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Production and Use over the Years 
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Constituents in CCPs 
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Sample Concentrations in FA 
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Why Find Beneficial Uses? 


• 	 If not used, then new or expanded landfill 
space will be required. 

• The characteristics of CCPs allow them to be 

widely substituted for natural materials 
conserve these materials for other uses. 


• 	 Recycling these residuals conserves energy 
required for extraction and processing of other 
materials 
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Other Considerations 
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Disposal Will Continue 
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Conclusions 
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Applications 

• 	 Fly ashes 
- Structural fill (e.g., embankments) 

- Drying agent for wet soils (e.g., wet subgrades) 

- Strengthening agent for subgrades and bases 

• 	Bottom ashes 
- Structural fill (e.g., retaining wall backfill) 

- Base course for pavements 

- Drainage layers 

CCPs as Geotechnical Construction Materials - Dr. Craig Benson 
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Why use CCPs in Lieu of Earthen 

Materials or Chemical Stabilizers? 


• Many behave like soils 

• Avoid borrow source problems 

• Reduced energy consumption 

• Lower greenhouse gas emissions 

• Improved performance and service life 


• Cost savings 

CCPs as Geotechnical Construction Materials - Dr. Craig Benson 
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Two Byproducts ? High Quality Product 


RPM + High Carbon Fly Ash 

= high modulus and durable base 
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Creating a Superior Roadway with CCPs 
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Life Cycle Analysis -- Energy and GHG Emissions 

Initial Energy Consumption [MJ] 
Life Cycle C02 Emissions [Mg] and Global Warming Potential 
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Subgrade Stabilization 

T -- ~ 

A. Spreading Fly Ash 

D. Compaction 
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What about impacts to ground water? 

- CCPs elute a variety of trace elements, as do 
nearly all granular construction materials. 

- Systematically evaluate whether use of 
materials impacts the environment. 

- Code vs. site-specific analysis. 
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Evaluate byproducts 
based on total elemental 
analysis and water leach 
tests. 

• Define byproduct 
categories based on test 
data. 

Define suitable application 
based on category. 
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Applications Based on Category 
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{f} tmk, l"l1iill:t or 1lmI:.~ ab~t 
(g) s!abjarkiIl"1g materi3l 

X X X X X 

X X X X X 
X X X }: x 
x x x x x 

x x x X 

x X X X 
X ): X 

X X X 

X X 

X X 
X X 

X X 

X 

Lower category 
number provides 
more stringent 
limits on leaching 
characteristics. 
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Water Leach Test Criteria - NR 538 


SraJld:rni 
(mg'l) 

::'~ITCIlli 

FOlmery Excess 
S:rsti!m. Sall!::L 

Ferrolli 
F>4liUUd.ry- S~g Otl!.i::1 

x 
G.U3 

G.15 

Barium (B.) x 
Berylli1.lDl (Be) x 

0..025 Cadmium (Cd) x 
2500 Chloride (Cl) x 

ChroJJJ.ium, Total fer} x 
6.5 Coppa" (Cu) x 
1 Tct;sJ Cyanide 

20 Fluoride (F) x 
3 x X x 

Le.d{Pb) x X X 

x X 

x 
0.01 
O.S Xicl:ell~i) X 

x 

30 Phenol X 

0.25 Selenium (Se) x X 

0.25 Sil..er (Ag) x x 

Zinc (£ll) 

X x 
X 

x 

• Contaminants 
of concern 
depend on 
byproduct 
being 
considered. 

• Category 1 has 

the most test 

requirements. 


: .J.... F~d=:llir~. ~"'R. J3-RCJ.5 ':l). 1h~ tio~Ffi'~:m,~ cCu-1~~ :"C!lllllit}- ~,-m.:m .:n:cl. f£tc'.:.'~ fcum:ir{.[u ~ cccl. r.mmml:'~ ~,~by=d~Jl:riIlr1r: ~~c... :,:;.r O".hir~~~h ~~~=y~ t:.:..; li:;t 0:p:ttC:<it<ru r..s,'.i...:l tD b~ ;nizl:,.z;d fl)J' ;md~r i;_o:~bliili·imn.dL.-d.i c::. 
;, IIlZiliri1ll'£4::£:: br.;,u :.;;xr additi~~ ?U='*l't;J:f.R.. 

:S(ln~ .\::1 tQi1il:g~ to ':-; iXf-6-.:ctod '::alarip:;;.;,m:t::;: .. .;~;, oft itin;I;, ~ii r:,:,FCilloct'pri:!l' to c~'With. c6ac:::l:w.ciiI:;, 'lclo;. ~~ ":-;
61 dip:r.rtlIDlnl 
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- _______________ 0 ____ - o o . ~_.o____ 0 __ ________ _______ _____ _ ___________ 

No Code / Site-specific Analysis 

- Are leached concentrations higher than those from 
accepted construction materials? 

- No: use CCP without further analysis 

- Yes: conduct additional analysis to evaluate impact 

- leach testing 

- Predictive modeling 

- Monitoring 
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Methods to Assess Leaching 


• Batch tests (TCLP, SPLP, WLT): 

- solid and liquid in a vial 

- tumbled to ensure well mixed 

- supernatant analyzed for contaminants of 
concern 

• Column tests: 


- flow through experiment simulating field scenario 


- effluent analyzed for contaminants of concern. 
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Laboratory Column Leach Tests 


400 

:J 
a, 
='- 300 
r: 
0., 
~-'" t: 
Q) 200 . 
(J 
t: 
0 
() 

..t: -
::! 100 ! 

IE 
w 

o . 
0 

Chromium e. Theresa + King Fly Ash 
• • 10% Fly

• 20% Fly Ash: ... 

, L 

2 4 6 8 10 12 14 

Pore Volume of Flow 

Provides flow-through 
data simulating field. 
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Typical Output: Se Concentration ... 10 yr 

Pavemento After 1 0 yrs-E 

2 -
4 


6 
 _ 

- 8 
II) 

III 
J: ...... Ground Water Flowc. 10
II) II
C Cse : j.!g/l 

-10 -5 o 5 10 15 20 
Horizontal Distance (m) 

Results 
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Typical Output: Se Concentration - 45 yr 

o 
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-
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-
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G> 
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Q. 10
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Pavement 
After 45 yrs 

Ground Water Flow .. 
-10 -5 o 5 10 15 20 

Results Horizontal Distance (m) 
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Predictions at Edge of Right of Way 

5.5~~~~~~~~~~~~~~~~~~~~ 


POC = 	20 m 

. 
E 
'-"' 

CD 
U 

{g 6.5 .. 	 --.--.-.......... 
............
:::J 	 -. - -64 j.!g/I
(j) '" .. 32 j.!g/I 	 .......... -. -"" ... 
"0 
C \ 	 ,:::J 	 ,e 7.0 ; 
(9 16 j.!g/I 
$ 	 /o 
CD 7.5 
al 

Elution Concentration C 
o 

8.5~~~~~~~~~~~~~~~~~~~~ 

0.0 	 0.5 1.0 1.5 2.0 2.5 
Maximum Concentration within 100 years (ilg/I) 
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What do we see in the field? 


Monitoring 
Minnesota 

Sites: 
Waseca, MN (1) 

Chisago Cty, MN (1) 

Lodi, WI (10)
• Wisconsin Cross Plains, WI (1) 

Ft. Atkinson, WI (3) 

MnROAD (S) 
•

• Field Site • 
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Lysimeter Layout: 5TH 60 


West to Prairie du Sac, WI East to lodi, WI 
... • 

DD 

legend 

Center line 

Bottom Ash Control 

152 m 76m 

Fly Ash 

305m 

D lysimeter 

(0 Collection Tank 

(Not to scale) 
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Geomembrane installation 

Collection tank installation Drainage layer installation 
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Wisconsin STH 60 Lysimeters: Selenium (Se) 


100 


c 
o 

:.::; 
~ ....... 

c 
(J) 10 
() 
c 
o 
() 

... Fly Ash Stabilized Soil 
I'::. Fly Ash Stabilized Soil (BOl) 
• Control - Crushed Stone 
o Control - BOl 

- - MCl 
- - - - L..--_________--l 

State Highway 60 

Se - Selenium 


- Se higher from 
fly-ash 
stabilized soil 
initially 

- Se comparable 
within 3 yr. 

- Se always 
below Mel 

1 ~__l_~~~~~~__l_~~~~~ 
9/1/00 9/1/02 9/1/04 9/1/06 9/1/08 9/1/10 
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Wisconsin 5TH 60 Lysimeters: Chromium (Cr) 

, , • I ' 
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-
-

Cr higher from 
fly-ash stabilized 
soil initially 

Cr from fly ash 
comparable or 
lower within 3 yr. 

Cr always below 
MClState Highway 60 

I- -
Cr - Chromium 
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Wisconsin 5TH 60 lysimeters: Cadmium (Cd) 


... Fly Ash Stabilized Soil 
~ Fly Ash Stabilized Soil (BOl) 
.. Control - Crushed Stone 
o Control - BOl 

-. - MCl 

~ ...... .. 
c 
Q.) 

g 1 
o 
o 

State Highway 60 
Cd - Cadmium 

0.1 

c 
o 

:0:::; 

- Cd higher from 
control initially 

Cd comparable 
within 3 yr. 

- Cd above MCl 
initially, esp. for 
control 

9/1/00 9/1/02 9/1/04 9/1/06 9/1/08 9/1/10 
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UNH Colebrook Embankment 


(FA 

Precipitation 

o 
o 

o 

o 


o Porewater Monitoring Locations 
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Colebrook Arsenic Concentrations 


~ 
Mel 

~ 

, 

2ft 

3ft 

1ft 1 2ft 3ft 

, 

Cover Material 
Control-N 
 (Natural Aggregate) 


c Coal Fly Ash 0 CFA-N., 
ell 
U 
0 
--l 
'- 1FT-N 
(])-(]) 
E
'00 
>- 2FT-N
--l Existing Berm Material 

(Natural Aggregate) 

3FT-N 

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.Q18 

,------------, Concentration (mg/L) 

.... August-2008 

[=:J July - 2008 

_ June-2008 
[=:J May - 2008 
_ Nov-2007 
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Colebrook Mercury Concentrations 


Natural Aggregate 

.. 0.70 ng/l, 0.51 ng/l 

Coal Fly Ash 

.. 0.44 ng/l, 1.08 ng/l 

MCl = 2 f.lg/l 

Mercury eluted from coal fly ash is not different 

from natural aggregate, and well below MCL. 
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Mercury in MnROAD Leachate 


-..0 1a. 
a.-!: 
o.

0.1 -~ 
!: -
B 
!: 

0.01 ..o 
() 

0.001 
0 

Mercury, Hg 


~II ..II 

•.. .. II .. 
II 

2 4 6 8 10 

PVF 

• Field RPM 

II Field CA 

Field RPM/F A 

- - - - - - - Dect. Limit 

- - - -lowestMN 
MCl 

Mercury from conventional aggregate (CA) and recycled 

pavement material (RPM) higher than from fly ash section. 
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Final Remarks 


CCPs can be used to make geotechnical construction more 
sustainable (energy, emissions, life cycle) ... it's not just about 
getting rid of ash. 

CCPs can elute elements of concern like nearly all construction 
materials. Evaluate potential impact in a systematic manner in 
context of accepted risks. 

Need to develop consistent codes, methods of chemical analysis, 
and evaluation techniques that can be applied nationwide to ensure 
safe and wise use of CCPs in geotechnical construction. 
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verview of Presentation 

.. Historical Development of WI Program 

.. Key Elements of the Program (Chapter NR 538) 

.. Example of the Geotechnical Fill Requirements 

.. Review of reuse under NR 538 
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Chapter NR 538 

Program evelo ment 


• 	 Case-by-case approvals prior to 1998 


• 	 Ch. NR 538 Wis. Adm. Code 

- Technical Advisory Committee 

Wisconsin's Industrial Byproduct Beneficial Use Program - Paul Koziar 
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NR 538 Program Summary 

Key Program Elements 


• 	 Applicable to 2 major industrial byproducts 

• 	 Establishes 5 categories for industrial byproducts 

• 	 Categories established through the comparison of the results 
of waste characterization tests and existing groundwater and 
direct contact standards. 

• 	 Specifies beneficial uses allowed for each category matching 
their suitability for placement in the environment 

Wisconsin's Industrial Byproduct Beneficial Use Program - Paul Koziar 



Key Program Elements 


Geotechnical Construction Material 


• 	 Self-implementation for projects < 5000 cu yds. after initial 
waste characterization 

• 	 General and specific engineering and environmental standards for 
each type of geotechnical fill based on the category from 1 to 5 

• 	 Storage and transportation standards 

• 	 Notification and approval by WDNR for projects> 5000 cu yds 

• 	 Public notification and opportunity public input 

• 	 Property owner notification for geotechnical fill projects 

• 	 Environmental monitoring of large projects 

Wisconsin's Industrial Byproduct Beneficial Use Program - Paul Koziar 
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Example of Geotechnical Fill Construction 


Under Chapter NR 538 


TRANSPORTATION FACILITY ROADWAY DESIGN STANDARDS 

WISCONSIN DEPARTMENT OF TRANSPORTATION 


INDUSTRIAL BYPRODUCT USE UNDER NR 538.10(6) 


MONITOR 

VEGETATED 

1FTCOVER SOIL INDUSTRIAl. 

IIY·PRO!IUCT
TOPSOIL MAlERlAI. 

3fTTHIOK RECCMPACTaI OIAYUNER 

.......... c, .... _\.....:..., =_. 


ISEE SPECIFICATIONSI 
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Review of reuse under R 538 

• 	 Reuse rate for Coal ash > 80% 

• 	 Specific requirements for environmental and engineering 
controls have encouraged more reuse 

• 	 Concrete/cement and geotechnical fills largest uses 

• 	 To date, most geotechnical fills for roadways and airports 

• 	 Approximately 100 projects for coal ash 

• 	 Required monitoring of large projects has shown no potential 
detrimental effect on groundwater quality 

• 	 New air emission controls changing the physical character of 
coal ash 

Wisconsin's Industrial Byproduct Beneficial Use Program - Paul Koziar 
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Botb Spperri 
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Beneficial Reuse 



• 	 Concept: Create partnerships between industrial companies that generate materials 
suitable for beneficial reuse and land owners and others that can utilize these materials 
in compliance with regulatory and technical requirements 

• 	 Current Materials: Foundry sand, coal ash, FGD Gypsum and paper processing residuals 

• 	 Current Types of Projects: 
Sub-grade fill for a wide variety of construction projects such as new buildings, road and 
parking lot construction, and roadside sight & sound barriers 

Agricultural and horticultural applications including soil amendment and manufactured soils 

• 	 Benefits to: 
Industrial Partners: Reduced costs relative to the alternative cost of land fill disposal. 
Reduced need for expanded wet impoundments. 

Project Partners: Reduced costs versus using new virgin materials. 

The Environment: Conservation of natural resources, preservation of landfill space, and 
Reduced C02 emissions 


The Economy: Enhanced economic viability for public projects, small business expansion, 

agricultural infrastructure & property development. Conversion of marginal land into 

productive, taxable use. Creation of new jobs. 


Beneficial Reuse Management - Bob Spoerri 
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Beneficial Reuse 

Capabilities: 
• Materials Technology 
• Regulatory Expertise 
• Project Management 
• Market Knowledge & Insight 

User Markets 

Construction 
• Geotechnical .FiIIs 
-Building Materials 

Agriculture 
• Soil Amendment 
• Soil Nutrients 

Materials Supply 
- Manufactured Soils 

Consumer 
• Lawn & Garden 

Renewable Energy 

·SioEnergy 
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Feasibility 

• Materials testing and technical evaluation 
• Project/Product identification 
• Evaluation of reuse economics 

. . 

• Design and Approval . • 
• Project design and engineering 
• Regulatory submittal, review and approval 
• Project permits, notices and public meetings 

• Implementation • 
• Subcontractor selection and contract negotiation 
• Project Management & Oversight 
• Project documentation and completion 

. . .. 

Beneficial Reuse Management - Bob Spoerri 



TYPICAL CROSS SECTION TYPICAL CROSS SECTION 
OF UNCONFINED FIll OF CONFINED Fill 

(CATEGORY 2 &3 MATERIAL) (CATEGORY 4 MATERIAL) 
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( 
Before 

During 
) 

Beneficial Reuse Management - Bob Spoerri 

Completed 
Project: 
30,000 Yd 3 

Coal Ash 
( 
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Before 
( 

During 
) 

Beneficial Reuse Management  Bob Spoerri 

Completed 
Project: 

12,000 tons 
Coal Ash 

( 



------------~~~-

" 
Before 

During 
) 

Completed 
Project: 
12,575 Yd 3 

Coal Ash 

" 
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20 + Years of Service to: 

y Independent Power Producers 


Small Coal-Fired Industries 


UtiIities 


Over 10 Million Tons 0/ 

CCPs Beneficially Reused 
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Full Circle Solutions  Bob Waldrop 
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CCP GEOTECHNICAL 

FILL 


TYPICAL CR0S5-SEC110N 
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PREPARED 
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(NAlURAL AQUIFER) 
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SlDESLOPES 3d. MAXIMUM. 

(SOI~ 

CCPlr--__ 

D~ua~~E~IAG'-----

GROUNDWAtER -- 

USE 
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CCP GEOTECHNICAL 

Fill 


TYPICAL CROSSSECTION 

........ 
(Will. 12- DEPlH) 
WIJH UNDERDRAIN 

TYPICAL CROS&SECI1ON 
NOT 111 IICAI.E 
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