BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

ILLINOIS POWER
GENERATING COMPANY,

Petitioner,

V.
PCB 2024-043
ILLINOIS ENVIRONMENTAL
PROTECTION AGENCY,
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Respondent.
NOTICE OF FILING

To:  See Attached Service List (Via Electronic Filing)

PLEASE TAKE NOTICE that the undersigned filed today with the Office of the Clerk of
the Illinois Pollution Control Board by electronic filing the following NOTICE OF FILING,
CERTIFICATE OF SERVICE, CERTIFICATE OF RECORD ON APPEAL, and RECORD ON
APPEAL (consisting of 21 parts), a copy of which is attached hereto and hereby served upon you.

Respectfully submitted,

ILLINOIS ENVIRONMENTAL PROTECTION
AGENCY

By:  /s/Mallory Meade
Mallory Meade
Assistant Attorney General
Environmental Bureau
500 South Second Street
Springfield, Illinois 62706
(217) 299-8343
mallory.meade@ilag.gov
ARDC No. 6345981

/s/ Samuel Henderson
Assistant Attorney General
Environmental Bureau

500 South Second Street
Springfield, Illinois 62706




(217) 720-9820
samuel.henderson@ilag.gov
ARDC No. 6336028



CERTIFICATE OF SERVICE

I hereby certify that I did on March 26, 2024, prior to 5:00 PM, cause to be served by electronic
mail, a true and correct copy of the following instruments entitled NOTICE OF FILING,
CERTIFICATE OF SERVICE, CERTIFICATE OF RECORD ON APPEAL, and RECORD
(consisting of 21 parts), consisting of 2,222 pages in total, to:

Joshua R. More

Bina Joshi

Samuel A. Rasche

ARENTFOX SCHIFF LLP

233 South Wacker Drive, Suite 7100
Chicago, Illinois 60606
Joshua.More@afslaw.com
Bina.Joshi@afslaw.com
Sam.Rasche@afslaw.com

Carol Webb

Hearing Officer

Illinois Pollution Control Board
1021 North Grand Avenue East
P.O. Box 19274

Springfield, IL 62794-9274
carol.webb@illinois.gov

s/Samuel Henderson
samuel.henderson@ilag.gov
Assistant Attorney General
Environmental Bureau

Under penalties as provided by law pursuant to Section 1-109 of the Code of Civil
Procedure, the undersigned certifies that the statements set forth in this Certificate of Service are
true and correct, except as to matters therein stated to be on information and belief and as to such
matters the undersigned certifies as aforesaid that he verily believes the same to be true.

s/Samuel Henderson
samuel.henderson@ilag.gov
Assistant Attorney General
Environmental Bureau




BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

ILLINOIS POWER
GENERATING COMPANY,

Petitioner,

PCB 2024-043
(Alternative Source Demonstration
— Petition for Review)

V.

ILLINOIS ENVIRONMENTAL
PROTECTION AGENCY,

N N N N N N N N N ' '

Respondent.

CERTIFICATE OF RECORD ON APPEAL

Respondent, ILLINOIS ENVIRONMENTAL PROTECTION AGENCY (“Illinois EPA”), in
accordance with the procedural rules of the Illinois Pollution Control Board (“Illinois PCB”) as
set forth in 35 Ill. Adm. Code 105.212 and 105.116, files as its Record in this cause the Illinois
EPA's record of non-concurrence with the Newton Primary Ash Pond Alternative Source

Demonstration (“ASD”’) which is attached and consists of the following documents:

PAGES | DOCUMENT DATE

R000002 | 1 | Drever, James 1. The Geochemistry of Natural Waters: 1997
- Surface and Groundwater Environments. Prentice Hall.
R000011 Third Edition.

R000013 |2 | Faybishenko, Boris, Paul A. Witherspoon and Sally M. 2000
- Benson Editors. Dynamics of Fluids in Fractured Rock.
R000022 American Geophysical Union.

R000024 |3 | Eby, G. Nelson. Principles of Environmental 2004

- Geochemistry. Brooks/Cole, Cengage Learning.

R000031

R000033 | 4 | United States Environmental Protection Agency July, 2017
- (USEPA). SW-846 Test Method 1314: Liquid-Solid

R000062 Partitioning as a Function of Liquid-Solid Ratio for

Constituents in Solid Materials Using An Up-Flow
Percolation Column Procedure.




PAGES | DOCUMENT DATE
R000064 |5 | United States Environmental Protection Agency July, 2017
- (USEPA). SW-846 Test Method 1315: Mass Transfer
R000100 Rates of Constituents in Monolithic or Compacted
Granular Materials Using a Semi-Dynamic Tank
Leaching Procedure.
R000102 | 6 | SW-846 Test Method 1316: Liquid-Solid Partitioning as | July, 2017
- a Function of Liquid-to-Solid Ratio in Solid Materials
R000121 Using a Parallel Batch Procedure.
R000123 | 7 | United States Environmental Protection Agency September 19,
- (USEPA) Region 1. Low Stress (Low Flow) Purging And | 2017
R000152 Sampling Procedure For The Collection Of Groundwater
Samples From Monitoring Wells.
R000154 | 8 | Fetter, C.W., Thomas Boving, and David Kreamer. 2018
- Contaminant Hydrogeology. Waveland Press. Third
R000421 Edition.
R000422 | 9 | Illinois Pollution Control Board (IPCB). Standards for April 21, 2021
- the Disposal of Coal Combustion Residuals in Surface
R000562 Impoundments; 35 Illinois Administrative Code Part
845.
R000564 | 10 | Copy of Illinois Power Generating Company’s Operating | October 25, 2021
- Permit Application for the Newton Power Plant Primary
R0O01588 Ash Pond and submittal letter
R0O01560 | 11 | United States Environmental Protection Agency April 22, 2023
- (USEPA). Pore Water Sampling. USEPA Publication
R001604 No. LSASDPROC-513-RS5.
R001606 | 12 | 2023 Quarter 2 Ash Pond Alternative Source October 6, 2023
- Demonstration (ASD)
R001639
R001641 | 13 | Email from Joshua Seif titled “2023 Qtr. 2 ASD October 11, 2023
Exceedance letter - Newton Primary Ash Pond -
#W0798070001-01”
R001643 | 14 | Email chain with top email from Lynn Dunaway titled October 12-17,
- “FW: Face to Face Meeting Request” and dated October | 2023
R001646 17,2023 1:17:54 PM
R001648 | 15 | Handwritten notes of Heather Mullenax October 19, 2023
R001649
R0O01651 | 16 | Copy of Alternative Source Determination Submittal and | October 20, 2023
- Letter, Quarter 2, 2023, East Ash Pond Joppa Power
R0O01754 Plant, Joppa Illinois
[attachment to email of October 25, 2023, document 14]
R0O01756 | 17 | Printout of page from Newton ASD with handwritten October 24, 2023

notes




PAGES | DOCUMENT DATE
R0O01758 | 18 | Email from EPA.CCR.Part845.Notify titled “Alternate October 24, 2023
Source Demonstration - Newton Power Plant”
R001760 | 19 | Email from Lauren Hunt titled “ASD Discussions-- October 25, 2023
Newton and Joppa” 5:21 PM
R001762 | 20 | Email chain with top email from Dianna Tickner titled October 26, 2023
- “[External] RE: Newton and Joppa ASD Questions” 10:44 AM
R001763
R001765 |21 | Email from Lauren Hunt titled “Joppa and Newton ASD | October 26, 2023
- data gap discussion” 1:09 PM
R001766
R0O01768 | 22 | Draft letter of nonconcurrence for Joppa East Ash Pond | October 26, 2023
Alternative Source Determination
[attachment to email of October 25, 2023, document 14]
R0O01770 | 23 | Webex meeting invite from Lauren Hunt titled “ASD October 26, 2023
- discussions with Dynegy”
R001771
R001773 | 24 | Handwritten notes of Heather Mullenax October 31, 2023
RO01775 | 25 | Email chain with top email from Michael Summers titled | November 1, 2023
- “RE: Joppa West Adjusted Standard Recommendation 3:32 PM
RO01778 Meeting follow up”
RO01780 | 26 | Email chain with top email from Stefanie Diers titled November 2, 2023
- “RE: Joppa AS” 7:52 AM
R001781
R001783 | 27 | Email from Josiah Seif titled “RE: Alternate Source November 2, 2023
Demonstration - Newton Power Plant” 4:20 PM
R0O01785 | 28 | Email from Brian Voelker titled “[External] Alternate November 3, 2023
Source Demonstration - Newton Power Plant” 6:20 PM
RO01787 | 29 | Letter from Illinois Power Generating Company titled November 3, 2023
- “Re: Alternative Source Demonstration (“ASD”) for
R001945 Newton Power Plant Primary Ash Pond”
[Attachment to email of November 3, document 24]
R001947 | 30 | Email from Jenny Cassel titled “[External] November 6, 2023
- Environmental Groups' Comments on Joppa, Baldwin, 1:13 PM
R001961 and Newton ASDs”, with attachment
R001963 | 31 | Handwritten notes of Heather Mullenax November 6, 2023
R001965 | 32 | Letter from Michael Summers titled “Re: Newton Power | November 7, 2023
Plant Primary Ash Pond - W079807001-01 Alternative
Source Demonstration Submittal”
R001967 | 33 | Filing by Illinois Power Generating Company with December 15,
- Pollution Control Board of “Petition For Review Of 2023
R002214 [llinois Environmental Protection Agency’s Non-




PAGES

DOCUMENT

DATE

Concurrence With Alternative Source Demonstration
Under 35 Ill. Admin. Code Part 845 And Motion For
Stay; Appearances Of Joshua More, Bina Joshi, And
Samuel Rasche; And A Certificate Of Service”




I, Lauren Hunt, of the Illinois EPA, hereby certify that the documents of the
Record on Appeal filed in the above referenced matter and summarized in the above

Index are complete to the best of my knowledge, information, and belief.

BY: s/ WWM

Lauren Hunt
[Environmental Protection Geologist III]
Illinois Environmental Protection Agency

Respectfully submitted,

KWAME RAOUL,
Attorney General of the
State of Illinois,

MATTHEW J. DUNN, Chief
Environmental Enforcement/Asbestos
Litigation Division

By:  /s/Mallory Meade
Mallory Meade
Assistant Attorney General
Environmental Bureau
500 South Second Street
Springfield, Illinois 62706
(217) 299-8343
mallory.meade@ilag.gov
ARDC No. 6345981

/s/ Samuel Henderson
Assistant Attorney General
Environmental Bureau

500 South Second Street
Springfield, Illinois 62706
(217) 720-9820
samuel.henderson@ilag.gov
ARDC No. 6336028

Dated: March 26, 2024
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Behavior of Specific Elements 189

by organisms (nitrogen, phosphorus, sometimes carbon, potassium, and silica), biological
processes are often the dominant control in surface waters. For elements utilized in only trace
amounts (e.g., Mn, Cu, Ni, Mo, and Se), uptake by organisms in open waters such as lakes
probably affects dissolved concentrations significantly only in environments where concen-
trations are low in general. In environments where concentrations are high as, for example,
in polluted waters, the amounts taken up by organisms are likely to be small compared to the
amounts in solution or to the amounts removed by adsorption processes.

In terrestrial systems uptake by plants can have a major influence on both heavy metals
and organic compounds. One method of water treatment is to route a contaminated water
through an artificially constructed wetland—a swamp with abundant plants (e.g., Wieder,
1993). Contaminants are removed by direct plant uptake, by adsorption on solid organic
matter, and by precipitation as sulfides where the environment is anaerobic. One problem with
antificial wetlands is that their lifetime is generally finite (a decade or so), and then the mate
rial that makes up the wetland must be disposed of.

{HAVIOR OF SPECIFIC ELEMENTS

Several specific elements are discussed here to provide an overview of their behavior and to
illustrate patterns of behavior that are common to many other elements.

Copper, Zinc, Cadmium, and Lead

These elements have several features in common. The dominant species in solution is a diva-
lent cation (free or complexed). Under oxidizing conditions, they are soluble under acid con-
ditions and their solubilities at higher pH are limited by the solubility of a carbonate or
oxide/hydroxide (Figs. 9-12 to 9-16; these and subsequent figures have been simplified by
omission of some possible complexes in solution involving sulfate, sulfide species, carbonate
species, and OH ™. These omissions do not significantly change the diagrams for the conditions
commonly encountered in fresh waters). Under reducing conditions, in the presence of sulfur
all form relatively insoluble sulfides. In the absence of sulfur, copper is insoluble as the native
metal (Fig. 9-16). The others behave as they do in oxidizing environments: they are relatively
soluble at low pH and insoluble as carbonates/oxides/hydroxides at high pH. Copper, zinc,
and cadmium form anionic species at high pH. It is rare, however, for pH values in nature to
be sufficiently high for such species to be important. The response of these elements to a
change in redox conditions is determined less by redox reactions involving the elements them-
selves than by changes occurring in sulfur species, and in Fe and Mn oxyhydroxides, which
are important substrates for adsorption.

All members of the group are complexed by natural organic matter. Some binding con
stants for complexing of the M** ion with humic substances are shown in Table 9-2. These
constants give a general indication of the strength of interaction between the metal and dis-
solved organic matter. The constant for calcium is included for comparison. In general, copper
is the most strongly complexed member of the group and is very commonly influenced by
organic complexation. Lead is next, followed by zinc and cadmium. Complexing of zinc and
cadmium by organic solutes is, generally speaking, important only where concentrations of
dissolved organic carbon are relatively high.
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All members of the group are potentially affected by adsorption on iron and manganese
oxyhydroxides (Fig. 9-17), and Cd is potentially affected by adsorption on calcite. As dis-
cussed in Chapter 5, adsorption is pH dependent. Lead adsorbs at the lowest pH, followed by
Cu, Zn, and Cd. The curves shown in Fig. 9-17 illustrate the results of experiments conducted
under a specific set of conditions and should not be overgeneralized.

The expected behavior of these metals in the environment can be summarized as fol-
lows: under oxidizing conditions at low pH, they are all soluble and mobile. As the pH rises,
their concentrations tend to decrease, first because of adsorption (particularly for Pb and Cu),
and then because of the limited solubility of carbonates and oxides/hydroxides. Under
reducing conditions, if sulfur is present, all should be immobilized as sulfides. If sulfur is
absent, for Zn, Cd, and Pb the solubility control will be the same as under oxidizing condi-
tions; Cu should be insoluble at all pH values. Adsorption is generally less important under

reducing conditions because the most important substrates for adsorption, Fe and Mn oxyhy- |

droxides, tend themselves to dissolve.

Arsenic and Selenium

Arsenic and selenium differ strongly from the previous examples in that both elements
undergo important changes in oxidation state themselves, and both occur in solution as
anions or as neutral species rather than as cations. pe-pH diagrams are shown in Figs. 9-18
and 9-19. Under oxidizing conditions, the dominant form of arsenic is the + V oxidation state,
which is present as arsenic acid and its anions (arsenate), corresponding closely to phos-
phoric acid and phosphate species. For selenium, the dominant form under oxidizing condi-
tions is selenate, which is closely analogous to sulfate. As conditions become reducing,
As(V) is reduced to As(IIl)—arsenious acid and arsenite anions. When sulfate reduction
occurs, As precipitates as a sulfide; if sulfur is absent, it remains in solution as arsenious acid’
or an arsenite. Elemental arsenic should be a stable species under highly reducing conditions,
but it does not occur commonly in nature. For selenium, selenite species (analogous to sul-
fite) occur at intermediate redox levels, followed by elemental selenium and hydrogen
selenide (analogous to hydrogen sulfide) species under strongly reducing conditions. Both

FIGURE 9-17 Adsorption of Cu™, 100
Cd*, Zn™, Pb*™, Cr*", and Ca** (for o |
comparison) on hydrous ferric oxide
as a function of pH. Each metal 5 80 b
shows an adsorption “edge”; at pH
values below the edge, the ion is not # Mk
adsorbed or very weakly adsorbed. e
At pH values above the edge, the ion
is strongly adsorbed. Conditions cor- 0 b FE—— A
2 10 4

respond to a high ratio of hydrous
ferric oxide 1o adsorbing cation and
an jomic strength of 0.1 m. The edges
move towards higher pH as the ratio
adsorbing cation:hydrous ferric
oxide increases. From data in
Dzombak and Morel (1990).
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FIGURE 9-18 Simplified pe-pH
diagram for the system As—0-H,0
at 25°C and one atm. Tolal activity
of sulfur species = 1072 Light lines
are baundaries invelving dissolved
species only. Dashed line is field
of solid elemental arsenic in the
absence of sulfur. Solubility is
defined as a dissolved As species
activity of 107

FIGURE 9-19 Simplified pe—pH
diagram for the system Se~0-H,0
at 25°C and one atmosphere,
Solubility is defined as a dissolved
Se activity of 107, Data are from
Cowan (1988).

arsenic and selenium may be incorporated into iron sulfides under reducing conditions. The
kinetics of redox transformations involving arsenic and selenium are slow, so disequilibrium
Kent et al., 1994; Runnells and Lindberg, 1990).
te species form inner-sphere complexes at the iron oxyhydroxide surface and are
strongly adsorbed at near-neutral pH (Fig. 9-20). At high pH the strong negative charge on the
oxide surface decreases adsorption of anious. As(lil).apparently does not form inner-sphere
complexes at the oxide surface. It is not strongly adsorted at any pH vaiue. For selenium, the
adsorption picture is reversed. The oxidized form is only weakly adsorbed (similar to sulfate),
Whereas Se(IV) is strongly adsorbed under near-neutral conditions.
Organoarsenic compounds occur in nature but do not appear (o be particularly impor-
oy nic. Organic forms of selenium are more important, particu-
laly in plants that accumulate selenium, Certain plants, notably vetches of the genus
cumulate high concentrations of selenium and may cause toxicity prob-
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FIGURE 9-20 Adsorption of arsenate, arsenite, selenate, selenite, chromate, and sulfate (for comparison)

on hydrous ferric oxide as a function of pH Most of the anions show an adsorption “edge”; at pH values above
the edge (for anions), the ion 1s not adsorbed or very weakly adsorbed. At pH values below the edge, the ion

is strongly adsorbed. The anomalous behavior of arsenite is related to the fact that AsO} is fully protonated

to H,AsO, below pH 9 (Fig. 9-18); the symbo! AsO?" is used for all As in the +III oxidation state. Conditions
correspond to a high rauo of hydrous ferric oxide to adsorbing cation and an ionic strength of 0.1 m. The edges
move towards lower pH as the ratio adsorbing anion:hydrous ferric oxide increases. From data in Dzombak and

Morel (1990).

Chromium

Chromium (Fig. 9-21) shows some similarities to both of the groups of elements discusses
above. Under highly oxidizing conditions, the hexavalent form (chromate) is stable as a
anion. It is not strongly adsorbed (adsorption edge at about pH 7, Fig. 9-20) and is therefor
mobile in the environment. Under intermediate and reducing conditions, Cr(IIl) is the stabl
oxidation state. It is insoluble in the neutral and alkaline pH ranges. It is soluble (largely a
Cr(OH)*") under acid conditions. In general, Cr(III) species are strongly adsorbed (Fig. 9-17
Where dissolved chromium pollution occurs, the problem form is generally Cr(VT).

FIGURE 9-21 pe-pH diagram for 20
the system Cr~0-H,O at 25°C and B ﬂ 0
one atm. Solubility is defined as a 15 o = 1apm,
dissolved Cr activity of 10"*. Data f N i
from Brookins {1988} o E 3
s Croy 05
L % &
5 :_ Cr -g ?;
pe E S |
0 - Cf,O, - 0
5 :.NP""'--.‘
3 st T atm
L 405
1 =
15 il PR FEWWE FETHY FRUTE INTNY R RS ARETN SUREE AR
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pH




salloids  Chapter 9

3
80

12

alfate (for comparison)
‘edge™; at pH values above
below the edge, the 100
sO is fully protonated
cidation state. Conditions
irength of 0.1 m. The edges
From data in Dzombak and

ps of elements discussed
hromate) is stable as an
'ig. 9-20) and is therefore
tions, Cr(III) is the stable
s It is soluble (largely as
2gly adsorbed (Fig. 9-17).
enerally Cr(VI).

cro?\ -

4

.I..-.I,-nln-nl_u_]_‘.
8 10 12

R000006

Behavior of Specific Elements 195

FIGURE 9-22 pe-pH diagram for
the system Hg-S~O-H,0 at 25°C
and one atm. Solubility is defined as
a dissolved Hg activity of 107, Total
activity of sulfur species = 102, The
diagram is the same in the absence of
S species, with the HgS (cinnabar)
field replaced by Hg (metal). In the
presence of chloride, the Hg3* may
be replaced by the insoluble mer-
curous chloride (calomel). Data are
consistent with Allison et al. (1991).

Eh
(\7}

pH

Mercury

The chemistry of mercury in the environment is highly complex. The thermodynamically
stable forms are shown in Fig. 9-22. The common soluble form is the oxidized (mercuric)
Hg?* ion and its hydrolysis product Hg(OH)3, with the reduced (mercurous) Hg2* ion being
less important. Elemental mercury has a large stability field. The elemental form is volatile
and slightly soluble in water. The global cycle of mercury is dominated by vapor-phase trans-
port of Hg® through the atmosphere (Mason et al., 1994). Mercury is transformed by microor-
ganisms into organic forms, notably monomethyl mercury (CH;Hg) and dimethyl mercury
[(CH,),Hg). These organic forms, in addition to being highly toxic, are volatile and tend to
accumulate in the food chain. High concentrations of Hg in fish, which are common in pol-
luted waters, generally result from accumulation of organomercury species. Pollutant Hg in
sediments is partly transformed to organomercury species and partly to the sulfide.

Most of the metals discussed above—Cu, Zn, Cd, Pb, As, Hg, and, to a lesser extent,
Se—are transformed to sulfides in anaerobic sediments. So long as conditions remain anaer-
obic and sulfur is available, they are relatively immobile. However, any disturbance, such as
dredging, that brings the sediment into contact with oxygen will cause oxidation of the sul-
fides and release of the metals into solution. Cleaning up or moving contaminated sediments
is a difficult problem because it may lead to oxidation and mobilization of these metals.

MMARY

1. To understand the behavior of any trace element in natural waters, it is essential to
know the chemical form of the element in the water of interest. Anomalously high concentra-
tions are often related to the presence of stable complexes in solution.

2. The solubility of phases containing the element as a major constituent (commonly an

oxide/hydroxide, carbonate, or sulfide) provides a general upper limit to the concentration of

a specific element.
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368 Transport and Reaction Modeling  Chg

This is exactly the expression we had for a non-adsorbed solute (Eq. 16~9), but with D/R
stituted for D (which could be either a dispersion coefficient or a diffusion coefficient).
spreading by diffiusion or dispersion is retarded in an analogous manner to advecti
Provided dispersion is much greater than diffiusion, the geometry of movement and sprea
of an adsorbed solute as it moves through an aquifer will be exactly the same as that of
unadsorbed solute, but the time taken to reach a particular position and ‘“width” will be af:
of R longer.
Adsorption affects only non-steady-state diffiusion. At steady state (e.g., a constant ¢
centration gradient between a constant source and a constant sink), there is no net uptake
release by adsorption, so adsorption has no effect on diffusion. The diffusional flux will
given by Fick’s first law with no correction for adsorption.
The above discussion applies only to the limiting case of rapid, reversible, linear adso:
tion. Because of its mathematical convenience, the retardation equation based on the linear K,
is often used as an approximation even where these conditions do not hold. It should also be
remembered that, in general, the numerical value of K, is specific to the solute, the substrate,
and the composition of the groundwater. It is not readily transferred from one experiment of
situation to another.
Example 3

Suppose the pollutant in Example 2 above is adsorbed by the sediment, and the adsorption can be

described by a constant K, of 5 4/kg. How long will it now take for the pollutant to reach a depth
of 50 cm?

If we assume a grain density of 2.6 g/cm’, the redardation factor, R, is
03
1+ %x26x5)=657
0.7

The times calculated in Example 2 will be multiplied by this number. The time for | percent of the
initial concentration to reach 50 cm will thus be 10.97 y rather than 1.67 y. Note that, for a given
K, the retardation factor increases as the porosity decreases as a result of the factor (1 — 0)/9. If,

in this example, the porosity had been 10 percent rather than 70 percent, the retardation factor
would have been 118 rather than 6.57.

Reaction path calculations, or mass-transfer codes, give us the successive compositions of a
solution as a mineral (or several minerals) reacts with a solution or as some other process, such
as evaporation of the solution, proceeds. The mass of each solid phase or gas produced or con-
sumed is calculated. Such codes do not, in general, contain any kinetic information: They cal
culate changes as a function of the amount of reaction that has taken place but do not say
anything about how long the reaction should take. The most widely available and widely used
codes are PHREEQE (Parkhurst et al, 1980), EQ3/6 (Wolery, 1979), SOLMINEQ.88
(Kharaka et al., 1988), and MINTEQA2 (Allison et al., 1991). PHRQPITZ (Plummer et al,,
1988) is a version of PHREEQE modified to include Pitzer’s equations for calculations at high
ionic strength (see Chapter 2); PHREEQC (Parkhurst, 1995) is an updated version of
PHREEQE that includes inverse modeling analogous to NETPATH (see Chapter 12 and later
in this chapter). Each of these codes was developed for a slightly different purpose, which
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e e uerepd granite containing calcite as the only reactive minera INTE

drock is al
b osition of the final lake.

ict the comp
L in order to solve this problem, we nee

these aret

« to make some simplifying assumptions. Some of

ble approximation.

i librium model 1s a suita
e h atmospheric oxygen and CO;.

2. The final lake will be in equilibrium wit
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FIGURE 16-11  Path of solution ]—-—r'— T
K feldspar . DE composition (ABCDE) as K-feldspar 1
ai ibbte precipitites U reacts with water, plotted on a min sl— !
eral stability diagram (after Helgeson \ K feldspar
et al., 1969).
5l K-feldspar 5 L l N
dissolves 1 /
conguently A i 1 . |
— 3 Gunbsie
6l - G 5 l
/ _
+ | /
H" and OH™ / .
! |
/
‘ / Kaotme |
/ |
: : / | Amorphous
] o ! silica saturauon
5 9 / sl
: / I
g 3 |
| . ¢
or ? , K-feldspar . \ l
and kaolinite 2 |
dissolve- I
K mica &
precipitates = = | — _"J_-_I_,‘, 2 o
|

K feldspar

dissolves-
Kaolinite |
1 The first step is to use MINTEQA2 as a speciatinn-samration program only, with the water
es: (1) To see which phases are supersaturated and

precipitates

This has two purpos
utinto total concentration of car-

of Table 16-2 as the input.
e, and (2) Toconvert the alkalinity inp

K-feldspar |
:Ts‘:j‘vbel?me hence are likely to precipitat
kaoliste bonate species and concentration of the component H'. MINTEQA2 requires the input to be inthis
o form for further calculations. At this stage we also have to decide on an oxidation state for the Fe
in the analysis. We can either input it as Fe?* (which is probably the actual form), or we can input
t the final water willbe in equilibrium with

it as the oxidized species, Fe**, with the justification tha!
 MINTEQA?2 does not have to perform any redox cal

atmospheric oxygen. If iron is input as Fe**

culations, as all the inputs are in their oxidized form. There are often advantages to minimizing the
number of different reactions that the reaction path code has to consider simultaneously. The con-
centration of Fe is sufficiently low that the choice of Oxidation state does not affect the cation—
anion balance significantly. Part of the output from this first run is shown in Table 16-3.

”4_ =
4

FIGURE 16-10 Concentrati
' -
ntration (m) of species in the aqueous phase (solid lines} and amounts (mo/kg H,0) of
g H;0) o

at

L
09 K. leldspar

minerals produced and d "
absciisa tepresens t:= "::Il‘f:f:f(:aosl:lzdolfxr:s‘) T;K-feldspzr reacts with water at 25°C and 1 atm pressure. Th
i N el d sure, The
the reaction path shown in Fig, 16-11 tHelgeson et a1 1;2‘;‘:""1 per kg H,0. The letters correspond to the points on
i ) TABLE 16-2 Composition of infiow Water for Example 4
3. Reactions involvi : - — e ——
ing silicates can be j 642 A 0.05 m
the gnored. The justificatio Na ppm s : PP
5 r: eg;m::lndwater has been n contact with the silicate minerals :ufur lh; assumption 1s that K 1 ppm Cu 0.014 ppm
nd should be close to equilibrium o at least steady sta rrounding the pit for a long ca 1514 ppm Zn i ppm
4. Our time span and flow rate are such tha : st Mg 54.6 ppm
neglected. In reality these would be i at evaporation and dilution by rainfall can be a 2338 ppm pH 7.51
incorporated into the model. They are omitted here for SO, 104 opm
Alkalinity 12,54 meq// T 20°C

the sake of simplicity.
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. ation Calcultion for Example 4 (The
374 Ti t and Reaction Modeli TABLE 16-4  Output from the MINTEGA2 Equilibration al
A mackon Modeine 'S8 output file has been greatly condensed.)

—pART 1 of OUTPUT FILE_

br: ia -h.a-s_es-
-_x;le_d- Equilibration with atmosphere and solid p
Exa 8

Wecan see from Table 16-3 that the water is supersaturated with respect to various
g calcite, dol gnesite, and a range of compounds containing ferric iron (fi
drite, goethite, hematite, jarosite, etc.) the high saturation indices for these phases is a ¢
quence of our decision to specify the total Fe as Fe**. The next step is to choose which ph:
precipitate. We shall choose ferrihydrite as the iron compound, as it is the phase most likely 10
cipitate. We shall also choose calcite as a phase likely to precipitate in a natural system, b
shall not allow dolomite (or other Mg-carbonate phases) to precipitate because the kinetjcs of;

cipitation of these phases are generally slow (Chapter 3). Note that no phases containing the
elements Cu, Zn, or As are supersaturated.

/A’;‘;;\;;;;tute lCelsius.): 20.00
Units of concentra;m;mr;(:ézd' ) -
i:n:i:ei?f?;g%hc;iboiate concencl_’ation repx:;:x;ic:o:ite;g:rgo%
= mi];i::ztr;:di:a}all)l’o;igmz:?;ef:nir Ct}k:i‘;iesolids specified as ALLOWED
Priz e T et éith::Licns is: 40 . . o
;:z :Z:i‘g\:“urs)::bz; zompute activity coefficients is: Davies equat:

Intermediate output file

bot: .

With these choices, we can now perform a second MINTEQA?2 run in which we:

1. Do not specify the input pH, instead allowing MINTEQA?2 to calculate the pH.
2. Specify equilibrium with a CO, gas phase at a pressure of 3.16 x 10~ atm (atmosphe;

CO, pressure). We could also list O, at a fixed pressure of 0.2 atm, but this is unnecess
if our input does not contain any reduced species.

1;‘;(_1';‘ D;\‘;‘A B;EFOR'E TYPE MODIFICATIONS
3. Specify calcite and ferrihydrite as possible solids. A possible solid is one that is allowed

i NAME ACTIViT‘éoGO(éEij LGS ‘E;’Ejgo ”,”_‘3722?31
precipitate if the solution is supersaturated with respect to it. Phases that are not listed i 3?;(1) l;;zl\sm 3.548E-07 :; "22% ]5_'2232*822
this way (or in an analogous way) will not be considered in the calculations. 150 Ca+2 36 sgiz‘gz 37170 2. i%gz+g;
- 180 Cl-1 g E -6.660 1. o
Part of the output from this run is shown in Table 16-4. The solution is in equilibrium with calcil 231 Cu+2 iégii,gg -4.640 1. 2782:32
and ferrihydrite, and has a final pH of 8.88, This output would constitute our prediction for the 281 Fer3 2.2398-03 2 izg i:g G0
major ions in solution. Note that the solution is still supersaturated with respect to ferric ';ig :2; 4.365E-04 2550  6.420E+01
(hydr)oxides more stable than ferrihydrite (Chapter 7), and with respect to Mg-containing car- 500 Na+l i g:ggjgg -2.970  1.040E+02
bonates. 99.9 percent of the iron has been precipitated as ferrihydrite, and 98.6 percent of the cal- 732 SO4-2 1.698E-05 -4.770 1. 1005:32
cium as calcite. The presence or absence of calcite in the bedrock would make no difference to the 950 2Zn+2 9.333E-05 -4. Oég Z) ggzi—ol
lcul as calcite is precipitating and not dissolving. The main reason why so much calcite 142 32272 1.000E+00 -0 i
precipitated s the drop in P, from a valye of 1077 in the inflow water to 107 in the equili-
brated pit lake.
So far, the only process we have considered is precipitation of supersaturated phases.
Adsorption is also likely to be a significant control on trace element concentrations, particularly
As, Cu, and Zn in our example (Table 16-2). As discussed in Chapter S, adsorption can also be LOG MOL  NEW LOGK DH
modeled by use of MINTEQA2. This calculation is performed after the major element chemistry 2.287 8.446 2.585
has been calculated. It is necessary to specify the amount and properties of the adsorption sub- 2.834 -4.891 -000
strate, which requires further assumptions. The details of these calculations are not presented

here. A reasonable set of assumptions would be that ferrihydrite is the adsorbing phase, the
amount present is equal to the amount precipitated in the previous modeling step, and its proper-
ties are the same as those of ferrihydrite used in laboratory experiments by Dzombak and Morel
(1990). The Dzombak and Morel numbers are supplied as a data file with MINTEQA2.

— AT 5 of OUTPUT FILE — ————————

111 D
Calculations based on these assumptions indicate that adsorption should greatly reduce the con- SORBED PRECIPITATED
centrations of arsenic, copper, and zinc. DX NAME MozliSGOLVl;gRCENT MOL/KG  PERCENT MOL/KG  PER-
CENT .0
L . 5 N .0 0.000E-01
Application to Contaminant Transport in Gr d 4.365E-03 100.0  0.000E-01 o 0.000E-01 0
330 Hel 3527807 100.0  0.000E-01 o 0.000E-01 -0
R . L R . . 61 H3AsO4 1 685E-05 100.0 0.000E-01 . o 000E-01 0
It has become recognized in recent years that human activities are introducing contaminants 950 Zn+2 6 721E-04 100.0 0.0008-01 .g R s %
into groundwater systems on an enormous scale. Examples include leaching from municipal 180 gl ; 2.206E-07 100.0 0. Oggi’?ﬁ o 0.000E-01 .0
. . . o . .. o 2 E- e -
landfills, hazardous waste burial sites, mine tailings, and various spills, both deliberate and ;3; sg;_z 1.0841‘2‘0% ’igg-g g‘goog,m 0 0.000E-01 “ ,im;ﬁ“
- . . A e A . on
accidental. Agriculture itself often causes contamination of groundwater by fertilizers 460 Mg+2 2.248E-0
(notably nitrate) and pesticides. A great deal of effort is currently being put into modeling the

375
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410 K+1 4.353E-04 100.0  0.000E-01 -0 0.000E-01
500 Na+l 2.796E-03  100.0  0.000E-01 .0 0.000E 01
281 Fes3 1.853E-08 .1 0.000E-01 .0 2.275E-05
150 Ca+2 5.213E-05 1.4 0.000E-01 .0 3.730E-03
140 CO3-2 4.727E-03 $5.9  0.000E-01 .0 3.730E-03
2 H20 9.297E-06  100.0  0.000E-01 .0 0.000E-01

Charge Balance: SPECIATED
Sum of CATIONS = 7.178E-03 Sum of ANIONS 7.239E-03
PERCENT DIFFERENCE = 4.291E-01 (ANIONS - CATIONS)/(ANIONS -
EQUILIBRIUM IONIC STRENGTH (m) = 1.029e-02
EQUILIBRIUM pH = 8.879

___PART 6 of OUTPUT FILE
Saturation indices and stoichiometry of all minerals

D # NAME Sat. Index Stoichiometry in [brackets]
5015000 ARAGONITE ~.154 [ 1.000] 150 [ 1.000) 140
5015001 CALCITE .000 [ 1.000)] 150 [ 1.000] 140
5015002 DOLOMITE 1.654 [ 1.000] 150 [ 1.000) 460 [ 2.
2028100 FERRIHYDRITE 0.000 [ -3.000] 330 [ 1.000] 281 [ 3.
2028102 GOETHITE 4.210 [ -3.000] 330 [ 1.000) 281 [ 2.
6015001 GYPSUM -2.897 [ 1.000]) 150 [ 1.000) 732 [ 2.
3028100 HEMATITE 13.405 [ -6.000] 330 [ 2.000] 281 [ 3.
5015003 HUNTITE . 812 [ 3.000)] 460 [ 1.000) 150 [ 4.
6041002 JAROSITE K -7.386 [ -6.000] 330 [ 1.000) 410 [ 3.

[ 2.000] 732 [ 6.000] 2
3028101 MAGHEMITE 3.397 [ -6.000] 330 [ 2.000) 281 [ 3.
5046002 MAGNESITE 1.156 [ 1.000) 460 [ 1.000) 140
2023101 TENORITE -.815 [ -2.000] 330 [ 1.000) 231 | 1.
5095000 SMITHSONITE -.861 [ 1.000) 950 [ 1.000) 140
5095001 2ZNCO3, 1H20 -.546 [ 1.000] 950 [ 1.000) 140 [ 1.
2095005 ZNO(ACTIVE -.449 [ -2.000] 330 [ 1.000) 950 { 1.
2095006 ZINCITE -.552 [ -2.000) 330 [ 1.000) 950 [ 1.
5023101 MALACHITE -2.691 [ 2.000] 231 { 2.000) 2 f 1.

[ -2.000] 330
3028102 LEPIDOCROCIT 3.520 [ -3.000] 330 | 1.000) 281 | 2.

behavior of contaminants in the subsurface, both for predicting the fate of and designing reme-
diation strategies for existing cc i and for designing and locating disposal sites for
future waste, particularly high-level radioactive waste

Before any detailed geochemical modeling can be attempted, the hydrology of the area
in question, particularly groundwater flow paths and velocities, must be established. This is by
no means a trivial requirement; the information required for an adequate hydrologic model
may be greater than that required for a chemical model, and the mathematical formulation of
the hydrologic model may be extremely complex.

For modeling purposes, it is often convenient to divide the region to be studied into 2
source, a mixing zone (near field, in the terminology of radioactive waste disposal), and a rel-
atively undisturbed aquifer or aquifers (far field). This is illustrated conceptually in Fig, 16-12
for a mill tailings pile. A real example of modeling applied to a uranium mill tailings pile is
given by White et al. (1984) and Narasimhan et al. (1986). The source is the downward move-
ment of solutions from the tailings pile. These solutions are oxygenated and highly acidic
from the processing used in the mill and contain high concentrations of iron and several trace
elements such as uranium, molybdenum, and selenium.

CHEMICAL EVOLUTION O
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Chemical Evolution of Groundwater

FIGURE 16-12 Schematic illustra
tion of migration of contaminants
from a uramum mill &iliNES pile.

|Groundwater flow’

i i idizing or reducing. When the
1dly alkaline and may be OXX ¢
! mlfer );t reacts chemically with the groundwater gncll wl::‘t;:lh:‘
! ipi d iron and alu
inerals of the aquifer. Calcite dissolves, gypsum may priclrl‘)‘neg;.e:ica‘ e
rlzsoxides precipitate, coprecipitating trace metals wn‘;\ Hx R; E.QE 2 gty o
tl?ese can be modeled successfully by a progra:n S\let: ;es e Co;nmonryEa e el
ixi jor chemical reaction: , is con 2 iy
! i 20d Whl:“:-i l::omai)(;'rsuch a small volume can be modele'd in a'rglaflvel);v ?::‘fh: v :-
e z!hli\ ym;xingyzone the groundwater is more or less in equllnbr‘;l;n;ses iy
: itati rocesses,
erals ;e\);;naqui:er Dissolution and precipitation a;‘e m; ;Zx;cg;:ry 21?2 pdispemon o
' us
i hydrology/water movement Plus dynar i
ehlng' f'lbcuiszl:nche{nical processes such as adsorption, radioactive decay, an
relatively s :
i i dation.
anic compounds, biodegrad i
e An additional problem with modeling of

Groundwaters are typic .
acid tailings solution enters the aqui

contaminant transport is the question of how to

i tainty the porosity, permeabiht)f, an(% dlspgr-
e o T:ln f:::l: li'nke::) :q:{llf:;. c(?m Car)ll make esliman_-.s for the regl:?:\s“: :/(:l‘l“(:[:
pois gxap;glzh:! ‘:lsi:; them, calculate, for example. a }:ra“:e‘l tm;e r::;iro: cp'z:: el AlEronn:
data are missy d, g 'y
e inc:e:;ra?::;r:zs:::tea; witﬁolhe travel time as V\_/ell as the ;b:fsts :‘:‘:
et kpow o lfh stic modeling is being used to assess upceﬂamly: h'mﬁj Jof snele
mate.” lngmasnngly' 4 ge roperties of each location in the aqqnfef. a §lat|snca lf ribution
popar= a'ss,grslfgdn(:d( ang ll’?e model generates a statistical distribution of travel t
of properties is as 8

whatever other output1s required.

F GROUNDWATER

& ” ing in that we posed
been “forward modeling in t'
S low it to react with minerals B and

The reaction palh modeling discus:
derstanding the chemical compo-

i form: “Suppose

[(kilev‘:::tﬂ:v?llll;;‘:ﬁe! ‘fj‘l::l conlljpp"si‘i“" (e watzrb?“ Sxoer::verse“ problem (Plummer, 1992):
3 = !

sition of groundwal?f;“;')ena:; tghinfeirrz:;i{v‘;zs:?}:c przblem is todeduce the reacuq:s Lll;la: fj:‘::
ey o chis simply to solve the forward problem repeatedly, Cr}a“l&‘ ogne anuse
rise to it. One alppfr?:e minerals reacting until a “match” is achieved. Altem:;tgl;eS ))Lm g
tity and amoun ?\TH (Plummer et aL, 1991) oF PHREEQC (Parkhurst, s it
e e directly. The use of NETPATH to solve 2 mass balance pro! ]
invers;, 'prgl;::er ;r2 Tl):;: input is an initial water composition, a final water comp :
cussed in N
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a list of phases that may dissolve, precipitate, or both. The output is a list of ali the po!
reactions involving the listed minerals that satisfy the mass balance constraints. NETP
also considers isotopic balance for B¢, Mc, 8, D, T, '*0 and ¥’Sr, and includes WATEQ.
a subroutine to test whether the reactions deduced from mass balance are chemically re:
able. It would not be reasonable, for example, to postulate that gypsum precipitates fi
solution that is undersaturated with respect to gypsum.

An excellentexample of this type of modeling is the study by Plummer et al. (1990
the chemical evolution of groundwater in the Madison aquifer as it moves several hundred
eastward from recharge areas in Montana and Wyoming. The chemical evolution of the wi
was consistent with dissolution of gypsum and dolomite, precipitation of calcite, and oxi
tion of organic matter. That set of reactions explained not only the major element chemis!
but also the isotopes of carbon and sulfur.

A major problem with NETPATH-type modeling, particularly of silicate weatheri
reactions, is that solutions are rarely unique. Several different sets of minerals can usually
found that satis(y the constraints. Also, depending on the number of solid phases chosen, the;
may be no solution or an indeterminately large number of solutions. The code is thus a tool t
be used in conjunction with geologic insight and judgment: it does not provide simple, unique
answers. The inclusion of isotopes may greatly constrain the number of possible answers, pro-
vided sufficient isotopic data are available.

\J ABAREDE. F. (19995). Introduction to Geachem.ical
Mudeling. Cambridge, England’ Cambridge
University Press. )
NDERSON, M. P. (1979). Using models to simulate
the movement of contaminants At!xrough ;roun#—
water flow systems. CREC Critical Reviews in

Environmental Control (pp. 97-156). Boca Raton,

3 Press.

A::QRS:iCM. P. and W. W. WOESSI“IER., (1992).
Applied Ground Modeling: Si of
Flow and Advectiv
Academic Press, Inc. )

AppELO, C. A J., and D. POSTMA. (1993). Geochemistry,

Groundwater, and Pollution.

Balkema.

e Transport. San Diego, CA:

REVIEW QUESTIONS

1. Suppose you had a | mm wide fracture in an igneous rock, and the concentration of a contami-
nant in the fracture were kept at a constant value (say by rapid flushing). How long would it take
for a mass of contaminant equal to the mass present in the fracture at any instant to diffuse into
the rock matrix? Assume a porosity for the matrix of 0.01 and an effective diffusion coefficient
of I x10 cm’s .

~

Suppose you assume instead (Problem 1) that the fluid in the fracture were not moving. Estimate
how long it would take for half the material in the fracture to diffuse into the rock matrix. How long
would it take if the fracture width were 0.] mm?

Note: The analytical solution to this problem is by no means simple. You could (a) make an edu-
cated guess based on example 1 above; ( b) construct a simple numerical model; or (¢) (if you have
the background) construct a finite difference model.

w

. The following analyses (from Plummer et al., 1990} represent two wells from the Madison aquifer
in Montana that lie approximately along a flowhne. The aquifer contains imestone, dolomite, and
occasional evaporites. I'se NETPATH to come up with a set (or more than one set) of reactions that
could account for the difference. Do you think the reactions are plausible?

T(°C) pH Ca Mg Na K c so, sco

Well | 1 758 187 115 010 002 005 146 33
Well 2 32 708 6.50 396 344 031 1.89 1032 3n '

&

In Example 4 above, suppose the pit lake were to stratify, forming an anoxic hypolimnion (Chapter 8
Predict the chemical composition of the anoxic waters. Make your assumptions clear, and discuss
how reasonable these assumptions are.

Roterdam, Germany:
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Predicting Hydrology of Fractured Rock Masses
from Geology

Paul R. La Pointe

Golder Associates, Inc., Redmond, WA 98052

Fracture network connectivity often dominates movement rate, flow volume,
and mass transport through rock masses. These networks influence the
effectiveness of petroleum reservoir development, safe disposal of nuclear waste,
delineation of water supply or establishment of well-head protection plans,
recovery from geothermal reservoirs, solution mining, construction of
underground openings, and the remediation of contaminated rock. Well tests can
provide a great deal of useful information on the hydraulic properties of fracture
systems, but they are often expensive or logistically infeasible. These tests also
may not provide an accurate description of the hydrologic properties of the rock
volume under consideration. Methods to model fractured rock can be improved
by quantifying the relation between geologic parameters and the hydrologically
conductive fractures. This study tllustrates the application of four statistical and
pattern recognition methods—evaluation of correlation coefficients, contingency
table analysis, multivariate regression, and neural net analysis. The data for the
study consist of borehole and well-test information from eight boreholes used for
characterizing a proposed low-level radioactive waste repository in Wake
County, North Carolina. The analyses show that high localized flow rates are
related to the presence of increased fracture intensity, and that this intensity is
controlled by a complex interplay of structural geology and lithology. Some of
the initial hypotheses concerning the relation of geology to hydrology were not
substantiated by the data, leading to a refined conceptual model that differed in
significant ways from the initial model. Although the techniques used are of
general applicability, the precise nature of the correlation between geology and
hydrology is site dependent.

1. INTRODUCTION

1.1 Overview

Fractures are geologic features that form networks
capable of transporting fluids through rock over long

Dynamics of Fluids in Fractured Rock
Geophysical Monograph 122
Copyright 2000 by the American Geophysical Union
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distances. The rate of movement, the volume of flow,
the amount of mass transport through the system
interconnected  fractures affect petroleum reser
development, safe disposal of nuclear waste, delineatio
water supply or establishment of well-head protec
plans, recovery from geothermal reservoirs, the efficie
of solution mining, the construction of undergro
openings, and the remediation of contaminated rock.

It is common for engineers and hydrologists to emy
hydrologic testing to directly characterize fracture netw
flow parameters. However, well tests are often expen:
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or logistically infeasible. For example, the number and
spatial reach of wells drilled from an offshore oil platform
are very much restricted. This may cause direct hydrologic
test results to be very sparse for the volume of rock under
consideration. It also presents a problem because
hydrologic heterogeneity is often quite significant, so that
and, therefore, a few tests may not provide an accurate
description of the hydrologic properties of the large
volume of rock under consideration. Such a situation
makes it necessary to infer parameters from the well or
boreholes to a much larger volume of rock.

There are two broad approaches to modeling flow and
transport in fractured rock [National Research Council,
1996): the Discrete Fracture Network (DFN) approach and
the Stochastic Continuum (SC) approach. Both methods
have advantages and disadvantages.

DFN models require the specification of the geometry,
location, and hydraulic properties of the fractures that play
a significant role in the rock permeability.

SC models need permeability and porosity values that
reflect the local matrix and fracture systems’ effective
properties at the scale and shape of the numerical grid. SC
models incorporate geology to delineate large-scale
statistically homogeneous regions, often referred to as
domains or zones. Parameter values within these domains
can be assigned according to statistical distributions or
conditioned to geologic parameters. Often, the relation
between mappable geology and values of effective
permeability is not well understood. Parameter assignment
within each domain is carried out using a spatial statistical
model or an inversion that matches known well test results,
but is constrained elsewhere to statistical parameters only
{Zimmerman et al., 1998). Better geologic conditioning of
the parameter values within zones and better definjtion of
zones can greatly improve model accuracy [La Pointe et
al, 1996; National Research Council, 1996].

Over the past decade, DFN models (Hudson and La
Pointe, 1980; Long et al., 1982; Dershowitz, 1984; Endo et
al., 1984; Robinson, 1984; Smith and Schwartz, 1984)
have evolved to successfully address problems of regional
fracture network connectivity [Cacas et al., 1990a,b;
Dershowitz et al., 1992; Swaby and Rawnsley, 1996). The
models represent fractures as polygons with flow and
transport properties. However, the specification of these
models relies upon accurately describing the geologic
context of the subset of fractures that contribute to large-
scale flow. This subset of fractures constitutes the network
of conductive fractures. As detailed surveys of wellbores
prove, only a portion, often less than 10% [National
Research Council, 1996] play a role in flow at the scale of
contaminant dispersal, energy production, or containment
of nuclear waste. It is the intensity, geometry, and fluid-
flow properties of this conductive subset that control the

important behavior of fracture-dominated flow systems.

Thus, better understanding of the geologic habitat of
conductive fractures could lead to improved DFN
modeling, as well as a better understanding of why some
fractures play a significant role in regional flow, while
others play a limited, or insignificant role.

The attractiveness of geologically conditioning DFN or
SC models rests on the presumption that hydrology relates
to geology. By understanding the geologic characteristics
that are associated with hydrologic variability, it is possible
to describe the conductive fracture network or assign
values of permeability (or other properties) at unsampled
locations based upon the geologic characteristics.

The geologic approach is very appealing, since it is
much more flexible in handling hydrologic variability as a
result of variability in underlying geology than any zonal
statistical model. This is because the geologic approach
need not conform to overly simplistic statistical models.
Moreover, a demonstrated connection between mappable
geology and flow modeling is important in many licensing
applications for proposed waste repositories or other
facilities. Another advantage is that the geology is often
known with reasonably high accuracy and resolution
throughout the site.

However, the attempt to relate flow in fractured rock
masses to underlying geology has proven challenging,
particularly in fracture-dominated flow systems. Fracture
network connectivity often controls flow and transport.
This means that local geologic conditions might be
affected by the properties of individual fractures and may
not correlate to the larger-scale fracture network
connectivity.

The current study attempts to understand the geologic
habitat of fractures that play an important role in regional
flow and mass transport. The focus of the study is a
preliminary site investigation of a proposed low-level
nuclear waste repository in Wake County, North Carolina.
Licensing of the site requires modeling of possible
movement of radionuclides through the rock and soil.

The goal of this work was to investigate the interrelation
of hydrologic behavior and geologic characteristics by
using multivariate analysis or other techniques, as
appropriate, to help prepare the initial site conceptual
model and support the development of the preliminary
groundwater flow simulations. The identification of key
geologic parameters was also fmportant. These parameters
needed to be measured in a manner sufficient for
subsequent hydrologic modeling and so as to identify how
data collection protocols might be altered in order to obtain
the necessary data.

The problem of relating geology to hydrology is one of
pattern recognition. Powerful and sophisticated tools to
recognize patterns and correctly classify new data into

proper groups are in common use in many disciplines.
These tools differ in mathematical assumptions and
outcomes, but all share the ability to classify data into
categories. Section 1.4 below describes the methodology
employed in this study in greater detail.

12 Data

A thorough data set was obtained for this study from
geochemical surveys, hydrophysical logging, packer tests,
and geologic logging. The data came from a series of eight
wells, aligned from west to east. The line formed by these
wells transects a prominent fault north-striking a normal
fault (Figure 1). Wells W206 through W208 lie to the east
of the fault in the footwall of the normal fault. Wells
‘W201 through W205 lie in the hanging wall. As shown in
Figure 1, well W205 cuts through the fault plane. Each of
these boreholes was carefully logged to record both the
lithologic characteristics and the attributes of any fractures
present. Subsequently, the core and the borehole imagery
was interpreted to create a data set in which fractures were
identified, and their measured depths, orientations,
apertures, and types recorded. Lithologic information was
also recorded. This included grain-size classification,
ranging from conglomerate to claystone, as well as the
orientation and measured depth of contacts separating
strata of contrasting lithology.

Hydrophysical anomalies were identified as part of the
testing and logging program carried out in the eight wells.
Such anomalies were determined as follows. First, a
borehole was filled with deionized water and a logging tool
to measure electrical conductivity is placed in the borehole.
Next, the nonconductive deionized water was slowly
pumped out, which allowed the conductive groundwater to
flow through fractures or other permeable pathways into
the borehole and be sensed by the logging tool.
Continuous recording of the conductivity made it possible
to identify locations and rate of groundwater flow into the
borehole. The term “strength,” as used in this study, refers

to the magnitude of the conductivity change between the
nonconductive, deionized water and the inflowing
groundwater. The magnitude of the anomaly is a function
of flow rate, and is used as a surrogate for fracture
transmissivity or local wellbore permeability. The tool
used in this study has a | ft (0.3 m) resolution. Together
with image logs, it is possible to refaie hydrophysical
anomalies to fractures or other geologic features within the
I ft intervals. Figure 2 summarizes the interpreted
lithology, and shows the location and geometric aperture of
detected fractures, as well as the location and magnitude of
flow for hydrophysical anomalies. Figure 3 and Table !
show the directly measured and derived geologic
parameters used in this study. Parameters related to the
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Figure 1. Geologic cross section along trench GM-1. Trench is
oriented along an east-west axis. The normal fault, denoted as
W8, strikes approximately north-south.

four nearest fractures were included to account for the 1 ft
resolution of the hydrophysical logs, and for any small
misregistration among the hydrophysical logs, the borehole
imagery, and the core.

1.3 Initial Hypotheses

A preliminary focus of efforts at the Wa!(e County site
was to clarify the role of jointing and faulting n the. site-
scale hydrology. It was thought that fractuye intensity at
the site might be related to depth, weathering, structural
deformation, and structural position. ~ Thus, the sufdy
focused on evaluating some initial hypotheses concerning
the relations between site geology and conductive flow
features. These hypotheses are:

I. Hydrophysical anomalies are caused by fracture flow.

2. Fracture intensity is greater in the hanging-wall
deformation zone. )

3. Proximity to contacts between strongly cor}trasung
lithological units leads to an increase in fracturing.

4. Fracture intensity relates to lithology.

5. Fracture intensity changes with depth/elevation
because of weathering or lithostatic effects.

6. None of the above.

1.4 Methodology

A number of statistical and pattern-recognition
techniques were applied to the data in order to investigate
possible relations between geologic parameters and
fracture flow. These studies were designed not only to test
existing hypotheses, but also to uncover other unsuspected
relations between geologic parameters and the
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Table 1. Directly measured and derived geologic parameters.

Directly Measured Parameters

Table 1(continued).
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Fracture Parameters
Measured depth to fracture
Fracture dip and dip direction

Fracture type:
Shear or bedding

Fracture Aperture

Lithologic Parameters

Lithologic classification, based on grain size, gradated

from 1 to 9 (1 being coarsest; 9 being finest):
Conglomerate (Cnglom) = 1

Very coarse sandstone (VCrsSS) = 2

Coarse sandstone (CrsSS) =3

Medium sandstone (MedSS)= 4

Fine sandstone (FineSS):= 5

Very fine sandstone (VFineSS)= 6

Siltstone (SiltS) = 7

Mudstone (MudStone) = 8

Claystone (Claystone) =9

Measured depth to contact between lithologic units

Orientation of contact between lithologic units

Layer (lithologic unit) thickness , distance measured vertically

Dip of contact above anomaly

Dip of contact below anomaly

hydrophysical anomalies.

techniques were used:

I, Evaluation of correlation coefficients among all
parameters.

2. Contingency table analysis.

3. Multivariate regression.

4. Neural net analysis.

Correlation coefficients are very useful in examining the
first-order relations between continuous variables such as
the strength of the hydrophysical anomaly and its
proximity to the boundary of a contrasting lithologic unit,
or between the depth of a fracture and its aperture. These
coefficients are also important in gaining an understanding
of which variables may be redundant. Identifying
redundant variables is important when data are sparse.
When there are more variables—degrees of freedom—than
hydrophysical anomalies, it is possible to predict the
anomalies with a good degree of accuracy without actually

determining any  significant  relations among the
parameters.

The following statistical

Symbol Dimensions Derived Parameters
Distance from hydrophysical anomaly to four nearest fractures D1,D2,D3,D4  Fect
MDF Feet Apertures of four fractures nearest to a hydrophysical anomaly "x}" W2, W3, Inches
DIP,DPDIR Degrees 1
TYPE Lithology of four nearest fractures (ranging from conglomerate to Li L2 L3, 14 Grain size
mudstone, 1 to 8)
AP Inches Depth of four nearest fractures ug;: mgi =
Lithology contrast between layer containing hydrophysical anomaly LCA Dimensionless
lithology and layer above; grain-size class of layer above used for
computation
LITH Grain size v Dimensionl
Lithology contrast between layer containing hydrophysical anomaly LCB imensioniess
lithology and layer below; grain-size class of layer above below for
computation
Absolute contrast above; computed as ABS(LLCA) ALCA Dimensionless
Absolute contrast below; computed as ABS(LCB) ALCB Dimensionless
i Total contrast between lithological unit containing anomaly and units TC Dimensionless
above and below; computed as LCA+LCB
Total absolute contrast between litho! I unit 1 ATC Dimensionless
MDCON Feet and units above and below; computed as ALCA+ALCB
CONDIP, ~  Degrees Dislancg from anomaly to nearest upper contact; computed as distance CDA Fect
CONDPDIR perpendicular to contact interface
UTHICK Feet - Distance from anomaly to nearest lower contact; computed as distance CDB Feet
perpendicular to contact interface
DIP_A Degrees . . CMIN Feet
DIP B Minimum distance to contact; computed as MIN(CDA, CDB
! Degrees ; ;
& ‘ Grain size contrast with nearest unit C_NEAR Dimensionless
‘ Apparent distance to upper contact APCDA i
Two-way contingency table analysis is a method for Apparent distance to upper contact TDIST_MIN Feet
looking at the correlation among class or ordinal variables. APCDB Feet
It is also useful for examining relations between a Apparent distance to lower centact
parameter-like lithologic unit and a hydrophysical Angular difference between upper and lower contact; computed as UNCONF Degrees
anomaly. DIP B - DIP_A
Contingency table analysis and correlation coefficients = ABS(UNCF) Degrees
examine relations between pairs of variables. Multiple Absolute value of UNCONF
regression takes into account the combined relations | l Bed thickness THICK Feet

among many variables. Multiple regression assumes that

the dependent variable is a linear combination of
independent (uncorrelated) variables.

Neural nets are the most complex of the methods used to
investigate the relations among dependent variables and
hydrophysical anomalies. This approach does not assume
a simple or hypothesized model among the variables, nor
does it require linear independence. Unlike multiple
regression, it can also include class or ordinal variables
such as lithologic type. Since the variable of interest, i.e.,
the hydrophysical anomaly flux rate, is a continuous
variable, a Generalized Regression Neural Network

(GRNN), was employed. This type of network architecture
has proven very useful for this type of application [Ward,
1996].

2. RESULTS

2.1 Correlation Coefficients

Table 2 shows the correlation coefficients for all of the
independent variables with hydrophysical ~anomaly

strength.  This strength has been expressed in two ways:
the arithmetic strength, which is the actual measured value,
and the base-ten logarithm of the measurcd strength. The
logarithmic transfornation of a variable reduces the mpact
of extreme values, which may be outliers or spurious
measurements.

Correlation cocfficients vary between 1.0 (perfect
anticorrelation) and +1.0 (perfect correlation).  The
statistically significant correlations at the 95% level in
Table 2 are those in which the absolute value of the
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Figure 2. Summary of litholo,
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correlation coefficient is greater than or equal to 0.35.

This table shows that the anomaly strength and the log of
the anomaly strength are positively correlated with the
fracture width (aperture), the lithology of the unit in which
the hydrophysical anomaly occurs, and the surrounding
lithologic units, their contrast, and the dip of the contact
between lithologic units. The positive correlation with
lithology means that finer-grained lithological units have
stronger anomalies. The positive correlation with the
absolute total contrast (ATC) implies that stronger
anomalies tend to be in lithologies, unlike the units
immediately above and below. The correlation with
contact dip may reflect structural disruption in the hanging
wall of the fault, but other explanations may also be
possible. The log of the anomaly strength is negatively
correlated with the distance to the nearest fractures (in

Table 2. Correlation coefficients for flow anomaly and
logip(anomaly) with geological parameters. Absolute
values of the coefficient equal to 0.35 or greater are
significant at the 95% level.

Variable A ly Logjq (a ly)
w2 0.36 0.53
ALCA 0.31 0.48
ATC 0.20 047
w3 0.40 0.40
LITH 0.08 0.31
CONDIPB 047 027
CNEAR -0.02 027
ALCB 0.00 0.23
wi 0.00 0.19
w4 -0.03 0.18
LCB 0.15 0.16
LCA 0.25 0.15
LITHA 038 0.14
LITHB -0.11 0.13
MDF 0.19 0.08
CONDIPA 023 0.01
APCDB -0.01 0.00
CDB 0.04 -0.02
CDA 0.17 -0.12
APCDA 0.19 -0.13
CMIN 0.08 -0.25
D1 0.12 -0.34
D4 0.15 ~-0.39
D3 0.18 ~0.40
D2 -0.18 -0.45
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Medium
Sandstone = 3
LCA=-1
ALCA=1

Fine
Sandslo1r_|e =4

ATC=3

cbB

Siltstone =6
LCl

ALCB=2

Figure 3. Derived parameters used in the statistical analyses.
Table 1 provides additional explanation of these and other
parameters.

other words, the closer the fractures to the anomaly and the
more there are of them, the stronger the anomaly).

2.2 Contingency Tables

Contingency tables were computed for various
combinations of variables. This type of analysis is useful
for determining whether a variable of interest shows up
with unusually high or low frequency in some other
variable class. For example, do siltstones have an
unusually high frequency of fractures or hydrophysical
anomalies that is out of proportion to their stratigraphic
percentage?

Tables 3, 4, and 5 provide overall lithology and fracture
intensity data for the eight wells. Table 3 shows how
lithology varies among the eight wells. This Table
illustrates that fine-grained lithological layers, particularly
siltstone, increase eastward from W20l to W205, where
such layers reach upwards of 45% of the total amount.
They decrease abruptly in the three wells to the east of
W205.

Tables 4 and 5 summarize the fracture intensity by
lithology and well. These tables show that fractures in the
western wells (W201 through W203) tend to reside in the
coarse sandstone, while in the wells nearer to the fault, the
fractures tend to occur in the siltstones. However, the



192 PREDICTING HYDROLOGY OF FRACTURED ROCK MASSES

Table 3. Lithology statistics by well.

Total Thickness (inches) of Lithological Layers Within Wells

Lithology
Well 1
No. !Cnglom VCfsSS C 3SS i i : i i : - ol

Wil N TS TN T Y AT I
= . i R . 177.11 79.44 4
o 5 %ﬁ;)‘ §3f.06 420.76 209.13 | 550.51 147.26 ]8954é5‘1§
s 728 “7.38 51.29 9.41 34.18 3543 88.82 1086A74
waor oo 22.0 2 479.08 107.36 63.42 74.03 326.4 29.17 722 'I9
e 2l 186.64 304A6| 1388.54 | 590.14 | 299.59 |3403.86] 648.01 70.87 713i 56
o 194. 4 349.49 91262 | 484.35 | 611.72 | 1286.1 349.94 46.55 4248'88
o LR .26 . 814.3 434.02 546.04 11814.42| 402.63 482 A

) s 189.86 474.12 | 1822.33 | 759.82 [ 1584.26 429 43.26 548(;'3‘;

Total
otal 474 796.26 | 1951.81 | 4698.58 | 3932.72 | 2608.93 |9496.96 217427 160.68 | 26294.21

Percent of Thickness of Lithological L: ithi
o - al Layers Within Wells
nglom | VCrsSS | CrsSS MedSS | FineSS | VFineSS | SiltSt | MudStone [ClayStone

W.
wgg; 5.88 197.17 25.54 12,67 8.71 20.73 9.30
o = : .69 2217 21.59 10.73 28.25 7.56
ey 0.61 6.19 3233 0.87 3.15 32.60 8.17
a5 g .10 166425 14.87 8.78 10.25 45.20 4.04
o :56 4.39 77]3 19.47 828 4.20 47.73 9.09 0.99
T 4.03 3 21.48 11.40 14.40 30.27 824 1.10
oor 2.0] | 3 7.25 16.89 9.00 11.32 37.63 8.35 :

i 1.23 3.46 8.65 33.25 13.87 28.91 7:83 0.79

greater number of fractures in siltstones near the faults may
be due to a higher proportion of siltstone in these wells
than in the western wells (Table 3), rather than a greater
fracture intensity in siltstones near the faults.

Two series of questions have been formulated to

Table 4 Total number of fractures by lithology within wells,
Total No. of Fractures by

specifically address fracture variability and hydrophysical
anomalies among the wells. The first series of questions
focuses on the fracturing itself. The correlation between
hydrophysical anomaly strength and the number of
fractures and their closeness to the anomaly indicates that

independent of aperture.
thology within Wells

\Zeﬂ . 1 2 3 4 5 L“h: = 7 8
0. i
o nglom VC;sSS CrsSS | MedSS | FineSS |VFineSS| SiltSt | MudStone Clavgtone Total
o ! 6 32—} 3 16 16 :
o 22 30 9 2 19 10 2
- i 4 36 0 1 10 | 2§
o0 x (1] 16 19 11 16 37 2 101
o s 6 57 124 60 22 203 82 5 592
o E 10, 24 54 19 i7 82 54 7 269
e : 13 27 66 34 14 55 41 263
Total 23 - ; = 5 it 5 i >
70 163 398 184 115 491 249 o
B = ;’Scrcegl of Total Fractures by Lithologv within Wells 2 L
nglom | VCrsSS | CrsSS | MedSS | FineSS [VFineSS| SiltSt —
3%82‘ 8.24 706 37.65 | 5.88 3.53 18.82 Ml:g,sglgnc ClaxStone
Woos s 2391 | 32.61 | 9.78 2.17 20.65 10.87
e 0-00 7.55 | 67.92 | 0.00 1.89 18.87 1.89
T T 6.08 1584 | 18.81 | 10.89 | 15.84 36.63 1.98
e 0,74 3.72 9.63 2095 | 1014 | 372 34.29 13.85 0.84
s 4494 | _4.9 8.92 20.07 | 7.06 6.32 30.48 20.07 2-60
e 1.90 .94 1027 | 2510 | i293 | 532 20.91 15 59 =
X 1.14 2.66 1407 | 17.49 { 15.2] 26.24 16.35 4,94

Table 5. Total number of fractures by lithology within wells for apertures > 0.03 in.
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Total No. of Fractures > 0.03 in. by Lithology within Wells
T Lithology
|TVeu No. 1 2 3 4 5 6 7 8 9 Total
Cnglom | VCrsSS CrsSS | Medss | FineSS | VFineSS | _SiltSt | MudStone ClayStone
W201 2 2 4 2 0 2 6 18|
W202 1 4 8 1 0 10 [ 24
W203 0 0 s 0 0 4 0 19
W204 0 4 5 2 2 8 0 21
W205 0 3 3 9 6 1 27 9 1 59
W206 0 3 3 11 S 3 20 22 4 71
W207 4 3 7 20 9 2 7 18 70
W208 0 1 0 6=="1|__7 7 9 7 1 38
Total 4 |12 23 68 | 32 15 87 63 6 310
Percent of Total Fractures > 0.03 in. by Lithology within Wells
Cnglom | VCrsSS | CrsSS | MedSS | FineSS | VFineSS SiltSt_| MudStone | ClayStone

W20! 111 | 1L | 2222 | 1L 0.00 | 1L11 | 3333
W202 1667 | 3333 | 417 0.00 41.67 417 1]
W203 0.00 0.00 | 5556 | 0.00 0.00 44.44 0.00
W204 0.00 19.05 | 2381 | 9.52 9.52 38.10 0.00
W205 0.00 5.08 5.08 | 1525 | 10.17 1.69 45.76 15.25 1.69

0.00 4.23 423 | 1549 | 7.04 4.23 28.17 30.99 5.63

571 | 429 10.00 | 2857 | 1286 | 2.86 10.00 25.71

0.00 263 | 000 [ 1579 | 18.42 1842 | 23.68 18.42 2.63

the existence of multiple fractures could mean the presence
of a strong hydrophysical anomaly.

If fractures are correlated with hydrophysical anomalies,
then it is important to determine how fractures vary
throughout the site, and what factors influence variations in
fracture intensity.  Tables 6 through 9 address the
following four questions regarding fracture intensity and
whether it varies among the wells or lithologic groups:

I. Are fractures distributed uniformly within all logged
lithologic layers? If this is true, then it may imply that
fracturing is relatively independent of lithological controls
or structural position.

2. Are fractures distributed uniformly within each
lithological layer in each well? If so, then fracture
intensity may be controlled by lithology, and be relatively
unaffected by structural position.

3. Are fractures with an aperture of >0.03 in. (0.76 cm)
distributed uniformly within all lithologic layers? This
question is similar to the first, except the emphasis here is
on fractures with the largest geometric apertures. Such
fractures may represent only a smali subset of the most
conductive fractures in a well, which may account for most
of the flow.

4. Are fractures with an aperture of >0.03 in. distributed
uniformly within each lithological layer within each well?
This question is similar to the second, except it focuses on
the fractures with the largest geometric apertures, which
might in turn represent the most conductive fractures.

Table 6 shows that the p-value (the probability of

abserving the calculated Chi-Square statistic given that the
null hypothesis is true) is essentially 0.0, implying that
fracture intensity is not uniform among the wells. Wells
W204, W205, and W208 are the most anomalous in terms
of fracture intensity, as shown by their high Chi-Square
values. Table 7 demonstrates that the frequency of
fracture variation from well to well is influenced by
lithology. The high Chi-Square value for siltstone and
mudstone in well W205 shows that the fracture frequency
is anomalous in these fine-grained lithologies in the well.
The higher values for the coarser-grained layers in wells
W202 and W203 confirm that fracturing is anomalous in
these units. The p-values show that fracture intensity
varies with lithology within individual wells. Tables 8 and
9 show similar results for fractures with apertures greater
than 0.03 in. In summary, these tables indicate that fracture
intensity varies among wells, and this variation is due not
only to differences in the proportion of ~different
lithologies. For example, siltstones in well W20S5 have a
different frequency than siltstones in well W202.
With regards to the hydrophysical anomalies themselves,
several questions arisc:
1. Does the strength of the conductivily anomaly or
number of anomalies vary by well?
2. Does the strength of an anomaly depend upon being
located in a particular lithology?
3. Is the strength of an anomaly influenced by the
thickness of the unit in which it occurs?
4. Is the strength of an anomaly influenced by the
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Tgblc 6. Evaluation of the degree to which
using Chi Square criteria.

fractures are distributed uniformly among the wells.

Well Tol i i
of Laye nchen) _ ractncs_oneescures_ o e
w201 854.54 85 55.8 1524
w202 1948.43 92 127.3 9.79
w203 1086.74 53 71.0 4.57
w204 722.19 101 472 61.37
W205 7131.56 592 466.0 34,09
W206 4248.88 269 2776 0.27
w207 4821.84 263 315.0 8.60
w208 5480.03 263 358.1 25.23
Total 26294.21 1718 1718.0 159.16 4.82E-31

proximity to a contact with another lithologic unit?

5. Is the strength of an anomaly correlated to a sharp
contrast in the lithologies of units immediately above
and below the unit?

Figure 4 shows the percent of hydrophysical anomalies
py lithology within each well. There is insufficient
information to carry out meaningful contingency table
analyses on these data, but the figure clearly illustrates that
the z.momalies occur in different lithologies in a manner
that is not in proportion to the relative net thickness of the
lithologic layers in the wells

FigAur‘e S illustrates the relation of the thickness of a unit
containing a hydrophysical anomaly to the thickness of all

upi(s found in the eight wells. There is no obvious visual
difference.

The hypothesis that lithologic contrasts are related to
anomalies was tested by comparing the anomaly strength
to:

1. The absolute strength of the contrast (parameter ATC).

2. The contrast with the nearest adjacent lithology
(parameter C_NEAR).

3. The distance to the nearést adjacent lithology.

4. Whether apomalies are predisposed to occur more
closely to lithologic unit contacts.

Figure 6 shows the relation between both total contrast
(TC) and ATC with the strength of the anomaly. The

T . B .
able 7. Evaluation of the degree to which fractures are distributed uniformly with lithologic laver in individual wells
Expected Number of Fractures ;

V;’zll Lo Il VC2 3 4 ) 5 6 7 8 9 Total

wzdl glom 5rsSS CrsSS | MedSS | FineSS [VFineSS| SiltSt | MudStone |ClayStone;|

W05 .00 1460 | 21.71 10.77 740 17.62 7.90 85

o s 8.91 20.40 19.87 9.87 2599 6.95 92

o 5 8.58 17.13 0.46 167 | 17.28 4.33 53 —|
0.62 16.42 15.01 8.87 10.35 | 45.65 4.08 101

W205! 2.55 18.33 | 39.77 | 115.26 | 48.99

2487 1282.56] 53.79 5.88 592

W206| 4.20 11.82 | 1929 | 57.78 | 30.66

38.73 | 81.42 2215 295 269

W207| 14.55 | 10.59 | 19.06 | 44.41 | 23.67

29.78 | 98.96 21.96 263

W208 | 5.28 323 9.11 2275 | 87.46

36.47 | 76.03 20.59 2.08 263

Total | 26.59 | 53.13 | 135.73 | 314.47 | 230.75

159.14 1645.52| 141.76 10.91 1718

Chi-Square Analysis

v Cnglom VOCrssgS CsrsSS MedSS | FineSS |VFineSS| SiltSt | MudStone |ClayStone| Total | p-Value

o i lg.026 487 3.09 262 | 0.15 8.30 24.90 | 0.00036

i 23 | 452 5.94 6.28 1.88 1.34 39.19 | 2.18E-07
1.83 245 20.78 0.46 0.27 3.07 2.56 3141 )

W204 062 | 001 | 106 | 05 | 3.08 | L4 | 1.06 o Toron

W205] 008 17.05 7.47 0.66 248

033 | 2240 14.79 0.13 65.39 | 4.05E-11

W206| 1.15 0.28 115 0.25 4.44

12.19 | 0.00 45.711 5.57 70.81 |3.39E-12

w2071 0.17 0.55 331 10.49 451

836 | 19.53 16.51 63.42 |3.13E-11

W208] 002 0.02 0.49 8.92 19.65

0.34 0.65 2440 57.48 | 111.96 ] 1.51E-20

figure illustrates that there is a weak trend between
increasing ATC and anomaly strength, but none between
TC and anomaly strength.  Figure 6 also compares
anomaly strength to the contrast of the unit above (ALCA)
and the unit below (ALCB). There is no obvious visual
trend between these parameters and anomaly strength.

In addition, Figure 6 shows two parameters relating the
anomaly strength to the contrast between the unit
containing the anomaly (C_NEAR) and the distance to the
nearest adjacent unit (CMIN). These data suggest no
obvious trend.

The data shown in Figure 6 were tested to determine if
hydrogeologic anomalies tend to be within 1 ft of the
nearest contact. Does this imply that hydrophysical
anomalies tend to occur close to lithology changes? This
proposition was tested by selecting a random point in each
unit penetrated by the eight wells and then computing the
distance to the nearest contact. Figure 7 summarizes the
result.  Visually these two distributions appear very
similar. A Chi-Square test does not reject this hypothesis,
showing with an approximate 86% significance that these
distributions are the same. This implies that anomalies do
not appear to be preferentially located near major changes
in lithology, although lithology contrasts have some
importance.

The location and relative strength of each hydrophysical
anomaly identified in the eight boreholes are indicated in
Figure 2 by a line on the left-hand side of the borehole log.
The length denotes the log of the flow rate. The figure
indicates that the strongest hydrophysical anomalies are in
W205, which intersects the fault.

2.3 Multiple Regressions

A series of step-wise multiple regressions was carried
out using a data-mining application, SAS™.  The results
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Figure 5. Bed thickness histograms. Open bars represent the
histogram of bed thickness for all beds encountered by the wells.
Black bars represent the histogram of bed thickness for only those
beds containing hydrophysical anomalies. The vertical axis
-epresents the percent of the beds belonging to a particular bed
thickness class.

are summarized in Table 10. This table contains the results
for the six multiple regressions with the highest R-square
value for different numbers of independent variables.

Improvement in R-square decreased significantly after
seven variables. Those variables that produced the best R-
square values for a given number of parameters are shown
in the table and marked by an “X.” The table demonstrates
that certain variables explain much of the variance in
anomaly strength. These variables include the distance to
the nearest fractures (D1, D2, D3), the aperture, or width of
the fractures (W3), the absolute lithologic contrast (ATC),
the dip of the unit below the anomaly (CONDIPB), and the
contrast with the unit above (ALCA).

Thus, the multiple regression results suggest that the
distances to the three nearest fractures are important, as
well as the data on a strong lithology contrast and wider
fracture  apertures.  These variables account  for
approximately 80% of the variability in anomaly strength.

2.4 Neural Net Analyses

All neural net analyses were carried out using
NeuroShell II™ Version 3.0 [Ward, 1996]. A genetic
adaptive GRNN architecture - was used [Specht, 1991].
GRNNs are designed to predict a continuous variable.
They are memory-based feed-forward networks based on
the estimation of probability density functions. The classic
GRNN contains only one adjustable parameter, termed the
smoothing factor. The smoothing factor allows the GRNN
to interpolate between patterns in the training data set. The
genetic adaptive GRNN differs in that it has smoothing
factors for each input parameter as well as a conventional
overall smoothing factor. These smoothing factors are
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Table 8. Fractures > 0.03 in. are distributed uniformly with lithologic layer.

Well i
Th’::;!:less Total Fractures :E:;clzl;t: Chi Square p-value
(inches)

w201 854.54 18 10.1 6.23

w202 1948.43 24 230 0.05

w203 1086.74 9 12.8 1.13

w204 722.19 21 85 18.31

W205 7131.56 59 84.1 7.48

W206 4248.88 71 50.1 8.73

w207 4821.84 70 56.8 3.04

W208 5480.03 38 64.6 10.96

Total 26294.21 310 3100 5593 9.75E-10

optimized by iterative changes in the factors based on
cross-validation to minimize the mean squared error of the
outputs over the entire test set. The genetic adaptive
GRNN is much more robust against noisy data and
redundant parameters than traditional GRNNs, and is
p_arlicularly well suited when the input parameters are of
different types, and some may have markedly more impact
on predicting the output variable than others.

When an observation, which consists of parameter
values for all input parameters under consideration, is
Presented to the GRNN, it is compared to all of the patterns
in the training set to determine how closely this
observation corresponds to those patterns. The GRNN

essentially computes a weighting factor for each training
data-set observation, and then computes an overall output
value based upon these weights and the input training set
parameter values.

Application of a neural net to the hydrophysical anomaly
('ialasel would be improved if the data set were larger. This
is because a small training set and a small test set increase
thel variability in the results. Also, with a very small
training set, it is possible that the training data would not
span the n-dimensional parameter space and would thereby
have difficulty interpolating to new observations with
characterislics outside of the data training subspaces.
Likewise, it is important to have fewer degrees of freedom

Table 9. Evaluation of the degree to which fractures > 0.03 in. are distributed uniformly with lithologic layer in

individual wells

All Fractures >,0.03 in. by

Lithology within Wells

Expected Number of Fractures

Cnglom| VCrsSS | CrsSS| MedSS | FineSS [ VFineSS| SiltSt_| MudStone [ClayStone[ _Total

W201 1.06 | 3.09 | 4.60 228 | 1.57 333 1.67

w202 232 | 532 5.18 2.58 6.78 1.81 :323
W203 0.60 1.46 | 2.91 0.08 0.28 293 0.74 S 65
W204 0.13 [3.41| 3.12 1.84 2.15 9.49 0.85 2A47
W205| 0.25 1.83 [ 3.96 | 1149 | 488 248 | 28.16 5.36 0.59 5.73
W206] 1.11 302 | 509 [ 1525 | 809 1022 | 21.49 5.85 0A78 67' 51
w207 3.87 2.82 | 5071182 | 630 793 | 2634 5.85 - 51 '47
W208| 0.76 047 | 1321 329 | 1264 5.27 ] 10.99 297 0.30 15:45

Total | 6.00 10.02 |25.73| 57.80 | 41.30 | 32.48

109.911 25.10 1.66 172.96

Chi-Square Analysis

W Cnglom Vg;sASS C()\'S}SQS MedSS | FineSS |VFineSS| SiltSt | MudStone |ClayStone| Total p-Value
B i 0.08 0.03 1.57 0.80 11.19 14.89

. . A 0.02111

\\3202 1.21 1.35 3.38 2.58 1.53 0.37 10.40 6.47E-02

W203 0.60 | 1.46 | 1.50 | 0.08 0.28 0.39 0.74 5.05 0 53790

204 0.13 0.10 | 113 0.01 0.01 023 0.85 247 0‘87224

xggz (1)217 gZ)(S) g;z 0?2 0.26 0.88 0.05 2.47 029 5.73 6. ;ISE-OI
5 L . in 1.18 5.10 0.10 44.62 13.35 67.51 :

waor oo | o0 foralses |16 | &3 TTag0] 3538 T

08| 0.76 0.61 132 | 224 2.51 0.57 0.36 5.45 1.63 1545 5‘.105-02

(i.e., input variables) in the network than training cases;
otherwise, the net “memorizes” the training set without
uncovering useful relations.

The performance of a neural net is determined by how
well it predicts the strength of the anomaly of a test set as
quantified by R and R-square statistics. These statistics
vary from 0.0 to 1.0; a perfect prediction has an R and R-
square statistic of 1.0. The importance of an input
parameter is quantified by its smoothing factor, which can
vary from 0.0 (no importance) to 3.0 (very important).

Because of the small (approximately 30) number of
hydrophysical anomalies available for use as training and
test patterns, the results are sensitive to the random subset
selected as the training pattern. For this reason, several
random subsets were selected and processed.

Correlation shows up in the smoothing factors as a
substitution of one correlated variable in random samples.
For example, in one run, the distance to the third nearest
fracture might be important. In a subsequent run, this
distance might have little impostance but the distance to
the second nearest fracture would now be important.
Highly correlated variables can substitute for one another
since virtually all of the information in all of the variables
can be contained in any one of the variables.

Neural net regression was much more successful for the
logarithm of the anomaly than for the anomaly itself. A
series of preliminary neural nets was constructed to look at
different components of the data—in particular, fracture-
related parameters and lithological parameters. In the
preliminary processing that focused on fractures, several
parameters played an important role. These included depth
of the fractures, width of the fractures, distance from the
anomaly to the nearest fractures, and the lithology of the
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Figure 6. Anomaly strength vs. lithological contrast parameters.
The vertical scale on the left-hand side of the graph pertains to the
contrast parameters ATC, ALCA, ALCB, TC, and C_NEAR.
The vertical scale on the right-hand side indicates the value of the
distance parameter CMIN.
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Figure 7. Percent frequency histogram of distance to nearest
lithology change. Open bars represent distances between a
location randomly assigned in the wells and the nearest contact.
Black bars represent the distance from the locations of all
hydrophysical anomalies to the nearest contact. The frequencies
have been normalized to percentages in order to facilitate visual
comparison.

nearest fractures. Depth was probably an artifact of the
available dataset, however. Well W205, the deepest well,
had the strongest anomalies. The other wells either were
not drilled to the depth of W205, or else did not have all of
the necessary parameters for the deeper portions of the
borehole.

The lithologies above and below the hydrophysical unit
did not appear to explain the hydrophysical anomaly.
However, the lithologies of the four nearest fractures were
quite informative. Although these lithologies ~correlated
very strongly, surprisingly, at least three of them always
seemed to have significant smoothing factors. This is
reminiscent of the results from the step-wise regression,
which showed that the distance to at least three of the four
nearest fractures was important. If the information content
in any one of these parameters were a good representation
of the information content in any other, then it would be
expected that only one of the lithology, depth, or aperture
parameters would have a significant smoothing factor. The
facl that more than one lithology parameter has a
significant smoothing factor might be evidence that
hydrophysical anomalies are in some way enhanced by the
presence of multiple fractures near the anomaly, whcther
or not these fractures actually have an anomaly associated
with them.

These preliminary runs guided the final runs in which
redundant variables and depth measures had been
eliminated. Tables 11 and 12 summarize those results.

Table 11 shows the mean of the smoothing factors for
five randomly drawn training and test sets. The lithology
of the fractures (L1 and L2), fracture width (W1 and W2),
and proximity (D1 and D2) to fractures to the anomaly are
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always important. In particular, the distance to the second
closest fracture is much more important than the distance
to the closest fracture. Two other parameters, used only in
the neural net analysis, also were imporlam——UNCONF
and ABS(UNCEF). These variables were introduced to
assess structural ot stratigraphic disruption, an area also
important in the neural net analyses. Absolute lithology
contrast (ATC), lithology of the anomaly (LITH), and
distance to the nearest contact (CMIN), have a moderate
impact. Bed thickness (BED_TH)and the contrast between
the anomaly unit and the nearest adjacent unit (C_NEAR)
play very minor roles.

Table 12 shows the R-square and r-square statistics for
both the training and test sets. R-square is the coefficient of
multiple determination, whereas r-square is the more
familiar coefficient of determination [Ward, 1996), which
is the square of the correlation coefficient. The R-square
value for the training sets averages nearly 92%, with a
variation of 81% to 100%. The R-square value for the test
sets averages nearly 77%, with a variation of 50% to 97%.
Note that the lowest R-square for the test set comes from
realization 2, which conversely has the highest value (1.0)
for the training sets. The smoothing factors for this
realization are also somewhat anomalous. The R-square
values for both the training and test sets are higher than for
the multivariate regression. This suggests that some of the
input par have a nonli relation with anomaly
strength.  In general, the GRNN achieves about a 20%
improvement over the multivariate regression in terms of
R-square values.

Table 13 shows the predictions made by the neural net
method for the ten test sets of observations. In general, the
predictions are reasonably accurate, the average error being

0.0250 and the standardized mean squared error 0.34.

Thus, the neural net analysis confirms the results of the
simpler statistical techniques and suggests that a GRNN
offers greater accuracy than multivariate regression.

3. CONCLUSIONS

The statistical results for the Wake Co. site support the

following conclusions:

1. There are statistically significant correlations between
the geologic variables directly measured or derived
from core data or borehole imagery and the strength of
hydrophysical anomalies.

2. Hydrophysical anomalies do not appear to be located
preferentially in particular lithologies for all eight
wells. The frequency histograms and associated
statistical test results show that hydrophysical
anomalies are located in randomly selected subsets of
all of the lithologic units.

3. Hydrophysical anomalies are not preferentially located
near to boundaries between contrasting  lithologic
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Table 11. Average smoothin; factors for neural net analyses.

Average of 5 Smoothing Factor
Realizations - {0t03.0]

Lithology to 1* Nearest Fracture 2.37
Distance to 2™ Nearest Fracture 224
Lithology to 2™ Nearest Fracture 2.09
Aperture of I Nearest Fracture 1.97
Absolute Value of Angular Difference 1.86
between Upper and Lower Contacts

Diffierence between Upper and lower 1.59
Contacts

Distance to Nearest Contact 1.28
Aperture of 2™ Nearest Fracture 1.21
Absolute Grain Size Contrast 115
Grain Size of Unit Containing 1.12
Anomaly

Distance to 1% Nearest Fracture 1.08
Minimum Apparent Distance to 0.76
Nearest Contact

Bedding Thickness 0.60
Dip of Contact with Unit Above 047
Grain Size Contrast with Nearest Unit 029

units.  Frequency histograms of the proximity of
anomalies to the nearest lithologic boundary are
statistically indistinguishable from the distance from a
random point located in every unit to its nearest
boundary.

4 There is a weak trend between the magnitude of a
hydrophysical anomaly and the strength of the contrast
between the lithologic unit containing the anomaly and
the units above and below it.

5. The trend noted in the conclusion above is
independent of whether the anomaly occurs in a fine-
grained unit surrounded by coarse-grained units or a
coarse-grained unit surrounded by fine-grained units.

6. There is no correlation between the strength of the
hydrophysical anomaly and the strength of the contrast
with the lithologic unit above or below.

7. There is no correlation between the strength of the
hydrophysical anomaly and the distance (0 either the
upper or lower contact with the adjacent lithologic
units.

8. The strongest hydrophysical anomalies occur in the
fine-grained lithologies in Well W205, which
intersected the fault and was drilled and logged deeper
than most of the other wells. The anomalies in well
W205 have three unique characteristics: they occur
preferentially in siltstone or mudstone lithologies,

— e
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Table 12, Statistics for GRNN prediction of hydrophysi

Training Set #1 #2 #3 #4 #5  Average
R squared 0.5 .00 0.99 .81 0.88 092
T syuared 0.94 .00 .99 0.90 0,88 0.94
Mean squared error 0.05 0.00 0.01 0.i2 0.06 0.05
Mean shsolute crror 015 0.00 0.06 0.24 0.07 0.10
Min. Absolute error 0.00 0.00 .00 0.00 0.00 0.00
Max. Absolute error 0.80 0.00 0.25 1.04 1.35 0.69
Correlation coefficient .97 1.00 0.59 095 (.94 0.97
Percent within 5% 4546% 10000% T72T% 27.27% BT.50% 67.50%
Percent within 5% to 10% 36.36%  D00% 1364% 22T73%  3.03%  15.17%
Percent within [0% 10 20% 13.64% 000% 9.09% 31.82% 625% 12.16%
Percent within 20% 10 30% 0O0%  000% 0W0%  909% D.00% 1.82%
Percent over 309% 4.55% W% 0H% 90% 313%  3.35%
Test Set #1 #2 #3 #4 H5 Average
R squared 0.86 0.50 097 085 0.67 0.77
T squared 0.9% 0.53 098 0,87 0.73 0.81
Mean squared error 0.04 0.34 0.01 0.02 0.19 012
Mean absolute error 015 0.29 0.08 aii .20 017
Min, Absolute error 0.0 0.00 000 0.03 0.00 0.01
Max. Absolute error 0.37 1.70 0.4 0.36 1.35 ) 0,78
Correlation coefficient r 0.58 073 099 0.93 0.85 0.90
Percent within 5% S000%  60.00% 50.00% 80.00% 60.00% 60.00%
Percent within 5% w 10% 10.00%  0.00% 4000% 0.00% I0.00% 12.00%
Percent within 10% 10 20% 1000%  30.00% 10.00% 10.00% 20.06% 16,00%
Percent within 20% 1o 30% WR%  000% 0.K% 0.00% 0.00% 400%
Percent over 30% 1000%  1000% 0.00% i0.00% [000%  8.00%

which is not true for anomalies in other wells; they
vecur at o greater depth than in the other wells; and the
fractures nearest the anomalies have greater apertures
than the fraclures near anamalies in other wells. The
depth correlation is probably an a t

9. Away from faults, hydrophysic:

2l anomalies are
smaller on average and not as strongly associated with
silistone and mudstone.  Near fauls in the hanging
wall, the strength of the anomalies is greater and they
are correlated with fractures with larger aperture,

10. The results of our analyses confirm that a fault-related
deformation produces new fractures or sphances the
aperture of existing fractures in litholopical upits with

4. RECOMMENDATIONS
This ion offers re fati for wsing . the
resulls of this study 1o construct site-scale DEN and SC
I‘Im_u madels. The results confirm that it is not correct to
assign permeability values to grid cells or flow propeaties
to fractures based on lithologic type alone. The boundaries
between contrasting Jithologic types da net focus strain, If
they did, then the DEN mode! could have reproduced this
pifeci by having large, bedding-paraliel fractures at these
interfuces with-enhanced transiuisgivity values. 5C models
could have approximated this effect oy having bedding-
par.ilh:i. ‘uyer\ of grid cells with enhasced subhorizontal

lower resistance to shear——mudstones and siltsiones
anil thereby increases the strength of hydvophysical
anornalies.

P i lity.  While there is some correlation between
lithological contrasts, the correlation 1s second arder and
should probably be ignored in preliminary flow models.

Table 13. C of d hyd
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al anomaly strength wath strength

predicted by GRNN for ten randomly selected anomalics not used in ihe GRRNN

calibration.®

#1 #2 #3 #5
Actial GRNN | Actual  GRNM | Actual GRNN Actual  GRMN
2.52 2.52 322 2.62 244 246 382 248
148 245 152 252 | 234 LB 152 252
148 239 282 244 | 232 14! 248 144
222 2.19 222 1.92 218 217 245 2.3
2.09 2.28 2.09 .00 192 23 2.40 222
2.02 1.99 148 1.46 148 .60 2.09 235
1.99 223 1.37 137 1.37  L28 1.48 1.47
1.48 1.78 1.34 1.34 137 32 137 1.37
112 1.37 1.18 1,34 ka2 126 34 1.34
1.00 }.37 0.22 1.92 bi2 L2l 1.18 1.34

ch of the five test sets,

“The ten rows, cor

ding w the randomly selecied lies for =

were sorted by anomaly, from largest anomaly te smallest, to illustraie that the GRINN tends to
averpredict the sirength of small sanornalies (calculations were carried ot for {ive mins).

Fault proximity is a first-order control in and of itself,
and lithology plays a significant role near faults.
Deformation is greatest in the hanging-wall silistones and
mudstones withini the deformation zone that extends from
the fault eastward to the fold hinge that intersects the
bottom of W204. Thiz implies that {ractures in thesc
lithologies and structural positions should have larger
aperatures,  resufting  in higher  transmissivity
Alernatively, the grid cells within this region of a SC
model would have higher layer-paraliel permeability.
Based on the data obtained. the footwall appears to be
simifart 3 the rock outside of the hanging-wall deformation
zone.

The fact that anomalies do exist outside of the hanging-
wall zone, but are smaller and not as strengly correlated
with lithology. suggests simple “huckground” fracture and
permeability models for the remainder of the rock mass.
Al least for the prelimnary model, the background
fracturing would be homogeneous thronghout the model.
This means that the discrete fractures ia the DFN mode!
would be distributed with the same size and orientation
distributions, the same transtiissivity and  iranspart
properties, and the same average intensity independent of
depth, Iihology. or location  In the SC model, the
permeability, porosity. and transport parameter values
would be assigned as random (Monte Carlo) draws from a
single parent distribution for each parameter. Only in the
vicinty of the hanging-wall deformation: zone would
properties (e changed as previonsly described.

The next stage in refining these DFN ar SC models
would be to simulate field flow or transport experiments in
order 10 assess whether the madels are reproducing the
first-order effects, and if so, whether certain second-order
effects shouid be included ta improve the modeling
forecasts.  There is considerable freedom in assigning

tr issivity and Iransp preperties either 1o the
fractures themselves in the DFM formulation or as effective
properties o the stochastic continuuwm models.  Iterative
refinement of these properties to match the ficld-flow or
transport results is usually an important siep in the
evolution of models that will be used subsequently for
forecast or design.
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Coals

Coals are classified as humic coals if they are derived from humic Substang,
SUOStance,

Stage and as sapropeli
quiet, oxygen-deficient shallow waters. The
humic coals are lustrous, dark-brown to
black, exhibit stratification, and often con-
tain the remains of woody tissue. The sapro-
pelic coals are dull, unstratified, and contain
allochthonous organic and mineral matter.
The sapropelic coals are subdivided into can-
nel and boghead coals. The conversion of or-
g_anic matter to coal involves two stages:
biochemical and geochemical, The biochem-
wcal phase involves biological processes; the
geochemical stage involves physicochemical
processes due to increasing pressure and
temperature. These processes lead to a re-
lease of volatiles, primarily methane, water,
and carbon dioxide; the elimination of OXy-
gen-coglaining functional groups; and an in-
crease in the percent of aromatic units. These
changes are illustrated in Figure 5-27, which
shows the relative increase in carbon with in-
creasing degree of coalification,

" C')f major em{ironmental interest is the metal, sulfur, and fly ash content of §
co:?fs lt{x@t Wwere Incorporated in the original organic material tend to remain during
1ficauon process. Thus, coal is often high j i
3 gh in a number of trace elements of envs

: s of en
mental concern. Lyons .el al. (1989) determined the concentrations of trace elemen|
(\;anery of. coals, ranging from high-volatile
oncentration ranges determined for elements of environmental interest are giv

Table 5-6.

L.yons et. al. ( !9?39)‘also investigated the distribution of these trace elements bet
gﬁmc and inorganic (i.e., mineral) components of the coal. For the e)emem; lisl
3330:;:;6’ the'il concluded that As, Co, Cu, Ni, Sc, and Th generally showed an ino|
a;]d o (;?:}:,/t z;t::les]g;. il;hl_in\}/]ex anq Z'n ger;;rally showed an organic association,§

ssociation. i ith i i
nents would presumably remain with the fly ash ani;aii)jls;T:za.::gc::;?ullll]orianICect;)
the effluent stream by electrostatic precipitation of the fly ash. Metals );srsg?a\;ed wi

¢ coals if they are formed Sfrom fairly fine-graineq org
a

20- Sepropakc 3 E.h“:‘e'“s in coal. St?Yeral of these are cited in phosphate minerals. Germanium was the only element that had

[ cos o indicate the variability of these elemental a5 amajor organic association. For medium- to high-volatile bitu-

oal. Christanis et al. (1998) found that in the minous coals from Nova Scotia, Canada, Mukhopadhyay et al.

eastern Macedonia, Gmgce. Ge. Mo, Pb, Se, Ta, (1998) found that most lithophile elements, including B, Cr, U,

ere correlated with organic content and the other V. andthe REE, were associated with the clay minerals; Cu, Pb,

2 were correlated with mineral phases. For lignites and Zn with the sulfide minerals; and Cl, Ca, As, and Mn with

o Anatolia, Turkey, Querol et al. (1997) f(?lfnd that organic matter. Of note is the marked variability of the element

E e, Y, Zr, Nb, Hf, W, and U showed positive cor- associations. Major factors affiecting trace element concentra-

© fi organic matter ar}d Mn, U, Th, Sc, Ge, vand HREE tions are the abundance and sources of detrital minerals, the

% ive correlation with phosphate, suggesting that ap presence of volcanic material, and seawater or brine incursions
ther phosphate mineral is the major host. Co, Mo, into the basins of deposition.
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Metals and Other Elements

| dies have been carried out on the distribution of erals; As, Mo, Sb, T, Se, Bi, and Pb with pyrite; Sr and Ba with

LJREE showed positive correlation with both Fe and

S, indicating that Fe-sulfide minerals are the hosts for these el-
ements. As and V had mixed affinities. For L'nited Kingdom
coal fields, Spears and Zheng (1999) found that Rb, Cr, Th, Ce,
Zr. Y, Ga, La, Ta, Nb, and V were associated with the clay min

. 04
O/C atomic ratio

Figure 5-27
van Krevelen (1963) diagram indicating
changes in hydrogen, oxygen. and caslig
content during the coalification procé
Killops and Killops (1993).

bituminous coals to meta-anth

Table 5-6 Concentration Ranges in Coal for Some
Elements of Environmental Interest*

Concentration
l%lerfe_m_ range (ppm) Element

Sc 0.6-10.3 As

Vv 6-109 Se

Cr 2.6-25.4 Sb
Co 1.1-24.1 w

Ni 2-50 Pb
Cu 6-54 Th
Zn 3-65 U

*From Lyons et al. (1989).

Concentration
range (ppm)
0.7-31

0.4-33
0.1-7.3

organic components would be released to the effluent stream during combustion and dis-
persed into the atmosphere. These associations would be expected to vary on a coal-by-
coal basis, so it is necessary to determine the distribution of elements in a particular coal
in order to determine the potential trace metal contribution of this coal to the atmosphere
during combustion (see Case Study 5-4).

Sulfur occurs in coal either combined with organic molecules or as physically sepa-
rate sulfide minerals (of which pyrite is the most common). Sulfur occurs in reduced form
(S™. $*7) because the organic-rich depositional environment is reducing (see Chapter 4).
If Fe?* (or other metal ions) is present, it will combine with the reduced sulfur to produce
minerals such as marcasite (FeS) and pyrite (FeS,). If there is a low abundance of metal
ions, free hydrogen sulfide (H,S) and polysulfides (HS;, HSs, S3~, $37) are formed.
These species can combine with various organic molecules to form a variety of sulfur-
containing compounds. In terms of “‘cleaning up” coal, the way in which sulfur occurs in
the coal is of key importance. If the sulfur occurs in separate sulfide minerals, then in prin-
ciple it can be physically separated by flotation techniques. If the sulfur is bound to or-
ganic molecules, there is no effective way to remove the sulfur before burning the coal.

Petroleum

Petroleum is any hydrocarbon-rich fluid (liquid or gas)derived from kerogen by increases
in pressure and temperature. Kerogen is & polymeric organic material that occurs in sed-
imentary rocks in the form of finely disseminated organic macerals (the preserved remains
of plant material). Four types of kerogen (I, I1, III, and IV) have been distinguished on the
basis of H/C and O/C atomic ratios, types of organic molecules (aliphatics versus aromat-
ics), functional groups, and other criteria. Type II kerogen is the most common precursor
for petroleum. Type 1 has the highest petroleum-forming potential but is present in low
abundance. Type IV kerogen is not a petroleum precursor. Kerogen is converted to
petroleum through a series of reactions starting in the diagenetic environment (the envi-
ronment in which processes occur at pressures and temperatures greater than those of the
weathering environment but below those required to produce metamorphism) and ending
at temperatures of about 225°C. These reactions result in the expulsion of CO, and CH,
and a reduction in the size of the hydrocarbon molecules. The hydrocarbon formation pro-
cess for a typical source rock is schematically illustrated in Figure 5-28 (p. 148). Note that
natural gas is generated throughout the P-T range, but the formation of oil is confined to
a narrow P-T range. Thus, the thermal history of a basin is an important factor in terms of
its oil-producing capability. Also note the reduction in the size of the mean hydrocarbon
molecule with increasing temperature.
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Graphical Representations of Water Chemistry Twotypes of diagrams are com-
monly used to portray water chemistry, Stiff and Piper. Stiff diagrams show the concen-
trations (in milliequivalents) of the major ions (both cations and anions) as a shape that
gives both the relative abundance of the various species and the total abundance. Piper di-
agrams are trilinear representations of cation, anion, and combined cation and anion pro-
portions. Piper diagrams are often used to classify water types. The following two
examples illustrate the plotting of Stiff and Piper diagrams.

EXAMPLE 2-1 In this example we will plot the chemical data for the Columbia and Rio
Granderivers and the Pennsylvania groundwater (Table 9-7) on a Stiff diagram. The fol-
lowing table illustrates the calculation for the Columbia River water. We start by deter-
mining the concentration of each ion in millimoles per liter and then calculate the
concentration of each ion in milliequivalents. The concentrations in milliequivalents
are plotted on the Stiff diagram, as shown in Figure 9-5, and the various points are con-
nected by straight lines. Note that the concentrations of the Na* and K™ ions have been
combined.

Columbia River

Ca® Mg?" Na* K" Ql S03 HCO,
mgL™! 19 5.1 6.2 1.6 35 17.1 76
mmol L ! 047 0.21 0.27 0.04 0.1 0.18 1.25
meqL™' 095 0.42 0.27 0.04 0.1 0.36 1.25

The shape of the field is a representation of the relative proportions of the various
ions,and the size of the field represents the total ionic concentration. The Rio Grande river
and Central Pennsylvania ground waters are also plotted in Figure 9-5. From the shape of
the Stiff diagrams we can easily infer that the Rio Grande has a much greater concentra-
tion of all ionic species than the Columbia River and that the bicarbonate ion, relative to
the sulfate ion, is much less important in the Rio Grande than it is in the Columbia River.
Inspection of the Central Pennsylvania groundwater diagram reveals that the dominant
cation is Ca®" and the dominant anion is HCO; , so this is a Ca-carbonate water. Stiff di-
agrams are particularly useful when plotted on a map because they give a graphical repre-
sentation of regional variations in water chemistry.

Cations meql’ Anions
6 4 2 (] 2 4 6
Na + K———————————————+———{ ¢!
cal : : + : {HCO,
Mo | } f 4 : {SO,

Columbia River <>

Central Pennsylvania

Figure 9-5
Stiff diagram for Columbia and Rio Grande river waters and
Central Pennsylvania groundwater. See text for discussion. [ |
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EXAMPLE 9-2 In this example we plot the Columbia River data from Ex
a Piper diagram. As in Example 9-1, we start by calculating the concentray
in milliequivalents. We now normalize the cations and the anions to 1009
the following table) so that we can plot them on the Piper diagram.

Cation concentrations

meq L' Normalized meqL '
cat 095 56.5 a 0.00
Mg** 0.42 25.0 S0} 0.36
Na* + K 031 18.5 HCO, 1.25
Total 1.68 100.0 .71

The normalized cation and anion con- e Goumbia River
centrations are plotted in their appropriate = fioGrandeciver
triangle (Figure 9-6). The data plotted on
each triangle are then projected into the
quadrilateral by drawing a line from the
point on the cation triangle parallel to the Mg
axis into the quadrilateral and by drawing a
line from the point in the anion triangle par-
allel to the SO, axis into the quadrilateral.
The intersection of these two lines marks the
location of the point to be plotted on the
quadrilateral (Figure 9-6). Symbols of dif-
ferent size are sometimes used to indicate
differences in total dissolved species. This % a4 25
convention is used in the example. The data Ca  Cations ~ Na HCO.  Anions
for the Rio Grande river and the Central Figure 9-6
Pennsylvania ground waters are also plotted  Piper diagram for Columbia and Rio Grand
in Figure 9-6. W river waters and Central Pennsylvania gro

water. See text for discussion.

Piper diagrams have two main uses. The
first is the graphical representation of water chemistry for the purpose of water classifies
tion (see the next section). The second is to determine if a series of water compositiol
represent the mixing of two end members. If the samples are the result of two-end-me
ber mixing, they will plot along straight lines in each of the fields of the diagram. }f the
do not plot along straight lines, then their compositions are not controlled by simple two
end-member mixing (Case Study 9-2).

Hydrofacies Back (1966) divided the ion triangles of the Piper diagram into vario
fields that correspond to water type or chemical facies (Figure 9-7). This is a convenient
way to classify water types on the basis of their major ion chemistry. Examples of chem-
ical facies names are calcium bicarbonate and sodium chloride. If the water plots in the
center of an ion triangle, it is referred to as mixed-cation or mixed-anion facies. With ref-
erence to the waters plotted in Figure 9-6, the Columbia River water belongs to the cal-
cium-bicarbonate facies, the Rio Grande river water to the mixed-cation-mixed anion
facies, and the Central Pennsylvania groundwater to the calcium-bicarbonate facies. The
hydrochemical facies in which the water sample plots potentially reveals information
about the factors controlling the water chemistry. For example, the observation that the
Columbia River water plots in the calcium-bicarbonate facies suggests that rock weather-
ing is the major factor controlling water chemistry (see next section). The observation that
the Central Pennsylvania groundwater plots in the calcium-bicarbonate facies suggests that
dissolution of limestone, which would provide the Ca and bicarbonate ions, is important

as. For HCO3

Geochemistry of Surface and Ground Waters

R000026

327

pY 9-2

| mine wi

e from an abandoned coal e

. a lake. The chemical compositions of

ainage, lake water, an
int of mixing wer 0 et

poz.l), This plot indicated that simple mixing

the concentrations of the major ions in the

er). Further testing of the
*ﬂM)g“, Na*, K*, and Cl

imple mixing, i

e HCO and SO2 ", the deviation from simp!

s a first approximation simple

s about 14%, sO a:

for the nonconservativ
ssed in Case Study 2-

to make an initial evaluation of the conserval

of Acid Mine Drainage and Lake Water

. The deviations from simple mixing
2+ (399%) were significant. The rea-
e behavior of these two species was
1. In this study, the Piper diagram

TDS
(maL™)

0 250 SDO

o ) o d
7 investigated the mixing of aci
il th water dis-

f the acid
d the stream water down:weam
e plotted on a Piper diagram Mo SO

would
stream A

mixing model revealed .
concentrations could be
but not HCO; and SO2 concen-

% s

“ 'm'ix- Ca Na+K CO;+HCO; (]
mixing

Figure 9-C2-1 »

Piger diagram showing the compositions of the
smine and lake discharges and the mixed stream
water. From Foos (1997)-

tive ver- —_—
Source: Foos (1997)-

Hydrochemical

¥ . . .
Jonconservative behavior of various species in solution.
\
A
A = ! -
—_—
i ‘—% L
L a
ONS
CATIONS AN
Figure 9-7

| facies. After Back ( 1966).




354 CHAPTER9  The Continental Environment

CASE STUDY 9-7

Sulfide Mine Tailings at Two Sites i
es
Mexico, U.S.A. ="

Boulet and Larocque (1998) investigated the characteristics of
two S!l]ﬁde mine tailings sites. For both deposits the common
ore minerals were chalcopyrite, sphalerite. and galena. At one
site (CP.A) the tailings were deposited in a polyelhyle'ne-lined
bermeq impoundment. Mining at this site ended in 1995. At the
:ther site (CM) the tailings were deposited in a valley- at the
ine:;z;v;(a)fers of an ephemeral stream. Mining ceased at this site
At the CPA site the dominant tailings minerals are calcite
quartz, and pyrite. A lime slurry was added to the tailings be:
fore they were discharged to the tailings pond. The tailings
pont_i w?ler is alkaline (PH = 7 to0 8.3) and mineralogical in-
vesl}gauon showed no evidence of dissolution of the prima
calcng, indicating that the added lime slurry is still pmvidinry
suf ﬁcte.m buffiering capacity. Under the present conditions, lhg
metals in the CPA tailings are immobile and acid draj e
not a problem at this site. =
At the CMT site significant weathering and oxidation has
occurfed. Besides the sulfide minerals, the other primary min-
e'r:jxls in this tailing pile were quartz, calcite, and several other
silicate minerals. Because of weathering and oxidation, the cur-
rent assemblage of primary minerals are quartz and th‘e sulfide
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minerals pyrite, sphalerite, aj i

primary calcite :as been cl‘il:::zgpyme' -
Water draining from the site is strongl
h-as high metal concentrations. There
distribution of metals within the tailings pije Ab

E STUDY 9-8
ffect of Acid Soil Leaching on Metal
centrations in Streams

. Je-bearing marine and lacustrine sediments are common in
:::::g IS’;‘:‘:::]?O::;TT::::"0:;[:::3 uv]veal}ll;ring of tal regions of Finland. Artificial drainage 0}‘ these areas
ondary minerals consist of Vafious | € tail 'lngs pile. g (h.c past few décadesv ha§ exposed these sediments to at-
sulfates plus gypsum. In places Iheli:n oxides, hydr heric O, and a hxgl? oxidation rate. The result has beer'l the
cemented the tailings to form ht;rd ?e;ondaw minep slopment of acid soils (pH = 2.5 to 5<0)4_V\'laler-tfhem1§try
a local zone of neutralization and (P .he.hardpan e ! rentenls were mafif: for a steam draining this region
metal concentrath 0 precipitation, and y .r various flow conditions (Astrom, 2001). The‘ hea-dwaters
ons are found in the hardpan, E| in an unpopulated area underlain by glacial till, peat
as Ag, Au, Pb, and Sb 3 " emel e‘man‘ popt ; Ayg , peat,
were found at highest concenty; | glaciofluvial deposits. Water-chemistry measurements
e at this point constitute the metal baseline concentrations.
s concentrations of the metals in the outlet waters (after the
had traversed the sulfide-bearing sediments) were com-
to the baseline values. The outlet-to-baseline ratios varied
0.3 to 55 as a function of the metal, the magnitude of the
flow, and the season. The metals that showed down-
zam depletion were As, Pb, Sb, Ti, and V. The limited leach-
g of these metals from the acid sulfate soils was believed to
% due to low absolute abundances, low concentrations in eas-
ly weathered minerals, or low mobility in the soils due to com-
plexation with oxyhydroxides and humic substances. For the
lements that showed downstream enrichment, the order, from
most enriched to least enriched, was Ni > Co =~ Cd = Zn >

to lead to the precipitation of the metal
sulfates. Thet,
mctals (Ag, Au, As, Pb, and Sb) in the hardpan layers y

,he'llocal environment. Metals (Cd, Cu, Fe, and 2Zn) not
In the hardpan layers were readil ;

ar y transported b C
ters draining the site. s

—_—
Source: Boulet and Larocque (1998).

viron :
‘onments, such as deltas. Subsequent exposure of this material to subaerial weath

leads to acid drainage and

or artificial drainage for land recovery (Case Study 9-8).

Heavy Metals

U= Al =~ Cu = Mn. Astrom noted that the downstream varia-
lions for all the elements were closely similar to that for SO3~,
uggesting that the metal and sulfate had a similar hydrogeo-
hemica) behavior.

Figure 9-C8-1 shows a typical pH—depth profile for acid
sulfate soils and the various redox environments. Seasonal
" changes in this profile can be directly related to variations in
metal release to the stream. Astrém proposed the following
model to explain the seasonal variations in metal and sulfate
concentrations in the stream:

the release of metals. This exposure can be due to either

Aclduuplphatesott

~duriag high-water (ows partlyor completely
walerlogged with reduciag: conditions

—durig low.waler flow periods the groandmaler
tuble b locatad i the boundary with the
parentacdimentandermethandihcconditions
arcoridizing

15
‘Sulphide-beuriag pareat sediment
—permasently wsterogeed s
reducing conditions
18

Figure 9-C8-1
pH, redox, and hydrological characteristics of a typical acid
sulfate soil. After Astrém (2001).

1. During the summer, higher temperatures and a lowered
groundwater table favor aerobic bacterial oxidation of sul-
fide minerals and the release of metals and sulfate to the
soils. Substantial alteration of soil minerals alse occurs.

2. During periods of heavy rainfall in the autumn, the soluble
weathering products are washed from the soils, and sulfate,
metal ions, and hydrogen ions are discharged to the stream.
As winter approaches, temperatures fall and the water table
rises, leading to a cessation in the formation of soluble
weathering products.

3. Metal and sulfate inputs to the stream during the early sum-
mer are small because most of the soluble weathering prod-
ucts were removed during the fall rains and there has been
little formation of new material.

4. Under low flow conditions (summer and early autumn), the
contribution from the acid soils is negligible compared to
that of the areas covered with the other sediments.

Source: Astrom (2001).

As defined carlier, heavy metals are those metals of atomic number 20 and greater. Of I

heav: iti
e gbn:;les, 1[ll1e tra;sn:]lon elements, As and Se (strictly speaking, metailoids), Cd, H
¢ attracted the greatest environmental i : fcall
ha al interest. Other I ifi
volved in issues of nuclear w. i i : 0o sl
aste disposa i i i i
ret sotod posal and radioactive fallout will be considered in
Inas i i i
o 'n: s]lrglngly rgducmg environment, and in the presence of sulfur, all these element
" | olul .e sulfides. This, of course, is the reason why coals, whic|
reduci in signifi .
ronmeng envnr-onmenls,'conlam significant amounts of heavy metals. As long as the envi
o nt rema'ms lreducmg, the elements are immobile and are retained in the sedimen
nges in oxidation-reduction conditions can lead to a release of these elements. For less

;‘I;,Cui 0; t;;g::li]i cqmptoun;is. Th]e1 most important factors differ depending on the element.
5 enient to form three metal groups: iti g
AP o groups: (1) transition metals, Zn, Cd, and Pb:

Transitiol

tion Metals, zr 1, Cd, and Pb Under most oxidation-reduction conditio
these elements occur in solution as divalent or trivalent cationic species. Brookins (1988

yus T g ( )
a very useful reference, 1ves a number of calculated Eh—pH diagrams for v rtually all sys
8 e

tems of geochemica nterest, and the student shou! consu IS source for P

f h d th d hould t this s for Eh—-pH dia
grams for specific metals, t hi many of ese elements form ins

gh pH,

f f A b f tk 1 ts f soluble

oxyhydroxides or, in the presence of carbonate, insoluble carbonates As we know from

earlier discussions, adsorption is an important process. Thus, another important factor is
the presence of suitable sorbates, among which are Mn and Fe oxyhydroxides. Atlow pH,
sorbtion is negligible for these metals, but with increasing pH, adsorption becomes an im-
portant process (Figure 9-16), effectively removing the metals from solution by adsorp-
tion to particles and ultimately to the sediments. These elements also form complexes with
dissolved organic matter (humic acids). Tipping and Hurley (1992) determined the fol-
lowing binding order for various metals and humic substances: Mn™* < Cd** < Co?* <
Ni** ~Zn®* < Pb™ < Cu** < VO**.

One notable exception to the behavior just described is vanadium. Under reducing
conditions, V occurs as the relatively immobile V**. In oxic environments, the solubility
of V increases dramatically because of conversion to higher oxidation states, V** and
V*" . and the formation of vanadyl cations, VO5(OH)? . H,VO* , and HVO} ™.

Selective Extraction In any given environment, the actual distribution of a metal
among various phases may differ substantially from that predicted from first principles.
One way to address this question is by a technique known as selective extraction, in which
various leaching experiments are done to remove the metals from specific phases. The
leaching agents are selected so that they remove metals that occur in different ways, i.e.,
as exchangeable cations, bound to carbonates, bound to amorphous Feand Mn hydroxides,
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bound to organic matter and sulfides, and as essential components of soj|
experiment is done in a stepwise fashion, starting with a leaching agent that
the least tightly held cations. The last step is often a strong acid leach that bre,
soil minerals. From these types of experiments, estimates can be made of the g
various metals in the specific environment. Case Study 9-9 describes a typ 1
extraction experiment.

Arsenic and Selenium  Arsenic and selenium differ from the transition mets
they occur in solution as neutral and negatively charged species. Under oxidizif
tions, arsenic is in the +5 state. Given the range of pH values found for the nat,
ronment, As” " exists in solution as H:AsO; and HAsO? . Under reducing ¢l
arsenic is in the + 3 state and exists in solution as H3AsO3 (,q) and H,AsO5 . Sele
shows multiple oxidation states. Under strongly oxidizing conditions, it is in the 4
(Se03 ), under intermediate oxidizing conditions in the +4 state (HSeO, and
and under reducing conditions, it occurs in its elemental form or in the ~2 state (
Under reducing conditions, if sulfur is present, both As and Se are incorporated in
minerals. Because As and Se exist in solution as negatively charged species, adsorpy
creases with declining pH (the surface becomes less negatively charged or p
charged). The arsenate (+5) species form inner-sphere complexes at the iron oxyhi
ide surface and are strongly adsorbed near neutral pH (note from Table 9-11 that |
oxyhydroxides pHy,znpe = 7.8-8.5), whereas the arsenite (+3) species are only wi
sorbed at all pH values. For selenium, the situation is reversed and the selenit
species are strongly adsorbed whereas the selenate (+6) species are weakly adsor!

The difference in adsorption behavior for the various species of arsenic and sele
is important in terms of their transport in the surface environment. In the case of ars
a strongly oxidizing environment that favors the formation of arsenate species will le
adsorption by oxyhydroxides and removal from the aqueous environment. If condit]
become reducing, the bound arsenate will be converted to arsenite and can be libera
from the particles to the solution. The reverse behavior would be noted for the va
selenium species; i.e., selenium tends to remain in solution under oxidizing conditions &
is removed under reducing conditions. The important point is that changes in the
dox conditions of the environment can lead to either removal or liberation of arsenic af
selenium. The other important point is that the kinetics of the redox reactions is slow, §

CASE STUDY 9-9 5
Geochemical Behavior and Mobility of Metals
in a Sediment Retention Pond

Lee et al. (1997) studied the mobility of metals in a sediment re-
tention pond located along a motorway in France. The purpose
of these retention ponds is to accumulate particulates contami-
nated by heavy metals, thus preventing their discharge to sur-
rounding streams. Eight sediment cores were driven to depths
of 16 to 20 cm. The interstitial fluids were extracted and ana-
lyzed for their metal content. The metals associated with the
solid phases were then analyzed using sequential chemical ex-
traction. The authors used a five-step process, as follows:

1. Fraction [: Exchangeable, | M MgCl, at pH 7

2. Fraction I Bound to carbonate, 1 M sodium acetate ad-
justed to pH 5.0 with acetic acid for 5 h

3. Fraction III: Bound to amorphous Fe and Mn hydroxides,
0.04 M hydroxylamine hydrochloric acid in 25% (v/v) acetic
acid at 96°C for 6 h

4. Fraction IV: Bound to organic matter and sulfides, 30%
H,0; and 0.02 M nitric acid at 85°C for 5 h
5. Fraction V: Residual, concentrated HNO; and HCIO4

For the four metals of interest, Pb was concentrated in
Fraction V (35-60%) and Fraction I11(20—44%), Zn in Fraction
V (30-65%) and Fraction III (13—47%), and Cd in Fraction Il
(25-68%). Mn showed a more complex behavior, with the bulk
of the Mn in the surface layers in the exchangeable fractions (I,
11, and 1II) and a notable increase with depth of Mn in the
nonexchangeable Fraction V. The authors ascribed this increase
in the nonexchangeable fraction to either the precipitation of
Mn** oxides or the incorporation of Mn in Fe oxyhydroxides.
Metals concentrated in Fraction V would be essentially imm<-
bile in the surface environment.

Source: Lee et al. (1997).
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hus, predicting the mobility of arsenic and selenium under a
)

ditions is difficult. )
o Arsenic in very high concentrations (not

but perhaps due to human imervefuion)
P d to an increased risk of
the USEPA (US.
able amount of

disequilibrium is common. n
particular set of environmemg .
Both elements are of environmental interest.
those encountered in surface and ground waters, perhaps
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hazardous to human health. Because methylation of mercury is mediated by anaerc
bacteria, some of the mercury deposited in sediments in a reducing environment, eve
sulfur is present, may be converted to soluble methy! species rather than insoluble merc
sulfide.

Metal Variations in Space and Time A variety of approaches are used to detern
both natural and anthropogenic distributions of metals in the surface environment. (
such approach is a regional geochemical survey in which the metal content of s
streams, and groundwater is determined (Reimann et al., 2001; Sewell, 1999). The purg
of such studies is to gather information on both the background concentrations of the r
als and areas of abnormally high metal concentrations. The bulk of these techniques v
developed in the 1950s and 1960s, when they were used in geochemical exploration
grams for base metal ore deposits. The sampling of different types of material can be
to infer the source of ths metals. For example, Reimann et al. {2001} used four diffe
sample materials: terrestrial moss, which predominantly reflects the atmospheric inpt
metals; the O-soil horizon, which reflects the interplay among atmosphere, biosphere,
lithosphere; the B-soil horizon, which reflects weathering processes; and the C-soil t
zon, which represents the bedrock geochemistry.

The geochemical patterns can be compared to bedrock geology, surficial geol:
land use, etc. Such studies have been greatly facilitated by the advent of Geograpt
Information Systems (GIS), which enables a multidimensional correlation of various
rameters. For example, in the case of high levels of arsenic in groundwater, which
have both natural (bedrock) and anthropogenic sources (pesticides), a compariso
bedrock geology, land use, and arsenic well water concentrations can be used to di:
guish between natural and anthropogenic sources of arsenic (Ayotte et al., 1999).

We are also interested in changes in metal concentrations with time. In Chapter ¢
discussed how snow, ice, lake sediments, and biological indicators can be used to
changes in atmospheric deposition of metals. In the case of the continental environm
the most useful information is contained in lake sediments. In general, lake sediment|
the result of vertical sedimentation. As we have discussed in previous chapters, it is|
sible to determine the age of lake sediments as a function of depth. Chemical or iso§
analysis of the various layers can then be used to trace changes in anthropogenic input!
time.

Metal Contamination of Soils and Sediments A number of processes seq
metals in sediments. One way to look at the anthropogenic enrichment of metals in
ments is to compare the abundance of the metals to background (or reference) value
of the commonly used references is average shale. The calculation is analogous to t
enrichment factors (discussed in Chapter 8); i.e.,

. Concentration in sediment
Enrichment factor = — —— -
Concentration in reference material

The geoaccumulation index (Miiller, 1979) can be used to assess the degree of €
nation. The index is calculated as follows

loeo = log (—C"—)
geo 2! Li&n

where I, is the geoaccumulation index, log, is Jog base 2, C, is the concentrat
sediment, and B, is the background or reference concentration. After the geo
tion index has been calculated, it can be used to classify the sediment in terms
(Table 9-14).

Radioactive Isotopes and Radioactive \Waste Disposal

Radioactive isotopes in the environment come from both natural sources (K,
rocks and minerals) and anthropogenic sources (bomb testing, nuclear med!
accidents, and the nuclear fuel cycle). Radioactivity and radioactive decay W
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health hazard. At these higher concentrations fluoride can cause denta] f)
: uoj

mottling) and skeletal fluorosis (bone deformation and p
soulrces of fluorine are volcanic emissions and the weatherin
- . - R

als. Anthropogenic sources are mining and industrial emjssions,

The concentration of fluoride in natural waters is largely controlled by g,
1SS
the most importany j

aclloqs mvplﬁng fluoride-containing minerals, of which
The dissociation reaction is

CaF3 fuomme = Ca* + 2F

From the data in A i
o in Appendix II, source 3

K nuorie = [Ca® J(F ]2 = g~ '05!
Writing this equation in logarithmic form gives

10g K pyorie = log[Ca*] + 2log F ] = —105]
On a logarithmic plot, the relationship be-
twee‘n the concentrations of the two ionic
species in solution and fluorite solubility
plots as a straight line (Figure 9-24). This is
a veq useful plot because it allows us to de-
term{nc if a water is saturated with respect to
fluorite, tl.xe major mineral controlling F
concent'rz?txons. Consider a water sample of
composition A. The water sample is under- 01
saturated with respect to fluorite, and fluoride
can be added to the water untjl it becomes sat-
qra!ed (A — B). At this point the concentra-
tion of fluoride will remain constant unless
we reduce the Ca®* concentration, in which
case the F~ concentration can increase
(B = C). If we increase the Ca? concentra-

Ca™(mgL")
Figure 9-24

discussion,

tion (A i i
(A — D), the solution will eventually become 3aturated in fluorite, Continued ad

I!:-.eer[losttl}%gested't}llat Caz ' could be added (in the form of gypsum) to highF~ waters,
g € precipitation of fluorite and a reduction in the F~ concentration. Most nat

, suggesting that fluorit

W 8
aters are undersaturated or Just saturated with respect to fluorite.

solubility controls the F concentration of natural waters (Case Study 9-10)

<™ and Br-

Natural sources include seawater, subsurface brines

Degradation of these anthropogenic compounds releases Cl

characteristics, both elements behave

pounds. During the formation of evaj

sorption characteristics, particularly

ainful britle Jjoiny
2 of fluoride.copy

E STUDY 9-10
oncentrations in Streams and
ndwaters from Nalgonda District, India

nd and surface waters in the Nalgonda District of India
in elevated levels (0.4 to 20 mg L' for groundwater and

between alkalinity (due to the presence of Na in the soils) and
fluoride concentration. All the soils have basic pH values. In a
series of experiments the authors found that the solubility of
fluorite was significantly increased in the presence of sodium
carbonate and sodium bicarbonate, due to the following reac-
tions:

, the equilibrium constant for this re

Solubility r;f fluorite at 25°C as a function
F and Ca®* concentrations, See text for

Chlorine and bromine have both natural and anthropogenic sources.
Ay sou ater, and evaporite deposits.
gas()“nep aizr;:icv es;)urz:(e;s for brorp{ne 'lnclude pesticides, medicines. industrial soﬁ/ents,
e o ,;n water pun_flcanon. For chlorine, the list is even more extensive be-
e of the most widely used elements in modern industrial chemistry.
et ouion g i and Br™ to solution, appar-
o {] ¥ fw )é (l’r:] ctl;e];()?n of simple ions. Hydrochemical characteristics o f both compol?mds
ey ation in most rock-forming minerals, (2) high solubility of most non-
- andp(5) s, (3) vmuallx no adsorption by particles, (4) lack of volatile com-
5 generally low bioconcentrations in aqueous systems. Because of these
‘ as conservative species and th i
et " : p nd they have been widel
o ;:tc:: in h)idrologlcal Systems. Bromine and chlorine, however, do differ in seV¥
p ways. (1) Bromide compounds are even more soluble than chloride com-
F porite deposits Br is ¢ i
iy € 0 ¢ oncentrated with respect to Cl
late-stage brines, leading to a decrease in the CI/Br ratio. (2) Br does showpseome ad-
at low pH, on kaolinite and iron oxide surfaces.

6.6 mg L ! for surface waters) of fluoride, which has led
mic fluorosis (Ramamohana Rao et al., 1993). There are
uorine-based industries in the area (nor volcanoes), so the
rine must originate from the minerals in the rocks and soils.
rea is underlain by several varieties of granites that con-
the fluorine-bearing minerals fluorite (0 to 3.3%), biotite
to 1.7%), and homblende (0.1 to 1.1%). Whole-rock F
tent ranges from 325 ppm to 3200 ppm, with a mean of
ppm. Acid-soluble fluoride content (fluoride contained in
orite and fluoroapatite, which can be removed by acid leach-
) ranges from 40 to 1150 ppm, with a mean of 410 ppm. The
erlying soils are also relatively high in fluoride, have rela-
ely low Ca and Mg concentrations and high Na concentra-
s. There is an inverse relationship between hardness
a + Mg) and fluoride concentration and a direct relationship

CaF; uorie + 2Na* + CO3™ = CaCOs yciee + 2Na* + 2F

and

CaF; uoriee + 2Na* + 2HCO; —
CaCOs caicire + 2Na*™ + 2F + H,0 + CO,

The authors concluded that these reactions led to the precipita-
tion of calcite and a reduction in the amount of Ca* available
for fluorite precipitation, thus increasing the amount of F in
solution.

Source: Ramamohana Rao et al. (1993).

(3) There is some evidence that marine plants and surface plants do concentrate Br (Davis
et al., 1998).

Because there are natural processes that will change the CV/Br ratio, plus anthro-
pogenic inputs that may lead to relative increases in Br or Cl concentrations and changes
in the Cl/Br ratio, Davis et al. (1998) suggested that CI/Br ratios could be used to finger
print the sources of various waters in an aquifer. Once Cl and Br have entered a ground-
water system, they tend to behave conservatively. Thus, variations in the Br/Cl ratio reflect
variable degrees of end-member mixing. In Chapier 6 we developed mixing equations for
isotopic systems. Analogous mixing equations can be written for conservative species. For
a simple binary mixture involving two end members, the mathematics are straightforward
if we use the abundances of the conservative species rather than ratios. For a mixture in-
volving one conservative species and two end members, we can write

(9-42)

where Xy is the concentration of species X in the mixture, X, is the concentration of
species X in end member A, Xp is the concentration of species X in end member B, and
fa (the mixing parameter) is the fraction of end member A. For a second conservative
species in a mixture, we can write

(9-43)

where Y is the second conservative species. For a binary mixture involving conservative
species, fa must be the same for all species. We can solve equations 942 and 943 for f,

and equate the results:

Xm — X Y'm — Ye
=M B M2 944
Sa Xy =Xy Yr— Vs (9-44)

Cross multiplying equation 944 and solving for Yy gives
Ya= Yo | XaVn = Xa¥a e

Ym = Xm

Xa— Xp Xa =X

which is the equation for a straight line (Figure 9-25, p. 368). For any simple binary mix-
ture of two conservative species, the data will fall on a straight line. The purpose of this

.
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] 2,000 4,000 6,000 8,000 10,000
Cl(mg L")

Figure 9-25

Binary mixture of groundwater{0.05 mg L ' Brand 5 mg
L~ CI) and brine (I mg L ' Brand 10,000 mg L™' Cl),
Labeled points are fraction of brine in the mixture.
Groundwater samples from an aquifer (filled squares) fall
along this line, suggesting they represent mixtures of uncon-
taminated groundwater and brine. The maximum amount of
brine in the groundwater is approximately 31%.

exercise is to determine if a set of dataobeys a simple binary mixing model. If the data
obey a simple binary mixing model, and if we know the composition of the end mem
either equation 9-42 or 9-43 can be solved for the fraction of each end member in the
dividual samples. For example, groundwater samples were collected from a number
wells in an aquifer (filled squares in Figure 9-25). It is believed that subsurface brines
mixing with the groundwater. The well data plot on a straight line. The end-member ¢
positions, based on measurements of groundwater entering the aquifer and the brine
0.05mgL ™' of Brand Smg L ' of Cl for the uncontaminated groundwater and 1 m|
of Br and 10,000 mg L' of Cl for the brine. The labeled points on the diagram rep!
the fraction of brine. Inspection of Figure 9-25 reveals that the groundwater sample:
resent mixtures containing from 1% to about 31% brine.

Suppose our water samples consist of a mixture of three end members. As w.
cussed in Chapter 6, the data will fall within a triangular field. We can determine thi
tion of the three end members in any particular sample using a graphical solutiol
ure 6-14). If we know the end-member compositions, we can determine the frac
each end member by solving a set of linear equations. For a three-end-member (A
C) mixture, the concentration of X in the mixture is

Xm = Xafa + Xafs + Xc fc
and the concentration of Y in the mixture is
Yo = Yafa + Yofe + Ycfo
The symbols are as defined earlier. For our third equation,
fatfetfc=1

because the total end-member fractions must add up to 1. Simultaneous soluti
three equations yields the end-member fractions.

Nitrogen

Nitrogen shows a complex and varied behavior in the natural environment (f
In Chapter 4 we constructed the Eh-pH diagram (Figure 4-9) for the vati
species found in water. Depending on redox conditions, nitrogen can occurl




0000000

DOCUMENT
4



R000033

METHOD 13141

LIQUID-SOLID PARTITIONING AS A FUNCTION OF LIQUID-SOLID RATIO FOR CONSTITUENTS IN

SOLID MATERIALS USING AN UP-FLOW PERCOLATION COLUMN PROCEDURE

SW-846 is not intended to be an analytical training manual. Therefore, method procedures are

written based on the assumption that they will be performed by analysts who are formally trained in at
least the basic principles of chemical analysis and in the use of the subject technology.

In addition, SW-846 methods, with the exception of required methods used for the analysis of

method-defined parameters, are intended to be guidance methods that contain general information on
how to perform an analytical procedure or technique, which a laboratory can use as a basic starting
point for generating its own detailed standard operating procedure (SOP), either for its own general use
or for a specific project application. Performance data included in this method are for guidance
purposes only and must not be used as absolute quality control (QC) acceptance criteria for purposes
of laboratory QC or accreditation.
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1 This method has been derived from the CT001 procedure (Ref. 4) and is analogous to column

percolation method CEN/TS 14405 (Ref. 5) developed for the Comité Européen de Normalisation (CEN).
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1.0 SCOPE AND APPLICATION

1.1 This method is designed to provide the liquid-solid partitioning (LSP) of inorganic
constituents (e.g., metals, radionuclides) and non-volatile organic constituents (e.g., polycyclic aromatic
hydrocarbons (PAHS), dissolved organic carbon, etc.) in a granular solid material as a function of liquid-
to-solid ratio (L/S) under percolation conditions. The first eluates of the column test may provide insight
into the composition of pore solution either in a granular bed (e.g., soil column) or in the pore space of
low-permeability material (e.g., solidified monolithic or compacted granular fill). Analyses of eluates for
dissolved organic carbon and of the solid phase for total organic carbon afford evaluation of the impact
of organic carbon release and the influence of dissolved organic carbon on the LSP of inorganic
constituents.

1.2 This method is intended to be used as part of an environmental leaching assessment for
the evaluation of disposal, beneficial use, treatment effectiveness, and site remediation. The method
is not required by federal regulations to determine whether waste passes or fails the toxicity
characteristic as defined at 40 CFR 261.24.

1.3 This method is suitable to a wide range of granular solid materials. Example materials
include industrial wastes, soils, sludges, combustion residues, sediments, construction materials, and
mining wastes. This method is not suitable to monolithic materials (e.g., cement-based and stabilized
materials) without particle size reduction prior to testing.

1.4 This test method is intended as a means for obtaining a series of extracts (i.e., the
eluates) of a granular solid material that may be used to show eluate concentrations and/or cumulative
release as a function of L/S, which can be related to a time scale when data on mean infiltration rate,
density and height of application are available.

1.5 This method provides options for the preparation of analytical samples that provide
flexibility based on the level of detail required. For example, when the purpose of characterization is for
comparison to previous testing, compositing of eluates may be possible to create a reduced set of
analytical samples. Table 1 outlines the eluate fractions and collection options, based on whether
concentration or cumulative release is to be reported. The collection schemes are described below.

1.5.1 Complete characterization

For complete characterization of eluate concentration and cumulative release as a
function of L/S, nine discrete eluate collections and analyses are required (see Table 1, Option
A). No compositing of eluate fractions is performed for complete characterization, and all eluate
fractions are analyzed.

Eluate concentrations from complete characterization may be used in conjunction with
information regarding environmental management scenarios to estimate anticipated leaching
concentrations, release rates, and extents of release for individual material constituents in the
management scenarios evaluated. Eluate concentrations may also be used along with
geochemical speciation modeling to infer the mineral phases that control the LSP in the pore
structure of the solid material.

1.5.2 Limited analysis

1314 -2 Revision 1
July 2017



R000035

Under a limited analysis approach, nine eluate collections and analysis of six analytical
samples are required. If evaluation is based on eluate concentrations, six discrete eluate
fractions are chemically analyzed (see Table 1, Option B). If evaluation is based on cumulative
release, some eluate fractions are composited by volume-weighted averaging to create a set of
six analytical samples (see Table 1, Option C). The concentrations of composite analytical
samples cannot be interpreted along with eluate fractions on the basis of concentration.

1.5.3 Index testing

For the determination of consistency between the subject material and previously
characterized materials, nine eluate collections and analysis of three analytical samples are
required. If consistency is to be determined by eluate concentrations, three discrete eluate
fractions are chemically analyzed (see Table 1, Option D). If consistency is to be determined by
cumulative release, some eluate fractions are composited by volume-weighted averaging to
create a set of three analytical samples (see Table 1, Option E). The concentrations of
composited analytical samples cannot be interpreted along with eluate fractions on the basis of
concentration.

1.6 This method is not applicable to characterize the release of volatile organic analytes.

1.7 This method provides eluate solutions considered indicative of leachate under field
conditions only where the field leaching pH is controlled by the alkalinity or acidity of the solid material
and the field leachate is not subject to dilution or other attenuation mechanisms. The cumulative mass
of constituent released over a L/S range may be considered an estimate of the maximum mass of that
constituent to be leached under field leaching over intermediate timeframes (e.g., up to 100 years) and
the domain of laboratory test pH.

1.8 Prior to employing this method, analysts are advised to take reasonable measures to
ensure that the granular sample is homogenized to the most practical extent. Particle size reduction
may provide additional assurance of sample homogenization.

1.9 In preparation of solid materials for use in this method, particle size reduction or exclusion
of samples with large grain size is used to enhance the approach towards liquid-solid equilibrium over
the residence time of eluent in the column.

1.10 The structure and use of this method is similar to that of NEN 7343 (see Ref. 3) and
CEN/TS 14405 (see Ref. 5).

1.11 Prior to employing this method, analysts are advised to consult the base method for each
type of procedure that may be employed in the overall analysis (e.g., Methods 9040, 9045 and 9050,
and the determinative methods for the target analytes) for additional information on QC procedures,
development of QC acceptance criteria, calculations, and general guidance. Analysts also should
consult the disclaimer statement at the front of the manual and the information in Chapter Two for: 1)
guidance on the intended flexibility in the choice of methods, apparatus, materials, reagents, and
supplies, and 2) the responsibilities of the analyst for demonstrating that the techniques employed are
appropriate for the analytes of interest, in the matrix of interest, and at the levels of concern.
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In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to federal testing requirements.
The information contained in this method is provided by the Environmental Protection Agency (EPA or
the Agency) as guidance to be used by the analyst and the regulated community in making judgments
necessary to generate results that meet the data quality objectives (DQOSs) for the intended application.
Guidance on defining DQOs can be obtained at http://www.epa.qgov/QUALITY/gs-docs/g4-final.pdf.

1.12 This method is restricted to use by, or under supervision of, properly experienced and
trained personnel. Each analyst must demonstrate the ability to generate acceptable results with this
method.

2.0 SUMMARY OF METHOD

Eluent is introduced into a column of moderately packed granular material in an up-flow
pumping mode, with eluate collection performed as a function of the cumulative L/S. Up-flow pumping
is used to minimize air entrainment and flow channeling. The default eluent for most materials is
reagent water. However, a solution of 1.0 mM calcium chloride in reagent water is used when testing
materials with either a high clay content (i.e., to prevent deflocculation of clay layers) or high organic
matter (i.e., to moderate mobilization of dissolved organic carbon). The flow rate is maintained
between 0.5-1.0 L/S per day to increase the likelihood of local equilibrium between the solid and liquid
phases, due to residence times longer than one day. Eluate volumes are chemically analyzed for a
combination of inorganic and non-volatile organic analytes depending on the constituents of potential
concern (COPC). For the purposes of chemical speciation modeling, the entire eluent volume up to 10
mL/g dry sample (g-dry) is collected in nine specific aliquots of varying volume. A limited subset of
eluent volumes within the same L/S range may be collected and analyzed for regulatory and
compliance purposes. A flowchart for performing this method is shown in Figure 1.

3.0 DEFINITIONS

3.1 Constituent of potential concern (COPC) — A chemical species of interest, which may or
may not be regulated, but may be characteristic of release-controlling properties of the sample
geochemistry.

3.2 Release — The dissolution or partitioning of a COPC from the solid phase to the aqueous
phase during laboratory testing (or under field conditions). In this method, mass release is expressed
in units of mg COPC/kg dry solid material.

3.3 Liquid-solid partitioning (LSP) — The distribution of COPCs between the solid and liquid
phases at the conclusion of the extraction.

3.4 Liquid-to-solid ratio (L/S) — The fraction of the total liquid volume (including the moisture
contained in the "as-used" solid sample) to the dry mass equivalent of the solid material. L/S is
typically expressed in volume units of liquid per dry mass of solid material (mL/g-dry).

3.5 "As-tested" sample — The solid sample at the conditions (e.g., moisture content and
particle size distribution) present at the time of the start of the test procedure. The "as-tested"
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conditions will differ from the "as-received" sample conditions if particle size reduction and drying were
performed.

3.6 Dry-mass equivalent — The mass of an "as-tested" (i.e., "wet") sample that equates to the
mass of dry solids plus associated moisture, based on the moisture content of the "as-tested" material.
The dry-mass equivalent is typically expressed in mass units of the "as-tested" sample (g).

3.7 Eluent — The solution used to contact the solid material in a leaching test. The eluent is
usually free of COPCs but may contain other species used to control the test conditions of the
extraction.

3.8 Eluate — The solution collected as an extract from a leaching test that contains the eluent
plus constituents leached from the solid phase.

3.9 Refer to Chapter One, Chapter Three, and the manufacturer's instructions for definitions
that may be relevant to this procedure.

4.0 INTERFERENCES

4.1 Solvents, reagents, glassware, and other sample processing hardware may yield artifacts
and/or interferences during sample analysis. All of these materials must be demonstrated to be free
from interferences under the conditions of the analysis by analyzing method blanks. Specific selection
of reagents and purification of solvents by distillation in all-glass systems may be necessary. Refer to
each method to be used for specific guidance on QC procedures and to Chapters Three and Four for
general guidance on glassware cleaning. Also refer to Methods 9040, 9045 and 9050 and the
determinative methods to be used for information regarding potential interferences.

4.2 When the test method is applied to solid materials with a clay content greater than 10% or
an organic matter content greater than 1%, a solution of 1.0 mM calcium chloride in reagent water is
recommended to minimize deflocculation of clay minerals. However, the use of calcium chloride
solution will interfere with the determination of actual calcium and chloride release.

4.3 When this method is applied to fine-grained granular materials, tamping during column
preparation may result in flow problems due to a low-permeability sample bed. This problem can be
resolved by incorporating 20 - 50% inert material (e.g., 20-30-mesh normal sand or 2-mm borosilicate
glass beads) into the solid sample. Alternatively, mass release from low-permeability materials may be
measured using Method 1315.

5.0 SAFETY

5.1 This method does not address all safety issues associated with its use. The laboratory is
responsible for maintaining a safe work environment and a current awareness file of Occupational
Safety and Health Administration (OSHA) regulations regarding the safe handling of the chemicals
specified in this method. A reference file of safety data sheets (SDSs) should be available to all
personnel involved in these analyses.
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5.2 During preparation and processing of extracts and/or eluents/eluates, some waste
materials may generate heat or evolve potentially harmful gases when contacted with acids and bases.
Adequate prior knowledge of the material being tested should be used to establish appropriate personal
protection and workspace ventilation.

6.0 EQUIPMENT AND SUPPLIES

The mention of trade names or commercial products in this manual is for illustrative purposes
only, and does not constitute an EPA endorsement or exclusive recommendation for use. The products
and instrument settings cited in SW-846 methods represent those products and settings used during
the method development or subsequently evaluated by the Agency. Glassware, reagents, supplies,
equipment, and settings other than those listed in this manual may be employed provided that method
performance appropriate for the intended application has been demonstrated and documented.

This section does not list common laboratory glassware (e.g., beakers and flasks) that might be
used.

6.1 Column apparatus

This method recommends the use of a specific column apparatus (see Figure 2). Equipment
with equivalent specifications may be substituted. The apparatus should have valves and quick
connectors (e.g., Luer lock fittings) such that the column with end caps can be removed for packing
with test material and mass measurements.

6.1.1 A 30-cm, straight cylindrical column with an inner diameter (ID) of 5 cm and
constructed of inert material, resistant to high and low pH conditions and interaction with
constituents of interest.

6.1.1.1 For the evaluation of inorganic COPC mobility, equipment composed of
borosilicate glass (e.g., Kimble-Kontes CHROMAFLEX #420830-3020 or equivalent),
polytetra-fluoroethylene (PTFE), high density polyethylene (HDPE), polypropylene (PP),
or polyvinyl chloride (PVC) is recommended.

6.1.1.2 For the evaluation of non-volatile organic and mixed organic/inorganic
COPCs, equipment composed of glass or Type 316 stainless steel is recommended.
PTFE is not recommended for non-volatile organics, due to sorption of species with high
hydrophobicity (e.g., PAHs). Borosilicate glass is recommended over other types of
glass, especially when inorganic analytes are of concern.

6.1.2 The column must be of sufficient volume to accommodate a minimum of 300 g
dry material plus a 1-cm layer of silica sand (20-30 mesh) used at the bottom of the column to
distribute eluent flow and at the top of the column to form a coarse filter for eluate particulates.

6.1.3 The column must have end cap materials that form a leak-proof seal and that can
withstand pressures, such as encountered when pumping eluent through the column.
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6.2 Eluent feed stock container — Resealable bottle or other container, constructed of inert
material, capable of withstanding extreme pH conditions and interaction with any constituents of
interest (see guidance in Sec. 6.1.2)

6.3 Eluent feed tubing — 2-mm or similarly small ID tubing composed of chemically inert
material such as PVC or equivalent

NOTE: Larger ID tubing may be required as a feed to the pump and manifold if a single eluent stock
container is used to feed multiple column set-ups.

6.4 Eluate collection bottles — Capable of assembly with column apparatus using simple water
locks in order to prevent the intrusion of air (see Figure 2)

6.5 20-30 mesh normal washed quartz sand
6.6 Balance — Capable of 0.01 g resolution for masses less than 500 g

6.7 Filtration apparatus — Pressure or vacuum filtration apparatus composed of appropriate
materials so as to maximize the collection of extracts and minimize loss of the COPCs (e.g., Nalgene
#300-4000 or equivalent) (see Sec. 6.1)

6.8 Filtration membranes — Composed of hydrophilic polypropylene or equivalent material with
an effective pore size of 0.45 um (e.g., Gelman Sciences GH Polypro #66548 from Fisher Scientific or
equivalent)

6.9 pH meter — Laboratory model with the capability for temperature compensation (e.qg.,
Accumet 20, Fisher Scientific or equivalent) and a minimum resolution of 0.1 pH units

6.10 pH combination electrode — Composed of chemically resistant materials

6.11 Conductivity meter — Laboratory model (e.g., Accumet 20, Fisher Scientific or equivalent),
with a minimum resolution of 5% of the measured value

6.12 Conductivity electrodes — Composed of chemically resistant materials

7.0 REAGENTS AND STANDARDS

7.1 Reagent-grade chemicals, at a minimum, should be used in all tests. Unless otherwise
indicated, all reagents should conform to the specifications of the Committee on Analytical Reagents of
the American Chemical Society (ACS), where such specifications are available. Other grades may be
used, provided the reagent is of sufficiently high purity to permit use without lessening the accuracy of
the determination. Inorganic reagents and extracts should be stored in plastic to prevent interaction of
constituents from glass containers.

7.2 Reagent water — Reagent water must be interference free. All references to water in this
method refer to reagent water unless otherwise specified.

7.3 Calcium chloride (1.0 mM), CaCl, — Prepared by dissolving 0.11 g of ACS grade (or better)

solid calcium chloride in 1 L of reagent water
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8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 See Chapter Three, "Inorganic Analytes," and Chapter Four, "Organic Analytes," for
sample collection and preservation instructions.

8.2 All samples should be collected using an appropriate sampling plan.

8.3 All containers should be composed of materials that minimize interaction with solution
COPCs. For further information, see Chapters Three and Four.

8.4 Preservatives should not be added to samples before extraction.

8.5 Samples can be refrigerated, unless refrigeration results in an irreversible physical change
to the sample.

8.6 Analytical extracts should be preserved according to the guidance given in the individual
determinative methods for the COPCs.

8.7 Extract holding times should be consistent with the aqueous sample holding times
specified in the determinative methods for the COPCs.

9.0 QUALITY CONTROL

9.1 Referto Chapter One for guidance on quality assurance (QA) and quality control (QC)
protocols. When inconsistencies exist between QC guidelines, method-specific QC criteria take
precedence over both technique-specific criteria and Chapter One criteria, and technique-specific QC
criteria take precedence over Chapter One criteria. Any effort involving the collection of analytical data
should include development of a structured and systematic planning document, such as a quality
assurance project plan (QAPP) or a sampling and analysis plan (SAP), which translates project
objectives and specifications into directions for those who will implement the project and assess the
results.

Each laboratory should maintain a formal QA program. The laboratory should also maintain
records to document the quality of the data generated. Development of in-house QC limits for each
method is encouraged. Use of instrument-specific QC limits is encouraged, provided such limits will
generate data appropriate for use in the intended application. All data sheets and QC data should be
maintained for reference or inspection.

9.2 In order to demonstrate the purity of reagents, at least one eluent blank should be tested.
If multiple batches of eluent are employed, one eluent blank from each batch should be analyzed.

9.3 The analysis of extracts should follow appropriate QC procedures, as specified in the
determinative methods for the COPCs. Refer to Chapter One for specific QC procedures.

9.4 Unless the "as-received" samples are part of a time-dependent (e.g., aging) study, solid
materials should be processed and tested within one month of their receipt.

9.5 Initial demonstration of proficiency (IDP)
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Leachate methods are not amenable to typical IDPs when reference materials with known
values are not available. However, prior to using this method an analyst should have documented
proficiency in the skills required for successful implementation of the method. For example, skill should
be demonstrated in the use of an analytical balance, the determination of pH using Methods 9040 and
9045, and the determination of conductance using Method 9050.

10.0 CALIBRATION AND STANDARDIZATION

10.1 The balance should be calibrated and certified, at a minimum, annually or in accordance
with laboratory policy.

10.2 Prior to measurement of eluate pH, the pH meter should be calibrated using a minimum
of two standards that bracket the range of pH measurements. Refer to Methods 9040 and 9045 for
additional guidance.

10.3 Prior to measurement of eluate conductivity, the meter should be calibrated using at least
one standard at a value greater than the range of conductivity measurements. Refer to Method 9050
for additional guidance.

11.0 PROCEDURE

A flowchart for the method procedure is presented in Figure 1. Microsoft Excel® data templates
are available to aid in collecting and archiving of laboratory and analytical data.?

11.1 Preparatory procedures — Particle size reduction (if required)

11.1.1 In this method, particle size reduction is used to prepare large-grained samples
for the column test so that the approach toward liquid-solid equilibrium is enhanced and fluid
channeling along column walls is minimized. The maximum particle size of the solid should <
1/20 of the column diameter. For the column recommended in this method, a maximum particle
size of 2.5 mm is acceptable. Therefore, 85% of the test material should pass through a 2.38-
mm (U.S. No. 8) sieve. If less than 15% of the solid material is larger than the maximum
acceptable particle size, this fraction of the solid may be excluded from the material tested,
rather than particle size-reduced. The mass and nature of the discarded fraction should be
documented.

11.1.2 Particle size reduction of an "as received" sample may be achieved through
crushing, milling, or grinding with equipment made from chemically inert materials. During the
reduction process, care should be taken to minimize the loss of sample and potentially volatile
constituents in the sample.

11.1.3 If the moisture content of the "as received" material is greater than 15% (wet
basis), air drying or desiccation may be necessary. Oven drying is not recommended for the

2 These Excel® templates form the basis for uploading method data into the data management program,
LeachXS Lite™. Both the data templates and LeachXS Lite™ are available at http://vanderbilt.edu/leaching.
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preparation of test samples due to the potential for mineral alteration and volatility loss. In all
cases, the moisture content of the "as received" material should be recorded.

NOTE: If the solid material is susceptible to interaction with the atmosphere (e.g., carbonation,
oxidation), drying should be conducted in an inert environment.

11.1.4 When the material seems to be of a relatively uniform particle size, calculate the
percentage less than the sieve size as follows:

M.
% Passing = —¢d % 100%
total

Where: Msieveda = Mmass of sample passing the sieve (g)
Miotar = mass of total sample (g) (e.g., Msieved + Mass not passing sieve)

11.1.5 The fraction retained by the sieve should be recycled for further particle size
reduction until at least 85% of the initial mass has been reduced below the designated
maximum particle size. Calculate and record the final percentage passing the sieve and the
designated maximum particle size. For the uncrushable fraction of the "as-received" material,
record the fraction mass and nature (e.g., rock, metal or glass shards, etc).

11.1.6 Store the size-reduced material in an airtight container in order to prevent
contamination via gas exchange with the atmosphere. Store the container in a cool, dark, and
dry place prior to use.

11.2 Determination of solids and moisture content

11.2.1 In order to provide the dry mass equivalent of the "as-tested" material, the solids
content of the subject material should be determined. Often, the moisture content of the solid
sample is recorded. In this method, the moisture content is determined and recorded on the
basis of the "wet" or "as-tested" sample.

WARNING: The drying oven should be contained in a hood or otherwise properly ventilated.
Significant laboratory contamination or inhalation hazards may result when drying
heavily contaminated samples. Consult the laboratory safety officer for proper handling
procedures prior to drying samples that may contain volatile, hazardous, flammable, or
explosive materials.

11.2.2 Place a 5 t010-g sample of solid material into a tared dish or crucible. Dry the
sample to a constant mass at 105 + 2 °C. Check for constant mass by returning the dish to the
drying oven for 24 hours, cooling to room temperature in a desiccator and re-weighing. The two
mass readings should agree within the larger of 0.2% or 0.02 gram.

NOTE: The oven-dried sample is not used for the extraction and should be properly disposed
once the dry mass is determined.

11.2.3 Calculate and report the solids content as follows:
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M
SC=—4%
M

test

Where: SC = solids content of "as-tested" material (g-dry/g)
Mary = mass of dry material specified in the method (g-dry)
Miest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.2.4 Calculate and report the moisture content (wet basis) as follows:

Mtest -M

_ dry
wet —
M

MC

test

Where: MCue = moisture content on a wet basis (gw,0/g)

Mary = mass of dry material specified in the method (g-dry)
Mtest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.3 Apparatus preparation

11.3.1 Prepare the column test apparatus as depicted in Figure 2. Eluent feed should
be directed through the lower end cap and upwards into the column to minimize air retention in
the packed bed and fluid channeling along the column walls.

NOTE: When solid samples may be affected by dissolved oxygen in the feed stock, an inert gas
(e.g., nitrogen or argon) may be bubbled through the feed solution to displace oxygen or
used to purge the headspace above the feed solution.

NOTE: When alkaline or other air-sensitive eluates are expected, the vapor space of empty
collection bottles may be purged with an inert gas (e.g., nitrogen or argon) prior to eluate
collection.

11.4 Column packing

11.4.1 The column is packed with test material surrounded by layers of quartz sand at
the top and bottom of the column to provide flow pattern regulation and coarse filtration.

NOTE: The following procedure describes the packing of the column from starting at the outflow
(top) of the column and ending with the inflow (bottom) of the column. This is done to
allow for a wider layer of quartz sand on the inflow side in cases where less than a full
column of test material is available. The column is inverted prior to assembly into the
leaching apparatus and initial wetting.

11.4.2 Record the mass of the empty column with end caps and any tubing leads or
valves that would be needed to completely separate the column, which may include both solid
material and water, from the entire apparatus.

11.4.3 Secure one end cap to the outflow side of the column and invert the column and
end cap so that the outflow side of the column is facing downward.
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11.4.4 Place an approximately 1-cm thick layer of quartz sand (Sec. 6.5) on the outflow
side of the column using a small scoop or spoon. Record the mass of the column and sand
layer. Level the sand layer by tapping the sides of the column.

11.4.5 Pack the main body of the column with a minimum 300-g dry-mass equivalent of
"as-tested" sample in approximately five layers with light tamping with a glass or plastic rod to
level the material between layers. When enough test material is available to produce a full
column, the top of the packed sample should be approximately 1 cm from the level of the
column interface with the inflow end cap (the end facing upwards). Record the mass of the
column, lower sand layer, and "as-tested" sample.

11.4.6 Place a layer of sand to fill the remaining gap between the sample packing and
the interface between the column and inflow end cap. When enough test material is available to
pack a full column, the sand layer at the inflow end of the column should be approximately 1 cm.
This gap may be larger if less test material is used. Record the total mass of the completely
packed column.

11.4.7 Secure the inflow end cap. Invert the column so that the inflow end of the
column is downward prior to inserting the column into the leaching apparatus.

11.4.8 Calculate the "as-tested" mass of the sample packing by subtracting the mass of
the column and lower sand layer (Sec. 11.4.4) from the mass of the column, sand layer and
packing (Sec. 11.4.5).

11.4.9 Calculate the dry mass equivalent packed of "as-tested" sample into the column
using the solids content as follows:

M, =SC-M

test

Where: Mary = dry-mass equivalent of sample in column (g-dry)
SC = solids content (g-dry/g)
Meest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.5 Pump setup

11.5.1 Prior to the start of the test, set the flow rate of the pump to a value that will
provide an eluate production rate of 0.75 + 0.25 L/S per day. For example, given a dry-mass
equivalent of 300 g-dry, an L/S of 0.75 mL/g-dry would translate to a volume of 225 mL/g-dry, in
which case the pump should be set to a flow rate of 225 mL (0.75 L/S) per day.

11.5.2 Prime the tubing with eluent

11.5.2.1 Detach the inlet tubing from the bottom of the column and place the
open end into a waste container.

11.5.2.2 Turn on the pump and allow the inlet tubing to fill with eluent. Remove

any air bubbles trapped in the inlet tubing.
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11.5.2.3 When the inlet tubing is full with eluent, stop the pump and reconnect
the tubing to the bottom of the column.

11.6 Eluent collection schedule

11.6.1 Table 2 provides a schedule of fraction end-point L/S, interval L/S, and eluate
fraction volumes for collection, assuming a dry-mass equivalent of 300 g-dry. The minimum
volume of each collection bottle should be scaled so as to capture the entire eluate fraction.

11.6.2 Using the assumed pump rate and the dry mass equivalent of the sample,
estimate the durations of column testing required to reach the target eluate collection L/S shown
in Table 2 as follows:

T = Mdry - ZL/SI
i Ri
Where: T, = target time from start for collection of eluent fraction, i (day)
Mary = dry-mass equivalent of sample in column (g-dry)
> 1/ s = target cumulative L/S for interval i from Table 1 (mL/g-dry)

R; = pump rate assumed for interval, i (mL/day)

Alternatively, use the Microsoft Excel® spreadsheet template available at
http://www.vanderbilt.edu/leaching/downloads/test-methods/ to develop the schedule of target
collection times.

NOTE: The schedule of predicted collection times is for reference purposes only. Typically, the
eluate collection rate is slower that predicted initially, due in part to pump inefficiency,
back pressure, and dead-volume lag times. The decision to switch collection bottles
should be made based on the volume of eluate collected with time. The schedule may
be revised with each eluate fraction collected, so that the prediction of future collections
may be more accurate. Pump flow rate adjustment may be necessary.

11.6.3 After each eluate collection, calculate the time required to reach the next
collection time using the equation in 11.6.2 and the pump rate calculated from the previous
collection interval.

NOTE: If eluate volumes other than those calculated for the fraction volume (i.e., TO1, T02, etc.)
are collected (e.g., manual collection will have inherent errors in the collection volumes),
the cumulative L/S may quickly become out of alignment with the tolerances shown in
Table 2. If this happens or appears to be likely, adjustments to the collection volumes
for the two large collection fractions (i.e., TO6 and T08) can be made in order to bring the
cumulative L/S for subsequent collection intervals back in line with tolerances. The
objective is to maintain the cumulative L/S target values for fractions TO7 and T09. The
Excel® data template available with LeachXS Lite™ can be helpful in maintaining target
L/S ratios if updated after each collection interval. However, throughout the test, the
user should ensure that the minimum eluate volume required for the chosen chemical
analyses is collected.
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11.7 Column test procedure — Column/eluent equilibration

11.7.1 Turn on the pump and allow the column to fill with eluent, thus wetting the
column packing.

11.7.2 When the column packing is completely wetted and the eluent level is even with
the top of the column (or just beginning to be seen through the effluent tubing at the top of the
column apparatus), stop the pump and allow the column to equilibrate for 21 + 3 hours.

11.8 Column test

11.8.1 Following equilibration, begin the column test by starting the pump and
recording the date and time.

NOTE: The eluate production rate should be monitored frequently during the column test and
the pump rate adjusted, such that the eluate production rate is maintained at
approximately 0.75 £ 0.25 L/S per day.

11.8.2 When the eluate fraction has reached the target volume according to the
predicted collection schedule, release the Luer lock connecting the active collection bottle and
attach the eluent tubing to a new collection bottle.

NOTE: Alkaline eluate solutions may be susceptible to neutralization due to carbon dioxide
uptake. When materials with alkaline pH are tested, precautions (e.g., purging collection bottles with
inert gas) should be taken to prevent contact of the eluate with air.

11.9 Eluate processing

11.9.1 Decant a minimum volume (approximately 5 mL) of the eluate fraction from the
collection vessel in order to measure the solution characteristics.

11.9.2 Measure and record the pH, specific conductivity, and oxidation-reduction
potential (ORP) of the eluate (see Methods 9040, 9045 and 9050).

NOTE: Measurement of pH, conductivity, and ORP should be taken within 15 minutes of eluate
processing (Sec. 11.9.1) to avoid neutralization of the solution due to exposure to carbon
dioxide, especially when alkaline materials are tested.

NOTE: The measurement of ORP is optional, but strongly recommended, especially when
testing materials where oxidation is likely to change the LSP of COPCs.

11.9.3 Separate any suspended particulates from the remaining liquid in the collection
bottle by pressure or vacuum filtration through a 0.45-um filtration membrane (Sec. 6.8).

NOTE: If either low volatility organic species or mercury is a COPC, pressure filtration is
recommended over vacuum filtration in order to minimize volatility losses.

11.9.4 Immediately preserve and store the volume(s) of eluate required for chemical
analysis. Preserve all analytical samples in a manner that is consistent with the determinative

chemical analyses to be performed.
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11.10 Reiterate Secs. 11.8.2 - 11.9.4 until nine eluate fractions are collected up to an L/S of 10
+ 0.2 mL/g-dry.

NOTE: The complete method requires that all nine eluate fractions be collected from the column.
However, for purposes of limiting chemical analysis or index testing where interpretation may be
based on cumulative release from the column, eluate fractions may be composited by volume-
weighted averaging to create a single analytical sample from multiple eluate fractions (see Sec
11.11).

11.11 Analytical sample preparation options

This method allows for options in the preparation of analytical samples based on the detail of
characterization required (e.g., complete, limited or index) and the basis for data reporting (e.g.,
concentration or cumulative release). However, the complete set of nine eluate fractions must be
collected in all cases.

11.11.1 Table 1 shows the analytical preparation scheme for Options A-E described in
the following sections. Each composite sample may be created either by combining the total
eluate volumes and preserving the total sample for analysis; or combining aliquots of two eluate
fractions using volume-weighted averages. However, it is recommended that composite
analytical samples be prepared using aliquots of eluate fractions whenever possible, rather than
whole eluate fractions. This approach allows for potential analysis of discrete eluate fractions, if
desired, at a later date.

11.11.1.1 Option A — This sample preparation option is used for complete
characterization and includes analysis of all eluate fractions. Since the entire cumulative
release curve is captured in nine discrete fractions, reported data may be based on
either eluate concentrations or cumulative release.

11.11.1.2 Option B — This sample preparation option is used only for limited
analyses based on eluate concentration. Six discrete eluate fractions are analyzed.
Data obtained using this option cannot be used for cumulative release since there are
sections of the cumulative release curve not analyzed.

11.11.1.3 Option C — This sample preparation option is used only for limited
analysis based on cumulative release. Six analytical samples are created from three
discrete eluate fractions and three composite samples. In the scheme shown in Table 1,
the following fractions are composited:

e TO04 and TO5
e TO06 and TO7
e TO08 and T0O9
11.11.1.4 Option D — This sample preparation option is used only for index
testing based on eluate concentration. Three discrete eluate fractions are analyzed.

Data obtained using this option cannot be used for cumulative release since there are
sections of the cumulative release curve not analyzed.
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11.11.1.5 Option E — This sample preparation option is used only for index
testing based on cumulative release. Three analytical samples are created from one
discrete eluate fraction and two composite samples. In the scheme shown in Table 1,
the following fractions are composited:

e TO02, TO3, TO4, and TO5
e TO6, TO7, TO8, and TO9

11.11.2 Volume-weighted composites

11.11.2.1 The volume of aliquots of eluate fractions for composite analytical
samples may be calculated using the Excel template provided or the following formula:

F
V=—"1xV

i n sample

DF

i

Where: Vi =the volume of an aliquot from eluate fraction, i (mL)
Fi = the collected volume of eluate fraction, i (mL)
Vsample = the total volume of the analytical sample (mL)
n = total number of eluate fractions to be composited

As an illustration of volume-weighted averaging, eluate fraction aliquots are
calculated as required to create an analytical sample by compaositing eluate fractions
TO6 through TO9 for index testing based on cumulative release. The calculation follows
the example volumes shown in Table 2 and assumes that an analytical sample volume
of 100 mL is required.

>'F, = g + Frgy + Frgg + Frgo = 450 mL +150 mL +1350 mL +150 mL = 2100 mL

i

VTOG—@ v :mxwomL:m.SmL

sample
2100 mL
>R "

F 150 mL,
Vigy =~ x Vo= 215(;)% x100 mL =7.1 mL
2F ;

VT08 = @ x Vsample = ;i’(s)% x 100 mL = 64.3 mL
2 "

Vigo = ﬁ X Vogmte = ZlfoonLL %100 mL = 7.1 mL
2R "

V.

sample

= Vio6 + Vios + Vios + Vige = 21.5mL + 7.1 mL + 64.3 mL + 7.1 mL = 100.0 mL
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NOTE: The above illustration uses example eluate fraction volumes based on interval
L/S ratios and an assumed test material mass. When calculating the aliquots of
collected eluate fractions for composite samples, the actual collected fraction
volumes should be used.

12.0 DATA ANALYSIS AND CALCULATIONS (Excel® template®)

12.1 Data reporting

12.1.1 Figure 3 shows an example of a data sheet that may be used to report the

concentration results of this method. At a minimum, the basic test report should include the
following:

a)
b)
c)
d)
e)
f)
9)
h)

12.2

Name of the laboratory

Laboratory technical contact information

Date and time at the start of the test

Name or code of the solid material

Particle size (85 wt% less than designated particle size)
Packed bed dimensions (column ID and bed depth (cm))
Mass of solid material in column packing

Moisture content of solid material packed in column (gn,0/g)

Eluate specific information (see Sec. 12.1.2 below)

12.1.2 The minimum set of data that should be reported for each eluate includes:

Eluate sample ID

Eluate collection date and time

Amount of eluate collected (mass or volume)
Measured eluate pH

Measured eluate conductivity (mS/cm)
Measured ORP (mV) (optional)
Concentration of all COPCs

Analytical QC qualifiers as appropriate

Data Interpretation (optional)

12.2.1 Concentration as a function of L/S

3 Excel® data templates are provided to aid in collection and archiving of laboratory and analytical data.
These templates form the basis for uploading method data into the data management program, LeachXS Lite™,
Both the data templates and LeachXS Lite™ are available at http://vanderbilt.edu/leaching.
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12.2.1.1 A curve of the eluate concentration as a function of L/S can be
generated for each COPC after chemical analysis of all extracts by plotting the
constituent concentration in the liquid phase as a function of the cumulative collected L/S
ratio. The curve indicates the nominal equilibrium concentration of the constituent of
interest as a function of L/S from 0 to 10 mL/g-dry at natural pH. An example curve is
provided in Figure 4.

12.2.1.2 The lower limit of quantitation (LLOQ) of the determinative method for
each COPC may be shown as a horizontal line. COPC concentrations below this line
indicate negligible or non-quantitative concentrations.

NOTE: The LLOQ is highly matrix dependent and should be determined as part of a
QA/QC plan.

12.3 Cumulative release as a function of L/S

12.3.1 The cumulative mass release of a COPC per unit solid material may be
calculated as follows:

9
M; = Z[Ci X (ZL/Si —ZIL/S; )]
i=1
Where: XIM; = the cumulative mass release through interval i (mg/kg-dry)
Ci = the concentration of the COPC in the eluent collected during interval i (mg/L)

)y L/Si = the cumulative L/S of eluate collected through interval i (L/kg-dry)
TL/S;_; = the cumulative L/S of eluate collected through interval i-1 (L/kg-dry)

12.3.2 Prepare a curve of the cumulative mass release generated for each COPC by
plotting the cumulative mass release calculated in Sec. 12.3.1 as a function of the cumulative
collected L/S. This curve provides an interpretation of the cumulative mass expected to be
leached from a column of material as a function of L/S percolating through the column.

12.3.3 A comparison of the slope of the mass release curve to a unity slope, which is
indicative of solubility-controlled release, may be made by plotting the cumulative mass release
calculated in Sec. 12.3.1 versus the logarithm of the cumulative collected L/S. An example is
provided in Figure 5.

12.4 Interpolation/extrapolation to target L/S values

The collected L/S dependence data may be interpolated or extrapolated to the nearest target
L/S value for purposes of comparing different data sets (e.g., test replicates of the same or different
materials). The most transparent and straightforward method is linear interpolation/extrapolation of
data after logio transformation.

12.4.1 Logio transformation
Collected concentration values are transformed by taking the logio of the measured
concentration at each test position, i
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C; =log,,(c;)

Where: C; = logio-transformed concentration at test position i (logio[mL/g-dry])
¢i = the concentration measured at test position i (mg/L)

12.4.2 Linear interpolation/extrapolation

Given a set of coordinate data { (XL/S; ,C)) : i =1,...n } sorted by increasing order
according to XL/S value (e.g., ZL/S: < ZL/S; < --- < EL/S;), an interpolated/extrapolated logio-
transformed concentration at a known L/S target is calculated as:

Cr=ar+b - Y LIS

Where: Cr = the concentration at target XL/S value, ZL/St (logio[mg/L])
ar and br are coefficients of the linear interpolation/extrapolation equation

YL/St = a target pH value

Depending on the values of observed L/S values relative to target L/S values, the
calculations of the coefficients ar and br in the equation may differ according to the following
algorithm:

If XL/St < ZL/S;, then by = (C, - C1) / (ZL/S2 — £L/S;:) and ar = C, — br-XL/S; (extrapolation from the two
points with closest L/S values);

If ZL/St = ZL/Sy, then bt =(C, — Ch-1) / (ZL/Sh — ZL/Sh-1) and ar = C,, — bt-ZL/S, (extrapolation from the
two points with closest L/S values);

If 2L/Sj-1 < ZL/St < ZL/Sj, then br = (Cj — Cj-1) / (ZL/S; — ZL/Sj-1)and ar = y; — br-ZL/S; (interpolation from
the two closest points surrounding XL/Srt).

NOTE: Interpolation or extrapolation of data should only be conducted within a distance of £20%
of the target L/S value. Since the allowable L/S tolerance about a target L/S value is
variable (see Table 2), interpolation/extrapolation should not create data at a target L/S
value where collected data is missing.

13.0 METHOD PERFORMANCE

13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance. The data do not represent required performance criteria for users of the
methods. Instead, performance criteria should be developed on a project-specific basis, and the
laboratory should establish in-house QC performance criteria for the application of this method.
Performance data must not be used as absolute QC acceptance criteria for purposes of laboratory QC
or accreditation.

13.2 Interlaboratory validation of this method was conducted using a contaminated smelter site
soil (material code CFS) and a brass foundry sand (material code JaFS). Repeatability and
reproducibility were determined at an L/S of 10 mL/g-dry for eluate concentration (see Table 3) and for
cumulative mass released (see Table 4). More details on the interlaboratory validation may be found in
Ref. 1.
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13.3 Ref. 2 and Ref. 4 may provide additional guidance and insight on the use, performance,
and application of this method.

14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity
and/or toxicity of waste at the point of generation. Numerous opportunities for pollution prevention exist
in laboratory operations. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first choice.
Whenever feasible, laboratory personnel should use pollution prevention techniques to address their
waste generation. When wastes cannot be feasibly reduced at the source, the Agency recommends
recycling as the next best option.

14.2 For information about pollution prevention that may be applicable to laboratories and
research institutions consult Less is Better: Laboratory Chemical Management for Waste Reduction, a
free publication available from the ACS, Committee on Chemical Safety,
https://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/les

s-is-better.pdf.

15.0 WASTE MANAGEMENT

The EPA requires that laboratory waste management practices be conducted consistent with all
applicable rules and regulations. Laboratories are urged to protect air, water, and land by minimizing
and controlling all releases from hoods and bench operations, complying with the letter and spirit of any
sewer discharge permits and regulations, and by complying with all solid and hazardous waste
regulations, particularly the hazardous waste identification rules and land disposal restrictions. For
further information on waste management, consult The Waste Management Manual for Laboratory
Personnel available at: http://www.labsafetyinstitute.org/FreeDocs/WasteMgmt.pdf.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

The following pages contain the tables and figures referenced by this method.
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TABLE 2

R000055

SCHEDULE OF ELUATE FRACTIONS FOR COLLECTION WITH EXAMPLE VOLUMES

Interval En(ZjLF;glnt Fraction L/S IE:)r(:(r:Tt]ti))lr?
Label (mL/g-dry) (MUg-dry) | volume (mL)
TO1 0.2+£0.1 0.2 60
TO2 05+0.1 0.3 90
TO3 1.0£0.1 0.5 150
TO4 15+£0.2 0.5 150
TOS 20x0.2 0.5 150
TO6 45+0.3 2.5 750
TO7 50+£0.2 0.5 150
TO8 9.5+£0.3 4.5 1350
TO9 10.0+£0.2 0.5 150
BO1 Eluent N/A 100

NOTE: Example fraction volumes based on assumed

packing mass of 300 g-dry
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FIGURE 1

METHOD FLOWCHART
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FIGURE 2

SCHEMATIC OF COLUMN TEST APPARATUS
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FIGURE 3

EXAMPLE DATA REPORT FORMAT

EPA METHOD 1314

ABC Laboratories Report of Analysis
123 Main Street
Anytown, USA «
Contact: John Smith Client Contact: Susan Jones
(555) 111-1111 (555) 222-2222
Material Code: XYZ Particle Size: 88% passing 2-mm sieve
Material Type: Coal Combustion Fly Ash Mass used in Column: 360 g
Date Received:  10/1/20xx Moisture Content:  0.002 gu,0/g
Test Date:  11/1/20xx Column ID: 4.8 cm
Report Date:  12/1/20xx Packing Bed Depth: 28 cm
Eluent: ASTM Type Il Water
Lab Temperature: 21+2°C
Test
Position Replicate Value Units Method Note
TO1 A
Eluate Sample ID XYZ-1314-T01-A
Collection Date 11/1/20xx
Collection Time 12:35 PM
Eluate Mass 70.4 g
Eluate pH 8.82 - EPA 9040
Eluate Conductivity 54 mS/c EPA 9050
Eluate ORP NA mv
Qc Dilution
Chemical Analysis Value Units  Flag Method Date Factor
Al 472 mg/lL EPA 6020 11/7/20xx 1000
As 0.12 mg/L EPA 6020 11/7/20xx 10
Cl 542 mg/L EPA 9056 11/9/20xx 1
Test
Position Replicate Value Units Method Note
T02 A
Eluate Sample ID XYZ-1314-T02-A
Collection Date 11/1/20xx
Collection Time 9:15 AM
Eluate Mass 105.1 g
Eluate pH 9.15 -
Eluate Conductivity 23 mS/c
Eluate ORP NA mv
Qc Dilution
Chemical Analysis Value Units  Flag Method Date Factor
Al 299 mg/lL EPA 6020 11/7/20xx 1000
As - 021  mg/L EPA 6020 11/7/20xx 10
Cl 420 mg/lL U EPA 9056 11/7/20xx i
QC Flag Key: U Value below lower limit of quantitation as reported (< "LLOQ")
1314 - 28 Revision 1
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EXAMPLE ELUATE CONCENTRATION CURVES FOR COMPLETE CHARACTERIZATION
OF A COAL COMBUSTION FLY ASH
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FIGURE 5
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EXAMPLE CUMULATIVE RELEASE CURVES FOR COMPLETE CHARACTERIZATION OF A
COAL COMBUSTION FLY ASH
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METHOD 1315*

MASS TRANSFER RATES OF CONSTITUENTS IN MONOLITHIC OR COMPACTED GRANULAR

MATERIALS USING A SEMI-DYNAMIC TANK LEACHING PROCEDURE

SW-846 is not intended to be an analytical training manual. Therefore, method procedures are

written based on the assumption that they will be performed by analysts who are formally trained in at
least the basic principles of chemical analysis and in the use of the subject technology.

In addition, SW-846 methods, with the exception of required methods used for the analysis of

method-defined parameters, are intended to be guidance methods that contain general information on
how to perform an analytical procedure or technique, which a laboratory can use as a basic starting
point for generating its own detailed standard operating procedure (SOP), either for its own general use
or for a specific project application. Performance data included in this method are for guidance
purposes only and must not be used as absolute quality control (QC) acceptance criteria for purposes
of laboratory QC or accreditation.

1.0
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15.0
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1 This method has been derived from the MT001 and MT002 procedures (Ref. 12). The method is

analogous to the monolithic mass transfer methods NEN 7345 (Ref. 9) developed under Dutch regulation and
CEN/TS 15863 (Ref. 13) developed for the Comité Européen de Normalisation (CEN).
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1.0 SCOPE AND APPLICATION

1.1 This method is designed to provide the mass transfer rates (release rates) of inorganic
analytes contained in a monolithic or compacted granular material, under diffusion-controlled release
conditions, as a function of leaching time. Observed diffusivity and tortuosity may be estimated through
analysis of the resulting leaching test data.

1.2 This method is suitable to a wide range of solid materials which may be in monolithic form
(e.g., cements, solidified wastes) or may be compacted granular materials (e.g., soils, sediments and
stacked granular wastes) which behave as a monolith, in that the predominant water flow is around the
material and release is controlled by diffusion to the boundary. The method is not required by federal
regulations to determine whether waste passes or fails the toxicity characteristic as defined at 40 CFR
261.24.

1.3 This leaching characterization method provides intrinsic material parameters for release of
inorganic species under mass transfer controlled leaching conditions. This test method is intended as a
means for obtaining a series of eluents which may be used to estimate the diffusivity of constituents
and physical retention parameters of the solid material under specified laboratory conditions.

1.4 This method is not applicable to characterize the release of organic analytes with the
exception of general dissolved organic carbon.

1.5 This method is a characterization method and does not provide a solution considered to
be representative of eluate under field conditions. This method is similar in structure and use to
predecessor methods such as MT001.1 (see Ref. 12), NEN 7345 (see Ref. 9), ANSI/ANS 16.1 (see
Ref. 15), and ASTM C1308 (see Ref. 11). However, this method differs from previous methods in that:
1) leaching intervals are modified to improve QC; 2) sample preparation accounts for mass transfer
from compacted granular samples; and, 3) mass transfer may be interpreted by more complex release
models that account for physical retention of the porous medium and chemical retention at the pore wall
through geochemical speciation modeling.

1.6 The geometry of monolithic samples may be rectangular (e.g., bricks or tiles), cubes,
wafers or cylinders. Samples may also have a variety of faces exposed to eluent, forming anything
from 1-dimensional (1-D) through 3-dimensional (3-D) mass transfer cases. In all cases, a minimum
sample size of 5 cm in the direction of mass transfer must be employed and the liquid-surface-area
ratio (L/A) must be maintained at 9 + 1 mL/cm?.

Monolithic samples should be suspended or held in the leaching fluid such that at least 98% of
the entire sample surface area is exposed to eluent and the bulk of the eluent (e.g., @ minimum of 2 cm
between any exposed surface and the vessel wall) is in contact with the exposed sample surface.
Figure 1 provides examples of appropriate sample holders and leaching configurations for 3-D and 1-D
cases.

1.7 Compacted granular materials are granular solids, screened to pass through a 2-mm
sieve, compacted following a modified Proctor compaction effort (see Ref. 10). The sample geometry
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must be open-faced cylinders due to limitations of mechanical packing. However, the diameter and
height of the sample holder may be altered to correspond appropriately with the diameter and volume
of the leaching vessel. In all cases, the sample size of at least 5 cm in the direction of mass transfer
must be employed and the L/A must be maintained at 9 + 1 mL/cm?.

The sample should be positioned at the bottom of the leaching vessel with a minimum of 5 cm
of distance between the solid-liquid interface and the top of the vessel. The distance between the non-
leaching faces (i.e., outside of the mold surfaces) and the leaching vessel wall should be minimized to
< 0.5 cm, such that the majority of the eluent volume is on top of the sample. Figure 2 shows an
example of a holder and leaching configuration for a compacted granular sample.

1.8 The solvent system used in this characterization method is reagent water. Other systems
(e.g., groundwater, seawater, and simulated liquids) may be used to infer material performance under
specific environmental conditions. However, interaction between the eluent and the solid matrix may
result in precipitation and pore blocking, which may interfere with characterization or complicate data
interpretation.

1.9 Prior to employing this method, analysts are advised to consult the base method for each
type of procedure that may be employed in the overall analysis (e.g., Methods 9040, 9045 and 9050,
and the determinative methods for the target analytes) for additional information on QC procedures,
development of QC acceptance criteria, calculations, and general guidance. Analysts also should
consult the disclaimer statement at the front of the manual and the information in Chapter Two for: 1)
guidance on the intended flexibility in the choice of methods, apparatus, materials, reagents, and
supplies; and, 2) the responsibilities of the analyst for demonstrating that the techniques employed are
appropriate for the analytes of interest, in the matrix of interest, and at the levels of concern.

In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to federal testing requirements.
The information contained in this method is provided by the Environmental Protection Agency (EPA or
the Agency) as guidance to be used by the analyst and the regulated community in making judgments
necessary to generate results that meet the data quality objectives for the intended application.

1.10 This method is restricted to use by, or under supervision of, properly experienced and
trained personnel. Each analyst must demonstrate the ability to generate acceptable results with this
method.

2.0 SUMMARY OF METHOD

This method comprises leaching of continuously water-saturated monolithic or compacted
granular material in an eluent-filled tank with periodic renewal of the leaching solution. The vessel and
sample dimensions are chosen such that the sample is fully immersed in the leaching solution.
Monolithic samples may be cylinders or parallelepipeds, while granular materials are compacted into
cylindrical molds at optimum moisture content using modified Proctor compaction methods (see Ref.
10). In either case, the exposure of a regular geometric area to the eluent is recommended. Samples
are contacted with reagent water at a specified L/A. The leaching solution is exchanged with fresh
reagent water at nine pre-determined intervals (see NOTE below). The sample is freely drained and
the mass is recorded to monitor the amount of eluent absorbed into the solid matrix at the end of each

leaching interval. The eluate pH and specific conductance is measured for each time interval and
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analytical samples are collected and preserved accordingly based on the determinative methods to be
performed. Eluate concentrations are plotted as a function of time, as a mean interval flux, and as a
cumulative release as a function of time. These data are used to estimate mass transfer parameters
(i.e., observed diffusivity) for each constituent of potential concern (COPC). A flowchart for performing
this method is shown in Figure 3.

NOTE: The leaching schedule may be extended for additional exchanges with individual intervals of 14
days to provide more information about longer-term release.

3.0 DEFINITIONS

3.1 Constituent of potential concern (COPC) — A chemical species of interest, which may or
may not be regulated, but may be characteristic of release-controlling properties of the sample
geochemistry.

3.2 Release — The dissolution or partitioning of a COPC from the solid phase to the aqueous
phase during laboratory testing (or under field conditions). In this method, mass release is expressed
in units of mg COPC/kg dry solid material.

3.3 Liquid-to-surface area ratio (L/A) — The ratio representing the total liquid volume used in
the leaching interval to the external geometric surface area of the solid material. L/A is typically
expressed in units of mL of eluent/cm? of exposed surface area.

3.4 Observed mass diffusivity — The apparent, macroscopic rate of release due to mass
transfer from a solid into a liquid as measured using a leaching test under conditions where mass
transfer controls release. The observed diffusivity accounts for all physical and chemical retention
factors influencing mass transfer and is typically expressed in units of cm?/s.

3.5 Effective mass diffusivity — The intrinsic rate of mass transfer in a porous medium
accounting for physical retention. The effective mass diffusivity is typically expressed in units of cm?/s.

3.6 Physical retention factor — A mass transfer rate term that describes the retardation of
diffusion due to intrinsic physical properties of a porous medium (e.g., effective porosity, tortuosity).

3.7 Chemical retention factor — A mass transfer rate term that describes the chemical
processes (e.g., dissolution/precipitation, adsorption/desorption, complexation) occurring at the pore
water interface with the solid mineral phases within the porous structure of the solid material.

3.8 Eluent — The solution used to contact the solid material in a leaching test. The eluent is
usually free of COPCs but may contain other species used to control the test conditions of the
extraction.

3.9 Eluate — The solution collected as an extract from a leaching test that contains the eluent
plus constituents leached from the solid phase.

3.10 Refer to Chapter One and Chapter Three, and the manufacturer's instructions for
definitions that may be relevant to this procedure.
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4.0 INTERFERENCES

4.1 Solvents, reagents, glassware, and other sample processing hardware may yield artifacts
and/or interferences to sample analysis. All of these materials must be demonstrated to be free from
interferences under the conditions of the analysis by analyzing method blanks. Specific selection of
reagents and purification of solvents by distillation in all-glass systems may be necessary. Refer to
each method to be used for specific guidance on QC procedures and to Chapters Three and Four for
general guidance on glassware cleaning. Also refer to Methods 9040, 9045, and 9050 and the
determinative methods to be used for information regarding potential interferences.

4.2 The reaction of atmospheric gases can influence the measured concentrations of
constituents in eluates. For example, reaction of carbon dioxide with eluents from highly alkaline or
strongly reducing materials will result in neutralization of eluate pH and precipitation of carbonates.
Leaching vessels, especially those used when testing highly alkaline materials, should be designed to
be airtight in order to minimize the reaction of samples with atmospheric gases.

4.3 Use of certain solvent systems may lead to precipitation at the material surface boundary,
which may reduce mass transport rates. For example, exposure of cement-based materials to
seawater leads to sealing of the porous block (see Ref. 8).

5.0 SAFETY

5.1 This method does not address all safety issues associated with its use. The laboratory is
responsible for maintaining a safe work environment and a current awareness file of Occupational
Safety and Health Administration (OSHA) regulations regarding the safe handling of the chemicals
specified in this method. A reference file of safety data sheets (SDSs) should be available to all
personnel involved in these analyses.

5.2 During preparation and processing of extracts and/or eluents/eluates, some waste
materials may generate heat or evolve potentially harmful gases when contacted with acids and bases.
Adequate prior knowledge of the material being tested should be used to establish appropriate personal
protection and workspace ventilation.

6.0 EQUIPMENT AND SUPPLIES

The mention of trade names or commercial products in this manual is for illustrative purposes
only, and does not constitute an EPA endorsement or exclusive recommendation for use. The products
and instrument settings cited in SW-846 methods represent those products and settings used during
the method development or subsequently evaluated by the Agency. Glassware, reagents, supplies,
equipment, and settings other than those listed in this manual may be employed provided that method
performance appropriate for the intended application has been demonstrated and documented.

This section does not list common laboratory glassware (e.g., beakers and flasks) that might be
used.

6.1 Sample holder
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6.1.1 Monolithic samples

6.1.1.1 A mesh or structured holder constructed of an inert material such as
high density polyethylene (HDPE) or other material resistant to high and low pH is
recommended.

6.1.1.2 The holder should be designed such that at least 98% of the external
surface area of the sample may be exposed to eluent.

6.1.1.3 The holder should be designed to match the geometry of the mass
transfer such that the bulk of the eluent may be in contact with the sample and the
exposed surfaces of the sample centered within the leaching fluid.

NOTE: In the case of 1-D mass transfer from the axial face of a cylindrical sample, the
outer diameter (OD) of the holder should be matched as closely as possible to
the inner diameter (ID) of the leaching vessel so that the majority of the eluent is
above the sample (e.g., in contact with the exposed material surface), while
allowing for easy placement and removal of the holder in the leaching vessel

(see Figure 1).
6.1.2 Compacted granular samples

6.1.2.1 A cylindrical mold constructed of an inert material such as HDPE or
other material resistant to high and low pH is recommended.

6.1.2.2 The holder should be capable of withstanding the compaction force
required to prepare the sample (see Sec. 11.3) without breaking or distorting.

NOTE: The outer diameter of the holder for a compacted granular sample should be
matched as closely as possible to the inner diameter of the leaching vessel so
that the majority of the eluent is above the sample (e.g., in contact with the
exposed material surface) while allowing for easy placement and removal of the
holder in the leaching vessel.

6.2 Leaching vessel

6.2.1 A straight-sided container constructed of a material resistant to high and low pH
is recommended. Jars or buckets composed of HDPE, polycarbonate (PC), polypropylene
(PP), or polyvinyl chloride (PVC) are recommended when evaluating the mobility of inorganic
species.

6.2.2 The leaching vessel should have an airtight seal that can sustain long periods of
standing without gas exchange with the atmosphere.

6.2.3 The container must be of sufficient volume to accommodate both the solid
sample and an eluent volume based on an L/A of 9 + 1 mL /cm? sample surface area. Ideally,
the vessel should be sized such that the headspace is minimized within the tolerance of the L/A.

6.3 Leaching setup
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Example photos of three possible leaching equipment arrangements for monolithic and
compacted granular samples are shown in Figures 1 and 2, respectively. The equipment used in the
each of these cases is described below.

6.3.1 Figure 1a shows a monolithic sample 3-D configuration with the following
accessories:

e Sample holder — PP sink washers, 43-mm OD, 37-mm ID, 6-mm high, with four holes
drilled at the quadrants to accept 2-mm OD nylon string knotted at the top

e Sample stand — PVC pipe, 47-mm OD, 51-mm high, cut to have four legs approximately
8-mm wide and 30-mm high

e Leaching Vessel — PP bucket, 140-mm ID at top, 120-mm ID at bottom, 200-mm high
(Berry Plastics #T51386CP3, VWR Scientific, or equivalent)

6.3.2 Figure 1b shows a monolithic sample 1-D configuration with the following
accessories:

o Sample holder — Polyethylene (PE) mold, 54-mm OD, 100-mm high
(MA Industries, Peach Tree City, GA, or equivalent), with the test sample cured in mold
and cut to 51-mm high

e Leaching vessel — 250-mL PC jar, 60-mm ID, 100-mm high (Nalgene #2116-0250,
Fisher Scientific, or equivalent)

6.3.3 Figure 2 shows a compacted granular sample 1-D Configuration with the
following accessories:

e Sample holder — PE mold, 100-mm OD, 200-mm high, (MA Industries, Peach Tree City,
GA, or equivalent) cut to 63-mm high with three tabs drilled for 0.7-mm fishing line
knotted at the top

e Leaching vessel — 1000-mL PC jar, 110-mm ID at top, 130-mm high (Nalgene #2116-
1000, Fisher Scientific, or equivalent)

e Glass beads, borosilicate — 2-mm diameter

6.4 Filtration apparatus — Pressure or vacuum filtration apparatus composed of appropriate
materials to maximize the collection of extracts and minimize the loss of COPCs (Nalgene #300-4000
or equivalent)

6.5 Filtration membranes — Composed of hydrophilic polypropylene or equivalent material with
an effective pore size of 0.45 ym (e.g., Andwin Scientific GH Polypro 28143-288 or equivalent)

6.6 pH meter — Laboratory model with the capability for temperature compensation (e.qg.,
Accumet 20, Fisher Scientific or equivalent) and a minimum resolution of 0.1 pH units

6.7 pH combination electrode — Composed of chemically resistant materials
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6.8 Conductivity meter — Laboratory model (e.g., Accumet 20, Fisher Scientific or equivalent),
with a minimum resolution of 5% of the measured value

6.9 Conductivity electrodes — Composed of chemically resistant materials

6.10 Proctor compactor (for compacted granular samples only) — Equipped with a slide
hammer capable of dropping a 4.5-kg weight over a 0.46-m interval (see Ref. 10 for further details)

7.0 REAGENTS AND STANDARDS

7.1 Reagent-grade chemicals, at a minimum, should be used in all tests. Unless otherwise
indicated, all reagents should conform to the specifications of the Committee on Analytical Reagents of
the American Chemical Society (ACS), where such specifications are available. Other grades may be
used, provided the reagent is of sufficiently high purity to permit its use without lessening the accuracy
of the determination. Inorganic reagents and extracts should be stored in plastic to prevent interaction
of constituents from glass containers.

7.2 Reagent water — Reagent water must be interference-free. All references to water in this
method refer to reagent water unless otherwise specified.

7.3 Other reagents may be used in place of reagent water on a case-specific basis.

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 See Chapter Three, "Inorganic Analytes," and Chapter 4, "Organic Analytes," for sample
collection and preservation instructions.

8.2 Both plastic and glass containers are suitable for the collection of samples. All sample
containers must be prewashed with a metal-free detergent and triple-rinsed with nitric acid and reagent
water, depending on the history of the container. For further information, see Chapter Three.

9.0 QUALITY CONTROL

9.1 Referto Chapter One for guidance on quality assurance (QA) and quality control (QC)
protocols. When inconsistencies exist between QC guidelines, method-specific QC criteria take
precedence over both technique-specific criteria and Chapter One criteria, and technique-specific QC
criteria take precedence over Chapter One criteria. Any effort involving the collection of analytical data
should include development of a structured and systematic planning document, such as a quality
assurance project plan (QAPP) or a sampling and analysis plan (SAP), which translates project
objectives and specifications into directions for those who will implement the project and assess the
results.

Each laboratory should maintain a formal QA program. The laboratory should also maintain
records to document the quality of the data generated. Development of in-house QC limits for each
method is encouraged. Use of instrument-specific QC limits is encouraged, provided such limits will
generate data appropriate for use in the intended application. All data sheets and QC data should be
maintained for reference or inspection.
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9.2 In order to demonstrate the purity of reagents and sample contact surfaces, method
blanks should be tested for each leaching interval. Refer to Chapter One for specific QC procedures.

9.3 The analysis of extracts should follow appropriate QC procedures, as specified in the
determinative methods for the COPCs. Refer to Chapter One for specific QC procedures.

9.4 Initial demonstration of proficiency (IDP)

Leachate methods are not amenable to typical IDPs when reference materials with known
values are not available. However, prior to using this method an analyst should have documented
proficiency in the skills required for successful implementation of the method. For example, skill should
be demonstrated in the use of an analytical balance, the determination of pH using Methods 9040 and
9045 and the determination of conductance using Method 9050.

10.0 CALIBRATION AND STANDARDIZATION

10.1 The balance should be calibrated and certified, at a minimum, annually or in accordance
with laboratory policy.

10.2 Prior to measurement of eluate pH, the pH meter should be calibrated using a minimum
of two standards that bracket the range of pH measurements. Refer to Methods 9040 and 9045 for
additional guidance.

10.3 Prior to measurement of eluate conductivity, the meter should be calibrated using at least
one standard at a value greater than the range of conductivity measurements. Refer to Method 9050
for additional guidance.

11.0 PROCEDURE

A flowchart of this method is presented in Figure 3. Microsoft Excel® data templates are
available to aid in collecting and archiving of laboratory and analytical data.?

11.1 Preparatory Procedures — Determination of solids and moisture content

The moisture and solids content of the sample material are used to relate leaching results to
dry-material masses. When preparing compacted granular samples for testing, the moisture content or
solid content is used to determine the optimum moisture content following the modified Proctor test.
This method calculates moisture content on the basis of the "wet" or "as-tested" sample.

WARNING: The drying oven should be contained in a hood or otherwise properly ventilated.
Significant laboratory contamination or inhalation hazards may result when drying heavily
contaminated samples. Consult the laboratory safety officer for proper handling procedures
prior to drying samples that may contain volatile, hazardous, flammable, or explosive materials.

2 These Excel® templates form the basis for uploading method data into the data management program,
LeachXS Lite™. Both the data templates and LeachXS Lite™ are available at http://vanderbilt.edu/leaching.
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11.1.1 Place 5 - 10 g of solid sample material into a tared dish or crucible. Dry the
sample to a constant mass at 105 + 2 °C. Check for constant mass by returning the dish to the
drying oven for 24 hours, cooling to room temperature in a desiccator and re-weighing. The two
mass readings should agree within the larger of 0.2% or 0.02 g.

NOTE: The oven-dried sample is not used for the extraction and should be properly disposed of
once the dry mass is determined.

11.1.2 Calculate and report the solids content as follows:

M
SC = 9y
M

test

Where: SC = solids content of "as-tested" material (g-dry/g)
Mary = mass of dry material specified in the method (g-dry)
Meest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.1.3 Calculate and report the moisture content (wet basis) as follows:

Mcwet _ Mtesli/[_ Mdry

test

Where: MCuyet = moisture content on a wet basis (gn,0/9)

Mary = mass of dry material specified in the method (g-dry)
Miest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.2 Preparation of monolithic samples

11.2.1 If the material to be tested is granular, disregard this section and proceed to
Sec. 11.3.

11.2.2 A representative sample of monolithic material should be obtained by molding
material components in place (e.g., cementitious media) or by coring or cutting a sample from a
larger existing specimen.

11.2.3 The geometry of monolithic samples may be rectangular (e.g., bricks or tiles),
cubes, wafers, or cylinders. Samples may also have a variety of faces exposed to eluent
forming 1-, 2-, or 3-D mass transfer cases. Examples of monolithic sample leaching setups are
shown in Figure 1.

11.2.4 A minimum sample size of 5 cm in the direction of mass transfer must be
employed and the L/A must be maintained at 9 + 1 mL/cm?.

NOTE: Since the sample holder and leaching vessel must correspond to the specifications in
Sec. 6.1, it is often easier to modify the sample size and geometry rather than the holder
and vessel dimensions.

11.2.5 Proceed to Sec. 11.4.

11.3 Preparation of compacted granular samples
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Compacted granular materials, in most cases, must be open-faced cylinders due to the
limitations of mechanical packing. However, the diameter and height of the sample holder may be
altered to work appropriately with the diameter and volume of the leaching vessel. In all cases, a
minimum sample size of 5 cm in the direction of mass transfer must be employed and the L/A must be
maintained at 9 + 1 mL/cm?.

Granular samples are compacted into the sample holder using a variation on the modified
Proctor compaction (see Ref. 10) to include the use of 6-cm high-test molds. Shorter or taller molds (or
packing depths) may be used as long as the compaction effort of 56,000 ft-Ib/ft® is achievable. The
number of packing layers should be maintained at the five layers specified in Ref. 10. However, the
number of blows per layer in a 4-in diameter mold may be changed according to the follow formula:

— 2
0.3
”( 4&) XMt 65 2% hblow

5layer layer

56,000ft-1b;|  blow
f°  |1.5ftx10lb,

Where: h is the measured height of the sample mold (ft).

Thus, for the mold height of 4.584 in (0.382 ft) specified in the ASTM procedure, 25 blows per
each of 5 layers are required. When a 6-cm (0.196 ft) mold height is used (as suggested in this
method), 13 blows per each of 5 layers are required to obtain the same compaction effort.

The granular sample should be compacted at a moisture content corresponding to 90% of the
modified Proctor optimum packing density in order to provide a uniform approach to obtaining a sample
density that approximates field conditions. Optimum moisture content refers to the amount of moisture
or fractional mass of water (gn,0/g material) in the granular sample that is present at the optimum

packing density (g-dry material/cm?®). Optimum packing density is defined in Ref. 10. The optimum
moisture content of the test material is determined from a pre-test that measures the packing density of
granular materials compacted at different levels of moisture content.

11.3.1 Pre-test to determine optimum moisture content

The pre-test is conducted as a series of five batch-wise packing trials with consecutive
increases in moisture content until the maximum packing density has been surpassed. The
optimum moisture content is determined as the maximum of a third-order polynomial fit through
the graph of dry-packing density as a function of moisture content (wet basis).

11.3.1.1 Place 1500 g of "as received" material into a pail or bowl and mix well
by hand to homogenize. As an alternative to hand mixing, a mechanical paddle mixer
may be used.

NOTE: The pre-test may be conducted from a bulk supply of solid material (e.g., 10 kg
total for five batches) as long as the starting mass for each trial is recorded and
incremental water additions are used.

11.3.1.2 Mix a known amount of tap water with the bulk material in the pail or
bowl until homogenized based on visual inspection. For the first point in the pre-test, no
water needs to be added.
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NOTE: The amount of water added should be enough to increase the moisture content
in approximately 3 - 5% increments. Smaller additions may be needed in order
to provide finer resolution of the packing density as a function of the moisture
content curve.

11.3.1.3 Calculate the new moisture content (wet basis) for the trial as follows:

MC! _M

(wet) —

test x MC + Wadded
Mtest + Wadded

wet

Where: MCi(W,et) = moisture content on a wet basis of the pre-test trial (gn,o/g)
Meest = mass of "as-tested" solid equivalent to the dry-material mass (g)
MCwer = moisture content on a wet basis of the "as-tested" material (gw,0/9)
Wadded = mass of water added to the "as-tested" material (gn,0/9)

11.3.1.4 Compact approximately 1000 g of material into a tared 10-cm diameter
mold into three consecutive layers of material. The compacted mass should have a
level, flat surface as a top face.

11.3.1.5 Measure and record the height, diameter, and mass of the resulting
compacted material.

11.3.1.6 Calculate and record the packing density (dry basis) as follows:
_mxSC(2)°
ppack ntxh d
Where: ppack = packing density (dry basis) (g-dry/cm?3)
m = mass of the compacted sample (g)
SC = solids content of "as-tested" granular material (g-dry/g)

d = measured diameter of the compacted sample (cm)
h = measured height of the compacted sample (cm)

11.3.1.7 Repeat Sec. 11.3.1.1 - 11.3.1.6 for four subsequent trials until the
value of the calculated packing density decreases.

11.3.1.8 Plot the packing density as a function of moisture content. Figure 4
shows an example of a packing density curve.

11.3.1.9 Determine the optimum moisture content at the maximum of the
packing density curve. This value may be read directly from the graph or determined by
the maximum of a third-order polynomial fit through the five pre-test data points (see the
Microsoft Excel® spreadsheet template available at
http://www.vanderbilt.edu/leaching/downloads/test-methods/).

11.3.2 Compacted granular test sample preparation
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11.3.2.1 Using the optimum moisture content determined in Sec. 11.3.1.9,
calculate the amount of "as-received" material that is required to pack the sample holder
to within 3 mm of the rim of the holder.

M _popt><1T><(h—0.3)(dj2

test — SC E

Where: Meest = mass of "as tested" solid equivalent to the dry-material mass (g)
Popt = Optimal packing density (dry basis) (g-dry/cm?) — determined in Sec.
11.3.1.9
h = measured height of the sample mold (cm)
SC = solids content of "as-tested" granular material (g-dry/g)
d = measured diameter of the sample mold (cm)

11.3.2.2 Adjust the moisture content of the "as-received" material to the
optimum moisture content using reagent water and mix until homogenized.

11.3.2.3 Pack the sample material into the sample holder using the modified
Proctor compaction as described in Ref. 10.

11.3.2.4 Place a monolayer of borosilicate glass beads (Sec. 6.3.3) on the
exposed sample surface to minimize scouring and mass loss during testing.

11.3.2.5 Begin the leach test procedure promptly or cover the sample with
plastic wrap to minimize moisture loss to the atmosphere.

11.4 Leaching procedure

This protocol is a semi-dynamic, tank-leaching procedure (see schematic in Figure 5) where the
sample is exposed to eluate for a series of leaching intervals interspersed with eluent exchanges. The
chemical composition of each eluate is determined and mass transfer from the bulk solid is determined
as a function of cumulative leaching time. The schedule of leaching intervals for this method is shown
in Table 1.

11.4.1 Pre-test measurements — For the surface area calculation, measure and record
the dimensions of the test specimen. This should include the diameter and height for a cylinder;

length, width, and depth for a parallelepiped; or diameter of exposed surface for a compacted
granular sample.

11.4.2 Measure and record the mass of the specimen. This value should be monitored
for each eluent exchange.

11.4.3 If a holder is used, place the specimen in the monolith holder.
11.4.4 Measure and record the mass of the specimen and holder, if applicable.

11.4.5 The recommended temperature for conducting this method is room temperature
(20 = 2 °C). When conducted at temperature readings or variations other than those
recommended, record the ambient temperature at each eluent renewal.
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11.5 Eluent exchange

11.5.1 Fill a clean leaching vessel with the required volume of reagent water based on
an L/A of 9 £ 1 mL/cm?. Record the amount of eluent used.

11.5.2 Carefully place the specimen or the specimen and holder in the leaching vessel
(Eigure 6a) so that the sample is centered in the eluent (see Figure 6b). Submersion should be
gentle enough so that the physical integrity of the monolith is maintained and scouring of the
solid is minimized.

11.5.3 Cover the leaching vessel with the airtight lid and place in a safe location until
the end of the leaching interval. Table 1 shows the schedule of leaching intervals and
cumulative release times for this method.

NOTE: Eluates of alkaline materials may be susceptible to neutralization through reaction with
carbon dioxide. Precautions (e.g., ensuring airtight vessels or purging headspace)
should be taken to minimize the effect of carbonation on eluates that may sit stationary
for more than one week.

11.5.4 Prior to the end of the leaching interval, repeat Sec. 11.5.1 in order to prepare a
vessel for the next leaching interval.

11.5.5 At the end of the leaching interval (see Table 1), carefully remove the specimen
or the specimen and holder from the vessel (Eigure 6¢). Drain the liquid from the surface of the
specimen into the eluate for approximately 20 sec.

11.5.6 Measure and record the mass of the specimen or the mass of the specimen and
holder (Eigure 6d).

NOTE: The change in sample mass between intervals is an indication of the potential
absorption of eluent by the matrix (mass gain) or erosion of the matrix (mass loss). In
the case where a holder is used, moisture may condense on the holder during the
leaching interval and sample absorption may not be evident.

NOTE: Mass gain may also be indicative of carbonate precipitation if the vessel is not tightly
sealed and carbon dioxide is absorbed from the atmosphere.

11.5.7 Place the specimen or the specimen and holder into the clean leaching vessel
filled with new eluent as prepared in Sec. 11.5.4.

11.5.8 Cover the new leaching vessel with the airtight lid and place in a safe location
until the end of the leaching interval.

11.6 Eluate processing

11.6.1 Measure and record the pH, specific conductivity, and oxidation reduction
potential (ORP) of the eluate of the decanted eluate from the previous leaching interval (see
Methods 9040, 9045, and 9050).
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NOTE: Measurement of pH, conductivity, and ORP should be taken within 15 minutes of eluent

exchange (Sec. 11.5) to avoid neutralization of the solution due to exposure to carbon
dioxide, especially when alkaline materials are tested.

NOTE: The measurement of ORP is optional, but strongly recommended, especially when

testing materials where oxidation is likely to change the chemistry of COPCs.
11.6.2 Filter the remaining eluate through a 0.45-um membrane (Sec. 6.5).

11.6.3 Immediately preserve and store the volume(s) of eluate required for chemical

analysis. Preserve all analytical samples in a manner that is consistent with the determinative
chemical analyses to be performed.

11.6.4 Collect all subsequent eluate by repeating the eluent exchange and eluate

processing procedures in Secs. 11.5 and 11.6.

12.0 DATA ANALYSIS AND CALCULATIONS

12.1 Data reporting

12.1.1 Figure 7 shows an example of a data sheet which may be used to report the

concentration results of this method. At a minimum, the basic test report should include the
following:

a)
b)
c)
d)
e)
f)

9)
h)
)

j)

K)

Name of the laboratory

Laboratory technical contact information

Date and time at the start of the test

Name or code of the solid material

Material description (including monolithic or compacted granular)
Moisture content of material used (gn,o0/g)

Dimensions (cm) and geometry of sample used
Mass of solid material used (g)

Mass of sample and holder at start of test (g)
Eluate type (e.g., reagent water)

Eluate-specific information (see Sec. 12.1.2 below)

12.1.2 The minimum set of data that should be reported for each eluate includes:

Eluate sample ID

Target eluent exchange date and time
Actual eluent exchange date and time
Volume of eluent used (mL)

Mass of sample and holder (g)
Measured eluate pH
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g) Measured eluate conductivity (mS/cm)
h) Measured ORP (mV) (optional)

i) Concentration of all COPCs

i) Analytical QC qualifiers as appropriate

12.2 Data presentation
12.2.1 Interval concentrations

12.2.1.1 At the conclusion of the schedule of leaching intervals (see Table 1),
the concentration of COPCs in each eluate may be plotted as a function of cumulative
leaching time. An example of this is shown in Figure 8 for mass transport from a
monolithic field sample of fixated scrubber sludge and lime.

12.2.1.2 |If data is available from Method 1313, interval concentrations and
Method 1313 data may be plotted on the same graph as a function of eluate pH. This
QC step is conducted in order to determine whether the concentration of COPCs
approached equilibrium in any leaching interval (i.e., the driving force for mass transport
from the matrix may not be constant, which is a common assumption of dynamic-tank
leach testing). Figure 9 shows this type of graph for the release from a field sample of
fixated scrubber sludge and lime.

12.2.2 Interval mass release

At the conclusion of the schedule of leaching intervals (see Table 1), the interval mass
released can be calculated for each leaching interval as follows:
G xV,
‘ A

Mt

Where: M. = mass released during the current leaching interval, i (mg/m?)

Ci = constituent concentration in the eluate for interval i (mg/L)
V; = eluate volume in interval i (L)
A = specimen external geometric surface area exposed to the eluent (m?)

12.2.3 Mean interval flux

The flux of a COPC in an interval may be plotted as a function of the generalized mean
of the square root of cumulative leaching time (,/t). An example of a flux graph is show in

Figure 10 for the release from a field sample of fixated scrubber sludge with lime. This graph
may be used to interpret the mechanism of release (see Ref. 5 for further details).

12.2.3.1 The flux across the exposed surface of the sample can be calculated
by dividing the interval mass release by the interval duration as follows:
M.

F, - i
t-t
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Where: Fi = flux for interval, i (mg/m?-s)
M; = mass released during the current leaching interval, i (mg/m?)
ti = cumulative time at the end of the current leaching interval, i (s)
ti.1 = cumulative time at the end of the previous leaching interval, i-1 (s)

12.2.3.2 The time used to plot each interval mass is the generalized mean of
the square root of the cumulative leaching time using the cumulative time at the end of
the i interval, t;, and the cumulative time at the end of the previous interval, t;;.

- Joo+ e )
) I L
2

Where: t; = generalized mean leaching time for the current interval, i (s)

ti = cumulative time at the end of the current leaching interval, i (s)
ti.1 = cumulative time at the end of the previous leaching interval, i-1 (s)

NOTE: If the concentrations of a COPC in the eluates approach that shown in Method
1313 for liquid-solid equilibrium, the flux curve will show the pattern in Figure 10
with intervals of the same duration having the same flux value. When the eluate
concentration approaches saturation, the driving force for mass transfer
approaches zero, interval flux is limited, and intervals with like durations will
display similar flux limitations.

12.2.4 Cumulative release

12.2.4.1 The interval release calculated in 12.2.2 can be summed to provide the
cumulative mass release as a function of leaching time. Figure 11 shows the cumulative
release curves for a field sample of fixated scrubber sludge with lime.

12.2.4.2 Interpretation of the cumulative release of constituents is illustrated
using the analytical solution for simple radial diffusion from a cylinder into an infinite bath
presented by Crank (see Ref. 8).

Dobs t %
M, = 2pC,| —

Where: M; = cumulative mass released during leaching interval i (mg/m?)
p = density of the "as-tested" sample (kg/m?3)
C, = concentration of available COPC in the solid matrix (mg/kg)
Debs = observed diffusivity (m?/s)
t = leaching time (s)

When transformed to a log-log scale, the analytical solution presented by Crank
becomes linear with the square root of time.
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DObS A 1
log[Mt]:log ZpCO( J + =t
T 2

Thus, under the assumptions of the analytical solution presented by Crank, the
mass release should be proportional to the square root of time. A line showing the
square root of time is plotted in Figure 11 along with the data. Since flux is the derivative
of release, a similar treatment of flux as a function of leaching time using the simple
diffusion model would be proportional to the negative square root of time as shown in

Figure 10.

Models other than the simple diffusion model presented by Crank may also be
used to interpret mass release. For example, the Shrinking Unreacted Core Model (see
Ref. 2) and the Coupled Dissolution-Diffusion Model (see Ref. 7) incorporate chemical
release parameters (e.g., as derived from Method 1313 data) into the model to better
estimate release mechanisms and predictions (see Ref. 5 for further details).

12.2.5 Observed diffusivity

An observed diffusivity for each COPC can be determined using the logarithm of the
cumulative release plotted versus the logarithm of time. In the case of a diffusion-controlled
mechanism, this plot is expected to be a straight line with a slope of 0.5. An observed diffusivity
can then be determined for each leaching interval where the slope is 0.50 £ 0.15 (see Ref. 1
and Ref. 14) by the following:

obs __

Where: Di"bs = observed diffusivity of a COPC for leaching interval i (m?/s)
M,, = mass released during leaching interval i (mg/m?)

ti = cumulative contact time at the end of the current leaching interval, i (s)

ti.s = cumulative contact time at the end of the previous leaching interval, i-1 (s)
p = sample density (dry basis) (kg-dry/m?3)

Co = initial leachable content (i.e., available release potential) (mg/kg)

The mean observed diffusivity for each COPC is then determined by taking the average
of the interval observed diffusivities. It should be reported with the computed uncertainty (i.e.,
standard deviation).

NOTE: Since the analysis presented above assumes a diffusion process, only those interval
mass transfer coefficients corresponding to leaching intervals with slopes of 0.50 + 0.15
are included in the overall average mass-transfer coefficient.

12.3 Data representation by constituent

A concise representation of all relevant data for a single constituent may be presented as shown
in Figure 12 for arsenic from a field core of fixated scrubber sludge with lime (FSSL) material. The data
shows eluate pH generation as a function of leaching time (Eigure 12a), comparison between eluate
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concentrations and Method 1313 data as a function of eluate pH (Figure 12b), constituent flux as a
function of generalized mean cumulative leaching time (Eigure 12c), and constituent release as a
function of cumulative leaching time (Figure 12d).

12.4 Interpolation/extrapolation to target time values

The collected time dependence data may be interpolated or extrapolated to the nearest target
cumulative time (Zt) value for purposes of comparing different data sets (e.g., test replicates of the
same or different materials). The most transparent and straightforward method is linear
interpolation/extrapolation of data after logio transformation.

12.4.1 Logio transformation

Collected concentration values are transformed by taking the logio of the measured
concentration at each test position, i:

C; =logy,(c;)

Where: C; = logio-transformed concentration at test position i (logio[mg/L])
¢i = the concentration measured at test position i (mg/L)

12.4.2 Linear interpolation/extrapolation

Given a set of coordinate data sorted by increasing order according to Xt value (e.g., Xt
<t < .- < Zty), an interpolated/extrapolated logio-transformed concentration at a known Xt
target is calculated as:

Cr=a;+b; D t;

Where: Cr = the concentration at target Xt value, Xtr (Iogio[S])
ar and br are coefficients of the linear interpolation/extrapolation equation
>tr = a target cumulative time value

Depending on the values of observed %t values relative to target >t values, the
calculations of the coefficients ar and br in the equation may differ according to the following
algorithm:

o If Xty < Xty, then br = (C, — Cy1) / (Zt2 — Zt1) and ar = C, — br-Xt2 (extrapolation from the
two points with closest Xt values)

o If Xty 2 Xty then br =(Cy, = Ch-1) / (Ztn — Zto-1) and ar = Cy, — br-Xt, (extrapolation from the
two points with closest Xt values)

o If Xt < Xty < Xtj, then by = (Cj — Cj-1) / (2t — Zt-1) and ar = y; — br-Xt; (interpolation from
the two closest points surrounding Xtr)

NOTE: Interpolation or extrapolation of data should only be conducted within a distance of
+20% of the target Xt value. Since the allowable L/S tolerance about a target L/S value
is variable (see Table 1), interpolation/extrapolation should not create data at a target Xt
value where collected data is missing.
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13.0 METHOD PERFORMANCE

13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance. The data do not represent required performance criteria for users of the
methods. Instead, performance criteria should be developed on a project-specific basis, and the
laboratory should establish in-house QC performance criteria for the application of this method.
Performance data must not be used as absolute QC acceptance criteria for laboratory QC or
accreditation.

13.2 Interlaboratory validation of this method was conducted using a solidified waste analog
(material code SWA) and a contaminated smelter site soil (material code CFS). Repeatability and
reproducibility was determined for mean interval flux excluding the first wash-off interval (see Table 2)
and for cumulative mass released after 63 days of leaching (see Table 3). More details on the
interlaboratory validation may be found in Ref. 4.

13.3 Ref. 5 and Ref. 12 may provide additional guidance and insight on the use, performance,
and application of this method.

14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity
and/or toxicity of waste at the point of generation. Numerous opportunities for pollution prevention exist
in laboratory operations. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first choice.
Whenever feasible, laboratory personnel should use pollution prevention techniques to address their
waste generation. When wastes cannot be feasibly reduced at the source, the Agency recommends
recycling as the next best option.

14.2 For information about pollution prevention that may be applicable to laboratories and
research institutions consult Less is Better: Laboratory Chemical Management for Waste Reduction, a
free publication available from the ACS, Committee on Chemical Safety,
https://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/les

s-is-better.pdf.

15.0 WASTE MANAGEMENT

The EPA requires that laboratory waste management practices be conducted consistent with all
applicable rules and regulations. Laboratories are urged to protect air, water, and land by minimizing
and controlling all releases from hoods and bench operations, complying with the letter and spirit of any
sewer discharge permits and regulations, and by complying with all solid and hazardous waste
regulations, particularly the hazardous waste identification rules and land disposal restrictions. For
further information on waste management, consult The Waste Management Manual for Laboratory
Personnel available at: http://www.labsafetyinstitute.org/FreeDocs/WasteMgmt.pdf.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

The following pages contain the tables and figures referenced by this method.

SCHEDULE OF ELUATE RENEWALS

TABLE 1

Interval Duration Interval Duration Cum_ulati\(e
Interval Label Leaching Time
(h) (d) @
TO1 2.0+ 0.25 - 0.08
T02 23.0+0.5 - 1.0
TO3 23.0+0.5 - 2.0
TO4 - 5.0+£0.1 7.0
TO5 - 7.0+£0.1 14.0
TO6 - 14.0+0.1 28.0
TO7 - 14.0+0.1 42.0
TO8 - 7.0+£0.1 49.0
T0O9 - 14.0+0.1 63.0

NOTE: This schedule may be extended for additional 14-day contact intervals to

provide more information regarding longer-term release.
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FIGURE 1

EXAMPLES OF MONOLITHIC SAMPLE HOLDERS
3-D Configuration

\\\ Test Sample
63 mm OD
i 100 mm high

PP Washers

43 mm OD
3 mm wall
6 mm high

PVC Stand PP Bucket
47 mm OD 140 mm D

3 mm wall égt top
51 mm high 200 mm high

Sample Holder Sample, Holder and Stand 3-D Leaching Setup

1-D Cnfi

g

ration

TestSamplé
cured in mold & cut to height

PP Mold P PC Jar
54 mmOD ~ 60mm ID
2 mmwall (at top)
51 mm high 100 mm high
Empty Sample Holder Full Sample Holder 1-D Leaching Setup
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FIGURE 2

EXAMPLE COMPACTED GRANULAR SAMPLE HOLDER AND SETUP

' PP Mold Glass Beads -

@ 100 mmID 2 mm diameter

Gé o ﬁgﬁ (monolayer)
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i /A mm diameter
Empty Sample Holder Compacted Sample 1-D Leaching Setup
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FIGURE 3

METHOD FLOWCHART
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EXAMPLE CURVE OF PACKING DENSITY AS A FUNCTION OF MOISTURE CONTENT

Dry Packing Density [g-dry/cm?]
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FIGURE 5

SCHEMATIC OF SEMI-DYNAMIC MASS TRANSFER TEST PROCESS

1Sample nLeaching Intervals
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Figure obtained and modified from Ref. 1.
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FIGURE 6

EXAMPLE LEACHING PROCEDURE STEPS

Start of Leaching Interval

Removing Sample for Exchange Mass of Sample and Holder
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FIGURE 7

EXAMPLE DATA REPORTING FORMAT

R000094

ABC Laboratories

123 Main Street

Anytown, USA
Contact: John Smith

(555) 111-1111

EPA METHOD 1315
Report of Analysis

Client Contact: Susan Jones
(555) 222-2222

Material Code:  XYZ Particle Size:  88% passing 2-mm sieve
Material Type: Coal Combustion Fly Ash Mass used in Column: 860g
Date Received:  10/1/20xx Moisture Content:  0.002 gn,0/g
Test Start Date:  11/1/20xx Sample Geometry:  Cylinder
Report Date:  12/1/20xx Sample Diameter 10.0 cm
Sample Depth: 60.3 cm
Test Type: Compacted Granular Mass of Sample & Holder 1020 g
Eluent: ASTM Type |l Water Lab Temperature: 21+2°C
Test
Position Replicate Value Units Method Note
TO1 A
Eluate Sample ID XYZ-1315-T01-A
Exchange Date 11/1/20xx
Target Exchange Time 12:00 PM
Actual Exchange Time 12:15 PM
Mass of Sample & Holder 1026 g
Eluate Mass 730.4 o]
Eluate pH 8.82 - - EPA 9040
Eluate Conductivity 5.4 mS/c EPA 9050
Eluate ORP NA mv
Qc Dilution
Chemical Analysis Value Units Flag Method Date Factor
Al 472  mg/lL EPA 6020 11/7/20xx 1000
As 0.12  mg/L EPA 6020 11/7/20xx 10
Cl 542 mg/L EPA 9056 11/9/20xx 1
Test
Position Replicate Value Units Method Note
T02 A
Eluate Sample ID XYZ-1315-T02-A
Exchange Date 11/1/20xx
Target Exchange Time 12:00 PM
Actual Exchange Time 1218 PM
Mass of Sample & Holder 1027 g
Eluate Mass 725.0 g
Eluate pH 9.15 - EPA 9040
Eluate Conductivity 2.8 mS/c EPA 9050
Eluate ORP NA mv
QcC i Dilution
Chemical Analysis Value Units Flag Method Date Factor
Al 299 mg/L EPA 6020 11/7/20xx 1000
As 0.21  mg/L EPA 6020 11/7/20xx 10
Cl 4.20  mg/L U EPA 9056 11/7/20xx 1
QC Flag Key: U  Value below lower limit of quantitation as reported (< "LLOQ")
1315-31 Revision 1
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FIGURE 8

EXAMPLE INTERVAL CONCENTRATION GRAPHS
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NOTE: Orange lines represent cumulative release if all eluate extracts were at the quantitation limit
(dashed) and detection limit (solid). Chemical analyses below the detection limit are shown at ¥2
the detection limit value.
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FIGURE 9

R000096

EXAMPLE OF SATURATION CHECK BETWEEN INTERVAL CONCENTRATIONS AND
METHOD 1313 DATA
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FIGURE 10
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EXAMPLE INTERVAL FLUX GRAPHS
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FIGURE 11

INTERVAL FLUX AT ELUATE SATURATION
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NOTE: This figure assumes that the concentration in the eluate approaches saturation
during the leaching interval (i.e., the driving force for diffusion approaches zero).
When the leaching solution is saturated, the resulting mass release and interval
flux is constant for intervals of the same duration.
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EXAMPLE CUMULATIVE RELEASE GRAPHS
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DATA REPRESENTATION BY CONSTITUENT (QUAD FORMAT)
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METHOD 13161

LIQUID-SOLID PARTITIONING AS A FUNCTION OF LIQUID-TO-SOLID RATIO IN SOLID

MATERIALS USING A PARALLEL BATCH PROCEDURE

SW-846 is not intended to be an analytical training manual. Therefore, method procedures are

written based on the assumption that they will be performed by analysts who are formally trained in at
least the basic principles of chemical analysis and in the use of the subject technology.

In addition, SW-846 methods, with the exception of required methods used for the analysis of

method-defined parameters, are intended to be guidance methods that contain general information on
how to perform an analytical procedure or technique, which a laboratory can use as a basic starting
point for generating its own detailed standard operating procedure (SOP), either for its own general use
or for a specific project application. Performance data included in this method are for guidance
purposes only and must not be used as absolute quality control (QC) acceptance criteria for purposes
of laboratory QC or accreditation.
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! This method has been derived from the SR003 procedure (Ref. 4) using Environmental Protection

Agency-reviewed and accepted methodologies (see Ref. 3, Ref. 6, and Ref. 7). The method is analogous to
batch L/S-dependence method EN12457 (Ref. 5) developed for the Comité Européen de Normalisation (CEN).
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1.0 SCOPE AND APPLICATION

1.1 This method is designed to provide the liquid-solid partitioning (LSP) of inorganic
constituents (e.g., metals, radionuclides) and non-volatile organic constituents (e.g., polycyclic aromatic
hydrocarbons (PAHS)), dissolved organic carbon) at the natural pH of the solid material as a function of
liquid-to-solid ratio (L/S) under conditions that approach liquid-solid chemical equilibrium. Table 1
shows the range of target L/S values tested under this method.

1.2 The eluate concentrations at a low L/S provide insight into pore solution composition either
in a granular bed (e.g., soil column) or in the pore space of low-permeability material (e.g., solidified
monolithic or compacted granular fill). In addition, analysis of eluates for dissolved organic carbon and
of the solid phase for total organic carbon allow for evaluation of the impact of organic carbon release
and the influence of dissolved organic carbon on the LSP of inorganic constituents.

1.3 This method is intended to be used as part of environmental leaching assessment for the
evaluation of disposal, beneficial use, treatment effectiveness and site remediation. The method is not
required by federal regulations to determine whether waste passes or fails the toxicity characteristic as
defined at 40 CFR 261.24.

1.4 This method is suitable for assessing the leaching potential of a wide range of solid
materials. Examples of solid materials include: industrial wastes, soils, sludges, combustion residues,
sediments, stabilized materials, construction materials, and mining wastes.

1.5 This method is a leaching characterization method used to provide intrinsic material
parameters that control leaching of inorganic species under equilibrium conditions. This test method is
intended as a means for obtaining an extract (i.e., the eluate) of a solid material which may be used to
estimate the solubility and release of inorganic constituents under the laboratory conditions described in
this method. Extract concentrations may be used in conjunction with information regarding
environmental management scenarios to estimate anticipated leaching concentrations, and release rate
and extent for individual material constituents in the management scenarios evaluated. Extract
concentrations may also be used along with geochemical speciation modeling to infer the mineral
phases that control the LSP in the pore structure of the solid material.

1.6 This method is not applicable to characterize the release of volatile organic analytes (e.qg.,
benzene, toluene and xylenes).

1.7 This method provides solutions that are considered to be indicative of leachate under field
conditions only where the field leaching pH and L/S ranges are encompassed by the laboratory extract
final conditions and the LSP is controlled by aqueous-phase saturation of the constituent of interest.
When LSP is controlled by the amount of the constituent present in the solid that may dissolve (i.e., for
highly soluble species), the mass released (mg/kg), rather than the concentration, is indicative of field
conditions.

1.8 The solvent used in this method is reagent water.

1.9 Analysts are advised to take reasonable measures to ensure that the sample is
homogenized to the extent practical prior to employment of this method. Particle size reduction may
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provide additional assurance of sample homogenization. Table 2 designates a minimum dry equivalent
mass of sample to be added to each extraction vessel and the associated extraction contact time as a
function maximum particle diameter. If the heterogeneity of the sample is suspected as the cause of
unacceptable levels of precision in replicate test results or is considered significant based on
professional judgment, the sample mass used in the test procedure may be increased to a greater
minimum dry equivalent mass than shown in Table 1 with the amount of extractant increased
proportionately to maintain the designated L/S.

1.10 In the preparation of solid materials for use in this method, particle size reduction of
samples with large grain size is used to enhance the approach towards liquid-solid equilibrium under
the designated contact time interval of the extract process. The extract contact time for samples
reduced to a finer maximum particle size will be shorter.

1.11 Prior to employing this method, analysts are advised to consult the base method for each
type of procedure that may be employed in the overall analysis (e.g., Methods 9040, 9045, and 9050)
for additional information on QC procedures, development of QC acceptance criteria, calculations, and
general guidance. Analysts also should consult the disclaimer statement at the front of the manual and
the information in Chapter Two for: 1) guidance on the intended flexibility in the choice of methods,
apparatus, materials, reagents, and supplies, and 2) the responsibilities of the analyst for
demonstrating that the techniqgues employed are appropriate for the analytes of interest, in the matrix of
interest, and at the levels of concern.

In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to federal testing requirements.
The information contained in this method is provided by the Environmental Protection Agency (EPA or
the Agency) as guidance to be used by the analyst and the regulated community in making judgments
necessary to generate results that meet the data quality objectives (DQOSs) for the intended application.

1.12 This method is restricted to use by, or under supervision of, properly experienced and
trained personnel. Each analyst must demonstrate the ability to generate acceptable results with this
method.

2.0 SUMMARY OF METHOD

This method consists of five parallel extractions of a particle size-reduced solid material in
reagent water over a range of L/S values from 0.5 to 10 mL eluent/g dry material (see Table 1). In
addition to the five test extractions, a method blank without solid sample is carried through the
procedure in order to verify that analyte interferences are not introduced as a consequence of reagent
impurities or equipment contamination. If multiple materials or replicate tests are carried out in parallel,
only one set of method blanks is necessary. In total, six bottles (i.e., five test positions and one method
blank) are tumbled in an end-over-end fashion for a specified contact time based on the maximum
particle size of the solid (see Table 2). At the end of the contact interval, the liquid and solid phases are
roughly separated via settling or centrifugation. Extract pH and specific conductance measurements
are then taken on an aliquot of the liquid phase. The bulk of the eluate is clarified by pressure or
vacuum filtration in preparation for constituent analysis. Analytical aliquots of the extracts are collected
and preserved accordingly based on the determinative methods to be performed. The eluate
constituent concentrations are plotted as a function of L/S and compared to QC and assessment limits.
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3.0 DEFINITIONS

3.1 Constituent of potential concern (COPC) — A chemical species of interest, which may or
may not be regulated, but may be characteristic of release-controlling properties of the sample
geochemistry.

3.2 Release — The dissolution or partitioning of a COPC from the solid phase to the aqueous
phase during laboratory testing (or under field conditions). In this method, mass release is expressed
in units of mg COPC/kg dry solid material.

3.3 Liquid-solid partitioning (LSP) — The distribution of COPCs between the solid and liquid
phases at the conclusion of the extraction.

3.4 Liquid-to-solid ratio (L/S) — The fraction of the total liquid volume (including the moisture
contained in the "as used" solid sample) to the dry mass equivalent of the solid material. L/S is typically
expressed in volume units of liquid per dry mass of solid material (mL/g-dry).

3.5 "As-tested" sample — The solid sample at the conditions (e.g., moisture content and
particle-size distribution) present at the time of the start of the test procedure. The "as-tested"
conditions will differ from the "as-received" sample conditions if particle-size reduction and drying were
necessarily performed.

3.6 Dry-mass equivalent — The mass of "as-tested" (i.e., "wet") sample that equates to the
mass of dry solids plus associated moisture, based on the moisture content of the "as-tested" material.
The dry-mass equivalent is typically expressed in mass units of the "as-tested" sample (g).

3.7 Eluent — The solution used to contact the solid material in a leaching test. The eluent is
usually free of COPCs but may contain other species used to control the test conditions of the
extraction.

3.8 Eluate — The solution collected as an extract from a leaching test that contains the eluent
plus constituents leached from the solid phase.?

3.9 Refer to Chapter One, Chapter Three, and the manufacturers' instructions for definitions
that may be relevant to this procedure.

4.0 INTERFERENCES

Solvents, reagents, glassware, and other sample processing hardware may yield artifacts
and/or interferences to sample analysis. All of these materials must be demonstrated to be free from
interferences under the conditions of the analysis by analyzing method blanks. Specific selection of
reagents may be necessary. Refer to each method to be used for specific guidance on QC procedures

2 The definition of "eluate" is used in this method to differentiate the output solution of a leaching
test from the "leachate" solution collected from, or measured in, the field. The distinction between
terms is made to minimize confusion when comparing laboratory results to field data (Ref. 5).
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and to Chapters Three and Four for general guidance on glassware cleaning. Also refer to Methods
9040, 9045, and 9050 for a discussion of interferences.

5.0 SAFETY

This method does not address all safety issues associated with its use. The laboratory is
responsible for maintaining a safe work environment and a current awareness file of Occupational
Safety and Health Administration (OSHA) regulations regarding the safe handling of the chemicals
specified in this method. A reference file of material safety data sheets (MSDSs) should be available to
all personnel involved in these analyses.

6.0 EQUIPMENT AND SUPPLIES

The mention of trade names or commercial products in this manual is for illustrative purposes
only, and does not constitute an EPA endorsement or exclusive recommendation for use. The products
and instrument settings cited in SW-846 methods represent those products and settings used during
the method development or subsequently evaluated by the Agency. Glassware, reagents, supplies,
equipment, and settings other than those listed in this manual may be employed provided that method
performance appropriate for the intended application has been demonstrated and documented.

This section does not list all common laboratory glassware (e.g., beakers and flasks) that might
be used.

6.1 Extraction vessels

6.1.1 Six wide-mouth bottles (i.e., five for test positions plus one for a method blank)
constructed of inert material, resistant to high and low pH conditions and interaction with the
constituents of interest, as described in the following sections.

6.1.1.1 For the evaluation of inorganic COPCs, bottles made of high density
polyethylene (HDPE) (e.g., Nalgene #3140-0250 or equivalent), polypropylene (PP), or
polyvinyl chloride (PVC) are recommended.

6.1.1.2 For the evaluation of non-volatile organic and mixed organic/inorganic
COPCs, bottles made of glass or Type-316 stainless steel are recommended.
Polytetrafluoroethene (PTFE) is not recommended for non-volatile organics, due to the
sorption of species with high hydrophobicity (e.g., PAHs). Borosilicate glass is
recommended over other types of glass, especially when inorganic analytes are of
concern.

6.1.2. The extraction vessels must be of sufficient volume to accommodate both the
solid sample and an extractant volume based on the schedule of L/S values shown in Table 1.
For example, a 500-mL bottle is recommended when 100 g dry equivalent mass is contacted
with 200 mL of eluent (see T03 in Table 1).

6.1.3 The vessels must have a leak-proof seal that can sustain end-over-end tumbling
for the duration of the designated contact time.
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6.1.4 If centrifugation is anticipated to be beneficial for initial phase separation, the
extraction vessels should be capable of withstanding centrifugation at 4000 + 100 rpm for a
minimum of 10 + 2 min. Alternately, samples may be extracted in bottles that do not meet this
centrifugation specification (e.g., Nalgene I-Chem #311-0250 or equivalent) and the solid-liquid
slurries transferred into appropriate centrifugation vessels for phase separation as needed.

6.2 Balance — Capable of 0.01 g resolution for masses less than 500 g

6.3 Rotary tumbler — Capable of rotating the extraction vessels end-over-end at a constant
speed of 28 + 2 rpm (e.g., Environmental Express, Charleston, SC or equivalent)
NOTE: The holding capacity of tumblers may vary and modifications (e.g., packing or bottle-holding

inserts) may be necessary to accommodate the extraction vessels.

6.4 Filtration apparatus — Pressure or vacuum filtration apparatus composed of appropriate
materials to maximize collection of extracts and minimize loss of COPCs (e.g., Nalgene #300-4000 or
equivalent) (see Sec. 6.1)

6.5 Filtration membranes — Composed of polypropylene or equivalent material with an
effective pore size of 0.45 ym (e.g., Gelman Sciences GH Polypro #66548 from Fisher Scientific or
equivalent)

6.6 pH meter — Laboratory model capable of temperature compensation (e.g., Accumet 20,
Fisher Scientific or equivalent) with a minimum resolution of 0.1 pH units

6.7 pH combination electrode — Composed of chemically resistant materials

6.8 Conductivity meter — Laboratory model (e.g., Accumet 20, Fisher Scientific or equivalent),
with a minimum resolution of 5% of the measured value

6.9 Conductivity electrodes — Composed of chemically resistant materials

6.10 Adjustable-volume pipettor — Oxford Benchmate series or equivalent.

The necessary delivery range will depend on the buffering capacity of the solid material and
acid/base strength used in the test.

6.11 Disposable pipettor tips

6.12 Centrifuge (recommended) — Capable of centrifuging the extraction vessels at a rate of
4000 = 100 rpm for 10 = 2 min

7.0 REAGENTS AND STANDARDS

7.1 Reagent-grade chemicals, at a minimum, should be used in all tests. Unless otherwise
indicated, all reagents should conform to the specifications of the Committee on Analytical Reagents of
the American Chemical Society (ACS), where such specifications are available. Other grades may be
used, provided the reagents are of sufficiently high purity to permit use without lessening the accuracy
of the determination. Inorganic reagents and extracts should be stored in plastic to prevent interaction
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of constituents from glass containers. Organic reagents should be stored in glass to prevent leaching
of contaminants from plastic containers.

7.2 Reagent water must be interference free. All references to water in this method refer to
reagent water unless otherwise specified.

7.3 Consult Methods 9040 and 9050 for additional information regarding the preparation of
reagents required for pH and specific conductance measurements.

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 See Chapter Three, "Inorganic Analytes," and Chapter Four, "Organic Analytes," for
sample collection and preservation information.

8.2 All solid samples should be collected using an appropriate sampling plan.

8.3 All containers should be composed of materials that minimize interaction with solution
COPCs. For further information, see Chapters Three and Four.

8.4 Preservatives should not be added to samples before extraction.

8.5 Samples can be refrigerated, unless refrigeration results in an irreversible physical change
to the sample.

8.6 Analytical extracts or leachates should be preserved according to the guidance given in
the individual determinative methods for the COPCs.

8.7 Extract holding times should be consistent with the holding times specified in the individual
determinative methods for the COPCs.

9.0 QUALITY CONTROL

9.1 Referto Chapter One for guidance on quality assurance (QA) and quality control (QC)
protocols. When inconsistencies exist between QC guidelines, method-specific QC criteria take
precedence over both technique-specific criteria and Chapter One criteria, and technique-specific QC
criteria take precedence over Chapter One criteria. Any effort involving the collection of analytical data
should include development of a structured and systematic planning document, such as a quality
assurance project plan (QAPP) or a sampling and analysis plan (SAP), which translates project
objectives and specifications into directions for those who will implement the project and assess the
results.

Each laboratory should maintain a formal QA program. The laboratory should also maintain
records to document the quality of the data generated. Development of in-house QC limits for each
method is encouraged. Use of instrument-specific QC limits is encouraged, provided such limits will
generate data appropriate for use in the intended application. All data sheets and QC data should be
maintained for reference or inspection.
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9.2 In order to demonstrate the purity of reagents and sample contact surfaces, a method
blank (e.g., a bottle without solid material but with eluent carried through the extraction, filtration and
analytical sample preparation process) should be tested.

9.3 The analysis of extracts should follow appropriate QC procedures, as specified in the
determinative methods for the COPCs. Refer to Chapter One for specific QC procedures.

9.4 Solid materials should be tested within one month of receipt unless the project requires
that the "as-received" samples are tested sooner (e.g., the material is part of a time-dependent study or
the material may change during storage due to oxidation or carbonation).

9.5 Initial demonstration of proficiency (IDP)

Leachate methods are not amenable to typical IDPs when reference materials with known
values are not available. However, prior to using this method an analyst should have documented
proficiency in the skills required for successful implementation of the method. For example, skill should
be demonstrated in the use of an analytical balance, the determination of pH using methods 9040 and
9045 and the determination of conductance using method 9050.

10.0 CALIBRATION AND STANDARDIZATION

10.1 The balance should be calibrated and certified, at a minimum, annually or in accordance
with laboratory policy.

10.2 Prior to measurement of eluate pH, the pH meter should be calibrated using a minimum
of two standards that bracket the range of pH measurements. Refer to Methods 9040 and 9045 for
additional guidance.

10.3 Prior to measurement of eluate conductivity, the meter should be calibrated using at least
one standard at a value greater than the range of conductivity measurements. Refer to Method 9050
for additional guidance.

11.0 PROCEDURE

A flowchart of the method is presented in Figure 1. Microsoft Excel® data templates are
available to aid in collecting and archiving of laboratory and analytical data.®

11.1 Particle size reduction (if required)

11.1.1 In this method, particle size reduction is used to prepare large-grained samples
for extraction so that the approach toward liquid-solid equilibrium is enhanced and mass
transport through large particles is minimized. A longer extract contact time is required for
larger maximum particle size designations. This method designates three maximum particle
sizes and associated contact times (see Table 2). The selection of an appropriate maximum

3 These Excel® templates form the basis for uploading method data into the data management program,
LeachXS Lite™. Both the data templates and LeachXS Lite™ are available at http://vanderbilt.edu/leaching.
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particle size from this table should be based on professional judgment regarding the practical
effort required to size reduce the solid material.

11.1.2 Particle size reduction of "as received" sample may be achieved through
crushing, milling, or grinding with equipment made from chemically inert materials. During the
reduction process, care should be taken to minimize loss of sample and potentially volatile
constituents in the sample.

11.1.3 If the moisture content of the "as-received" material is greater than 15% (wet
basis), air drying or desiccation may be necessary. Oven drying is not recommended for
preparation of test samples due to the potential for mineral alteration. In all cases, the moisture
content of the "as received" material should be recorded.

NOTE: If the solid material is susceptible to interaction with the atmosphere (e.g., carbonation,
oxidation), drying should be conducted in an inert environment.

11.1.4 When the material seems to be of a relatively uniform particle size, calculate the
percentage less than the sieve size as follows:

% Passing = M sievea = 100 %

total

Where: Msieved = Mmass of sample passing the sieve (g)
Miotar = mass of total sample (g) (e.g., Msieves + Mass not passing sieve)

11.1.5 The fraction retained by the sieve should be recycled for further particle size
reduction until at least 85% of the initial mass has been reduced below the designated
maximum particle size. Calculate and record the final percentage passing the sieve and the
designated maximum particle size. For the uncrushable fraction of the "as received" material,
record the fraction mass and nature (e.g., rock, metal or glass shards, etc).

11.1.6 Store the size-reduced material in an airtight container in order to prevent
contamination via gas exchange with the atmosphere. Store the container in a cool, dark and
dry place prior to use.

11.2 Determination of solids and moisture content

11.2.1 In order to provide the dry mass equivalent of the "as-tested" material, the solids
content of the subject material should be determined. Often, the moisture content of the solid
sample is recorded. In this method, the moisture content is determined and recorded on the
basis of the "wet" or "as-tested" sample.

WARNING: The drying oven should be contained in a hood or otherwise properly ventilated.
Significant laboratory contamination or inhalation hazards may result when drying
heavily contaminated samples. Consult the laboratory safety officer for proper handling
procedures prior to drying samples that may contain volatile, hazardous, flammable or
explosive materials.
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11.2.2 Place a 5 to 10-g sample of solid material into a tared dish or crucible. Dry the
sample to a constant mass at 105 + 2 °C. Check for constant mass by returning the dish to the
drying oven for 24 hours, cooling to room temperature in a desiccator and re-weighing. The two
mass readings should agree within the larger of 0.2% or 0.02 g.

NOTE: The oven-dried sample is not used for the extraction and should be properly disposed of
once the dry mass is determined.

11.2.3 Calculate and report the solids content as follows:

Where: SC = solids content of "as-tested" material (g-dry/g)
Mary = mass of dry material specified in the method (g-dry)
Miest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.2.4 Calculate and report the moisture content (wet basis) as follows:

Mtest - l\/Idry

MCwet = M

test

Where: MCwey = moisture content on a wet basis (gw,0/g)

Mary = mass of dry material specified in the method (g-dry)
Miest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.3 Extraction setup schedule (Microsoft Excel® spreadsheet template available at
http://www.vanderbilt.edu/leaching/downloads/test-methods/).

An Excel® template accompanies this method and may be used to set up the extraction

schedule. If using the provided template, disregard Sec. 11.3 and proceed to the extraction procedure
Sec. 11.4.

11.3.1 Using the schedule shown in Table 1 as a guide, set up five test extractions and
one method blank. The mass of solids in an extraction may be scaled to minimize headspace in
each extraction vessel. However, the volume of eluent should always be based on the target
L/S in Column B of Table 1.

11.3.2 Calculate and record the amount of "as-tested" material equivalent to the dry
mass in Column D of Table 1 as follows:

I\/Idry
SC

Where: Miest = mass of "as-tested" solid equivalent to the dry-material mass (g)
Mary = mass of dry material specified in the method (g-dry)
SC = solids content of "as-tested" material (g-dry/g)

M test —

11.3.3 Calculate and record the volume of moisture contained in the "as-tested" sample
in Column E of Table 1 as follows:
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_ Mtest X (1_ SC)
,sample ,OW

Where: Vwsample = VOlume of water in the “as tested” sample (mL)
Meest = mass of "as-tested" solid equivalent to the dry-material mass (g)
SC = solids content of the "as tested" sample (g-dry/g)
pw = density of water (1.0 g/mL at room temperature)

VW

11.3.4 Calculate and record the volume of reagent water required to bring each
extraction to the target L/S in Column F of Table 1 as follows:

Vew = Mgy X LS - Vw sample

Where: Vrw = volume of reagent water required to complete L/S (mL)
Mary = mass of dry material specified in the method (g-dry)
LS = liquid-to-dry-solid ratio (10 mL/qg)
Vw sample = VOlume of water in "as tested" sample (mL)

The size of the extraction bottle should be sufficient to contain the combined volume of
solid material and eluent, ideally with a minimum amount of headspace.

11.4 Extraction procedure

11.4.1 Label five bottles with test position numbers and an additional bottle as a
method blank according to Column A in Table 1.

11.4.2 Place the dry-mass equivalent (+ 0.1 g) of "as-tested" sample as shown in
Column D in Table 1 into each of the five test position extraction vessels.

NOTE: Do not put solid material in the method blank extraction vessel.

11.4.3 Add the appropriate volume (+ 0.5 mL) of reagent water to both the test position
and method blank extraction vessels as specified in Column F of Table 1.

11.4.4 Tighten the leak-proof lid on each bottle and tumble all extractions (i.e., test
positions and method blanks) in an end-over-end fashion at a speed of 28 + 2 rpm at room
temperature (20 £ 2 °C). The contact time for this method will vary depending on the maximum
particle size as shown in Table 2.

NOTE: The length of the contact time is designed to enhance the approach toward liquid-solid
equilibrium. Longer contact times are required for larger particles to compensate for the
effects of intra-particle diffusion. See Table 2 for required contact times based on the
maximum particle size.

11.4.5 Remove the extraction vessels from the rotary tumbler and clarify the extracts
by allowing the bottles to stand for 15 £ 5 min. Alternately, centrifuge the extraction vessels at
4000 * 100 rpm for 10 + 2 min.

NOTE: If clarification is significantly incomplete after settling or centrifugation, eluate
measurements for pH, conductivity, and oxidization-reduction potential (ORP) may be
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taken on filtered samples. In this case, perform the filtration in Sec. 11.4.8 prior to eluate
measurement in Sec. 11.4.6 and note the deviation from the written procedure.

CAUTION: Following separation from the solid phase, eluate samples lack the buffering
provided by the solid phase and therefore may be susceptible to pH change resulting
from interaction with air.

11.4.6 For each extraction vessel, decant a minimum volume (approximately 5 mL) of
clear, unpreserved supernatant into a clean container.

11.4.7 Measure and record the pH, specific conductivity, and ORP of the extracts (see
Methods 9040, 9045, and 9050).

NOTE: Measurement of pH, conductivity, and ORP should be taken within 15 minutes of eluate
processing (Sec. 11.4.8) to avoid neutralization of the solution due to exposure to carbon
dioxide, especially when alkaline materials are tested.

NOTE: The measurement of ORP is optional, but strongly recommended, especially when
testing materials where oxidation is likely to change the LSP of COPCs.

11.4.8 Separate the solid from the remaining liquid in each extraction vessel by
pressure or vacuum filtration through a clean 0.45-um pore size membrane (Sec. 6.5). The
filtration apparatus may be exchanged for a clean apparatus as often as necessary until all
liquid has been filtered.

11.4.9 Immediately, preserve and store the volume(s) of eluate required for chemical
analysis. Preserve all analytical samples in a manner that is consistent with the determinative
chemical analyses to be performed.

12.0 DATA ANALYSIS AND CALCULATIONS (EXCEL® TEMPLATE PROVIDED)
12.1 Data reporting

12.1.1 Figure 2 shows an example of a data sheet that may be used to report the
concentration results of this method. This example is included in the Excel® template. At a
minimum, the basic test report should include:

a) Name of the laboratory

b) Laboratory technical contact information

c) Date and time at the start of the test

d) Name or code of the solid material

e) Particle size (85 wt% less than designated particle size)
f) Ambient temperature during extraction (°C)

g) Extraction contact time (h)

h) Eluate-specific information (see Sec. 12.1.2 below)
12.1.2 The minimum set of data that should be reported for each eluate includes:
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a) Eluate sample ID
b) Target L/S (mL/g-dry)
c) Mass of "as tested" solid material used (g)

d) Moisture content of material used (gn,0/9)

e) Volume of eluent used (mL)

f) Measured final eluate pH

g) Measured eluate conductivity (mS/cm)
h) Measured ORP (mV) (optional)

i) Concentrations of all COPCs

i) Analytical QC qualifiers as appropriate

12.2 Data interpretation and presentation (optional)
12.2.1 LSP curve

12.2.1.1 A constituent LSP curve can be generated for each COPC after
chemical analysis of all extracts by plotting the constituent concentration in the liquid
phase as a function of L/S used for each extraction. The curve indicates the equilibrium
concentration of the COPC as a function of L/S at the natural pH.

12.2.1.2 The lower limit of quantitation (LLOQ) for the analytical technique for
each COPC may be shown as a horizontal line. COPC concentrations below this line
indicate negligible or non-quantitative concentrations.

NOTE: The LLOQ is highly matrix-dependent and should be determined as part of a
QA/QC plan.

12.2.1.3 Figure 3 provides example LSP curves as a function of L/S for a coal
combustion fly ash and a coal combustion flue gas desulfurization filter cake.

13.0 METHOD PERFORMANCE

13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance. The data do not represent required performance criteria for users of the
methods. Instead, performance criteria should be developed on a project-specific basis, and the
laboratory should establish in-house QC performance criteria for the application of this method.
Performance data must not be used as absolute QC acceptance criteria for purposes of laboratory QC
or accreditation.

13.2 Interlaboratory validation of this method was conducted using a coal combustion fly ash
(material code EaFA), a contaminated smelter site soil (material code CFS) and a solidified waste
analog (material code SWA). The median values and inner quartile ranges (IQRs) for repeatability and
reproducibility were determined for eluate concentration results across all study materials and pH target
values (see Table 3). More details on the interlaboratory validation may be found in Ref. 2.
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13.3 Ref. 1 and Ref. 4 may provide additional guidance and insight on the use, performance
and application of this method.

14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technigue that reduces or eliminates the quantity
and/or toxicity of waste at the point of generation. Numerous opportunities for pollution prevention exist
in laboratory operations. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first choice.
Whenever feasible, laboratory personnel should use pollution prevention techniques to address their
waste generation. When wastes cannot be feasibly reduced at the source, the Agency recommends
recycling as the next best option.

14.2 For information about pollution prevention that may be applicable to laboratories and
research institutions consult Less is Better: Laboratory Chemical Management for Waste Reduction, a
free publication available from the ACS, Committee on Chemical Safety,
http://portal.acs.org/portal/fileFetch/C/WPCP_012290/pdf/WPCP_012290.pdf.

15.0 WASTE MANAGEMENT

The EPA requires that laboratory waste management practices be conducted consistent with all
applicable rules and regulations. Laboratories are urged to protect the air, water, and land by
minimizing and controlling all releases from hoods and bench operations, complying with the letter and
spirit of any sewer discharge permits and regulations, and by complying with all solid and hazardous
waste regulations, particularly the hazardous waste identification rules and land disposal restrictions.
For further information on waste management, consult The Waste Management Manual for Laboratory
Personnel available from ACS at the web address listed in Sec. 14.2.

16.0 REFERENCES

1. A.C. Garrabrants, D.S. Kosson, H.A. van der Sloot, F. Sanchez, and O. Hjelmar, "Background
Information for the Leaching Environmental Assessment Framework (LEAF) Test Methods,"
EPA/600/R-10-170, U.S. Environmental Protection Agency, Washington, DC, 2010.

2. A.C. Garrabrants, D.S. Kosson, L. Stefanski, R. DeLapp, P.F.A.B. Seignette, H.A. van der
Sloot, P. Kariher, and M. Baldwin, "Interlaboratory Validation of the Leaching Environmental
Assessment (LEAF) Method 1313 and Method 1316," EPA 600/R-12/623, Environmental
Protection Agency, Washington DC, 2012.

3. D.S. Kosson, F. Sanchez, P. Kariher, L.H. Turner, R. DeLapp, and P. Seignette,
"Characterization of Coal Combustion Residues from Electric Utilities — Leaching and
Characterization Data," EPA-600/R-09/151, U.S. Environmental Protection Agency, Washington
DC, 2009.

4. D.S. Kosson, H.A. van der Sloot, F. Sanchez, and A.C. Garrabrants, "An Integrated Framework
for Evaluating Leaching in Waste Management and Ultilization of Secondary Materials,"
Environmental Engineering Science, 19(3) 159-204, 2002.

1316 - 14 Revision 1
July 2017



R000116

5. EN12457, "Characterization of Waste — Leaching — Compliance Test for Leaching of Granular
Waste Materials and Sludges," Comité Européen de Normalisation, Brussels, Belgium, 2001.

6. F. Sanchez, R. Keeney, D.S. Kosson, and R. DelLapp, "Characterization of Mercury-Enriched
Coal Combustion Residues from Electric Utilities Using Enhanced Sorbents for Mercury
Control," EPA-600/R-06/008, U.S. Environmental Protection Agency, Washington DC, 2006.

7. F. Sanchez, D.S. Kosson, R. Keeney, R. DeLapp, L. Turner, and P. Kariher, "Characterization

of Coal Combustion Residues from Electric Utilities Using Wet Scrubbers for Multi-Pollutant
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

The following pages contain the tables and figures referenced by this method.
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TABLE 1

EXAMPLE SCHEDULE FOR EXTRACTION SETUP

R000117

A B C D E F G
Test Target Minimum Dr Mass of "As- Moisture in Volume of | Recommended
Position Lg Mass (g-drygl Tested" "As-Tested" Reagent Bottle Size
Sample (g) Sample (mL) | Water (mL) (mL)
TO1 10.0 20 22.2 2.2 198 250
T02 5.0 40 44.4 4.4 196 250
TO3 2.0 100 111.1 11.1 189 500
TO4 1.0 200 222.2 22.2 178 500
TO5 0.5 400 444.4 44.4 156 1000
BO3 QC - - - 200 250
Total - - 844.4 - 1120 -
NOTE: 1) This schedule assumes a target liquid volume of 200 mL.

2) This schedule is based on "as tested" solids content of 0.90 g-dry/g.
3) Test position marked BO1 is a method blank of reagent water.

Table data modified from Ref. 4.

TABLE 2

EXTRACTION PARAMETERS AS FUNCTION OF MAXIMUM PARTICLE SIZE

Particle Size
(85% less US Sieve | Minimum Contact Recommended
than) Size Dry Mass Time Vessel size
(mm) (g-dry) (h) (mL)
0.3 50 20 £ 0.05 24 +2 250
2.0 10 40+0.1 48 £ 2 500
5.0 4 80+0.1 72+2 1000
1316 - 16 Revision 1
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FIGURE 1

METHOD FLOWCHART

Material of Interest

Is material at
appropriate particle
size?

no

Particle Size Reduction
(Section 11.1)

Solids/Moisture Content
(Section 11.2)

LS Ratio Schedule (Section 11.3)

Extraction Procedure
(Section 11.4)
Extraction Setup
Leachate pH, EC, Eh

Sample Preservation

< Extract Analysis

Documentation and Graphing
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FIGURE 2

EXAMPLE DATA REPORTING FORMAT

ABC Laboratories
123 Main Street
Anytown, USA

Contact: John Smith
(555) 111-1111

Material Code:
Material Type:
Date Received:

EPA METHOD 1316
Report of Analysis

Client Contact: Susan Jones
(555) 222-2222

FAX Particle Size: 88% passing 2-mm sieve
Coal Combustion Fly Ash Contact Time: 860 g
10/1/20xx Lab Temperature: 21+2°C

Test Start Date:  11/1/20xx Eluent Used: ASTM Type Il Water
Report Date:  12/1/20xx
Test
Position Replicate Value Units Method Note
TO1 A
Eluate Sample ID XYZ-1316-T01-A
Solid Material 40.0 g
Moisture Content 0.01 gn,0/9
Water Added 386.0 mL
Target L/S 10.0 mL/g-dry
Eluate pH 1.89 - EPA 9040
Eluate Conductivity 12.6 mS/cm EPA 9050
Eluate ORP 203 mv
Qc Dilution
Chemical Analysis Value Units Flag Method Date Factor
Al 216.0 mg/L EPA 6020 11/7/20xx 1000
As 7.64 mg/L EPA 6020 11/7/20xx 10
Cl <4.13 mg/L U EPA 9056 11/9/20xx 1
Test
Position Replicate Value Units Method Note
T02 A
Eluate Sample ID XYZ-1316-T02-A
Solid Material 20.0 g
Moisture Content 0.01 Oh,0/9
Water Added 400.0 mL
Target L/S 5.0 mL/g-
Eluate pH 3.86 - EPA 9040
Eluate Conductivity 0.99 mS/em EPA 9050
Eluate ORP 180 mv
QcC ~ Dilution
Chemical Analysis Value Units Flag Method Date Factor
Al 449.0 mg/L EPA 6020 11/7/20xx 1000
As 97.9 mg/L EPA 6020 11/7/20xx 10
Cl <4.13 mg/L U EPA 9056 11/7/20xx 1
QC Flag Key: U Value below lower limit of quantitation as reported (<"LLOQ")
1316 - 19 Revision 1
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FIGURE 3
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EXAMPLE CONCENTRATON RESULTS FROM A COAL COMBUSTION FLY ASH AND
FLUE-GAS DESULFURIZATION FILTER CAKE
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U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION I

LOW STRESS (low flow) PURGING AND SAMPLING
PROCEDURE FOR THE COLLECTION OF
GROUNDWATER SAMPLES
FROM MONITORING
WELLS

Quality Assurance Unit
U.S. Environmental Protection Agency — Region 1
11 Technology Drive
North Chelmsford, MA 01863

The controlled version of this document is the electronic version viewed on-line only. If thisis a
printed copy of the document, it is an uncontrolled version and may or may not be the version
currently in use.

This document contains direction developed solely to provide guidance to U.S. Environmental
Protection Agency (EPA) personnel. EPA retains the discretion to adopt approaches that differ
from these procedures on a case-by-case basis. The procedures set forth do not create any rights,
substantive or procedural, enforceable at law by party to litigation with EPA or the United States.
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Approved by:
(John Smaldone, Quality Assurance Unit) Date
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1.0 USE OF TERMS

Equipment blank: The equipment blank shall include the pump and the pump's tubing. If tubing
is dedicated to the well, the equipment blank needs only to include the pump in subsequent
sampling rounds. If the pump and tubing are dedicated to the well, the equipment blank is
collected prior to its placement in the well. If the pump and tubing will be used to sample
multiple wells, the equipment blank is normally collected after sampling from contaminated
wells and not after background wells.

Field duplicates: Field duplicates are collected to determine precision of the sampling procedure.
For this procedure, collect duplicate for each analyte group in consecutive order (VOC original,
VOC duplicate, SVOC original, SVOC duplicate, etc.).

Indicator field parameters: This SOP uses field measurements of turbidity, dissolved oxygen,
specific conductance, temperature, pH, and oxidation/reduction potential (ORP) as indicators of
when purging operations are sufficient and sample collection may begin.

Matrix Spike/Matrix Spike Duplicates: Used by the laboratory in its quality assurance program.
Consult the laboratory for the sample volume to be collected.

Potentiometric Surface: The level to which water rises in a tightly cased well constructed in a
confined aquifer. In an unconfined aquifer, the potentiometric surface is the water table.

QAPP: Quality Assurance Project Plan

SAP: Sampling and Analysis Plan

SOP: Standard operating procedure

Stabilization: A condition that is achieved when all indicator field parameter measurements are
sufficiently stable (as described in the “Monitoring Indicator Field Parameters” section) to allow
sample collection to begin.

Temperature blank: A temperature blank is added to each sample cooler. The blank is

measured upon receipt at the laboratory to assess whether the samples were properly cooled
during transit.

Trip blank (VOCs): Trip blank is a sample of analyte-free water taken to the sampling site and
returned to the laboratory. The trip blanks (one pair) are added to each sample cooler that
contains VOC samples.
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20 SCOPE & APPLICATION

The goal of this groundwater sampling procedure is to collect water samples that reflect the
total mobile organic and inorganic loads (dissolved and colloidal sized fractions)
transported through the subsurface under ambient flow conditions, with minimal physical
and chemical alterations from sampling operations. This standard operating procedure
(SOP) for collecting groundwater samples will help ensure that the project’s data quality
objectives (DQOs) are met under certain low-flow conditions.

The SOP emphasizes the need to minimize hydraulic stress at the well-aquifer interface by
maintaining low water-level drawdowns, and by using low pumping rates during purging
and sampling operations. Indicator field parameters (e.g., dissolved oxygen, pH, etc.) are
monitored during purging in order to determine when sample collection may begin.
Samples properly collected using this SOP are suitable for analysis of groundwater
contaminants (volatile and semi-volatile organic analytes, dissolved gases, pesticides,
PCBs, metals and other inorganics), or naturally occurring analytes. This SOP is based on
Puls, and Barcelona (1996).

This procedure is designed for monitoring wells with an inside diameter (1.5-inches or
greater) that can accommodate a positive lift pump with a screen length or open interval
ten feet or less and with a water level above the top of the screen or open interval
(Hereafter, the “screen or open interval” will be referred to only as “screen interval”). This
SOP is not applicable to other well-sampling conditions.

While the use of dedicated sampling equipment is not mandatory, dedicated pumps and
tubing can reduce sampling costs significantly by streamlining sampling activities and
thereby reducing the overall field costs.

The goal of this procedure is to emphasize the need for consistency in deploying and
operating equipment while purging and sampling monitoring wells during each sampling
event. This will help to minimize sampling variability.

This procedure describes a general framework for groundwater sampling. Other site
specific information (hydrogeological context, conceptual site model (CSM), DQOs, etc.)
coupled with systematic planning must be added to the procedure in order to develop an
appropriate site specific SAP/QAPP. In addition, the site specific SAP/QAPP must
identify the specific equipment that will be used to collect the groundwater samples.

This procedure does not address the collection of water or free product samples from wells
containing free phase LNAPLs and/or DNAPLs (light or dense non-aqueous phase
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liquids). For this type of situation, the reader may wish to check: Cohen, and Mercer
(1993) or other pertinent documents.

This SOP is to be used when collecting groundwater samples from monitoring wells at all
Superfund, Federal Facility and RCRA sites in Region 1 under the conditions described
herein. Request for modification of this SOP, in order to better address specific situations
at individual wells, must include adequate technical justification for proposed changes. All
changes and modifications must be approved and included in a revised SAP/QAPP before
implementation in field.

3.0 BACKGROUND FOR IMPLEMENTATION

It is expected that the monitoring well screen has been properly located (both laterally and
vertically) to intercept existing contaminant plume(s) or along flow paths of potential
contaminant migration. Problems with inappropriate monitoring well placement or
faulty/improper well installation cannot be overcome by even the best water sampling
procedures. This SOP presumes that the analytes of interest are moving (or will potentially
move) primarily through the more permeable zones intercepted by the screen interval.

Proper well construction, development, and operation and maintenance cannot be
overemphasized. The use of installation techniques that are appropriate to the
hydrogeologic setting of the site often prevent "problem well" situations from occurring.
During well development, or redevelopment, tests should be conducted to determine the
hydraulic characteristics of the monitoring well. The data can then be used to set the
purging/sampling rate, and provide a baseline for evaluating changes in well performance
and the potential need for well rehabilitation. Note: if this installation data or well history
(construction and sampling) is not available or discoverable, for all wells to be sampled,
efforts to build a sampling history should commence with the next sampling event.

The pump intake should be located within the screen interval and at a depth that will
remain under water at all times. It is recommended that the intake depth and pumping rate
remain the same for all sampling events. The mid-point or the lowest historical midpoint of
the saturated screen length is often used as the location of the pump intake. For new wells,
or for wells without pump intake depth information, the site’s SAP/QAPP must provide
clear reasons and instructions on how the pump intake depth(s) will be selected, and
reason(s) for the depth(s) selected. If the depths to top and bottom of the well screen are
not known, the SAP/QAPP will need to describe how the sampling depth will be
determined and how the data can be used.

Stabilization of indicator field parameters is used to indicate that conditions are suitable for
sampling to begin. Achievement of turbidity levels of less than 5 NTU, and stable
drawdowns of less than 0.3 feet, while desirable, are not mandatory. Sample collection
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may still take place provided the indicator field parameter criteria in this procedure are
met. If after 2 hours of purging indicator field parameters have not stabilized, one of three
optional courses of action may be taken: a) continue purging until stabilization is
achieved, b) discontinue purging, do not collect any samples, and record in log book that
stabilization could not be achieved (documentation must describe attempts to achieve
stabilization), ¢) discontinue purging, collect samples and provide full explanation of
attempts to achieve stabilization (note: there is a risk that the analytical data obtained,
especially metals and strongly hydrophobic organic analytes, may reflect a sampling bias
and therefore, the data may not meet the data quality objectives of the sampling event).

It is recommended that low-flow sampling be conducted when the air temperature is above
32°F (0°C). If the procedure is used below 32°F, special precautions will need to be taken
to prevent the groundwater from freezing in the equipment. Because sampling during
freezing temperatures may adversely impact the data quality objectives, the need for water
sample collection during months when these conditions are likely to occur should be
evaluated during site planning and special sampling measures may need to be developed.
Ice formation in the flow-through-cell will cause the monitoring probes to act erratically.
A transparent flow-through-cell needs to be used to observe if ice is forming in the cell. If
ice starts to form on the other pieces of the sampling equipment, additional problems may
occur.

40 HEALTH & SAFETY

When working on-site, comply with all applicable OSHA requirements and the site’s
health/safety procedures. All proper personal protection clothing and equipment are to be
worn. Some samples may contain biological and chemical hazards. These samples should
be handled with suitable protection to skin, eyes, etc.

5.0 CAUTIONS

The following cautions need to be considered when planning to collect groundwater
samples when the below conditions occur.

If the groundwater degasses during purging of the monitoring well, dissolved gases and
VOCs will be lost. When this happens, the groundwater data for dissolved gases (e.qg.,
methane, ethene, ethane, dissolved oxygen, etc.) and VOCs will need to be qualified.

Some conditions that can promote degassing are the use of a vacuum pump (e.g., peristaltic
pumps), changes in aperture along the sampling tubing, and squeezing/pinching the
pump’s tubing which results in a pressure change.

When collecting the samples for dissolved gases and VOCs analyses, avoid aerating the
groundwater in the pump’s tubing. This can cause loss of the dissolved gases and VOCs in
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the groundwater. Having the pump’s tubing completely filled prior to sampling will avoid
this problem when using a centrifugal pump or peristaltic pump.

Direct sun light and hot ambient air temperatures may cause the groundwater in the tubing
and flow-through-cell to heat up. This may cause the groundwater to degas which will
result in loss of VOCs and dissolved gases. When sampling under these conditions, the
sampler will need to shade the equipment from the sunlight (e.g., umbrella, tent, etc.). If
possible, sampling on hot days, or during the hottest time of the day, should be avoided.
The tubing exiting the monitoring well should be kept as short as possible to avoid the sun
light or ambient air from heating up the groundwater.

Thermal currents in the monitoring well may cause vertical mixing of water in the well
bore. When the air temperature is colder than the groundwater temperature, it can cool the
top of the water column. Colder water which is denser than warm water sinks to the
bottom of the well and the warmer water at the bottom of the well rises, setting up a
convection cell. “During low-flow sampling, the pumped water may be a mixture of
convecting water from within the well casing and aquifer water moving inward through the
screen. This mixing of water during low-flow sampling can substantially increase
equilibration times, can cause false stabilization of indicator parameters, can give false
indication of redox state, and can provide biological data that are not representative of the
aquifer conditions” (VVroblesky 2007).

Failure to calibrate or perform proper maintenance on the sampling equipment and
measurement instruments (e.g., dissolved oxygen meter, etc.) can result in faulty data
being collected.

Interferences may result from using contaminated equipment, cleaning materials, sample
containers, or uncontrolled ambient/surrounding air conditions (e.g., truck/vehicle exhaust
nearby).

Cross contamination problems can be eliminated or minimized through the use of
dedicated sampling equipment and/or proper planning to avoid ambient air interferences.
Note that the use of dedicated sampling equipment can also significantly reduce the time
needed to complete each sampling event, will promote consistency in the sampling, and
may reduce sampling bias by having the pump’s intake at a constant depth.

Clean and decontaminate all sampling equipment prior to use. All sampling equipment
needs to be routinely checked to be free from contaminants and equipment blanks collected
to ensure that the equipment is free of contaminants. Check the previous equipment blank
data for the site (if they exist) to determine if the previous cleaning procedure removed the
contaminants. If contaminants were detected and they are a concern, then a more vigorous
cleaning procedure will be needed.
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6.0 PERSONNEL QUALIFICATIONS

All field samplers working at sites containing hazardous waste must meet the requirements
of the OSHA regulations. OSHA regulations may require the sampler to take the 40 hour
OSHA health and safety training course and a refresher course prior to engaging in any
field activities, depending upon the site and field conditions.

The field samplers must be trained prior to the use of the sampling equipment, field
instruments, and procedures. Training is to be conducted by an experienced sampler
before initiating any sampling procedure.

The entire sampling team needs to read, and be familiar with, the site Health and Safety
Plan, all relevant SOPs, and SAP/QAPP (and the most recent amendments) before going
onsite for the sampling event. It is recommended that the field sampling leader attest to the
understanding of these site documents and that it is recorded.

7.0 EQUIPMENT AND SUPPLIES
A. Informational materials for sampling event

A copy of the current Health and Safety Plan, SAP/QAPP, monitoring well construction
data, location map(s), field data from last sampling event, manuals for sampling, and the
monitoring instruments’ operation, maintenance, and calibration manuals should be
brought to the site.

B. Well keys.
C. Extraction device

Adjustable rate, submersible pumps (e.g., centrifugal, bladder, etc.) which are constructed
of stainless steel or polytetrafluoroethylene (PTFE, i.e. Teflon®) are preferred. PTFE,
however, should not be used when sampling for per- and polyfluoroalkyl substances
(PFAS) as it is likely to contain these substances.

Note: If extraction devices constructed of other materials are to be used, adequate
information must be provided to show that the substituted materials do not leach
contaminants nor cause interferences to the analytical procedures to be used. Acceptance
of these materials must be obtained before the sampling event.
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If bladder pumps are selected for the collection of VOCs and dissolved gases, the pump
setting should be set so that one pulse will deliver a water volume that is sufficient to

fill a 40 mL VOC vial. This is not mandatory, but is considered a “best practice”. For the
proper operation, the bladder pump will need a minimum amount of water above the
pump; consult the manufacturer for the recommended submergence. The pump’s
recommended submergence value should be determined during the planning stage, since it
may influence well construction and placement of dedicated pumps where water-level
fluctuations are significant.

Adjustable rate, peristaltic pumps (suction) are to be used with caution when collecting
samples for VOCs and dissolved gases (e.g., methane, carbon dioxide, etc.) analyses.
Additional information on the use of peristaltic pumps can be found in Appendix A.

If peristaltic pumps are used, the inside diameter of the rotor head tubing needs to match
the inside diameter of the tubing installed in the monitoring well.

Inertial pumping devices (motor driven or manual) are not recommended. These devices
frequently cause greater disturbance during purging and sampling, and are less easily
controlled than submersible pumps (potentially increasing turbidity and sampling
variability, etc.). This can lead to sampling results that are adversely affected by purging
and sampling operations, and a higher degree of data variability.

D. Tubing

PTFE (Teflon®) or PTFE-lined polyethylene tubing are preferred when sampling is to
include VOCs, SVOC:s, pesticides, PCBs and inorganics. As discussed in the previous
section, PTFE tubing should not be used when sampling for PFAS. In this case, a suitable
alternative such as high-density polyethylene tubing should be used.

PVC, polypropylene or polyethylene tubing may be used when collecting samples for
metal and other inorganics analyses.

Note: If tubing constructed of other materials is to be used, adequate information must be
provided to show that the substituted materials do not leach contaminants nor cause
interferences to the analytical procedures to be used. Acceptance of these materials must
be obtained before the sampling event.

The use of 1/4 inch or 3/8 inch (inside diameter) tubing is recommended. This will help
ensure that the tubing remains liquid filled when operating at very low pumping rates when
using centrifugal and peristaltic pumps.
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Silastic tubing should be used for the section around the rotor head of a peristaltic pump.
It should be less than a foot in length. The inside diameter of the tubing used at the pump
rotor head must be the same as the inside diameter of tubing placed in the well. A tubing
connector is used to connect the pump rotor head tubing to the well tubing. Alternatively,
the two pieces of tubing can be connected to each other by placing the one end of the
tubing inside the end of the other tubing. The tubing must not be reused.

E. The water level measuring device

Electronic tape”, pressure transducer, water level sounder/level indicator, etc. should be
capable of measuring to 0.01 foot accuracy. Recording pressure transducers, mounted
above the pump, are especially helpful in tracking water levels during pumping operations,
but their use must include check measurements with a water level “tape” at the start and
end of each sampling event.

F. Flow measurement supplies

Graduated cylinder (size according to flow rate) and stopwatch usually will suffice.

Large graduated bucket used to record total water purged from the well.

G. Interface probe

To be used to check on the presence of free phase liquids (LNAPL, or DNAPL) before
purging begins (as needed).

H. Power source (generator, nitrogen tank, battery, etc.)

When a gasoline generator is used, locate it downwind and at least 30 feet from the well so
that the exhaust fumes do not contaminate samples.

I. Indicator field parameter monitoring instruments

Use of a multi-parameter instrument capable of measuring pH, oxidation/reduction
potential (ORP), dissolved oxygen (DO), specific conductance, temperature, and coupled
with a flow-through-cell is required when measuring all indicator field parameters, except
turbidity. Turbidity is collected using a separate instrument. Record equipment/instrument
identification (manufacturer, and model number).

Transparent, small volume flow-through-cells (e.g., 250 mLs or less) are preferred. This
allows observation of air bubbles and sediment buildup in the cell, which can interfere with
the operation of the monitoring instrument probes, to be easily detected. A small volume
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cell facilitates rapid turnover of water in the cell between measurements of the indicator
field parameters.

It is recommended to use a flow-through-cell and monitoring probes from the same
manufacturer and model to avoid incompatibility between the probes and flow-through-
cell.

Turbidity samples are collected before the flow-through-cell. A “T” connector coupled
with a valve is connected between the pump’s tubing and flow-through-cell. When a
turbidity measurement is required, the valve is opened to allow the groundwater to flow
into a container. The valve is closed and the container sample is then placed in the
turbidimeter.

Standards are necessary to perform field calibration of instruments. A minimum of two
standards are needed to bracket the instrument measurement range for all parameters
except ORP which use a Zobell solution as a standard. For dissolved oxygen, a wet
sponge used for the 100% saturation and a zero dissolved oxygen solution are used for the
calibration.

Barometer (used in the calibration of the Dissolved Oxygen probe) and the conversion
formula to convert the barometric pressure into the units of measure used by the Dissolved
Oxygen meter are needed.

J. Decontamination supplies

Includes (for example) non-phosphate detergent, distilled/deionized water, isopropyl
alcohol, etc.

K. Record keeping supplies

Logbook(s), well purging forms, chain-of-custody forms, field instrument calibration
forms, etc.

L. Sample bottles
M. Sample preservation supplies (as required by the analytical methods)
N. Sample tags or labels

O. PID or FID instrument
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If appropriate, to detect VOCs for health and safety purposes, and provide qualitative field
evaluations.

P. Miscellaneous Equipment

Equipment to keep the sampling apparatus shaded in the summer (e.g., umbrella) and from
freezing in the winter. If the pump’s tubing is allowed to heat up in the warm weather, the
cold groundwater may degas as it is warmed in the tubing.

8.0 EQUIPMENT/INSTRUMENT CALIBRATION

Prior to the sampling event, perform maintenance checks on the equipment and
instruments according to the manufacturer’s manual and/or applicable SOP. This will
ensure that the equipment/instruments are working properly before they are used in the
field.

Prior to sampling, the monitoring instruments must be calibrated and the calibration
documented. The instruments are calibrated using U.S Environmental Protection Agency
Region 1 Calibration of Field Instruments (temperature, pH, dissolved oxygen,
conductivity/specific conductance, oxidation/reduction [ORP], and turbidity), March 23,
2017, or latest version or from one of the methods listed in 40CFR136, 40CFR141 and
SW-846.

The instruments shall be calibrated at the beginning of each day. If the field measurement
falls outside the calibration range, the instrument must be re-calibrated so that all
measurements fall within the calibration range. At the end of each day, a calibration check
is performed to verify that instruments remained in calibration throughout the day. This
check is performed while the instrument is in measurement mode, not calibration mode. If
the field instruments are being used to monitor the natural attenuation parameters, then a
calibration check at mid-day is highly recommended to ensure that the instruments did not
drift out of calibration. Note: during the day if the instrument reads zero or a negative
number for dissolved oxygen, pH, specific conductance, or turbidity (negative value only),
this indicates that the instrument drifted out of calibration or the instrument is
malfunctioning. If this situation occurs the data from this instrument will need to be
qualified or rejected.

9.0 PRELIMINARY SITE ACTIVITIES (as applicable)

Check the well for security (damage, evidence of tampering, missing lock, etc.) and record
pertinent observations (include photograph as warranted).
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If needed, lay out a sheet of clean polyethylene for monitoring and sampling equipment,
unless equipment is elevated above the ground (e.g., on a table, etc.).

Remove well cap and if appropriate measure VOCs at the rim of the well with a PID or
FID instrument and record reading in field logbook or on the well purge form.

If the well casing does not have an established reference point (usually a VV-cut or indelible
mark in the well casing), make one. Describe its location and record the date of the mark
in the logbook (consider a photographic record as well). All water level measurements
must be recorded relative to this reference point (and the altitude of this point should be
determined using techniques that are appropriate to site’s DQOs.

If water-table or potentiometric surface map(s) are to be constructed for the sampling
event, perform synoptic water level measurement round (in the shortest possible time)
before any purging and sampling activities begin. If possible, measure water level depth
(to 0.01 ft.) and total well depth (to 0.1 ft.) the day before sampling begins, in order to
allow for re-settlement of any particulates in the water column. This is especially
important for those wells that have not been recently sampled because sediment buildup in
the well may require the well to be redeveloped. If measurement of total well depth is not
made the day before, it should be measured after sampling of the well is complete. All
measurements must be taken from the established referenced point. Care should be taken
to minimize water column disturbance.

Check newly constructed wells for the presence of LNAPLs or DNAPLSs before the initial
sampling round. If none are encountered, subsequent check measurements with an
interface probe may not be necessary unless analytical data or field analysis signal a
worsening situation. This SOP cannot be used in the presence of LNAPLs or DNAPLs. If
NAPLs are present, the project team must decide upon an alternate sampling method. All
project modifications must be approved and documented prior to implementation.

If available check intake depth and drawdown information from previous sampling
event(s) for each well. Duplicate, to the extent practicable, the intake depth and extraction
rate (use final pump dial setting information) from previous event(s). If changes are made
in the intake depth or extraction rate(s) used during previous sampling event(s), for either
portable or dedicated extraction devices, record new values, and explain reasons for the
changes in the field logbook.

10.0 PURGING AND SAMPLING PROCEDURE

Purging and sampling wells in order of increasing chemical concentrations (known or
anticipated) are preferred.



R000137

EQASOP-GW4

Region 1 Low-Stress
(Low-Flow) SOP

Revision Number: 4

Date: July 30, 1996

Revised: September 19, 2017
Page 15 of 30

The use of dedicated pumps is recommended to minimize artificial mobilization and
entrainment of particulates each time the well is sampled. Note that the use of dedicated
sampling equipment can also significantly reduce the time needed to complete each
sampling event, will promote consistency in the sampling, and may reduce sampling bias
by having the pump’s intake at a constant depth.

A. Initial Water Level

Measure the water level in the well before installing the pump if a non-dedicated pump is
being used. The initial water level is recorded on the purge form or in the field logbook.

B. Install Pump

Lower pump, safety cable, tubing and electrical lines slowly (to minimize disturbance) into
the well to the appropriate depth (may not be the mid-point of the screen/open interval).
The Sampling and Analysis Plan/Quality Assurance Project Plan should specify the
sampling depth (used previously), or provide criteria for selection of intake depth for each
new well. If possible keep the pump intake at least two feet above the bottom of the well,
to minimize mobilization of particulates present in the bottom of the well.

Pump tubing lengths, above the top of well casing should be kept as short as possible to
minimize heating the groundwater in the tubing by exposure to sun light and ambient air
temperatures. Heating may cause the groundwater to degas, which is unacceptable for the
collection of samples for VOC and dissolved gases analyses.

C. Measure Water Level

Before starting pump, measure water level. Install recording pressure transducer, if used to
track drawdowns, to initialize starting condition.

D. Purge Well

From the time the pump starts purging and until the time the samples are collected, the
purged water is discharged into a graduated bucket to determine the total volume of
groundwater purged. This information is recorded on the purge form or in the field
logbook.

Start the pump at low speed and slowly increase the speed until discharge occurs. Check
water level. Check equipment for water leaks and if present fix or replace the affected
equipment. Try to match pumping rate used during previous sampling event(s).
Otherwise, adjust pump speed until there is little or no water level drawdown. If the
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minimal drawdown that can be achieved exceeds 0.3 feet, but remains stable, continue
purging.

Monitor and record the water level and pumping rate every five minutes (or as appropriate)
during purging. Record any pumping rate adjustments (both time and flow rate). Pumping
rates should, as needed, be reduced to the minimum capabilities of the pump to ensure
stabilization of the water level. Adjustments are best made in the first fifteen minutes of
pumping in order to help minimize purging time. During pump start-up, drawdown may
exceed the 0.3 feet target and then "recover"” somewhat as pump flow adjustments are
made. Purge volume calculations should utilize stabilized drawdown value, not the initial
drawdown. If the initial water level is above the top of the screen do not allow the water
level to fall into the well screen. The final purge volume must be greater than the
stabilized drawdown volume plus the pump’s tubing volume. If the drawdown has
exceeded 0.3 feet and stabilizes, calculate the volume of water between the initial water
level and the stabilized water level. Add the volume of the water which occupies the
pump’s tubing to this calculation. This combined volume of water needs to be purged
from the well after the water level has stabilized before samples are collected.

Avoid the use of constriction devices on the tubing to decrease the flow rate because the
constrictor will cause a pressure difference in the water column. This will cause the
groundwater to degas and result in a loss of VOCs and dissolved gasses in the groundwater
samples.

Note: the flow rate used to achieve a stable pumping level should remain constant while
monitoring the indicator parameters for stabilization and while collecting the samples.

Wells with low recharge rates may require the use of special pumps capable of attaining
very low pumping rates (e.g., bladder, peristaltic), and/or the use of dedicated equipment.
For new monitoring wells, or wells where the following situation has not occurred before,
if the recovery rate to the well is less than 50 mL/min., or the well is being essentially
dewatered during purging, the well should be sampled as soon as the water level has
recovered sufficiently to collect the volume needed for all anticipated samples. The project
manager or field team leader will need to make the decision when samples should be
collected, how the sample is to be collected, and the reasons recorded on the purge form or
in the field logbook. A water level measurement needs to be performed and recorded
before samples are collected. If the project manager decides to collect the samples using
the pump, it is best during this recovery period that the pump intake tubing not be
removed, since this will aggravate any turbidity problems. Samples in this specific
situation may be collected without stabilization of indicator field parameters. Note that
field conditions and efforts to overcome problematic situations must be recorded in order
to support field decisions to deviate from normal procedures described in this SOP. If this
type of problematic situation persists in a well, then water sample collection should be
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changed to a passive or no-purge method, if consistent with the site’s DQOs, or have a new
well installed.

E. Monitor Indicator Field Parameters

After the water level has stabilized, connect the “T” connector with a valve and the flow-
through-cell to monitor the indicator field parameters. If excessive turbidity is anticipated
or encountered with the pump startup, the well may be purged for a while without
connecting up the flow-through-cell, in order to minimize particulate buildup in the cell
(This is a judgment call made by the sampler). Water level drawdown measurements
should be made as usual. If possible, the pump may be installed the day before purging to
allow particulates that were disturbed during pump insertion to settle.

During well purging, monitor indicator field parameters (turbidity, temperature, specific
conductance, pH, ORP, DO) at a frequency of five minute intervals or greater. The
pump’s flow rate must be able to “turn over” at least one flow-through-cell volume
between measurements (for a 250 mL flow-through-cell with a flow rate of 50 mLs/min.,
the monitoring frequency would be every five minutes; for a 500 mL flow-through-cell it
would be every ten minutes). If the cell volume cannot be replaced in the five minute
interval, then the time between measurements must be increased accordingly. Note: during
the early phase of purging, emphasis should be put on minimizing and stabilizing pumping
stress, and recording those adjustments followed by stabilization of indicator parameters.
Purging is considered complete and sampling may begin when all the above indicator field
parameters have stabilized. Stabilization is considered to be achieved when three
consecutive readings are within the following limits:

Turbidity (10% for values greater than 5 NTU; if three Turbidity values are less

than 5 NTU, consider the values as stabilized),

Dissolved Oxygen (10% for values greater than 0.5 mg/L, if three Dissolved
Oxygen values are less than 0.5 mg/L, consider the values as
stabilized),

Specific Conductance (3%),

Temperature (3%),

pH (x 0.1 unit),

Oxidation/Reduction Potential (+10 millivolts).

All measurements, except turbidity, must be obtained using a flow-through-cell. Samples
for turbidity measurements are obtained before water enters the flow-through-cell.
Transparent flow-through-cells are preferred, because they allow field personnel to watch
for particulate build-up within the cell. This build-up may affect indicator field parameter
values measured within the cell. If the cell needs to be cleaned during purging operations,
continue pumping and disconnect cell for cleaning, then reconnect after cleaning and
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continue monitoring activities. Record start and stop times and give a brief description of
cleaning activities.

The flow-through-cell must be designed in a way that prevents gas bubble entrapment in
the cell. Placing the flow-through-cell at a 45 degree angle with the port facing upward can
help remove bubbles from the flow-through-cell (see Appendix B Low-Flow Setup
Diagram). Throughout the measurement process, the flow-through-cell must remain free
of any gas bubbles. Otherwise, the monitoring probes may act erratically. When the pump
is turned off or cycling on/off (when using a bladder pump), water in the cell must not
drain out. Monitoring probes must remain submerged in water at all times.

F. Collect Water Samples

When samples are collected for laboratory analyses, the pump’s tubing is disconnected
from the “T” connector with a valve and the flow-through-cell. The samples are collected
directly from the pump’s tubing. Samples must not be collected from the flow-through-cell
or from the “T”” connector with a valve.

VVOC samples are normally collected first and directly into pre-preserved sample
containers. However, this may not be the case for all sampling locations; the SAP/QAPP
should list the order in which the samples are to be collected based on the project’s
objective(s). Fill all sample containers by allowing the pump discharge to flow gently
down the inside of the container with minimal turbulence.

If the pump’s flow rate is too high to collect the VOC/dissolved gases samples, collect the
other samples first. Lower the pump’s flow rate to a reasonable rate and collect the
VOC/dissolved gases samples and record the new flow rate.

During purging and sampling, the centrifugal/peristaltic pump tubing must remain filled
with water to avoid aeration of the groundwater. It is recommended that 1/4 inch or 3/8
inch (inside diameter) tubing be used to help ensure that the sample tubing remains water
filled. If the pump tubing is not completely filled to the sampling point, use the following
procedure to collect samples: collect non-VOC/dissolved gases samples first, then increase
flow rate slightly until the water completely fills the tubing, collect the VOC/dissolved
gases samples, and record new drawdown depth and flow rate.

For bladder pumps that will be used to collect VOC or dissolved gas samples, it is
recommended that the pump be set to deliver long pulses of water so that one pulse will fill
a 40 mL VOC vial.

Use pre-preserved sample containers or add preservative, as required by analytical
methods, to the samples immediately after they are collected. Check the analytical methods
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(e.g. EPA SW-846, 40 CFR 136, water supply, etc.) for additional information on
preservation.

If determination of filtered metal concentrations is a sampling objective, collect filtered
water samples using the same low flow procedures. The use of an in-line filter (transparent
housing preferred) is required, and the filter size (0.45 um is commonly used) should be
based on the sampling objective. Pre-rinse the filter with groundwater prior to sample
collection. Make sure the filter is free of air bubbles before samples are collected.
Preserve the filtered water sample immediately. Note: filtered water samples are not an
acceptable substitute for unfiltered samples when the monitoring objective is to obtain
chemical concentrations of total mobile contaminants in groundwater for human health or
ecological risk calculations.

Label each sample as collected. Samples requiring cooling will be placed into a cooler
with ice or refrigerant for delivery to the laboratory. Metal samples after acidification to a
pH less than 2 do not need to be cooled.

G. Post Sampling Activities

If a recording pressure transducer is used to track drawdown, re-measure water level with
tape.

After collection of samples, the pump tubing may be dedicated to the well for re-sampling
(by hanging the tubing inside the well), decontaminated, or properly discarded.

Before securing the well, measure and record the well depth (to 0.1 ft.), if not measured the
day before purging began. Note: measurement of total well depth annually is usually
sufficient after the initial low stress sampling event. However, a greater frequency may be
needed if the well has a “silting” problem or if confirmation of well identity is needed.

Secure the well.
11.0 DECONTAMINATION

Decontaminate sampling equipment prior to use in the first well, and then following
sampling of each subsequent well. Pumps should not be removed between purging and
sampling operations. The pump, tubing, support cable and electrical wires which were in
contact with the well should be decontaminated by one of the procedures listed below.

The use of dedicated pumps and tubing will reduce the amount of time spent on
decontamination of the equipment. If dedicated pumps and tubing are used, only the initial
sampling event will require decontamination of the pump and tubing.
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Note if the previous equipment blank data showed that contaminant(s) were present after
using the below procedure or the one described in the SAP/QAPP, a more vigorous
procedure may be needed.

Procedure 1

Decontaminating solutions can be pumped from either buckets or short PVC casing
sections through the pump and tubing. The pump may be disassembled and flushed with
the decontaminating solutions. It is recommended that detergent and alcohol be used
sparingly in the decontamination process and water flushing steps be extended to ensure
that any sediment trapped in the pump is removed. The pump exterior and electrical wires
must be rinsed with the decontaminating solutions, as well. The procedure is as follows:

Flush the equipment/pump with potable water.

Flush with non-phosphate detergent solution. If the solution is recycled, the solution must
be changed periodically.

Flush with potable or distilled/deionized water to remove all of the detergent solution. If
the water is recycled, the water must be changed periodically.

Optional - flush with isopropyl alcohol (pesticide grade; must be free of ketones {e.g.,
acetone}) or with methanol. This step may be required if the well is highly contaminated or
if the equipment blank data from the previous sampling event show that the level of
contaminants is significant.

Flush with distilled/deionized water. This step must remove all traces of alcohol (if used)
from the equipment. The final water rinse must not be recycled.

Procedure 2
Steam clean the outside of the submersible pump.

Pump hot potable water from the steam cleaner through the inside of the pump. This can
be accomplished by placing the pump inside a three or four inch diameter PVC pipe with
end cap. Hot water from the steam cleaner jet will be directed inside the PVC pipe and the
pump exterior will be cleaned. The hot water from the steam cleaner will then be pumped
from the PVC pipe through the pump and collected into another container. Note: additives
or solutions should not be added to the steam cleaner.
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Pump non-phosphate detergent solution through the inside of the pump. If the solution is
recycled, the solution must be changed periodically.

Pump potable water through the inside of the pump to remove all of the detergent solution.
If the solution is recycled, the solution must be changed periodically.

Pump distilled/deionized water through the pump. The final water rinse must not be
recycled.

12.0 FIELD QUALITY CONTROL

Quality control samples are required to verify that the sample collection and handling
process has not compromised the quality of the groundwater samples. All field quality
control samples must be prepared the same as regular investigation samples with regard to
sample volume, containers, and preservation. Quality control samples include field
duplicates, equipment blanks, matrix spike/matrix spike duplicates, trip blanks (VOCs),
and temperature blanks.

13.0 FIELD LOGBOOK

A field log shall be kept to document all groundwater field monitoring activities (see
Appendix C, example table), and record the following for each well:

Site name, municipality, state.

Well identifier, latitude-longitude or state grid coordinates.

Measuring point description (e.g., north side of PVVC pipe).

Well depth, and measurement technique.

Well screen length.

Pump depth.

Static water level depth, date, time and measurement technique.

Presence and thickness of immiscible liquid (NAPL) layers and detection method.

Pumping rate, drawdown, indicator parameters values, calculated or measured total volume
pumped, and clock time of each set of measurements.
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Type of tubing used and its length.

Type of pump used.

Clock time of start and end of purging and sampling activity.
Types of sample bottles used and sample identification numbers.
Preservatives used.

Parameters requested for analyses.

Field observations during sampling event.

Name of sample collector(s).

Weather conditions, including approximate ambient air temperature.
QA/QC data for field instruments.

Any problems encountered should be highlighted.

Description of all sampling/monitoring equipment used, including trade names, model
number, instrument identification number, diameters, material composition, etc.

14.0 DATA REPORT

Data reports are to include laboratory analytical results, QA/QC information, field
indicator parameters measured during purging, field instrument calibration information,
and whatever other field logbook information is needed to allow for a full evaluation of
data usability.

Note: the use of trade, product, or firm names in this sampling procedure is for descriptive
purposes only and does not constitute endorsement by the U.S. EPA.
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APPENDIX A

PERISTALTIC PUMPS

Before selecting a peristaltic pump to collect groundwater samples for VOCs and/or
dissolved gases, (e.g., methane, carbon dioxide, etc.) consideration should be given to the
following:

» The decision of whether or not to use a peristaltic pump is dependent on the
intended use of the data.

» If the additional sampling error that may be introduced by this device is NOT of
concern for the VOC/dissolved gases data’s intended use, then this device may be
acceptable.

» If minor differences in the groundwater concentrations could affect the decision,
such as to continue or terminate groundwater cleanup or whether the cleanup goals
have been reached, then this device should NOT be used for VOC/dissolved gases
sampling. In these cases, centrifugal or bladder pumps are a better choice for more
accurate results.

EPA and USGS have documented their concerns with the use of the peristaltic pumps to
collect water sample in the below documents.

“Suction Pumps are not recommended because they may cause degassing, pH
modification, and loss of volatile compounds” A Compendium of Superfund Field
Operations Methods, EPA/540/P-87/001, December 1987.

* “The agency does not recommend the use of peristaltic pumps to sample ground
water particularly for volatile organic analytes” RCRA Ground-Water Monitoring
Draft Technical Guidance, EPA Office of Solid Waste, November 1992.

» “The peristaltic pump is limited to shallow applications and can cause degassing
resulting in alteration of pH, alkalinity, and volatiles loss”, Low-flow (Minimal
drawdown) Ground-Water Sampling Procedures, by Robert Puls & Michael
Barcelona, April 1996, EPA/540/S-95/504.

» “Suction-lift pumps, such as peristaltic pumps, can operate at a very low pumping

rate; however, using negative pressure to lift the sample can result in the loss of

volatile analytes”, USGS Book 9 Techniques of Water-Resources Investigation,

Chapter A4. (Version 2.0, 9/2006).
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APPENDIX B

SUMMARY OF SAMPLING INSTRUCTIONS

These instructions are for using an adjustable rate, submersible pump or a peristaltic pump
with the pump’s intake placed at the midpoint of a 10 foot or less well screen or an open
interval. The water level in the monitoring well is above the top of the well screen or open
interval, the ambient temperature is above 32°F, and the equipment is not dedicated. Field
instruments are already calibrated. The equipment is setup according to the diagram at the
end of these instructions.

1. Review well installation information. Record well depth, length of screen or open
interval, and depth to top of the well screen. Determine the pump’s intake depth (e.g.,
mid-point of screen/open interval).

2. On the day of sampling, check security of the well casing, perform any safety checks
needed for the site, lay out a sheet of polyethylene around the well (if necessary), and setup
the equipment. If necessary a canopy or an equivalent item can be setup to shade the
pump’s tubing and flow-through-cell from the sun light to prevent the sun light from
heating the groundwater.

3. Check well casing for a reference mark. If missing, make a reference mark. Measure
the water level (initial) to 0.01 ft. and record this information.

4. Install the pump’s intake to the appropriate depth (e.g., midpoint) of the well screen or
open interval. Do not turn-on the pump at this time.

5. Measure water level and record this information.

6. Turn-on the pump and discharge the groundwater into a graduated waste bucket. Slowly
increase the flow rate until the water level starts to drop. Reduce the flow rate slightly so
the water level stabilizes. Record the pump’s settings. Calculate the flow rate using a
graduated container and a stop watch. Record the flow rate. Do not let the water level drop
below the top of the well screen.

If the groundwater is highly turbid or discolored, continue to discharge the water into the
bucket until the water clears (visual observation); this usually takes a few minutes. The
turbid or discolored water is usually from the well-being disturbed during the pump
installation. If the water does not clear, then you need to make a choice whether to
continue purging the well (hoping that it will clear after a reasonable time) or continue to
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the next step. Note, it is sometimes helpful to install the pump the day before the sampling
event so that the disturbed materials in the well can settle out.

If the water level drops to the top of the well screen during the purging of the well, stop
purging the well, and do the following:

Wait for the well to recharge to a sufficient volume so samples can be collected.
This may take a while (pump may be removed from well, if turbidity is not a
problem). The project manager will need to make the decision when samples
should be collected and the reasons recorded in the site’s log book. A water level
measurement needs to be performed and recorded before samples are collected.
When samples are being collected, the water level must not drop below the top of
the screen or open interval. Collect the samples from the pump’s tubing. Always
collect the VOCs and dissolved gases samples first. Normally, the samples
requiring a small volume are collected before the large volume samples are
collected just in case there is not sufficient water in the well to fill all the sample
containers. All samples must be collected, preserved, and stored according to the
analytical method. Remove the pump from the well and decontaminate the
sampling equipment.

If the water level has dropped 0.3 feet or less from the initial water level (water level
measure before the pump was installed); proceed to Step 7. If the water level has dropped
more than 0.3 feet, calculate the volume of water between the initial water level and the
stabilized water level. Add the volume of the water which occupies the pump’s tubing to
this calculation. This combined volume of water needs to be purged from the well after the
water level has stabilized before samples are be collected.

7. Attach the pump’s tubing to the “T” connector with a valve (or a three-way stop cock).
The pump’s tubing from the well casing to the “T” connector must be as short as possible
to prevent the groundwater in the tubing from heating up from the sun light or from the
ambient air. Attach a short piece of tubing to the other end of the end of the “T”” connector
to serve as a sampling port for the turbidity samples. Attach the remaining end of the “T”
connector to a short piece of tubing and connect the tubing to the flow-through-cell bottom
port. To the top port, attach a small piece of tubing to direct the water into a calibrated
waste bucket. Fill the cell with the groundwater and remove all gas bubbles from the cell.
Position the flow-through-cell in such a way that if gas bubbles enter the cell they can
easily exit the cell. If the ports are on the same side of the cell and the cell is cylindrical
shape, the cell can be placed at a 45-degree angle with the ports facing upwards; this
position should keep any gas bubbles entering the cell away from the monitoring probes
and allow the gas bubbles to exit the cell easily (see Low-Flow Setup Diagram). Note:
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make sure there are no gas bubbles caught in the probes’ protective guard; you may need to
shake the cell to remove these bubbles.

8. Turn-on the monitoring probes and turbidity meter.

9. Record the temperature, pH, dissolved oxygen, specific conductance, and
oxidation/reduction potential measurements. Open the valve on the “T” connector to
collect a sample for the turbidity measurement, close the valve, do the measurement, and
record this measurement. Calculate the pump’s flow rate from the water exiting the flow-
through-cell using a graduated container and a stop watch, and record the measurement.
Measure and record the water level. Check flow-through-cell for gas bubbles and
sediment; if present, remove them.

10. Repeat Step 9 every 5 minutes or as appropriate until monitoring parameters stabilized.
Note: at least one flow-through-cell volume must be exchanged between readings. If not,
the time interval between readings will need to be increased. Stabilization is achieved
when three consecutive measurements are within the following limits:

Turbidity (10% for values greater than 5 NTUs; if three Turbidity values are less

than 5 NTUs, consider the values as stabilized),

Dissolved Oxygen (10% for values greater than 0.5 mg/L, if three Dissolved
Oxygen values are less than 0.5 mg/L, consider the values as
stabilized),

Specific Conductance (3%),

Temperature (3%),

pH (£ 0.1 unit),

Oxidation/Reduction Potential (x10 millivolts).

If these stabilization requirements do not stabilize in a reasonable time, the probes may
have been coated from the materials in the groundwater, from a buildup of sediment in the
flow-through-cell, or a gas bubble is lodged in the probe. The cell and the probes will need
to be cleaned. Turn-off the probes (not the pump), disconnect the cell from the “T”
connector and continue to purge the well. Disassemble the cell, remove the sediment, and
clean the probes according to the manufacturer’s instructions. Reassemble the cell and
connect the cell to the “T” connector. Remove all gas bubbles from the cell, turn-on the
probes, and continue the measurements. Record the time the cell was cleaned.

11. When it is time to collect the groundwater samples, turn-off the monitoring probes, and
disconnect the pump’s tubing from the “T” connector. If you are using a centrifugal or
peristaltic pump check the pump’s tubing to determine if the tubing is completely filled
with water (no air space).
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All samples must be collected and preserved according to the analytical method. VOCs
and dissolved gases samples are normally collected first and directly into pre-preserved
sample containers. However, this may not be the case for all sampling locations; the
SAP/QAPP should list the order in which the samples are to be collected based on the
project’s objective(s). Fill all sample containers by allowing the pump discharge to flow
gently down the inside of the container with minimal turbulence.

If the pump’s tubing is not completely filled with water and the samples are being
collected for VOCs and/or dissolved gases analyses using a centrifugal or peristaltic pump,
do the following:

All samples must be collected and preserved according to the analytical method.
The VOCs and the dissolved gases (e.g., methane, ethane, ethene, and carbon
dioxide) samples are collected last. When it becomes time to collect these samples
increase the pump’s flow rate until the tubing is completely filled. Collect the
samples and record the new flow rate.

12. Store the samples according to the analytical method.

13. Record the total purged volume (graduated waste bucket). Remove the pump from the
well and decontaminate the sampling equipment.
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TABLE1.3 Contd

Contaminant

Examples of uses

Other hydrocarbons
Alkyl sulfonates
Cyclohexane
1,3,5,7-Cyclooctatetraene
Dicyclopentadiene (DCPD)

2,3-Dimethylhexane
Fuel oil

Gasoline

Jet fuels

Kerosene

Lignin

Methylene blue activated substances

(MBAS)
Propane

Tannin

4,6,8-Trimethyl-1-nonene
Undecane

Metals and cations
Aluminum

Antimony
Arsenic
Barium
Beryllium
Cadmium

Calcium
Chromium

Detergents
Organic synthesis, solvent, oil extraction
Organic research

Intermediate for insecticides, paints and varnishes, flame
retardants

NA

Fuel, heating

Fuel

Fuel

Fuel, heating solvent, insecticides

Newsprint, ceramic binder, dyestuffs, drilling fuel additive,
plastics

Dyestuffs, analytical chemistry

Fuel, solvent, refrigerants, propellants, organic synthesis

Chemical manufacturing, tanning, textiles, electroplating,
inks, pharmaceuticals, photography, paper

NA

Petroleum research, organic synthesis

Alloys, foundry, paints, protective coatings, electrical
industry, packaging, building and construction, machinery
and equipment

Hardening alloys, solders, sheet and pipe, pyrotechnics

Alloys, dyestuffs, medicine, solders, electronic devices,
insecticides, rodenticides, herbicide, preservative

Alloys, lubricant

Structural material in space technology, inertial guidance
systems, additive to rocket fuels, moderator and reflector of
neutrons in nuclear reactors

Alloys, coatings, batteries, electrical equipment,
fire-protection systems, paints, fungicides, photography

Alloys, fertilizers, reducing agent

Alloys, protective coatings, paints, nuclear and
high-temperature research

(Contd)
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TABLE1.3 Contd

Contaminant Examples of uses

Cobalt Alloys, ceramics, drugs, paints, glass, printing, catalyst,
electroplating, lamp filaments

Copper Alloys, paints, electrical wiring, machinery, construction
materials, electroplating, piping, insecticides

Iron Alloys, machinery, magnets

Lead Alloys, batteries, gasoline additive, sheet and pipe, paints,
radiation shielding

Lithium Alloys, pharmaceuticals, coolant, batteries, solders,
propellants

Magnesium Alloys, batteries, pyrotechnics, precision instruments,
optical mirrors

Manganese Alloys, purifying agent

Mercury Alloys, electrical apparatus, instruments, fungicides,
bactericides, mildew proofing, paper, pharmaceuticals

Molybdenum Alloys, pigments, lubricant

Nickel Alloys, ceramics, batteries, electroplating, catalyst

Palladium Alloys, catalyst, jewelry, protective coatings, electrical
equipment

Potassium Alloys, catalyst

Selenium Alloys, electronics, ceramics, catalyst

Silver Alloys, photography, chemical manufacturing, mirrors,
electronic equipment, jewelry, equipment, catalyst,
pharmaceuticals

Sodium Chemical manufacturing, catalyst, coolant, nonglare
lighting for highways, laboratory reagent

Thallium Alloys, glass, pesticides, photoelectric applications

Titanium Alloys, structural materials, abrasives, coatings

Vanadium Alloys, catalysts, target material for x-rays

Zinc Alloys, electroplating, electronics, automotive parts,
fungicides, roofing, cable wrappings, nutrition

Nonmetals and anions

Ammonia Fertilizers, chemical manufacturing, refrigerants, synthetic
fibers, fuels, dyestuffs

Boron Alloys, fibers and filaments, semiconductors, propellants

Chlorides Chemical manufacturing, water purification, shrink-

proofing, flame retardants, food processing

(Contd)
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TABLE1.3 Contd

Contaminant Examples of uses

Cyanides Polymer production (heavy duty tires), coatings,
metallurgy, pesticides

Fluorides Toothpastes and other dentrifices, additive to drinking
water, aluminum smelting

Nitrates Fertilizers, food preservatives

Nitrites Fertilizers, food preservatives

Phosphates Detergents, fertilizers, food additives

Sulfates Fertilizers, pesticides

Sulfites Pulp production and processing, food preservatives

Microorganisms

Bacteria (coliform)
Giardia

Viruses
Radionuclides
Cesium 137
Chromium 51

Cobalt 60

lodine 131

Iron 59
Lead 210
Phosphorus 32

Plutonium 238,243
Radium 226
Radium 228

Radon 222

Ruthenium 106
Scandium 46
Strontium 90

Gamma radiation source for certain foods

Diagnosis of blood volume, blood cell lifs, cardiac output,
el

Radiation therapy, irradiation, radiographic testing,
research

Medical diagnosis, therapy, leak detection, tracers (e.g., to
study efficiency of mixing pulp fibers, chemical reactions,
and thermal stability of

additives to food products), measuring flm thicknesses

Medicine, tracer
NA

Tracer, medical treatment, industrial mezsurements (e.g,,
tire-tread wear and thickness of films and ink)

Energy source, weaponry
Medical treatment, radiography
Naturally occurring

Medicine, leak detection, radiography, flow rate
measurement

Catalyst
Tracer studies, leak detection, semiconductors

Medicine, industrial applications (e.g., measuring
thicknesses, density control)

(Contd)
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TABLE 1.3 Contd

Contaminant Examples of uses

Thorium 232 Naturally occurring

Tritium Tracer, luminous instrument dials

Uranium 238 Nuclear reactors, mining operations

Zinc 65 Industrial tracers (e.g., to study wear in alloys, galvanizing,
body metabolism, function of oil additives in lubricating
oils)

Zirconium 95 NA

*NA: No information in Standard sources.
Source: Office of Technology Assessment 1984, with additions.

It should be noted that many compounds can have multiple names, making iden-
tification of compounds difficult for the environmental practitioner. In one example
from Table 1.3, the compound butoxymethylbenzene can also be known by at least
26 other names or numerical distinctions (Chemspider 2015). Nomenclature can be
further confused, as there are other names given for the same compound by differ-
ent suppliers and vendors. Using the same example of butoxymethylbenzene above,
a selective list of vendors in 2015 and their designations for the compound would
include at least 14 different additional names or numerical distinctions (Zincdocking
2015). This multiple nomenclature for the same compound can be even more con-
fused with the manufacture and use of mixtures of potential groundwater pollutants,
some containing unspecified impurities. There are many types of industrial chemical
mixtures in use or being developed, with multiple names and descriptions, including
tens of thousands of pesticide products. Also, in recent years there has been increased
concern over “emerging” organic contaminants, which were previously not yet indus-
trially developed, not yet discovered in the environment often due to analytical limi-
tations, or alternatively, not yet recognized as potential pollutants. These compounds
include pharmaceuticals, personal care products, industrial chemicals, and hormones.
Table 1.4 lists some of these compounds and their uses.

The occurrence of the substances found on Tables 1.3 and 1.4 can be detected
only if a groundwater sample has been collected and analyzed. In low concentrations
most of these substances are colorless, tasteless, and odorless. Specific analytical tech-
niques must be employed to detect the presence and concentration of each substance.
Some methods can be employed to analyze a sample for all of the compounds of a
particular class. For example, certain organic compounds fall into a class called vola-
tile organic compounds. There are analytical methods that could target all compounds
of this class. Likewise, there are methods available to analyze for many of the metals
in a single sample. However, other compounds require a specific test. With so many
potential contaminants, it is possible that a sample could be collected and tested and
a specific contaminant still not be found because no analysis was done for that com-
pound or element.
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compounds are potential groundwater contaminants that can leach from soil used for
land applications of wastes and wastewater.

1.5.2 Category II: Sources Designed to Store, Treat and/or Dispose
of Substances

Landfills Landfills are, by definition, designed to minimize adverse effects of
waste disposal (Miller, 1980). However, many were poorly designed and are leaking
liquids, generically termed leachate, which are contaminating groundwater. Landfills
can contain nonhazardous municipal waste, nonhazardous industrial waste, or hazard-
ous waste as defined by the Resource Conservation and Recovery Act. Peterson (1983)
reported that there were 12,991 landfills in the United States in the 1980s, including
2,395 open dumps. According to the EPA, by 2009 landfills were much larger, but there
were only 1,908 solid waste municipal landfills reported. This does not include land-
fills for construction and demolition wastes, nonhazardous industrial waste landfills,
or hazardous waste landfills. There are an unknown number of abandoned landfills.

Materials placed in landfills include such things as municipal garbage and trash,
demolition debris, sludge from wastewater-treatment plants, incinerator ash, foundry
sand and other foundry wastes, and toxic and hazardous materials. Although no longer
permitted in the United States, liquid hazardous waste was disposed in landfills in the
past. The U.S. Environmental Protection Agency (2015) estimated that in 2012 over
250 million tons of municipal waste was generated, which is over a three-fold increase in
the last half century. The World Bank (2012) has estimated worldwide municipal waste
generation at 1.3 billion tons per year with estimates of expected increase to 2.2 billion
tons annually in 2025, and over 11 billion by 2100. Total solid waste generation (beyond
just municipal waste) is considerably larger at an estimated 11.2 billion tons in 2011
(United Nations Environmental Programme). Interactive waste atlases have also been
developed to summarize worldwide waste data (e.g., http://www.atlas.d-waste.com/).

Leachate is formed from the liquids found in the waste as well as by leaching of
the solid waste by rainwater. Table 1.9 contains information on the chemical composi-
tion of leachate from municipal landfills. To minimize the amount of leachate gener-
ated, modern landfills are built in sections, with a low-permeability cover placed over
the waste as soon as possible to limit the infiltration of rainwater. Modern landfills also
have low-permeability liner systems and collection pipes to remove the leachate that
forms so that it can be taken to a wastewater-treatment plant. A modern landfill that
is properly sited with respect to the local geology and that has a properly designed and
constructed liner, leachate collection system, and low-permeability cover has limited
potential to contaminate groundwater. However, many landfills do not have liners and
leachate collection systems. In the past, landfills tended to be placed in any convenient
hole or low spot, such as a sand pit, quarry, or marsh. Groundwater contamination
from such landfills is highly probable.

Municipal landfills are usually located near urban areas. The trend is toward large
landfills that can handle many thousands of tons of waste per year. Hazardous-waste
landfills are now regulated under the Resource Conservation and Recovery Act. There
is frequently strong local opposition to the siting of either a municipal or a hazardous
waste landfill. This is referred to as the NIMBY syndrome: Not In My Back Yard!
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Homeowners may pour waste liquids into ditches or the sanitary sewer; combus-
tibles may be burned in the backyard. These are undesirable practices that can easily
result in environmental pollution, including groundwater contamination.

Surface impoundments Pits, ponds, and lagoons are used by industries, farmers,
and municipalities for the storage and/or treatment of both liquid nonhazardous and
hazardous waste and the discharge of nonhazardous waste, Prior to the passage of
the Resource Conservation and Recovery Act, liquid hazardous wastes were also dis-
charged into pits. These pits may be unlined or lined with natural material, such as
clay, or artificial materials, such as plastic sheets, rubber membranes, or asphalt.

Impoundments are used to treat wastewater by such processes as settling of sol-
ids, biological oxidation, chemical coagulation and precipitation, and pH adjustment.
They may also be used to store wastewater prior to treatment, Water from surface
impoundments may be discharged to a receiving water course such as a stream or a
lake. Unless a discharging impoundment is lined, it will also lose water by seepage into
the subsurface. Nondischarging impoundments release water either by evaporation or
seepage into the ground or a combination of both. Evaporation ponds are effective
only in arid regions, where potential evapotranspiration far exceeds precipitation. Even
evaporation ponds that were originally lined may leak and result in groundwater con-
tamination if the liner deteriorates from contact with the pond’s contents.

Impoundments are used for wastewater treatment by municipalities and industries
such as paper manufacturing, petroleum refining, metals industry, mining, and chemi-
cal manufacturing. They are also used for treatment of agricultural waste, such as farm
animal waste from feedlots. Power plants use surface impoundments as cooling ponds.
Mining operations use surface ponds for the separation of tailings, which is waste rock
from the processing of ore that occurs in a slurry mixture of liquid and solid.

Although it is now prohibited, until the 1970s lagoons were used for the disposal
of untreated wastewater from manufacturing, ore processing, and other industrial uses
into the groundwater. Brine pits were used for many years in the oil patch for the dis-
posal of brines pumped up with the oil. Miller (1980) lists 57 cases of groundwater
contamination caused by the leakage of wastewater from surface impoundments. In
most of the reported cases water-supply wells had been affected; at the time when
use of such impoundments was allowed, groundwater monitoring was not required;
usually the only way that leakage was detected was by contamination of a supply well.

In one case in Illinois, up to 500,000 gals per day of mineralized wastewater, con-
taining high total dissolved solids (TDS), which included chloride, sulfate, and calcium,
from an ore-processing plant were discharged into waste-disposal ponds excavated in a
glacial drift aquifer for a period of about 40 years. Concentrations of chloride, sulfate,
TDS, and hardness were elevated in an underlying bedrock aquifer as much as a mile
away from the site (U.S. Nuclear Regulatory Commission 1983).

Wastewater from the manufacturing of nerve gas and pesticides at the Rocky
Mountain Arsenal at Denver was discharged into unlined evaporation ponds from 1942
until 1956. In 1956 a new pond lined with asphalt was constructed; ultimately that liner
failed and the lined pond also leaked. Contamination of nearby farm wells was first
detected in 1951 and was especially severe in the drought year of 1954, when irrigated
crops died. Groundwater contamination extended at least 8 miles from the ponds and
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was indicated by high chloride content. Ultimately the groundwater under and near the
Rocky Mountain Arsenal was found to contain dozens of synthetic organic chemicals,
including two that are especially mobile in the subsurface: diisopropylmethylphospho-
nate (DIMP), a by-product of the manufacture of nerve gas, and dicyclopentadiene
(DCPD) a chemical used in the manufacture of pesticides (Konikow and Thompson
1984; Spanggord, Chou, and Mabey 1979). By 2010, after 23 years of active reme-
diation the cleanup of contaminated soil and groundwater at the Rocky Mountain
Arsenal, the cost has been $2.1 billion dollars as parcels of the land are taken off the
National Priorities list and tracts of land are converted to a National Wildlife Refuge.

There is very little information available on the number of surface impoundments
worldwide, nor much up-to-date information from individual countries, Several dec-
ades ago the EPA performed a survey of the surface impoundments located in the
United States (U.S. EPA 1983). They reported a total of 180,973 impoundments,
including 37,185 municipal; 19,437 agricultural; 27,912 industrial; 25,038 mining;
65,688 brine pits for oil and gas; and 5,91 3 miscellaneous. A later U.S. EPA (2001) sur-
vey conducted in the 1990s estimated about 18,000 industrial impoundments. Energy
related industrial surface impoundments are of particular concern, as these can hold
many sorts of materials including coal combustion residues, water associated with in
situ uranium leaching, and/or brines associated with deep oil and gas development.
The large number of impoundments provides a significant threat to groundwater
resources (OTA 1984).

Mine wastes Mining can produce spoils, or unneeded soil, sediment, and rock
moved during the mining process, and tailings, or solid waste left over after the pro-
cessing of ore. These wastes may be piled on the land surface, used to fill low areas,
used to restore the land to pre-mining contours, or placed in engineered landfills with
leachatecollection systems. Mine wastes can generate leachate as rainwater passes
through them. If sulfate or sulfide minerals are present, sulfuric acid can be generated,
and the resulting drainage water can be acidic. This is likely to occur with coal-mining
wastes, copper and gold ores, and ores from massive sulfide mineralization. Mine-
waste leachate may also contain heavy metals and, in the case of uranium and thorium
mines, radionuclides. Neutralization of the mine wastes can prevent the formation of
acidic leachate and prevent the mobilization of many, but not all, metallic ions and
radionuclides. The mine-waste disposal issue is a large one. In the United States, min-
ing is estimated to produce waste material annually with a weight of nearly nine times
that of refuse generated by all cities and towns (U.S. EPA 2003). The mining of many
metals traditionally requires huge quantities of rock to be removed, for example, the
production of a single ton of copper ore typically generates well over 100 times the ton-
nage of waste rock and about 200 times the tonnage of mined overburden, depending
on the local geology. Leachate produced by unneutralized or uncontained mine wastes
is a threat to surface and groundwater.

In some cases, in situ leach mining is used instead of physical removal of ore-con-
taining rock, In these instances, a chemical mobilizing agent called a lixiviant is pumped
down a well where it flows into an ore-bearing formation. After ore is dissolved, the
pregnant solution circulating underground is removed using extraction wells. Problems
can arise with in situ leach mining as the geologic structures associated with many ore
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B 1.6 Relative Ranking of Groundwater-Contamination
Sources and Substances

Every site of groundwater contamination is unique in its geology, contaminant
mixtures, surrounding human-made structures, and pollutant sources. Therefore the
risks associated with different localities and their contaminants can vary greatly, and
the approaches for site characterization and remediation are typically tailored to each
individual site. Although there are many potential sources of groundwater contamina-
tion, some pose much more of a threat to groundwater than others. Section 305(b) of
the Federal Clean Water Act requires individual States in the U.S. to submit reports to
the Environmental Protection Agency on the sources of groundwater contamination
in the state and the type of contaminants observed. The data submitted were used to
compile National Water Quality Inventory—1988 Report to Congress (U.S. EPA 1990).

The states indicated all the groundwater-contamination sources that they consid-
ered to be major threats to groundwater in their state. Figure 1.3 shows that more than
half the states and territories listed underground storage tanks, septic tanks, agricultural
activities, municipal landfills, and abandoned hazardous-waste sites as major threats to
groundwater. Other frequently listed sources include industrial landfills, other landfills,
injection wells, regulated hazardous-waste sites, land application, road salt, saltwater
intrusion, and brine pits from oil and gas wells.

FIGURE 1.3 Frequency of various contamination sources considered by states and territories of the
United States to be major threats to groundwater quality.
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Additionally, every two years the Agency for Toxic Substance and Disease Registry
(ATSDR) and the Environmental Protection Agency in the United States prepare a list
of hazardous substances most commonly found at facilities on the National Priorities
List (NPL), also called the “Superfund” program. The list is a prioritization of harmful
substances based on a combination of their frequency of occurrence, their toxicity, and
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compounds that was denser than water and had limited solubility in water. Large vol-
umes of tar were generated and due to routine leaks and spills, leaking tar storage
tanks and deliberate disposal, tar was released into the environment. When some of
the plants were decommissioned tanks containing tar were just buried in place. Today
many of the former manufactured gas plant sites still have soil and groundwater con-
tamination associated with the tar (Luthy et al. 1994).

B 1.8 Review of Mathematics and the Flow Equation

1.8.1 Derivatives

Soil-moisture movement, groundwater flow, and solute transport may be described
by means of partial differential equations. Thus, a brief review is in order.

If a bicyclist is traveling down a highway, we can measure the time that it takes
the rider, who has a flying start, to go from a starting point (5(r)), or the location at
the starting time, (#), to a point somewhere down the highway (S(z,), or the location at
elapsed time 2,). If we wish to know the average speed of the rider over this distance, we
divide the distance from point S(¢,) to point S(z,) by the elapsed time, , - ¢,.

Ar ty)—1

The rider will be going more slowly uphill and faster downhill. The average speed will
thus include a lot of variation. If we were to measure the rider’s speed over a shorter
part of the course, there would be less variation in speed. As the length of time over
which the distance traveled is measured becomes shorter and shorter, the variation in
speed decreases. If the time becomes infinitesimally small—for example, the time that
it takes the rider to travel a few microns—we obtain an instantaneous speed. This is
known as the first derivative of distance with respect to time and is defined by

dS(r,) , S(r)-S(rl)
— = lim ————
dt =t =1

1

(1.2)

where ¢ is any arbitrary time. Figure 1.4 shows a graph of distance traveled by our
bicyclist as a function of time. The slope of the line from time ¢, to time ¢, is the average
speed over that part of the highway and is expressed as AS/Ar. The instantaneous speed at
time t, is the slope of the tangent to the curve at that point, which is expressed as dS/d.

Note that the slope of distance versus time on Figure 1.4 keeps changing. This
reflects the changes in speed that occur as the rider goes up and down hills. As the
rider goes over the crest of a hill, he or she will perhaps be going rather slowly. As
the rider goes downhill, the velocity will increase. We can compare the crest-of-the-
hill velocity with the bottom-of the-hill velocity and see that it has increased. This
is a measure of the acceleration that occurs as gravity and the leg muscles of the
bicyclist combine to increase speed. Figure 1.5 shows the speed of the rider as he
or she goes over a hill. At 7= 0 the rider is coming over the crest of the hill and the
speed is 10 mi/hr. At r = 30 sec, when the rider is near the bottom of the hill, the
speed is 26 mi/hr. The average rate of change in speed is (26 mi/hr-10 mi/hr)/
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FIGURE 1.4 Graph of distance traveled versus time graphically showing speed, which is the first

derivative of distance with respect to time.
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FIGURE 1.5 Graph of speed versus time graphically showing acceleration, which is the second deriv-
ative of distance with respect to time.
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30 sec, or 0.53 mi/hr/sec. The rate of change is faster near the top of the hill where the
slope is steeper and there is less wind resistance, since the rider is moving more slowly.
From 0 to 5 sec the speed changes from 10 to 15 mi/hr, or 1.0 mi/hr/sec. Acceleration
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is the rate of change of speed with time, which is a second derivative. It is the slope of
a tangent to the curve at a given time. It can be expressed as
ds
L 7 2
Nl o &8
dt dt?

The tangent at 5 sec. can be seen to be steeper than the tangent at 30 sec, where the rate
of change is less.

In hydrogeology we have many parameters that are a function of more than one
independent variable. For example, hydraulic head is a function of the three space
variables: i1 = h (x, y, z2). We frequently differentiate head with respect to one of the
space variables while holding the other two variables constant. Such derivatives of a
parameter with respect to a single variable are called partial derivatives. The second
derivative of hydraulic head with respect to the space variables is

62h+<?2h+62h
dx? oy? 0z2

1.8.2 Darcy's Law

The first experimental study of water movement through a porous medium was
performed by Henry Darcy (Darcy 1856). He found that the one-dimensional flow of
water through a pipe filled with sand was proportional to the cross-sectional area and
the head loss along the pipe and inversely proportional to the flow length. Darcy’s law
can be expressed as

dh
Q=-KA4 aq (1.3)
where
Q = volumetric discharge
K = proportionality constant known as hydraulic conductivity
A = cross-sectional area
dh/dl = gradient of hydraulic head

This equation can also be expressed in terms of specific discharge, or Darcy flux,
g, which is the volumetric flow rate, Q, divided by the cross-sectional area, A.

== 1.4
q i (1.4)

Darcy's law was obtained for one-dimensional flow. However, as was previously
stated, head is a function of all three dimensions: & = & (x, y, 2).

The hydraulic conductivity is the measure of the ability of the fractured or porous
media to transmit water. It can have different values, depending upon the actual
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direction that the water is flowing through the porous media. In such a case the medium
is said to be anisotropic. The value of the hydraulic conductivity can be measured in
three principle directions, K, K , and K. If the hydraulic conductivity is the same in all
directions, then K = K = K_= K and the medium is said to be isotropic.

1.8.3 Scalar, Vector, and Tensor Properties of Hydraulic Head and
Hydraulic Conductivity

We first need to define some terms relating to tensors. A zero-order tensor, also
called a scalar, is a quantity characterized only by its size or magnitude. Examples
in hydrogeology include hydraulic head, chemical concentration, and temperature. A
firstorder tensor, or vector, is a quantity that has both a magnitude and a direction.
Vectors require three components, each having a magnitude and direction. Velocity,
specific discharge, mass flux, and heat flux are examples. A second-order tensor—or,
simply, tensor—acts like the product of two vectors, requiring nine components to
account for all possible products of the three components of each vector. Examples in
hydrogeology are intrinsic permeability, hydraulic conductivity, thermal conductivity,
and hydrodynamic dispersion.

The hydraulic head is a scalar. However, the gradient of the head is a vector as it
has both a magnitude and a direction. The gradient of /4 is designated as grad &:

gradh-:gﬁ+ :_;yh k-—;-'- (1.5)

where i, j, and k are unit vectors in the x, y, and z directions. An equivalent notation is
the use of the vector differential operator, del, which has the symbol V. This operator
1s equivalent to
A
L. 3 (1.6)
ox "0y Oz

Another vector is the specific discharge, q. It has three components, ¢, ¢, and g, when
measured along the Cartesian coordinate axes. Associated with any vector is a positive
scalar with a value equal to the magnitude of the vector. If g is the magnitude of the
vector q, this can be expressed as

=gl (1.7)

A second-order tensor, such as K, hydraulic conductivity, can be described by nine
components. In matrix form they are expressed as:

KquKn
K= nyKD,Kyz (1.8)
Kerzszz
If the tensor is symmetric, K ; then inspection of (1.8) shows that there are only

six independent components of l(
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If the coordinate system is oriented along the principal axes, the tensor becomes
K. 00
K=|0 Kyy 0 (1.9)
0 0 K_

For the special case of an isotropic media—that is, the value of K does not depend
upon the direction in which it is measured—the tensor becomes

K 00
K=|0 K0 (1.10)
0 0K
The three components of the specific discharge vector, q, are
) 3
--K %_K- Q’._K Ch

oh o oh
T L1
= mgy wg ey Gt

oh
-K -—-—K —-——K
= ox 2 oy "z('}z

For the special case where we orient the axes of the x, y, and z coordinate system with

the three principal directions of anisotropy, K is the matrix shown in (1.9) and the three
components of the specific discharge vector are

-—-K 6!:

CI

q,=-K (1.12)

6’2

g g (1.13)

or
q=-K grad h (1.14)

If we multiply two vectors together and the result is a scalar, then the product is called
a dot product, or inner product. For example, the del operator dotted into a vector
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yields a scalar, called the divergence. Based on grad /, we can find a velocity vector v
such that the magnitude and direction vary throughout the porous media. If we apply
the del operator to v, we obtain the following:

0 ov, ¢
Vipmdivpa oty —2 205 (1.15)
ox oy Oz

If we apply the del operator to grad A, the result is the second derivative of head:

~2 ~2 ~2
V-gradh=c ;:_'_EJ ;'+" ?
oy* 0Oz

ox
1.8.4 Derivation of the Flow Equation in a Deforming Medium

The law of mass conservation states that there can be no net change in the mass
of fluid in a small representative elementary volume (REV) of a porous medium. In
other words, the mass entering the REV less the mass leaving the REV is equal to the
change in mass storage with time.

The representative elementary volume is shown on Figure 1.6. The three sides
have length dx, dy, and dz, respectively. The area of the two faces normal to the x axis is
dy dz, the area of the faces normal to the y axis is dx dz, and the area of the faces normal
to the z axis 1s dx dy.

The component of mass flux into the REV parallel to the x axis is the fluid density
times the flux rate:

(1.16)

Mass influx along xaxis =p g _dy dz (1.17)

FIGURE 1.6 Representative elementary volume for fluid flow.
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where

]

p, = fluid density (M/L7)
g, = specific discharge or volume of flow per cross-sectional area (L/T)
dydz = cross-sectional area (L)

"

The units of mass inflow are mass per unit time (M/T).*
The mass outflow rate will be different than the inflow rate and can be given as:

. ¢ dx
Mass outflow rate parallel to x axis =|:pwqx + Eﬁf—ﬁ%—)—-}dydz (1.18)

The net mass accumulation within the control volume due to the flow component par-
allel to the x axis is the mass inflow minus the mass outflow, or

-a(pwqx )dx dydz
ox

Similar terms exist for the net mass accumulation due to flow components parallel to
the y and z axes:

~0(p,,q,)dydx dz
o

"a(Psz)dde dy
0z

These three terms can be summed to find the total net mass accumulation within the
control volume.

3 d o
Al £ 3.4 1.19
[(ﬁx(pwq,,ﬁ ay(p..,qy)+ az(pqu]]dxdydz (1.19)

The mass of water in the REV, M, is the density of water, p_, times the porosity, »,
times the volume, dx dy dz. The change in mass with respect to time is

oM @
—— dx dy dz 1.20
> 5 (p,ndxdydz) (1.20)

From the law of conservation of mass, Equation 1.19 must equal Equation 1.20.

¢ 8 i 2
-[5(” wlx)t 2 (Pudy)+ (P )]drdydz = (p mdxdydz  (1.21)

* The units of a variable can be expressed in terms of their fundamental dimensions. These are length, L, mass, M,
and time, T.The fundamental dimensions for density are mass per unit volume.Volume is length cubed, so the
shorthand expression for the fundamental dimensions of density is M/L>. Specific discharge has the dimensions of
velocity, so the fundamental dimensions are L/T, and area has fundamental dimensions of L°.
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We can assume that although density of the fluid may change with time, at any given
time it will be the same everywhere in the REV. Under this assumption Equation 1.21
can be simplified to

- e 6

¥ Gfx 2 qy+ :Iz =L£(Pw“) (1.22)
ox Oy oz p, ot

We may substitute Darcy’s law for the specific discharge components given on the left

side. If the xyz coordinate system is aligned with the principal axes of anisotropy, then

Equation 1.12 may be used, and the left side of Equation 1.22 becomes

6[1{ ‘3”)+i[1< @}+9-(K @] (1.23)

ax\ " *ox oy ?oy) ez\ Feéz

The change in mass within the REV isdue to changes in the porosity and the density of
water as the head changes with time. Thus the change in the volume of water in storage
is proportional to the change in head with time. The right side of Equation 1.22 can
be expressed as a proportionality constant, Ss, the specific storage, times the change in
head with time.

oh

o (1.24)

1 @
——(pm)=$

- 6: w  ;
Combining Equations 1.22, 1.23, and 1.24 we obtain the main equation for transient
flow in an anisotropic medium when the coordinate system is oriented along the prin-
cipal axes of anisotropy:

3 D J
2 B) 21, B). 3 W5 B
ox ox) ay\ Yoy) oz oz or
1.8.5 Mathematical Notation
In del and tensor notation Equation 1.25 becomes
3
v-x-wﬁs,‘;—” (1.26)

cr

Another form of expression is called Einstein's summation notation. For example,
Darcy’s law in the familiar, one-dimensional form is

dh
g= "K}'{‘ (1.27)

It is implied in the preceding equation that the specific discharge is parallel to the
direction of dh/dl and that the medium is isotropic. In a more general form, specific
discharge, q, is a vector with components g, ¢,, and ¢,. Grad / is a vector that we will
call h. This vector also has components &, A,, and A,. Hydraulic conductivity, K, is a
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tensor with nine components. To describe Darcy’s law in the most general form, we

need three equations.

The inner product can be expressed in index notation as

g, =K by + K hy + K 5hy (1.28a)
gy =Kyl + Kyphy + Ky3hy (1.28b)
73 =K1l + K3hy + K 335, (1.28¢)

(1.29)

q,’ = Zth; (ivj = 1-2t3)
J

In Einsteir’s summation notation, the X is dropped with the understanding that the

summation is over the repeated indices:

q;=K;h; (i,j=12,3) (1.30)
In vector notation this can be expressed as either
g=K-gradh (1.31)
q=K-h (1.32)
In del notation this is
q=K-Vh (1.33)

In general, we will use the standard form of differential equations rather than any of
the shorthand notation. However, the literature cited in this text often uses the compact
forms and the reader should be aware of them.
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Mass Transport in Saturated Media

B 2.1 Introduction

In this chapter we will consider the transport of solutes dissolved in groundwater.
This is known as mass or solute transport. The methods presented in this chapter
are based on partial differential equations for dispersion that have been developed for
homogeneous media (Ogata and Banks 1961; Ogata 1970; Bear 1972; Bear and Verruijt
1987). These equations are similar in form to the familiar partial differential equations
for fluid flow. Since those pioneering developments, much work has been done on the
theories of mass transport in response to the great interest in problems of groundwater
contamination (e.g., Bedient et al. 1994; Zhang and Bennett 1997; Grathwohl 1998;
Domenico and Schwartz 1998; Yoram 2003; Yeh et al. 2015; Essaid et al. 2015). One
of the outcomes has been the development of what is essentially a new branch of sub-
surface hydrology, where the flow of fluid and solutes is treated by statistical models;
these models can account for the role of varying hydraulic conductivity and other spa-
tially variable hydraulic parameters that accompany aquifer heterogeneity.

Many of the contaminant transport and fate concepts discussed in this chapter
were developed based on tracer tests conducted in the field and at the laboratory scale.
While a discussion of how tracer tests should be conducted and how the data can
be interpreted is beyond the scope of this book, there are ample references and text-

books devoted to this topic (e.g.. Davis et al. 1980; U.S. EPA 1985; Payne et al. 2008;
Leibundgut et al. 2009; Suthersan et al. 2014).

M 2.2 Transport by Concentration Gradients

A solute in water will move from an area of greater concentration toward an area
where it 1s less concentrated. This process is known as molecular diffusion, or diffu-
sion. Diffusion will occur as long as a concentration gradient exists, even if the fluid 1s
not moving. The mass of fluid diffusing is proportional to the concentration gradient,
which can be expressed as Fick’s first law; in one dimension, Fick’s first law 1s

F=-D,(dC/dx) (2.1)
where
F = mass flux of solute (M/L’T) per unit area per unit time
D, = diffusion coefficient (L*/T)

56
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TABLE 2.1

Diffusion coefficients in water.

Cations

H
Na’
K
Rb'
Cs’
Mg*
ca*
Sr#
Ba*
Ra*
Mn?*
Fe?
Cr*
Fe*

Anions

OH"
F
C1
Br
HS

HCO,

S0,*
co;

Organic Compounds
Tetrachloroethene (PCE)*

Trichloroethene (TCE)*

1,1,1,-Trichloroethane (TCA)*

Benzene**
Toluene**
Ethylbenzene**
1,4-Dioxane***

9.31 x 10° m¥/sec
1.33 x 10" m?/sec
1.96 x 10" m?/sec
2.06 x 10" m*/sec
2.07 x 10°° m*/sec
7.05 x 10" m?/sec
7.93 x 10" m?/sec
7.94 x 10" m?/sec
8.48 x 107" m?/sec
8.89 x 10" m#/sec
6.88 x 107" m'/sec
7.19x 10" m’/sec
5.94 x 10" m?¥/sec
6.07 x 10° m?/sec

5.27 x 10* m?/sec
1.46 x 107 m?/sec
2.03 x 10 m¥/sec
2.01 x 10" m/sec
1.73 x 10 m?/sec
1.18 x 10° m?/sec
1.07 x 10" m#/sec
9.55 x 10" m?/sec

7.5 x 10" m?#/sec
8.3 x 10" mi/sec
8.0 x 10" m%/sec
9.0 x 10" m?/sec
8.0 x 10" m?/sec
7.2 % 10" m¥/sec
1.6 X 10° m?/sec

1.00 x 107 ft*/sec
1.43 x 10°* ft¥/sec
2.11 x 10°* ft¥/sec
2.22 x 10 ft*/sec
2.23 x 10°%ft*/sec
7.59 x 10°° ft*/sec
8.54 x 107 ft*/sec
8.55 x 10* ft¥/sec
9.13 x 107 ft?*/sec
957 x 10°° ft¥/sec
7.41 x 1077 ft}/sec
7.74 x 10°* ft*/sec
6.39 x 10°° ft¥/sec
6.53 x 10°° ft*/sec

5.67 x 10°* ft*/sec
1.57 x 10" ft*/sec
2.19x 10" ft'/sec
2.16 x 10" ft¥/sec
1.86 x 10°® ft¥/sec
1.27 X 10* ft'/sec
1.15 x 10°* ft¥/sec
1.03 x 10" ft'/sec

8.07 x 10°* ft¥/sec
8.93 x 10°* ft*/sec
8.61 x 10? ft¥/sec
9.69 x 10°° ft*/sec
8.61 x 10 ft?/sec
7.75 x 10°* ft*/sec
1.72 x 10°* ft¥/sec

Source:Y.-H.Li and S, Gregory, 1974, Diffusion of ions in sea water and in deep-sea sediments. Geochemica et

Cosmochemica Acta, Vol, 38, © 1974, with the kind permission of Elsevier Science, *Cohen and Mercer, 1993;

**U.S.EPA, 2015; ***Mohr 2010. Diffusion coefficients of ions at 25°C; organic compounds are in pure water at 20°C.

C
dC/dx

Il

"

solute concentration (M/L?%)
concentration gradient (M/L*/L)

The negative sign indicates that the movement is from areas of greater concen-
tration to those of lesser concentration. Values of D, for ions and select organic com-
pounds in water at 25°C can be found in Table 2-1. They do not vary much with
concentration, but they are somewhat temperature-dependent, being about 50% less at
5°C (Robinson and Stokes 2002). The values of D, are only applicable when studying
diffusion in aqueous systems. For systems where the concentrations are changing with

time, Fick’s second law applies. In one dimension this is



58

R000184

Chapter Two

dC/dt=D, 8%C/ ox? 2.2)

where ¢C/ 0t = change in concentration with time (M/L*/T).

In porous media, diffusion cannot proceed as fast as it can in water because the
ions must follow longer pathways as they travel around mineral grains. To account for
this, an effective diffusion coefficient, D*, must be used.

D*=wD, 2.3)

where @ is a coefficient that is related to the tortuosity (Bear 1972). Tortuosity is a meas-
ure of the effect of the shape of the flowpath followed by water molecules in a porous
media. If L is the straight-line distance between the ends of a tortuous flowpath of length
L,, the tortuosity, 7, can be defined as 7= L /L. Tortuosity in a porous media is always
greater than 1, because the flowpaths that water molecules take must diverge around
solid particles. Flowpaths across a representative sample of a well-sorted sediment would
tend to be shorter than those across a poorly sorted sediment in which the smaller grains
were filling the voids between the larger grains. Thus the well-sorted sediment would
tend to have a lower value for tortuosity than the poorly sorted sediment. (Tortuosity has
also been defined as (L/L ) (Carman 1997, Bear 1972). With this definition, tortuosity
always has a value less than 1. This definition will not be used in this text.)

The value of @, which is always less than |1, can be found from diffusion exper-
iments in which a solute is allowed to diffuse across a volume of a porous medium.
Perkins and Johnson (1963) found that @ was equal to 0.7 for sand column studies
using a uniform sand. For laboratory studies using limestone and sandstone cores,
Boving and Grathwohl (2001) found that @ ranges from 0.35 to 0.098 and that @ is
related to the porosity, n, of these rocks by:

w=n'?

Diffusion will cause a solute to spread away from the place where it is introduced
into a porous medium, even in the absence of groundwater advective flow. Figure 2.1
shows the distribution of a solute introduced at concentration C,, at time r,, over an
interval (x - @) to (x + a.) At succeeding times ¢, and ¢,, the solute has spread out, result-
ing in a lower concentration over the interval (x - @) to (x + a) but increasing concentra-
tions outside of this interval,

The solute concentration follows a normal, or Gaussian, distribution and can be
described by two statistical properties, the mean, C'and variance, ¢’, which are defined
in Section 2.12.2.

The effective diffusion coefficient, D*, can be defined as (De Josselin and De Jong

1958)

.

D* = —;— (2.4)
This is an alternative definition of effective diffusion coefficient to the one given

in Equation 2.3.
The process of diffusion is complicated by the fact that the ions must maintain
electrical neutrality as they diffuse. If we have a solution of NaCl, the Na* cannot dif-
fuse faster than the Cl" unless there is some other negative ion in the region into which
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the Na* is diffusing. If the solute is adsorbed onto the mineral surfaces of the porous
medium, the net rate of diffusion will be obviously less than for a nonadsorbed species.

Figure 2.1 Spreading of a solute slug with time due to diffusion. A slug of solute was injected into
the aquifer at time t, with a resulting initial concentration of C .
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Diffusion can occur when the concentration of a chemical species is greater in
one stratum than in an adjacent stratum. For example, solid waste containing a high
concentration of chloride ion may be placed directly on the clay liner of a landfill.
The concentration of chloride in the leachate contained in the solid waste is so much
greater than the concentration of chloride in the pore water of the clay liner that the
latter may be considered to be zero as a simplifying assumption in determining a con-
servative estimate of the maximum diffusion rate. If the solid waste and the clay are
both saturated, the chloride 10n will diffuse from the solid waste, where its concentra-
tion is greater, into the clay liner, even if there is no fluid flow. The concentration of
chloride in the solid waste, C, will be assumed to be a constant with time, as it can be
replaced by dissolution of additional chloride. The concentration of chloride in the
clay liner, C (x, £), at some distance x from the solid waste interface and sometime ¢
after the waste was placed, can be determined from Equation 2.5 (Crank 1956). This is
a solution to Equation 2.2 for the appropriate boundary and initial conditions.

C,(x,t)=Cyerfc— f—ag (2.5)
2(D r]
where
C = the concentration at distance x from the source at time 7 since
diffusion began
C, = the original concentration, which remains a constant

erfc = the complementary error function (Appendix A)

The complementary error function, erfc, is a mathematical function that is related
to the normal, or Gaussian, distribution. This means that the solution described by

Equation 2.5 is normally distributed, as is expected for a diffusional process. Figure 2.2
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shows the profile of relative concentration for a solute diffusing from a region where
the concentration is C, to a region where it was initially zero. Because the profile is
normally distributed, 84% of the values will be less than the value that is one standard
deviation more than the mean and 16% of the values will be less than the value that is
one standard deviation less than the mean. The standard deviation is the square root
of the variance.

Figure 2.2 The profile of a diffusing front as predicted by the complementary error function.
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The complementary error function is tabulated in Appendix A or it can be
calculated in the spreadsheet program Excel using the syntax: ERFC(x). It is related to
the error function, erf, by

erfc(B) =1-erf(B)
The value of erfc(B) is 0 for all positive values of B greater than 3.0 and 1.0 for a
B of 0. For some applications it may be necessary to find erfc of a negative number.

Appendix A does not give values for erfc(B) for negative values of B. These must be
computed from the relationship

erfc(-B)=1+erf B
The error function, erf(B) is defined as:
2 2
erf (B)= - e Tdr
(8)= 11y
The above equation cannot be solved analytically. However, it is tabulated in
Appendix A. It can also be approximated by the analytical expression:

erf (B) = Jl-—exp[_‘iTBz]

Thus values of erfc(B) range from 0 to +2, since the maximum value of erf(B) is 1.0
for 3.0 and all greater numbers.
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EXAMPLE PROBLEM

Assume a D of 1 x 10 m?/sec and an wof 0.5,to give a D* of 5 x 10 "’m?/sec. Find
the value of the concentration ratio, C /C,, at a distance of 5m after 100 yr of diffusion.

1. Convert 100 yr to seconds:

100yr x 365da/yr x 1440 min/dax 60 sec/min=3.15x107 sec
2. Insert values into Equation 2.5:

Ci _ 5

C
Co 2(5%x10""9m? /secx3.15x107 sec) %>

3. Solve:

L =erfc - |=erfc1.99 =0.005
Co 2.51
In 100 yr, diffusion over a 5-m distance would yield a concentration that is 0.5%
of the original.

From the preceding example problem it is obvious that diffusion is not a particularly
rapid means of transporting dissolved solutes. Diffusion is the predominant mecha-
nism of transport only in low-permeability hydrogeologic regimes. However, it is pos-
sible for solutes to move through a porous or a fractured medium by diffusion even if
the groundwater is not flowing.

B 2.3 Transport by Advection

Dissolved solids are carried along with the flowing groundwater. This process is
called advective transport, or advection. The amount of solute that is being trans-
ported is a function of its concentration in the groundwater and the quantity of the
groundwater flowing. For one-dimensional flow normal to a unit cross-sectional area
of the porous media, the quantity of water flowing is equal to the average linear velocity
times the effective porosity. Average linear velocity, v, is the rate at which the flux of
water across the unit cross-sectional area of pore space occurs. It is not the average
rate at which the water molecules are moving along individual flowpaths, which is
greater than the average linear velocity due to tortuosity. The effective porosity, #, is
the porosity through which flow can occur. Noninterconnected and dead-end pores are
not included in the effective porosity, so thatn_<n.

K dh

§ . =
L nedl

(2.6)

where
average linear velocity (L/T)

hydraulic conductivity (L/T)

A W
[

]
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Il

effective porosity
hydraulic gradient (L/L)

nf
dh/dl

Note that the abbreviation » is used in the context of flow and transport under
saturated conditions. When discussing unsaturated flow, 0 is preferred because it refers
to the water content of the porous matrix, as defined in Chapter 4. When the matrix
is fully saturated n equals 0. The one-dimensional mass flux, F, due to advection is
equal to the quantity of water flowing times the concentration of dissolved solids and
is given by Equation 2.7:

F

X

=v,n,C 2.7)
The one-dimensional advective transport equation is

ac ac
—_—= = —— 2 . 8
ot X ox 28

(The derivation of this equation is given in Section 2.6.)

Solution of the advective transport equation yields a sharp concentration front. On
the advancing side of the front, the concentration is equal to that of the invading ground-
water, whereas on the other side of the front it is unchanged from the background value.
This is known as plug flow, with all the pore fluid being replaced by the invading solute
front. The sharp interface that results from plug flow is shown in Figure 2.3, The vertical
dashed line at V' represents an advancing solute front due to advection alone.

Figure 2.3 Advective transport and the influence of longitudinal dispersion and diffusion on the
transport of a solute in one-dimensional flow.

Vv position of input
‘ water at time ¢

Tracer front if
diffusion only

Relative
concentration
(CICy)
=]

L.

I

Distance x ———»
Source: C.W. Fetter. 1994. Applied Hydrogeology, 3rd ed. Upper Saddle River, New Jersey: Prentice-Hall, Inc.

Due to the heterogeneity of geologic materials, advective transport in different strata
can result in solute fronts spreading at different rates in each stratum. If one obtains a
sample of water for purposes of monitoring the spread of a dissolved contaminant from
a borehole that penetrates several strata, the water sample will be a composite of the
water from each stratum. Due to the fact that advection will transport solutes at different
rates in each stratum, the composite sample may be a mixture of water containing the
transported solute coming from one stratum and uncontaminated groundwater coming
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from a different stratum where the average linear velocity is lower. The concentration of
the contaminant in the composite sample would thus be less than in the source.

EXAMPLE PROBLEM

Dissolved nitrate in a concentration of 18.0 mg/L is being advected with flowing
groundwater at a velocity of 0.331 m/day in an aquifer with a porosity of 0.225. Ground-
water from the aquifer discharges into a stream.What is the mass flux of nitrate into the
stream if the aquifer is 1.80 m thick and 123 m wide where it discharges into the stream?

From Equation 2.7 the one dimensional mass flux is
F=vnC

Given:v =0.331 m/da
n,=0.225
C=18.0mg/L

For consistent units the concentration should be in gm/m®,
C =18.0 mg/L x 1/1000 gm/mg x 1000 L/m’
C=18.0gm/m’

The one dimensional mass flux is:
F,=0.331 m/da x 0.225 x 18.0 gm/m*
F.=1.34 gm/da-m?

The flux into the stream is the one dimensional mass flux times the cross
sectional area where the aquifer discharges into the stream.

Total flux = 1.34 gm/da-m*x 123 m x 1.80 m
Total flux = 297 gm/da

B 2.4 Mechanical Dispersion

Groundwater is moving at rates that are both greater and less than the average
linear velocity. At the macroscopic scale—that is, over a domain including a sufficient
volume that the effects of individual pores are averaged (Bear 1972)—there are three
basic causes of this phenomenon: (1) As fluid moves through the pores, it will move
faster in the center of the pores than along the edges. (2) Some of the fluid particles will
travel along longer flow paths in the porous media than other particles to go the same
linear distance. (3) Some pores are larger than others, which allows the fluid flowing
through these pores to move faster. These factors are illustrated in Figure 2.4.

If all groundwater containing a solute were to travel at exactly the same rate, it
would displace water that does not contain the solute and create an abrupt interface
between the two waters. However, because the invading solute-containing water is not
all traveling at the same velocity, mixing occurs along the flowpath. This mixing is
called mechanical dispersion, and it results in a dilution of the solute at the advanc-
ing edge of flow. The mixing that occurs along the direction of the flowpath is called
longitudinal dispersion.
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An advancing solute front will also tend to spread in directions normal to the
direction of flow because at the pore scale the flowpaths can diverge, as shown in
Figure 2.5. The result of this is mixing in directions normal to the flow path called
transverse dispersion.

If we assume that mechanical dispersion can be described by Fick's law for diffu-
sion (Equations 2.1 and 2.2) and that the amount of mechanical dispersion is a func-
tion of the average linear velocity, then we can introduce a coefficient of mechanical
dispersion. This is equal to a property of the medium called dynamic dispersivity, or

FIGURE 2.4 Factors causing longitudinal dispersion at the scale of individual pores.

Pore
sire

Source:; C.W. Fetter. 1994, Applied Hydrogeology, 3d ed. Upper Saddle River, New Jersey: Prentice-Hall, Inc.

FIGURE 2.5 Flowpaths in a porous medium that cause lateral (transverse) hydrodynamic dispersion.

Source: C.W. Fetter. 1994. Applied Hydrogeology, Third Edition. Upper Saddle River, New Jersey: Prentice-Hall, Inc.
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simply dispersivity, @, times the average linear velocity. If /is the principle direction of
flow, the following definitions apply:

Coefficient of longitudinal mechanical dispersion = ay, 2.9
where
v, = the average linear velocity in the / direction (L/T)
@ = the dynamic dispersivity in the / direction (L)
and
Coefficient of transverse mechanical dispersion = ay, (2.10)
where

v, = the average linear velocity in the / direction (L/T)
@ = the dynamic dispersivity in the j direction (L)

B 2.5 Hydrodynamic Dispersion

The process of molecular diffusion cannot be separated from mechanical disper-
sion in flowing groundwater. The two are combined to define a parameter called the
hydrodynamic dispersion coefficient, D. It is represented by the following formulas:

DL =d’Lv‘-+D‘ (2.113)
Dy =apv;+ D" (2.11b)
where
D, = hydrodynamic dispersion coefficient parallel to the principal
direction of flow (longitudinal)
D, = hydrodynamic dispersion coefficient perpendicular to the principal

direction of flow (transverse)
longitudinal dynamic dispersivity
transverse dynamic dispersivity

R R
o

Figure 2.3 shows the effect of diffusion and mechanical dispersion on the relative con-
centration (C/ C,) of a solute acting as a tracer that has been injected into a porous medium
under one-dimensional flow conditions. The vertical line at ¥ represents the advective
transport without dispersion. Effects of diffusion and mechanical dispersion are shown.

The process of hydrodynamic dispersion can be illustrated by Figure 2.6. A mass of
solute is instantaneously introduced into the aquifer at time #, over the interval x=0 + a.
The resulting initial concentration is C,. The advecting groundwater carries the mass
of solute with it. In the process the solute slug spreads out, so that the maximum con-
centration decreases with time, as shown for times ¢, and 7,. The diffusional model of
hydrodynamic dispersion predicts that the concentration curves will have a Gaussian
distribution that is described by the mean and the variance. With this distribution the
coefficients of longitudinal and transverse hydrodynamic dispersion can be defined as

2
.S

ET (2.12a)

Dy
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FIGURE 2.6 Transport and spreading of a solute slug with time due to advection and dispersion.

A slug of solute was injected at x = 0 + a at time t, with a resulting concentration of C .The
groundwater flow is to the right.
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where
r = time
o, = variance of the transverse spreading of the plume
o, = variance of the longitudinal spreading of the plume

12b)

B 2.6 Derivation of the Advection-Dispersion Equation for

Solute Transport

This derivation of the advection-dispersion equation is based on work by Freeze
and Cherry (1979), Bear (1972), and Ogata (1970). Working assumptions are that the
porous medium is homogeneous, isotropic, and saturated with fluid and that flow con-

ditions are such that Darcy's law is valid.

The derivation is based on the conservation of mass of solute flux into and

out of a small representative elementary volume (REV) of the porous media.

The

REV is the smallest volume that is representative for the entirety of whole medium.
A measurement made at the REV scale will yield a value typically of the whole
(Hill 1963). The REV concept serves as a cornerstone in the continuum modeling
of transport phenomena in porous media (Bachmat and Bear 1987). The flow is at

a macroscopic scale, which means that it accounts for the differences in flow
pore to pore. A representative elementary volume is illustrated in Figure 1.6.

from

The average linear velocity, v, has components v, v, and v. The concentration
of solute, C, is mass per unit volume of solution. Mass of solute per unit volume of
aquifer is the product of the effective porosity, n, and C. Porosity is considered to be a

constant because the aquifer is homogeneous.

The solute will be transported by advection and hydrodynamic dispersion. In the

i direction the solute transport is given by

Advective transport = v;1,C dA (2.13)

ac

Dispersive transport =n,D; = dA (2.14)
'
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where dA is the cross-sectional area of the element and the / direction is normal to that
cross-sectional face.

The total mass of solute per unit cross-sectional area transported in the 7 direction
per unit time, F, is the sum of the advective and the dispersive transport and is given by

oc

i i

The negative sign indicates that the dispersive flux is from areas of greater to areas
of lesser concentration.

The total amount of solute entering the representative elementary volume is

F dzdy+ F, dzdx+ F dx dy
The total amount of solute leaving the representative elementary volume is

Fi=vin,C-n,D; (2.15)

3 oF oF,
Fx+—dx)dzdy+F+ “dy |dz dx+| F, +—*dz |dx dy
ox Cy oz
The difference between the mass of the solute entering the representative elemen-
tary volume and the amount leaving it is

(apx . 6F,, oF,

cx Oy z

]dra'ydz

The rate of mass change in the representative elementary volume is

ac
e —dxdydz
€ o
By the law of mass conservation, the rate of mass change in the representative
elementary volume must be equal to the difference in the mass of the solute entering

and the mass leaving,.

)
— iad + oF, =-n, ) (2.16)
cox oy 0z ot

Equation 2.15 can be used to find the values of F, F, and F.. These are substituted
in Equation 2.16, which becomes, after cancellation of n_from both sides,

£ (0,)e (o, )20,
ox ox) oy\ Y oy) éz oz

0 ¢ a pC
20200+ 2046)+ 20200

ot

(2.17)

Equation 2.17 is the three-dimensional equation of mass transport for a conserva-
tive solute—that is, one that does not interact with the porous media or undergo bio-
logical or radioactive decay.

In a homogeneous medium, D, D , and D_do not vary in space. However, because
the coefficient of hydrodynamic dispersion is a function of the flow direction, even
in an isotropic, homogeneous medium, D # D_# D_ For those domains where the



68

R000194

Chapter Two

average linear velocity, v , is uniform in space, Equation 2.17 for one-dimensional flow
in a homogeneous, isotropic porous media is
o’¢ ac _ac
D —v S (2.18)
Lax? “ox o

In a homogeneous medium with a uniform velocity field, Equation 2.17 for two-di-
mensional flow with the direction of flow parallel to the x axis is

2 2
DLB C DTa C iy r’}C___c?C 2.19)
Ey ox ot
where

D, = the longitudinal hydrodynamic dispersion (L*/T)

D_ = the transverse hydrodynamic dispersion (L*/T)

T

i

Equation 2.17 for radial flow from a well can be written in polar coordinates
(Ogata 1970) as

¢ (D@C] Déc uoC ac (2.20)
or or r or cr ot
where
r — radial distance to the well
u = average pore velocity of injection, which is found from
- B
2xn cer
where
Q = the rate of injection into the well
n_ = effective porosity
R = length of well screen or open bore hole

B 2.7 Diffusion versus Dispersion

In the previous section the mass transport equation was derived on the basis of hydro-
dynamic dispersion, which is the sum of mechanical dispersion and diffusion. It would
have been possible to separate the hydrodynamic dispersion term into the two compo-
nents and have separate terms in the equation for them. However, as a practical matter,
under most conditions of groundwater flow, diffusion is insignificant and is neglected.

It is possible to evaluate the relative contribution of mechanical dispersion and
diffusion to solute transport. A Peclet number, P, is a dimensionless number that
can relate the effectiveness of mass transport by advection to the effectiveness of mass
transport by either dispersion or diffusion. Peclet numbers have the general form of v d/
D or v, L/D where v, is the advective velocity, d and L are characteristic flow lengths.
D is the coeﬁ'c:ent of molecular diffusion, and D, is the longitudinal hydrodynamic
dlspcrsmn coefficient. The column Peclet number, wh ich defines the ratio of transport
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by advection to the rate of transport by molecular diffusion in column studies, is a
dimensionless parameter defined as v d/D,, where d is the average grain diameter and
D, is the coefficient of molecular diffusion. A plot of the ratio of D,/D, versus the
Peclet number is given in Figure 2.7a. Shown on this figure are the results of a number
of experimental measurements using sand columns and tracers as well as some exper-
imental curves from several investigators (Perkins and Johnson 1963). Delgado (2007)
presents empirical correlations for the prediction of the dispersion coefficients (D, and
D,) based Peclet number and Schmidt number (S ). The dimensionless Schmidt num-
ber relates the viscous diffusion rate to the molecular diffusion rate. §_is defined as:

fud

c = ;B
where p and p are the dynamic viscosity (M/LT) and density of the fluid, respectively.
D is the diffusion coefficient.

FIGURE 2.7 Graph of dimensionless dispersion coefficients versus Peclet number,P,=v d/D_.(a) D/D,
versus P_and (b D /D,.versus P..
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At zero flow velocity D, is equal to D*, since D, =a, v, + D* In this manner the value of
@, the tortuosity factor, can be experimentally deiermmed as D*= @D, Atvery low veloci-
ties, the ratio of D, /D is a constant with a value of about 0.7, which is the experimentally
determined value of a)for uniform sand. This shows up on the left side of Figure 2.7(a)
as a horizontal line. In this zone diffusion is the predominant force, and dispersion can be
neglected. Between a Peclet number of about 0.4 to 6 there is a transition zone, where the
effects of diffusion and longitudinal mechanical dispersion are more or less equal.

Figure 2.7(b) shows the plot of D /D, as a function of Peclet number. Although the
curve has the same shape as in (a), it occurs at Peclet numbers roughly 100 times greater.
This means that diffusion has more control over transverse dispersion at higher Peclet
numbers than it does for longitudinal dispersion. Higher Peclet numbers occur with higher
velocities and/or longer flow paths. At higher Peclet numbers mechanical dispersion is the
predominant cause of mixing of the contaminant plume (Perkins and Johnson 1963; Bear
1972; Bear and Verruijt 1987) and the effects of diffusion can be ignored. Under these
conditions D, can be replaced with a v, in the advection-dispersion equations.

B 2.8 Moment Analysis

Contaminant hydrogeologists, like other scientists, have to work with a lot of data,
such as periodic measurements of pollutant concentrations in monitoring wells or
hydraulic values that determine the flow and transport of these pollutants. If writing a
report or publishing data in peer reviewed manuscripts, one is expected to back up the
significance of the data with a proper statistical analysis. A review of statistical con-
cepts and methods is not the focus of this book, but excellent introductions into ground-
water statistics are provided by Helsel and Hirsch (2002) or Interstate Technology and
Regulatory Council (2013).

One statistical method, however, that is quite useful for the analysis of contaminant
fate and transport data, especially results from laboratory or field-scale tracer tests, warrants
a more detailed discussion. The method is known as moment analysis. This method can be
an important tool for calculating mass recoveries in tracer experiments, travel velocities of
a plume, and the description of the shape of the plume in terms of dispersivity, skewness,
and kurtosis. Both temporal and spatial data can be used for this analysis. The relationship
between the spatial and temporal moments and the properties of an evolving solute plume
are based on work by Aris (1956) and subsequent modifications by Goltz and Roberts
(1987), who developed moment concepts for the analysis of three-dimensional solute trans-
port data. The spatial moment technique was utilized by Marle et al. (1967), Ghiiven et
al. (1984) and Valocchi (1989) to study solute transport in steady horizontal flow in a per-
fectly stratified aquifer. Valocchi (1990) provides an overview of the usefulness of temporal
moment analysis for studying reactive solute transport in aggregated porous media.

The method of moment was employed for the analysis of many natural gradient
field tracer tests. For instance, the spatial moments of the bromide tracer distribution
were used to calculate the tracer mass, velocity, and dispersivity during the large-scale
tracer test at the Canadian Air Force Base (CFB) in Borden, Ontario (Freyberg 1986;
Farrell and Woodbury 1994) or the transport of nonreactive and reactive tracers in a
sand and gravel aquifer on Cape Cod, Massachusetts (Leblanc et al. 1991; Garabedian
et al. 1991) or at the Twin Lake aquifer test site within the property of the Chalk River
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Nuclear Laboratories, where in 1982 and 1983 a pulse of groundwater labeled with
"“odine was injected (Moltyaner and Killey 1988; Moltyaner and Wills 1991).

The analysis of moments ordinarily is accomplished by numerically solving one
or more triple integrals of tracer concentration in the three-dimensional space of the
test domain (Freyberg 1986; Glotz and Roberts 1987; Valochhi 1989; Garabedian et al.
1991). The absolute moments (M) in three dimensions are defined as follows:

oo
M, = _”,[ Cx/y*z"dx dy dz
-0
where C is the solute concentration at the spatial coordinates x, y, and z. For one-di-
mensional data sets, the moment analysis can be simplified to the temporal and spatial
forms summarized in Table 2.2,
Temporal moments can be interpreted with the help of breakthrough curves (BTC)
(Figure 2.8). A BTC is a graph of concentration versus time. This format of depiction
is appropriate when the position of the observer is fixed (Eulerian approach). A BTC

TABLE 2.2 One-dimensional moments.

Moment Temporal Moments Spatial Moments
0 o 0 o0
Zeroth Absolute Moment Mg = [Cdt M = [Cdx
0 0
® @ * 0
[Ctdt [Ctdt [Cxdx [Cxdx
First Normalized Moment m}=0 -0 Ml=0 .0
irs aliz omen t 2 = s = =0
[Cadt t [ € dx X
0 0
x
J Ct dt
Adjusted First Temporal Moment m!, -0 Not defined

2 o
[(e-m{) Cat [(x-m])"cadx
0
Second Central Moment Mr2= 9 0 Msz =i
axO a0
j(e-m{) cade [(x-M]) Cdx
3 mM3-0 e e
Third Central Moment = —ATG" s MD
t s
o o
j(t-m]) Cat [(x-M]) Cdx
Fourth Central Moment ma_-0 ma-0
t = s =
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FIGURE 2.8 Representation of concentration data resulting from a continuous contaminant release
scenario: (a) concentration versus distance and (b) concentration versus time.The concentration-time
graph is called a breakthrough curve (BTC).
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is typically used to report solute concentrations in column effluent during of tracer
experiment or at the location of a specific monitoring well. In contrast, a graph of
concentration versus distance is not a BTC. It represents a snapshot of concentration
data collected more or less simultaneously at various locations within the test domain
(Lagrangian approach). Such a graph is useful, for example, for reporting the tracer
concentration in groundwater samples collected along the principal axis of a contam-
inant plume.

It is convenient to normalize the higher order temporal and spatial moments by
scaling them to the zeroth temporal moment (M") or zeroth spatial moment (M),
respectively. Higher moments are centralized by subtracting the first normalized tem-
poral or spatial moment (MM‘) from the elapsed time (¢) or distance (x), respectively,
since the start of the measurements.

The significance of M is that it integrates the area under the concentration versus
distance curve (Figure 2.8) and thus presents the mass of solute and a measure for cal-
culating the solute mass recovery and mass balance. The M" aides in determining the
amount of mass passing by a sampling point (i.e., monitoring well). A constant value
of M" at different distances from the origin indicates that no mass loss occurred and
therefore suggests a recalcitrance of a compound to sorption of degradation processes.
The M calculates the mean, i.e., the location of the center of mass of a plume and
thus aides in calculating the plume travel velocity. M' describes the travel time of a
dissolved compound (Figure 2.9). While not defined for spatial coordinate data, the
adjusted first temporal moment, M, is:

o
My = M0 ETO

where 7| is the pulse length, i.e., the duration of the tracer slug injection. M ' permits
the calculation of the tracer front travel time (Figure 2.11) and therefore M ' can
be used to calculate the retardation factor from the inflection point of the BTC,
1e., where C/C_ = 0.5. The parameter C__ is the maximum concentration measured
during the tracer test (Figure 2.9).
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FIGURE 2.9 Ideal breakthrough curve (BTC).The arrival time is the time for the center of mass to

arrive at the monitoring location. The travel time is the breakthrough time of the tracer front.
L e s e ——— e

0.25 -
0.20
0.15 -
0.10

0.05

Relative Concentration (C/C,)

0.0
Travel Time £ N Arrival Time
Time

FIGURE 2.10 Skewness: (a) positive, (b) negative and (c) not skewed around the mean (M* = 0).
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-

The second temporal moment (M?) is the variance (¢°) and provides a measure
for the spread of a plume about the location of the center of mass. The analysis of
the second spatial moment (M?) can be used to determine the longitudinal dispersion
coefficient, D, , in either temporal or spatial coordinates:

2

o

D, =—%
I
2

o
DL=—L—v
2x

where ¢,” is the variance, ¢ is time since the start of the tracer test and v is the linear
flow velocity (constant).

The skewness of a curve is described by the third moment (M). A positive value
indicates that the graph is skewed to the right, whereas a negative value means skew-
ness to the left (Figure 2.10). A value of approximately zero suggests that the data is
normally distributed. The fourth moment (M) is a measure of kurtosis (Figure 2.11).
For a conservative tracer, both M* and M® should be approximately zero. Deviations
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FIGURE 2.11 Negative and positive kurtosis. The M* is zero for when the tracer concentration data is
normally distributed.
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from that value indicate non-ideal transport conditions. Other applications of moment
analysis are discussed in Suthersan et al. 2017.

EXAMPLE

A tracer test was conducted and concentration measurements have been collect-
ed downgradient from the injection location and at three different times (t, = 30 d,
t,=60d,and t,= 90 d). Figure 2.12 shows the concentration versus distance data in
terms of dimensionless concentration (C/C ) at three observations points.

In this example, the tracer is nonreactive because the area under the curves (M?)
remains the same for all three data sets. Had the value of M°® decreased however, it

FIGURE2.12 The spatial position of the tracer concentrations profiles at times ¢ ,t, and t,.

C/Co, Relative concentration

1 ] vy
) * - 0."'
E ]
: . B ol
0.8 é & -
A -
L 2
3 N 2
0.6 ¢
? : :
04 o *
; s %
= *
] . .
0.2 * -
] e &
| ¢ * ® e .
L R S R S
0 250 500 750 1000 1250

Distance from origin



R000201

Mass Transport in Saturated Media

1000 -
3 il -
£ 800 @
53
g 600 #2
e @
S 400 Pl
;é % -7 Slope = Velocity
S 200- P

0 ER ] W Jd 3l JE Oy

0 15 30 45 60 75 90 105
Time

would have indicated that a fraction of the tracer was lost during the experiment.
In that case, a plot of M? versus distance would reveal if the rate of loss is linear or
nonlinear.

The velocity of a migrating plume was estimated from the location of the center
of mass (M') at different times (Figure 2.12). In this example, the velocity remained
constant throughout the experiment, which is expected for a nonreactive tracer.|f the
flow velocity is identical to the groundwater flow velocity, the tracer can be consid-
ered “conservative,”i.e., its flow is not retarded. By comparing the M’ of a conservative
tracer with that of other tracers that might have been co-injected at the start of the
tracer test, one can calculate the relative travel times or relative travel distances and
thus the retardation factors for each tracer.

When plotting M? for each of the three data sets against the time of measure-
ment, the slope of the regression line is equal to 2D,. The M* and M* values indicate
that the three data sets are not skewed and that they do not show kurtosis; once
again indicating that the tracer was nonreactive.

75

FIGURE 2.13 The velocity of a migrating plume can be estimated from the location of the center of
mass (First spatial moment).

B 2.9 Analytical Solutions of the Advection-Dispersion

Equation
2.9.1 Methods of Solution

The advection-dispersion equations can be solved by either numerical or analytical
methods. Analytical methods involve the solution of the partial differential equations
using calculus based on the initial and boundary value conditions. They are limited to
simple geometry and in general require that the aquifer be homogeneous. A number
of analytical solutions are presented in this chapter. They are useful in that they can be
solved with spreadsheet, like EXCEL, or even a pencil and paper, if one is so inclined.
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Numerical methods involve the solution of the partial differential equation by
numerical methods of analysis. They are more powerful than analytical solutions in
the sense that aquifers of any geometry can be analyzed and aquifer heterogeneities
can be accommodated. However, there can be other problems with numerical mod-
els, such as numerical errors, which can cause solutions to show excess spreading of
solute fronts or plumes that are not related to the dispersion of the tracer that is the
subject of the modeling. Bear and Verruijt (1987) present a good introduction to the
use of numerical models to solve mass transport equations. These solutions are nor-
mally found by methods of computer modeling, a topic beyond the scope of this text.
Instead, the reader is referred to Bear and Cheng (2010), who offer an overview about
the methodology and procedures for constructing conceptual and mathematical mod-
els for groundwater flow and the fate and transport of contaminants in both saturated
and unsaturated zones. Also, Kuzmin (2010) provides a guide to numerical methods
for solving transport equations with particular focus on finite element models.

2.9.2 Boundary and Initial Conditions

In order to obtain a unique solution to a differential equation it is necessary to
specify the initial and the boundary conditions that apply. The initial conditions
describe the values of the variable under consideration, in this case concentration, at
some initial time equal to 0. The boundary conditions specify the interaction between
the area under investigation and its external environment.

There are three types of boundary conditions for mass transport. The boundary
condition of the first type is a fixed concentration. The boundary condition of the
second type is a fixed gradient. A variable flux boundary constitutes the boundary
condition of the third type.

Boundary and initial conditions are shown in a shorthand form. For one-dimen-
sional flow we need to specify the conditions relative to the location, x, and the time, .
By convention this is shown in the form

C(x,t)=C()

where C(r) is some known function.
For example, we can write

C(x,0)=0, x>0
C(o,t)=0, 20

The first statement says that for all time ¢ equal to or greater than zero, at x = () the
concentration is maintained at C,. This is a fixed-concentration boundary condition
located at x = 0 (first-type boundary). The second statement is an initial condition that
says at time ¢ = 0, the concentration is zero everywhere within the flow domain, that is,
where x is greater than or equal zero. As soon as flow starts, solute at a concentration
of C, will cross the x = () boundary.

The third condition shows that the flow system is infinitely long and that no matter
how large time gets, the concentration will still be zero at the end of the system (first-
type boundary condition at x = w).
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of the acidic water that drains from many areas that have been mined. Sulfuric acid is
widely used in industrial processes. Sulfur can be released to the environment by the
processing of sulfide ores and by the burning of fossil fuels, all of which contain sul-
fur to some degree. Sulfur is also a component of many fertilizers and can leach into
groundwater systems from agricultural sources.

Sulfur can exist in valence states ranging from S to §*°, Figure 6.8 is an Eh-pH
diagram showing the stability of the two oxidized forms of sulfur, HSO4 and SO,
and the three reduced forms, $*, HS ", and H_,S (aqueous). The field of stability for
elemental sulfur is also shown, The total sulfur activity used in computing the diagram
is 10" mol/L or 96 mg/L as. SO,*. If a greater total sulfur activity were used, the sta-
bility field for elemental sulfur would be larger. Although this is a very useful diagram

FIGURE6.8 Eh-pH diagram for sulfur species at standard conditions with total dissolved sulfur
activity of 96 mg/L.
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Source: ).D.Hem. 1985. Study and interpretation of the chemical characteristics of natural waters, Water Supply Paper
2254,U.5. Geological Survey.
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Ground Penetrating Radar (GPR) Ground penetrating radar (GPR) in optimal
circumstances also can identify depth to water table and bedrock, stratigraphy, metallic
and nonmetalic buried objects, and underground tunnels and cavities. It has limitations
in clayey soils because of a lack of radar penetration.

8.2.3 Rapid Noninvasive Field Surveys and Screening

If a thousand soil samples are sent to the laboratory for contaminant analysis, and
only one comes back as registering detectable concentration, time and money has been
wasted in site characterization. There are rapid field methods for determining the extent
of soil, water, and major well contamination that can help focus and direct characteriza-
tion efforts and save resources. For example, surface water sampling and analysis surveys
are normally simple and quick because of easy access, and are often a first measure taken
at a site suspected of contamination. Certain surface waters, such as springs, gaining
reaches of streams, and wetlands, often directly reflect changes in adjacent groundwater.

Unaided Methods Some survey methods are unaided, such as when soil staining
is directly visible, or inferred from directly observable problems like noxious odors,
stressed or dead vegetation, and impaired or dead animals. Test pits, holes for building
footings, and trenches can be an easy way to observe large cross-sections of the shallow
subsurface. Pits, holes, and trenches are often available at urban and industnal sites
where buildings are being put in, old underground tanks are being exhumed, or under-
ground pipelines and utilities are being established. These open holes and trenches can
provide opportunities for visible identification of contamination because of large con-
tinuous exposure of the subsurface. Direct sampling of soil and any ponded water is
simple with a limited risk of vertical contaminant migration. Test pits and trenches can
delineate shallow stratigraphy, waste disposal areas, grossly contaminated sites, bur-
ied pipelines and underground storage tanks. Importantly, some of these site features
potentially contain health hazards (e.g., toxic gases or potential trench wall collapse),
and safety measures need to always be considered in these investigations.

Colorimetric Screening Technigues Classes of contaminants, like NAPLSs, can be
inexpensively and immediately detected by direct visual sightings in soil and water,
but can be difficult when a NAPL or another pollutant of interest is clear or colorless,
at low saturation, or distributed heterogeneously. NAPLs which cannot be visually
detected can be quickly discovered by a number of other simple techniques. Many
NAPL:s like crude oil, coal tar, creosote, and other petroleum products naturally fluo-
resce when exposed to ultraviolet (UV) light. The inexpensive methodology of putting
a soil sample in a transparent plastic bag and placing it under a “black” (UV) light is
a cost effective way to screen soils for many sorts of NAPL contamination. Also for
NAPLSs there are hydrophobic dyes which, when put in transparent containers with
soils and shaken, give indicator colors in the presence of NAPLs. In water, hydro-
phobic filters or hydrophobic materials can be used to detect NAPL, or centrifugation
can more clearly separate a nonaqueous phase from water. A syringe needle can also
be used to extract suspected globules in a surface water or groundwater sample, and
the globule can be placed in a water column to observe whether it mixes, sinks, or
floats. In wells, NAPL presence can be observed in a number of ways. A simple quick



R000303



R000304



R000305



R000306



R000307



R000308



R000309



R000310



R000311



R000312



R000313



R000314



R000315



R000316



R000317



R000318



R000319



R000320



R000321



R000322



R000323



R000324



R000325



R000326



R000327



R000328



R000329



R000330



R000331



R000332



R000333



R000334



R000335



R000336

492 Chapter Eight

Advantages of cable-tool drilling include the fact that no drilling fluids are used
and that nothing 1s circulated through the well. Both factors serve to limit contami-
nation problems. It is easy to collect representative samples of the formation during
bailing of the casing. Well points can be driven ahead of the casing in unconsolidated
formations for the collection of water quality samples. Cable-tool drilling can be used
to depths in excess of 305 m (1000 ft). This method however can be extremely slow for
deep boreholes, as the tool string and bit must be removed from progressively deeper
depths to allow insertion of a bailer for the removal of cuttings, the bailer must then be
removed from depth, and the tool string and bit reinserted. As depths increase the time
required for this process compounds.

Sonic (Vibratory) Drilling Sonic drilling uses high frequency mechanical oscil-
lation with rotary motion to fluidize subsurface material. As soils and formational
materials experience liquefaction, temporary porosity reduction and inertial effects
reduce friction on the drill string and drill. The destroyed shear strength of the
subsurface formations allows rapid downward advancement In most instances.
Advantages include a minimal amount of formation disturbance, reduction of drill
spoils and waste compared to other methods, the method can produce continuous
cores, sonic does not require circulating drilling fluids, and it can be converted to
air or mud rotary or cable tool percussion techniques. Its disadvantages are that
the technique is not as readily available as other techniques and is generally more
expensive initially.

Other Types of Drilling Other types of dnlling include percussion rotary air
blast (RAB), air core drilling, and diamond core drilling. RAB combines rotary fluid
circulation with the percussive impacts of a pneumatic, reciprocating, piston-driven
“hammer” to pulverize rock. This is an effective way to advance drilling downhole in
consolidated rock and mixed consolidated/unconsolidated terrain. Like most rotary
fluid circulation techniques, circulation can be lost if a large cavity is encountered
such as caverns in karst areas, lava tubes in volcanic regions, or human-made features
such as subsurface mine shafts. Air core drilling cannot penetrate consolhidated rock
as well as RAB; it normally is used on weathered regolith or other unconsolidated
material. The air core method utilizes hardened steel or tungsten blades to cut into
the ground, and collects a more representative sample of solid material compared to
RAB. Diamond core drilling is a very slow method used in hard, consolidated rock. It
produces a rock core that can be inspected. Often fracture patterns, fracture orientation
and aperture size can be determined from these cores. Diamond coring for short inter-
vals can also be used on smaller consolidated formations encountered while drilling
with other methods.

When drilling in areas with muddy or spongy soils, it may be necessary to build
temporary roads, e.g., laying down a layer of crushed rocks to permit the heavy drill-
ing equipment to reach the drlling locations without getting stuck (Figure 8.19).
Alternatively, portable coring drilling machines, originally designed for mineral explo-
ration, can be used to advantage to install hard rock monitoning wells in sites that are
hard to access, in remote locations and wilderness sites, and in eco-sensitive areas.
Drills, such as the Shaw Portable Core Drill and the Winkie Drill can produce small
diameter holes amenable to fractured rock monitoring (Parker et al. 2015).
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Pump-and-treat methods have been shown to be effective in removing a large amount
of more soluble contaminant mass from the aquifer during the initial phase of pump-
ing. They are also useful in halting the spread of a plume of contamination, i.e., plume
containment. However, if the contaminant concentration in the aquifer is still above the
cleanup goal once a pump-and-treat project reaches the stage where the contaminant
release is diffusion controlled, decades of additional pumping might be required before
the aquifer is “clean.” This does not mean that the pump-and-treat approach failed,
it only means that it was an unrealistic expectation to attain complete remediation of
an aquifer with pump-and-treat as the only remedy. The shortcomings of conventional
pump-and-treat schemes have led to the development of many innovative remediation
technologies, which will be discussed in greater detail later in this chapter.

9.3.2 Capture Zones

In order to capture a plume of contaminated water, it is necessary to have one or
more pumping wells located downgradient of the source area. Each well will have what
is known as a capture zone, which is the area contributing flow to that particular well.

If the water table is flat, there is no regional flow. The capture zone of a well is
radially symmetrical, centered on the well and extending as far as the edge of the cone
of depression (see Figure 9.14a). If there is a slope to the water table, the groundwater
flows and the capture zone are asymmetrical, with the greatest extent in the upgradient
direction (Figure 9.14b). As the groundwater velocity increases, the width of the cap-
ture zone decreases for a given pumping rate (see Figure 9.14c).

The shape of the capture zone is a function of the average linear groundwater veloc-
ity, the quantity of the water being pumped from the aquifer, and the distribution of
hydraulic conductivity. The upgradient extent of the capture zone depends upon the
length of time over which the pumping occurs. The Wellhead Protection Area (WHPA)
program was developed by the U.S. EPA that may be used to delineate capture zone. It
is a semi-analytical groundwater flow simulation program that can account for multiple
pumping and injection wells and delineates the area contributing flow to those wells.

FIGURE 9.14 (a) Flow lines toward a well in an aquifer with no water table gradient; (b) flow lines
toward a well and the capture zone with uniform flow to the upper right of the figure; (c) flow lines
toward a well and the capture zone with uniform flow to the upper right at a rate 10 times the rate of (b).
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at a reduced rate. A large number of plants have been evaluated for potential use in
phytoremediation applications. The selection of one or more plant species is based on
factors such as ability to extract or degrade the contaminants of concern, adaptation
to local climates, high biomass, depth root structure, compatibility with soils, growth
rate, ease of planting and maintenance, and ability to take up large quantities of water
through the roots (U.S. EPA 2012c). Recent developments in transgenic plant research
may lead to a greater selection of plant varieties or the treatment of contaminants cur-
rently not possible (Lee 2013). The duration of the treatment generally depends on the
type and initial contaminant concentration, its distribution within the treatment zone,
plant selection and their growth rate, hydrogeologic and climatologic conditions, and
other site characteristics.

Phytoremediation has become an alternative to other, more aggressive cleanup
technologies because of relatively low capital costs and the inherently aesthetic nature
of planted sites. However, this treatment technology is not a “Do something quick and
cheap in the field and then walk away” approach. Like any remediation system, phy-
toremediation requires significant operation, maintenance, and monitoring for several
years after planting. For instance, plants may require irrigation, fertilization, weed and
pest control or replanting (ITRC 2009).

M 9.17 Summary

There is great interest in developing effective and efficient methods of remediating
contaminated soils and groundwater in order to meet the mandates of public concern
and federal legislation such as RCRA and CERCLA in the United States.

In order to have a successful remediation, it is necessary to first isolate or remove
the source of the contamination. Sources can include hazardous wastes spread on the
land or improperly buried in the earth, leaking landfills, leaking underground storage
tanks, or soils that have become contaminated by accidental spills and leaks. If 1t 1s
not possible to remove sources, they can be 1solated by physical barners, such as slurry
walls and impermeable covers or by hydrodynamic barriers created by pumping and
injection wells.

While not very effective, contaminated groundwater can be pumped from the
ground and treated. Pump-and-treat technologies can be effectively used to hydrauli-
cally control plumes. Before initiating a pump-and-treat program, any mobile NAPL
present should be removed. Floating NAPLs can be removed by multi-phase extrac-
tion pumps located in wells. Residual NAPL and contaminants sorbed onto mineral
surfaces and soil organic carbon will slowly partition into the clean groundwater that
replaces the contaminated groundwater removed by pumping. This will greatly pro-
long the period of time that it takes to remediate the aquifer. If all the residual con-
tamination is not removed from the aquifer, the concentration of contaminants will
increase after the termination of a pump-and-treat operation. It may be impossible to
remediate sites contaminated with DNAPLs by conventional pump-and-treat meth-
ods. Such aquifers might require permanent plume-stabilization wells to prevent the
spread of the plume, or need to be remediated with more advanced technologies.

Water that is extracted from the aquifer can be treated to remove both organic
and inorganic contaminants. Methods of treatment of dissolved organics include
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SOURCE: Adopted in R20-19 at 45 Ill. Reg. 5884, effective April 21, 2021.

SUBPART A: GENERAL PROVISIONS

Section 845.100 Scope and Purpose

a)

b)

This Part establishes criteria for determining which CCR surface impoundments
do not pose a reasonable probability of adverse effects on health or the
environment. CCR surface impoundments failing to satisfy any of the
requirements of this Part are considered open dumps, which are prohibited under
Section 21(a) of the Act.

This Part applies to owners and operators of new and existing CCR surface
impoundments, including any lateral expansions of CCR surface impoundments
that dispose of or otherwise engage in solid waste management of CCR generated
from the combustion of coal at electric utilities and independent power producers.
Unless otherwise provided in this Part, these requirements also apply to CCR
surface impoundments located off-site of the electric utility or independent power
producer.
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This Part also applies to inactive CCR surface impoundments at active and
inactive electric utilities or independent power producers, regardless of the fuel
currently used at the facility to produce electricity.

Except as provided in Section 845.170, inactive CCR surface impoundments are
subject to all the requirements of this Part applicable to existing CCR surface
impoundments.

This Part does not apply to wastes, including fly ash, bottom ash, boiler slag, and
flue gas desulfurization materials generated at facilities that are not part of an
electric utility or independent power producer, such as manufacturing facilities,
universities, and hospitals. This Part also does not apply to fly ash, bottom ash,
boiler slag, and flue gas desulfurization materials generated primarily from the
combustion of fuels (including other fossil fuels) other than coal, for the purpose
of generating electricity unless the fuel burned consists of more than 50% coal on
a total heat input or mass input basis, whichever results in the greater mass feed
rate of coal.

This Part does not apply to the beneficial use of CCR.

This Part does not apply to CCR placement at active or abandoned underground
or surface coal mines.

This Part does not apply to landfills that receive CCR.

If a CCR surface impoundment has completed an Agency-approved closure
before April 21, 2021, this Part does not require the owner or operator of the CCR
surface impoundment to resubmit to the Agency any closure plan, closure report,
or closure certification for that completed closure.

Upon completion of an Agency-approved closure, the CCR surface impoundment
is considered a CCR surface impoundment that has completed closure for
purposes of fee applicability under Section 22.59(j) of the Act.

Section 845.110 Applicability of Other Regulations

a)

b)

Compliance with the requirements of this Part does not affect the need for the
owner or operator of a CCR surface impoundment, or lateral expansion of a CCR
surface impoundment, to comply with all other applicable federal, state, tribal, or
local laws or other requirements.

Any CCR surface impoundment or lateral expansion of a CCR surface
impoundment is subject to the following requirements:

1) Illinois Endangered Species Protection Act [520 ILCS 10] and 40 CFR
257.3-2.
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2) Surface Water

A) A facility must not cause a discharge of pollutants into waters of
the United States that is in violation of the requirements of the
National Pollutant Discharge Elimination System (NPDES) under
section 402 of the Clean Water Act.

B) A facility must not cause a discharge of dredged material or fill
material to waters of the United States that is in violation of the
requirements under section 404 of the Clean Water Act, as
amended.

C) A facility or practice must not cause non-point source pollution of
waters of the United States that violates applicable legal
requirements implementing an areawide or statewide water quality
management plan that has been approved by USEPA under section
208 of the Clean Water Act, as amended.

D) Definitions of the terms "discharge of dredged material”, "point
source", "pollutant”, and "waters of the United States™ can be
found in the Clean Water Act, as amended (33 USC 1251 et seq.)
and implementing regulations, specifically 33 CFR 323 (42 FR

37122, July 19, 1977).

E) Except as in compliance with the provisions of the Act, Board
regulations, and the CWA, and the provisions and conditions of the
NPDES permit issued to the discharger, the discharge of any
contaminant or pollutant by any facility into the waters of the State
from a point source or into a well will be unlawful.

3) Rivers, Lakes and Streams Act [615 ILCS 5/23 and 23(a)] and 17 IlI.
Adm. Code 3702.

Section 845.120 Definitions
Except as stated in this Section, or unless a different meaning of a word or term is clear from the
context, the definition of words or terms in this Part will be the same as that applied to the same

words or terms in the Environmental Protection Act:

"1000-year flood" means a flood of magnitude (or greater) of 1 in 1000 probability of
occurring in any given year.

"Act" means the Illinois Environmental Protection Act [415 ILCS 5].
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"Active facility” or "active electric utility” or "independent power producer” means any
facility, subject to the requirements of this Part, that is in operation on or after October
19, 2015. An electric utility or independent power producer is in operation if it is
generating electricity that is provided to electric power transmission systems or to electric
power distribution systems on or after October 19, 2015. An off-site CCR surface
impoundment is in operation if it is accepting or managing CCR on or after October 19,
2015.

"Active life" or "in operation” means the period of operation beginning with the initial
placement of CCR in the CCR surface impoundment and ending at completion of closure
activities in accordance with Subpart G.

"Agency" means the Illinois Environmental Protection Agency.
"Aquifer" means a geologic formation, group of formations, or portion of a formation
capable of yielding usable quantities of groundwater to wells or springs.

"Area-capacity curves” means graphic curves that readily show the reservoir water
surface area, in acres, at different elevations from the bottom of the reservoir to the
maximum water surface, and the capacity or volume, in acre-feet, of the water contained
in the reservoir at various elevations.

"Areas susceptible to mass movement" means those areas of influence (i.e., areas
characterized as having an active or substantial possibility of mass movement) where,
because of natural or human-induced events, the movement of earthen material at,
beneath, or adjacent to the CCR surface impoundment may result in the downslope
transport of soil and rock material by means of gravitational influence. Areas of mass
movement include, but are not limited to, landslides, avalanches, debris slides and flows,
soil fluctuation, block sliding, and rock fall.

"Beneficial use of CCR" means CCR that meets the definition of “coal combustion by-
product” in Section 3.135 of the Act [415 ILCS 5/3.135] and the definition of "beneficial
use of CCR" in 40 CFR 257.53, incorporated by reference in Section 845.150.

"Board" means lllinois Pollution Control Board.

"Certified laboratory™ means any laboratory certified under Section 4(0) of the Act or
certified by USEPA for the specific constituents to be examined.

"Closed" for purposes of this Part means placement of CCR in a CCR surface
impoundment has stopped, and the owner or operator has completed closure of the CCR
surface impoundment and has initiated post-closure care in accordance with Subpart G.

"Coal combustion residuals™ or "CCR" means fly ash, bottom ash, boiler slag, and flue
gas desulfurization materials generated from burning coal for the purpose of generating
electricity by electric utilities and independent power producers. [415 ILCS 5/3.142]
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"CCR fugitive dust" means solid airborne particulate matter that contains or is derived
from CCR, emitted from any source other than a stack or chimney.

"CCR storage pile" means any temporary accumulation of solid, non-flowing CCR
placed on the land that is designed and managed to control releases of CCR to the
environment. CCR contained in an enclosed structure is not a CCR storage pile.
Examples of control measures to control releases from CCR storage piles include:
periodic wetting, application of surfactants, tarps, or wind barriers to suppress dust; tarps
or berms for preventing contact with precipitation and controlling run-on/run-off; and
impervious storage pads or geomembrane liners for soil and groundwater protection.

"CCR surface impoundment" or "impoundment™ means a natural topographic depression,
man-made excavation, or diked area, which is designed to hold an accumulation of CCR
and liquids, and the surface impoundment treats, stores, or disposes of CCR. [415 ILCS
5/3.143]

"Dike" means an embankment, berm, or ridge of either natural or man-made materials
used to prevent the movement of liquids, sludges, solids, or other materials.

"Displacement"” means the relative movement of any two sides of a fault measured in any
direction.

"Disposal” means the discharge, deposit, injection, dumping, spilling, leaking, or placing
of any solid waste as defined in section 1004(27) of the Resource Conservation and
Recovery Act into or on any land or water or into any well so that the solid waste, or
constituent thereof, may enter the environment or be emitted into the air or discharged
into any waters, including groundwater. For purposes of this Part, disposal does not
include the beneficial use of CCR.

"Downstream toe" means the junction of the downstream slope or face of the CCR
surface impoundment with the ground surface.

"Enclosed structure" means:

A completely enclosed, self-supporting structure that is designed and constructed
of manmade materials of sufficient strength and thickness to support itself, the
CCR, and any personnel and heavy equipment that operate within the structure,
and to prevent failure due to settlement, compression, or uplift; climatic
conditions; and the stresses of daily operation, including the movement of heavy
equipment within the structure and contact of that equipment with containment
walls;

The structure has containment walls that are designed to be sufficiently durable to
withstand any movement of personnel, CCR, and handling equipment within the
structure;
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The structure is designed and operated to ensure containment and prevent fugitive
dust emissions from openings, such as doors, windows and vents, and the tracking
of CCR from the structure by personnel or equipment.

"Exceedance of the groundwater protection standard” means:

For existing CCR surface impoundments and inactive CCR surface
impoundments:

an analytical result with a concentration greater than the numerical value of the
constituents listed in Section 845.600(a), in a down gradient well; or

when the up gradient background concentration of a constituent exceeds the
numerical value listed in Section 845.600(a), an analytical result with a
concentration at a statistically significant level above the up gradient background
concentration, in a down gradient well.

For new CCR surface impoundments and lateral expansions of existing CCR
surface impoundments, an analytical result with a constituent concentration at a
statistically significant level above the up gradient background concentration, in a
down gradient well.

"Existing CCR surface impoundment” means a CCR surface impoundment in which
CCR is placed both before and after October 19, 2015, or for which construction started
before October 19, 2015 and in which CCR is placed on or after October 19, 2015. A
CCR surface impoundment has started construction if the owner or operator has obtained
the federal, State, and local approvals or permits necessary to begin physical construction
and a continuous on-site, physical construction program had begun before October 19,
2015.

"Facility” means all contiguous land, and structures, other appurtenances, and
improvements on the land, used for treating, storing, disposing of, or otherwise
conducting solid waste management of CCR. A facility may consist of several treatment,
storage, or disposal operational units (e.g., one or more landfills, surface impoundments,
or combinations of them).

"Factor of safety"” or "safety factor” means the ratio of the forces tending to resist the
failure of a structure to the forces tending to cause that failure, as determined by accepted
engineering practice.

"Fault" means a fracture or a zone of fractures in any material along which strata on one
side have been displaced with respect to that on the other side.

"Flood hydrograph™ means a graph showing, for a given point on a stream, the discharge,
height, or other characteristic of a flood as a function of time.



R000431

"Free liquids™ means liquids that readily separate from the solid portion of a waste under
ambient temperature and pressure.

"Groundwater" means water below the land surface in a zone of saturation.

"Hazard potential classification” means the possible adverse incremental consequences
that result from the release of water or stored contents due to failure of the diked CCR
surface impoundment or mis-operation of the diked CCR surface impoundment or its
appurtenances. The hazardous potential classifications include Class 1 and Class 2,
defined as follows:

Class 1 CCR surface impoundment means a diked surface impoundment where
failure or mis-operation will probably cause loss of human life.

Class 2 CCR surface impoundment means a diked surface impoundment where
failure or mis-operation results in no probable loss of human life, but can cause
economic loss, environmental damage, disruption of lifeline facilities, or impact
other concerns.

"Height" means the vertical measurement from the downstream toe of the CCR surface
impoundment at its lowest point to the lowest elevation of the crest of the CCR surface
impoundment, not including spillways.

"Holocene™ means the most recent epoch of the Quaternary period, extending from the
end of the Pleistocene Epoch, at 11,700 years before present, to present.

"Hydraulic conductivity" means the rate at which water can move through a permeable
medium (i.e., the coefficient of permeability).

"Inactive CCR surface impoundment” means a CCR surface impoundment in which CCR
was placed before but not after October 19, 2015 and still contains CCR on or after
October 19, 2015. Inactive CCR surface impoundments may be located at an active
facility or inactive facility.

"Inactive Closed CCR surface impoundment” means an inactive CCR surface
impoundment that completed closure before October 19, 2015 with an Agency-approved
closure plan.

"Inactive facility” or "inactive electric utilities or independent power producers” means
any facility that is not in operation on or after October 19, 2015.

"Incised CCR surface impoundment™ means a CCR surface impoundment that is
constructed by excavating entirely below the natural ground surface, holds an
accumulation of CCR entirely below the adjacent natural ground surface, and does not
consist of any constructed diked portion.
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"Inflow design flood™" means the flood hydrograph that is used in the design or
modification of the CCR surface impoundment and its appurtenant works.

"In operation™ means the same as "active life".

"Karst terrain™ means an area where karst topography, with its characteristic erosional
surface and subterranean features, is developed as the result of dissolution of limestone,
dolomite, or other soluble rock. Characteristic physiographic features present in karst
terrains include, but are not limited to, dolines, collapsed shafts (sinkholes), sinking
streams, caves, seeps, large springs, and blind valleys.

"Lateral expansion™ means a horizontal or vertical expansion of the waste boundaries of
an existing CCR surface impoundment made after October 19, 2015.

"Liquefaction factor of safety” means the factor of safety (safety factor) determined using
analysis under liquefaction conditions.

"Lithified earth material” means all rock, including all naturally occurring and naturally
formed aggregates or masses of minerals or small particles of older rock that formed by
crystallization of magma or by induration of loose sediments. This term does not include
man-made materials, such as fill, concrete, and asphalt, or unconsolidated earth materials,
soil, or regolith lying at or near the earth surface.

"Maximum horizontal acceleration in lithified earth material™ means the maximum
expected horizontal acceleration at the ground surface as depicted on a seismic hazard
map, with a 98% or greater probability that the acceleration will not be exceeded in 50
years, or the maximum expected horizontal acceleration based on a site-specific seismic
risk assessment.

"New CCR surface impoundment™ means a CCR surface impoundment or lateral
expansion of an existing or new CCR surface impoundment that first receives CCR or
starts construction after October 19, 2015. A new CCR surface impoundment has started
construction if the owner or operator has obtained the federal, State, and local approvals
or permits necessary to begin physical construction and a continuous on-site, physical
construction program had begun after October 19, 2015.

"Operator" means the person or persons responsible for the overall operation of a CCR
surface impoundment.

"Outermost damage zone of a fault" means the volume of deformed wall rocks around a
fault surface that results from the initiation, propagation, interaction and build-up of slip
along faults.

"Owner" means the person or persons who own a CCR surface impoundment or part of a
CCR surface impoundment.



R000433

"Poor foundation conditions™ means those areas where features exist which indicate that a
natural or human-induced event may result in inadequate foundation support for the
structural components of an existing or new CCR surface impoundment. For example,
failure to maintain static and seismic factors of safety, as required in Section 845.460,
would cause a poor foundation condition.

"Probable maximum flood" means the flood that may be expected from the most severe
combination of critical meteorologic and hydrologic conditions that are reasonably
possible in the drainage basin.

"Qualified person™ means a person or persons trained to recognize specific appearances
of structural weakness and other conditions that are disrupting, or have the potential to

disrupt, the operation or safety of the CCR surface impoundment by visual observation
and, if applicable, to monitor instrumentation.

"Qualified professional engineer" means an individual who is licensed under the
Professional Engineering Practice Act of 1989 [225 ILCS 325] to practice one or more
disciplines of engineering and who is qualified by education, technical knowledge and
experience to complete the engineering analyses and make the specific technical
certifications required under this Part.

"Recognized and generally accepted engineering practices™ means engineering
maintenance or operation activities based on established codes, widely accepted
standards, published technical reports, or a practice widely recommended throughout the
industry. These practices generally detail approved ways to perform specific
engineering, inspection, or mechanical integrity activities.

"Retrofit" means to remove all CCR and contaminated soils and sediments from the CCR
surface impoundment, and to ensure the surface impoundment complies with the
requirements in Section 845.410.

"Run-off" means any rainwater, leachate, or other liquid that drains over land from any
part of a CCR surface impoundment or lateral expansion of a CCR surface impoundment.

"Run-on" means any rainwater, leachate, or other liquid that drains over land onto any
part of a CCR surface impoundment or lateral expansion of a CCR surface impoundment.

"Sand and gravel pit" or "quarry" means an excavation for the extraction of aggregate,
minerals or metals. The term sand and gravel pit and/or quarry does not include
subsurface or surface coal mines.

"Seismic factor of safety” means the factor of safety (safety factor) determined using
analysis under earthquake conditions using the peak ground acceleration for a seismic
event with a 2% probability of exceedance in 50 years, equivalent to a return period of
approximately 2,500 years, based on the U.S. Geological Survey (USGS) seismic hazard
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maps for seismic events with this return period for the region where the CCR surface
impoundment is located.

"Seismic impact zone" means an area having a 2% or greater probability that the
maximum expected horizontal acceleration, expressed as a percentage of the earth's
gravitational pull (g), will exceed 0.10 g in 50 years.

"Slope protection” means engineered or non-engineered measures installed on the
upstream or downstream slope of the CCR surface impoundment to protect the slope
against wave action or erosion, including rock riprap, wooden pile,

concrete revetments, vegetated wave berms, concrete facing, gabions, geotextiles, or
fascines.

"Solid waste management” or "management” means the systematic administration of the
activities that provide for the collection, source separation, storage, transportation,
processing, treatment, or disposal of solid waste.

"Static factor of safety” means the factor of safety (safety factor) determined using
analysis under the long-term, maximum storage pool loading condition, the maximum
surcharge pool loading condition, and the end-of-construction loading condition.

"Structural components” means liners, leachate collection and removal systems, final
covers, run-on and run-off systems, inflow design flood control systems, and any other
component used in the construction and operation of the CCR surface impoundment that
IS necessary to ensure the integrity of the surface impoundment and ensure that the
contents of the surface impoundment are not released into the environment.

"Temporary accumulation” means an accumulation on the land that is neither permanent
nor indefinite. To demonstrate that the accumulation on the land is temporary, all CCR
must be removed from the pile at the site. The entity engaged in the activity must have a
record in place, such as a contract, purchase order, facility operation and maintenance, or
fugitive dust control plan, documenting that all the CCR in the pile will be completely
removed according to a specific timeline.

"Unstable area” means a location that is susceptible to natural or human-induced events
or forces capable of impairing the integrity of that area, including structural components
of some or all the CCR surface impoundment that are responsible for preventing releases
from the surface impoundment. Unstable areas can include poor foundation conditions,
areas susceptible to mass movements, and karst terrains.

"Uppermost aquifer” means the geologic formation nearest the natural ground surface
that is an aquifer, as well as lower aquifers that are hydraulically interconnected with this
aquifer within the facility's property boundary. Upper limit is measured at a point
nearest to the natural ground surface to which the aquifer rises during the wet season.
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"Waste boundary" means a vertical surface located at the hydraulically downgradient
limit of the CCR surface impoundment. The vertical surface extends down into the
uppermost aquifer.

"Wetlands" means those areas that are inundated or saturated by surface or groundwater
at a frequency and duration sufficient to support, and that under normal circumstances do
support, a prevalence of vegetation typically adapted for life in saturated soil conditions.
Wetlands generally include swamps, marshes, bogs, and similar areas.

Section 845.130 Surface Impoundment Identification

The owner or operator of a CCR surface impoundment must place on, or immediately adjacent
to, the CCR surface impoundment a permanent identification marker at least six feet high
showing the identification number of the CCR surface impoundment assigned by the Agency, the
name associated with the CCR surface impoundment and the name of the owner or operator of
the CCR surface impoundment. The owner or operator must maintain the marker at all times an
operating permit is required under this Part.

Section 845.140 Right of Inspection
The owner or operator of a CCR surface impoundment must allow the Agency and its duly

authorized representatives to perform inspections in accordance with the Agency's authority
under the Act, including:

a) Entering, at reasonable times, the facility where CCR surface impoundments are
located or where any activity is to be conducted under a permit issued under this
Part;

b) Having access to and copying at reasonable times any records required to be kept

under the terms and conditions of a permit of this Part;

C) Inspecting at reasonable times, including during any hours of operation:
1) Equipment constructed or operated under a permit issued under this Part;
2) Equipment or monitoring methodology; or

3) Equipment required to be kept, used, operated, calibrated and maintained
under a permit issued under this Part;

d) Obtaining and removing, at reasonable times, samples of any raw or finished
water, discharge or emission of pollutants;

e) Entering, at reasonable times, to use any photographic, recording, testing,
monitoring or other equipment for the purpose of preserving, testing, monitoring
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or recording any raw or finished water, activity, discharge or emission authorized
by a permit.

Section 845.150 Incorporations by Reference

a) For purposes of this Part, the Board incorporates the following material by
reference:

1)

2)

Non-Regulatory Government Publications and Publications of Recognized
Organizations and Associations:

Association for the Advancement of Cost Engineering (AACE), 726 East
Park Avenue #180, Fairmont, WV 26554, (304) 296-8444, web.aacei.org.

"Cost Estimate Classification System — As Applied in
Engineering, Procurement, and Construction for the Process
Industries”, TCM Framework: 7.3 — Cost Estimating and
Budgeting. March 6, 2009, AACE International Recommended
Practice No. 18R-97.

NTIS. National Technical Information Service, 5285 Port Royal Road,
Springfield VA 22161, (703) 605-6000, www.ntis.gov.

"Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods", USEPA Publication No. SW-846, as amended by
Updates I, I1, A, 1B, 11, 1A, and 111B (Doc. No. 955-001-
00000-1) (available online at https://www.epa.gov/hw-sw846/sw-
846-compendium).

Code of Federal Regulations, Available from the Superintendent of
Documents, U.S. Government Publishing Office, Washington, DC 20401,
(202) 783-3238, https://www.ecfr.gov,
https:/www.govinfo.gov/app/collection/cfr, or
https://www.federalregister.gov:

40 CFR 257.53 (2019) (Definition of “beneficial use of CCR”)

40 CFR 257.103(f)(1)(x) (85 Fed. Reg. 53563-64 (Aug. 28, 2020))
(Preparation of Semi-Annual Progress Reports)

b) This Section incorporates no later editions or amendments.

Section 845.160 Severability
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If any provision of this Part or its application to any person or under any circumstances is
adjudged invalid, that adjudication must not affect the validity of this Part as a whole or of any
portion not adjudged invalid.

Section 845.170 Inactive Closed CCR Surface Impoundments

a)

b)

Among the provisions of this Part, only the following apply to inactive closed
CCR surface impoundments:

1) All of Subpart A: General Provisions;
2) The following Sections of Subpart B (Permitting):
A) Section 845.200;
B) Section 845.210;
C) Section 845.220(a), (c), and (f)(2);
D) Section 845.230(c) and (d)(4);
E) Section 845.250;
F) Section 845.270;
G) Section 845.280;
H) Section 845.290;

3) The following Section of Subpart G (Closure and Post-Closure Care):
Section 845.780(b), (d), and (e); and

4) All of Subpart I (Financial Assurance).

When a prior release from an inactive closed CCR surface impoundment has
caused an exceedance of the groundwater quality standards in 35 1ll. Adm. Code
620, and the owner or operator has not completed remediation of the release
before completing closure, the owner or operator must initiate or continue
corrective action under an operating permit issued under this Part.

When a release from an inactive closed CCR surface impoundment causes an
exceedance of the groundwater quality standards in 35 Ill. Adm. Code 620, and
the Agency has not concurred with an alternative source demonstration, the owner
or operator of an inactive closed CCR surface impoundment must initiate an
assessment of corrective measures that prevents further releases, remediates any
releases, and restores the affected area. The owner or operator of the inactive
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closed CCR surface impoundment must develop a corrective action plan and
obtain a construction permit consistent with subsection (a)(2) before performing
any corrective action to remediate any releases and to restore the affected area,
including the final cover system, groundwater monitoring system, groundwater
collection trench, extraction wells, slurry walls, or any construction related to
corrective action.

SUBPART B: PERMITTING

Section 845.200 Permit Requirements and Standards of Issuance

a)

b)

Permit Requirements

1)

2)

3)

4)

5)

6)

No person may construct, install, or modify a CCR surface impoundment
or related treatment or mitigation facilities, including corrective action
measures under Subpart F, without a construction permit issued by the
Agency under this Part.

Except as provided in Section 845.230(d), no person may operate a CCR
surface impoundment without an operating permit issued by the Agency
under this Part. For purposes of this Part, a CCR surface impoundment
starts operation upon initial receipt of CCR.

No person may perform corrective action at a CCR surface impoundment
without obtaining a construction permit for corrective action and
modifying the facility's operating permit, or modifying the facility's
operating permit when the approved corrective action does not require the
modification of the CCR surface impoundment or the installation or
modification of related treatment or mitigation facilities.

Except as provided in Section 22.59(e) of the Act, no person
may close a CCR surface impoundment without obtaining a construction
permit for closure issued by the Agency under this Part.

A CCR surface impoundment must maintain an operating permit until:

A) The completion of post-closure care when the CCR surface
impoundment is closed with a final cover system; or

B) The completion of groundwater monitoring under Section
845.740(b) when the CCR surface impoundment is closed by
removal.

The Agency may issue a joint construction and operating permit.

Standards for Issuance
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Except as provided in subsection (b)(2), the Agency may not issue any
construction or operating permit required by this Part unless the applicant
submits adequate proof that the CCR surface impoundment will be
constructed, modified or operated so as not to cause a violation of the Act
or Board rules.

The existence of a violation of the Act, Board regulation, or Agency
regulation will not prevent the issuance of a construction or operating
permit under this Part if:

A) The applicant has been granted a variance or an adjusted standard
from the regulation by the Board;

B) The permit application is for construction, installation, or operation
of equipment to alleviate or correct a violation; or

C) The permit application is for construction, installation, or operation
of equipment necessary to restore, protect or enhance the
environment.

In granting permits, the Agency may impose reasonable conditions
specifically related to the applicant’s past compliance history with the Act
as necessary to correct, detect, or prevent noncompliance. The Agency
may impose such other conditions as may be necessary to accomplish the
purpose of the Act and as are not inconsistent with this Part. [415 ILCS
5/39(a)]

In making its determinations on permit applications under this Part, the
Agency may consider prior adjudications of noncompliance with the Act
by the applicant that involved a release of a contaminant into the
environment. [415 ILCS 5/39(a)]

Section 845.210 General Provisions

a)

b)

All permit applications must be made on the forms prescribed by the Agency and
must be mailed or delivered to the address designated by the Agency on the
forms. The Agency must provide a dated, signed receipt upon request. The
Agency's record of the date of filing must be deemed conclusive unless a contrary
date is proved by a dated, signed receipt.

Required Signatures of Owners or Operators

1)

All permit applications must contain the name, address, email address and
telephone number of the operator, or duly authorized agent, and the
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2)
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property owner to whom all inquiries and correspondence must be
addressed.

All permit applications must be signed by the owner, operator or a duly
authorized agent of the operator.

An application submitted by a corporation must be signed by a principal
executive officer of at least the level of vice president, or his or her duly
authorized representative, if that representative is responsible for the
overall operation of the facility described in the application form. In the
case of a partnership or a sole proprietorship, the application must be
signed by a general partner or the proprietor, respectively. In the case of a
publicly owned facility, the application must be signed by either the
principal executive officer, ranking elected official, or other duly
authorized employee.

Legal Description. All permit applications must contain a legal description of the
facility boundary and a description of the boundaries of all units included in the
facility.

Previous Assessments, Investigations, Plans and Programs

1)

2)

3)

The Agency may approve the use of any hydrogeologic site investigation
or characterization, groundwater monitoring well or system, or
groundwater monitoring plan, bearing the seal and signature of an Illinois
Licensed Professional Geologist or Licensed Professional Engineer,
completed before April 21, 2021 to satisfy the requirements of this Part.

For existing CCR surface impoundments, the owner or operator of the
CCR surface impoundment may use a previously completed location
restriction demonstration required by Section 845.300 (Placement Above
the Uppermost Aquifer), Section 845.310 (Wetlands), Section 845.320
(Fault Areas), Section 845.330 (Seismic Impact Zones), and Section
845.340 (Unstable Areas) provided that the previously completed
assessments meet the applicable requirements of those Sections.

For existing CCR surface impoundments, the owner or operator of the
CCR surface impoundment may use a previously completed assessment to
serve as the initial assessment required by Section 845.440 (Hazard
Potential Classification Assessment), Section 845.450 (Structural Stability
Assessment) and Section 845.460 (Safety Factor Assessment) provided
that the previously completed assessment:

A) Was not completed more than five years ago; and

B) Meets the applicable requirements of those Sections.
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9)

h)
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4) For inactive closed CCR surface impoundments, the owner or operator of
the CCR surface impoundment may use a post-closure care plan
previously approved by the Agency.

The Agency must mail all notices of final action by certified mail, postmarked
with a date stamp and with return receipt requested. Final action must be deemed
to have taken place on the postmarked date that the notice is mailed.

Violation of any permit condition or failure to comply with the Act or regulations
promulgated under the Act must be grounds for enforcement action as provided in
the Act, including revocation of a permit.

Issuance of a permit under this Part does not relieve the applicant of the obligation
to obtain other permits required by law.

The owner or operator must place in the facility's operating record all permit
applications submitted to the Agency and all permits issued under this Part (see
Section 845.800(d)(1)).

Agency Listserv

1) For each facility subject to this Part, the Agency must create and maintain
a listserv. Each listserv must include the email addresses of all interested
persons who notify the Agency in writing—either directly under
subsection (i)(2) or through the facility owner or operator under Section
845.220(a)(9) or 845.240(f)(4)—of their respective email addresses and
that they would like to receive emails of notices concerning the facility.

2) The Agency’s webpage must specify how interested persons may notify
the Agency in writing of their respective email addresses and that they
would like to be added to the Agency’s listserv for a facility subject to this
Part.

3) When this Part requires that the Agency email a notice to the listserv for a
facility, the Agency must do so within the timeframe specified,
concurrently with other required means of disseminating the notice, or
otherwise in a timely manner. When this Part requires an owner or
operator to request that the Agency email a notice to the listserv for the
facility, the Agency must do so within two business days after receiving
the request from the owner or operator.

Section 845.220 Construction Permits

a)

All construction permit applications must contain the following information and
documents.
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1) Design and Construction Plans (Construction History)

A)

B)

C)

D)

E)

F)

Identifying Information

)] The name and address of the person or persons owning or
operating the CCR surface impoundment;

i) The name associated with the CCR surface impoundment;
and

iii) The identification number of the CCR surface
impoundment if one has been assigned by the Agency.

A statement of the purpose for which the CCR surface
impoundment is being used, how long the CCR surface
impoundment has been in operation, and the types of CCR that
have been placed in the CCR surface impoundment.

The name and size in acres of the watershed within which the CCR
surface impoundment is located.

A description of the physical and engineering properties of the
foundation and abutment materials on which the CCR surface
impoundment is constructed.

A statement of the type, size, range, and physical and engineering
properties of the materials used in constructing each zone or stage
of the CCR surface impoundment; the method of site preparation
and construction of each zone of the CCR surface impoundment;
and the approximate dates of construction of each successive stage
of construction of the CCR surface impoundment.

At a scale that details engineering structures and appurtenances
relevant to the design, construction, operation, and maintenance of
the CCR surface impoundment, detailed dimensional drawings of
the CCR surface impoundment, including a plan view and cross-
sections of the length and width of the CCR surface impoundment,
showing all zones, foundation improvements, drainage provisions,
spillways, diversion ditches, outlets, instrument locations, and
slope protection, in addition to the normal operating pool surface
elevation and the maximum pool surface elevation following peak
discharge from the inflow design flood, the expected maximum
depth of CCR within the CCR surface impoundment, and any
identifiable natural or manmade features that could adversely
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affect operation of the CCR surface impoundment due to
malfunction or mis-operation.

G) A description of the type, purpose, and location of existing
instrumentation.

H) Area-capacity curves for the CCR surface impoundment.

)] A description of each spillway and diversion design features and
capacities and calculations used in their determination.

J) The construction specifications and provisions for surveillance,
maintenance, and repair of the CCR surface impoundment.

K) Any record or knowledge of structural instability of the CCR
surface impoundment.

Narrative Description of the Facility. The permit application must contain
a written description of the facility with supporting documentation
describing the procedures and plans that will be used at the facility to
comply with the requirements of this Part. The descriptions must include,
but are not limited to, the following information:

A) The types of CCR expected in the CCR surface impoundment,
including a chemical analysis of each type of expected CCR;

B) An estimate of the maximum capacity of each surface
impoundment in gallons or cubic yards;

C) The rate at which CCR and non-CCR waste streams currently enter
the CCR surface impoundment in gallons per day and dry tons;

D) The estimated length of time the CCR surface impoundment will
receive CCR and non-CCR waste streams; and

E) An on-site transportation plan that includes all existing and
planned roads in the facility that will be used during the operation
of the CCR surface impoundment.

Site Location Map. All permit applications must contain a site location
map on the most recent United States Geological Survey (USGS)
quadrangle of the area from the 7 % minute series (topographic), or on
another map whose scale clearly shows the following information:

A) The facility boundaries and all adjacent property, extending at least
1000 meters (3280 feet) beyond the boundary of the facility;
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5)

6)

7)

B)
C)
D)

E)

F)

G)
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All surface waters;
The prevailing wind direction;
The limits of all 100-year floodplains;

All-natural areas designated as a Dedicated Illinois Nature
Preserve under the Illinois Natural Areas Preservation Act [525
ILCS 30];

All historic and archaeological sites designated by the National
Historic Preservation Act (16 USC 470 et seq.) and the Illinois
Historic Sites Advisory Council Act [20 ILCS 3410]; and

All areas identified as critical habitat under the Endangered
Species Act of 1973 (16 USC 1531 et seq.) and the Illinois
Endangered Species Protection Act [520 ILCS 10].

Site Plan Map. The application must contain maps, including cross-
sectional maps of the site boundaries, showing the location of the facility.
The following information must be shown:

A)

B)

C)

D)

The entire facility, including any proposed and all existing CCR
surface impoundment locations;

The boundaries, both above and below ground level, of the facility
and all CCR surface impoundments or landfills containing CCR
included in the facility;

All existing and proposed groundwater monitoring wells; and

All main service corridors, transportation routes, and access roads
to the facility.

A narrative description of the proposed construction of, or modification to,
a CCR surface impoundment and any projected changes in the volume or
nature of the CCR or non-CCR waste streams.

Plans and specifications fully describing the design, nature, function and
interrelationship of each individual component of the facility.

A new groundwater monitoring program or any modification to an
existing groundwater monitoring program that includes but is not limited
to the following information:
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8)
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A) A hydrogeologic site investigation meeting the requirements of
Section 845.620, if applicable;

B) Design and construction plans of a groundwater monitoring system
meeting the requirements of Section 845.630; and

C) A proposed groundwater sampling and analysis program that
includes selection of the statistical procedures to be used for
evaluating groundwater monitoring data (see Sections 845.640 and
845.650).

The signature and seal of a qualified professional engineer.

Certification that the owner or operator of the CCR surface impoundment
completed the public notification and public meetings required under
Section 845.240, a summary of the issues raised by the public, a summary
of any revisions, determinations, or other considerations made in response
to those issues, and a list of interested persons in attendance who would
like to be added to the Agency's listserv for the facility.

New Construction. In addition to the requirements in subsection (a), all
construction permit applications to build a new CCR surface impoundment,
lateral expansion of a CCR surface impoundment, or retrofit an existing CCR
surface impoundment must also contain the following information and
documents:

1)

2)

Plans and specifications that demonstrate the proposed CCR surface
impoundment will meet the location standards in the following Sections:

A) Section 845.300 (Placement Above the Uppermost Aquifer);
B) Section 845.310 (Wetlands);

C) Section 845.320 (Fault Areas);

D) Section 845.330 (Seismic Impact Zones); and

E) Section 845.340 (Unstable Areas and Floodplains).

Plans and specifications that demonstrate the proposed CCR surface
impoundment will meet the following design criteria:

A) The CCR surface impoundment will have a liner meeting the liner
requirements of Section 845.400(b) or (c);
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B) The CCR surface impoundment will have a leachate collection
system meeting the requirements of Section 845.420; and

C) The CCR surface impoundment, if not incised, will be constructed
with slope protection, as required by Section 845.430.

CCR fugitive dust control plan (see Section 845.500(b)).
Preliminary written closure plan (see Section 845.720(a)).

Initial written post-closure care plan, if applicable (see Section
845.780(d)).

Corrective Action Construction. In addition to the requirements in subsection (a),
all construction permit applications that include any corrective action performed
under Subpart F must also contain the following information and documents:

1)

2)

3)

4)

5)

Corrective action plan (see Section 845.670);
Groundwater modeling, including:

A) The results of groundwater contaminant transport modeling and
calculations showing how the corrective action will achieve
compliance with the applicable groundwater standards;

B) All modeling inputs and assumptions;

C) Description of the fate and transport of contaminants with the
selected corrective action over time; and

D) Capture zone modeling, if applicable;

Any necessary licenses and software needed to review and access both the
models and the data contained within the models required by subsection

(©)(2);

Corrective action groundwater monitoring program, including
identification of revisions to the groundwater monitoring system for
corrective action; and

Any interim measures necessary to reduce the contaminants leaching from
the CCR surface impoundment, and/or potential exposures to human or
ecological receptors, including an analysis of the factors specified in
Section 845.680(a)(3).
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f)
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Closure Construction. In addition to the requirements in subsection (a), all
construction permit applications for closure of the CCR surface impoundment
under Subpart G must contain the following information and documents:

1) Closure prioritization category , if applicable (see Section 845.700(g));

2) Final closure plan (see Section 845.720(b)), including the closure
alternatives analysis required by Section 845.710;

3) Groundwater modeling, including:

A) The results of groundwater contaminant transport modeling and
calculations showing how the closure will achieve compliance with
the applicable groundwater standards;

B) All modeling inputs and assumptions;

C) Description of the fate and transport of contaminants, with the
selected closure over time;

D) Capture zone modeling, if applicable; and

E) Any necessary licenses and software needed to review and access
both the model and the data contained within the model.

4) Proposed schedule to complete closure; and
5) Post-closure care plan specified in Section 845.780(d), if applicable.

Owners or operators of CCR surface impoundments who submitted a closure plan
to the Agency before May 1, 2019, and who complete closure before July 30,
2021, shall not be required to obtain a construction permit for closure under
subsection (d). [415 ILCS 5/22.59(e)]

A single construction permit application may be submitted for new construction,
corrective action, and closure if the construction is related to the same multi-
phased project. The permit application for a project with multiple phases must
contain all information required by subsections (a), (b), (c), and (d), as applicable.

Duration of Construction Permits
1) For any construction permit that is not for the closure or retrofit of the

CCR surface impoundment, the construction permit must be issued for
fixed terms not to exceed 3 years.



2)

R000448

For any construction permit for the closure or retrofit of a CCR surface
impoundment, the construction permit must be issued for an initial fixed
term expiring within the timeframe approved by the Agency in the
construction permit or five years, whichever is less. The Agency may
renew a construction permit for closure or retrofit in two-year increments
under Section 845.760(b).

Section 845.230 Operating Permits

The operating permit applications must contain the following information and documents:

a) Initial operating permit for a new CCR surface impoundment and any lateral
expansion of a CCR surface impoundment.

1)

2)

3)

4)

5)

6)

A demonstration that the CCR surface impoundment, as built, meets the
location standards in the following Sections:

A) Section 845.300 (Placement Above the Uppermost Aquifer);

B) Section 845.310 (Wetlands);

C) Section 845.320 (Fault Areas);

D) Section 845.330 (Seismic Impact Zones); and

E) Section 845.340 (Unstable Areas and Floodplains);

Certification from a qualified professional engineer that the composite
liner, or if applicable, the alternative composite liner, has been constructed
in accordance with the requirements of Section 845.400(b) or (c);
Certification from a qualified professional engineer that the leachate
collection system has been constructed in accordance with the

requirements of Section 845.420, if applicable;

Evidence that the permanent markers required by Section 845.130 have
been installed,;

Documentation that the CCR surface impoundment, if not incised, will be
operated and maintained with one of the forms of slope protection
specified in Section 845.430;

Initial hazard potential classification assessment and accompanying
certification (see Section 845.440(a)(2));
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7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)
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Initial Emergency Action Plan and accompanying certification (see
Section 845.520(e));

Initial structural stability assessment and accompanying certification (see
Section 845.450(c));

Initial safety factor assessment and accompanying certification (see
Section 845.460(b));

Fugitive dust control plan and accompanying certification (see Section
845.500(b)(7));

Initial inflow design flood control system plan and accompanying
certification (see Section 845.510(c)(3));

Proposed groundwater monitoring program, including a minimum of eight
independent samples for each background and downgradient well (see
Section 840.650(b));

Preliminary written closure plan (see Section 845.720(a));

Initial written post-closure care plan, if applicable (see Section
845.780(d));

An analysis of the chemical constituents found within the CCR to be
placed in the CCR surface impoundment;

An analysis of the chemical constituents of all waste streams, chemical
additives, and sorbent materials entering or contained in the CCR surface
impoundment; and

A certification that the owner or operator meets the financial assurance
requirements of Subpart I.

Renewal Operating Permit

1)

2)

3)

Documentation that the CCR surface impoundment, if not incised, is being
operated and maintained with one of the forms of slope protection
specified in Section 845.430;

Emergency Action Plan certification if the plan was amended (see Section
845.520);

Fugitive dust control plan certification if the plan was amended (see
Section 845.500(b)(7));
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Any significant changes to the design and construction plans compiled
under subsection (d)(2)(A) or Section 845.220(a)(1);

A statement that the groundwater monitoring has been conducted under an
Agency approved groundwater monitoring program;

Written preliminary closure plan, if amended (see Section 845.720(a));
and

Written post-closure care plan, if amended (see Section 845.780(d)).

Post-Closure Care Operating Permit

The owner or operator of a CCR surface impoundment conducting post-closure
care under Section 845.780 must maintain an operating permit until the
completion of post-closure care. Any changes to the post-closure care plan,
groundwater monitoring system, groundwater sampling and analysis program, and
groundwater monitoring program must be submitted to the Agency in an
operating permit application.

Initial Operating Permit for Existing, Inactive and Inactive Closed CCR Surface
Impoundments

1)

2)

The owner or operator of an existing, inactive or inactive closed CCR
surface impoundment who has not completed post-closure care must
submit an initial operating permit application to the Agency by October
31, 2021;

The initial operating permit application for existing or inactive CCR
surface impoundments that have not completed an Agency approved
closure before July 30, 2021, must contain the following information and
documents on forms prescribed by the Agency:

A) The history of construction specified in Section 845.220(a)(1);

B) An analysis of the chemical constituents found within the CCR to
be placed in the CCR surface impoundment;

C) An analysis of the chemical constituents of all waste streams,
chemical additives and sorbent materials entering or contained in
the CCR surface impoundment;

D) A demonstration that the CCR surface impoundment, as built,
meets, or an explanation of how the CCR surface impoundments
fails to meet, the location standards in the following Sections:
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G)
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K)
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) Section 845.300 (Placement Above the Uppermost
Aquifer);

i) Section 845.310 (Wetlands);

i) Section 845.320 (Fault Areas);

iv) Section 845.330 (Seismic Impact Zones); and
V) Section 845.340 (Unstable Areas);

Evidence that the permanent markers required by Section 845.130
have been installed;

Documentation that the CCR surface impoundment, if not incised,
will be operated and maintained with one of the forms of slope
protection specified in Section 845.430;

Initial Emergency Action Plan and accompanying certification (see
Section 845.520(e));

Fugitive dust control plan and accompanying certification (see
Section 845.500(b)(7));

Groundwater Monitoring Information:

) A hydrogeologic site characterization (see Section
845.620);

i) Design and construction plans of a groundwater monitoring
system (see Section 845.630);

iii) A groundwater sampling and analysis program that
includes selection of the statistical procedures to be used
for evaluating groundwater monitoring data (see Section
845.640); and

iv) Proposed groundwater monitoring program that includes a
minimum of eight independent samples for each
background and downgradient well (see Section
845.650(b));

Preliminary written closure plan (see Section 845.720(a));

Initial written post-closure care plan, if applicable (see Section
845.780(d));
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Q)

R)

S)

)
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The certification required by Section 845.400(h), or a statement
that the CCR surface impoundment does not have a liner that
meets the requirements of Section 845.400(b) or (c);

History of known exceedances of the groundwater protection
standards in Section 845.600, and any corrective action taken to
remediate the groundwater;

A certification that the owner or operator meets the financial
assurance requirements of Subpart I;

Hazard potential classification assessment and accompanying
certification (see Section 845.440(a)(2));

Structural stability assessment and accompanying certification (see
Section 845.450(c));

Safety factor assessment and accompanying certification (see
Section 845.460(b));

Inflow design flood control system plan and accompanying
certification (see Section 845.510(c)(3));

Safety and health plan (see Section 845.530); and
For CCR surface impoundments required to close under 845.700,

the proposed closure priority categorization required by Section
845.700(9).

The initial operating permit application for an existing or inactive CCR
surface impoundment where an Agency approved closure has been
completed before July 30, 2021, and where the impoundment is not an
inactive closed CCR surface impoundment, must contain the following
information and documents on forms prescribed by the Agency:

A)

B)

C)

D)

The history of construction specified in Section 845.220(a)(1);

Evidence that the permanent markers required by Section 845.130
have been installed,

Documentation that the CCR surface impoundment, if not incised,
will be operated and maintained with one of the forms of slope
protection specified in Section 845.430;

Emergency Action Plan certification (see Section 845.520(e));
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E) Groundwater monitoring information:

) A hydrogeologic site characterization meeting the
requirements of Section 845.620;

i) Design and construction plans of a groundwater monitoring
system meeting the requirements of Section 845.630;

iii) A groundwater sampling and analysis program that
includes selection of the statistical procedures to be used
for evaluating groundwater monitoring data (see Section
845.640); and

iv) Proposed groundwater monitoring program that includes a
minimum of eight independent samples for each
background and downgradient well (see Section
845.650(b));

F) Written post-closure care plan, if applicable (see Section
845.780(d));

G) History of known exceedances of the groundwater protection
standards in Section 845.600, and any corrective action plan taken
to remediate the groundwater.

4) The initial operating permit application for inactive closed CCR surface
impoundments must contain the following information:

A) Evidence that the permanent markers required by Section 845.130
have been installed;

B) Groundwater monitoring program;

C)  Written post-closure care plan (see Section 845.780(d)); and

D) History of known exceedances of the groundwater quality
standards in 35 Ill. Adm. Code 620, whether the owner or operator
has obtained a groundwater management zone, and any corrective
action taken to remediate the groundwater.

e) Operating permits must be issued for fixed terms not to exceed five years.
Section 845.240 Pre-Application Public Notification and Public Meeting

a) At least 30 days before the submission of a construction permit application, the
owner or operator of the CCR surface impoundment must hold at least two public
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meetings to discuss the proposed construction, with at least one meeting to be
held after 5:00 p.m. in the evening. Any public meeting held under this Section
must be located at a venue that is accessible to persons with disabilities, and the
owner or operator must provide reasonable accommodations upon request.

The owner or operator must prepare and circulate a notice explaining the
proposed construction project and any related activities and the time and place of
the public meeting. At least 30 days before the public meeting, the owner or
operator of the CCR surface impoundment must:

1) Mail or hand-deliver the notice to the Agency and all residents within a
one-mile radius from the facility boundary;

2) Post the notice to the owner's or operator's publicly accessible Internet site
under Section 845.810;

3) Post the notice in conspicuous locations throughout villages, towns, or
cities within 10 miles of the facility, or use appropriate broadcast media
(such as radio or television);

4) Request that the Agency email the notice to the Agency's listserv for the
facility; and

5) Include in the notice the owner's and operator's contact information, the
internet address where the information in Section 845.240(e) will be
posted, and the date on which the information will be posted to the site.

When a proposed construction project or any related activity is located in an area
with a significant proportion of non-English speaking residents, the notification
must be circulated, or broadcast, in both English and the appropriate non-English
language, and the owner or operator must provide translation services during the
public meetings required by Section 845.240(a), if requested by non-English
speaking members of the public.

The owner or operator of the CCR surface impoundment must prepare
documentation recording the public meeting and place the documentation in the
facility's operating record as required by Section 845.800(d)(2).

At least 30 days before a public meeting, the owner or operator of the CCR
surface impoundment must post on the owner's or operator's publicly accessible
internet site all documentation relied upon in making a tentative construction
permit application.

At the public meeting, the owner or operator of the CCR surface impoundment
must:
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1) Present its decision-making process for the construction permit
application, including, when applicable, the corrective action alternatives
and the closure alternatives considered. The presentation must include a
comparison of projected groundwater impacts for each alternative
considered and an objective comparison of the pros and cons of each
alternative considered,

2) Include a question/answer portion of the meeting to allow the public to ask
questions. There must be representatives from the owner or operator
present who are qualified and knowledgeable enough to answer the
questions posed by the public.

3) If there are questions posed by the public at the hearing that cannot be
answered in person or if there are subsequent questions posed by the
public following the meeting, the owner or operator of the facility must
respond to those questions in writing within a reasonable timeframe and
post the response on the facility's CCR website required by Section
845.810; and

4) Explain that the Agency is creating a listserv for the facility, compile a list
of interested persons in attendance—and their respective email
addresses—who would like to be added to the listserv, and transmit that
list to the Agency with the permit application.

9) Within 14 days after the public meetings required by Section 845.240, the owner
or operator must distribute a general summary of the issues raised by the public,
as well as a response to those issues or comments raised by the public. If these
comments resulted in a revision, change in a decision, or other considerations or
determination, a summary of these revisions, changes and considerations must be
included in the summary. The summary must be distributed to any attendee who
requests a copy at the public meeting.

h) This Section does not apply to applications for minor modifications as described
in Section 845.280(d).

Section 845.250 Tentative Determination and Draft Permit

Following the receipt of a complete application for a construction permit, operating permit, or
joint construction and operating permit, the Agency must prepare a tentative determination.

a) The tentative determination must include at least the following:
1) A statement regarding whether the permit is to be issued or denied; and

2) If the determination is to issue the permit, a draft permit and a brief
description of any conditions contained in the permit.
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Upon tentative determination to issue or deny the permit:

1)

2)

If the determination is to issue the permit, the Agency must notify the
applicant in writing of the content of the tentative determination and draft
permit and of its intent to circulate public notice of issuance in accordance
with Section 845.260;

If the determination is to deny the permit, the Agency must notify the
applicant in writing of the tentative determination and of its intent to
circulate public notice of denial, in accordance with Section 845.260. In
the case of denial, notice to the applicant must include a statement of the
reasons for denial, as required by Section 39(a) of the Act.

The documents supporting the Agency's tentative decision to issue or deny a
permit must be made part of the Agency's record.

Section 845.260 Draft Permit Public Notice and Participation

a)

b)

The Agency must post a notification that it has received a permit application on
the Agency's webpage and must email the notice to the Agency's listserv for the
applicant's facility.

Public Notice of Draft Permit

1)

2)

Not earlier than 15 days following the Agency's notification to the
applicant of its tentative decision under Section 845.250 to issue or deny
the permit application, the Agency must circulate public notice of the
completed application for the permit in a manner designed to inform
interested and potentially interested persons of the construction,
modification, operation or closure of a CCR surface impoundment and of
the proposed determination to issue or deny the permit.

The contents of public notice of completed applications for permits must
include at least the following:

A) Name, address, and telephone number of the Agency;

B) Name and address of the applicant;

C) Brief description of the applicant's activities or operations that
result in the construction, operation, modification or closure of a

CCR surface impoundment;

D) A statement of the tentative determination to issue or deny the
permit;
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E)

F)

G)

H)
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A brief description of the procedures for the formulation of final
determinations, including the procedures for submitting comments
and the expiration date of the comment period;

Address and telephone number of Agency premises at which
interested persons may obtain further information and request a
copy of the permit application and related documents;

A translation of the public notice into the appropriate language or
languages will be made if the Agency determines that a project is
located within one mile of a significant population of non-English
speaking residents;

A brief description of how members of the public can request a
public hearing under Section 845.260(d); and

A brief description of how members of the public can request
being added to the Agency's listserv for the facility.

Procedures for the circulation of public notice required under this Section
must include at least the following concurrent actions:

A)

B)

C)

D)

Posting on the Agency's webpage and all the Agency's social
media outlets;

Mailing the notice to the clerk of the nearest city, town or village
requesting further posting in conspicuous locations throughout the
city, town or village;

Requiring the applicant to post the notice near the entrance to the
applicant's premises; and

Emailing the notice to the Agency's listserv for the facility.

Public Comment Period

1)

2)

3)

The Agency must accept written comments from interested persons on the
draft permit determination for 45 days following the circulation of the
public notice under subsection (b).

All comments must be submitted to the Agency and to the applicant.

The Agency must keep all timely submitted comments and consider them
in the formulation of its final determination with respect to the permit
application.
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The period for comment may be extended at the discretion of the Agency.

Public Hearing

1)

2)

3)

The Agency must hold a public hearing on the issuance or denial of a draft
permit whenever the Agency determines that there exists a significant
degree of public interest in the proposed permit.

Within the 45-day public comment period, any person, including the
applicant, may submit to the Agency a request for a public hearing, which
must include the reasons why a hearing is warranted.

Hearings held under this Section must be held in the geographical area in
which the CCR surface impoundment is located. When determining the
hearing location, consideration must be given to facilitating attendance of
interested or affected persons and organizations and to accessibility of
hearing sites to public transportation.

Notice of Public Hearing

1)

2)

The Agency must issue notice of a public hearing not less than 30 days
before the date of the hearing, under the procedures for the circulation of
public notice in subsection (b)(3).

The contents of the public notice for the public hearing must include at
least the following:

A) Name, address, and telephone number of the Agency;

B) Name and address of each applicant whose application will be
considered at the hearing;

C) Brief description of the applicant's activities or operations that
result in the construction, operation, modification or closure of a
CCR surface impoundment;

D) Information regarding the time and location of the hearing;

E) The purpose of the hearing;

F) A concise statement of the issues to be considered at the hearing;

G) Address and telephone number of premises at which interested

persons may obtain further information and request a copy of the
draft permit and related documents; and



R000459

H) A statement that the hearing will be conducted in accordance with
this Section.

)] A translation of the public notice into the appropriate language or
languages will be made if the Agency determines that a project is
located within one mile of a significant population of non-English
speaking residents.

When the Agency receives written comments or holds a public hearing under this
Section, the Agency must prepare a responsiveness summary that includes:

1) An identification of the public participation activity conducted,;

2) Description of the matter on which the public was consulted:;

3) An estimate of the number of persons present at the hearing;

4) A summary of all significant comments, criticisms, and suggestions,
whether written or oral, submitted during the public comment period, at

the hearing, or during the time the hearing record was open;

5) The Agency's response to all significant comments, criticisms, and
suggestions; and

6) A statement of Agency action, including, when applicable, the issuance or
denial of the permit.

Section 845.270 Final Permit Determination and Appeal

a)

b)

d)

The Agency must not make a final permit determination until the public
participation process in Section 845.260 has concluded.

After the consideration of any comments that may have been received, the
Agency may either issue or deny the permit.

The Agency must provide a notice of the issuance or denial of the permit to the
applicant, to any person who provides comments or an email address to the
Agency during the public notice period or a public hearing, and to any person on
the Agency's listserv for the facility. The Agency must post its final permit
determination and, if a public hearing was held, the responsiveness summary, to
the Agency's website. The notice must briefly indicate any significant changes
that were made from the terms and conditions of the draft permit.

In the case of denial, the Agency must inform the applicant of the reasons for
denial, as required by Section 39(a) of the Act.
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Appeal

1) If the Agency refuses to grant, or grants with conditions, a permit under
this Part, the applicant may petition the Board to appeal the Agency's final
decision under Section 40 of the Act.

2) If the Agency grants or denies a permit under this Part, a third party,

other than the permit applicant or Agency, may appeal the Agency's
decision as provided under federal law for CCR surface impoundment
permits. [415 ILCS 5/40(g)]

3) All appeals must be filed with the Board within 35 days after the final
action is served on the applicant.

Section 845.280 Transfer, Modification and Renewal

a)

b)

d)

No permit is transferable from one person to another except as approved by the
Agency. Approval must be granted only if a new owner or operator seeking
transfer of a permit can demonstrate the ability to comply with all applicable
financial requirements of Subpart I.

Agency Initiated Modification. The Agency may modify a permit under the
following conditions:

1) Discovery of a typographical or calculation error;

2) Discovery that a determination or condition was based upon false or
misleading information;

3) An order of the Board issued in an action brought under Title VII, VIII, IX
or X of the Act; or

4) Promulgation of new statutes or regulations affecting the permit.
The owner or operator of a CCR surface impoundment may initiate modification
to its permit by application submittal to the Agency at any time after the permit is

approved and before the permit expires.

The Agency may make minor modifications to a permit without following the
public notice procedures of Section 845.260. Minor modifications may only:

1) Correct typographical errors;

2) Require more frequent monitoring or reporting by the permittee, including
the installation of additional groundwater monitoring wells;
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Allow for a change in ownership or operational control of a facility when
the Agency determines that no other change in the permit is necessary,
provided that a written agreement containing a specific date for transfer of
permit responsibility, coverage, and liability between the current and new
permittees has been submitted to the Agency;

Change the construction schedule, which does not impact the scheduled
date of completion; or

Require electronic reporting requirements.

An application for renewal of a permit must be filed with the Agency at least 180
days before the expiration date of the existing permit unless the Agency grants a
waiver of this requirement. The Agency may grant a waiver of the 180-day
requirement only if:

1)

2)

3)

The permittee submits a written request to the Agency at least 60 days
before the expiration of the permit;

The permittee's written request includes the reasonably justifiable causes
for not meeting the 180-day requirement; and

The permittee's written request includes a date by which the permittee will
submit the renewal application.

Any Agency decision to deny a waiver request must be made within 21 days after
receipt of the waiver request (see subsection (e)(1)).

The terms and conditions of an expiring permit remain effective and enforceable
against the permittee until the Agency takes final action on the pending permit
renewal application, only if the permittee has submitted a timely application under
subsection (e) and the Agency, through no fault of the permittee, does not issue a
new permit by the expiration date of the previous permit.

Section 845.290 Construction Quality Assurance Program

a)

The following must be constructed according to a Construction Quality Assurance
(CQA) program:

1)

2)

3)

The construction of a new CCR surface impoundment, or the lateral
expansion of an existing CCR surface impoundment;

The retrofit of an existing CCR surface impoundment;

Installation of a groundwater collection system and discharge system;
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Installation of the groundwater monitoring system; and

Installation of the final cover system.

The CQA program must meet the following requirements:

1)

2)

3)

The owner or operator of the CCR surface impoundment must designate a
CQA officer who is a qualified professional engineer.

At the end of each week of construction, until construction is complete, a
summary report must be prepared either by the CQA officer or under the
supervision of the CQA officer. The report must include descriptions of
the weather, locations where construction occurred during the previous
week, materials used, results of testing, inspection reports, and procedures
used to perform the inspections. The CQA officer must review and
approve the report. The owner or operator of the CCR surface
impoundment must place the weekly reports in the facility's operating
record (see Section 845.800(d)(3)).

The CQA officer must certify the following, when applicable:
A) The bedding material contains no undesirable objects;

B) The final closure plan or corrective action plan approved by the
construction permit has been followed,;

C) The anchor trench and backfill are constructed to prevent damage
to a geosynthetic membrane;

D) All tears, rips, punctures, and other damage are repaired;

E) All geosynthetic membrane seams are properly constructed and
tested in accordance with the manufacturer's specifications;

F) Any groundwater collection system is constructed to intersect the
water table;

G) Any groundwater collection system is properly constructed to
slope toward extraction points, and the extraction equipment is
properly designed and installed;

H) Appropriate operation and maintenance plans for the groundwater
collection system and extraction and discharge equipment are
provided;
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)] Proper filter material consisting of uniform granular fill, to avoid
clogging, is used in construction;

J) The filter material, as placed, possesses structural strength
adequate to support the maximum loads imposed by the overlying
materials and equipment used at the facility;

K) CCR stabilization; and
L) Site restoration, if any.

The CQA officer must supervise and be responsible for all inspections,
testing and other activities required to be implemented as part of the CQA
program under this Section.

The CQA officer must be present to provide supervision and assume
responsibility for performing all inspections of the following activities,
when applicable:

A) Compaction of the subgrade and foundation to design parameters;

B) Application of final cover, including installation of the
geomembrane; and

C) Installation of the groundwater collection system and discharge
system.

If the CQA officer is unable to be present as required by subsection (b)(5),
the CQA officer must provide the following in writing:

A) The reasons for his or her absence;

B) A designation of a person who must exercise professional
judgment in carrying out the duties of the CQA officer-in-absentia;
and

C) A signed statement that the CQA officer assumes full
responsibility for all inspections performed and reports prepared by
the designated CQA officer-in-absentia during the absence of the
CQA officer.

The CQA program must ensure, at a minimum, that construction materials
and operations meet design specifications.

SUBPART C: LOCATION RESTRICTIONS
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Section 845.300 Placement Above the Uppermost Aquifer

a)

b)

d)

Existing and new CCR surface impoundments, and all lateral expansions of CCR
surface impoundments, must be constructed with a base that is located at least
1.52 meters (five feet) above the upper limit of the uppermost aquifer, or must
demonstrate that there will not be an intermittent, recurring, or sustained
hydraulic connection between any portion of the base of the CCR surface
impoundment and the uppermost aquifer due to normal fluctuations in
groundwater elevations (including the seasonal high water table).

The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the demonstration
meets the requirements of subsection (a).

The owner or operator of an existing CCR surface impoundment must complete
the demonstration required by subsection (a) and submit the completed
demonstration, along with a qualified professional engineer's certification, to the
Agency in the facility's initial operating permit application.

The owner or operator of a new CCR surface impoundment or a lateral expansion
of a CCR surface impoundment must submit plans and specifications in a
construction permit application that demonstrate the CCR surface impoundment
will be constructed under subsection (a). Upon completion of construction, the
owner or operator must obtain a certification from a qualified professional
engineer that the CCR surface impoundment or lateral expansion was constructed
in accordance with the requirements in subsection (a) and submit the certification
to the Agency in the facility's initial operating permit application.

Section 845.310 Wetlands

a)

Existing and new CCR surface impoundments, and all lateral expansions of CCR
surface impoundments, must not be located in wetlands unless the owner or
operator demonstrates the following:

1) When applicable under section 404 of the Clean Water Act, Interagency
Wetlands Policy Act of 1989 [20 ILCS 830] and Rivers, Lakes, and
Streams Act [615 ILCS 5], or other applicable State wetlands laws, a clear
and objective rebuttal of the presumption that an alternative to the CCR
surface impoundment is reasonably available that does not involve
wetlands.

2) The construction and operation of the CCR surface impoundment will not
cause or contribute to any of the following:

A) A violation of any applicable State or federal water quality
standard;
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B) A violation of any applicable toxic effluent standard or prohibition
under section 307 of the Clean Water Act;

C) Jeopardize the continued existence of endangered or threatened
species or result in the destruction or adverse modification of a
critical habitat, protected under the Endangered Species Act of
1973 (16 USC 1531 et seq.) and the Illinois Endangered Species
Protection Act [520 ILCS 10]; and

D) A violation of any requirement under the Marine Protection,
Research, and Sanctuaries Act of 1972 (16 USC 1431 and 33 USC
1401) for the protection of a marine sanctuary.

The CCR surface impoundment will not cause or contribute to significant
degradation of wetlands by addressing all the following factors:

A) Erosion, stability, and migration potential of native wetland soils,
muds and deposits used to support the CCR surface impoundment;

B) Erosion, stability, and migration potential of dredged and fill
materials used to support the CCR surface impoundment;

C) The volume and chemical nature of the CCR;

D) Impacts on fish, wildlife, and other aquatic resources and their
habitat from release of CCR;

E) The potential effects of catastrophic release of CCR to the wetland
and the resulting impacts on the environment; and

F) Any additional factors, as necessary, to demonstrate that ecological
resources in the wetland are sufficiently protected.

To the extent required under section 404 of the Clean Water Act or
applicable State wetlands laws, steps have been taken to attempt to
achieve no net loss of wetlands (as defined by acreage and function) by
first avoiding impacts to wetlands to the maximum extent reasonable as
required by subsections (a)(1) through (3), then minimizing unavoidable
impacts to the maximum extent reasonable, and, finally, offsetting
remaining unavoidable wetland impacts through all appropriate and
reasonable compensatory mitigation actions (e.g., restoration of existing
degraded wetlands or creation of man-made wetlands); and

Sufficient information is available to make a reasoned determination with
respect to the demonstrations in subsections (a)(1) through (4).
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The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the demonstration
meets the requirements of subsection (a).

The owner or operator of an existing CCR surface impoundment must complete
the demonstration required by subsection (a) and submit the completed
demonstration, along with the qualified professional engineer's certification, to the
Agency with the facility's initial operating permit application.

The owner or operator of a new CCR surface impoundment or a lateral expansion
of a CCR surface impoundment must submit plans and specifications in a
construction permit application that demonstrate the CCR surface impoundment
will be constructed under subsection (a). Upon completion of construction, the
owner or operator must obtain a certification from a qualified professional
engineer that the CCR surface impoundment or lateral expansion was constructed
in accordance with the requirements in subsection (a) and submit the certification
to the Agency in the facility's initial operating permit application.

Section 845.320 Fault Areas

a)

b)

d)

Existing and new CCR surface impoundments, and all lateral expansions of CCR
surface impoundments, must not be located within 60 meters (200 feet) of the
outermost damage zone of a fault that has had displacement in Holocene time
unless the owner or operator demonstrates that an alternative setback distance of
less than 60 meters (200 feet) will prevent damage to the structural integrity of the
CCR surface impoundment.

The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the demonstration
meets the requirements of subsection (a).

The owner or operator of an existing CCR surface impoundment must complete
the demonstration required by subsection (a) and submit the completed
demonstration, along with the qualified professional engineer's certification, to the
Agency with the facility's initial operating permit application.

The owner or operator of a new CCR surface impoundment or a lateral expansion
of a CCR surface impoundment must submit plans and specifications in a
construction permit application that demonstrate the CCR surface impoundment
will be constructed under subsection (a). Upon completion of construction, the
owner or operator must obtain a certification from a qualified professional
engineer that the CCR surface impoundment or lateral expansion was constructed
in accordance with the requirements in subsection (a) and submit the certification
to the Agency in the facility's initial operating permit application.
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Section 845.330 Seismic Impact Zones

a)

b)

d)

Existing and new CCR surface impoundments, and all lateral expansions of CCR
surface impoundments, must not be located in seismic impact zones unless the
owner or operator demonstrates that all structural components, including liners,
leachate collection and removal systems, and surface water control systems, are
designed to resist the maximum horizontal acceleration in lithified earth material
for the site.

The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the demonstration
meets the requirements of subsection (a).

The owner or operator of an existing CCR surface impoundment must complete
the demonstration required by subsection (a) and submit the completed
demonstration, along with the qualified professional engineer's certification, to the
Agency with the facility's initial operating permit application.

The owner or operator of a new CCR surface impoundment or a lateral expansion
of a CCR surface impoundment must submit plans and specifications in a
construction permit application that demonstrate the CCR surface impoundment
will be constructed under subsection (a). Upon completion of construction, the
owner or operator must obtain a certification from a qualified professional
engineer that the CCR surface impoundment or lateral expansion was constructed
in accordance with the requirements of subsection (a) and submit the certification
to the Agency in the facility's initial operating permit application.

Section 845.340 Unstable Areas and Floodplains

a)

b)

An existing or new CCR surface impoundment, or any lateral expansion of a CCR
surface impoundment, must not be located in an unstable area unless the owner or
operator demonstrates that recognized and generally accepted engineering
practices have been incorporated into the design of the CCR surface
impoundment to ensure that the integrity of the structural components of the CCR
surface impoundment will not be disrupted.

The owner or operator must consider all the following factors, at a minimum,
when determining whether an area is unstable:

1) On-site or local soil conditions, including liquefaction, that may result in
significant differential settling;

2) On-site or local geologic or geomorphologic features; and

3) On-site or local human-made features or events (both surface and
subsurface).
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C) An existing or new CCR surface impoundment, or any lateral expansion of a CCR
surface impoundment, must not be located in a floodplain unless the owner or
operator demonstrates that recognized and generally accepted engineering
practices have been incorporated into the design of the CCR surface
impoundment to ensure that the CCR surface impoundment will not restrict the
flow of the base flood, reduce the temporary water storage capacity of a
floodplain, or result in washout of CCR, so as to pose a hazard to human life,
wildlife, or land or water resources. For purposes of this subsection (c):

1) Base flood means a flood that has a 1 percent or greater chance of
recurring in any year or a flood of a magnitude equaled or exceeded once
in 100 years on average within the time of historical river level records.

2) Floodplain means the lowland and relatively flat areas adjoining inland
and coastal waters, including flood-prone areas of offshore islands, which
are inundated by the base flood.

3) Washout means the carrying away of CCR by waters of the base flood.

d) The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the demonstration
meets the requirements of subsections (a) and (c).

e) The owner or operator of an existing CCR surface impoundment must complete
the demonstration required by subsections (a) and (c) of this Section and submit
the completed demonstration, along with a qualified professional engineer's
certification, to the Agency with the facility's initial operating permit application.

f) The owner or operator of a new CCR surface impoundment, or a lateral expansion
of a CCR surface impoundment, must submit plans and specifications in a
construction permit application that demonstrate the CCR surface impoundment
will be constructed under subsections (a)and (c). Upon completion of
construction, the owner or operator must obtain a certification from a qualified
professional engineer that the CCR surface impoundment or lateral expansion was
constructed in accordance with the requirements in subsections (a) and (c) and
submit the certification to the Agency in the facility's initial operating permit
application.

Section 845.350 Failure to Meet Location Standards
a) An owner or operator of an existing CCR surface impoundment who fails to

demonstrate compliance with the requirements of this Subpart is subject to the
requirements of Section 845.700.
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b) An owner or operator of a new CCR surface impoundment, or any lateral
expansion of a CCR surface impoundment, who fails to make the demonstration
showing compliance with the requirements of this Subpart is prohibited from
placing CCR in the CCR surface impoundment.

SUBPART D: DESIGN CRITERIA
Section 845.400 Liner Design Criteria for Existing CCR Surface Impoundments

a) An existing CCR surface impoundment is considered to be an existing lined
surface impoundment if it has been constructed with either a composite liner that
meets the requirements of subsection (b) or an alternative composite liner that
meets the requirements of subsection (c).

b) Composite Liner

1) A composite liner must consist of two components: the upper component
consisting of, at a minimum, a 30-mil geomembrane liner, and the lower
component consisting of at least a two-foot layer of compacted soil with a
hydraulic conductivity of no more than 1 x 107 centimeters per second
(cm/sec). The geomembrane liner components consisting of high-density
polyethylene (HDPE) must be at least 60 mil. The geomembrane liner or
upper liner component must be installed in direct and uniform contact with
the compacted soil or lower liner component.

2) The composite liner must be:

A) Constructed of materials that have appropriate chemical properties
and sufficient strength and thickness to prevent failure due to
pressure gradients (including static head and external
hydrogeologic forces), physical contact with the CCR or leachate
to which they are exposed, climatic conditions, the stress of
installation, and the stress of daily operation;

B) Constructed of materials that provide appropriate shear resistance
of the upper and lower component interface to prevent sliding of
the upper component, including on slopes;

C) Placed upon a foundation or base capable of providing support to
the liner and resistance to pressure gradients above and below the
liner to prevent failure of the liner due to settlement, compression,
or uplift; and

D) Installed to cover all surrounding earth likely to be in contact with
the CCR or leachate.
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Alternative Composite Liner

1)

2)

3)

4)

An alternative composite liner must consist of two components: the upper
component consisting of, at a minimum, a 30-mil geomembrane liner, and
a lower component, that is not a geomembrane, with a liquid flow rate no
greater than the liquid flow rate of two feet of compacted soil with a
hydraulic conductivity of no more than 1 x 10~ cm/sec. The
geomembrane liner components consisting of high-density polyethylene
(HDPE) must be at least 60 mil. If the lower component of the alternative
liner is compacted soil, the geomembrane liner must be installed in direct
and uniform contact with the compacted soil.

The liquid flow rate through the lower component of the alternative
composite liner must be no greater than the liquid flow rate through two
feet of compacted soil with a hydraulic conductivity of 1 x 10~ cm/sec.
The hydraulic conductivity for the two feet of compacted soil used in the
comparison must be no greater than 1 x 10~ cm/sec. The hydraulic
conductivity of any alternative to the two feet of compacted soil must be
determined using recognized and generally accepted methods.

The liquid flow rate comparison must be made using the following
equation, which is derived from Darcy's Law for gravity flow through
porous media.

QIA = q = k ((h/t)+1)

Where:

Q = flow rate (cubic centimeters/second)

A = Surface area of the liner (squared centimeters)

g = flow rate per unit area (cubic centimeters/ second/squared centimeter)
k = hydraulic conductivity of the liner (centimeters /second)

h = hydraulic head above the liner (centimeters); and

t = thickness of the liner (centimeters)

The alternative composite liner must meet the requirements specified in
subsection (b).

The hydraulic conductivity of the compacted soil must be determined using
recognized and generally accepted methods.

The owner or operator of an existing CCR surface impoundment that has not
completed an Agency approved closure before July 30, 2021 must submit an
initial operating permit application under Section 845.230 that demonstrates
whether the CCR surface impoundment was constructed with either of the
following:
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1) A composite liner that meets the requirements of subsection (b); or

2) An alternative composite liner that meets the requirements of subsection

(©).

A CCR surface impoundment is considered to be an unlined CCR surface
impoundment if either:

1) The owner or operator of the CCR surface impoundment determines that
the CCR surface impoundment is not constructed with a liner that meets
the requirements of subsection (b) or (c); or

2) The owner or operator of the CCR surface impoundment fails to document
whether the CCR surface impoundment was constructed with a liner that
meets the requirements of subsection (b) or (c).

All unlined CCR surface impoundments are subject to the requirements of
Section 845.700.

The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer attesting that the CCR surface
impoundment meets the requirements of subsection (a) and submit the
certification to the Agency in the facility's initial operating permit application.

Section 845.410 Liner Design Criteria for New CCR Surface Impoundments and Any
Lateral Expansion of a CCR Surface Impoundment

a)

b)

d)

New CCR surface impoundments and lateral expansions of existing and new CCR
surface impoundments must be designed, constructed, operated, and maintained
with either a composite liner or an alternative composite liner that meets the
requirements of Section 845.400(b) or (c).

Any liner specified in this Section must be installed to cover all surrounding earth
likely to be in contact with CCR. Dikes must not be constructed so as to damage
the composite liner.

Before construction, the owner or operator must obtain certification from a
qualified professional engineer that the design of the composite liner or, if
applicable, the design of an alternative composite liner complies with the
requirements of this Section and submit this certification to the Agency in the
facility's construction permit application.

Upon completion of construction, the owner or operator must obtain a
certification from a qualified professional engineer that the composite liner or, if
applicable, the alternative composite liner has been constructed in accordance
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with the requirements of this Section and submit this certification to the Agency
in the facility's initial operating permit application.

Section 845.420 Leachate Collection and Removal System

A new CCR surface impoundment must be designed, constructed, operated and maintained with
a leachate collection and removal system. The leachate collection and removal system must be
designed, constructed, operated, and maintained to collect and remove leachate from the leachate
collection system of the CCR surface impoundment during its active life and post-closure care

period.

a) The leachate collection and removal system must:

1)

2)

3)

4)

5)

6)

7)

Be placed above the liner required by Section 845.400 or Section 845.410;

Have placed above it a filter layer that has a hydraulic conductivity of at
least 1 x 10° cm/sec;

Have a bottom slope of three percent or more towards the collection pipes;
Be constructed of:

A) Granular drainage materials with a hydraulic conductivity of 1 x
10"t cm/sec or more and a thickness of 24 inches or more above the
crown of the collection pipe; or

B) Synthetic drainage materials with a transmissivity of 6 x 10
m?/sec or more;

Be constructed of materials that are chemically resistant to CCR and any
non-CCR waste managed in the CCR surface impoundment and the
leachate expected to be generated, and of sufficient strength and thickness
to prevent collapse under the pressures exerted by overlying waste and any
waste cover materials and equipment used at the CCR surface
impoundment;

Be designed, constructed and operated with collection pipes at the base of
the granular material to prevent clogging with fines during the active life
and post-closure care period,;

Have collection pipes

A) Designed such that leachate is collected at a sump and is pumped
or flows out of the CCR surface impoundment;
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B) With slopes that allow flow from all points within the CCR surface
impoundment to the sump or drain outlet; and

C) Large enough to conduct periodic cleaning;

Have a protective layer or other means of deflecting the force of CCR
pumped into the CCR surface impoundment;

Be designed and operated to minimize clogging during the active life and
post-closure care period; and

At a minimum, the leachate collection and removal system must be
operated to remove free liquids from the CCR surface impoundment at the
time of closure and during post closure care.

The owner or operator must obtain certification from a qualified professional
engineer that the design of the leachate collection system complies with the
requirements of this Section and submit this certification to the Agency in the
facility's construction permit application.

Upon completion, the owner or operator must obtain a certification from a
qualified professional engineer that the leachate collection system has been
constructed in accordance with the requirements of this Section and submit this
certification to the Agency in the facility's initial operating permit application.

Section 845.430 Slope Maintenance

The slopes and pertinent surrounding areas of the CCR surface impoundment must be designed,
constructed, operated, and maintained with one of the forms of slope protection specified in
subsection (a) that meets all the performance standards of subsection (b).

a)

b)

Slope protection must consist of one of the following:

1)

2)

3)

A vegetative cover consisting of grassy vegetation;

An engineered cover consisting of a single form or combination of forms
of engineered slope protection measures; or

A combination of the forms of cover specified in subsection (a)(1) or

@().

Any form of cover for slope protection must meet the following performance
standards:
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The cover must be installed and maintained on the slopes and pertinent
surrounding areas of the CCR surface impoundment;

The cover must provide protection against surface erosion, wave action,
and adverse effects of rapid drawdown;

The cover must be maintained to allow for the observation of, and access
to, the slopes and pertinent surrounding areas during routine and
emergency events;

Woody vegetation must be removed from the slopes or pertinent
surrounding areas. Any removal of woody vegetation with a diameter
greater than % inch must be directed by a person familiar with the design
and operation of the CCR surface impoundment and in consideration of
the complexities of removal of a tree or shrubbery, who must ensure the
removal does not create a risk of destabilizing the CCR surface
impoundment or otherwise adversely affect the stability and safety of the
CCR surface impoundment or personnel undertaking the removal; and

The height of vegetation must not exceed 12 inches.

Section 845.440 Hazard Potential Classification Assessment

a) Hazard Potential Classification Assessments

1)

2)

3)

The owner or operator of the CCR surface impoundment must conduct an
initial and annual hazard potential classification assessment of the CCR
surface impoundment. The owner or operator must document the hazard
potential classification of each CCR surface impoundment as either a
Class 1 or Class 2 CCR surface impoundment. The owner or operator
must also document the basis for each hazard potential classification.

The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the initial
hazard potential classification and each annual classification was
conducted in accordance with the requirements of this Section.

Timeframe for Submission of the Hazard Potential Classification
Assessments and Certifications

A) The owner or operator of a new CCR surface impoundment must
submit the initial hazard potential classification assessment
certification with the initial operating permit application before the
initial receipt of CCR in the surface impoundment.
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B) The owner or operator of an existing CCR surface impoundment
must submit the initial hazard potential classification assessment
certification with its first annual inspection report required by
Section 845.540(b).

C) The owner or operator of a CCR surface impoundment must
submit the annual hazard potential classification assessment
certification each year with the annual inspection required by
Section 845.540(b).

D) The owner or operator of a CCR surface impoundment must place
each hazard potential classification assessment in the facility's
operating record (see Section 845.800(d)(4)).

The requirements of this Section apply to all CCR surface impoundments, except
for those CCR surface impoundments that are incised CCR surface
impoundments. If an incised CCR surface impoundment is subsequently
modified (e.g., a dike is constructed) such that the CCR surface impoundment no
longer meets the definition of an incised CCR surface impoundment, the CCR
surface impoundment is subject to the requirements of this Section.

Section 845.450 Structural Stability Assessment

a)

The owner or operator of a CCR surface impoundment must conduct initial and
annual structural stability assessments and document whether the design,
construction, operation, and maintenance of the CCR surface impoundment is
consistent with recognized and generally accepted engineering practices for the
maximum volume of CCR and CCR wastewater that can be impounded in the
CCR surface impoundment. The assessment must, at a minimum, document
whether the CCR surface impoundment has been designed, constructed, operated,
and maintained with:

1) Stable foundations and abutments;

2) Adequate slope protection to protect against surface erosion, wave action,
and adverse effects of sudden drawdown;

3) Dikes mechanically compacted to a density sufficient to withstand the
range of loading conditions in the CCR surface impoundment;

4) Slope protection consistent with Section 845.430;
5) A single spillway or a combination of spillways configured as specified in

subsection (a)(5)(A). The combined capacity of all spillways must be
designed, constructed, operated, and maintained to adequately manage
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flow during and following the peak discharge from the event specified in
subsection (a)(5)(B).

A) All spillways must be either:

)] Of non-erodible construction and designed to carry
sustained flows; or

i) Earth- or grass-lined and designed to carry short-term,
infrequent flows at non-erosive velocities where sustained
flows are not expected.

B) The combined capacity of all spillways must adequately manage
flow during and following the peak discharge from a:

) Probable maximum flood for a Class 1 CCR surface
impoundment; or

i) 1000-year flood for a Class 2 CCR surface impoundment.

6) Hydraulic structures underlying the base of the CCR surface impoundment
or passing through the dike of the CCR surface impoundment that
maintain structural integrity and are free of significant deterioration,
deformation, distortion, bedding deficiencies, sedimentation, and debris
that may negatively affect the CCR surface impoundment; and

7) For CCR surface impoundments with downstream slopes that can be
inundated by the pool of an adjacent water body, such as a river, stream or
lake, downstream slopes that maintain structural stability during low pool
of the adjacent water body or sudden drawdown of the adjacent water
body.

The annual assessment described in this Section must identify any structural
stability deficiencies associated with the CCR surface impoundment in addition to
recommending corrective measures. If a deficiency or a release is identified
during the periodic assessment, the owner or operator of the surface impoundment
must submit to the Agency a construction permit application including
documentation detailing proposed corrective measures and must obtain any
necessary permits from the Agency as soon as feasible.

The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the initial
structural stability assessments and each annual assessment thereafter was
conducted in accordance with the requirements.

Timeframe for Submission of Structural Stability Assessment
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1) The owner or operator of a new CCR surface impoundment must submit
the initial structural stability assessment certification with the initial
operating permit application before the initial receipt of CCR in the
surface impoundment.

2) The owner or operator of an existing CCR surface impoundment must
submit the initial structural stability assessment certification with its first
annual inspection report required by Section 845.540(b).

3) The owner or operator of a CCR surface impoundment must submit the
annual structural stability assessment certification each year with the
annual inspection required by Section 845.540(b).

4) The owner or operator of a CCR surface impoundment must place each
structural stability assessment in the facility's operating record (see
Section 845.800(d)(5)).

The requirements of this Section apply to all CCR surface impoundments, except
for those CCR surface impoundments that are incised CCR surface
impoundments. If an incised CCR surface impoundment is subsequently
modified (e.g., a dike is constructed) such that the CCR surface impoundment no
longer meets the definition of an incised CCR surface impoundment, the CCR
surface impoundment is subject to the requirements of this Section.

Section 845.460 Safety Factor Assessment

a)

The owner or operator of a CCR surface impoundment must conduct an initial
and annual safety factor assessment for each CCR surface impoundment and
document whether the calculated factors of safety for each CCR surface
impoundment achieve the minimum safety factors specified in this Section for the
critical cross-section of the embankment. The critical cross-section is the cross
section anticipated to be the most susceptible of all cross-sections to structural
failure based on appropriate engineering considerations, including loading
conditions. The safety factor assessments must be supported by appropriate
engineering calculations.

1) For new CCR surface impoundments, the calculated static factor of safety
under the end-of-construction loading condition must equal or exceed
1.30. The assessment of this loading condition is only required for the
initial safety factor assessment and is not required for subsequent
assessments.

2) The calculated static factor of safety under the long-term, maximum
storage pool loading condition must equal or exceed 1.50.



b)

d)

3)

4)

5)

R000478

The calculated static factor of safety under the maximum surcharge pool
loading condition must equal or exceed 1.40.

The calculated seismic factor of safety must equal or exceed 1.00.

For dikes constructed of soils that have susceptibility to liquefaction, the
calculated liquefaction factor of safety must equal or exceed 1.20.

The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the initial safety
factor assessment and each annual assessment thereafter was conducted in
accordance with the requirements of this Section.

Timeframe for Submission of the Safety Factor Assessment

1)

2)

3)

4)

The owner or operator of a new CCR surface impoundment must submit
the initial safety factor assessment certification with the initial operating
permit application before the initial receipt of CCR in the surface
impoundment.

The owner or operator of an existing CCR surface impoundment must
submit the initial safety factor assessment certification with its first annual
inspection report required by Section 845.540(b).

The owner or operator of a CCR surface impoundment must submit the
annual safety factor assessment certification each year with the annual
inspection required by Section 845.540(b).

The owner or operator of a new CCR surface impoundment must place
each safety factor assessment in the facility's operating record as required
by Section 845.800(d)(6).

Failure to Document Minimum Safety Factors

1)

2)

For new CCR surface impoundments, until the date an owner or operator
of a CCR surface impoundment documents that the calculated factors of
safety achieve the minimum safety factors specified in this Section, the
owner or operator is prohibited from placing CCR in the CCR surface
impoundment.

An owner or operator of the CCR surface impoundment who either fails to
complete a timely safety factor assessment or fails to demonstrate
minimum safety factors as required by this Section is subject to the
requirements of Section 845.700.
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The requirements of this Section apply to all CCR surface impoundments, except
for those CCR surface impoundments that are incised CCR surface
impoundments. If an incised CCR surface impoundment is subsequently
modified (e.g., a dike is constructed) such that the CCR surface impoundment no
longer meets the definition of an incised CCR surface impoundment, the CCR
surface impoundment is subject to the requirements of this Section.

SUBPART E: OPERATING CRITERIA

Section 845.500 Air Criteria

a)

b)

The owner or operator of a CCR surface impoundment, or any lateral expansion
of a CCR surface impoundment, must adopt measures that will effectively
minimize CCR from becoming airborne at the facility, including CCR fugitive
dust originating from CCR surface impoundments, roads, and other CCR
management and material handling activities.

CCR Fugitive Dust Control Plan. The owner or operator of the CCR surface
impoundment must prepare and operate in accordance with a CCR fugitive dust
control plan as specified in this subsection (b). This requirement applies in
addition to, not in place of, any applicable standards under the Occupational
Safety and Health Act (29 USC 15), including 29 CFR 1910.1018, 29 CFR
1910.1024, 29 CFR 1910.1025, 29 CFR 1910.1027, and 1910.1053, or any other
State or federal law.

1) The CCR fugitive dust control plan must identify and describe the CCR
fugitive dust control measures the owner or operator will use to minimize
CCR from becoming airborne at the facility. The owner or operator must
select, and include in the CCR fugitive dust control plan, the CCR fugitive
dust control measures that are most appropriate for site conditions, along
with an explanation of how the measures selected are applicable and
appropriate for site conditions. Examples of control measures that may be
appropriate include: locating CCR inside an enclosure or partial enclosure;
operating a water spray or fogging system; reducing fall distances at
material drop points; using wind barriers, compaction, or vegetative
covers; establishing and enforcing reduced vehicle speed limits; paving
and sweeping roads; covering trucks transporting CCR; reducing or
halting operations during high wind events; or applying a daily cover.

2) The CCR fugitive dust control plan must include procedures to log every
complaint from members of the public received by the owner or operator
involving CCR fugitive dust events at the facility. The owner or operator
must:

A) Include for each logged complaint the date of the complaint, the
date of the incident, the name and contact information of the
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complainant, if given, and all actions taken to assess and resolve
the complaint; and

B) Submit quarterly reports to the Agency no later than 14 days from
the end of the quarter of all complaints received in that quarter,
including the information required by subsection (b)(2)(A).

The CCR fugitive dust control plan must include a description of the
procedures the owner or operator will follow to periodically assess the
effectiveness of the control plan.

The owner or operator of a CCR surface impoundment must prepare an
initial CCR fugitive dust control plan for the facility by October 31, 2021,
or by initial receipt of CCR in any CCR surface impoundment at the
facility if the owner or operator becomes subject to this Part after October
31, 2021.

Amendment of the Plan. The owner or operator of a CCR surface
impoundment subject to the requirements may amend the written CCR
fugitive dust control plan at any time provided the revised plan is
submitted to the Agency. The owner or operator must amend the written
plan whenever there is a change in conditions that would substantially
affect the written plan in effect, such as the construction and operation of a
new CCR surface impoundment.

The owner or operator must place the initial and any amendments to the
fugitive dust control plan in the facility's operating record as required by
Section 845.800(d)(7). The most recent fugitive dust control plan must be
placed in the facility's operating record and available on the owner's or
operator's CCR website before submitting a permit application under this
Part.

The owner or operator must obtain a certification from a qualified
professional engineer that the initial CCR fugitive dust control plan, or any
subsequent amendment of it, meets the requirements of this Section.

C) Annual CCR Fugitive Dust Control Report. The owner or operator of a CCR
surface impoundment must prepare an annual CCR fugitive dust control report
that includes a description of the actions taken by the owner or operator to control
CCR fugitive dust and the four quarterly fugitive dust complaint reports submitted
under subsection (b)(2)(B). The annual CCR fugitive dust control report must be
submitted as a part of the annual consolidated report required by Section 845.550.

Section 845.510 Hydrologic and Hydraulic Capacity Requirements for CCR Surface

Impoundments
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The owner or operator of an existing or new CCR surface impoundment or any
lateral expansion of a CCR surface impoundment must design, construct, operate,
and maintain an inflow design flood control system as specified in subsections
(@)(1) and (2).

1)

2)

3)

The inflow design flood control system must adequately manage flow into
the CCR surface impoundment during and following the peak discharge of
the inflow design flood specified in subsection (a)(3).

The inflow design flood control system must adequately manage flow

from the CCR surface impoundment to collect and control the peak
discharge resulting from the inflow design flood specified in subsection

@)(3).
The inflow design flood, at a minimum, is:

A) For a Class 1 CCR surface impoundment, as determined under
Section 845.440(a), the probable maximum flood;

B) For a Class 2 CCR surface impoundment, as determined under
Section 845.440(a), the 1000-year flood; or

C) For an incised CCR surface impoundment, the 25-year flood.

Discharge from the CCR surface impoundment must be handled in accordance
with the surface water requirements in Section 845.110(b)(3) and 35 Ill. Adm.
Code Subtitle C.

Inflow Design Flood Control System Plan

1)

2)

3)

Content of the Plan. The owner or operator must prepare initial and annual
inflow design flood control system plans for the CCR surface
impoundment. These plans must document how the inflow design flood
control system has been designed and constructed to meet the
requirements of this Section. Each plan must be supported by appropriate
engineering calculations.

Amendment of the Plan. The owner or operator of the CCR surface
impoundment may amend the written inflow design flood control system
plan at any time. The owner or operator must amend the written inflow
design flood control system plan whenever there is a change in conditions
that would substantially affect the written plan in effect.

The owner or operator must obtain a certification from a qualified
professional engineer stating that the initial and periodic inflow design
flood control system plans meet the requirements of this Section.
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Timeframe for Plan Submission

A) The owner or operator of a new CCR surface impoundment must
submit to the Agency the initial inflow design flood control system
plan certification with the initial operating permit application
before the initial receipt of CCR in the surface impoundment.

B) The owner or operator of an existing CCR surface impoundment
must submit the initial inflow design flood control system plan
certification with its first annual inspection report required by
Section 845.540(b).

C) The owner or operator of a CCR surface impoundment must
submit the annual inflow design flood control system plan
certification each year with the annual inspection required by
Section 845.540(b).

D) The owner or operator of a new CCR surface impoundment must
place each inflow design flood control system plan in the facility's
operating record (see Section 845.800(d)(8)).

Section 845.520 Emergency Action Plan

a)

b)

The owner or operator of a CCR surface impoundment must prepare and maintain
a written Emergency Action Plan (EAP). The owner or operator must place the
EAP and any amendment of the EAP in the facility's operating record (see Section
845.800(d)(9)).

At a minimum, the EAP must:

1)

2)

3)

4)

Define the events or circumstances involving the CCR surface
impoundment that represent a safety emergency, along with a description
of the procedures that will be followed to detect a safety emergency in a
timely manner;

Define responsible persons, their respective responsibilities, and
notification procedures for a safety emergency involving the CCR surface
impoundment;

Provide contact information of emergency responders;
Include a map that delineates the downstream area that would be affected

if a CCR surface impoundment fails and a physical description of the CCR
surface impoundment; and
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5) Include provisions for an annual face-to-face meeting or exercise between
representatives of the owner or operator of the CCR surface impoundment
and the local emergency responders.

C) The owner or operator of a CCR surface impoundment must prepare an initial
Emergency Action Plan for the facility by October 31, 2021, or by initial receipt
of CCR in any CCR surface impoundment at the facility if the owner or operator
becomes subject to this Part after October 31, 2021.

d) Amendment of the Plan

1) The owner or operator of a CCR surface impoundment may amend the
written EAP at any time.

2) The owner or operator must amend the written EAP whenever there is a
change in conditions that would substantially affect the EAP in effect.

3) The written EAP must be evaluated, at a minimum, every five years to
ensure the information required in this Section is accurate.

e) The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the written EAP,
and any subsequent amendment of the EAP, meets the requirements of this
Section.

f) Activation of the EAP. The EAP must be implemented once events or
circumstances involving the CCR surface impoundment that represent a safety
emergency are detected, including conditions identified during any structural
stability assessments, annual inspections, and inspections by a qualified person.
The owner or operator of the CCR surface impoundment must submit records
documenting all activations of the EAP to the Agency and place the
documentation in the facility's operating record as required by Section
845.800(d)(10).

9) The owner or operator of a CCR surface impoundment must document the annual
face-to-face meeting or exercise between representatives of the owner or operator
of the CCR surface impoundment and the local emergency responders as required
by subsection (b)(5). The owner or operator of the CCR surface impoundment
must place this documentation in the facility's operating record as required by
Section 845.800(d)(11).

Section 845.530 Safety and Health Plan
a) The owner or operator of the CCR surface impoundment must develop a Safety

and Health Plan and ensure that employees, contract workers, and third-party
contractors are informed regarding the Safety and Health Plan. The owner or
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operator must conduct ongoing worker hazard analyses and ensure employees,
contract workers, and third-party contractors are aware of those analyses. The
plan must be updated as needed based on the worker hazard analyses, but at least
annually. The plan, and all amendments to the plan, must be placed in the
facility's operating record as required by Section 845.800(d)(12), and on the
owner's or operator's publicly accessible internet site.

For worker exposure safety, in addition to all other applicable local, State and
federal requirements, the owner or operator of the CCR surface impoundment, for
all chemical constituents identified in the CCR under Sections 845.230(a)(15) and
845.230(d)(2)(C), must:

1) Consider the recommendations in the most recent "NIOSH Pocket Guide
to Chemical Hazards", Department of Human Health and Services,
Centers for Disease Control and Prevention, National Institute for
Occupational Safety and Health (available at
cdc.gov/niosh/npg/default.html);

2) Implement the Occupational Safety and Health Administration regulations
in Chapter 17 of Title 29 of the Code of Federal Regulations for all
hazards not otherwise classified as defined in 29 CFR 1910.1200(c); and

3) Provide safety data sheets (Globally Harmonized System of Classification
and Labeling of Chemicals adopted by OSHA) or create a facility-specific
safety data sheet under 29 CFR 1910.1200(g).

The Safety and Health Plan must include a personnel training program that meets
the following minimum requirements:

1) Employees, contract workers, and third-party contractors must
successfully complete a training program that informs them of the hazards
at the facility to ensure compliance with the requirements of this Part. The
facility must maintain an outline of the training program used (or to be
used) at the facility and a brief description of training program updates.

2) At a minimum, the training program must be designed to ensure that
employees, contract workers, and third-party contractors understand and
are able to respond effectively to the following:

A) Procedures for using, inspecting, repairing, and replacing facility
emergency and monitoring equipment;

B) Communications or alarm systems;

C) Response to fires or explosions;
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D) Response to a spill or release of CCR,;

E) The training under the Occupational Safety and Health Standards
in 29 CFR 1910.120, 29 CFR 1926.65, and the OSHA 10-hour or
30-hour construction safety training;

F) Information about chemical hazards and hazardous materials
identified in subsection (b); and

G) The use of engineering controls, administrative controls, and
personal protective equipment.

d) Employees, contract workers, and third-party contractors must successfully
complete the program required in subsection (c) before undertaking any activity
to construct, operate or close a CCR surface impoundment.

e) Employees, contract workers, and third-party contractors must take part in an
annual review of the initial training required in subsection (c).

f) The owner or operator of the CCR surface impoundment must perform, at a
minimum, the following hazard communication activities:

1) Post signs at the facility identifying the hazards of CCR, including dust
inhalation when handling CCR;

2) Post signs at the facility identifying unstable CCR areas that may make
operation of heavy equipment hazardous; and

3) Post signs at the facility where the CCR surface impoundment is located
identifying safety measures and necessary precautions, including the
proper use of personal protective equipment.

Section 845.540 Inspection Requirements for CCR Surface Impoundments
a) Inspections by a Qualified Person.

1) All CCR surface impoundments and any lateral expansion of a CCR
surface impoundment must be examined by a qualified person as follows:

A) At intervals not exceeding seven days and after each 25-year, 24-
hour storm, inspect for the following:

) Any appearances of actual or potential structural weakness
and other conditions that are disrupting, or have the
potential to disrupt, the operation or safety of the CCR
surface impoundment;
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i) Deterioration, malfunctions or improper operation of
overtopping control systems, where present;

iii) Sudden drops in the level of the CCR surface
impoundment's contents;

iv) Erosion that creates rills, gullies, or crevices six inches or
deeper, other signs of deterioration including failed or
eroded vegetation in excess of 100 square feet, or cracks in
dikes or other containment devices; and

V) Any visible releases;

B) At intervals not exceeding seven days, inspect the discharge of all
outlets of hydraulic structures that pass underneath the base of the
CCR surface impoundment or through the dike, of the CCR
surface impoundment, for abnormal discoloration, flow or
discharge of debris or sediment; and

C) At intervals not exceeding 30 days, monitor all CCR surface
impoundment instrumentation.

The owner or operator must prepare a report for each inspection that
includes the date of the inspection, condition of the CCR surface
impoundment, any repairs made to the CCR surface impoundment, and the
date of the repair. The results of the inspection by a qualified person must
be recorded in the facility's operating record as required by Section
845.800(d)(13).

The owner or operator of a CCR surface impoundment must initiate the
inspections required by subsection (a) by April 30, 2021, or by initial
receipt of CCR in a CCR surface impoundment if the owner or operator
becomes subject to this Part after April 30, 2021. The inspections required
by subsection (a) must continue until the completion of closure by
removal or the completion of post-closure care.

If a 25-year, 24-hour storm is identified more than 48 hours before the
next scheduled weekly inspection, an additional inspection must be
conducted within 24 hours after the end of the identified storm event,
before the scheduled seven-day inspection.

Annual Inspections By a Qualified Professional Engineer.

1)

The CCR surface impoundment must be inspected on an annual basis by a
qualified professional engineer to ensure that the design, construction,
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operation, and maintenance of the CCR surface impoundment is consistent
with recognized and generally accepted engineering standards. The
inspection must, at a minimum, include:

A)

B)

C)

D)

E)

F)

G)

A review of available information regarding the status and
condition of the CCR surface impoundment, including files
available in the operating record (e.g., CCR surface impoundment
design and construction information required by Sections
845.220(a)(1) and 845.230(d)(2)(A), previous structural stability
assessments required under Section 845.450, the results of
inspections by a qualified person, and results of previous annual
inspections);

A visual inspection of the CCR surface impoundment to identify
signs of distress or malfunction of the CCR surface impoundment
and appurtenant structures;

A visual inspection of any hydraulic structures underlying the base
of the CCR surface impoundment or passing through the dike of
the CCR surface impoundment for structural integrity and
continued safe and reliable operation;

The annual hazard potential classification certification, if
applicable (see Section 845.440);

The annual structural stability assessment certification, if
applicable (see Section 845.450);

The annual safety factor assessment certification, if applicable (see
Section 845.460); and

The inflow design flood control system plan certification (see
Section 845.510(c)).

Inspection Report. The qualified professional engineer must prepare a
report following each inspection that addresses the following:

A)

B)

Any changes in geometry of the impounding structure since the
previous annual inspection;

The location and type of existing instrumentation and the
maximum recorded readings of each instrument since the previous
annual inspection;



C)

D)

E)

F)

G)

R000488

The approximate minimum, maximum, and present depth and
elevation of the impounded water and CCR since the previous
annual inspection;

The storage capacity of the impounding structure at the time of the
inspection;

The approximate volume of the impounded water and CCR at the
time of the inspection;

Any appearances of an actual or potential structural weakness of
the CCR surface impoundment, in addition to any existing
conditions that are disrupting or have the potential to disrupt the
operation and safety of the CCR surface impoundment and
appurtenant structures; and

Any other changes that may have affected the stability or operation
of the impounding structure since the previous annual inspection.

3) By January 31 of each year, the inspection report must be completed and
included with the annual consolidated report required by Section 845.550.

4) Frequency of Inspections. The owner or operator of the CCR surface
impoundment must conduct the inspection required by subsections (b)(1)
and (2) on an annual basis. The deadline for conducting a subsequent
inspection is based on the date of conducting the previous inspection.

5) If a deficiency or release is identified during an inspection, the owner or
operator must submit to the Agency documentation detailing proposed
corrective measures and obtain any necessary permits from the Agency.

Section 845.550 Annual Consolidated Report

a)

By January 31 of each year, the owner or operator of the CCR surface
impoundment must prepare an annual consolidated report for the preceding
calendar year that includes the following:

1) Annual CCR fugitive dust control report (see Section 845.500(c));

2) Annual inspection report (see Section 845.540(b)), including:

A)

Annual hazard potential classification certification, if applicable
(see Section 845.440);
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B) Annual structural stability assessment certification, if applicable
(see Section 845.450);

C) Annual safety factor assessment certification, if applicable (see
Section 845.460); and

D) Inflow design flood control system plan certification (see Section
845.510(c)).

3) Annual Groundwater Monitoring and Corrective Action Report (see
Section 845.610(e)).

b) The owner or operator of the CCR surface impoundment must submit the annual
consolidated report to the Agency in addition to placing the annual consolidated
report in the facility's operating record as required by Section 845.800(d)(14).

SUBPART F: GROUNDWATER MONITORING AND CORRECTIVE ACTION
Section 845.600 Groundwater Protection Standards

a) For existing CCR surface impoundments and for inactive CCR surface
impoundments:

1) The groundwater protection standards at the waste boundary must be:
A) Antimony: 0.006 mg/L
B) Arsenic: 0.010 mg/L
C) Barium: 2.0 mg/L
D) Beryllium: 0.004 mg/L
E) Boron: 2 mg/L
F) Cadmium: 0.005 mg/L
G) Chloride: 200 mg/L
H) Chromium: 0.1 mg/L
)] Cobalt: 0.006 mg/L

J) Fluoride: 4.0 mg/L
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K) Lead: 0.0075 mg/L

L) Lithium: 0.04 mg/L

M) Mercury: 0.002 mg/L

N) Molybdenum: 0.1 mg/L

0) pH: 6.5-9.0 units

P) Selenium: 0.05 mg/L

Q) Sulfate: 400 mg/L

R) Thallium: 0.002 mg/L

S) Total Dissolved Solids: 1200 mg/L

T) Radium 226 and 228 combined: 5 pCi/L
2) For constituents with a background concentration higher than the levels

identified in subsection (a)(1), the background concentration must be the

groundwater protection standard.
For new CCR surface impoundments, the groundwater protection standards at the
waste boundary must be background for the constituents listed in subsection
(@)(2), calcium, and turbidity.
The owner or operator of a CCR surface impoundment may not obtain alternative
groundwater quality standards in 35 Ill. Adm. Code 620.450(a)(4) for the
constituents in subsections (a) and (b) before the end of post-closure care under

Section 845.780, when closing with a final cover system, or before the end of
groundwater monitoring under Section 845.740(b), when closing by removal.

Section 845.610 General Requirements

a)

b)

All CCR surface impoundments and lateral expansions of CCR surface
impoundments are subject to the groundwater monitoring and corrective action
requirements of this Subpart.

Required Submissions and Agency Approvals for Groundwater Monitoring
1) Existing CCR Surface Impoundments. The owner or operator of an

existing CCR surface impoundment must submit the following to the
Agency in an initial operating permit application:
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A) A hydrogeologic site characterization meeting the requirements of
Section 845.620;

B) Design and construction plans of a groundwater monitoring system
meeting the requirements of Section 845.630;

C) A groundwater sampling and analysis program that includes
selection of the statistical procedures to be used for evaluating
groundwater monitoring data as required by Section 845.640; and

D) A monitoring program that includes a minimum of eight
independent samples for each background and downgradient well
as required by Section 845.650(b).

2) New CCR Surface Impoundments. The owner or operator of a new CCR

surface impoundment and all lateral expansions of a CCR surface
impoundment must submit the information required in subsections
(b)(1)(A) through (C) in a construction permit application, and the
information required in subsection (b)(1)(D) in an operating permit
application.

3) All owners and operators of CCR surface impoundments must:

A)

B)

C)

D)

Conduct groundwater monitoring under a monitoring program
approved by the Agency under this Subpart;

Evaluate the groundwater monitoring data for statistically
significant levels over background levels for the constituents listed
in Section 845.600 after each sampling event;

Determine compliance with the groundwater protection standards
in Section 845.600 after each sampling event; and

Submit all groundwater monitoring data to the Agency and any
analysis performed under subsections (b)(3)(B) and (b)(3)(C)
within 60 days after completion of sampling, and place the
groundwater monitoring data in the facility's operating record as
required by Section 845.800(d)(15).

Once the groundwater monitoring system and the groundwater monitoring
program have been established at the CCR surface impoundment as required by
this Subpart, the owner or operator must conduct groundwater monitoring and, if
necessary, corrective action throughout the active life and post-closure care period
of the CCR surface impoundment or the time period specified in Section
845.740(b) when closure is by removal.
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If a CCR surface impoundment has a release, the owner or operator must
immediately take all necessary measures to control all sources of the release to
reduce or eliminate, to the maximum extent feasible, further releases of
contaminants into the environment. The owner or operator of the CCR surface
impoundment must comply with all applicable requirements of Sections 845.660,
845.670, and 845.680.

Annual Groundwater Monitoring and Corrective Action Report

1)

2)

3)

The owner or operator of the CCR surface impoundment must prepare and
submit to the Agency an annual groundwater monitoring and corrective
action report as a part of the annual consolidated report required by
Section 845.550.

For the preceding calendar year, the annual report must document the
status of the groundwater monitoring and corrective action plan for the
CCR surface impoundment, summarize key actions completed, including
the status of permit applications and Agency approvals, describe any
problems encountered, discuss actions to resolve the problems, and project
key activities for the upcoming year.

At a minimum, the annual groundwater monitoring and corrective action
report must contain the following information, to the extent available:

A) A map, aerial image, or diagram showing the CCR surface
impoundment, all background (or upgradient) and downgradient
monitoring wells, including the well identification numbers, that
are part of the groundwater monitoring program for the CCR
surface impoundment, and a visual delineation of any exceedances
of the groundwater protection standards;

B) Identification of any monitoring wells that were installed or
decommissioned during the preceding year, along with a narrative
description of why those actions were taken;

C) A potentiometric surface map for each groundwater elevation
sampling event required by Section 845.650(b)(2);

D) In addition to all the monitoring data obtained under this Subpart, a
summary including the number of groundwater samples that were
collected for analysis for each background and downgradient well,
and the dates the samples were collected,;

E) A narrative discussion of any statistically significant increases over
background levels for the constituents listed in Section 845.600;
and
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Other information required to be included in the annual report as
specified in this Subpart.

4) A section at the beginning of the annual report must provide an overview
of the current status of groundwater monitoring program and corrective
action plan for the CCR surface impoundment. At a minimum, the
summary must:

A)

B)

C)

D)

E)

F)

G)

H)

Specify whether groundwater monitoring data shows a statistically
significant increase over background concentrations for one or
more constituents listed in Section 845.600;

Identify those constituents having a statistically significant
increase over background concentrations and the names of the
monitoring wells associated with the increase;

Specify whether there have been any exceedances of the
groundwater protection standards for one or more constituents
listed in Section 845.600;

Identify those constituents with exceedances of the groundwater
protection standards in Section 845.600 and the names of the
monitoring wells associated with the exceedance;

Provide the date when the assessment of corrective measures was
initiated for the CCR surface impoundment;

Provide the date when the assessment of corrective measures was
completed for the CCR surface impoundment;

Specify whether a remedy was selected under Section 845.670
during the current annual reporting period, and if so, the date of
remedy selection; and

Specify whether remedial activities were initiated or are ongoing
under Section 845.780 during the current annual reporting period.

Section 845.620 Hydrogeologic Site Characterization

a)

b)

The owner or operator of the CCR surface impoundment must design and
implement a hydrogeologic site characterization.

The hydrogeologic site characterization must include, but is not limited to, the

following:
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1) Geologic well logs/boring logs;

2) Climatic aspects of the site, including seasonal and temporal fluctuations
in groundwater flow;

3) Identification of nearby surface water bodies and drinking water intakes;

4) Identification of nearby pumping wells and associated uses of the
groundwater;

5) Identification of nearby dedicated nature preserves;

6) Geologic setting;

7) Structural characteristics;
8) Geologic cross-sections;
9) Soil characteristics;

10)  Identification of confining layers;
11)  Identification of potential migration pathways;
12)  Groundwater quality data;

13)  Vertical and horizontal extent of the geologic layers to a minimum depth
of 100 feet below land surface, including lithology and stratigraphy;

14) A map displaying any known underground mines beneath a CCR surface
impoundment;

15)  Chemical and physical properties of the geologic layers to a minimum
depth of 100 feet below land surface;

16)  Hydraulic characteristics of the geologic layers identified as migration
pathways and geologic layers that limit migration, including:

A) Water table depth;
B) Hydraulic conductivities;
C) Effective and total porosities;

D) Direction and velocity of groundwater flow; and
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E) Map of the potentiometric surface;
17)  Groundwater classification under 35 Ill. Adm. Code 620; and

18)  Any other information requested by the Agency that is relevant to the
hydrogeologic site characterization.

Section 845.630 Groundwater Monitoring Systems

a)

b)

Performance Standard. The owner or operator of a CCR surface impoundment
must install a groundwater monitoring system that consists of a sufficient number
of wells, installed at appropriate locations and depths, to yield groundwater
samples that:

1) Accurately represent the quality of background groundwater that has not
been affected by leakage from a CCR surface impoundment. A
determination of background quality may include sampling of wells that
are not hydraulically upgradient of the CCR management area where:

A) Hydrogeologic conditions do not allow the owner or operator of
the CCR surface impoundment to determine what wells are
hydraulically upgradient; or

B) Sampling at other wells will provide an indication of background
groundwater quality that is demonstratively as representative or
more representative than that provided by the upgradient wells;
and

2) Accurately represent the quality of groundwater passing the waste
boundary of the CCR surface impoundment. The downgradient
monitoring system must be installed at the waste boundary that ensures
detection of groundwater contamination. All potential contaminant
pathways must be monitored.

The number, spacing, and depths of monitoring system wells must be determined
based upon site-specific technical information identified in the hydrogeologic site
characterization conducted under Section 845.620.

The groundwater monitoring system must include a sufficient number of
monitoring wells necessary to meet the performance standards specified in
subsection (a) based on the site-specific information specified in subsection (b).
The groundwater monitoring system must contain:

1) A minimum of one upgradient and three downgradient monitoring wells;
and
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Additional monitoring wells as necessary to accurately represent the
quality of background groundwater that has not been affected by leakage
from the CCR surface impoundment and the quality of groundwater
passing the waste boundary of the CCR surface impoundment.

Multiunit Groundwater Monitoring System

1)

2)

The owner or operator of multiple CCR surface impoundments may install
a multiunit groundwater monitoring system instead of separate
groundwater monitoring systems for each CCR surface impoundment.

The multiunit groundwater monitoring system must be equally as capable
of detecting monitored constituents at the waste boundary of the CCR
surface impoundment as the individual groundwater monitoring system
specified in subsections (a) through (c) for each CCR surface
impoundment, based on the following factors:

A) Number, spacing, and orientation of each CCR surface
impoundment;

B) Hydrogeologic setting;
C) Site history; and

D) Engineering design of the CCR surface impoundment.

Monitoring wells must be properly constructed in a manner consistent with the
standards of 77 Ill. Adm. Code 920.170.

1)

2)

The owner or operator must document and include in the facility's
operating record the design, installation, development, and
decommissioning of any monitoring wells, piezometers and other
measurement, sampling, and analytical devices. The qualified
professional engineer must be given access to this documentation when
completing the groundwater monitoring system certification required by
subsection (g).

The monitoring wells, piezometers, and other measurement, sampling, and
analytical devices must be operated and maintained so that they perform to
the design specifications throughout the life of the monitoring program.

The owner or operator of a new CCR surface impoundment must submit a
construction permit application containing documentation showing that the
groundwater monitoring system is designed to meet the requirements of this
Section. The owner or operator of all CCR surface impoundments must submit an
operating permit application containing documentation showing that the
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groundwater monitoring system has been constructed to meet the requirements of
this Section.

The owner or operator must obtain a certification from a qualified professional
engineer stating that the groundwater monitoring system has been designed and
constructed to meet the requirements of this Section. If the groundwater
monitoring system includes the minimum number of monitoring wells specified in
subsection (c)(1), the certification must document the basis supporting this
determination. The certification must be submitted to the Agency with the
appropriate permit application.

Section 845.640 Groundwater Sampling and Analysis Requirements

a)

b)

The groundwater monitoring program must include consistent sampling and
analysis procedures that are designed to ensure monitoring results that provide an
accurate representation of groundwater quality at the background and
downgradient wells required by Section 845.630. The owner or operator of the
CCR surface impoundment must develop a sampling and analysis program that
includes procedures and techniques for:

1) Sample collection;

2) Sample preservation and shipment;

3) Analytical procedures;

4) Chain of custody control; and

5) Quality assurance and quality control.

The groundwater monitoring program must include sampling and analytical
methods that are appropriate for groundwater sampling and that accurately
measure constituents and other monitoring parameters in groundwater samples.
For purposes of this Subpart, the term "constituent” refers to both constituents and

other monitoring parameters listed in Section 845.600.

The owner or operator must perform the following each time ground water is
sampled:

1) Measure groundwater elevations in each well before purging;
2) Determine the rate and direction of groundwater flow; and

3) Measure groundwater elevations in wells that monitor the same CCR
management area within a time period short enough to avoid temporal



d)

R000498

variations in groundwater flow that could preclude accurate determination
of groundwater flow rate and direction.

The owner or operator of the CCR surface impoundment must establish
background groundwater quality in a hydraulically upgradient or background well
for each of the constituents listed in Section 845.600. Background groundwater
quality may be established at wells that are not located hydraulically upgradient
from the CCR surface impoundment if it meets the requirements of Section
845.630(a)(1).

The number of samples collected when conducting monitoring (for both
downgradient and background wells) must be consistent with the statistical
procedures chosen under subsection (f) and the performance standards under
subsection (g). The sampling procedures must be those specified by Section
845.650(a) through (c).

Statistical Methods

1) The owner or operator of the CCR surface impoundment must select one
of the statistical methods specified in subsection (f)(1) to be used in
evaluating groundwater monitoring data for each specified constituent.
The statistical test chosen must be conducted separately for each
constituent in each monitoring well.

A) A parametric analysis of variance followed by multiple comparison
procedures to identify statistically significant evidence of
contamination. The method must include estimation and testing of
the contrasts between each compliance well's mean and the
background mean levels for each constituent.

B) An analysis of variance based on ranks followed by multiple
comparison procedures to identify statistically significant evidence
of contamination. The method must include estimation and testing
of the contrasts between each compliance well's median and the
background median levels for each constituent.

C) A tolerance or prediction interval procedure, in which an interval
for each constituent is established from the distribution of the
background data and the level of each constituent in each
compliance well is compared to the upper tolerance or prediction
limit.

D) A control chart approach that gives control limits for each
constituent.
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E) Another statistical test method that meets the performance
standards of subsection (g).

The owner or operator of the CCR surface impoundment must obtain a
certification from a qualified professional engineer stating that the selected
statistical method is appropriate for evaluating the groundwater
monitoring data for the CCR surface impoundment. The certification
must include a narrative description of the statistical method selected to
evaluate the groundwater monitoring data. The certification must be
submitted to the Agency with the appropriate permit application.

The owner or operator of the CCR surface impoundment must submit the
following to the Agency in an operating permit application:

A) Documentation of the statistical method chosen; and

B) The qualified professional engineer certification required by
subsection ()(2).

Any statistical method chosen under subsection (f) must comply with the
following performance standards, as appropriate, based on the statistical test
method used:

1)

2)

3)

The statistical method used to evaluate groundwater monitoring data must
be appropriate for the distribution of constituents. Normal distributions of
data values must use parametric methods. Non-normal distributions must
use non-parametric methods. If the distribution of the constituents is
shown by the owner or operator of the CCR surface impoundment to be
inappropriate for a normal theory test, then the data must be transformed
or a distribution-free (non-parametric) theory test must be used. If the
distributions for the constituents differ, more than one statistical method
may be needed.

If an individual well comparison procedure is used to compare an
individual compliance well constituent concentration with background
constituent concentrations or a groundwater protection standard, the test
must be done at a Type | error level of at least 0.01 for each testing period.
If a multiple comparison procedure is used, the Type | experiment wise
error rate for each testing period must be at least 0.05; however, the Type |
error of at least 0.01 for individual well comparisons must be maintained.
This performance standard does not apply to tolerance intervals, prediction
intervals, or control charts.

If a control chart approach is used to evaluate groundwater monitoring
data, the specific type of control chart and its associated constituent values
must be such that this approach is at least as effective as any other
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approach in this Section for evaluating groundwater data. The constituent
values must be determined after considering the number of samples in the
background database, the data distribution, and the range of the
concentration values for each constituent of concern.

4) If a tolerance interval or a prediction interval is used to evaluate
groundwater monitoring data, the levels of confidence and, for tolerance
intervals, the percentage of the population that the interval must contain,
must be such that this approach is at least as effective as any other
approach in this Section for evaluating groundwater data. These
constituents must be determined after considering the number of samples
in the background database, the data distribution, and the range of the
concentration values for each constituent of concern.

5) The statistical method must account for data below the limit of detection
with one or more statistical procedures at least as effective as any other
approach in this Section for evaluating groundwater data. Any practical
quantitation limit that is used in the statistical method must be the lowest
concentration level that can be reliably achieved within specified limits of
precision and accuracy during routine laboratory operating conditions that
are available to the facility. For the constituents identified in Section
845.600(a)(1), the practical quantitation limit must be less than the
groundwater protection standards.

6) If necessary, the statistical method must include procedures to control or
correct for seasonal and spatial variability as well as temporal correlation
in the data.

The owner or operator of the CCR surface impoundment must determine whether
there is a statistically significant increase over background values for each
constituent in Section 845.600.

1) In determining whether a statistically significant increase has occurred, the
owner or operator must compare the groundwater quality of each
constituent at each monitoring well designated under Section
845.630(a)(2) or (d)(1) to the background value of that constituent,
according to the statistical procedures and performance standards specified
by subsections (f) and (Q).

2) Within 60 days after completing sampling and analysis, the owner or
operator must determine whether there has been a statistically significant
increase over background for any constituent at each monitoring well.

The owner or operator must measure total recoverable metals concentrations in
measuring groundwater quality. Measurement of total recoverable metals
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captures both the particulate fraction and dissolved fraction of metals in natural
waters. Groundwater samples must not be field filtered before analysis.

All groundwater samples taken under this Subpart must be analyzed by a certified
laboratory using Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, SW-846, incorporated by reference in Section 845.150.

Section 845.650 Groundwater Monitoring Program

a)

b)

The owner or operator of a CCR surface impoundment must conduct groundwater
monitoring consistent with this Section. At a minimum, groundwater monitoring
must include groundwater monitoring for all constituents with a groundwater
protection standard in Section 845.600(a), calcium, and turbidity. The owner or
operator of the CCR surface impoundment must submit a groundwater monitoring
plan to the Agency with its operating permit application.

Monitoring Frequency

1) The monitoring frequency for all constituents with a groundwater
protection standard in Section 845.600(a), calcium, and turbidity must be
at least quarterly during the active life of the CCR surface impoundment
and the post-closure care period or period specified in Section 845.740(b)
when closure is by removal except as allowed in subsection (b)(4).

A) For existing CCR surface impoundments, a minimum of eight
independent samples from each background and downgradient
well must be collected and analyzed for all constituents with a
groundwater protection standard listed in Section 845.600(a),
calcium, and turbidity within 180 days after April 21, 2021.

B) For new CCR surface impoundments, and all lateral expansions of
CCR surface impoundments, a minimum of eight independent
samples for each background well and downgradient well must be
collected and analyzed for all constituents with a groundwater
protection standard listed in Section 845.600(a), calcium, and
turbidity during the first 180 days of sampling.

2) The groundwater elevation monitoring frequency must be monthly.
3) Measurement of water elevation within the CCR surface impoundment
must be conducted each time the groundwater elevations are measured

(see subsection 845.650(b)(2)) before dewatering for closure.

4) After completion of five years of monitoring under this Part, the owner or
operator of a CCR surface impoundment may ask the Agency for approval
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of a semiannual monitoring frequency by demonstrating all of the
following:

A) The groundwater monitoring effectiveness will not be
compromised by the reduced frequency of monitoring;

B) Sufficient data has been collected to characterize groundwater;

C) The groundwater monitoring schedule currently does not show any
statistically significant increasing trends; and

D) The concentrations of constituents monitored under Section
845.650(a) at the down-gradient monitoring wells are below the
applicable groundwater protection standards of Section 845.600.

5) If, after an Agency approval of a semiannual monitoring frequency under
subsection (b)(4), a statistically significant increasing trend is detected or
an exceedance above the GWPS is detected, the monitoring must revert to
a quarterly frequency.

The number of samples collected and analyzed for each background well and
downgradient well during subsequent quarterly sampling events must be
consistent with Section 845.640 and must account for any unique characteristics
of the site; but must include at least one sample from each background and
downgradient well.

If one or more constituents are detected, and confirmed by an immediate
resample, to be in exceedance of the groundwater protection standards in Section
845.600 in any sampling event, the owner or operator must notify the Agency
which constituent exceeded the groundwater protection standard and place the
notification in the facility's operating record as required by Section
845.800(d)(16). The owner or operator of the CCR surface impoundment also
must:

1) Characterize the nature and extent of the release and any relevant site
conditions that may affect the remedy ultimately selected. The
characterization must be sufficient to support a complete and accurate
assessment of the corrective measures necessary to effectively clean up all
releases from the CCR surface impoundment under Section 845.660. The
owner or operator of the CCR surface impoundment must submit the
characterization to the Agency and place the characterization in the
facility's operating record as required by Section 845.800(d)(16).
Characterization of the release includes the following minimum measures:

A) Install additional monitoring wells necessary to define the
contaminant plumes;
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B) Collect data on the nature and estimated quantity of material
released, including specific information on the constituents listed
in Section 845.600 and the levels at which they are present in the
material released,

C) Install at least one additional monitoring well at the facility
boundary in the direction of contaminant migration and sample this
well in accordance with subsections (a) and (b); and

D) Sample all wells in accordance with subsections (a) and (b) to
characterize the nature and extent of the release.

2) Notify all persons who own the land or reside on the land that directly
overlies any part of the plume of contamination if contaminants have
migrated off-site as indicated by sampling of wells in accordance with
subsection (d)(1). The owner or operator must send notifications made
under this subsection (d)(2) to the Agency and place the notifications in
the facility's operating record (see Section 845.800(d)(16)).

3) Except as provided in subsection (e), within 90 days after the detected
exceedance of the groundwater protection standard, initiate an assessment
of corrective measures (see Section 845.660).

Alternative Source Demonstration (ASD). The owner or operator of a CCR
surface impoundment may, within 60 days after the detected exceedance of the
groundwater protection standard, submit a demonstration to the Agency that a
source other than the CCR surface impoundment caused the contamination and
the CCR surface impoundment did not contribute to the contamination, or that the
exceedance of the groundwater protection standard resulted from error in
sampling, analysis, statistical evaluation, natural variation in groundwater quality,
or a change in the potentiometric surface and groundwater flow direction. Either
type of ASD must include a report that contains the factual or evidentiary basis
for any conclusions and a certification of accuracy by a qualified professional
engineer.

1) The owner or operator must place the ASD on the facility's publicly
accessible Internet site (CCR website) under Section 845.810 within 24
hours after the submission to the Agency.

2) Within two business days after receiving the ASD, the Agency must
email a notice to its listserv for the facility that the ASD is available to
view on the facility's CCR website.
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Members of the public may submit to the Agency written comments on
the ASD within 14 days after the Agency provides notice under
subsection (e)(2).

The Agency must provide a written response to the owner and operator
either concurring or not concurring with the ASD within 30 days after
receiving the ASD. The Agency must also mail or email its response to
each person who timely submitted a written public comment under
subsection (e)(3) and supplied a mailing or email address.

If the Agency concurs with the ASD, the owner or operator must
continue monitoring as required by this Section. The owner or operator
must also include the ASD in the annual groundwater monitoring and
corrective action report required by Section 845.610(e).

If the Agency does not concur with the ASD, the owner or operator must
initiate the assessment of corrective measures under Section 845.660.

If the Agency does not concur with the ASD, the owner or operator may
petition the Board for review of the Agency’s non-concurrence under 35
I1l. Adm. Code 105. The filing of a petition for review under subsection
(e)(7) does not automatically stay any requirements of this Part as to the
owner or operator, including the 90-day deadline to initiate an assessment
of corrective measures (see Section 845.660(a)(1)).

Section 845.660 Assessment of Corrective Measures

a)

Unless the Agency has concurred with an alternative source demonstration made
under Section 845.650(e), the owner or operator must initiate an assessment of
corrective measures to prevent further releases, to remediate any releases, and to
restore the affected area.

1)

2)

The assessment of corrective measures must be initiated within 90 days
after finding that any constituent listed in Section 845.600 has been
detected in exceedance of the groundwater protection standards in Section
845.600, at the downgradient waste boundary or immediately upon
detection of a release of CCR from a CCR surface impoundment.

The assessment of corrective measures must be completed and submitted
to the Agency within 90 days after initiation of assessment of corrective
measures, unless the owner or operator demonstrates to the Agency the
need for additional time to complete the assessment of corrective measures
due to site-specific conditions or circumstances. The owner or operator
must submit this demonstration, along with a certification from a qualified
professional engineer attesting that the demonstration is accurate, to the
Agency within 60 days after initiating an assessment of corrective
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measures. The Agency must either approve or disapprove the
demonstration within 30 days. The 90-day deadline to complete the
assessment of corrective measures may be extended for no longer than 60
days. The owner or operator must also include the Agency approved
demonstration in the annual groundwater monitoring and corrective action
report required by Section 845.610(e), in addition to the certification by a
qualified professional engineer.

The owner or operator of the CCR surface impoundment must continue to
monitor groundwater in accordance with the monitoring program as specified in
Section 845.650.

The assessment under subsection (a) must include an analysis of the effectiveness
of potential corrective measures in meeting all the requirements and objectives of
the corrective action plan, as described by Section 845.670, addressing at least the
following:

1) The performance, reliability, ease of implementation, and potential
impacts of appropriate potential remedies, including safety impacts, cross-
media impacts, and control of exposure to any residual contamination;

2) The time required to begin and complete the corrective action plan; and

3) The institutional requirements, such as State or local permit requirements
or other environmental or public health requirements that may
substantially affect implementation of the corrective action plan.

The owner or operator of the CCR surface impoundment must discuss the results
of the corrective measures assessment, at least 30 days before the selection of
remedy, in a public meeting with interested and affected parties (see Section
845.240).

When the owner or operator of a CCR surface impoundment is completing
closure and corrective action simultaneously, the owner or operator may combine
the corrective measures assessment required by this Section and the closure
alternatives analysis required by Section 845.710 into one assessment of
alternatives.

Section 845.670 Corrective Action Plan

a)

The owner or operator must prepare a semi-annual report describing the progress
in selecting a remedy and developing a corrective action plan. The semi-annual
report must be submitted to the Agency and placed in the operating record as
required by Section 845.800(d)(17).
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Within one year after completing the assessment of corrective measures as
specified in Section 845.660, and after completion of the public meeting in
Section 845.660(d), the owner or operator of the CCR surface impoundment must
submit, in a construction permit application to the Agency, a corrective action
plan that identifies the selected remedy. This requirement applies in addition to,
not in place of, any applicable standards under any other State or federal law.

The corrective action plan must meet the following requirements:

1) Be based on the results of the corrective measures assessment conducted
under Section 845.660;

2) Identify a selected remedy that at a minimum, meets the standards listed in
subsection (d);

3) Contain the corrective action alternatives analysis specified in subsection
(e); and

4) Contain proposed schedules for implementation, including an analysis of
the factors in subsection (f);

The selected remedy in the corrective action plan must:
1) Be protective of human health and the environment;
2) Attain the groundwater protection standards specified in Section 845.600;

3) Control the sources of releases to reduce or eliminate, to the maximum
extent feasible, further releases of constituents listed in Section 845.600
into the environment;

4) Remove from the environment as much of the contaminated material that
was released from the CCR surface impoundment as is feasible, taking
into account factors such as avoiding inappropriate disturbance of
sensitive ecosystems; and

5) Comply with standards for management of wastes as specified in Section
845.680(d).

Corrective Action Alternatives Analysis. In selecting a remedy that meets the
standards of subsection (d), the owner or operator of the CCR surface
impoundment must consider the following evaluation factors:

1) The long- and short-term effectiveness and protectiveness of each
potential remedy, along with the degree of certainty that the remedy will
prove successful based on consideration of the following:
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A) Magnitude of reduction of existing risks;

B) Magnitude of residual risks in terms of likelihood of further
releases due to CCR remaining following implementation of a
remedy;

C) The type and degree of long-term management required, including
monitoring, operation, and maintenance;

D) Short-term risks that might be posed to the community or the
environment during implementation of a remedy, including
potential threats to human health and the environment associated
with excavation, transportation, and re-disposal of contaminants;

E) Time until groundwater protection standards in Section 845.600
are achieved;

F) The potential for exposure of humans and environmental receptors
to remaining wastes, considering the potential threat to human
health and the environment associated with excavation,
transportation, re-disposal, containment, or changes in
groundwater flow;

G) The long-term reliability of the engineering and institutional
controls, including an analysis of any off-site, nearby destabilizing
activities; and

H) Potential need for replacement of the remedy.

The effectiveness of the remedy in controlling the source to reduce further
releases based on consideration of each of the following potential factors:

A) The extent to which containment practices will reduce further
releases; and

B) The extent to which treatment technologies may be used.

The ease or difficulty of implementing each potential remedy based on
consideration of the following types of factors:

A) Degree of difficulty associated with constructing the technology;

B) Expected operational reliability of the technologies;
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C) Need to coordinate with and obtain necessary approvals and
permits from other agencies;

D) Availability of necessary equipment and specialists; and

E) Available capacity and location of needed treatment, storage, and
disposal services.

4) The degree to which community concerns are addressed by each potential
remedy.

The owner or operator must specify, as part of the corrective action plan, a
schedule for implementing, of and completing, remedial activities. The schedule
must require the completion of remedial activities within a reasonable time, taking
into consideration the factors in this subsection (f). The owner or operator of the
CCR surface impoundment must consider the following factors in determining the
schedule of remedial activities:

1) Extent and nature of contamination, as determined by the characterization
required under Section 845.650(d);

2) Reasonable probabilities of remedial technologies achieving compliance
with the groundwater protection standards established by Section 845.600
and other objectives of the remedy;

3) Availability of treatment or disposal capacity for CCR managed during
implementation of the remedy;

4) Potential risks to human health and the environment from exposure to
contamination before completion of the remedy;

5) Resource value of the aquifer, including:

A) Current and future uses, including potential residential,
agricultural, commercial industrial and ecological uses;

B) Proximity and withdrawal rate of users;

C) Groundwater quantity and quality;

D) The potential impact to the subsurface ecosystem, wildlife, other
natural resources, crops, vegetation, and physical structures caused

by exposure to CCR constituents;

E) The hydrogeologic characteristic of the facility and surrounding
land; and
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F) The availability of alternative water supplies; and

Other relevant factors.

Section 845.680 Implementation of the Corrective Action Plan

a)

Within 90 days after the Agency's approval of the corrective action plan
submitted under Section 845.670, the owner or operator must initiate corrective
action. Based on the schedule approved by the Agency for implementation and
completion of corrective action, the owner or operator must:

1)

2)

3)

Establish and implement a corrective action groundwater monitoring
program that:

A) At a minimum, meets the requirements of the monitoring program
under Section 845.650;

B) Documents the effectiveness of the corrective action remedy; and

C) Demonstrates compliance with the groundwater protection
standard under subsection (c).

Implement the corrective action remedy approved by the Agency under
Section 845.670; and

Take any interim measures necessary to reduce the contaminants leaching
from the CCR surface impoundment, and/or potential exposures to human
or ecological receptors. Interim measures must, to the greatest extent
feasible, be consistent with the objectives of, and contribute to the
performance of, any remedy that may be required by Section 845.670.
The following factors must be considered by an owner or operator in
determining whether interim measures are necessary:

A) Time required to develop and implement a final remedy;
B) Actual or potential exposure of nearby populations or
environmental receptors to any of the constituents listed in Section

845.600;

C) Actual or potential contamination of sensitive ecosystems or
current or potential drinking water supplies;

D) Further degradation of the groundwater that may occur if remedial
action is not initiated expeditiously;
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E) Weather conditions that may cause any of the constituents listed in
Section 845.600 to migrate or be released,;

F) Potential for exposure to any of the constituents listed in Section
845.600 as a result of an accident or failure of a container or
handling system; and

G) Other situations that may pose threats to human health and the
environment.

If the Agency or an owner or operator of the CCR surface impoundment
determines, at any time, that compliance with the requirements of Section
845.670(d) is not being achieved through the remedy selected, the owner or
operator must implement other methods or techniques that could feasibly achieve
compliance with the requirements. These methods or techniques must receive
approval by the Agency before implementation.

Corrective action must be considered complete when:

1) The owner or operator of the CCR surface impoundment demonstrates
compliance with the groundwater protection standards established by
Section 845.600 has been achieved at all points within the plume of
contamination that lies beyond the waste boundary;

2) Compliance with the groundwater protection standards has been achieved
by demonstrating that concentrations of constituents listed in Section
845.600 have not exceeded the groundwater protection standards for a
period of three consecutive years, using the statistical procedures and
performance standards in Section 845.640(f) and (g); and

3) All actions required to complete the remedy have been satisfied.

All CCR managed under a remedy approved by the Agency under Section
845.670, or an interim measure required under subsection (a)(3), must be
managed in a manner that complies with this Part.

Upon completion of the corrective action plan, the owner or operator must submit
to the Agency a corrective action completion report and certification.

1) The corrective action completion report must contain supporting
documentation, including:

A) Any engineering and hydrogeology reports, including, monitoring
well completion reports and boring logs, all CQA reports,
certifications, and designations of CQA officers-in-absentia
required by Section 845.290;
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B) A written summary of the implementation of the corrective action
plan as stated in the construction permit and this Part;

C) Groundwater monitoring data demonstrating compliance with
subsection (c);

D) Any remedial actions completed under subsection(d);

E) Documentation showing compliance with the selected remedy
requirements of Section 845.670(b); and

F) Any other information relied upon by the qualified professional
engineer in making the closure certification.

2) The corrective action completion certification must include a statement
from a qualified professional engineer attesting that the corrective action
plan has been completed in compliance with the requirements of
subsection (c).

3) The owner or operator must place the corrective action completion report
and certification in the facility's operating record as required by Section
845.800(d)(18).

SUBPART G: CLOSURE AND POST-CLOSURE CARE

Section 845.700 Required Closure or Retrofit of CCR Surface Impoundments

a)

Required Closure. The owner or operator of the following CCR surface
impoundments must stop placing CCR or non-CCR waste streams in the CCR
surface impoundment and must initiate closure of the CCR surface impoundment:

1) An existing CCR surface impoundment that has not demonstrated
compliance with any of the following location restrictions:

A) Uppermost aquifer location (see Section 845.300);
B) Wetlands (see Section 845.310);

C) Fault areas (see Section 845.320);

D) Seismic impact zones (see Section 845.330); or

E) Unstable areas and floodplains (see Section 845.340).
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2) The owner or operator of any CCR surface impoundment that has failed to
complete the initial or any subsequent annual safety factor assessment
required by Section 845.460 or that has failed to document the calculated
factors of safety for the CCR surface impoundment to achieve the
minimum safety factors specified in Section 845.460(a).

Required Closure or Retrofit. The owner or operator of an existing unlined CCR
surface impoundment, as determined under Section 845.400(f), must stop placing
CCR and non-CCR waste streams into that CCR surface impoundment and either
retrofit or close the CCR surface impoundment in accordance with the
requirements of Subpart G. The owner or operator of a CCR surface
impoundment electing to retrofit must submit, in accordance with the schedule in
subsection (h), the written preliminary retrofit plan under subsection
845.770(a)(3) and a construction permit application to retrofit under Section
845.770;

Beginning on April 21, 2021, the owner or operator of the CCR surface
impoundment required to close under subsection (a), or electing to close under
subsection (b), must immediately take steps to categorize the CCR surface
impoundment under subsection (g) and to comply with the closure alternatives
analysis requirements in Section 845.710. Within 30 days after April 21, 2021,
the owner or operator must send the category designation, including a justification
for the category designation, for each CCR surface impoundment to the Agency
for review. The owner or operator of the CCR surface impoundment must submit
a construction permit application containing a final closure plan under the
schedule in subsection (h).

Timeframes for Closure

1) Except as provided in subsection (d)(2), the owner or operator must stop
placing CCR and non-CCR waste streams in the impoundment and initiate
closure within six months after failing to complete any of the
demonstrations listed in subsection (a).

2) For CCR surface impoundments required to close under subsection (a)(1)
or electing to close under subsection (b):

A) If, on April 21, 2021, the owner or operator of a CCR surface
impoundment has not satisfied an alternative closure requirement
of 40 CFR 257.103 that allows for the continued receipt of CCR or
non-CCR waste streams, the owner or operator must not place
CCR or non-CCR waste streams into the CCR surface
impoundment after April 21, 2021.

B) If, by November 30, 2020, the owner or operator of a CCR surface
impoundment has submitted a complete demonstration to USEPA



C)

D)

E)

F)

G)

R000513

seeking an alternative deadline to stop receiving waste or complete
closure under 40 CFR 257.103(f), the deadline to stop receiving
waste will be tolled until USEPA issues a decision. If USEPA
determines that a submission is incomplete, an owner or operator
must immediately stop receiving waste and comply with all
applicable deadlines of Section 845.700(d)(1).

If USEPA disapproves the requested alternative deadline to stop
receiving waste and complete closure, the owner or operator of the
CCR surface impoundment must immediately stop receiving waste
and initiate closure within six months after the USEPA denial of
the extension and will be subject to Section 845.760(a).

If, USEPA approves a demonstration that alternative disposal
capacity is infeasible under 40 CFR 257.103(f)(1), the owner or
operator must stop placing CCR or non-CCR waste streams into
the CCR surface impoundment by the end of the initial time
extension approved under 40 CFR 257.103 or once alternative
capacity becomes available, whichever is sooner. In no case may
the owner or operator of the CCR surface impoundment place CCR
or non-CCR waste streams into an eligible CCR surface
impoundment after October 15, 2024, or into any other CCR
surface impoundment subject to closure under Section 845.700(a)
or (b) after October 15, 2023.

If USEPA approves a demonstration for permanent cessation of
coal-fired power boilers by a certain date under 40 CFR
257.103(f)(2), the owner or operator must:

) For CCR surface impoundments that are 40 acres or
smaller, stop operation of the coal-fired boiler and
complete closure by October 17, 2023; or

i) For CCR surface impoundments that are larger than 40
acres, stop operation of the coal-fired boiler and complete
closure by October 17, 2028.

The USEPA's decision to approve or deny the demonstration
requesting an alternative deadline to initiate closure must, within
30 days be submitted to the Agency and placed in the facility’s
operating record as required by Section 845.800(d)(19).

Failure to remain in compliance with any of the requirements of
this Part will result in the automatic loss of authorization under
subsections (d)(2)(D) and (d)(2)(E).
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The owner or operator of the CCR surface impoundment with a
USEPA-approved extension will not be given extensions of the
timeframes for completion of closure under Section 845.760(c).

Semi-Annual Reports. The owner or operator of a CCR surface impoundment
closing under the time frames in subsections (d)(2)(B) and (d)(2)(C) must prepare
semi-annual reports consistent with the requirements in 40 CFR 257.103(f)(1)(x),
incorporated by reference in Section 845.150, until the owner or operator has
initiated closure.

An owner or operator of a CCR surface impoundment required to close under this
Section must prepare the notification required under Section 845.730(d) that the
CCR surface impoundment is closing under this Section.

Closure Prioritization

1) The owner or operator of a CCR surface impoundment required to close
under this Section must assign the CCR surface impoundment to one of
the following categories. Category 1 has the highest priority for closure.
Category 7 has the lowest priority for closure.

A)

B)

C)

D)

E)

F)

Category 1 includes CCR surface impoundments that have
impacted an existing potable water supply well or that have
impacted groundwater quality within the setback of an existing
potable water supply well.

Category 2 includes CCR surface impoundments that are an
imminent threat to human health or the environment or have been
designated by the Agency under subsection (g)(5).

Category 3 includes CCR surface impoundments located in areas
of environmental justice concern, as determined by the Agency
under subsection (g)(6).

Category 4 includes inactive CCR surface impoundments that have
an exceedance of the groundwater protection standards in Section
845.600.

Category 5 includes existing CCR surface impoundments that have
exceedances of the groundwater protection standards in Section
845.600.

Category 6 includes inactive CCR surface impoundments that are
in compliance with the groundwater protection standards in
Section 845.600.



2)

3)

4)

5)

6)

R000515

G) Category 7 includes existing CCR surface impoundments that are
in compliance with the groundwater protection standards in
Section 845.600.

If a CCR surface impoundment can be categorized in more than one
category, the owner or operator of the CCR surface impoundment must
assign the CCR surface impoundment the highest priority category.

Whenever an owner or operator of a CCR surface impoundment has more
than one CCR surface impoundment that must close under this Section,
the owner or operator must close the CCR surface impoundments in order
of priority.

If the CCR surface impoundment meets the criteria for Category 1, the
owner or operator must take immediate steps to mitigate the impact to any
existing potable water supply. The owner or operator of the CCR surface
impoundment, must act to replace the water supply with a supply of equal
or better quality and quantity within 30 days after notice that the impact
has occurred.

The Agency may designate a CCR surface impoundment as a Category 2
surface impoundment when:

A) The CCR surface impoundment has failed to document that the
calculated factors of safety for the CCR surface impoundment
achieve the minimum safety factors specified in Section
845.460(a);

B) The CCR surface impoundment has not demonstrated compliance
with the location restrictions in Subpart C;

C) The owner or operator has been enjoined under Section 43 of the
Act;

D) An exceedance of the groundwater protection standards in Section
845.600 has migrated off-site; or

E) The Agency finds that an emergency condition exists creating an
immediate danger to public health or welfare, or the environment.

For purposes of, and only for, this Part, areas of environmental justice
concern are identified as any area that meets either of the following:

A) Any area within one mile of a census block group where the
number of low-income persons is twice the statewide average,
where low income means the number or percent of a census block
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group’s population in households where the household income is
less than or equal to twice the federal poverty level; or

B) Any area within one mile of a census block group where the
number of minority persons is twice the statewide average, where
minority means the number or percent of individuals in a census
block group who list their racial status as a race other than white
alone or list their ethnicity as Hispanic or Latino.

For purposes of subsection (g)(6), if any part of a facility falls within one
mile of the census block group, the entire facility, including all its CCR
surface impoundments, must be considered an area of environmental
justice concern.

The Agency may designate a CCR surface impoundment as another
Category when site-specific conditions contradict the designations
provided by the owner or operator in subsection (c) and the categories in
subsection (g)(1).

Application Schedule

1)

2)

3)

4)

5)

Category 1, Category 2, Category 3, and Category 4 CCR surface
impoundment owners or operators must submit either a construction
permit application containing a final closure plan or a construction permit
application to retrofit the CCR surface impoundment in accordance with
the requirements of this Part by February 1, 2022.

Category 5 CCR surface impoundment owners or operators must submit
either a construction permit application containing a final closure plan or a
construction permit application to retrofit the CCR surface impoundment
in accordance with the requirements of this Part by August 1, 2022.

Category 6 and Category 7 CCR surface impoundment owners or
operators must submit either a construction permit application containing
a final closure plan or a construction permit application to retrofit the CCR
surface impoundment in accordance with the requirements of this Part by
August 1, 2023.

Owners or operators consolidating one or more CCR surface
impoundments for closure must meet the application schedule of the
highest priority CCR surface impoundment.

If the Agency denies a construction permit application submitted under
this Section, the owner and operator must submit a revised construction
permit application addressing all deficiencies identified by the Agency.
The revised construction permit application for closure must be submitted
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to the Agency within 90 days after the Agency's denial if the Agency's
denial is not appealed under Section 845.270. If the Agency's denial is
appealed and upheld, the owner or operator must submit a revised
construction permit application for closure within 90 days after a final
decision by the Board is rendered. The owner or operator of the CCR
surface impoundment must discuss the owner's or operator's proposed
response to all deficiencies identified by the Agency in a public meeting
with interested and affected parties held under Section 845.240.

Section 845.710 Closure Alternatives

a)

b)

Closure of a CCR surface impoundment, or any lateral expansion of a CCR
surface impoundment, must be completed either by leaving the CCR in place and
installing a final cover system or through removal of the CCR and
decontamination of the CCR surface impoundment, as described in Sections
845.720 through 845.760.

Before selecting a closure method, the owner or operator of each CCR surface
impoundment must complete a closure alternatives analysis. The closure
alternatives analysis must examine the following for each closure alternative:

1) The long- and short-term effectiveness and protectiveness of the closure
method, including identification and analyses of the following factors:

A)

B)

C)

D)

E)

F)

The magnitude of reduction of existing risks;

The magnitude of residual risks in terms of likelihood of future
releases of CCR;

The type and degree of long-term management required, including
monitoring, operation, and maintenance;

The short-term risks that might be posed to the community or the
environment during implementation of a closure, including

potential threats to human health and the environment associated
with excavation, transportation, and re-disposal of contaminants;

The time until closure and post-closure care or the completion of
groundwater monitoring under Section 845.740(b) is completed;

The potential for exposure of humans and environmental receptors
to remaining wastes, considering the potential threat to human
health and the environment associated with excavation,
transportation, re-disposal, containment or changes in groundwater
flow;
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G) The long-term reliability of the engineering and institutional
controls, including an analysis of any off-site, nearby destabilizing
activities; and

H) Potential need for future corrective action of the closure
alternative.

The effectiveness of the closure method in controlling future releases
based on analyses of the following factors:

A) The extent to which containment practices will reduce further
releases; and

B) The extent to which treatment technologies may be used.

The ease or difficulty of implementing a potential closure method based
on analyses of the following types of factors:

A) Degree of difficulty associated with constructing the technology;
B) Expected operational reliability of the technologies;

C) Need to coordinate with and obtain necessary approvals and
permits from other agencies;

D) Availability of necessary equipment and specialists; and

E) Available capacity and location of needed treatment, storage, and
disposal services.

The degree to which the concerns of the residents living within
communities where the CCR will be handled, transported and disposed of
are addressed by the closure method.

In the closure alternatives analysis, the owner or operator of the CCR surface
impoundment must:

1)

2)

Analyze complete removal of the CCR as one closure alternative, along
with the modes for transporting the removed CCR, including by rail,
barge, low-polluting trucks, or a combination of these transportation
modes;

Identify whether the facility has an onsite landfill with remaining capacity
that can legally accept CCR, and, if not, whether constructing an onsite
landfill is possible; and
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3) Include any other closure method in the alternatives analysis if requested
by the Agency.

d) The analysis for each alternative completed under this Section must:

1) Meet or exceed a class 4 estimate under the AACE Classification
Standard, incorporated by reference in Section 845.150, or a comparable
classification practice as provided in the AACE Classification Standard,;

2) Contain the results of groundwater contaminant transport modeling and
calculations showing how the closure alternative will achieve compliance
with the applicable groundwater protection standards;

3) Include a description of the fate and transport of contaminants with the
closure alternative over time, including consideration of seasonal
variations; and

4) Assess impacts to waters in the State.

e) At least 30 days before submission of a construction permit application for
closure, the owner or operator of the CCR surface impoundment must discuss the
results of the closure alternatives analysis in a public meeting with interested and
affected parties (see Section 845.240).

f) After completion of the public meeting under subsection (e), the owner or
operator of a CCR surface impoundment must select a closure method and submit
a final closure plan to the Agency under Section 845.720(b). All materials
demonstrating completion of the closure alternatives analysis specified in this
Section must be submitted with the final closure plan.

9) The selected closure method must meet the requirements and standards of this
Part, ensure the protection of human health and the environment, and achieve
compliance with the groundwater protection standards in Section 845.600.

Section 845.720 Closure Plan
a) Preliminary Written Closure Plan

1) Content of the Preliminary Closure Plan. The owner or operator of a new
CCR surface impoundment or an existing CCR surface impoundment not
required to close under Section 845.700 must prepare a preliminary
written closure plan that describes the steps necessary to close the CCR
surface impoundment at any point during the active life of the CCR
surface impoundment consistent with recognized and generally accepted
engineering practices. The preliminary written closure plan must include,
at a minimum, the following:
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A narrative description of how the CCR surface impoundment will
be closed in accordance with this Part.

If closure of the CCR surface impoundment will be accomplished
through removal of CCR from the CCR surface impoundment, a
description of the procedures to remove the CCR and
decontaminate the CCR surface impoundment in accordance with
Section 845.740.

If closure of the CCR surface impoundment will be accomplished
by leaving CCR in place, a description of the final cover system,
designed in accordance with Section 845.750, and the methods and
procedures to be used to install the final cover. The closure plan
must also discuss how the final cover system will achieve the
performance standards specified in Section 845.750.

An estimate of the maximum inventory of CCR ever on-site over
the active life of the CCR surface impoundment.

An estimate of the largest area of the CCR surface impoundment
ever requiring a final cover (see Section 845.750), at any time
during the CCR surface impoundment's active life.

A schedule for completing all activities necessary to satisfy the
closure criteria in this Section, including an estimate of the year in
which all closure activities for the CCR surface impoundment will
be completed. The schedule should provide sufficient information
to describe the sequential steps that will be taken to close the CCR
surface impoundment, including identification of major milestones
such as coordinating with and obtaining necessary approvals and
permits from other agencies, the dewatering and stabilization
phases of CCR surface impoundment closure, or installation of the
final cover system, and the estimated timeframes to complete each
step or phase of CCR surface impoundment closure. When
preparing the preliminary written closure plan, if the owner or
operator of a CCR surface impoundment estimates that the time
required to complete closure will exceed the timeframes specified
in Section 845.760(a), the preliminary written closure plan must
include the site-specific information, factors and considerations
that would support any time extension sought under Section
845.760(b).

2) The owner or operator of the CCR surface impoundment must submit the
preliminary written closure plan to the Agency with its initial operating
permit application. The owner or operator of the CCR surface
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impoundment must submit the most recently amended preliminary closure
plan to the Agency with each operating permit renewal application. The
owner or operator must place preliminary and amended preliminary
written closure plans in the facility's operating record as required by
Section 845.800(d)(20).

Amendment of a Preliminary Written Closure Plan.

A) The owner or operator may amend the preliminary written closure
plan at any time.

B) The owner or operator must amend the preliminary written closure
plan whenever:

) There is a change in the operation of the CCR surface
impoundment that would substantially affect the written
closure plan in effect; or

i) Before closure activities have started, unanticipated events
necessitate a revision of the written closure plan.

C) The owner or operator must amend the closure plan at least 60
days before a planned change in the operation of the facility or
CCR surface impoundment, or within 60 days after an
unanticipated event requires the need to revise an existing written
closure plan.

The owner or operator of the CCR surface impoundment must obtain and
submit with its initial and renewal operating permit applications a written
certification from a qualified professional engineer that the initial and any
amendment of the preliminary written closure plan meets the requirements
of this Part.

Final Closure Plan

1)

2)

The owner or operator of a CCR surface impoundment must submit to the
Agency, as a part of a construction permit application for closure, a final
closure plan. The plan must be submitted before the installation of a final
cover system or removal of CCR from the surface impoundment for the
purpose of closure.

Except as otherwise provided in Section 22.59 of the Act, the owner or
operator of a CCR surface impoundment must not close a CCR surface
impoundment without a construction permit issued under this Part.
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The final closure plan must identify the proposed selected closure method,
and must include the information required in subsection (a)(1) and the
closure alternatives analysis specified in Section 845.710.

If a final written closure plan revision is necessary after closure activities
have started for a CCR surface impoundment, the owner or operator must
submit a request to modify the construction permit within 60 days
following the triggering event.

The owner or operator of the CCR surface impoundment must obtain and
submit with its construction permit application for closure a written
certification from a qualified professional engineer that the final written
closure plan meets the requirements of this Part.

Section 845.730 Initiation of Closure

Initiation of closure activities. Except as provided for in this Section, the owner or operator of a
CCR surface impoundment must initiate closure of the CCR surface impoundment within the
applicable timeframes specified in either subsection (a) or (b). For purposes of this Section,
closure of the CCR surface impoundment has been initiated if the owner or operator has stopped
placing waste in the CCR surface impoundment and has submitted to the Agency a construction
permit application under Section 845.220(d).

a)

b)

Known Final Receipt. The owner or operator must initiate closure of the CCR
surface impoundment within 30 days after the date on which the CCR surface
impoundment either:

1)

2)

Receives the known final placement of waste, either CCR or any non-CCR
waste stream; or

Removes the known final volume of CCR from the CCR surface
impoundment for the purpose of beneficial use of CCR.

Temporarily Idled CCR Surface Impoundments.

1)

2)

Except as provided by subsection (b)(2), the owner or operator must
initiate closure of a CCR surface impoundment that has not received CCR
or any non-CCR waste stream, or is no longer removing CCR for the
purpose of beneficial use, within two years after the last receipt of waste
or within two years after the last removal of CCR material for the purpose
of beneficial use.

Notwithstanding subsection (b)(1), the owner or operator of the CCR
surface impoundment may secure an additional two years to initiate
closure of the idle surface impoundment if the Agency approves the
owner's or operator's written demonstration that the CCR surface
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impoundment will continue to accept wastes or will start removing CCR
for the purpose of beneficial use. The documentation must be supported
by, at a minimum, the information specified in this subsection (b)(2). The
owner or operator may obtain two-year extensions, provided the owner or
operator continues to be able to demonstrate that there is reasonable
likelihood that the CCR surface impoundment will accept wastes in the
foreseeable future or will remove CCR from the surface impoundment for
the purpose of beneficial use. The owner or operator must place each
Agency approved demonstration, if more than one time extension is
sought, in the facility's operating record as required by Section
845.800(d)(21) before the end of any two-year period.

A) Information documenting that the CCR surface impoundment has
remaining storage or disposal capacity or that the CCR surface
impoundment can have CCR removed for the purpose of beneficial
use; and

B) Information demonstrating that that there is a reasonable likelihood
that the CCR surface impoundment will resume receiving CCR or
non-CCR waste streams in the foreseeable future or that CCR can
be removed for the purpose of beneficial use. The narrative must
include a best estimate as to when the CCR surface impoundment
will resume receiving CCR or non-CCR waste streams. The
situations listed in this subsection (b)(2)(B) are examples of
situations that would support a determination that the CCR surface
impoundment will resume receiving CCR or non-CCR waste
streams in the foreseeable future.

) Normal plant operations include periods during which the
CCR surface impoundment does not receive CCR or non-
CCR waste streams, such as the alternating use of two or
more CCR surface impoundments whereby, at any point in
time, one CCR surface impoundment is receiving CCR
while CCR is being removed from a second CCR surface
impoundment after its dewatering.

i) The CCR surface impoundment is dedicated to a coal-fired
boiler surface impoundment that is temporarily idled (e.g.,
CCR is not being generated) and there is a reasonable
likelihood that the coal-fired boiler will resume operations
in the future.

iii) The CCR surface impoundment is dedicated to an operating
coal-fired boiler (i.e., CCR is being generated); however,
no CCR is being placed in the CCR surface impoundment
because the CCR is being entirely diverted to beneficial
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uses, but there is a reasonable likelihood that the CCR
surface impoundment will again be used in the foreseeable
future.

iv) The CCR surface impoundment currently receives only
non-CCR waste streams and those non-CCR waste streams
are not generated for an extended period of time, but there
is a reasonable likelihood that the CCR surface
impoundment will again receive non-CCR waste streams in
the future.

3) In order to obtain additional time extensions to initiate closure of a CCR
surface impoundment beyond the two years provided by subsection (b)(1),
the owner or operator of the CCR surface impoundment must submit the
demonstration required by subsection (b)(2) to the Agency for review and
approval. The written documentation must include the following
statement signed by the owner or operator or an authorized representative:

| certify under penalty of law that | have personally examined and
am familiar with the information submitted in this demonstration
and all attached documents, and that, based on my inquiry of those
individuals immediately responsible for obtaining the information,
| believe that the submitted information is true, accurate, and
complete. | am aware that there are significant penalties for
submitting false information, including the possibility of fine and
imprisonment.

The timeframes specified in subsections (a) and (b) do not apply to an owner or
operator of a CCR surface impoundment closing the CCR surface impoundment
as required by Section 845.700:

By the date the owner or operator initiates closure of a CCR surface
impoundment, the owner or operator must prepare a notification of intent to close
a CCR surface impoundment. The notification must be placed in the facility's
operating record as required by Section 845.800(d)(21).

Section 845.740 Closure by Removal

a)

Closure by Removal of CCR. An owner or operator may elect to close a CCR
surface impoundment by removing all CCR and decontaminating all areas
affected by releases of CCR from the CCR surface impoundment. CCR removal
and decontamination of the CCR surface impoundment are complete when all
CCR and CCR residues, containment system components such as the
impoundment liner and contaminated subsoils, and CCR impoundment structures
and ancillary equipment have been removed. Closure by removal must be
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completed before the completion of a groundwater corrective action under
Subpart F.

After closure by removal has been completed, the owner or operator must
continue groundwater monitoring under Subpart F for three years after the
completion of closure or for three years after groundwater monitoring does not
show an exceedance of the groundwater protection standard established under
Section 845.600, whichever is longer.

The owner or operator of a CCR surface impoundment removing CCR during
closure must responsibly handle and transport the CCR consistent with this
subsection.

1) Transportation
A) Manifests

) When transporting CCR off-site by motor vehicle,
manifests must be carried as specified in 35 Ill. Adm. Code
809. For purposes of this Part, coal combustion fly ash that
is removed from a CCR surface impoundment is not
exempt from the manifest requirement.

i) When transporting CCR off-site by any other mode or
method, including trains or barges, manifests must be
carried specifying, at a minimum, the following
information: the volume of the CCR; the location from
which the CCR was loaded onto the mode of transportation
and the date the loading took place; and the location where
the CCR is being taken and the date it will be delivered.

B) The owner or operator of a CCR surface impoundment from which
CCR is removed and transported off-site must develop a CCR
transportation plan, which must include:

) Identification of the transportation method selected,
including whether a combination of transportation methods
will be used;

i) The frequency, time of day, and routes of CCR
transportation;

iii) Any measures to minimize noise, traffic, and safety
concerns caused by the transportation of the CCR;
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iv) Measures to limit fugitive dust from any transportation of
CCR;

V) Installation and use of a vehicle washing station;

Vi) A means of covering the CCR for any mode of CCR
transportation, including conveyor belts; and

vii) A requirement that, for transport by motor vehicle, the
CCR is transported by a permitted special waste hauler
under 35 Ill. Adm. Code 809.201.

The owner or operator of a CCR surface impoundment must develop and
implement onsite dust controls, which must include:

A)

B)

A water spray or other commercial dust suppressant to suppress
dust in CCR handling areas and haul roads; and

Handling of CCR to minimize airborne particulates and offsite
particulate movement during any weather event or condition.

The owner or operator of a CCR surface impoundment must provide the
following public notices:

A)

B)

Signage must be posted at the property entrance warning of the
hazards of CCR dust inhalation; and

When CCR is transported off-site, a written notice explaining the
hazards of CCR dust inhalation, the transportation plan, and
tentative transportation schedule must be provided to units of local
government through which the CCR will be transported.

The owner or operator of the surface impoundment must take measures to
prevent contamination of surface water, groundwater, soil and sediments
from the removal of CCR, including the following:

A)

B)

CCR removed from the surface impoundment may only be
temporarily stored, and must be stored in a lined landfill, CCR
surface impoundment, enclosed structure, or CCR storage pile.

CCR storage piles must:

) Be tarped or constructed with wind barriers to suppress
dust and to limit stormwater contact with storage piles;
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i) Be periodically wetted or have periodic application of dust
suppressants;

iii) Have a storage pad, or a geomembrane liner, with a
hydraulic conductivity no greater than 1 x 10~ cm/sec, that
is properly sloped to allow appropriate drainage;

iv) Be tarped over the edge of the storage pad where possible;

V) Be constructed with fixed and mobile berms, where
appropriate, to reduce run-on and run-off of stormwater to
and from the storage pile, and minimize stormwater-CCR
contact; and

Vi) Have a groundwater monitoring system that is consistent
with the requirements of Section 845.630 and approved by
the Agency.

The owner or operator of the CCR surface impoundment must
incorporate general housekeeping procedures such as daily cleanup
of CCR, tarping of trucks, maintaining the pad and equipment, and
good practices during unloading and loading.

The owner or operator of the CCR must minimize the amount of
time the CCR is exposed to precipitation and wind.

The discharge of stormwater runoff that has contact with CCR
must be covered by an individual National Pollutant Discharge
Elimination System (NPDES) permit. The owner or operator must
develop and implement a Stormwater Pollution Prevention Plan
(SWPPP) in addition to any other requirements of the facility's
NPDES permit. Any construction permit application for closure
must include a copy of the SWPPP.

At the end of each month during which CCR is being removed from a CCR
surface impoundment, the owner or operator must prepare a report that:

1)

2)

Describes the weather, precipitation amounts, the amount of CCR
removed from the CCR surface impoundment, the amount and location of
CCR being stored on-site, the amount of CCR transported offsite, the
implementation of good housekeeping procedures required by subsection
(c)(4)(C), and the implementation of dust control measures; and

Documents worker safety measures implemented. The owner or operator
of the CCR surface impoundment must place the monthly report in the
facility's operating record as required by Section 845.800(d)(23).
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Upon completion of CCR removal and decontamination of the CCR surface
impoundment under subsection (a), the owner or operator of the CCR surface
impoundment must submit to the Agency a completion of CCR removal and
decontamination report and a certification from a qualified professional engineer
that CCR removal and decontamination of the CCR surface impoundment has
been completed in accordance with this Section. The owner or operator must
place the CCR removal and decontamination report and certification in the
facility's operating record as required by Section 845.800(d)(32).

Upon completion of groundwater monitoring required under subsection (b), the
owner or operator of the CCR surface impoundment must submit to the Agency a
completion of groundwater monitoring report and a certification from a qualified
professional engineer that groundwater monitoring has been completed in
accordance with this Section. The owner or operator must place the groundwater
monitoring report and certification in the facility's operating record as required by
Section 845.800(d)(24).

Section 845.750 Closure with a Final Cover System

Closure Performance Standard When Leaving CCR in Place:

a)

b)

The owner or operator of a CCR surface impoundment must ensure that, at a
minimum, the CCR surface impoundment is closed in a manner that will:

1) Control, minimize or eliminate, to the maximum extent feasible, post-
closure infiltration of liquids into the waste and releases of CCR, leachate,
or contaminated run-off to the ground or surface waters or to the

atmosphere;

2) Preclude the probability of future impoundment of water, sediment, or
slurry;

3) Include measures that provide for major slope stability to prevent the

sloughing or movement of the final cover system during the closure and
post-closure care period;

4) Minimize the need for further maintenance of the CCR surface
impoundment; and

5) Be completed in the shortest amount of time consistent with recognized
and generally accepted engineering practices.

Drainage and Stabilization of CCR Surface Impoundments. The owner or
operator of a CCR surface impoundment or any lateral expansion of a CCR
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surface impoundment must meet the requirements of this subsection (b) before
installing the final cover system required by subsection (c).

1)

2)

Free liquids must be eliminated by removing liquid wastes or solidifying
the remaining wastes and waste residues.

Remaining wastes must be stabilized sufficiently to support the final cover
system.

Final Cover System. If a CCR surface impoundment is closed by leaving CCR in
place, the owner or operator must install a final cover system that is designed to
minimize infiltration and erosion, and, at a minimum, meets the requirements of
this subsection (c). The final cover system must consist of a low permeability
layer and a final protective layer. The design of the final cover system must be
included in the preliminary and final written closure plans required by Section
845.720 and the construction permit application for closure submitted to the
Agency.

1)

Standards for the Low Permeability Layer. The low permeability layer
must have a permeability less than or equal to the permeability of any
bottom liner system or natural subsoils present, or a hydraulic conductivity
no greater than 1 x 10~ cm/sec, whichever is less. The low permeability
layer must be constructed in accordance with the standards in either
subsection (c)(1)(A) or (c)(1)(B), unless the owner or operator
demonstrates that another low permeability layer construction technique or
material provides equivalent or superior performance to the requirements
of either subsection (c)(1)(A) or (c)(1)(B) and is approved by the Agency.

A) A compacted earth layer constructed in accordance with the
following standards:

) The minimum allowable thickness must be 0.91 meter
(three feet); and

i) The layer must be compacted to achieve a hydraulic
conductivity of 1 x 10" cm/sec or less and minimize void
spaces.

B) A geomembrane constructed in accordance with the following
standards:

) The geosynthetic membrane must have a minimum
thickness of 40 mil (0.04 inches) and, in terms of hydraulic
flux, must be equivalent or superior to a three-foot layer of
soil with a hydraulic conductivity of 1 x 10”7 cm/sec;
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i) The geomembrane must have strength to withstand the
normal stresses imposed by the waste stabilization process;
and

iii) The geomembrane must be placed over a prepared base
free from sharp objects and other materials that may cause
damage.

Standards for the Final Protective Layer. The final protective layer must
meet the following requirements, unless the owner or operator
demonstrates that another final protective layer construction technique or
material provides equivalent or superior performance to the requirements
of this subsection (c)(2) and is approved by the Agency.

A) Cover the entire low permeability layer;

B) Be at least three feet thick, be sufficient to protect the low
permeability layer from freezing, and minimize root penetration of
the low permeability layer;

C) Consist of soil material capable of supporting vegetation;

D) Be placed as soon as possible after placement of the low
permeability layer; and

E) Be covered with vegetation to minimize wind and water erosion.

The disruption of the integrity of the final cover system must be
minimized through a design that accommodates settling and subsidence.

The owner or operator of the CCR surface impoundment must obtain and
submit with its construction permit application for closure a written
certification from a qualified professional engineer that the design of the
final cover system meets the requirements of this Section.

This subsection specifies the allowable uses of CCR in the closure of CCR
surface impoundments closing under Section 845.700. Notwithstanding the
prohibition on further placement in Section 845.700, CCR may be placed in these
surface impoundments, but only for purposes of grading and contouring in the
design and construction of the final cover system, if:

1)

2)

The CCR placed was generated at the facility and is located at the facility
at the time closure was initiated;

CCRis placed entirely above the elevation of CCR in the surface
impoundment, following dewatering and stabilization (see subsection (b));
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The CCR is placed entirely within the perimeter berms of the CCR surface
impoundment; and

The final cover system is constructed with either:

A) A slope not steeper than 5% grade after allowance for settlement;
or

B) At a steeper grade, if the Agency determines that the steeper slope
is necessary, based on conditions at the site, to facilitate run-off
and minimize erosion, and that side slopes are evaluated for
erosion potential based on a stability analysis to evaluate possible
erosion potential. The stability analysis, at a minimum, must
evaluate the site geology; characterize soil shear strength; construct
a slope stability model; establish groundwater and seepage
conditions, if any; select loading conditions; locate critical failure
surface; and iterate until minimum factor of safety is achieved.

Section 845.760 Completion of Closure Activities

a)

b)

Except as provided for in subsection (b), the owner or operator must complete
closure of existing and new CCR surface impoundments, and any lateral
expansion of a CCR surface impoundment, within the timeframe approved by the
Agency in the final closure plan, or within five years of obtaining a construction
permit for closure, whichever is less.

Extensions of Closure Timeframes

1)

2)

3)

4)

The timeframes for completing closure of a CCR surface impoundment
specified under subsection (a) may be extended if the owner or operator
has demonstrated to the Agency that it was not feasible to complete
closure of the CCR surface impoundment within the required timeframes
due to factors beyond the facility's control.

The demonstration must include a narrative explaining the basis for
additional time.

The owner or operator must submit the demonstration to the Agency with
a renewal construction permit application for closure.

Factors that may support a demonstration include:
A) Complications stemming from the climate and weather, such as

unusual amounts of precipitation or a significantly shortened
construction season;
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B) Time required to dewater a surface impoundment due to the
volume of CCR contained in the CCR surface impoundment or the
characteristics of the CCR in the surface impoundment;

C) Statement that the geology and terrain surrounding the CCR
surface impoundment will affect the amount of material needed to
close the CCR surface impoundment; or

D) Time required or delays caused by the need to coordinate with and
obtain necessary approvals and permits from the Agency or other
agencies.

Maximum Time Extensions

1)

2)

3)

CCR surface impoundments of 40 acres or smaller that are not closing by
removal may extend the time to complete closure by no longer than two
years.

CCR surface impoundments larger than 40 acres that are not closing by
removal may extend the timeframe to complete closure of the CCR
surface impoundment multiple times, in two-year increments. For each
two-year extension sought, the owner or operator must substantiate the
factual circumstances demonstrating the need for the extension. No more
than a total of five two-year extensions may be obtained for any CCR
surface impoundment.

CCR surface impoundments that are closing by removal may extend the
time to complete closure multiple times, in two-year increments. For each
two-year extension sought, the owner or operator must substantiate the
factual circumstances demonstrating the need for the extension. In no
instance may the time allowed for closure by removal be extended beyond
the completion of a groundwater corrective action as required by Section
845.680(c)(1).

In order to obtain an additional time extension to complete closure of a CCR
surface impoundment beyond the times provided by subsection (a), the owner or
operator of the CCR surface impoundment must include with the demonstration
required by subsection (b) the following statement signed by the owner or
operator or an authorized representative:

I certify under penalty of law that | have personally examined and am
familiar with the information submitted in this demonstration and all
attached documents, and that, based on my inquiry of those individuals
immediately responsible for obtaining the information, I believe that the
submitted information is true, accurate, and complete. | am aware that
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there are significant penalties for submitting false information, including
the possibility of fine and imprisonment.

Upon completion of all closure activities required by this Part and approved in the
final closure plan, the owner or operator of the CCR surface impoundment must
submit to the Agency a closure report and a closure certification.

1)

2)

3)

The closure report must contain supporting documentation, including:

A)

B)

C)

D)

Engineering and hydrogeology reports, including monitoring well
completion reports and boring logs, all CQA reports, certifications,
and designations of CQA officers-in-absentia required by Section
845.290;

Photographs, including time, date and location information of the
photographs, of the final cover system and groundwater collection
system, if applicable, and any other photographs relied upon to
document construction activities;

A written summary of closure requirements and completed
activities as stated in the closure plan and this Part; and

Any other information relied upon by the qualified professional
engineer in making the closure certification.

The closure certification must include a statement from a qualified
professional engineer that closure has been completed in accordance with
the Agency-approved final closure plan and the requirements of this
Section.

The owner or operator must place the closure report and certification in
the facility's operating record as required by Section 845.800(d)(24).

Within 30 days after the Agency's approval of the closure report and closure
certification submitted under subsection (e), the owner or operator must prepare a
notification of closure of the CCR surface impoundment. The notification must
include the certification by a qualified professional engineer required by
subsection (e)(2). The owner or operator must place the notification in the
facility's operating record as required by Section 845.800(d)(25).

If an owner or operator of a CCR surface impoundment has completed closure of
the CCR surface impoundment before April 21, 2021, the owner or operator must
notify the Agency of the completed closure by September 30, 2021, if that
notification has not previously been submitted.

Deed Notations
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Following closure of a CCR surface impoundment, the owner or operator
must record a notation on the deed to the property, or some other
instrument that is normally examined during title search.

The notation on the deed must in perpetuity notify any potential purchaser
of the property that:

A) The land has been used as a CCR surface impoundment; and

B) Its use is restricted under the post-closure care requirements as
provided by Section 845.780(d)(1)(C) or groundwater monitoring
requirements in Section 845.740(b).

Within 30 days after recording a notation on the deed to the property, the
owner or operator must submit to the Agency a notification stating that the
notation has been recorded. The owner or operator must place the
notification in the facility's operating record as required by
845.800(d)(26).

Section 845.770 Retrofitting

Retrofit of a CCR surface impoundment must be completed in accordance with the requirements

of this Section.

a) To retrofit an existing CCR surface impoundment, the owner or operator must:

1)

2)

3)

4)

First remove all CCR, including any liners except as specified in
subsection (a)(4), as necessary, and contaminated soils and sediments
from the CCR surface impoundment;

Comply with the requirements in Sections 845.410 and 845.420; and

Within 30 days after April 21, 2021, the owner or operator electing to
retrofit a CCR surface impoundment under this Section must submit a
written preliminary retrofit plan to the Agency and post the written
preliminary retrofit plan in the facility's operating record as required by
Section 845.800(d)(27). The written preliminary retrofit plan must
include a prioritization categorization under Section 845.700(g) and the
expected construction permit application date under Section 845.700(h);
and

An owner or operator may request the Agency to approve the use of an
existing competent geomembrane liner as a supplemental liner by
submitting visual inspection, and analytical testing results to demonstrate
that the existing liner is not contaminated with CCR constituents.
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A CCR surface impoundment undergoing a retrofit remains subject to all other
requirements of this Part, including the requirement to conduct any necessary
corrective action.

Written Retrofit Plan

1) Content of the Plan. The owner or operator must prepare a written retrofit
plan that describes the steps necessary to retrofit the CCR surface
impoundment consistent with recognized and generally accepted
engineering practices. The written retrofit plan must include, at a
minimum, all the following information:

A)

B)

C)

D)

E)

A narrative description of the specific measures that will be taken
to retrofit the CCR surface impoundment in accordance with this
Section.

A description of the procedures to remove all CCR, liners as
necessary, and contaminated soils and sediments from the CCR
surface impoundment.

An estimate of the maximum amount of CCR and other
contaminated materials that will be removed as part of the retrofit
operation.

An estimate of the largest area of the CCR surface impoundment
that will be affected by the retrofit operation.

A schedule for completing all activities necessary to satisfy the
retrofit criteria in this Section, including an estimate of the year in
which retrofit activities of the CCR surface impoundment will be
completed.

2) The owner or operator must submit the written retrofit plan with the
construction permit application and must obtain a construction permit
before retrofitting a CCR surface impoundment.

3) Amendment of a Written Retrofit Plan.

A)

B)

The owner or operator may submit a permit modification
application to amend the initial or any subsequent written retrofit
plan at any time.

The owner or operator must seek to amend the written retrofit plan
whenever:
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) There is a change in the operation of the CCR surface
impoundment that would substantially affect the written
retrofit plan in effect; or

i) unanticipated events necessitate a revision of the written
retrofit plan either before or after retrofit activities have
started.

C) The owner or operator must seek to amend the retrofit plan at least
60 days before a planned change in the operation of the facility or
CCR surface impoundment, or within 60 days after an
unanticipated event requires the revision of an existing written
retrofit plan. If a written retrofit plan needs to be revised after
retrofit activities have started for a CCR surface impoundment, the
owner or operator must submit a request to modify the construction
permit within 60 days following the triggering event.

4) The owner or operator of the CCR surface impoundment must obtain a
written certification from a qualified professional engineer that the
activities outlined in the written retrofit plan, including any amendment of
the plan, meet the requirements of this Section.

By the date the owner or operator submits a construction permit application to the
Agency to retrofit a CCR surface impoundment, the owner or operator must
prepare a notification of intent to retrofit a CCR surface impoundment. The
owner or operator has completed the notification when it has been placed in the
facility's operating record as required by Section 845.800(d)(28).

When activities related to retrofitting the CCR surface impoundment include the
removal of CCR from the surface impoundment, the handling and removal of
CCR must be performed in a manner consistent with the requirements of Section
845.740.

Deadline for Completion of Activities Related to the Retrofit of a CCR Surface
Impoundment. Any CCR surface impoundment that is being retrofitted must
complete all retrofit activities within the timeframe approved by the Agency in the
retrofit plan, or within five years after obtaining a construction permit, whichever
is less. The same procedures specified for the extension closure timeframes in
Section 845.760(b) apply to extension of retrofit timeframes.

Upon completion of all retrofit activities required by this Part and approved by the
Agency in a construction permit, the owner or operator of the CCR surface
impoundment must submit to the Agency a retrofit completion report and
certification.
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1) The retrofit completion report must contain supporting documentation,
including:

A)

B)

C)

D)

Engineering and hydrogeology reports, including monitoring well
completion reports and boring logs, all CQA reports, certifications,
and designations of CQA officers-in-absentia required by Section
845.290;

Photographs, including time, date and location information of the
photographs, of the liner system and leachate collection system,
and any other photographs relied upon to document construction
activities;

A written summary of retrofit requirements and completed
activities as stated in the construction permit and this Part; and

Any other information relied upon by the qualified professional
engineer in making the closure certification.

2) The retrofit certification must include a statement from a qualified
professional engineer that retrofit has been completed in accordance with
the retrofit plan specified in subsection (c) and the requirements of this

Part.

3) The owner or operator must place the retrofit completion report and
certification in the facility's operating record as required by Section
845.800(d)(29).

Within 30 days after the Agency's approval of the retrofit completion report and
certification submitted under subsection (g), the owner or operator must prepare a
notification of completion of retrofit activities. The notification must include the
certification by a qualified professional engineer as required by subsection (g)(2).
The owner or operator has completed the notification when it has been placed in
the facility's operating record as required by Section 845.800(d)(30).

At any time after the initiation of a CCR surface impoundment retrofit, the owner
or operator may stop the retrofit and seek to initiate closure of the CCR surface
impoundment in accordance with the requirements of this Subpart G. The owner
or operator of the CCR surface impoundment must obtain an approved
construction permit for closure.

Section 845.780 Post-Closure Care Requirements

a)

Applicability
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Except as provided by subsection (a)(2), this Section applies to the owners
or operators of CCR surface impoundments who have completed an
Agency approved closure.

An owner or operator of a CCR surface impoundment that elects to close a
CCR surface impoundment by removing CCR as provided by Section
845.740 is not subject to the post-closure care criteria of this Section.

Post-closure Care Maintenance Requirements. Following closure of the CCR
surface impoundment, the owner or operator must conduct post-closure care for
the CCR surface impoundment, which must consist of at least the following:

1)

2)

3)

Maintaining the integrity and effectiveness of the final cover system,
including making repairs to the final cover as necessary to correct the
effects of settlement, subsidence, erosion, or other events, and preventing
run-on and run-off from eroding or otherwise damaging the final cover;

If the CCR surface impoundment is subject to the design criteria of
Section 845.420, maintaining the integrity and effectiveness of the
leachate collection and removal system and operating the leachate
collection and removal system in accordance with the requirements of
Section 845.420; and

Maintaining the groundwater monitoring system and monitoring the
groundwater in accordance with the requirements of Subpart F.

Post-closure Care Period

1)

2)

Except as provided by subsection (c)(2), the owner or operator of the CCR
surface impoundment must conduct post-closure care for 30 years.

At the end of the 30-year post-closure care period, the owner or operator
of the CCR surface impoundment must continue to conduct post-closure
care until the groundwater monitoring data shows the concentrations are:

A) Below the groundwater protection standards in Section 845.600;
and

B) Not increasing for those constituents over background, using the
statistical procedures and performance standards in Section
845.640(f) and (g), provided that:

) Concentrations have been reduced to the maximum extent
feasible; and
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i) Concentrations are protective of human health and the
environment.

d) Written Post-closure Care Plan

1)

2)

3)

Content of the Plan. The owner or operator of a CCR surface
impoundment must prepare a written post-closure care plan that includes,
at a minimum, the information specified in this subsection (d)(1).

A)

B)

C)

A description of the monitoring and maintenance activities
required in subsection (b) for the CCR surface impoundment and
the frequency at which these activities will be performed,;

The name, address, telephone number, and email address of the
person or office to contact about the facility during the post-closure
care period; and

A description of the planned uses of the property during the post-
closure care period. Post-closure use of the property must not
disturb the integrity of the final cover, liners, or any other
component of the containment system, or the function of the
monitoring systems unless necessary to comply with the
requirements of this Part. Any other disturbance is allowed if the
owner or operator of the CCR surface impoundment demonstrates
that disturbance of the final cover, liner, or other component of the
containment system, including any removal of CCR, will not
increase the potential threat to human health or the environment.
The demonstration must be certified by a qualified professional
engineer and must be submitted to the Agency.

Deadline to Prepare the Initial Written Post-closure Care Plan. The owner
or operator of a CCR surface impoundment must submit to the Agency an
initial written post-closure care plan consistent with the requirements

specified in subsection (d)(1), with its initial operating permit application.

Amendment of a Written Post-closure Care Plan.

A)

B)

The owner or operator may submit an operating permit
modification application to amend the initial or any subsequent
written post-closure care plan developed under subsection (d)(1) at
any time.

The owner or operator must seek to amend the written closure care
plan whenever:
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) There is a change in the operation of the CCR surface
impoundment that would substantially affect the written
post-closure care plan in effect; or

i) unanticipated events necessitate a revision of the written
post-closure care plan, after post-closure activities have
started.

C) The owner or operator must seek to amend the written post-closure
care plan at least 60 days before a planned change in the operation
of the facility or CCR surface impoundment, or within 60 days
after an unanticipated event requires the need to revise an existing
written post-closure care plan. If a written post-closure care plan is
revised after post-closure activities have started for a CCR surface
impoundment, the owner or operator must submit a request to
modify the operating permit within 30 days following the
triggering event.

4) The owner or operator of the CCR surface impoundment must obtain a
written certification from a qualified professional engineer that the initial,
and any amendment of the, written post-closure care plan meets the
requirements of this Section.

Upon the completion of the post-closure care period, the owner or operator of the
CCR surface impoundment must submit a request to the Agency to terminate
post-closure care. The request must include a certification by a qualified
professional engineer verifying that post-closure care has been completed in
accordance with the post-closure care plan specified in subsection (d) and the
requirements of this Section.

Notification of Completion of Post-closure Care Period. Within 30 days after the
Agency's approval of the owner's or operator's request to terminate post-closure
care, the owner or operator must prepare a notification of completion of post-
closure care and must place the notification in the facility's operating record as
required by Section 845.800(d)(31).

SUBPART H: RECORDKEEPING

Section 845.800 Facility Operating Record

a)

b)

Each owner or operator of a CCR surface impoundment subject to the
requirements of this Part must maintain files of all information required by this
Section in a written operating record at the facility.

Unless specified otherwise, each file must be retained for at least three years past
the date the Agency approved the owner's or operator's request to terminate post-
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closure care, when closure is with a final cover system, or the completion of
groundwater monitoring under Section 845.740(b), when closure is by removal.

An owner or operator of more than one CCR surface impoundment subject to the
provisions of this Part may comply with the requirements of this Section in one
recordkeeping system provided the system identifies each file by the name and
identification number of each CCR surface impoundment. The files may be
maintained on microfilm, on a computer, on computer disks, on a storage system
accessible by a computer, on magnetic tape disks, or on microfiche.

Unless otherwise required below, the owner or operator of a CCR surface
impoundment must place the following information, as it becomes available, in
the facility's operating record:

1) Copies of all permit applications and permits issued under this Part;
2) Documentation recording the public meetings held under Section 845.240;
3) Weekly CQA reports under Section 845.290(b);

4) Hazard potential classification assessments for CCR surface
impoundments (see Section 845.440(a)(3)(D));

5) Structural stability assessments for CCR surface impoundments (see
Section 845.450(d)(4));

6) Safety factor assessments for CCR surface impoundments (see Section
845.460(c)(4));

7) The CCR fugitive dust control plan and any subsequent amendment of the
plan (see Section 845.500(b)(6)), except that only the most recent fugitive
dust control plan must be maintained in the facility's operating record,
irrespective of the time requirement specified in subsection (b);

8) Inflow design flood control system plans for CCR surface impoundments
(see Section 845.510(c)(4)(D));

9) Emergency Action Plan (see Section 845.520(a)), except that only the
most recent EAP must be maintained in the facility's operating record
irrespective of the time requirement specified in subsection (b);

10)  Documentation prepared by the owner or operator recording all activations
of the EAP (see Section 845.520());

11)  Documentation prepared by the owner or operator recording the annual
face-to-face meeting or exercise between representatives of the owner or
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operator of the CCR surface impoundment and the local emergency
responders (see Section 845.520(9));

Safety and Health Plan (see Section 845.530(a));

Documentation recording the results of each inspection and
instrumentation monitoring by a qualified person (see Section
845.540(a)(2));

Annual consolidated report (see Section 845.550), which contains the
following:

A) The annual CCR fugitive dust control report (see Section
845.500(c));

B) The annual inspection report (see Section 845.540(b)(3)); and

C) The annual groundwater monitoring and corrective action report
(see Section 845.610(e));

All groundwater monitoring data submitted to the Agency and any
analysis performed (see Section 845.610(b)(3)(D));

Within 30 days after detecting one or more monitored constituents above
the groundwater protection standard, the notifications required by Section
845.650(d) and (e);

The semi-annual report describing the progress in selecting and designing
the remedy (see Section 845.670(a));

Within 30 days after completing the corrective action plan, the notification
required by Section 845.680(e);

USEPA-approved or denied demonstration as required by Section
845.700(d)(2)(F);

The preliminary written closure plan and any amendment of the plan (see
Section 845.720(a)) except that only the most recent closure plan must be
maintained in the facility's operating record, irrespective of the time
requirement specified in subsection (b);

The written demonstrations, including the certification required by Section
845.730(b)(3), for a time extension for initiating closure (see Section
845.730(b)(2));
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The notification of intent to close a CCR surface impoundment (see
Section 845.730(d));

The monthly reports for closure by removal (see Section 845.740(d));
The closure report and certification (see Section 845.760(e)(3)), or the
completion of groundwater monitoring report and certification (see

Section 845.740(f));

The notification of completion of closure of a CCR surface impoundment
(see Section 845.760(f));

The notification recording a notation on the deed (see Section 845.760(h));

The preliminary written retrofit plan for a CCR surface impoundment (see
Section 845.770(a)(3));

The notification of intent to initiate retrofit of a CCR surface
impoundment (see Section 845.770(d));

The retrofit completion report and certification (see Section
845.770(9)(3));

The notification of completion of retrofit activities (see Section
845.770(h));

The notification of completion of post-closure care period (see Section
845.780(f));

The completion of CCR removal and decontamination report and
certification (see Section 845.740(e)); and

The most current cost estimates (see Section 845.940(d)).

Section 845.810 Publicly Accessible Internet Site Requirements

a)

b)

Each owner or operator of a CCR surface impoundment subject to the
requirements of this Part must maintain a publicly accessible Internet site (CCR
website) containing the information specified in this Section. The owner's or
operator's website must be titled "lllinois CCR Rule Compliance Data and
Information™.

An owner or operator of more than one CCR surface impoundment subject to the
provisions of this Part may comply with the requirements of this Section by using
the same Internet site for multiple CCR surface impoundments, provided the CCR
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website clearly delineates information by the name and identification number of
each CCR surface impoundment.

Unless otherwise required in this Section, the information required to be posted to
the CCR website must be made available to the public on the CCR website until 3
years after post-closure care (when closure is with a final cover system) or the
completion of groundwater monitoring under Section 845.740(b) (when closure is
by removal).

Unless otherwise required in this Section, the information must be posted to the
CCR website within 14 days after placing the pertinent information required by
Section 845.800 in the operating record.

The owner or operator must place all the information specified under Section
845.800(d) on the owner's or operator's CCR website.

The owner or operator must place all the information specified in Section
845.240(e) on the owner's or operator's CCR website at least 30 days before the
public meeting.

The owner or operator must notify the Agency of the web address of the publicly
accessible Internet site, including any change to the web address. The Agency
must maintain a list of these web addresses on the Agency's website.

SUBPART I: FINANCIAL ASSURANCE

Section 845.900 General Provisions

a)

b)

d)

This Subpart provides procedures by which the owner or operator of a CCR
surface impoundment subject to this Part provides financial assurance satisfying
the requirements of Section 22.59(f) of the Act.

The owner or operator must provide financial assurance to ensure the following:

1) Completion of closure;
2) Completion of post-closure care, if applicable; and
3) Remediation of releases from a CCR surface impoundment.

The owner or operator must maintain financial assurance equal to or greater than
the current cost estimates always calculated under Section 845.930, except as
otherwise provided by Section 845.910.

Financial assurance must be provided, by a trust agreement, a surety bond
guaranteeing payment, a surety bond guaranteeing payment or performance, or an
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irrevocable letter of credit (see Section 845.950). The owner or operator must
provide financial assurance to the Agency within the timeframes in Section
845.950(c).

This Subpart does not apply to the State of Illinois, its agencies and institutions,
any unit of local government, or any not-for-profit electric cooperative as defined
in Section 3.4 of the Electric Supplier Act [220 ILCS 30].

The Agency is authorized to enter into contracts and agreements necessary to
carry out the purposes of this Subpart and of Section 22.59(f) of the Act. Neither
the State, nor the Director of the Agency, nor any State employee will be liable
for any damages or injuries arising out of, or resulting from, any action taken
under this Part.

The Agency may sue in any court of competent jurisdiction to enforce its rights
under financial instruments. The filing of an enforcement action before the Board
is not a condition precedent to such an Agency action, except when this Subpart
or the terms of the instrument provide otherwise.

The Agency must have the authority to approve or disapprove any financial
assurance mechanism posted or submitted under this Subpart.

The following Agency actions may be appealed to the Board as a permit denial
under Section 845.270(e) and Section 22.59(f)(3) of the Act:

1) A refusal to accept financial assurance tendered by the owner or operator;

2) A refusal to release the owner or operator from the requirement to
maintain financial assurance;

3) A refusal to release excess funds from a trust;
4) A refusal to approve a reduction in the penal sum of a bond; and
5) A refusal to approve a reduction in the amount of a letter of credit.

An owner or operator must notify the Agency by certified mail of the beginning
of a voluntary or involuntary proceeding under Title 11 of the United States Code
(Bankruptcy) naming any of the owners or operators as debtor, within 10 days
after the proceeding starts.

An owner or operator that fulfills the requirements of Section 845.960, 845.970,
845.980, or 845.990 by obtaining a trust fund, surety bond, or letter of credit will
be deemed to be without the required financial assurance in the event of
bankruptcy of the trustee or issuing institution, or a suspension or revocation of
the authority of the trustee institution to act as trustee or of the institution issuing
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the surety bond or letter of credit to issue those instruments. The owner or
operator must establish alternative financial assurance within 60 days after such
an event.

Section 845.910 Upgrading Financial Assurance

a)

b)

The owner or operator must increase the total amount of financial assurance to
equal or exceed the current cost estimate within 60 days after either of the
following occurrences:

1) An increase in the current cost estimate; or

2) A decrease in the value of a trust fund.

The owner or operator of a CCR surface impoundment must make annual
adjustments for inflation if required under Section 845.930 or 845.940.

Section 845.920 Release of Financial Institution and Owner or Operator

a)

b)

The Agency must release a trustee, surety, or other financial institution when:

1) An owner or operator substitutes alternative financial assurance such that
the total financial assurance for the CCR surface impoundment is equal to
or greater than the current cost estimate, without counting the amounts to
be released; or

2) The Agency releases the owner or operator from the requirements of this
Subpart under subsection (b).

The Agency must release an owner or operator of a CCR surface impoundment
from the requirements of this Subpart under the following circumstances:

1) Completed Closure. In the Agency's approval of the closure report and
certification under Section 845.760, the Agency must notify the owner or
operator in writing that it is no longer required by this Subpart to maintain
financial assurance for closure of the CCR surface impoundment.

2) Completed Post-Closure Care. In the Agency's approval of the owner's or
operator's request to terminate post-closure care under Section 845.780,
the Agency must notify the owner or operator in writing that it is no longer
required by this Subpart to maintain financial assurance for post-closure
care of the CCR surface impoundment.

3) Completed Corrective Action. In the Agency's approval of the corrective
action completion report and certification under Section 845.680, the
Agency must notify the owner or operator in writing that it is no longer
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required by this Subpart to maintain financial assurance for corrective
action.

Section 845.930 Cost Estimates

a)

b)

The owner or operator must prepare and submit to the Agency, for approval,
written cost estimates for:

1) The total costs for closure and post-closure care;
2) Preliminary corrective action costs; and

3) The total costs of the corrective action plan for remediation of any releases
from a CCR surface impoundment.

Written Cost Estimate for Closure and Post-closure

1) The owner or operator must have a detailed written estimate, in current
dollars, of the cost of closing the CCR surface impoundment in
accordance with this Part and providing post-closure care on an annual
basis, when required, in accordance with this Part. The cost estimate is the
total cost for closure and post-closure care.

2) The cost estimate must equal the cost of final closure and post-closure care
at the point in the CCR surface impoundment's active life when the extent
and manner of its operation would make closure and post-closure care the
most expensive.

3) The cost estimate must be based on the assumption that the Agency will
contract with a third party at the appropriate prevailing wages, under the
Prevailing Wage Act [820 ILCS 130], if applicable, to implement the
closure and post-closure care plans. A third party is a party who is neither
a parent nor a subsidiary of the owner or operator.

4) The cost estimate may not be reduced by allowance for the salvage value
of facility structures or equipment, for the resale value of land, for the sale
of CCR or its beneficial reuse if permitted by the Agency under this Part,
or for other assets associated with the facility at the time of partial or final
closure.

5) The owner or operator must not incorporate a zero cost for CCR, if
permitted by the Agency under this Part, that might have economic value.

6) The cost estimate must, at a minimum, include all costs for all activities
necessary to close the CCR surface impoundment and provide post-
closure care in accordance with all requirements.
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The post-closure care portion of the cost estimate must, at a minimum, be
based on the following elements:

A) Maintaining the integrity and effectiveness of the final cover
system, including making repairs to the final cover as necessary to
correct the effects of settlement, subsidence, erosion, or other
events, and preventing run-on and run-off from eroding or
otherwise damaging the final cover;

B) If the CCR surface impoundment is subject to the design criteria of
Section 845.420, maintaining the integrity and effectiveness of the
leachate collection and removal system and operating the leachate
collection and removal system in accordance with the requirements
of Section 845.420; and

C) Maintaining the groundwater monitoring system and monitoring
the groundwater in accordance with the requirements of this Part.

Cost Estimate for Corrective Action

1)

2)

3)

4)

Preliminary Corrective Action Cost Estimate. An owner or operator of a
CCR surface impoundment with a release that has caused an exceedance
of the groundwater protection standard in Section 845.600, or groundwater
quality standard in 35 Ill. Adm. Code 620, must provide a preliminary
corrective action cost estimate that is equal to 25% of the costs calculated
under subsection (b).

Corrective Action Cost Estimate. The owner or operator must provide to
the Agency a detailed written estimate, in current dollars, of the cost of
hiring a third party at the appropriate prevailing wages, under the
Prevailing Wage Act, if applicable, to implement the approved corrective
action plan in accordance with this Part. The corrective action cost
estimate must account for the total costs of corrective action activities as
described in the approved corrective action plan for the entire corrective
action period.

The owner or operator must annually adjust the cost estimates in this
subsection (c) for inflation (see Section 845.940(a)) until the approved
corrective action plan is completed.

The owner or operator must increase the corrective action cost estimates in
this subsection (c) and the amount of financial assurance provided if
changes in the corrective action plan or CCR surface impoundment
conditions increase the maximum costs of corrective action.
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5) The owner or operator may reduce the amount of the corrective action cost
estimate, upon Agency approval, if the cost estimate exceeds the
maximum remaining costs of corrective action.

Section 845.940 Revision of Cost Estimates

a)

b)

d)

During the active life of the CCR surface impoundment, the owner or operator
must adjust the cost estimates for closure, post-closure care, and corrective action
for inflation on an annual basis. The adjustments must occur within 60 days
before the anniversary date of the establishment of the financial instruments used
to comply with Section 845.950. The adjustment may be made by recalculating
the maximum costs of closure, post-closure care, or corrective action in current
dollars, or by using an inflation factor derived from the annual Implicit Price
Deflator for Gross National Product (Deflator) as published by the U.S.
Department of Commerce in its Survey of Current Business (Table 1.1.9) (see
subsections (a)(1) and (a)(2)). The inflation factor is the result of dividing the
latest published annual Deflator by the Deflator for the previous year.

1) The first adjustment is made by multiplying the cost estimate by the
inflation factor. The result is the adjusted cost estimate.

2) Subsequent adjustments are made by multiplying the latest adjusted cost
estimate by the latest inflation factor.

During the active life of the CCR surface impoundment, the owner or operator
must revise the cost estimate within 30 days after the Agency has approved a
request to modify the corrective action plan, closure plan, or post-closure care
plan, if the change in the modified plan increases the cost of corrective action,
closure or post-closure care. The revised cost estimate must be adjusted for
inflation (see subsection (a)).

At least 60 days before submitting any closure plan to the Agency, the owner or
operator must revise the cost estimate if the selected closure method increases the
estimated closure or post-closure care costs.

The owner or operator must keep the most current cost estimates in the facility's
operating record during the operating life of the CCR surface impoundment.

Section 845.950 Mechanisms for Financial Assurance

a)

The owner or operator of a CCR surface impoundment must use any of the
mechanisms listed in this subsection (a) to provide financial assurance for closure
and post-closure care, and for corrective action at a CCR surface impoundment.
An owner or operator of a CCR surface impoundment must also meet the
requirements of subsections (b), (c), and (d). The mechanisms are as follows:
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1) A trust fund (see Section 845.960);

2) A surety bond guaranteeing payment (see Section 845.970);

3) A surety bond guaranteeing performance (see Section 845.980); or
4) An irrevocable letter of credit (see Section 845.990).

The owner or operator of a CCR surface impoundment must ensure that the
language of the mechanisms listed in subsection (a), when used for providing
financial assurance for closure, post-closure, and corrective action, is consistent
with the forms prescribed by the Agency and satisfies the following:

1) The amount of funds assured is sufficient to cover the costs of closure,
post-closure care, and corrective action; and

2) The funds will be available in a timely fashion when needed.

The owner or operator of a CCR surface impoundment must provide financial
assurance utilizing one or more of the mechanisms listed in subsection (a) within
the following timeframes:

1) An owner or operator of an existing CCR surface impoundment must
provide financial assurance to the Agency for closure and post-closure
care within 60 days after April 21, 2021;

2) An owner or operator of a new CCR surface impoundment must provide
financial assurance to the Agency for closure and post-closure care at least
60 days before the date of initial receipt of CCR in the CCR surface
impoundment.

3) In the case of corrective action required by this Part, the owner or operator
of the CCR surface impoundment must provide preliminary financial
assurance for corrective action no later than when the owner or operator
initiates an assessment of corrective measures under Section
845.650(d)(3). The preliminary financial assurance for corrective action
must be maintained until replaced with financial assurance based on the
cost estimate of the corrective action. The owner or operator of the CCR
surface impoundment must provide financial assurance based on the
approved corrective action plan to the Agency within 60 days after either
the Agency's approval or April 21, 2021, whichever is later.

The owner or operator must provide continuous financial assurance coverage until
the owner or operator is released from the financial assurance requirements of this
Subpart under Section 845.920(b).
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Use of Multiple Financial Assurance Mechanisms. An owner or operator may
satisfy the requirements of this Subpart by establishing more than one financial
mechanism per CCR surface impoundment. These mechanisms are limited to
trust funds, surety bonds guaranteeing payment, and letters of credit. The
mechanisms must be as specified in Sections 845.960, 845.970, and 845.990, as
applicable, except that it is the combination of mechanisms, rather than the single
mechanism, that must provide financial assurance for an aggregate amount at least
equal to the current cost estimate for closure, post-closure care, and corrective
action, except that mechanisms guaranteeing performance, rather than payment,
may not be combined with other instruments. The owner or operator may use any
or all the mechanisms to provide financial assurance for corrective action, closure
and post-closure care.

Use of a Financial Assurance Mechanism for Multiple CCR Surface
Impoundments in Illinois. An owner or operator may use a financial assurance
mechanism specified in this Subpart to meet the requirements of this Subpart for
more than one CCR surface impoundment located in Illinois. Evidence of
financial assurance submitted to the Agency must include a list showing, for each
CCR surface impoundment, the identification number (see Section 845.130),
name, address and the amount of funds assured by the mechanism. The amount
of funds available through the mechanism must be at least the sum of funds that
would be available if a separate mechanism had been established and maintained
for each CCR surface impoundment. The amount of funds available to the
Agency must be enough to close and provide post-closure care for all of the
owner's or operator's CCR surface impoundments. In directing funds available
through a single mechanism for the closure and post-closure care of any single
CCR surface impoundment covered by that mechanism, the Agency must direct
only that amount of funds designated for that CCR surface impoundment, unless
the owner or operator agrees to the use of additional funds available under that
mechanism.

Section 845.960 Trust Fund

a)

b)

An owner or operator may satisfy the requirements of this Subpart by establishing
a fully funded trust fund that conforms to the requirements of this Section and
submitting to the Agency an original signed duplicate of the trust agreement.

The trustee must be an entity that has the authority to act as a trustee and of whom
either of the following is true:

1) It is an entity whose trust operations are examined by the Illinois
Department of Financial and Professional Regulation under the Illinois
Banking Act [205 ILCS 5]; or

2) It is an entity that complies with the Corporate Fiduciary Act [205 ILCS
620].
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The trust agreement must be on forms prescribed by the Agency. The trust
agreement must be updated within 60 days after a change in the amount of the
current closure, post-closure, and corrective action cost estimates covered by the
agreement.

The trust fund must be fully funded from the date that the trust agreement
becomes effective.

The trustee must evaluate the trust fund annually, as of the day the trust was
created or on such earlier date as may be provided in the agreement. The trustee
must notify the owner or operator and the Agency of the value within 30 days
after the evaluation date.

If the owner or operator of a CCR surface impoundment establishes a trust fund
after having used one or more alternative mechanisms specified in this Subpart,
the trust fund must be fully funded and established according to the specifications
of this Section.

Release of Excess Funds

1) If the value of the financial assurance is greater than the total amount of
the current cost estimate, the owner or operator may submit a written
request to the Agency for a release of the amount in excess of the current
cost estimate.

2) Within 60 days after receiving a request from the owner or operator for a
release of funds, the Agency must instruct the trustee to release to the
owner or operator the funds as the Agency specifies in writing to be in
excess of the current cost estimate.

Reimbursement for Closure, Post-closure Care, and Corrective Action Expenses

1) After initiating corrective action, closure, or post-closure care an owner or
operator, or any other person authorized to perform corrective action,
closure, or post-closure care, may request reimbursement for closure, post-
closure care, or corrective action expenditures by submitting itemized bills
to the Agency.

2) Within 60 days after receiving the itemized bills for closure, post-closure
care, or correction action activities, the Agency must determine whether
the expenditures are in accordance with the closure, post-closure care, or
corrective action plan. The Agency must instruct the trustee to make
reimbursement in amounts the Agency specifies in writing as expenditures
made in accordance with the closure, post-closure care, or corrective
action plan.



R000553

3) If the Agency determines, based on information available to it, that the
cost of closure and post-closure care or corrective action will be greater
than the value of the trust fund, it must withhold reimbursement of
amounts it determines are necessary to preserve the fund in order to
accomplish closure and post-closure care or corrective action until it
determines that the owner or operator is no longer required to maintain
financial assurance for closure and post-closure care or corrective action.
If the fund is inadequate to pay all claims, the Agency must pay claims
according to the following priorities:

A) Persons with whom the Agency has contracted to perform closure,
post-closure care, or corrective action activities (first priority);

B) Persons who have completed closure, post-closure care, or
corrective action authorized by the Agency (second priority);

C) Persons who have completed work that furthered the closure, post-
closure care, or corrective action (third priority);

D) The owner or operator and related business entities (last priority).

Section 845.970 Surety Bond Guaranteeing Payment

a)

b)

An owner or operator may satisfy the requirements of this Subpart by obtaining a
surety bond that conforms to the requirements of this Section and submitting the
bond to the Agency.

The surety company issuing the bond must, at a minimum, be among those listed

as acceptable sureties on federal bonds in Circular 570 of the U.S. Department of

the Treasury. Circular 570 is available on the Internet from the following website:
https://fiscal.treasury.gov/surety-bonds/circular-570.html.

The surety bond must be on forms prescribed by the Agency.
Any payments drawn from or made under the bond will be placed in the Coal
Combustion Residual Surface Impoundment Financial Assurance Fund within the
State Treasury.
Conditions
1) The bond must guarantee that the owner or operator will:

A) Provide closure and post-closure care in accordance with the

approved closure and post-closure care plans and, if the bond is a
corrective action bond, provide corrective action in accordance
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with this Part; and

B) Provide alternative financial assurance, as specified in this Subpart,
and obtain the Agency's written approval of the assurance provided
within 90 days after receipt by both the owner or operator and the
Agency of a notice from the surety that the bond will not be
renewed for another term.

The surety will become liable on the bond obligation when, during the
term of the bond, the owner or operator fails to perform as guaranteed by
the bond. The owner or operator fails to perform when the owner or
operator:

A) Abandons the CCR surface impoundment;
B) Is adjudicated bankrupt;

C) Fails to initiate closure of the CCR surface impoundment or post-
closure care or corrective action when ordered to do so by the
Board under Title V11 of the Act (Enforcement), or when ordered
to do so by a court of competent jurisdiction;

D) Notifies the Agency that it has initiated closure or corrective
action, or initiates closure or corrective action, but fails to close the
CCR surface impoundment or provide post-closure care or
corrective action in accordance with the Agency-approved closure
and post-closure care or corrective action plans;

E) For a corrective action bond, fails to implement or complete
corrective action at a CCR surface impoundment in accordance
with Section 845.670; or

F) Fails to, within 90 days after receipt by both the owner or operator
and the Agency of a notice from the surety that the bond will not
be renewed for another term:

) Provide alternative financial assurance, as specified in this
Subpart; and

i) Obtain the Agency's written approval of the assurance.

If the owner or operator does not establish alternative financial assurance,
as specified in this Subpart, and obtain written approval of that alternative
assurance from the Agency within 90 days after receipt by both the owner
or operator and the Agency of a notice of nonrenewal from the surety (see
subsection (g)(2)), the Agency must draw on the bond. During the last 30
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days of a notice of nonrenewal, the Agency must draw on the bond if the
owner or operator has failed to provide alternative financial assurance, as
specified in this Section, and obtain from the Agency written approval of
that assurance.

Penal Sum

1)

2)

3)

Term

1)

2)

3)

The penal sum of the bond must be in an amount at least equal to the
current cost estimate.

Whenever the current cost estimate decreases, the penal sum may be
reduced to the amount of the current cost estimate following written
approval by the Agency.

Whenever the current cost estimate increases to an amount greater than the
penal sum, the owner or operator, within 90 days after the increase, must
either cause the penal sum to be increased to an amount at least equal to
the current cost estimate and submit evidence of that increase to the
Agency or obtain other financial assurance, as specified in this Subpart, to
cover the increase and submit evidence of the alternative financial
assurance to the Agency.

The bond must be issued for a term of at least one year and must not be
cancelable during that term.

The surety bond must provide that, on the current expiration date and on
each successive expiration date, the term of the surety bond will be
automatically extended for a period of at least one year unless, at least 120
days before the current expiration date, the surety notifies both the owner
or operator and the Agency by certified mail of a decision not to renew the
bond. Under the terms of the surety bond, the 120 days will begin on the
date when both the owner or operator and the Agency have received the
notice, as evidenced by the return receipts.

The Agency must release the surety by providing written authorization for
termination of the bond to the owner or operator and the surety when
either of the following occurs:

A) An owner or operator substitutes alternative financial assurance, as
specified in this Subpart; or

B) The Agency releases the owner or operator from the requirements
of this Subpart in accordance with Section 845.920(b).
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Cure of Default and Refunds

1) The Agency must release the surety if, after the surety becomes liable on
the bond, the owner or operator or another person provides financial
assurance for closure and post-closure care of the CCR surface
impoundment or corrective action at a CCR surface impoundment; unless
the Agency determines that the closure, post-closure care, or corrective
action plan, or the amount of substituted financial assurance, is inadequate
to provide closure and post-closure care or implement corrective action in
compliance with this Part.

2) After closure and post-closure care have been completed in accordance
with the plans and requirements of this Part or after the completion of
corrective action at a CCR surface impoundment in accordance with this
Part, the Agency must refund any unspent money that was paid into the
Coal Combustion Residual Surface Impoundment Financial Assurance
Fund by the surety, subject to appropriation of funds by the Illinois
General Assembly.

Section 845.980 Surety Bond Guaranteeing Performance

a)

b)

An owner or operator may satisfy the requirements of this Subpart by obtaining a
surety bond that conforms to the requirements of this Section and submitting the
bond to the Agency.

The surety company issuing the bond must, at a minimum, be among those listed

as acceptable sureties on federal bonds in Circular 570 of the U.S. Department of

the Treasury. Circular 570 is available on the Internet from the following website:
https://fiscal.treasury.gov/surety-bonds/circular-570.html.

The surety bond must be on forms prescribed by the Agency.
Any payments made under the bond will be placed in the Coal Combustion
Residual Surface Impoundment Financial Assurance Fund within the State
Treasury.
Conditions
1) The bond must guarantee that the owner or operator will:

A) Provide closure and post-closure care in accordance with the

approved closure and post-closure care plans and, if the bond is a

corrective action bond, provide corrective action in accordance
with this Part; and
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Provide alternative financial assurance, as specified in this Subpart,
and obtain the Agency's written approval of the assurance provided
within 90 days after receipt by both the owner or operator and the
Agency of a notice from the surety that the bond will not be
renewed for another term.

2) The surety will become liable on the bond obligation when, during the
term of the bond, the owner or operator fails to perform as guaranteed by
the bond. The owner or operator fails to perform when the owner or

operator:

A) Abandons the CCR surface impoundment;

B) Is adjudicated bankrupt;

C) Fails to initiate closure of the CCR surface impoundment or post-
closure care or corrective action when ordered to do so by the
Board under Title V11 of the Act (Enforcement), or when ordered
to do so by a court of competent jurisdiction;

D) Notifies the Agency that it has initiated closure or corrective
action, or initiates closure or corrective action, but fails to close the
CCR surface impoundment or provide post-closure care or
corrective action in accordance with the Agency-approved closure
and post-closure care or corrective action plans;

E) For a corrective action bond, fails to implement or complete
corrective action at a CCR surface impoundment in accordance
with Section 845.670; or

F) Fails to, within 90 days after receipt by both the owner or operator

and the Agency of a notice from the surety that the bond will not
be renewed for another term:

) Provide alternative financial assurance, as specified in this
Subpart; and

i) Obtain the Agency's written approval of the assurance.

3) Upon failure of the owner or operator to perform as guaranteed by the
bond, the surety must have the option of:

A)

providing closure and post-closure care in accordance with the
approved closure and post-closure care plans;
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B) carrying out corrective action in accordance with the corrective
action plan; or

C) paying the penal sum.

Penal Sum

1)

2)

3)

Term

1)

2)

3)

The penal sum of the bond must be in an amount at least equal to the
current cost estimate.

Whenever the current cost estimate decreases, the penal sum may be
reduced to the amount of the current cost estimate following written
approval by the Agency.

Whenever the current cost estimate increases to an amount greater than the
penal sum, the owner or operator, within 90 days after the increase, must
either cause the penal sum to be increased to an amount at least equal to
the current cost estimate and submit evidence of that increase to the
Agency or obtain other financial assurance, as specified in this Subpart,
and submit evidence of the alternative financial assurance to the Agency.

The bond must be issued for a term of at least one year and must not be
cancelable during that term.

The surety bond must provide that, on the current expiration date and on
each successive expiration date, the term of the surety bond will be
automatically extended for a period of at least one year unless, at least 120
days before the current expiration date, the surety notifies both the owner
or operator and the Agency by certified mail of a decision not to renew the
bond. Under the terms of the surety bond, the 120 days will begin on the
date when both the owner or operator and the Agency have received the
notice, as evidenced by the return receipts.

The Agency must release the surety by providing written authorization for
termination of the bond to the owner or operator and the surety when
either of the following occurs:

A) An owner or operator substitutes alternative financial assurance, as
specified in this Subpart; or

B) The Agency releases the owner or operator from the requirements
of this Subpart in accordance with Section 845.920(b).

Cure of Default and Refunds
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The Agency must release the surety if, after the surety becomes liable on
the bond, the owner or operator or another person provides financial
assurance for closure and post-closure care of the CCR surface
impoundment or corrective action at a CCR surface impoundment; unless
the Agency determines that the closure, post-closure care, or corrective
action plan, or the amount of substituted financial assurance, is inadequate
to provide closure and post-closure care or implement corrective action in
compliance with this Part.

After closure and post-closure care have been completed in accordance
with the plans and requirements of this Part or after the completion of
corrective action at a CCR surface impoundment in accordance with this
Part, the Agency must refund any unspent money that was paid into the
Coal Combustion Residual Surface Impoundment Financial Assurance
Fund by the surety, subject to appropriation of funds by the Illinois
General Assembly.

The surety will not be liable for deficiencies in the performance of closure, post-
closure care, or corrective action by the owner or operator after the Agency
releases the owner or operator from the requirements of this Subpart.

Section 845.990 Letter of Credit

a)

b)

An owner or operator may satisfy the requirements of this Subpart by obtaining
an irrevocable standby letter of credit that conforms to the requirements of this
Section and submitting the letter to the Agency.

The issuing institution must be an entity that has the authority to issue letters of
credit and:

1)

2)
Forms
1)

2)

Whose letter of credit operations are regulated by the Illinois Department
of Financial and Professional Regulation under the Illinois Banking Act
[205 ILCS 5]; or

Whose deposits are insured by the Federal Deposit Insurance Corporation.

The letter of credit must be on forms prescribed by the Agency.

The letter of credit must be accompanied by a letter from the owner or
operator, referring to the letter of credit by number, the name and address
of the issuing institution, and the effective date of the letter, and providing
the following information: the name and address of the CCR surface
impoundment, the identification number (see Section 845.130), and the
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amount of funds assured by the letter of credit for closure and post-closure
care of the CCR surface impoundment, or for corrective action at the CCR
surface impoundment.

Any amounts drawn by the Agency under the letter of credit will be deposited in
the Coal Combustion Residual Surface Impoundment Financial Assurance Fund
within the State Treasury.

Conditions on Which the Agency Must Draw on the Letter of Credit:

1) The Agency must draw on the letter of credit if the owner or operator fails
to perform closure or post-closure care in accordance with the approved
closure and post-closure care plans or fails to perform corrective action at
a CCR surface impoundment in accordance with this Part.

2) The Agency must draw on the letter of credit if the owner or operator:
A) Abandons the CCR surface impoundment;
B) Is adjudicated bankrupt;

C) Fails to initiate closure of the CCR surface impoundment or post-
closure care or corrective action when ordered to do so by the
Board under Title V11 of the Act (Enforcement), or when ordered
to do so by a court of competent jurisdiction;

D) Notifies the Agency that it has initiated closure or corrective
action, or initiates closure or corrective action, but fails to provide
closure and post-closure care or corrective action in accordance
with the Agency-approved closure and post-closure care or
corrective action plans;

E) For a corrective action letter of credit, fails to implement or
complete corrective action at a CCR surface impoundment in
accordance with Section 845.670; or

F) Fails to, within 90 days after receipt by both the owner or operator
and the Agency of a notice from the surety that the bond will not
be renewed for another term:

) Provide alternative financial assurance, as specified in this
Subpart; and

i) Obtain the Agency's written approval of the assurance.

3) If the owner or operator does not establish alternative financial assurance,
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as specified in this Subpart, and obtain written approval of that alternative
assurance from the Agency within 90 days after receipt by both the owner
or operator and the Agency of a notice of expiration from the issuing
institution (see subsection (g)(2)), the Agency must draw on the letter of
credit. During the last 30 days of a notice of expiration, the Agency must
draw on the letter of credit if the owner or operator has failed to provide
alternative financial assurance, as specified in this Section, and obtain
from the Agency written approval of that assurance.

Amount

1)

2)

3)

Term

1)

2)

3)

The letter of credit must be issued in an amount at least equal to the
current cost estimate.

Whenever the current cost estimate decreases, the amount of credit may be
reduced to the amount of the current cost estimate following written
approval by the Agency.

Whenever the current cost estimate increases to an amount greater than the
amount of the credit, the owner or operator, within 90 days after the
increase, must either cause the amount of the credit to be increased to an
amount at least equal to the current cost estimate and submit evidence of
that increase to the Agency or obtain other financial assurance, as
specified in this Subpart, to cover the increase and submit evidence of the
alternative financial assurance to the Agency.

The letter of credit must be issued for a term of at least one year and must
be irrevocable during that term.

The letter of credit must provide that, on the current expiration date and on
each successive expiration date, the letter of credit will be automatically
extended for a period of at least one year unless, at least 120 days before
the current expiration date, the issuing institution notifies both the owner
or operator and the Agency by certified mail of a decision not to extend
the letter of credit for another term. Under the terms of the letter of credit,
the 120 days will begin on the date when both the owner or operator and
the Agency have received the notice, as evidenced by the return receipts.

The Agency must return the letter of credit to the issuing institution for
termination when either of the following occurs:

A) An owner or operator substitutes alternative financial assurance, as
specified in this Subpart; or
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B) The Agency releases the owner or operator from the requirements
of this Subpart in accordance with Section 845.920(b).

h) Cure of Default and Refunds

1)

2)

The Agency must release the financial institution if, after the Agency is
allowed to draw on the letter of credit, the owner or operator or another
person provides financial assurance for closure and post-closure care of
the CCR surface impoundment or corrective action at a CCR surface
impoundment; unless the Agency determines that the closure, post-closure
care, or corrective action plan, or the amount of substituted financial
assurance, is inadequate to provide closure and post-closure care or
implement corrective action in compliance with this Part.

After closure and post-closure care have been completed in accordance
with the plans and requirements of this Part or after the completion of
corrective action at a CCR surface impoundment in accordance with this
Part, the Agency must refund any unspent money that was drawn and paid
into the Coal Combustion Residual Surface Impoundment Financial
Assurance Fund by the financial institution, subject to appropriation of
funds by the Illinois General Assembly.
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lllinois Power Generating Company
1500 Eastport Plaza Dr.
Collinsville, IL 62234

October 25, 2021

lllinois Environmental Protection Agency

DWPC — Permits MC #15

Attn: Part 845 Coal Combustion Residual Rule Submittal
1021 North Grand Avenue East

P.O. Box 19276

Springfield, IL 62794-9276

Re: Newton Power Plant Primary Ash Pond; IEPA ID # W0798070001-01

Dear Mr. LeCrone:

In accordance with 35 I.A.C. § 845.200, Illinois Power Generating Company (IPGC) is submitting an operating permit
application for the Newton Power Plant Primary Ash Pond (IEPA ID # W0798070001-01). One hardcopy and one digital
copy are provided with this submittal.

The permit application was prepared in accordance with 35 LA.C. § 845.230(d)(2) (Existing, Inactive and Inactive Closed CCR

Surface Impoundment that have not completed an Agency approved closure before July 30, 2021). This submittal includes
the completed permit forms as required by § 845.210.

Sincerely,

Cynthia Vodopivec
SVP-Environmental Health and Safety

Enclosures
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Prepared for

Illinois Power Generating Company
1500 Eastport Plaza Drive
Collinsville, Illinois 62234

INITIAL OPERATING PERMIT
NEWTON ASH POND

Prepared by

425 South Woods Mill Road, Suite 300
St. Louis, MO 63017

October 25, 2021
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1. INTRODUCTION

Illinois Power Generating Company operates the coal-fired Newton Power Plant located in Jasper
County, Illinois. The IEPA assigned identification number assigned to this impoundment is:
W0798070001-01 for the Primary Ash Pond. The National Inventory of Dams (NID) number
assigned for the Primary Ash Pond by the Illinois Department of Natural Resources (IDNR) is
IL50719.

This initial operating permit application was developed in accordance with 35 Ill. Admin. Code
845, Standards for the Disposal of Coal Combustion Residuals in Surface Impoundments (Part
845).

This initial operating permit application is for the Primary Ash Pond.

1.1. Facility Information

Section 845.210(b)(1): All permit applications must contain the name, address, email
address and telephone number of the operator, or duly authorized agent, and the property
owner to whom all inquiries and correspondence shall be addressed.

Facility: Newton Ash Pond
Newton Power Plant
6725 North 500th Street
Newton, IL 62448

Owner/Operator: Illinois Power Generating Company
1500 Eastport Plaza Drive
Collinsville, Illinois 62234

1 October 2021
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1.2.  Owner Signatures

Section 845.210(b)(2): All permit applications must be signed by the owner, operator or a
duly authorized agent of the operator.

The owner of the Newton Power Plant is a corporation.

Section 845.210(b)(3): An application submitted by a corporation must be signed by a
principal executive officer of at least the level of vice president, or his or her duly
authorized representative, if that representative is responsible for the overall operation
of the facility described in the application form..

The signature of Cynthia VVodopivec on behalf of Illinois Power Generating Company can be found
in the permit applications located in Section 3.

1.3.  Legal Description

Section 845.210(c): All permit applications must contain a legal description of the facility
boundary and a description of the boundaries of all units included in the facility.

A legal description has been developed in compliance with Section 845.210(c) and is included in
Attachment A.

1.4. Previous Assessments

Section 845.210(d): Previous Assessments, Investigations Plans, and Programs

Previous assessments were performed in accordance with 40 CFR § 257 and are referenced within
the permit application and included in the appropriate Attachments.

Section 845.210(d)(1): The Agency may approve the use of any hydrogeologic site
investigation or characterization, groundwater monitoring well or system, or
groundwater monitoring plan, bearing the seal and signature of an lIllinois Licensed
Professional Geologist or Licensed Professional Engineer, completed before April 21,
2021 to satisfy the requirements of this Part.

A previous hydrogeologic site investigation or characterization, groundwater monitoring well or
system, or groundwater monitoring plan have been completed with a seal from an Illinois Licensed
Professional Geologist or Licensed Professional Engineer. However, field investigations have
been completed that supplement that work that will be utilized in the following sections of this
report.

2 October 2021
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Section 845.210(d)(2): For existing CCR surface impoundments, the owner or operator
of the CCR surface impoundment may use a previously completed location restriction
demonstration required by Section 845.300 (Placement Above the Uppermost Aquifer),
Section 845.310 (Wetlands), Section 845.320 (Fault Areas), Section 845.330 (Seismic
Impact Zones), and Section 845.340 (Unstable Areas) provided that the previously
completed assessments meet the applicable requirements of those Sections.

Previous assessments are provided for Section 845.300 (Placement Above the Uppermost
Aquifer), Section 845.310 (Wetlands), Section 845.320 (Fault Areas), Section 845.330 (Seismic
Impact Zones), and Section 845.340 (Unstable Areas) in Attachment D.

Section 845.210(d)(3): For existing CCR surface impoundments, the owner or operator
of the CCR surface impoundment may use a previously completed assessment to serve
as the initial assessment required by Section 845.440 (Hazard Potential Classification
Assessment), Section 845.450 (Structural Stability Assessment) and Section 845.460
(Safety Factor Assessment) provided that the previously completed assessment: A) Was
not completed more than five years ago; and B) Meets the applicable requirements of
those Sections.

Previous assessments are provided for Section 845.440 (Hazard Potential Classification
Assessment), Section 845.450 (Structural Stability Assessment) and Section 845.460 (Safety
Factor Assessment) in Attachments O, P, and Q respectively. The addendum and certification for
the Hazard Potential Classification Assessment, Structural Stability Assessment and Safety Factor
Assessment are located in Attachment U.

Section 845.210(d)(4): For inactive closed CCR surface impoundments, the owner or
operator of the CCR surface impoundment may use a post-closure care plan previously
approved by the Agency.

No post-closure care plan was previously approved by the Agency.

3 October 2021
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2. OPERATING PERMIT
2.1. Initial Operating Permit

Section 845.230(d): Initial Operating Permit for Existing, Inactive and Inactive Closed
CCR Surface Impoundments

The Newton Primary Ash Pond as defined by IEPA is an existing CCR surface impoundment that
has not completed post-closure care. Per Part 845, Dynegy is submitting an initial operating permit
application to IEPA by October 31, 2021. The following sections contain information or references
to documents required for the Operating Permit application (Section 845.230).

2.2.  History of Construction

Section 845.230(d)(2)(A): The history of construction specified in Section 845.220(a)(1);

The history of construction prepared in 2016 pursuant to 40 CFR § 257.73(c) is provided in
Attachment B. An amendment to the history of construction has been prepared in compliance with
Section 845.220(a)(1) and is provided in Attachment U.

2.3. Chemical Constituents

Section 845.230(d)(2)(B): An analysis of the chemical constituents found within the CCR
to be placed in the CCR surface impoundment;

An analysis of the chemical constituents found within the CCR placed within the Newton Primary
Ash Pond is provided in Attachment C.

Section 845.230(d)(2)(C): An analysis of the chemical constituents of all waste streams,
chemical additives and sorbent materials entering or contained in the CCR surface
impoundment;

An analysis of the chemical constituents of all waste streams, chemical additives and sorbent
materials entering or contained within the Newton Primary Ash Pond is provided in Attachment
C.

2.4. Location Standards Demonstration

Section 845.230(d)(2)(D): A demonstration that the CCR surface impoundment, as built,
meets, or an explanation of how the CCR surface impoundments fails to meet, the location
standards in the following Sections:
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The Newton Primary Ash Pond location standards as specified in Section 845.230(d)(2)(D) are
described in the following sections.

Section 845.230(d)(2)(D)(i): Placement Above the Uppermost Aquifer;

The previous upper aquifer demonstration was certified by a qualified professional engineer stating
that the demonstration meets the requirements of 40 C.F.R. § 257.60. The requirements described
in 40 C.F.R. § 257.60 are identical to the requirements contained in Section 845.300. Pursuant to
Section 845.210(d)(2), a certification is not required for this demonstration. The previously
completed upper aquifer demonstration is included in Attachment D.

Section 845.230(d)(2)(D)(ii): Wetlands;

The previous wetlands demonstration was certified by a qualified professional engineer stating
that the demonstration meets the requirements of 40 C.F.R. § 257.61. The requirements
described in 40 C.F.R. 8 257.61 are identical to the requirements contained in Section 845.310.
Pursuant to Section 845.210(d)(2), a certification is not required for this demonstration. The
previously completed wetlands demonstration is included in Attachment D.

Section 845.230(d)(2)(D)(iii): Fault Areas;

The previous fault area demonstration was certified by a qualified professional engineer stating
that the demonstration meets the requirements of 40 C.F.R. § 257.62. The requirements
described in 40 C.F.R. 8 257.62 are identical to the requirements contained in Section 845.320.
Pursuant to Section 845.210(d)(2), a certification is not required for this demonstration. The
previously completed fault area demonstration is included in Attachment D.

Section 845.230(d)(2)(D)(iv): Seismic Impact Zone; and

The previous seismic impact zone demonstration was certified by a qualified professional
engineer stating that the demonstration meets the requirements of 40 C.F.R. § 257.63. The
requirements described in 40 C.F.R. § 257.63 are identical to the requirements contained in
Section 845.330. Pursuant to Section 845.210(d)(2), a certification is not required for this
demonstration. The previously completed seismic impact zone demonstration is included in
Attachment D.
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Section 845.230(d)(2)(D)(v): Unstable Areas and Floodplains;

The previous unstable area demonstration was certified by a qualified professional engineer stating
that the demonstration meets the requirements of 40 C.F.R. § 257.64. The requirements described
in 40 C.F.R. § 257.64 are identical to the requirements contained in Section 845.340. Pursuant to
Section 845.210(d)(2), a certification is not required for the unstable area demonstration. The
previously completed unstable area demonstration is included in Attachment D.

The boundaries of the impoundment were determined by a survey conducted by a professional
surveyor licensed in the State of Illinois. The boundaries of the Primary Ash Pond were compared
to the existing FEMA floodplain map, and it was determined that the Primary Ash Pond is Pond
is located within Zone A of the floodplain according to the 1985 FEMA Floodplain mapping. In
order to determine that: “generally accepted engineering practices have been incorporated into the
design of the CCR surface impoundment to ensure that the CCR surface impoundment will not
restrict the flow of the base flood, reduce the temporary water storage capacity of a floodplain, or
result in washout of CCR,” the following engineering was involved:

1. Determine the base flood elevation (BFE) and compare to the ash pond embankment
elevations,

2. Determine the surface impoundment will not restrict the temporary water storage capacity
of the floodplain. and

3. Result in a washout of CCR.

A certification attesting to this is provided in Attachment D.

2.5. Permanent Markers

Section 845.230(d)(2)(E): Evidence of permanent markers required by Section 845.130
have been installed;

Evidence of permanent markers at the Newton Primary Ash Pond as required by Section 845.130
is provided in Attachment E.

2.6.  Slope Maintenance

Section 845.230(d)(2)(F): Documentation that the CCR surface impoundment, if not
incised, will be operated and maintained with one of the forms of slope protection specified
in Section 845.430;

The Newton Primary Ash Pond is not incised. Documentation of slope protection as required by
Section 845.430 is provided in Attachment J.
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2.7.  Initial Emergency Action Plan

Section 845.230(d)(2)(G): Initial Emergency Action Plan and accompanying certification
(see Section 845.520(e));

The initial emergency action plan and certification has been completed as specified by Section
845.520(e) and is provided in Attachment F.

2.8.  Fugitive Dust Control Plan

Section 845.230(d)(2)(H): Fugitive dust control plan and accompanying certification (see
Section 845.500(b)(7));

The fugitive dust control plan and certification has been completed as specified by Section
845.500(b)(7) and is provided in Attachment G.

2.9. Groundwater Monitoring

Section 845.230(d)(2)(1): Groundwater monitoring information:

The groundwater monitoring information for the Newton Primary Ash Pond is described in the
following sections.

Section 845.230(d)(2)(1)(i): Hydrogeologic site characterization (see Section 845.620);

Hydrogeologic site characterization for the Newton Primary Ash Pond is provided in Attachment
H.

Section 845.230(d)(2)(1)(ii): Design and construction plans of a groundwater
monitoring system (see Section 845.630);

Design and construction plans of a groundwater monitoring system are provided in Attachment I.

Section 845.230(d)(2)(1)(iii): A groundwater sampling and analysis program that
includes selection of the statistical procedures to be used for evaluating groundwater
monitoring data (see Section 845.640); and

A groundwater sampling and analysis program that meets the requirements of Section 845.640 is
provided in Attachment I.
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Section 845.230(d)(2)(1)(iv): Proposed groundwater monitoring program that includes
a minimum of eight independent samples for each background and downgradient well
(see Section 845.650(b));

A proposed groundwater monitoring program that meets the requirements of Section 845.650(b)
is provided in Attachment I.

2.10. Initial Post-Closure Care Plan

Section 845.230(d)(2)(K): Initial written post-closure care plan, if applicable (see Section
845.780(d));

The Newton Primary Ash Pond closure will be completed by capping the CCR in place. The initial
post closure care plan was developed in accordance with Section 845.780 and is provided in
Attachment K.

2.11. History of Groundwater Exceedances

Section 845.230(d)(2)(M): History of known exceedances of the groundwater protection
standards in Section 845.600, and any corrective action taken to remediate the
groundwater;

A history of known exceedances and any corrective action taken is provided in Attachment M.
2.12. Financial Assurance Requirements

Section 845.230(d)(2)(N): A certification that the owner or operator meets the financial
assurance requirements of Subpart I;

A certification meeting the requirement of Section 845.230(d)(2)(N) stating that the Owner meets
the financial assurance requirements of Subpart | is provided in Attachment N.

2.13. Hazard Potential Classification

Section 845.230(d)(2)(0O): Hazard potential classification assessment and accompanying
certification (see Section 845.440(a)(2));

The previous Hazard Potential Classification Assessment completed in compliance with 40 CFR
8257.73(a) is provided in Attachment O. The addendum to the Hazard Potential Classification
Assessment and certification as required by Section 845.440(a) is provided in Attachment U.
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2.14. Structural Stability Assessment

Section 845.230(d)(2)(P): Structural stability assessment and accompanying certification
(see Section 845.450(c));

The previous Structural Stability Assessment completed in compliance with 40 CFR 8257.73(d)
is provided in Attachment P. The addendum to the Structural Stability Assessment and certification
as required by Section 845.450(c) is provided in Attachment U.

2.15. Safety Factor Assessment

Section 845.230(d)(2)(Q): Safety factor assessment and accompanying certification (see
Section 845.460(b));

The previous Safety Factor Assessment completed in compliance with 40 CFR 8§257.73(e) is
provided in Attachment Q. The addendum to the Safety Factor Assessment and certification as
required by Section 845.460(b) is provided in Attachment U.

2.16. Inflow Design Flood Control System Plan

Section 845.230(d)(2)(R): Inflow design flood control system plan and accompanying
certification (see Section 845.510(c)(3));

The previous Inflow Design Flood Control System Plan Assessment completed in compliance with
40 CFR 8257.82 is provided in Attachment R. The addendum to the Inflow Design Flood Control
Plan Assessmentas required by Section 845.510(c)(3) is provided in Attachment U.

2.17. Safety and Health Plan

Section 845.230(d)(2)(S): Safety and health plan (see Section 845.530); and

The safety and health plan in accordance with Section 845.530 is included in Attachment S.
2.18. Proposed Closure Priority Categorization

Section 845.230(d)(2)(T): For CCR surface impoundments required to close under
845.700, the proposed closure priority categorization required by Section 845.700(g).

A CCR Surface Impoundment Category Designation and Justification letter was submitted to
IEPA on May 19, 2021. The Newton Primary Ash Pond was designated as Category 5 Existing
CCR surface impoundment with exceedances of the groundwater protection standards in Section
845.600. This letter is provided in Attachment T.
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3. PERMIT APPLICATION
All permit applications must be made on the forms prescribed by the Agency and must be mailed

or delivered to the address designated by the Agency on the forms. The permit applications (CCR-
1 and CCR-2E) are provided below.
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gg:r?ml lllinois Environmental Protection Agency
CCR Surface Impoundment Permit Application
@ Form CCR 1 — General Provisions
Bureau of Water ID Number: For IEPA Use Only
W0798070001
CCR Permit Number:
Initial Permit

Facility Name:

Newton Power Plant

SECTION 1: FACILITY, OPERATOR, AND OWNER INFORMATION (35 Ill. Adm. Code 845.210(b))

1.1 Facility Name

lllinois Power Generating Company - Newton Power Plant

1.2 lllinois EPA CCR Permit Number (if applicable)
Initial Permit
1.3 Facility Contact Information
Name (first and last) Title Phone Number
Phil Morris Senior Director - Environmental|618-343-7794

Email address
phil.morris@vistracorp.com
1.4 Facility Mailing Address

Street or P.O. box

1500 Eastport Plaza Dr

City or town State Zip Code
Collinsville IL 62234

15 Facility Location

Street, route number, or other specific identifier

6725 North 500th Street

Facility, Operator, and Owner Information

County name County code (if known)

Jasper

City or town State Zip Code
Newton IL 62448

1.6 Name of Owner/Operator

lllinois Power Generating Company

IEPA BOW ID009-00-0821
DCN258 IEPA Form CCR 1 Page 1
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1.7 Owner/Operator Contact Information

Name (first and last) Title Phone Number

Phil Morris Senior Director - Environmental | §18-343-7794
Email address

phil.morris@vistracorp.com

1.8 Owner/Operator Mailing Address

Street or P.O. box

1500 Eastport Plaza Dr
City or town State Zip Code

Collinsville IL 62234

Facility, Operator, and Owner Info

SECTION 2: LEGAL DESCRIPTION (35 Ill. Adm. Code 845.210(c))

2.1 | Legal Description of the facility boundary

See Attachment A.

Legal Description

SECTION 3: PUBLICLY ACCESSIBLE INTERNET SITE REQUIREMENTS (35 Ill. Adm. Code 845.810)

3.1 | Web Address(es) to publicly accessible internet site(s) (CCR website)

www.luminant.com/illinois-ccr

Internet Site

3.2 | Is/are the website(s) titled “lllinois CCR Rule Compliance Data and Information”

/ Yes No

SECTION 4: IMPOUNDMENT IDENTIFICATION

List all the impoundment identification numbers for your facility and check the corresponding box to
4.1 | indicate that you have attached a written description for each impoundment.

W0798070001-01 (see Attachment A)| |¢/| | Attached written description

Attached written description

Attached written description

Attached written description

Attached written description

Impoundment Identification

Attached written description

IEPA BOW ID009-00-0821
DCN258 IEPA Form CCR 1 Page 2
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Attached written description

Attached written description

Attached written description

Attached written description

SECTION 5: CHECKLIST AND CERTIFICATION STATEMENT

5.1 | In Column 1 below, mark the sections of Form 1 that you have completed and are submitting with your
application. For each section, specify in Column 2 any attachments that you are enclosing.

Column 1 Column 2
Section 1: Facility, Operator, and Owner Information / w/attachments
Section 2: Legal Description / w/attachments /
Section 3: Publicly Accessible Internet Site Requirement / w/attachments
Section 4: Impoundment Identification / w/attachments /

5.2 | Certification Statement

| certify under penalty of law that this document and all attachments were prepared under my direction
or supervision in accordance with a system designed to assure that qualified personnel properly gather
and evaluate the information submitted. Based on my inquiry of the person or persons who manage the
system, or those persons directly responsible for gathering the information, the information submitted is,
to the best of my knowledge and belief, true, accurate, and complete. | am aware that there are
significant penalties for submitting false information, including the possibility of fine and imprisonment
for knowing violations.

Checklist and Certification Statement

Name (print or type first and last name) of Owner/Operator Official Title

Cynth|a Vod0p|vec SVP - Environmental

Signature Date Signed
10/25/2021

IEPA BOW ID009-00-0821
DCN258 IEPA Form CCR 1 Page 3



R000581

Form

CCR 2E lllinois Environmental Protection Agency
CCR Surface Impoundment Permit Application

Form CCR 2E - Initial Operating Permit for Existing or Inactive CCR
Surface Impoundments That Have Not Completed an
Agency-approved Closure Before July 30, 2021

Bureau of Water ID Number: For IEPA Use Only
WO0798070001

CCR Permit Number:
Initial Permit
Facility Name:

Newton Power Plant

SECTION 1: CONSTRUCTION HISTORY (35 Ill. Adm. Code 845.220 AND 35 Ill. Adm. Code 845.230)

1.1 CCR surface impoundment name.

Primary Ash Pond

1.2 Identification number of the CCR surface impoundment (if one has been assigned by the Agency).
WO0/798070001-01

1.3 Description of the boundaries of the CCR surface impoundment (35 Ill. Adm. Code 845.210(c)).
See Attachment A.

1.4 State the purpose for which the CCR surface impoundment is being used.

See Attachment B.

Construction History

15 How long has the CCR surface impoundment been in operation?

See Attachment B.
1.6 List the types of CCR that have been placed in the CCR surface impoundment.

See Attachment C.

IEPA BOW I1D013-00-0821
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1.7 List name of the watershed within which the CCR surface impoundment is located.
See Attachment B.
1.8 Size in acres of the watershed within which the CCR surface impoundment is located.
See Attachment B.
1.9 Check the corresponding box to indicate that you have attached the following:
/ Description of the physical and engineering properties of the foundation and abutment
materials on which the CCR surface impoundment is constructed.
/ Description of the type, size, range, and physical and engineering properties of the materials
used in constructing each zone or stage of the CCR surface impoundment.
. / Describe the method of site preparation and construction of each zone of the CCR surface
D impoundment.
=)
=
= A listing of the approximate dates of construction of each successive stage of construction of
8 J the CCR surface impoundment.
> / Drawing satisfying the requirements of 35 Illl. Adm. Code 845.220(a)(1)(F).
o
-5’—:’ / Description of the type, purpose, and location of existing instrumentation.
_E / Area capacity curves for the CCR Impoundment.
©
= Description of each spillway and diversion design features and capacities and provide the
Z’ / calculations used in their determination.
o
O / Construction specifications and provisions for surveillance, maintenance, and repair of the
CCR surface impoundment.
1.10.1 | Is there any record or knowledge of structural instability of the CCR surface impoundment?
Yes v'| | No
1.10.2 | If you answered yes to Item 1.10.1, provide detailed explanation of the structural instability.
SECTION 2: ANALYSIS OF CHEMICAL CONSTITUENTS (35 Ill. Adm. Code 845.230(d)(2)(B))
n |21 Check the corresponding boxes to indicate you have attached the following:
=
g / An analysis of the chemical constituents found within the CCR to be placed in the CCR surface
= impoundment.
=
8 / An analysis of the chemical constituents of all waste streams, chemical additives and sorbent
materials entering or contained in the CCR surface impoundment.

IEPA BOW ID013-00-0821
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SECTION 3: DEMONSTRATIONS AND CERTIFICATIONS (35 Ill. Adm. Code 845.230(d)(2)(D))

3.1 Indicate whether you have attached a demonstration that the CCR surface impoundment, as built,
meets, or an explanation of how the CCR surface impoundments fails to meet, the location standards in
the following sections:

@ 35 Ill. Adm. Code 845.300 (Placement Above Demonstration Explanation
= the Uppermost Aquifer) / P
IS
*U:) 35 Ill. Adm. Code 845.310 (Wetlands) / Demonstration Explanation
=
g 35 Ill. Adm. Code 845.320 (Fault Areas) / Demonstration Explanation
)
@] 35 Ill. Adm. Code 845.330 (Seismic Impact / Demonstration Explanation
Zones) P
35 Ill. Adm. Code 845.340 (Unstable Areas / Demonstration [ ] Explanation
and Floodplains) |
SECTION 4: ATTACHMENTS
4.1 Check the corresponding boxes to indicate that you have attached the following:
/ Evidence that the permanent markers required by 35 Ill. Adm. Code 845.130 have been
installed.
/ Documentation that the CCR surface impoundment, if not incised, will be operated and
maintained with one of the forms of slope protection specified in 35 Ill. Adm. Code 845.430.
/ Initial Emergency Action Plan and accompanying certification required by 35 Ill. Adm. Code
845.520(e).
@) / Fugitive dust control plan and accompanying certification required by 35 Ill. Adm. Code
E 845.500(b)(7).
E Preliminary written closure plan as specified in 35 lll. Adm. Code 845.720(a).
d=
Q
g / Initial written post-closure care plan as specified in 35 Ill. Adm. Code 845.780(d), if applicable.
<

A certification as specified in 35 Ill. Adm. Code 845.400(h), or a statement that the CCR surface
impoundment does not have a liner than meets the requirements of 35 Illl. Adm. Code
845.400(b) or (c).

History of known exceedances of the groundwater protection standards in 35 Ill. Adm. Code
845.600, and any corrective action taken to remediate the groundwater.

<

/ Safety and health plan, as required by 35 Ill. Adm. Code 845.530.

For CCR surface impoundments required to close under 35 Ill. Adm. Code 845.700, the
/ proposed closure priority categorization required by 35 Ill. Adm. Code 845.700(g).

SECTION 5: GROUNDWATER MONITORING

5.1 Check the corresponding boxes to indicate you have attached the following groundwater monitoring
information:

/ A hydrogeologic site characterization meeting the requirements of 35 lll. Adm. Code 845.620.

Groundwater

/ Design and construction plans of a groundwater monitoring system meeting the requirements
of 35 Ill. Adm. Code 845.630.

IEPA BOW I1D013-00-0821
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6.1

Certifications

v

A groundwater sampling and analysis program that includes section of the statistical
procedures to be used for evaluating groundwater monitoring data, required by 35 Ill. Adm.
Code 845.640.

v

845.650(b).
SECTION 6: CERTIFICATIONS

Check the corresponding boxes to indicate you have attached the following certifications:

Proposed groundwater monitoring program that includes a minimum of eight independent
samples for each background and downgradient well, required by 35 Ill. Adm. Code

v

A certification that the owner or operator meets the financial assurance requirements of
Subpart I, as required by 35 Ill. Adm. Code 845.230(d)(2)(N).

Hazard potential classification assessment and accompanying certifications required by 35 IIl.
Adm. Code 845.440(a)(2).

Structural stability assessment and accompanying certification, required by 35 Ill. Adm. Code
845.450(c).

Safety factor assessment and accompanying certification, as required by 35 Illl. Adm. Code
845.460(b).

NININ S

Inflow design flood control system plan and accompanying certification, as required by 35 II.
Adm. Code 845.510(c)(3).

IEPA BOW ID013-00-0821
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October 2016

[llinois Power Generating Company
6725 North 500th Street
Newton, IL 62448

RE: History of Construction
USEPA Final CCR Rule, 40 CFR § 257.73(c)
Newton Power Station
Newton, lllinois

On behalf of lllinois Power Generating Company, AECOM has prepared the following history of
construction for the Primary Ash Pond at the Newton Power Station in accordance with 40 CFR §
257.73(c).

BACKGROUND

40 CFR § 257.73(c)(1) requires the owner or operator of an existing coal combustion residual (CCR)
surface impoundment that either (1) has a height of five feet or more and a storage volume of 20
acre-feet or more, or (2) has a height of 20 feet or more to compile a history of construction by
October 17, 2016 that contains, to the extent feasible, the information specified in 40 CFR §
257.73(c)(1)(1)—(xii).

The history of construction presented herein was compiled based on existing documentation, to the
extent that it is reasonably and readily available (see 80 Fed. Reg. 21302, 21380 [April 17, 2015]),
and AECOM's site experience. AECOM'’s document review included record drawings, geotechnical
investigations, etc. for the Primary Ash Pond at the Newton Power Station.

Newton Power Station — History of Construction § 257.73(c) Page 1 of 8
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HISTORY OF CONSTRUCTION

§ 257.73(c)(1)(i): The name and address of the person(s) owning or operating the CCR unit; the
name associated with the CCR unit; and the identification number of the CCR unit if one has
been assigned by the state.

Owner: [llinois Power Generating Company

Address: 1500 Eastport Drive
Collinsville, IL 62234

CCR Unit: Primary Ash Pond
The Primary Ash Pond does not have a state assigned identification number.

§ 257.73(c)(1)(ii): The location of the CCR unit identified on the most recent USGS 7%/, or 15
minute topographic quadrangle map or a topographic map of equivalent scale if a USGS map
is not available.

The location of the Primary Ash Pond has been identified on an USGS 7-1/2 minute
topographic quadrangle map in Appendix A.

§ 257.73(c)(1)(iii): A statement of the purpose for which the CCR unit is being used.

The Primary Ash Pond is being used to store and dispose of bottom ash and economizer ash
and to clarify non-CCR plant process wastewater. A portion of the bottom ash is reclaimed
from the Primary Ash Pond for beneficial reuse.

§ 257.73(c)(1)(iv): The name and size in acres of the watershed where the CCR unit is located.

The entire Primary Ash Pond and most of the Newton Power Station are located in the
Weather Creek Watershed with a 12-digit Hydrologic Unit Code (HUC) of 051201140504 and
a drainage area of 31,573 acres. The other portion of the Newton Power Station is located in
the Newton Lake Watershed with a 12-digit Hydrologic Unit Code (HUC) of 051201140503
and a drainage area of 967 acres (USGS, 2016).

§ 257.73(c)(1)(v): A description of the physical and engineering properties of the foundation
and abutment materials on which the CCR unit is constructed.

The foundation materials consist of upper clay and lower clay. The physical characteristics
properties of the upper clay layer are described as lean clay, fat clay, clayey sand, fat clay
with sand, lean clay with sand, silty sand, silty clay, silty clay with sand, sandy lean clay. The
upper clay soils exhibit a stiff to hard consistency. The physical characteristics of the lower
clay layer are described as glacial till consisting of sandy lean clay, silty sand, clayey silt with
sand, silty clay with sand, well graded sand with silt, lean clay, fat clay, clayey sand, silty clay,
lean clay with sand, clayey sand with silt, and fat clay with sand. The consistency of the
lower clay is very stiff to hard. A summary of the available engineering properties of the
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foundation materials is presented in Table 1 below. The engineering properties are based on
previous geotechnical explorations and laboratory testing.

Table 1. Summary of Foundation Material Engineering Properties

Effective (drained) Shear Total (undrained) Shear
Strength Parameters Strength Parameters
. Unit Weight|  Effective
Material (pch) . Effective
Friction Cohesion SJo'; Minimum C,
Angle ¢’
gled’ [~ s (psf)
(deg)
Upper Clay 130 29 0 0.40 (0’¢ 2 2,000 psf) )
0.63 (0’¢ < 2,000 psf)
Lower Clay 130 33 3,700 - 5,000

The Primary Ash Pond is an enclosed impoundment with embankments and does not have
abutments.

§ 257.73(c)(1)(vi): A statement of the type, size, range, and physical and engineering
properties of the materials used in constructing each zone or stage of the CCR unit; the
method of site preparation and construction of each zone of the CCR unit; and the
approximate dates of construction of each successive stage of construction of the CCR unit.

Physical properties for the embankment are described as lean clay, lean clay with sand, silty
clay, silty clay with sand, sandy lean clay, fat clay, fat clay with gravel and sand, fat clay with
sand and silt, fat clay with sand, and clayey silt. An available summary of the engineering
properties of the Primary Ash Pond embankment is presented in Table 2 below. The
engineering properties are based on previous geotechnical explorations and laboratory
testing.

Table 2. Summary of Construction Material Engineering Properties

Drained Strength Undrained Strength
M - Unit Weight Eff_ecjuve Effective
ateria f Friction . Sulo’
(pcf) Angle &' Cohesion e
¢’ (psf)
(deg)

Embaﬁkment 130 31 0 0.41 (o’. 2 500 psf)
Fill 1.39 (0’ < 500 psf)

The method of site preparation and construction of the Primary Ash Pond is not reasonably
and readily available.
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The approximate dates of construction of each successive stage of construction of the
Primary Ash Pond are provided in Table 3 below.

Table 3. Approximate dates of construction of each successive stage of construction.

Date Event
1977 Construction of Primary Ash Pond
Both Primary Ash Pond discharge pipes were lined with cured-in-place pipe
2009
(CIPP)
2014 Three areas along the interior berm were re-graded and covered with rip-rap

§ 257.73(c)(1)(vii): At a scale that details engineering structures and appurtenances relevant to
the design, construction, operation, and maintenance of the CCR unit, detailed dimensional
drawings of the CCR unit, including a plan view and cross sections of the length and width of
the CCR unit, showing all zones, foundation improvements, drainage provisions, spillways,
diversion ditches, outlets, instrument locations, and slope protection, in addition to the
normal operating pool surface elevation and the maximum pool surface elevation following
peak discharge from the inflow design flood, the expected maximum depth of CCR within the
CCR surface impoundment, and any identifiable natural or manmade features that could
adversely affect operation of the CCR unit due to malfunction or mis-operation.

Drawings that contain items pertaining to the requested information for the Primary Ash Pond

are listed in Table 4 below. Items marked as "Not Available" are items not found during a
review of the reasonably and readily available record documentation.
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Table 4. List of drawings containing items pertaining to the information requested in
§ 257.73(c)(L)(vii).

Primary Ash Pond

Dimensional plan

view (all zones) S-69
Dimensional

cross sections S-70
Foundation .
Improvements Not Applicable
Drainage ;
Provisions Not Applicable
Spillways and

Outlets S-50
Dl Not Applicable
Ditches PP
Instrument Plate 2,
Locations Fig. No. 2A
Slope Protection S-70
Normal

Operating Pool Not Available
Elevation

Maximum Pool .
Elevation Not Available
Approximate

Maximum Depth 49 feet

of CCR in 2016

All drawings referenced in Table 4 above can be found in Appendix B and Appendix C.

Based on the review of the drawings listed above, no natural or manmade features that could
adversely affect operation of the CCR unit due to malfunction or mis-operation were
identified.

8§ 257.73(c)(1)(viii): A description of the type, purpose, and location of existing
instrumentation.

Existing instrumentation at the Primary Ash Pond include vibrating-wire and open-standpipe
piezometers. The purpose of the piezometers is to measure the pore water pressures within
and around the impoundment. Two (2) open-standpipe piezometers (B-2 and B-3) were
installed in 2010 and the locations are presented on Plate 2 in Appendix C. Fourteen (14)

Newton Power Station — History of Construction § 257.73(c) Page 5 of 8
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vibrating-wire piezometers were installed in 2015 and the locations are presented on Figure

2A in Appendix C.

§ 257.73(c)(1)(ix): Area-capacity curves for the CCR unit.

Area-capacity curves for the Primary Ash Pond are not reasonably and readily available.

8§ 257.73(c)(1)(x): A description of each spillway and diversion design features and capacities

and calculations used in their determination.

The Primary Ash Pond contains two concrete, stop-log weir box structures that discharge to
the Secondary Pond. Weir box 1-A is located at the bottom of the embankment and is
connected to the lower 30-inch diameter (dia.) cured-in-place pipe (CIPP). Weir Box 1-B is
located approximately halfway up the embankment is connected to the upper 30-inch dia.
CIPP. Both discharge pipes were originally 30-inch dia. corrugated metal pipe (CMP) and
were lined in 2008 (see section § 257.73(c)(1)(xii) below for further information). The lower
discharge pipe from weir box 1A passes through the embankment between the Primary Ash
Pond and Secondary Pond. The upper discharge pipe from weir box 1B connects to the
lower discharge pipe within the embankment. In 2016, the discharge capacity of the Primary
Ash Pond was evaluated using HydroCAD 10 software modeling a 1,000-year, 24-hour
rainfall event. The results of the HydroCAD 10 analysis are presented below in Table 5.

Table 5. Results of HydroCAD 10 analyses

Primary Ash Pond

Approximate Minimum
Berm Elevation® (ft)

552.7

Approximate Emergency
Spillway Elevation® (ft)

Not Applicable

Starting Pool Elevation® (ft) 534.0
Peak Elevation® (ft) 534.9
Time to Peak (hr) 17.0
Surface Area (ac) 169.0
Storage® (ac-ft) 159.4

Note: 1. Elevations are based on NAVD88 datum

2. Storage given is from Starting Pool Elevation to Peak Elevation.

Newton Power Station — History of Construction § 257.73(c)
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8§ 257.73(c)(1)(xi): The construction specifications and provisions for surveillance,
maintenance, and repair of the CCR unit.

The construction specifications for the Primary Ash Pond are not reasonably and readily
available.

The provisions for surveillance, maintenance, and repair of the Primary Ash Pond are located
in Operation and Maintenance Manual for Primary and Secondary Ash Ponds (presented in
Appendix D).

The operations and maintenance plan for the Primary Ash Pond is currently being revised by
lllinois Power Generating Company. This section will be updated when the new operations
and maintenance plan is available.

8§ 257.73(c)(1)(xii): Any record or knowledge of structural instability of the CCR unit.

In September, 2008, a sinkhole was observed over the Primary Ash Pond discharge pipes.
After performing a video inspection, it is believed that an open joint in the primary 30-inch dia.
CMP discharge pipe allowed for soil to enter the discharge pipe and cause an internal void in
the embankment. The sinkhole was backfilled and compacted with soil and a cured-in-place
pipe (CIPP) was installed in both the upper and lower discharge pipes to prevent further
internal erosion to the embankment. Following completion of the discharge pipe modification,
grout was injected at several locations within the sinkhole to ensure any remaining voids
were filled surrounding the discharge pipes. Information about this event can be found in the
letter presented in Appendix E.

There is no record or knowledge of any other structural instability of the Primary Ash Pond at
Newton Power Station.

LIMITATIONS

The signature of AECOM's authorized representative on this document represents that to the best of
AECOM’s knowledge, information and belief in the exercise of its professional judgment, it is
AECOM'’s professional opinion that the aforementioned information is accurate as of the date of such
signature. Any recommendation, opinion or decisions by AECOM are made on the basis of AECOM's
experience, qualifications and professional judgment and are not to be construed as warranties or
guaranties. In addition, opinions relating to environmental, geologic, and geotechnical conditions or
other estimates are based on available data and that actual conditions may vary from those
encountered at the times and locations where data are obtained, despite the use of due care.

Sincerely,
Claudia Prado Victor Modeer, P.E., D.GE
Project Manager Senior Project Manager

Newton Power Station — History of Construction § 257.73(c) Page 7 of 8
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Appendix A: History of Construction Vicinity Map
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Appendix B: Newton Power Station Drawings

1. “Ash Pond & SO, Disposal Pond”, Drawing No. S-69, Revision N, 29 July, 1994, Sargent &
Lundy Engineers.

2. “Ash Pond Dike, Profile, Details, & Sections”, Drawing No. S-70, Revision M, 8 April, 1994,
Sargent & Lundy Engineers.

3. “Weir Box Structures at Primary and Secondary Settling Ponds”, Drawing No. S-50, Revision K,
25 March, 1994, Sargent & Lundy Engineers.

Newton Power Station — History of Construction 8257.73(c)



C:\temp\A53AEC7B-4EA9-416A-AB49-1E8D12116480\ns69.dgn

R000600

<
e — o LS | TEh
o \ i —_ a
-f‘ﬂllr,é‘ 5 é ~ 28 | |IBE o
AN | -l ) D SO wzzc| gl 15,
\\ e S0 RN S 52258 18
- b G j/ o=l g
VA (N ON 9 ozz23 |12 -
Z0 N Jp) 7 < =SP)) s EnVao—
% QE‘*\\S 7 & N?'/’) $ EE&E. FEEE
'\ X /S Lo Bz dad
Va5l 3
<-aT= 8
z#%gg' 3
o 9|
E2 ] N
24

Z 7~L\L‘ \\\\\ y

= /

-

il
A AL
N

I8 EE

al
(s

o ufulgl

ol
FATN 23
7

(28

2

REFERENCE DRAMNES

S-73 [ SITE_CONTOURS AND DEVELOPMENT PLAN

SECONDARY SETTLING PONDS.

SHEET 2.
S-40 | GRADING AND DRAINAGE PLAN. PLANT AREA
SHEET 3.

SHEET 4.
5-39 | GRADING AND DRAINAGE PLAN. PLANT AREA

$-50 | WEIR RBOX STRUCTURES AT PRIMARY AND
S-70 | ASH POND DIKE PROF ILE DETAILS & SECTION
5-507| GRADING & DRAINAGE PLAN- PLANT AREA- SHTT

"N
% o
7
Vo
e
- i

‘.an_\N“ -

EVEL FCR ENVIRONMENTAL

NOTES
THE WATER LEVAL o] ASH POSD SHAL- BS

MAINTAINED AT AN SEVATION (0°0' ABOVE Tre.

SEoivEnT
PIRPOSES.

TN S

°
,, [ oees m = 02
N NE
LS )/, (= g
eSS |
> RS \:_,?‘////‘/‘ o CERRR ; '~
» %@‘fﬁjﬁ%‘% e oy [l
~ 2 2|8 5[R[5[} 5
r}}}} ﬁtf/’/’ﬂ 2 [GEREREE
= Ol ami
) Ak RS | bkl gl
5 C pRRERRE
ERRER3GR —
FolajgaR[ER]
v RREREEE
11
AR
S (8 2
|* €[S | el
k Mw&M‘;l -

123

T T T T ) 3 T [ I *

1 [ [ ] (TN D N L B ) LI mT T T T T T

1of1



R000601

4029.985F:
B 7 5 J s v 4 3 N 2 ‘ 1
OL-S
A w2
. powre srehRat
o T/OKE B w55 TP OF RP-RAG
Pt
NN
. eossoo - NN
N N \“\1\\\\ 710" OF RIP-RAP Y ’
e Tiows Lsa0’ d\\ \\\\\\3
i wry fue \\\§\ \\\\\ N
AN \\\ X [
'