm/sec.  As expected, 
the index flux and permeability values of the prepared seam samples were close to but slightly 
higher than the product test values.  
 
References 
 
ASTM D5887 “Standard Test Method for Measurement of Index Flux Through Saturated 
Geosynthetic Clay Liner Using a Flexible Wall Permeameter”, ASTM International, West 
Conshohocken, PA, Vol. 04.13, May 2009. 
 
GRI-GCL3 “Standard Specification for Test Methods, Required Properties, and Testing 
Frequencies of Geosynthetics Clay Liners (GCLs)”, Geosynthetic Research Institute, Folsom, 
PA, May 16, 2005. 



ATTACHMENT D
Giroud Leakage Calculations



Comparison of CCL and GCL in a Composite Cap System
Salzburg Landfill Facility (SLF), Dow Chemical, Midland Michigan

Leakage Through a Hole in the Geomembrane - Equivalency Calculation (Giroud)

Where:

Cqo = a constant related to the level of intimate contact between the geomembrane and underlying layer
h = head of water on top of the geomembrane (m)
TUM = thickness of the soil component of the composite liner (m)
a = area of defect in geomembrane (m2)
kUM = hydraulic conductivity of the underlying clay liner soil (m/s) or the horizontal seam permeability of GCL panels

Scenario 1 Scenario 2
0.1 feet of head on the cap system liner 1 foot of head on the cap system liner
(geocomposite drainage material above liner system is saturated)  (1 foot of cover soil above geocomposite drainage material is saturated)

Geomembrane with three foot CCL Geomembrane with three foot CCL

Cqo = 0.21 (assumes "good" installation - typical for clay/geomembrane) Cqo = 0.21 (assumes "good" installation - typical for clay/geomembrane)
h = 0.03 m (0.1 feet) h = 0.3 m (1 foot)

TUM = 0.9 m (3 feet) TUM = 0.9 m (3 feet)

a = 0.0002 m2 (standard industry assumption - 2 holes per acre at 0.0001 m2 per hole) a = 0.0002 m2 (standard industry assumption - 2 holes per acre at 0.0001 m2 per hole)
kUM = 1.00E-09 m/s (1 x 10 -7 cm/s) kUM = 1.00E-09 m/s (1 x 10 -7 cm/s)

QCCL = 8.38E-10 m3/s 1.91E-02 gal/day QCCL = 6.87E-09 m3/s 1.57E-01 gal/day

Geomembrane with two layers of GCL Geomembrane with two layers of GCL

Cqo = 0.21 (assumes "good" installation) Cqo = 0.21 (assumes "good" installation)
h = 0.03 m (0.1 foot) h = 0.3 m (1 foot)

TUM = 0.011922 m (5.961 mm each layer x 2) TUM = 0.011922 m (5.961 mm each layer x 2)

a = 0.0002 m2 (standard industry assumption - 2 holes per acre at 0.0001 m2 per hole) a = 0.0002 m2 (standard industry assumption - 2 holes per acre at 0.0001 m2 per hole)
kUM = 5.00E-11 m/s (5.0 x 10 -9 cm/s - Refer to Attachment A) kUM = 5.00E-11 m/s (5.0 x 10 -9 cm/s - Refer to Attachment A)

QGCL = 1.13E-10 m3/s 2.58E-03 gal/day QGCL = 2.27E-09 m3/s 5.18E-02 gal/day

QCCL/QGCL = 7.43  - CCL leaks 7.43 x more than two layers of GCL QCCL/QGCL = 3.02  - CCL leaks 3.02 x more than two layers of GCL
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APPENDIX E
SOIL EROSION AND SEDIMENTATION CONTROL ANALYSIS



ENGINEERING COMPUTATION SHEET
________________________________________________________________  SHEET  _____1______ OF  _______4_______

PROJECT / PROPOSAL NAME

Dow Chemical
Salzburg Landfill

Cells 20 through 22 Final Cover

PREPARED

BY: JAD

DATE: 09/15

CHECKED

BY:         ____________

DATE:   ____________

PROJECT / PROPOSAL NUMBER

60440134

SUBJECT:

Determine the estimated soil loss of the final over system to maintain soil loss
at a rate less than 2 tons/acre/year.

PURPOSE AND OBJECTIVE:

The following computations were performed to verify that the estimated soil loss
of the final cover system in its final condition would not exceed the criteria of 2
tons/acre/year.  If conditions do result in estimated soil loss exceeding the
criteria then supplemental diversion berms would be installed at intervals along
the side slope such that the soil loss does not exceed 2 tons/acre/year.

Regulatory Criteria:

R299.9619(6)(b)

(6)  In addition to the closure and post closure care requirements of 40 C.F.R.
§264.310, the owner or operator of a landfill shall do all of the following
with respect to closure and post closure care:

(b)  Establish shallow-rooted grasses at the earliest possible time and
maintain the vegetation or use other erosion control measures so as to
stabilize the cap and prevent erosion. Erosion shall be limited to not more
than 2 tons per acre per year based on the universal soil loss equation.

DESIGN ASSUMPTIONS AND CONDITIONS:

1. The grades and elevations for the top of the topsoil layer conform to the
surfaces shown on the plan drawings.

2. Topsoil layer soils will consist of at least 1.25% to 2% organic matter.

3. Ground cover at final development will consist of approximately 90%
coverage.



ENGINEERING COMPUTATION SHEET
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PROJECT / PROPOSAL NAME

Dow Chemical
Salzburg Landfill

Cells 20 through 22 Final Cover

PREPARED

BY: JAD

DATE: 09/15

CHECKED

BY:         ____________

DATE:   ____________

PROJECT / PROPOSAL NUMBER

60440134

METHODOLOGY:

To calculate the soil loss, the Revised Universal Soil Loss Equation(1) (RUSLE) will
be  utilized  to  estimate  the  soil  loss  from  the  final  cover  in  its  fully  developed
condition.

The Revised Universal Soil Loss Equation for estimating soil loss is:

A = R * K * C * LS * P

Where,

A = estimated soil loss
R = rainfall-runoff erosivity factor
K = soil erodibility factor
C = cover management factor
LS = slope length and steepness factor
P = support practice factor

For the final developed condition of the final cover system, the following factors
were used in the analysis:

· The R factor was conservatively interpolated to be 90 for Midland County,
Michigan based on the Isoerodent Map of the Eastern United States from
the US EPA “Storm Water Phase II Final Rule Construction Rainfall
Erosivity Waiver”, Figure 2.

· The K factor was assumed to be 0.2 based upon the MDEQ Waste
Management Division "Final Cover Erosion Control Design Guidance"
Attachment 3.  Assume vegetative layer is a "loamy fine sand" to "sandy
loam", 1.25% to 2% organic matter from US EPA a geocomposite drainage
layer.

· The C factor was assumed to be 0.014 based upon the MDEQ Waste
Management Division "Final Cover Erosion Control Design Guidance"
based on grass with no appreciable canopy, 90% ground cover and 1.25%
to 2% organic matter.

· The LS factor was calculated to be 3.61 by multiplying the steepness
factor (SF) by the length factor (LF) as follows:



ENGINEERING COMPUTATION SHEET
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PROJECT / PROPOSAL NAME

Dow Chemical
Salzburg Landfill

Cells 20 through 22 Final Cover

PREPARED

BY: JAD

DATE: 09/15

CHECKED
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DATE:   ____________
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60440134

· The  P  factor  is  assumed  to  be  1.0  and  is  selected  from  MDEQ  Waste
Management Division "Final Cover Erosion Control Design Guidance"
page 4 of 4.

COMPUTATIONS:

The computations are performed on the attached spreadsheets.

CONCLUSIONS:

The attached calculations verify that the estimate soil loss does not exceed 2
tons/acre/year based on final conditions of the final cover system, including a
perimeter drainage channel along the base of slope, with a maximum side slope
of 25%, a maximum slope length of 91 feet, topsoil vegetative soil layer
consisting of a loamy sand sandy loam with approximately 1.25% to 2% organic
matter, and approximately 90% grass cover.  Therefore, supplemental diversion
berms will not be required along the side slopes.



ENGINEERING COMPUTATION SHEET
________________________________________________________________  SHEET  _____4______ OF  _______4_______

PROJECT / PROPOSAL NAME
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REFERENCES:

(1) Michigan Department of Environmental Quality, Waste Management Division
"Final Cover Erosion Control Design Guidance", October 31, 1995.

(2) United States Environmental Protection Agency “Storm Water Phase II Final Rule
Construction Rainfall Erosivity Waiver”, January 2001, Figure 2.



Prepared By:  JAD
Date:  9/16/2015

APPENDIX E
SALZBURG LANDFILL CELLS 20-22 CAP DESIGN

ESTIMATED SOIL LOSS CALCULATION

Checked By:_______
Date:_______

OBJECTIVE:

METHOD:

A = R * K * C * LS * P

where,

A = computed soil loss in tons/acre/year
R = rainfall-runoff erosivity factor
K = soil erodibility factor
C = cover management factor
LS = slope length and steepness factor

LS = (SF)(LF)

SF = 3(sinΘ)*0.8 + 0.56

Θ = slope angle = 14.03 degrees

LF = (0.0138*λ)^m

λ = horizontal length of slope = 91 feet
m = (2(11.16 sinΘ/3(sinΘ)^0.8+0.56)/(1+(2(11.16sinΘ)/3(sinΘ)^0.8+0.56))

m = 0.89

S = 25%, or 14.03 degrees
L = 91 feet

P = support practice factor

Analyze the soil loss to determine if intermediate slope diversion berms are required at
closed condition with final cover established. The maximum slope length is
approximately 91 feet.  If the estimated soil loss exceeds 2.0 tons/acre/year then an
intermediate slope diversion berm will be required.  If the estimated soil loss is less
than 2 tons/acre/year then no intermediate slope diversion berm will be required.

Calculation of soil loss and diversion berm spacing using the Revised Universal Soil
Loss Equation (RUSLE).

Equation 4, DEQ Waste Management Division "Final Cover Erosion Control
Design Guidance

Equation 3, DEQ Waste Management Division "Final Cover
Erosion Control Design Guidance

Equation 1, DEQ Waste Management Division "Final Cover Erosion Control
Design Guidance

Equation 2, DEQ Waste Management Division "Final Cover Erosion Control
Design Guidance

L

S

PAGE 1



Prepared By:  JAD
Date:  9/16/2015

APPENDIX E
SALZBURG LANDFILL CELLS 20-22 CAP DESIGN

ESTIMATED SOIL LOSS CALCULATION

Checked By:_______
Date:_______

PARAMETERS:
R = 90 Selected from the Isoerodent Map of Eastern US

K = 0.2

C = 0.014

LS = 3.61

Slope - S (%) 25
Length - L (ft) 91
SF 2.95
LF 1.22

P = 1

CALCULATION:
A = R * K * C * LS * P

A = (90) (0.20) (0.014) (3.61) (1)

A = 0.91 tons/acre/year

CONCLUSION:

LS has been calculated by multiplying the steepness factor (SF) by the
length factor (LF)

Suggested C Value from DEQ Waste Management Division "Final Cover
Erosion Control Design Guidance" based on grass with no appreciable
canopy, 90% ground cover and 1.25%  to 2% organic matter

Selected from DEQ Waste Management Division "Final Cover Erosion
Control Design Guidance" Attachment 3.  Assume vegetative layer is a
"loamy fine sand" to "sandy loam", 1.25% to 2% organic matter

Selected from DEQ Waste Management Division "Final Cover Erosion
Control Design Guidance"

Estimated soil loss does not exceed 2 tons/acre/year, therefore no intermediate slope diversion
berm is required

PAGE 2
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Figure 2. Isoerodent Map of the Eastern U.S.

Note: Units for all maps on this page are are hundreds ftCtonfCin(acChCyr)-1



APPENDIX F
CAP DRAINAGE LAYER ANALYSIS



ENGINEERING COMPUTATION SHEET
________________________________________________________________  SHEET  _____1______ OF  _______4_______

PROJECT / PROPOSAL NAME

Dow Chemical
Salzburg Landfill
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60440134

SUBJECT:

Determine the adequacy of the proposed geocomposite drainage layer to
manage infiltration along the final cover side slopes.

PURPOSE AND OBJECTIVE:

The following computations were performed to verify the adequacy of the
geocomposite drainage layer as a means of conveying infiltration of storm water
in order to prevent a veneer stability failure due to saturation of the protective
oil layer.

DESIGN ASSUMPTIONS AND CONDITIONS:

1. The grades and elevations for the top of the foundation layer soils and
bottom of the protective soil layer conform to the surfaces shown on the
plan drawings.

2. The proposed drainage layer system is constructed to the alignment and
grades shown on the proposed design.

3. The impingement rate is equal to the typical permeability of the
protective soil layer which is conservatively estimated to be 5.5x10-5

cm/sec.

METHODOLOGY:

In order to manage the maximum anticipated infiltration rate that the final cover
drainage layer could experience over the life of the facility, the transmissivity of
the geocomposite must be large enough to convey infiltration water along the
longest length of the final cover side slopes to the perimeter anchor trench drain
without allowing the head to exceed the thickness of the geocomposite drainage
layer.  To calculate the required transmissivity, Single-Slope Giroud Equation(1)

will be utilized to estimate the maximum head in the final cover drainage layer
using the maximum anticipated infiltration impingement rate.
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The Single Slope Giroud Equation for maximum thickness of head on an
impermeable liner system is:

Where,

tmax = maximum liquid thickness
qh = liquid impingement rate
L = length of slope
k = hydraulic conductivity of geocomposite
β = slope

For a geocomposite drainage layer, k is equal to the transmissivity of the
geocomposite (T) multiplied by the thickness of the geocomposite (typically
between 200 and 300 mil.).  The transmissivity value required in the lab (Tspec) is
the long term required transmissivity (Treq’d) multiplied by several long term
reduction factors that account for the potential long-term changes in the
geocomposite that cannot be accounted for in the rapid lab test.

( )RPBCCCCRINdreqspec RFRFRFRFRFTT '= *FS
(modified from Koerner & Koerner 2005, attached)

MATERIAL CHARACTERISTICS:

The longest length and flattest slope of the side slope portion of the final cover is
approximately 91 feet and 25%, respectively.  These values will be utilized in the
evaluation of the proposed geocomposite drainage layer.

The reduction factors utilized for the geocomposite to be utilized on the steep
side slopes are as follows:

bsinmax k
Lq

t h=
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The  maximum  anticipated  impingement  rate  of  infiltration  into  the  final  cover
drainage layer is assumed to be equal to the typical permeability of the
protective  cover  soil  layer  which  is  conservatively  estimated  to  be  5.5x10-5

cm/sec.

COMPUTATIONS:

The computations are performed on the attached spreadsheets.

CONCLUSIONS:

FACTOR DESCRIPTION
UPPER
SLOPE
VALUE

COMMENTS

Tspec
Ultimate
Transmissivity

9.2x10-4

m2/sec
Transmissivity of chosen geocomposite drainage
layer must meet or exceed this value.

t Geocomposite
thickness 200 mil Assumed thickness geocomposite drainage layer

RFIN Intrusion 1.5 Upper range from Koerner & Koerner (2005) -
Steel plates used in manufacturer’s test

RFCR Creep 1.4 Upper range from Koerner & Koerner (2005)

RFCC
Chemical
clogging 1.2 Upper range from Koerner & Koerner (2005)

RFBC
Biological
clogging 2.3 Middle range from Narejo (2004)

FS Overall Design
Factor of Safety 2.5 Typical factor of safety for collection system

design
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The attached calculations verify that a geocomposite drainage layer with a
laboratory  transmissivity  rate  which  exceeds  9.2x10-4 m2/sec can transmit
infiltration water within the thickness of the geocomposite.  Therefore, a
geocomposite drainage layer which meets or exceeds the design value will
prevent the interface between the geocomposite drainage layer and the
overlying protective soil layer to become saturated, which may cause a veneer
stability failure, along the final cover side slopes.  Furthermore, the long term
flow capacity of the final cover geocomposite drainage layer to be utilized on the
final cover side slopes is adequate to manage the maximum anticipated
infiltration rate over the life of the Salzburg Landfill.

REFERENCES:
(1) Giroud, J.P., J.G. Zornberg, and J.F. Beech, 2000, "Hydraulic Design of

Geosynthetic and Granular Liquid Collection Layers Comprising Two Different
Slopes", Geosynthetics International, Special Issue on Liquid Collection Systems,
Vol. 7, Nos. 4-6, pp 453-489.



liquid impingement rate, qh = 5.5E-05 cm/sec Based on typical permeability of infiltration layer after freeze/thaw effects

GEOCOMPOSITE PROPERTIES
ultimate transmissivity, Q = 9.2E-04 m2/sec

aggregate thickness, t = 200 mil Thickness of geonet
reduction factor for elastic deformation, RFin = 1.5 Upper range from Koerner & Koerner (2005) - Steel plates used in test
reduction factor for creep deformation, RFcr = 1.4 Upper range from Koerner & Koerner (2005)
reduction factor for chemical clogging, RFcc = 1.2 Upper range from Koerner & Koerner (2005)
reduction factor for biological clogging, RFbc = 2.3 Middle range from Narejo (2004)

design factor of safety, FS = 2.5 Conservative, 2 is standard
longterm transmissivity, Treq'd = 6E-05 m2/sec

allowable hydraulic conductivity, k = 1.2E+00 cm/sec

SLOPE PROPERTIES
slope, z = 25 % flattest sideslop
slope, b = 14.04 °

length of slope, L = 91 ft longest length

RESULTS
characteristic parameter, l = 0.000707935

modifying factor, j = 0.995954716

max. liquid thickness, tmax = 0.20 in
max. liquid thickness, tmax = 199.21 mil

MAX. LIQUID THICKNESS:

WHERE:
tmax = maximum liquid thickness
qh = liquid impingement rate
L = length of slope
k = hydraulic conductivity of geocomposite
b = slope

REFERENCE:  Giroud, J.P., J.G. Zornberg, and J.F. Beech, 2000, "Hydraulic Design of Geosynthetic and Granular Liquid Collection Layers
Comprising Two Different Slopes", Geosynthetics International , Special Issue on Liquid Collection Systems, Vol. 7, Nos. 4-6, pp 453-489.

Single Slope Scenario
DRAINAGE LAYER CAPACITY ANALYSIS

J:\41568172\Environmental\Calculations\LCS\Giroud-LCS-Sideslopes.xls



PRODUCT DATA SHEET

AT THE CORE:
A 200 mil thick HyperNet 

geonet heat-laminated on 

one or both sides with a 

nonwoven needlepunched 

geotextile.

GSE FabriNet 200 mil Geocomposite
GSE FabriNet geocomposite consists of a 200 mil thick GSE HyperNet geonet heat-

laminated on one or both sides with a GSE nonwoven needle-punched geotextile. 

The geotextile is available in mass per unit area range of 6 oz/yd2 to 16 oz/yd2. The 

geocomposite is designed and formulated to perform drainage function under a range of 

anticipated site loads, gradients and boundary conditions.

Product Specifications 	
Tested Property Test Method Frequency Minimum Average Roll Value(1)

Geocomposite 6 oz/yd2 8 oz/yd2 10 oz/yd2

Transmissivity(2), gal/min/ft, (m2/sec)
Double-Sided Composite 
Single-Sided Composite

ASTM D 4716 1/540,000 ft2

0.5 (1x10-4) 
4.8 (1x10-3)

0.5 (1x10-4)
4.8 (1x10-3)

0.4 (9x10-5)
4.3 (9x10-4)

Ply Adhesion, lb/in ASTM D 7005 1/50,000 ft2 1.0 1.0 1.0

Geonet Core(1,3) – GSE HyperNet

Geonet Core Thickness, mil ASTM D 5199 1/50,000 ft2 200 200 200

Transmissivity(2), gal/min/ft (m2/sec) ASTM D 4716 9.6 (2 x 10-3) 9.6 (2 x 10-3) 9.6 (2 x 10-3)

Density, g/cm3 ASTM D 1505 1/50,000 ft2 0.94 0.94 0.94

Tensile Strength (MD), lb/in ASTM D 7179 1/50,000 ft2 45 45 45

Carbon Black Content, % ASTM D 4218 1/50,000 ft2 2.0 2.0 2.0

Geotextile(1,3)

Mass per Unit Area, oz/yd2 ASTM D 5261 1/90,000 ft2 6 8 10

Grab Tensile Strength, lb ASTM D 4632 1/90,000 ft2 160 220 260

Grab Elongation ASTM D 4632 1/90,000 ft2 50% 50% 50%

CBR Puncture Strength, lb ASTM D 6241 1/540,000 ft2 435 575 725

Trapezoidal Tear Strength, lb ASTM D 4533 1/90,000 ft2 65 90 100

AOS, US sieve(1), (mm) ASTM D 4751 1/540,000 ft2 70 (0.212) 80 (0.180) 100 (0.150)

Permittivity, sec-1 ASTM D 4491 1/540,000 ft2 1.5 1.3 1.0

Water Flow Rate, gpm/ft2 ASTM D 4491 1/540,000 ft2 110 95 75

UV Resistance, % retained ASTM D 4355
(after 500 hours)

per formulation 70 70 70

NOMINAL ROLL DIMENSIONS(4)

Roll Width, ft 14.75 14.75 14.75

Roll Length, ft
Double-Sided Composite 
Single-Sided Composite

270 
300

260 
300 

230 
290

Roll Area, ft2 Double-Sided Composite 
Single-Sided Composite

3,982
4,425

3,835 
4,425

3,392
4,277

	NOTES:

•	(1) All geotextile properties are minimum average roll values except AOS which is maximum average roll value and UV resistance 	

is typical value. Geonet core thickness is nominal value.

•	(2) Gradient of 0.1, normal load of 10,000 psf, water at 70˚F between steel plates for 15 minutes. Contact GSE for 	

performance transmissivity value for use in design.

•	(3) Component properties prior to lamination.

•	(4) Roll widths and lengths have a tolerance of ±1%.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve 
built a reputation of reliability through our dedication to providing consistency of product, price 
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow  
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information. 
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE Environmental, LLC in the United States and certain 
foreign countries. REV 04JUN2014
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GSI White Paper #4  
Reduction Factors Used in Geosynthetic Design 

 
Part I - Separation and Reinforcement Applications Using Geotextiles and Geogrids 

 
Introduction to the Three-Part Series 

 
 It has long been practiced that the as-manufactured properties of many geosynthetics are 

reduced when they are used for design purposes.  In so doing, one takes an ultimate test value 

and modifies it into an allowable, or design, test value.  This practice is used in many materials 

and is one-half of the technique known as “load and resistance factor design”, or LRFD, which is 

used by many highway agencies.  In LRFD, loads are increased and resistances are reduced so as 

to arrive at a conservative and safe final design.  Of course, the degree of conservatism is 

important and often a matter of contention between the parties involved, but that issue is not 

addressed in this paper. 

 This three-part commentary is focused on the resistance aspects of geosynthetics and is 

presented in three board topic areas based on the primary functions that geosynthetics typically 

serve; they are (i) geotextiles and geogrids used in separation and reinforcement, (ii) geotextiles 

used in filtration and drainage, and (iii) geonets, geocomposites and geospacers used in drainage.  

We will address separation and reinforcement in this first part, then geotextile filtration and 

drainage in the second part, and finally geonets, geocomposites and geospacers used in the third 

part.  [Containment situations using geomembranes and geosynthetic clay liners use their as-

received material properties with no reduction factors and compensate in the final design with 

generous factors-of-safety]. 

Separation and Reinforcement Reduction Factors 

 The usual equation for allowable strength of geosynthetics (wide-width, grab, puncture, 

tear, impact, etc.) is as follows. 



- 2 - 

 ⎥
⎦

⎤
⎢
⎣

⎡
×××

=
SMCBDCRID

ultallow RFRFRFRF
TT 1  (1) 

where 

 Tallow = allowable (or design) strength, 

 Tult = ultimate (or as-manufactured) strength, 

 RFID = reduction factor for installation damage, 

 RFCR = reduction factor for creep, 

 RFCBD = reduction factor for chemical and biological degradation, and 

 RFSM = reduction factor for seams (if appropriate). 

The numeric values for all of the above items are both site-specific and material-specific.  The 

latest edition of the textbook Designing with Geosynthetics presents Table 1 for common 

application areas involving geotextiles and geogrids.  Note that all values are listed as ranges 

allowing the designer considerable latitude.  Commentary on each of the reduction factors 

follows: 

Table 1 - Recommended Strength Reduction Factor Values for Use in Equation 1. 
 

Range of Reduction Factors  
Area Installation 

Damage 
Creep* Chemical/Biological

Degradation** 
Separation 1.1 to 2.5 1.5 to 2.5 1.0 to 1.5 
Cushioning 1.1 to 2.0 1.2 to 1.5 1.0 to 2.0 
Unpaved roads 1.1 to 2.0 1.5 to 2.5 1.0 to 1.5 
Walls 1.1 to 2.0 2.0 to 4.0 1.0 to 1.5 
Embankments 1.1 to 2.0 2.0 to 3.5 1.0 to 1.5 
Bearing and foundations 1.1 to 2.0 2.0 to 4.0 1.0 to 1.5 
Slope stabilization 1.1 to 1.5 2.0 to 3.0 1.0 to 1.5 
Pavement overlays 1.1 to 1.5 1.0 to 2.0 1.0 to 1.5 
Railroads  1.5 to 3.0 1.0 to 1.5 1.5 to 2.0 
Flexible forms 1.1 to 1.5 1.5 to 3.0 1.0 to 1.5 
Silt fences 1.1 to 1.5 1.5 to 2.5 1.0 to 1.5 
*The low end of the range refers to applications which have relatively short service lifetimes and/or situations 
where creep deformations are not critical to the overall system performance. 
**Previous editions of this book have listed biological degradation as a separate reduction factor.  There is no 
evidence, however, of such degradation for the typical polymers used to manufacture geotextiles.  Thus, it is 
currently included with chemical degradation as a combined reduction factor. 
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Installation Damage - This item has been quantified in several research projects with 

accompanying papers that are available in the technical literature.  The nature of the subgrade, 

cover soil, and installation equipment counterpointed against the particular geosynthetic material 

gives rise to the use of the lower or upper values.  The option always exists to construct a test 

pad in the field to determine a more project-specific and precise value. 

Creep - Of all reduction factors to be discussed, creep has had the most attention given to it.  

This is appropriate since it is typically the largest value used in the calculation.  The 

disadvantage of creep testing is the long testing time required.  Considerable current attention is 

being given to time-temperature-superposition (TTS) and stepped isothermal method (SIM) 

testing.  Both are very quick in comparison to the original efforts using standard creep testing on 

individual test specimens.  The open literature is abundant in this regard.   

Chemical/Biological Degradation - These two degradation mechanisms were originally 

considered separately.   As time progressed, it became clear that biological degradation did not 

occur with the high molecular weight resins used in the manufacture of geosynthetics.  Thus, 

biological degradation should be eliminated entirely.  However, if it is eliminated people will 

then ask where it is, and so it is currently combined with chemical degradation.  Regarding the 

latter, one must know the site-specific environmental conditions and be aware of extremes, e.g., 

organic solvents, very high (or low) pH groundwater, and the like.  The values listed in Table 1 

are not based on research to the extent of the other values.  That said, the values are the lowest 

and have the least impact on the allowable, or design, strength. 

Seams - If seams are involved in strength related designs, a reduction factor can be added to the 

equation.  The numeric value is very tractable.  Using wide width strength test results of the 

unseamed material versus the seamed material (ASTM and ISO are nicely set up in this regard), 
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the ratio is the desired reduction factor.  It varies from 1.0 to 3.0 irrespective of the application 

area and is not included in Table 1 for this reason. 

Others - Other atypical conditions, such as purposely cutting holes in a material, can be added as 

the site-specific conditions warrant. 

Part I - Summary 

 It appears to the writer that the status of reduction factors in geosynthetic strength 

applications is in reasonable order, particularly when contrasted to the load estimation which is 

needed to complete a design.  If we as an industry were to segue into LRFD methods it will be 

seen that much more uncertainty is associated with an estimation of both static and dynamic 

loads, including hydraulic loads in many cases.  A recent paper on probability-of-failure 

calculations based on statistical variations of input values clearly shows this to be the case.   
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Part II - Filtration and Drainage Applications Using Geotextiles 
 
 

 Geotextiles, being very versatile materials can serve in many functions.  The most widely 

known is as a filter.  In fact, the original name for geotextiles was “filter fabrics”.  When 

sufficiently thick, however, they can also serve as drainage materials.  The difference between 

these two functions is the orientation of the flow.  In filtration, flow is perpendicular to the 

geotextile, while in drainage, flow is parallel (or within) the geotextile. 

Filtration and Drainage Reduction Factors 

 The usual equation for allowable flow (permittivity, flow rate or transmissivity) is as 

follows: 

  ⎥
⎦

⎤
⎢
⎣

⎡
××××

=
BCCCINCRSCB

ultallow RFRFRFRFRF
qq 1  (2) 

where 

 qallow = allowable (or design) flow rate, 

 qult = ultimate (or as-manufactured)  flow rate, 

 RFSCB = reduction factor for soil clogging and blinding, 

 RFCR = reduction factor for creep reduction of void space, 

 RFIN = reduction factor for adjacent materials intruding into void spaces, 

 RFCC = reduction factor for chemical clogging, and 

 RFBC = reduction factor for biological clogging. 

The numeric values for all of the above items are both site-specific and material-specific as they 

were for strength applications, but obviously they are different.  The latest edition of the 

textbook Designing with Geosynthetics uses Table 2 for common application areas involving 

geotextiles by themselves, and the geotextiles on geonets, geospacers and drainage 
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geocomposites.  As with Table 1, all values are ranges and furthermore the ranges are broader 

than those given in Table 1.  Thus, the designer has even more latitude for his/her selection.  

Commentary on each of the reduction factors follows: 

Table 2 - Recommended Flow Reduction Factor Values for Use in Equation 2. 
 

Range of Reduction Factors Application 
Soil 

Clogging and 
Blinding* 

Creep 
Reduction  
of Voids 

Intrusion  
in  

Voids 

 
Chemical 

Clogging** 

 
Biological 
Clogging 

Retaining wall filters 

Underdrain filters 

Erosion control filters 

Landfill filters 

Gravity drainage 

Pressure drainage 

2.0 to 4.0 

2.0 to 10 

2.0 to 10 

2.0 to 10 

2.0 to 4.0 

2.0 to 3.0 

1.5 to 2.0 

1.0 to 1.5 

1.0 to 1.5 

1.5 to 2.0 

2.0 to 3.0 

2.0 to 3.0 

1.0 to 1.2 

1.0 to 1.2 

1.0 to 1.2 

1.0 to 1.2 

1.0 to 1.2 

1.0 to 1.2 

1.0 to 1.2 

1.2 to 1.5 

1.0 to 1.2 

1.2 to 1.5 

1.2 to 1.5 

1.1 to 1.3 

1.0 to 1.3 

2.0 to 4.0*** 

2.0 to 4.0 

2.0 to 5.0*** 

1.2 to 1.5 

1.1 to 1.3 
*If stone rip-rap or concrete blocks cover the surface of the geotextile use either the upper 
  values, or include a separate reduction factor. 

  **Values can be higher particularly for high alkalinity or high turbidity groundwater. 
***Values can be higher for extremely high microorganism content and/or growth of organisms 
       and plant/vegetation roots. 
 

Soil Clogging and Blinding - This reduction factor attempts to compensate for upstream soil 

particles either embedding themselves in a thick geotextile and/or blocking flow above the 

geotextile’s voids.  This is a necessary response of the geotextile in “tuning” itself to the site-

specific soil and hydraulic conditions.  The values seen in Table 2 are the largest of reduction 

factors for flow applications.  They were obtained by comparing permittivity flow rates of 

various geotextiles as-manufactured (i.e., in-isolation) with that of similar flow tests of different 

soils placed over the geotextiles in question.  More specifically, the tests were short term flow 

tests via the GRI GT1 test method which was developed in 1986.  The lower values generally 

apply to woven fabrics and cohesionless soils, while the higher values generally apply to 

nonwoven fabrics and fine-grained soils.  Admittedly, there is considerable latitude in selection 
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of a particular value.  Of course, product-specific and site-specific testing can be performed if the 

situation warrants.  

Creep Reduction of Voids - Since thick geotextiles compress under load, a reduction factor 

should be included to modify the as-manufactured product’s flow value over time.  It is a long-

term phenomenon and the short term permittivity flow tests of GRI GT1 test method were run 

for times up to 1000-hours to obtain the reduction factors.  Also included in this category are 

long-term transmissivity tests to evaluate flow reductions for in-plane drainage related 

applications.  With both of these situations (permittivity and transmissivity), the option is always 

available to do the respective tests under product-specific and site-specific conditions. 

Intrusion into Voids - This lowest of reduction factors is to compensate for soil particles entering 

and being retained within the geotextile.  Nonwoven needle-punched geotextiles have the 

greatest tendency in this regard over woven, heat-bonded or burnished geotextiles. 

Chemical Clogging - This reduction factor considers that the permeating liquid might carry or 

precipitate chemicals which can clog the geotextile filter or drain.  High alkalinity groundwater 

will readily precipitate calcium and magnesium in this regard.  One might also consider 

suspended solids in the permeant as a similar phenomenon.  Total suspended solids, or TSS, 

values of greater than 5000 mg/l require high reduction factors.  It is difficult to model in 

laboratory testing and thus the values provided are somewhat subjective. 

Biological Clogging - As with chemical clogging, the nature of the permeating liquid is at issue.  

Liquids high in microbial content, such as landfill leachates, agricultural wastewaters, and 

sewage biosolids, are all troublesome and result in high reduction factors.  Values of biochemical 

oxygen-demand (BOD) greater than 5000 mg/l are considered high in this regard.  This term 

could also includes plant and vegetative root growth through or within the geotextile, but these 
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are site-specific situations and are very difficult to quantify in this context.  As with chemical 

clogging, these issues are also difficult to model in laboratory testing and thus the values 

provided are somewhat subjective. 

Part II - Summary 

 It appears to the writer that the status of reduction factors in geotextile flow applications 

is not as definitive as it is with strength applications.  The field scenarios which can be 

envisioned are much broader and unwieldy in this regard.  That said, if LRFD methods are 

eventually employed in geosynthetic design it again will be seen that the load side of the 

equation is of a greater uncertainty than these “resistance” aspects of modifying an as-

manufactured flow value into an allowable flow value using reduction factors.  The paper on 

probability-of-failure referenced in the first part of this communication shows this clearly. 
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 Part III - Drainage Application Using Geonets, Geocomposites and Geospacers 
 

 
Part II of this series dealt with reduction factors involving geotextile-filtration (always a 

primary function for cross-plane flow in hydraulic applications), and geotextile drainage (only a 

primary function for in-plane flow using relatively thick nonwoven geotextiles).  This 

continuation of the latter situation extends the drainage materials into the much higher flow-rate, 

or transmissivity, products involving geonets, geocomposites, and geospacers.  The analytic 

formulation is quite similar, but the very open flow channels of drainage cores present some 

unique aspects of the use of reduction factors in these high-flow drainage geosynthetics. 

Drainage Reduction Factors 

The requisite equation for flow rate or transmissivity involving geonets, geocomposites, 

and geospacers changes slightly from Equation 2 presented previously, to Equation 3 following.  

Note the absence of the reduction factor for soil clogging and blinding, RFSCB, since this is 

unique to filtration geotextiles and is not particularly relevant to the drainage core, per se: 

 ⎥
⎦

⎤
⎢
⎣

⎡
×××

=
BCCCCRIN

ultallow RFRFRFRF
qq 1  (3) 

 
where  

qallow =  allowable (or design) flow rate or transmissivity,  

qult  =  ultimate (or as-manufactured) flow rate or transmissivity,   

RFIN =  reduction factor for intrusion of geotextiles or geomembranes into the core of 

drainage product,  

RFCR =  reduction factor for creep of the drainage core or covering geosynthetics,  

RFCC =  reduction factor for chemical clogging of drainage core, and  

RFBC =  reduction factor for biological clogging of drainage core. 
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The numeric values for all of the above are also site-specific and product-specific as they were 

for strength applications (Table 1) and geotextile filter and drainage applications (Table 2).  For 

geonets, geocomposites and geospacers, the latest edition of the textbook Designing with 

Geosynthetics gives the values in Table 3.  Commentary on each of the reduction factors follows. 

Table 3.  Recommended drainage reduction factors for use in Equation 3 
 

Application Area Range of Reduction Factor Values  
  RFIN RFCR* RFCC RFBC 

Sport fields  1.0 to 1.2 1.0 to 1.5 1.0 to 1.2 1.1 to 1.3 
     
Capillary breaks 1.1 to 1.3 1.0 to 1.2 1.1 to 1.5 1.1 to 1.3 
     
Roof and plaza decks 1.2 to 1.4 1.0 to 1.2 1.0 to 1.2 1.1 to 1.3 
     
Retaining walls, seeping 1.3 to 1.5 1.2 to 1.4 1.1 to 1.5 1.0 to 1.5 
  rock, and soil slopes     
     
Drainage blankets 1.3 to 1.5 1.2 to 1.4 1.0 to 1.2 1.0 to 1.2 
     
Infiltrating water drainage 1.3 to 1.5 1.1 to 1.4 1.0 to 1.2 1.5 to 2.0 
  for landfill covers     
     
Secondary leachate 1.5 to 2.0 1.4 to 2.0 1.5 to 2.0 1.5 to 2.0 
  collection (landfills)     
     
Primary leachate 1.5 to 2.0 1.4 to 2.0 1.5 to 2.0 1.5 to 2.0 
  collection (landfills)     
     
Wick Drains (PVDs) 1.5 to 2.5 1.0 to 2.5 1.0 to 1.2 1.0 to 1.2 
     
Highway edge drains 1.2 to 1.8 1.5 to 3.0 1.1 to 5.0 1.0 to 1.2 

*Creep values are sensitive to the core structure and to the density of the resin used.    Creep of the 
covering geotextile(s) is a product-specific issue.  The magnitude of the applied load is of major 
importance in both situations. 
 
Intrusion into core.  Considering the large open spaces in drainage cores, the intrusion of the 

covering geotextiles and/or geomembranes represents a meaningful reduction factor.  Major 

variables are the spacings of ribs, nubs, or columns; stiffness of the covering geotextiles or 

geomembranes; and magnitude, orientation, and duration of the stresses applied during service.  
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The data of Table 3 represents comparative ASTM D4716 testing using solid end platens versus 

relatively lightweight nonwoven needle-punched geotextiles entering the drainage core as the 

worst-case situations.  In critical situations or for other coverings such comparative testing is 

recommended. 

Creep of core and/or cover-ups.  Depending on the site-specific situation and applied stresses, the 

drainage core might creep as well as the geotextile or geomembrane coverings.  Both situations 

represent a reduction in the in-plane flow rate or transmissivity.  The data of Table 3 represents 

comparative ASTM D4716 tests up to 1000 hours on HDPE biplanar geonets.  The situation for 

other geonets and the many varieties of geospacers requires actual testing.  It should be 

mentioned that the recent development of the stepped isothermal method (SIM) of testing can 

provide much more timely information than previously possible. 

Chemical clogging.  This reduction factor considers that the permeating liquid might carry or 

precipitate chemicals which can clog the geotextile filter or geocomposite drain.  High alkalinity 

groundwater will readily precipitate calcium and magnesium in this regard.  One might also 

consider suspended solids (including fine soil particles less than the geotextile filter’s opening 

size) in the permeant as a similar phenomenon.  Total suspended solids (TSS) values of greater 

than 5000 mg/l require high reduction factors.  It is difficult to model in laboratory testing; thus, 

the values provided are somewhat subjective. 

Biological clogging.  As with chemical clogging, the nature of the permeating liquid is at issue.  

Liquids high in microbial content, such as landfill leachates, agricultural wastewaters, and 

sewage biosolids, are all troublesome and result in high reduction factors.  Values of biochemical 

oxygen-demand (BOD) greater than 5000 mg/l are considered high in this regard.  This term 

could also include plant and vegetative root growth through a geotextile or within a drainage 
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geocomposite, but these are site-specific situations and are very difficult to quantify in this 

context.  As with chemical clogging, these issues are also difficult to model in laboratory testing, 

and thus, the values provided are somewhat subjective. 

Part III - Summary 

 As with the Part II - Summary, the status of reduction factors for drainage applications 

using geonets, geocomposites or geospacers is not as definitive as it is with strength applications.  

It is further complicated because the transmissivity test method, ASTM D4716, has a quite high 

statistical variation in comparison to the permittivity test method, ASTM D4491.  Particularly 

subjective are chemical and biological clogging, both of which are difficult to simulate in a 

laboratory setting. 

Conclusion to the Three-Part Series 

By way of conclusion of this three-part white paper we offer Table 4 which addresses all 

of the strength and flow reduction factors that were presented and comments accordingly.  While 

additional research can be profitably done on many of the items, a more direct approach is to 

simulate site-specific field conditions and perform the requisite tests on the candidate 

geosynthetic material.  In the writer’s opinion, too little project-specific testing is being done 

presently.  There are several commercial laboratories which are well equipped to do such testing. 
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Table 4 - Critique of Geosynthetic Reduction Factors 

Category Confidence in Values For Critical Applications 
Strength-Related Applications 
• installation damage 
• creep 
• chemical/biological degradation 
• seams 

 
high 
high 

moderate 
high 

 
use upper range value 
use upper range value 
site-specific testing 
use upper range value 

Flow-Related Applications 
• soil clogging and blinding 
• creep reduction of voids 
• intrusion 
• chemical clogging 
• biological clogging 

 
moderate 
moderate 

high  
low  
low 

 
site-specific testing 
site-specific testing 
use upper range value 
go beyond table limits 
go beyond table limits 

 

In addition to the above summary table which is pertinent to geotextiles, geogrids, geonets, 

geocomposites, and geospacers, the need for ongoing investigation should be apparent.  When 

reduction factors are multiplied together, which assumes the worst-case scenario of complete 

synergy between all reduction factors, the resulting value can be enormous.  For example, in 

leachate collection systems beneath landfills one is taking an as-manufactured flow rate and 

decreasing it by a combined reduction factor of sixteen (2.0 × 2.0 × 2.0 × 2.0 = 16) under worst-

case conditions.  This should encourage much more testing than is currently being performed for 

long-term and/or critical applications.  It also leaves open the interesting aspect of future product 

development which might minimize the adverse effects of such high reduction factors.  It is 

encouraging to see that some products are now available in this regard and others are being 

currently developed. 

 
  

 
 



APPENDIX G
HYDRAULIC AND HYDROLOGIC (H&H) ENGINEERING ANALYSES



APPENDIX G-1
HYDROLOGIC CALCULATIONS (RATIONAL METHOD)



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Location: DB-4
Comments: Flows south to north

Drainage Area (total): 0.39 acres Runoff Coefficient: 0.50
Area Impervious: 0.00 acres Impervious coefficient: 0.9
Area Steep Slope: 0.39 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.00 acres Shallow Slope coeff: 0.30
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 0.67 cfs
Q50 = 0.85 cfs

Q100 = 0.92 cfs

Location: DB-3
Comments: Flows north to south

Drainage Area (total): 0.68 acres Runoff Coefficient: 0.50
Area Impervious: 0.00 acres Impervious coefficient: 0.9
Area Steep Slope: 0.68 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.00 acres Shallow Slope coeff: 0.30
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 1.17 cfs
Q50 = 1.49 cfs

Q100 = 1.62 cfs

Location: DB-6
Comments: Flows West to East

Drainage Area (total): 0.18 acres Runoff Coefficient: 0.50
Area Impervious: 0.00 acres Impervious coefficient: 0.9
Area Steep Slope: 0.18 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.00 acres Shallow Slope coeff: 0.30
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 0.31 cfs
Q50 = 0.40 cfs

Q100 = 0.43 cfs

Discharge for <20 acres
Dow Salzburg Cell 20-22 Cap

Note: For highlighted culverts,
      see SCS calculations. Sheet 1 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Discharge for <20 acres
Dow Salzburg Cell 20-22 Cap

Location: DB-5
Comments: Flows North to South

Drainage Area (total): 0.21 acres Runoff Coefficient: 0.50
Area Impervious: 0.00 acres Impervious coefficient: 0.9
Area Steep Slope: 0.21 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.00 acres Shallow Slope coeff: 0.30
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 0.37 cfs
Q50 = 0.47 cfs

Q100 = 0.51 cfs

Location: DB-1
Comments: Flows North to South

Drainage Area (total): 0.67 acres Runoff Coefficient: 0.50
Area Impervious: 0.00 acres Impervious coefficient: 0.9
Area Steep Slope: 0.67 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.00 acres Shallow Slope coeff: 0.30
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 1.15 cfs
Q50 = 1.47 cfs

Q100 = 1.59 cfs

Location: DB-2
Comments: Flows South to North

Drainage Area (total): 0.37 acres Runoff Coefficient: 0.50
Area Impervious: 0.00 acres Impervious coefficient: 0.9
Area Steep Slope: 0.37 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.00 acres Shallow Slope coeff: 0.30
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 0.64 cfs
Q50 = 0.82 cfs

Q100 = 0.89 cfs

Note: For highlighted culverts,
      see SCS calculations. Sheet 2 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Discharge for <20 acres
Dow Salzburg Cell 20-22 Cap

Location: D2
Comments: -

Drainage Area (total): 6.12 acres Runoff Coefficient: 0.55
Area Impervious: 0.00 acres Impervious coefficient: 0.9
Area Steep Slope: 6.12 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.00 acres Shallow Slope coeff: 0.30
Area Gravel Slope: 0.42 acres Gravel Roadway coefficient: 0.70
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 11.53 cfs
Q50 = 14.68 cfs

Q100 = 15.95 cfs

Location: D1
Comments: -

Drainage Area (total): 1.99 acres Runoff Coefficient: 0.48
Area Impervious: 0.00 acres Impervious coefficient: 0.9
Area Steep Slope: 1.74 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.24 acres Shallow Slope coeff: 0.30
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 3.25 cfs
Q50 = 4.14 cfs

Q100 = 4.50 cfs

Location: D3
Comments: -

Drainage Area (total): 8.30 acres Runoff Coefficient: 0.55
Area Impervious: 0.24 acres Impervious coefficient: 0.9
Area Steep Slope: 7.37 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.69 acres Shallow Slope coeff: 0.30
Area Gravel Slope: 0.65 acres Gravel Roadway coefficient: 0.70
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 15.69 cfs
Q50 = 19.98 cfs

Note: For highlighted culverts,
      see SCS calculations. Sheet 3 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Discharge for <20 acres
Dow Salzburg Cell 20-22 Cap

Q100 = 21.71 cfs

Location: D4
Comments: -

Drainage Area (total): 2.24 acres Runoff Coefficient: 0.46
Area Impervious: 0.03 acres Impervious coefficient: 0.9
Area Steep Slope: 1.74 acres Steep Slope coefficient: 0.50
Area Shallow Slope: 0.46 acres Shallow Slope coeff: 0.30
Tc = 15 min.
I10= 3.44 in/hr
I50= 4.38 in/hr I100= 4.76 in/hr

Rational Method:  Q = CIA
Q10 = 3.57 cfs
Q50 = 4.55 cfs

Q100 = 4.95 cfs

Note: For highlighted culverts,
      see SCS calculations. Sheet 4 of 4 Median Culvert



APPENDIX G-2
DITCH CAPACITY ANALYSIS (MANNING’S)



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Manning's Equation
Q=VA=(1.49/n)*AR^(2/3)(S)^(1/2)

Location: DB-4
Comments: Flows south to north

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft
Depth of Channel 3.000 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 15.00 ft
P, Wetted Perimeter 16.61 ft.
A, cross sectional area 22.50 ft2
R 1.35 ft.
S 0.01 ft/ft
V 6.76 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 152.00 cfs 0.923 0.85 0.67

Location: DB-3
Comments: Flows north to south

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft
Depth of Channel 3.000 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 15.00 ft
P 16.61 ft.
A, cross sectional area 22.50 ft2
R 1.35 ft.
S 0.01 ft/ft
V 6.76 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 152.00 cfs 1.616 1.49 1.17

Location: DB-6
Comments: Flows West to East

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Note: For highlighted culverts,
      see SCS calculations. Sheet 1 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Depth of Channel 3.00 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 15.00 ft
P 16.61 ft.
A, cross sectional area 22.50 ft2
R 1.35 ft.
S 0.01 ft/ft
V 6.76 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 152.00 cfs 0.43 0.395 0.310

Location: DB-5
Comments: Flows North to South

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft
Depth of Channel 3.00 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 15.00 ft
P 16.61 ft.
A, cross sectional area 22.50 ft2
R 1.35 ft.
S 0.01 ft/ft
V 6.76 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 152.00 cfs 0.509 0.469 0.368

Location: DB-1
Comments: Flows North to South

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft
Depth of Channel 3.00 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 15.00 ft
P 16.61 ft.
A, cross sectional area 22.50 ft2
R 1.35 ft.
S 0.01 ft/ft
V 6.76 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 152.00 cfs 1.59 1.468 1.153

Location: DB-2
Comments: Flows South to North

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds

Note: For highlighted culverts,
      see SCS calculations. Sheet 2 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft
Depth of Channel 3.00 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 15.00 ft
P 16.61 ft.
A, cross sectional area 22.50 ft2
R 1.35 ft.
S 0.01 ft/ft
V 6.76 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 152.00 cfs 0.889 0.818 0.642

Location: D2
Comments: -

Units
n, 0.040 - channel, rock cuts jagged and irregular
Sideslope, Side 1 2.00 ft/ft
Sideslope, Side 2 2.00 ft/ft
Depth of Channel 3.00 ft 3 ft of depth comes from the photos provided by AECOM
Bottom Width of Channel 0.00 ft
Top Width of Channel 12.00 ft
P 13.42 ft.
A, cross sectional area 18.00 ft2
R 1.34 ft.
S 0.005 ft/ft
V 3.20 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 57.67 cfs 15.950 14.676 11.527

Location: D1
Comments: -

Units
n, 0.040 - channel, rock cuts jagged and irregular
Sideslope, Side 1 2.00 ft/ft
Sideslope, Side 2 2.00 ft/ft
Depth of Channel 3.00 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 12.00 ft
P 13.42 ft.
A, cross sectional area 18.00 ft2
R 1.34 ft.
S 0.005 ft/ft
V 3.20 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 57.67 cfs 4.496 4.138 3.250

Location: D3
Comments: -

Units
n, 0.040 - channel, rock cuts jagged and irregular

Note: For highlighted culverts,
      see SCS calculations. Sheet 3 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Sideslope, Side 1 2.00 ft/ft
Sideslope, Side 2 2.00 ft/ft
Depth of Channel 3.00 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 12.00 ft
P 13.42 ft.
A, cross sectional area 18.00 ft2
R 1.34 ft.
S 0.005 ft/ft
V 3.20 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 57.67 cfs 21.711 19.978 15.691

Location: D4
Comments: -

Units
n, 0.040 - channel, rock cuts jagged and irregular
Sideslope, Side 1 2.00 ft/ft
Sideslope, Side 2 2.00 ft/ft
Depth of Channel 3.00 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 12.00 ft
P 13.42 ft.
A, cross sectional area 18.00 ft2
R 1.34 ft.
S 0.005 ft/ft
V 3.20 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 57.67 cfs 4.946 4.551 3.574

Note: For highlighted culverts,
      see SCS calculations. Sheet 4 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Manning's Equation
Q=VA=(1.49/n)*AR^(2/3)(S)^(1/2)

Location: DB-4
Comments: Flows south to north

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft FREEBOARD
Depth of Channel 0.44 ft 2.56 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 2.20 ft
P, Wetted Perimeter 2.44 ft.
A, cross sectional area 0.48 ft2
R 0.20 ft.
S 0.01 ft/ft
V 1.88 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 0.91 cfs 0.92 0.85 0.67

error

Location: DB-3
Comments: Flows north to south

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft FREEBOARD
Depth of Channel 0.55 ft 2.46 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 2.73 ft
P 3.02 ft.
A, cross sectional area 0.74 ft2
R 0.25 ft.
S 0.01 ft/ft
V 2.17 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 1.61 cfs 1.62 1.49 1.17

error

Location: DB-6
Comments: Flows West to East

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft FREEBOARD

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Note: For highlighted culverts,
      see SCS calculations. Sheet 1 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Depth of Channel 0.33 ft 2.67 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 1.65 ft
P 1.83 ft.
A, cross sectional area 0.27 ft2
R 0.15 ft.
S 0.01 ft/ft
V 1.55 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 0.42 cfs 0.43 0.395 0.310

error

Location: DB-5
Comments: Flows North to South

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft FREEBOARD
Depth of Channel 0.35 ft 2.65 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 1.75 ft
P 1.94 ft.
A, cross sectional area 0.31 ft2
R 0.16 ft.
S 0.01 ft/ft
V 1.61 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 0.49 cfs 0.51 0.469 0.368

error

Location: DB-1
Comments: Flows North to South

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds
Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft FREEBOARD
Depth of Channel 0.54 ft 2.46 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 2.70 ft
P 2.99 ft.
A, cross sectional area 0.73 ft2
R 0.24 ft.
S 0.01 ft/ft
V 2.15 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 1.57 cfs 1.59 1.468 1.153

error

Location: DB-2
Comments: Flows South to North

Units
n 0.027 - Earth, straight, uniform, with short grass and few weeds

Note: For highlighted culverts,
      see SCS calculations. Sheet 2 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Sideslope, Side 1 4.00 ft/ft
Sideslope, Side 2 1.00 ft/ft FREEBOARD
Depth of Channel 0.44 ft 2.56 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 2.20 ft
P 2.44 ft.
A, cross sectional area 0.48 ft2
R 0.20 ft.
S 0.01 ft/ft
V 1.88 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 0.91 cfs 0.89 0.818 0.642

Location: D2
Comments: -

Units
n, 0.040 - channel, rock cuts jagged and irregular
Sideslope, Side 1 2.00 ft/ft
Sideslope, Side 2 2.00 ft/ft FREEBOARD
Depth of Channel 1.76 ft 1.25 ft
Bottom Width of Channel 0.40 ft
Top Width of Channel 7.02 ft
P 8.25 ft.
A, cross sectional area 6.86 ft2
R 0.83 ft.
S 0.005 ft/ft
V 2.33 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 15.99 cfs 15.95 14.676 11.527

Location: D1
Comments: -

Units
n, 0.040 - channel, rock cuts jagged and irregular
Sideslope, Side 1 2.00 ft/ft
Sideslope, Side 2 2.00 ft/ft FREEBOARD
Depth of Channel 1.15 ft 1.85 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 4.60 ft
P 5.14 ft.
A, cross sectional area 2.65 ft2
R 0.51 ft.
S 0.005 ft/ft
V 1.69 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 4.47 cfs 4.50 4.14 3.25

Location: D3
Comments: -

Units
n, 0.040 - channel, rock cuts jagged and irregular

Note: For highlighted culverts,
      see SCS calculations. Sheet 3 of 4 Median Culvert



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Sideslope, Side 1 2.00 ft/ft
Sideslope, Side 2 2.00 ft/ft FREEBOARD
Depth of Channel 2.08 ft 0.92 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 8.32 ft
P 9.30 ft.
A, cross sectional area 8.65 ft2
R 0.93 ft.
S 0.005 ft/ft
V 2.51 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 21.72 cfs 21.71 19.98 15.69

Location: D4
Comments: -

Units
n, 0.040 - channel, rock cuts jagged and irregular
Sideslope, Side 1 2.00 ft/ft
Sideslope, Side 2 2.00 ft/ft FREEBOARD
Depth of Channel 1.19 ft 1.81 ft
Bottom Width of Channel 0.00 ft
Top Width of Channel 4.76 ft
P 5.32 ft.
A, cross sectional area 2.83 ft2
R 0.53 ft.
S 0.005 ft/ft
V 1.73 ft/s Q100 (cfs) Q50 (cfs) Q10(cfs)
Q 4.90 cfs 4.95 4.55 3.57

Note: For highlighted culverts,
      see SCS calculations. Sheet 4 of 4 Median Culvert



APPENDIX G-3
CULVERT ANALYSES (HY8)



HY-8 Culvert Analysis Report



Table 1 - Summary of Culvert Flows at Crossing: CV 1 & 2
Headwater Elevation 

(ft)
Total Discharge (cfs) Culvert 1 Discharge 

(cfs)
Roadway Discharge 

(cfs)
Iterations

627.49 0.00 0.00 0.00 1

627.79 0.45 0.45 0.00 1

627.94 0.90 0.90 0.00 1

628.07 1.35 1.35 0.00 1

628.20 1.80 1.80 0.00 1

628.34 2.25 2.25 0.00 1

628.74 2.69 2.69 0.00 1

629.21 3.14 3.14 0.00 1

629.74 3.59 3.59 0.00 1

630.33 4.04 4.04 0.00 1

630.46 4.13 4.13 0.00 1

631.00 4.50 4.50 0.00 Overtopping



Table 2 - Culvert Summary Table: Culvert 1
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

0.00 0.00 627.49 0.000 0.0* 0-NF 0.000 0.000 0.000 0.000 0.000 0.000

0.45 0.45 627.79 0.297 0.0* 1-S2n 0.198 0.216 0.198 0.367 2.572 0.832

0.90 0.90 627.94 0.454 0.0* 1-S2n 0.286 0.311 0.287 0.476 3.125 0.989

1.35 1.35 628.07 0.583 0.0* 1-S2n 0.363 0.385 0.363 0.555 3.456 1.095

1.80 1.80 628.20 0.709 0.0* 5-S2n 0.439 0.447 0.439 0.618 3.661 1.176

2.25 2.25 628.34 0.851 0.848 4-FFf 0.524 0.500 0.670 0.672 3.184 1.244

2.69 2.69 628.74 1.023 1.255 4-FFf 0.670 0.545 0.670 0.719 3.821 1.302

3.14 3.14 629.21 1.230 1.722 4-FFf 0.670 0.579 0.670 0.762 4.457 1.353

3.59 3.59 629.74 1.473 2.251 4-FFf 0.670 0.613 0.670 0.801 5.094 1.399

4.04 4.04 630.33 1.750 2.842 4-FFf 0.670 0.647 0.670 0.837 5.731 1.441

4.13 4.13 630.46 1.808 2.967 4-FFf 0.670 0.654 0.670 0.844 5.857 1.449



* theoretical depth is impractical.  Depth reported is corrected.



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

Inlet Elevation (invert): 627.49 ft,    Outlet Elevation (invert): 626.85 ft

Culvert Length: 97.00 ft,    Culvert Slope: 0.0066

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

Site Data - Culvert 1

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  627.49 ft

Outlet Station:  97.00 ft

Outlet Elevation:  626.85 ft

Number of Barrels:  2

Culvert Data Summary - Culvert 1

Barrel Shape:  Circular

Barrel Diameter:  0.67 ft

Barrel Material:  PVC

Embedment:  0.00 in

Barrel Manning's n:  0.0110

Inlet Type:  Conventional

Inlet Edge Condition:  Square Edge with Headwall

Inlet Depression:  NONE



Table 3 - Downstream Channel Rating Curve (Crossing: CV 1 & 2)

Flow (cfs) Water Surface 
Elev (ft)

Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

0.00 626.85 0.00 0.00 0.00 0.00
0.45 627.22 0.37 0.83 0.11 0.34
0.90 627.33 0.48 0.99 0.15 0.36
1.35 627.40 0.55 1.09 0.17 0.37
1.80 627.47 0.62 1.18 0.19 0.37
2.25 627.52 0.67 1.24 0.21 0.38
2.69 627.57 0.72 1.30 0.22 0.38
3.14 627.61 0.76 1.35 0.24 0.39
3.59 627.65 0.80 1.40 0.25 0.39
4.04 627.69 0.84 1.44 0.26 0.39
4.13 627.69 0.84 1.45 0.26 0.39



Tailwater Channel Data - CV 1 & 2

Tailwater Channel Option:  Triangular Channel

Side Slope (H:V):  4.00 (_:1)

Channel Slope:  0.0050

Channel Manning's n:  0.0400

Channel Invert Elevation:  626.85 ft

Roadway Data for Crossing: CV 1 & 2

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  100.00 ft

Crest Elevation:  631.00 ft

Roadway Surface:  Gravel

Roadway Top Width:  2.00 ft



HY-8 Culvert Analysis Report



Table 1 - Summary of Culvert Flows at Crossing: CV-3
Headwater Elevation 

(ft)
Total Discharge (cfs) Culvert 1 Discharge 

(cfs)
Roadway Discharge 

(cfs)
Iterations

627.58 0.00 0.00 0.00 1

627.59 1.60 1.60 0.00 1

627.61 3.20 3.20 0.00 1

627.66 4.80 4.80 0.00 1

627.71 6.40 6.40 0.00 1

627.79 8.00 8.00 0.00 1

627.88 9.60 9.60 0.00 1

627.99 11.20 11.20 0.00 1

628.12 12.80 12.80 0.00 1

628.22 14.00 14.00 0.00 1

628.42 16.00 16.00 0.00 1

629.00 20.84 20.84 0.00 Overtopping



Table 2 - Culvert Summary Table: Culvert 1
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

0.00 0.00 627.58 0.000 1.880 0-NF 0.000 0.000 0.000 2.080 0.000 0.000

1.60 1.60 627.59 0.459 1.888 4-FFf 0.364 0.328 1.500 2.080 0.453 0.000

3.20 3.20 627.61 0.656 1.913 4-FFf 0.527 0.472 1.500 2.080 0.905 0.000

4.80 4.80 627.66 0.825 1.955 4-FFf 0.660 0.585 1.500 2.080 1.358 0.000

6.40 6.40 627.71 0.987 2.014 4-FFf 0.782 0.677 1.500 2.080 1.811 0.000

8.00 8.00 627.79 1.131 2.089 4-FFf 0.899 0.764 1.500 2.080 2.264 0.000

9.60 9.60 627.88 1.266 2.181 4-FFf 1.020 0.839 1.500 2.080 2.716 0.000

11.20 11.20 627.99 1.397 2.290 4-FFf 1.158 0.912 1.500 2.080 3.169 0.000

12.80 12.80 628.12 1.531 2.415 4-FFf 1.500 0.975 1.500 2.080 3.622 0.000

14.00 14.00 628.22 1.636 2.520 4-FFf 1.500 1.022 1.500 2.080 3.961 0.000

16.00 16.00 628.42 1.824 2.716 4-FFf 1.500 1.092 1.500 2.080 4.527 0.000



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

Inlet Elevation (invert): 625.70 ft,    Outlet Elevation (invert): 625.50 ft

Culvert Length: 73.00 ft,    Culvert Slope: 0.0027

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

Site Data - Culvert 1

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  625.70 ft

Outlet Station:  73.00 ft

Outlet Elevation:  625.50 ft

Number of Barrels:  2

Culvert Data Summary - Culvert 1

Barrel Shape:  Circular

Barrel Diameter:  1.50 ft

Barrel Material:  Concrete

Embedment:  0.00 in

Barrel Manning's n:  0.0120

Inlet Type:  Conventional

Inlet Edge Condition:  Square Edge with Headwall

Inlet Depression:  NONE



Table 3 - Downstream Channel Rating Curve (Crossing: CV-3)

Flow (cfs) Water Surface Elev (ft) Depth (ft)

0.00 627.58 2.08
1.60 627.58 2.08
3.20 627.58 2.08
4.80 627.58 2.08
6.40 627.58 2.08
8.00 627.58 2.08
9.60 627.58 2.08
11.20 627.58 2.08
12.80 627.58 2.08
14.00 627.58 2.08
16.00 627.58 2.08



Tailwater Channel Data - CV-3

Tailwater Channel Option:  Enter Constant Tailwater Elevation

Constant Tailwater Elevation:  627.58 ft

Roadway Data for Crossing: CV-3

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  100.00 ft

Crest Elevation:  629.00 ft

Roadway Surface:  Gravel

Roadway Top Width:  30.00 ft



HY-8 Culvert Analysis Report



Table 1 - Summary of Culvert Flows at Crossing: DS Outlet
Headwater Elevation 

(ft)
Total Discharge (cfs) Culvert 1 Discharge 

(cfs)
Roadway Discharge 

(cfs)
Iterations

622.03 0.00 0.00 0.00 1

622.42 0.50 0.50 0.00 1

622.49 1.00 1.00 0.00 1

622.61 1.50 1.50 0.00 1

622.70 2.00 2.00 0.00 1

622.78 2.50 2.50 0.00 1

622.86 3.00 3.00 0.00 1

622.93 3.50 3.50 0.00 1

623.00 4.00 4.00 0.00 1

623.07 4.50 4.50 0.00 1

623.14 5.00 5.00 0.00 1

627.00 24.20 24.20 0.00 Overtopping



Table 2 - Culvert Summary Table: Culvert 1
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(ft/s)

Tailwater 
Velocity 

(ft/s)

0.00 0.00 622.03 0.000 0.0* 0-NF 0.000 0.000 0.000 0.000 0.000 0.000

0.50 0.50 622.42 0.390 0.0* 1-S2n 0.226 0.232 0.231 0.382 3.131 0.855

1.00 1.00 622.49 0.463 0.0* 1-S2n 0.315 0.332 0.322 0.496 2.976 1.016

1.50 1.50 622.61 0.580 0.0* 1-S2n 0.402 0.420 0.403 0.577 3.327 1.125

2.00 2.00 622.70 0.668 0.0* 1-S2n 0.457 0.481 0.460 0.643 3.625 1.208

2.50 2.50 622.78 0.752 0.0* 1-S2n 0.511 0.543 0.513 0.699 3.888 1.278

3.00 3.00 622.86 0.830 0.0* 1-S2n 0.566 0.604 0.573 0.749 4.023 1.337

3.50 3.50 622.93 0.905 0.0* 1-S2n 0.616 0.649 0.618 0.793 4.245 1.390

4.00 4.00 623.00 0.966 0.0* 1-S2n 0.658 0.695 0.664 0.834 4.374 1.437

4.50 4.50 623.07 1.036 0.0* 1-S2n 0.700 0.741 0.700 0.872 4.574 1.480

5.00 5.00 623.14 1.108 0.0* 1-S2n 0.742 0.786 0.745 0.907 4.678 1.520



* theoretical depth is impractical.  Depth reported is corrected.



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

Inlet Elevation (invert): 622.03 ft,    Outlet Elevation (invert): 620.41 ft

Culvert Length: 342.00 ft,    Culvert Slope: 0.0047

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

Site Data - Culvert 1

Site Data Option:  Culvert Invert Data

Inlet Station:  0.00 ft

Inlet Elevation:  622.03 ft

Outlet Station:  342.00 ft

Outlet Elevation:  620.41 ft

Number of Barrels:  1

Culvert Data Summary - Culvert 1

Barrel Shape:  Circular

Barrel Diameter:  2.00 ft

Barrel Material:  Concrete

Embedment:  0.00 in

Barrel Manning's n:  0.0120

Inlet Type:  Conventional

Inlet Edge Condition:  Square Edge with Headwall

Inlet Depression:  NONE



Table 3 - Downstream Channel Rating Curve (Crossing: DS Outlet)

Flow (cfs) Water Surface 
Elev (ft)

Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

0.00 620.41 0.00 0.00 0.00 0.00
0.50 620.79 0.38 0.85 0.12 0.34
1.00 620.91 0.50 1.02 0.15 0.36
1.50 620.99 0.58 1.12 0.18 0.37
2.00 621.05 0.64 1.21 0.20 0.38
2.50 621.11 0.70 1.28 0.22 0.38
3.00 621.16 0.75 1.34 0.23 0.39
3.50 621.20 0.79 1.39 0.25 0.39
4.00 621.24 0.83 1.44 0.26 0.39
4.50 621.28 0.87 1.48 0.27 0.40
5.00 621.32 0.91 1.52 0.28 0.40



Tailwater Channel Data - DS Outlet

Tailwater Channel Option:  Triangular Channel

Side Slope (H:V):  4.00 (_:1)

Channel Slope:  0.0050

Channel Manning's n:  0.0400

Channel Invert Elevation:  620.41 ft

Roadway Data for Crossing: DS Outlet

Roadway Profile Shape:  Constant Roadway Elevation

Crest Length:  100.00 ft

Crest Elevation:  627.00 ft

Roadway Surface:  Gravel

Roadway Top Width:  50.00 ft



APPENDIX G-4
DITCH LINING/SHEAR STRESS ANALYSIS



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Location: DB-4
Comments: Units Notes

Units n 0.027
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.20 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.01 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.12 lb/ft2 tp, veg 0.57 lb/ft2 HEC-15 4.3.3

Location: DB-3
Comments: Units Notes

Units n 0.027
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.25 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.01 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.15 lb/ft2 tp, veg 0.57 lb/ft2 HEC-15 4.3.3

Location: DB-6
Comments: Units Notes

Units n 0.027
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.15 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.01 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.09 lb/ft2 tp, veg 0.57 lb/ft2 HEC-15 4.3.3

Location: DB-5
Comments: Units Notes

Units n 0.027
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.16 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.01 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.10 lb/ft2 tp, veg 0.57 lb/ft2 HEC-15 4.3.3

Location: DB-1
Comments: Units Notes

Units n 0.027
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.24 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.01 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.15 lb/ft2 tp, veg 0.57 lb/ft2 HEC-15 4.3.3

Location: DB-2
Comments: Units Notes

Units n 0.027
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.20 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.01 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.12 lb/ft2 tp, veg 0.57 lb/ft2 HEC-15 4.3.3

Location: D-2
Comments: Units Notes

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres



Job: Project No.: 60440134
Description:
Computed By: MC Meredith Cote Date: 12/15/2015
Checked By: DD Dan DeVaun Date: 12/22/2015
Zone: 6

Dow Salzburg Cell 20-22 Cap
Discharge for <20 acres

Units n 0.04
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.80 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.005 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.25 lb/ft2 tp, veg 1.25 lb/ft2 HEC-15 4.3.3

Location: D-1
Comments: Units Notes

Units n 0.04
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.51 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.005 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.16 lb/ft2 tp, veg 1.25 lb/ft2 HEC-15 4.3.3

Location: D-3
Comments: Units Notes

Units n 0.04
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.94 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.005 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.29 lb/ft2 tp, veg 1.25 lb/ft2 HEC-15 4.3.3

Location: D-4
Comments: Units Notes

Units n 0.04
γ 62.400 lb/ft^3 ns 0.016 soil grain roughness
R 0.53 ft Cf 0.9 table 4.5, sod, good
S, average bottom slope 0.005 ft/ft tp, soil 0.02 lb/ft2 HEC- 15 section 4.3.2.1
to 0.17 lb/ft2 tp, veg 1.25 lb/ft2 HEC-15 4.3.3



APPENDIX G-5
SALZBURG LANDFILL SWPPP MAP
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