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Introduction

= Project Purpose: Create a liner
for Cinder Lake Landfill,
utilizing waste materials
entering the waste stream, and
meets the 40 CFR criteria

€3 Cinder lake Landfill

- Project Location: N

/’i

Approximately 12 miles r,dt‘g;m _j/_
Northeast of Flagstaff on j
Highway 89
= Landfill liner: Municipal landfill 3
liner. 40 CFR, 258 [2] Figure 1: Cinder Lake Landfill Site Location [3]
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Introduction

= Criteria:

1. Referring to 40 CFR, section 258, the permeabillity of the liner
should be less than or equal 1 x 10~7cm/s

2. Cost effective

3. Withstand shear strength
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Project Schedule

Table 1: Project Schedule

Task 1: Health and Safety Protocols Begin data End data
1.1 Safety protocol for Fly Ash 1/21/16 3/1/16
1.2 Safety protocol for PPS 1/21/16 3/1/16
1.3 Safety protocol for Polymers 1/21/16 3/1/16
1.4 Personal Safety 1/21/16 3/1/16

Task 3: Material Testing

Begin data

Task 2: Material Preparation Begin data End data
2.1 PPS Preparation 3/2/16 11/7/16
2.2 Fly Ash Preparation 3/2/16 11/7/16
2.3 Bentonite Preparation 3/2/16 11/7/16

End data

3.1 Sieve Analysis 3/2/16 3/10/16
3.2 Compaction Tests 3/11/16 10/31/16
3.3 Permeability Tests 3/20/16 10/31/16
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Project Schedule

Table 1: Project Schedule

Task 4: Data Analysis Begin data
4.1 Sieve Analysis Results 3/11/16 3/15/16
4.2 Compaction Tests Results 3/16/16 11/30/16
4.3 Permeability Tests Results 3/26/16 11/30/16
Task 5: Project Management Begin data
5.1 Team Meetings 9/1/16 12/4/16
5.2 TA Meetings 9/1/16 12/4/16
5.3 Website 4/1/16 12/6/16
5.4 50% Report 9/1/16 10/15/16
5.5 Final Report 10/17/16 12/6/16
5.6 Final Presentation 10/17/16 12/6/16
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Previously Used Materials

Lime: Not cost effective.
Soil: Increases hydraulic conductivity.
Polymers: Increases hydraulic conductivity.

Paper Millings (PPS) #4: Non-uniform compaction results.

Table 2: Best results obtained
from mixing old materials.

Mixture (Percentage

by Weight)

Hydraulic
Conductivity

50% PPS, 50% Fly ash
(Class F)

(cm/s)

459 x 10~°

47% PPS, 47% Soil,
and 4.8% Fly ash (class
F), 1.2% Lime.

1.2 x 1074

50% PPS, 49% Fly ash
(Class F), and 1%
Polymers.

459 x 1075

95% PPS, 5%
Polymers.

571 x 107°
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Previously Used Materials

. Burnt PPS: Takes long time for preparation, and - Fly Ash (Class F): Classified as poorly graded
classified as silty sand. sand with silt.

Particle Size Analysis For Burnt PPS
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Figure 2: Particle Size Distribution for Burnt PPS
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Comparison Between Bentonite and
Kaolinite Compaction Results
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Kaolinite: Uses more water than Bentonite
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Figure 3: Bentonite Compaction Curve
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Final Selected Materials

e 3 s e
o P M
e g / =
i&imﬁér -

K oD O

Figure 5: PPS # 3/8” Figure 6: Fly Ash (Class C) Figure 7: Bentonite
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Task 2: Materials Preparation
= 2.1 PPS Preparation

= 2.2 Bentonite Preparation
= 2.3 Fly Ash (Class C) Preparation

= Preparation is done by drying the PPS In the
oven, pass the PPS through 3/8” sieve, and
mixing all materials using the prepared mixing
plan

Ali Alrashed
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Task 3: Materials Testing, and Task 4: Data
Analysis

= Compaction Tests: to find the optimum moisture content for the
following materials: ASTM, D-698

3.2.1 PPS, # 3/8”
3.2.2 Bentonite
3.2.3 Fly Ash (Class C)
= Compaction Tests Results
PPS, # 3/8”: 44.96% (results provided by previous team)
Bentonite: 26.34%
Fly Ash (Class C): 20% [1]
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Task 3: Materials Testing, and Task 4: Data

Analysis

= Permeability Tests
3.3.1 Consolidation Tests

3.3.2 Permeability Tests
= Purpose

Consolidation Test: To prepare samples for
the Permeability Tests

Permeability Test: To measure the
hydraulic conductivity of the mixtures

= Equation used to calculate permeability:

a.xL
Axt

K =

* ln(%), where:
2

K: Hydraulic Conductivity (cm/s)
a: Area of drainage hole (cm”2)
L: Length of sample (cm)

A: Area of sample (cm”2)

t: Time ()

h,: Start height (cm)

h,: End height (cm)

Ali Alrashed

13



Permeability Test Process

Figure 8: Material Figure 9: Material Figure 10: Samples Figure 11: Samples Figure 12: Permeability
Preparation Compaction Preparation Saturation Testing
Ali Alrashed
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Permeability Test Results

Table 3: Permeability test results

Mixture (Percentage by Weight) Hydraulic Conductivity (cm/s)
80% PPS, 20% Bentonite 3.27 x 108
90% PPS, 10% Bentonite 59 x 108
85% PPS, 15% Bentonite 2 50 x 10-8
80% PPS, 15% Bentonite, 5% Fly Ash (Class C) 4.77 x 108

» Total sample weight is 4.5 kg
« Desired hydraulic conductivity is less than or equal to 1 x 107 cm/s
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Final Test Cell Design
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Final Test Cell Design
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Total Required Hours

Table 4: Proposed Hours
Task

DENG RENG LAB

INT

Table 5: Actual Hours
Task

DENG

RENG

LAB

INT

1.0 Health and - - 12 - 1.0 Health and - - 12 -
Safety Protocols. Safety Protocols.

2.0 Material - 2 40 - 2.0 Material - 2 100 -
Preparation. Preparation.

3.0 Material - 3 300 - 3.0 Material - 2 400 -
Testing. Testing.

4.0 Data Analysis. 30 - 60 - 4.0 Data Analysis. 15 - 35 -
5.0 Project 10 60 30 40 5.0 Project 5 35 - 50
Management Management

Subtotal 40 77 430 | 40 Subtotal 20 39 547 50

Total Hours + 80 hours researching = 667 hours

Total Hours = 646 + 10 hours researching = 656 hours

Joe Atkinson
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Engineering Services Cost

Table 6: Engineering Services Cost

Position Classification Rate, $/hr

Development Engineer DENG 20 165 $ 3300.00
Research Engineer RENG 39 90 $ 3500.00
Lab Assistant LAB 547 60 $ 32,900.00
Engineering Intern INT 50 30 $ 1500.00
Total personnel expenses $41,200.00

Lab rental 240 days $30/day $ 7,200.00

Total Staffing Cost $ 48,400.00
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Project Implementation Cost

Table 7: Material Costs

Table 8: Total Liner Cost per Test Cell

Required Material Cost Material Required Total Cost
Materials per 2 Tons Quantity
= Sllping 80%PPS, 20%Bentonite $14.650.00
Bentonite $2,240.00
90%PPS, 10%Bentonite $7,330.00
Fly Ash (Class C)
$1,320.00 85%PPS, 15%Bentonite 65 4 $10,990.00
80%PPS, 15% Bentonite, tons $13,150.00
Paper Pulp Sludge Free 5% Fly Ash (Class C)
PPS
(PPS) 100% Bentonite $72,240.00
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Impacts

Table 8: Impacts of Project.

Impact Type

Environment

Positive

Reduces the amount of clay required to
construct the liner

Protect groundwater by decreasing the
infiltration of leachate

Negative

Influence the normal life of wildlife
More waste entering the landfill

Might decrease the waste disposal cost

Social Reusing waste materials will reduce the |+ Produce foul odors and noise during
amount of waste in the landfill construction
Economic Will save the landfill money over time. * Need huge initial investment from the City

of Flagstaff or the Federal Government
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