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MINING, SAND, OR OTHER BACKFILL WELLS

The U.S. Environmenta Protection Agency (USEPA) conducted a study of ClassV
underground injection wells to develop background information the Agency can use to evaluate the risk
that these wells pose to underground sources of drinking water (USDWSs) and to determine whether
additiond federa regulation iswarranted. The fina report for this study, which is called the ClassV
Underground Injection Control (UIC) Study, conssts of 23 volumes and five supporting appendices.
Volume 1 provides an overview of the study methods, the USEPA UIC Program, and genera findings.
Volumes 2 through 23 present information summearies for each of the 23 categories of wdlsthat were
studied (Volume 21 covers 2 well categories). Thisvolume, which is Volume 10, covers ClassV
mining, sand, or other backfill wdls.

1. SUMMARY

Mine backfill wels are used in many mining regions throughout the country to inject a mixture of
water and sand, mill tailings, or other materids (e.g., coa combustion ash, coa cleaning wastes, acid
mine drainage (AMD) trestment dudge, flue gas desulfurization dudge) into mined out portions of
underground mines. On occasion, injection (in low porogty grout form) aso occurs into the rubble
disposa areas a surface mining sites. Mine shafts and pipdines in an underground mine, aswell as
more “conventiond” drilled wells, used to place durries and solids in underground mines are consdered
mine backfill. Such wells may be used to provide subsidence control (the most common purpose),
enhanced ventilation control, fire control, reduced surface disposal of mine waste, enhanced recovery
of minerds, mitigation of AMD, and improved safety.

The physical characteristics and chemical composition of the materias that are injected into
backfill wells vary widdly depending on the source of the backfill materia, the method of injection, and
any additives (e.g., cement) that may be included. Datafrom leaching tests (e.g., USEPA Method
1311 Toxicity Characteristic Leaching Procedure (TCLP)) of backfill materids indicate that
concentrations of antimony, arsenic, barium, beryllium, boron, cadmium, chromium, lead, mercury,
molybdenum, nickd, selenium, thalium, sulfate, and zinc frequently exceed primary maximum
contaminant levels (MCLs) or hedth advisory levels (HALS). Concentrations of auminum, copper,
iron, manganese, total dissolved solids (TDS), and sulfate, as well asthe pH, frequently exceed
secondary MCLs.

At steswhere water is present in the injection zone (the previoudy mined ore body), the mine
water may aready exceed MCLs or HALSs prior to injection ether asaresult of mining activity or
natura conditions. At such sites, one objective of injection often isto improve the dready poor qudity
of the mine water by reducing the availability of oxygen in the mine workings and/or neutrdlizing AMD.
In other areas, water from cod beds may be used to supply domestic wells.

No incidents of contamination of a USDW have been identified that are directly attributable to
injection into mine backfill wells. Although ground water contamingtion is not uncommon a mining
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gtes it isgenerdly difficult to identify the specific causes. The chance that backfill injection will
contribute to ground water contamination is highly dependent ondite conditions, including mine
minerdogy, Ste hydrogeology, backfill characteristics, and injection practices. Some studies of the
effects of backfill injection on mine water quality show that concentrations of some cations and anions
can increase in mine water following injection, whereas concentrations of trace metals generaly are
relaively unaffected or decline over time. Other studies (at other Stes) show an increase in selected
metal concentrations.

The vulnerability of mine backfill wdlsto recaiving spills or illicit discharges aso depends on
ste-gpecific conditions and practices. For example, if coa ash is hauled to amine Site, durried with
water, and then injected, the likelihood of contamination of the injected materia resulting from a sill or
illicit discharge isrdaively low. On the other hand, if mill tailings are collected in atailings pond dong
with Ste runoff and other facility wastes prior to injection, then the likelihood of contamination of the
backfill materid by spills would be higher.

According to the state and USEPA Regiond survey conducted for this study, there are
gpproximately 5,000 documented mine backfill wells and more than 7,800 wells estimated to exist in
the United States A tota of 17 states report having mine backfill wells. More than 90 percent of the
documented wells reported are in four states: Ohio (3,570), Idaho (575); West Virginia (401), and
North Dakota (200). In truth, there may be more due to the broad scope of thiswell type and the fact
that some state inventories may count these wells as subsidence control wells while others did not.
Also, the number of active wels a any given time varieswiddy due to their generdly short life span,
mogt often afew days or less. The number of mine backfill wells has the potentid to grow in the future
due to the growing movement to decrease surface disposal and control ground subsidence.

State regulaions pertaining to mine backfill wells vary sgnificantly in their scope and stringency.
Some states impose few restrictions while others require permitting, or impose requirements by contract
rather than regulation. Some of these approaches include permit by rule (e.g., West Virginia, Idaho,
North Dakota), genera or area permits (e.g., Wyoming), and individud permits (e.g., Ohio). In
addition, federd requirements for planning and approva of mining activities include mine backfill
activities. These requirements gpply in states that have not obtained primacy under the Surface Mining
Control and Reclamation Act and to activities on federal and Native American triba lands.

2. INTRODUCTION

Under the existing UIC regulations, Class V injection wells include “ sand backfill and other
backfill wells used to inject amixture of water and sand, mill tailings or other solids into mined out
portions of subsurface mines whether what is injected is aradioactive waste or not” (40 CFR
146.5(e)(8)). Piping systems within mine shafts and workings, as well as more “ conventiond” drilled
wells, used to place durries/solids in underground mines are congdered mine backfill wells under the
USEPA’s UIC regulaions. Similarly, mine shafts are consdered backfill wells if backfill isinjected into
the shaft.
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Backfill injection is extremely diverse. Although subsidence control is a common objective of
backfilling, injection can be performed for awide range of reasons, as noted above. The types of
materidsthat areinjected are amilarly diverse, and include materids (and various mixtures of materids)
resulting from cod mining and combustion, primary and precious meta mining, uranium mining, and
non-metal mining. The environmental settingsin which the mines are located and injection occurs are
amilarly diverse. Thisvolume only provides an overview and a generd categorization of mine
backfilling ectivities

3. PREVALENCE OF WELLS

For this study, data on the number of ClassV mining, sand, or other backfill wells were
collected through a survey of state and USEPA Regiond UIC Programs. The survey methods are
summarized in Section 4 of Volume 1 of the ClassV Study. Table 1 lists the numbers of ClassV
mining, sand, or other backfill wellsin each state, as determined from this survey. The table includes
the documented number and estimated number of wells in each state, dong with the source and basis
for any estimate, when noted by the survey respondents. If agtateis not listed in Table 1, it means that
the UIC Program responsible for that State indicated in its survey response that it did not have any
Class V mining, sand, or other backfill wells.

In 1998, atota of gpproximately 5,000 mine backfill wells were reported nationwide, al of
which are reported to bein 17 dates. Asindicated in Table 1, several states estimated that the actua
number of mine backfill wellsis greater than the number reflected in their documented inventory. In
addition, some gates did not provide inventory informetion, dthough it islikely that wells exist in some
of these dates. Thus, the actud number of operating mine backfill wellsin 1998 is estimated to be at
least 7,800. The fact that they often exist for ardatively short operating time (in some cases, afew
days or less) complicates development of a precise count of mine backfill wellsin use during agiven
year, as exemplified by the information provided by Pennsylvania, Texas, lllinois, and West Virginiaand
summarized in Table 1.

4, BACKFILL CHARACTERISTICS AND INJECTION
PRACTICES

4.1  Injectate Characteristics

A wide assortment of materids are used for backfilling of underground mines. These materids
may include waste rock, mining and ore beneficiation wastes (e.g., mill tailings, cod cleaning wadtes),
cod combustion ash and flue gas desulfurization (FGD) dudge resulting from coa combustion, or
dudge from AMD treatment operations. Mill tailings have been reported to be the most commonly
used mine backfill materias, because they are inexpendve and aundant (Underground Injection
Council Research Foundation, 1988).
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Table 1. Inventory of Mine Backfill Wellsin the U.S.*

State

Documented
Number of Wells

Estimated Number of Wells

Number

Sour ce of Estimate and M ethodology*

USEPA Region 1 -- None

USEPA Region 2 -- None

USEPA

Region 3

MD

N/A

PA

NR

NR

Injection for subsidence control is common, but no wells were
reported to be active at the time of the survey. A total of 1,123
wells are planned as part of four projects awaiting approval.

PA only includes wells used for subsidence control in the
“backfill injection” category.

VA

NR

NR

USEPA Region reportsthat backfill wells exist in VA, but the
number of wells is not documented by the Region and was not
available from the state.

401

<401

Best professional judgement. Most backfill wells are used for
fire control and are closed when the fire is extinguished, so state
staff believe that most of these wells have been closed. Backfill
wells used for subsidence control (73) are also included in the
inventory.

USEPA

Region 4

AL

22

22

N/A

KY

NR

NR

State staff report that backfill wells exist in K, but none are
documented.

TN

N/A

USEPA

Region 5

19

17

2 of the 19 wells may not have commenced operations. UIC
inventory shows 34 wells, but state personnel believe many
have been closed and abandoned.

98 (UIC)
83 (Region)
2 (DNR)

NR

Combination of state and regional information: state does not
routinely distinguish mine backfill wells from some other
categories of ClassV wells. The 1997 UIC inventory isa
compilation from the region and an 1988 EEI study. DNR
believesthat at least 2 wells are not included in the region’s
inventory.

OH

3,570

6,400

Best professional judgement, based on knowledge of areas
containing mines and installation frequency of backfilling wells.

USEPA

Region 6

X

61

61

Although 61 wells are in the UIC inventory, al of these wells

may be closed.
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Table 1. Inventory of Mine Backfill Wellsin the U.S.

(continued)
Documented Estimated Number of Wells
State
Number of Wells Number Sour ce of Estimate and M ethodol ogy*
USEPA Region 7
KS 48 48 N/A
MO 15 15 N/A
USEPA Region 8

CO 2 NR N/A
USEPA Region 8 Montana Operations Office staff believe that

MT NR NR backfill wells may existin MT. However, neither the USEPA
Region nor the state has inventory data on such wells.

ND 200 200 N/A

D 1 1 N/A

UT 0 2 State database shows that 2 wells are under construction, but
have never been completed due to economic factors.

WY 20 >20 Best professional judgement. The documented 20 wells do not
include subsidence prevention wells. No information was
available for subsidence prevention wells.

USEPA Region 9
CA 17 17 State personnel did not provide estimate but indicated that they
suspect that more than the documented number of wells exist.
USEPA Region 10
AK 1 >1 N/A
ID 575 575 N/A
All USEPA Regions
5,060 >7,890 Total estimated number counts the documented number when
All States

the estimate is NR.

! Unless otherwise noted, the best professional judgement is that of the state or USEPA Regiond staff completing the survey

questionnaire.

N/A Not available.

NR Although regional, state and/or territorial personnel reported the presence of the well type, the number of wells was not
reported, or the questionnaire was not returned.

* Backfill wells regulated by states primarily under other UIC categories are not included. For example, Kansas applies Class 111
requirements (in addition to Class V requirements) to wells used to backfill solution-mined salt caverns.
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Backfill materias may dso contain cementing agents and other additives, such as cemen.
These agents normally are added to increase the suitability of the materia for providing structura
support. The use of aparticular backfill materia depends on its availability, cost, and properties after
placement (Karfakis, 1996). Backfill materia needsto be physicaly, hydrologicdly, chemicaly, and
minerdogicaly stable, especialy when subsidence control is one of the objectives of backfilling. To
provide long-term stability, fill materiad must ress infiltration and conductance of ground water, because
water migration can weaken backfills by promoting chemica reactions. Further, low permegbility
reduces the potentia for contaminants to leach into ground water (Jude, 1995).

The characterigtics of the backfill materials most commonly injected into underground mines are
discussed below. The information presented is not an exhaustive compilation given the wide range of
materials and practices. Examples of site-specific operations are provided in Section 4.3.

4.1.1 Mill Talings

Mill tallings typicaly consst of afindy ground mixture of processed ore, disaggregated host
rock, and traces of the solutions used (if any) in ore beneficiation operations. In some backfill
goplications, mill tailings (with or without Sze classfication) are durried with water and injected into
underground mines in what is often referred to as a* hydraulic sandfill” or “sand backfill” operation (see
Section 4.3) (Levens, 1993; Sutter Gold Mining Company, 1998; Scheetz Mining Company, 1999).2
In other gpplications, mill tailings are mixed with cement or other pozzolanic materia® to form a
pumpable materid with reative low (10 to 25 percent) moisture content this is often referred to as
paste backfill. When mixed with cement or asmilar additive, the resulting backfill may aso be referred
to as cemented sandfill. Thefine solid particles may consst of naturaly occurring metamorphic and
igneous clay-szed to sand-sized materiad and metamorphic rock fragments (Brackebusch, 1994).

Avallable data on the chemica compodtion of mill tailings sandfill durry or backfill paste
injected into mines are limited. Leachate datafor mill tailings, however, are available and are included.
Table 2 provides information on tailings used as backfill at severd facilities. As shown, these materias
may contain significant quantities of iron and trace metds.

The chemica characterigtics of tailings used for backfill are determined primarily by the
characterigtics of the ore body and host rock and to alesser extent the extraction processes used.
Thus, in many cases the chemica characterigtics of the mill tallings injected into underground

! The particle size of mill tailings depends primarily on the beneficiation and processing techniques
employed.

2 These terms may aso be used to refer to materias other than mill tailings, such as materials used in
backfilling of underground coa mines.

3 Material that reacts at ambient temperature with moisture to form a slow-hardening cement.
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Table 2. Chemical Characteristics of Selected Metal Mine Tailings Backfill

Pb-Zn Mine Tailings (ppm)* Zn Mine (ppm)**

Constituent @ (2) (3) (4) (5)
Aluminum 19,000 15,000 14,000
Arsenic <300 500 1,500
Barium 200 80 44
Cadmium 16 8 13 6.00 <0.006
Calcium 2,300 3,300 3,700
Chromium 90 80 100
Cobalt 10 20 30
Copper 210 250 620 33.0 <0.05
Iron 53,000 57,000 54,000
Lead 1,800 1,500 1,500 9.96 <0.04
Manganese 5,600 5,000 1,600
Magnesium 1,900 2,400 1,400
Mercury <0.05 <0.0002
Molybdenum <50 <50 <50
Nickel 200 330 240
Potassium 5,500 5,800 5,100
Silicon 334,000 348,000 358,000
Sodium 400 600 500
Zinc 4,300 2,500 5,800 1,100 0.654

(1) Cemented tailings backfill collected from atest stope.

(2) Uncemented tailings backfill collected from a stope about 10 years after placement.
(3) Uncemented tailings backfill collected from new tailings.

(4) Sample of solids from tailings impoundment.

(5) Sample of water from tailings impoundment.

* Source: Levens, 1996

** Source: ASARCO, 1998

mines are Smilar to the ore body before it was mined even though the physicd characterigtics (i.e,
particle Sze) have changed. Asshown in Table 3a, avariety of leaching tests have been performed to
evauate the potentid effect of the changein physica characterigtics on the release of metds from
backfilled mill tailings at alead and zinc mine. For the congtituents andlyzed, concentrations frequently
exceeded the primary drinking water standards (MCLs) or HAL s in both of the acidic leaching tests.
When leaching tests were performed using delonized water, only lead concentrations exceeded a
hedlth-based standard. The type of leaching test used varies depending on the conditions anticipated in
the mine. Laboratory leaching data from gold mines that also backfill tallings as part of mining
operations are shown in Table 3b. (Information on mine water analyses from backfilled stopes and
other field monitoring of leachate quality is discusson in Section 5.) As shown, concentrations of
arsenic, barium, chromium, lead, and nickel exceed MCLsin USEPA
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Table 3a. Chemical Characteristics of L eachatesfrom Selected Mill Tailings

Drinking Water Health Advisory

Standard Level Pb-Zn Mine Tailings Leachate Concentrations (mg/l)
Cancer
Primary or HCI/HNOz* Deionized water** H,S0,***
or Noncance

Constituent mg/| Secondary mg/l r () (2 (3) (4) (5) (6) (4) (5) (6)

Aluminum 0.05to S -- 21 20 19 02 22 02 540 044 801
0.2

Arsenic 0.05 P 0.002 C 1.2 6.0 104 - -- -- -- -- --
Barium 2 P 2 N 0.3 0.03 0.02 0.17 0.08 0.06 0.01 0.003 ND
Boron -- 0.6 N -- 084 051 -- -- -- -- -- --
Cadmium 0.005 P 0.005 N 0.17 0212 034 -- -- -- 001 032 18
Calcium -- -- 23.0 354 388 542 961 183 640 716 623
Chromium 0.1 P 0.1 N -- 040 0.25 -- -- -- -- -- --
Cobalt -- -- -- 013 017 - -- -- -- -- --
Copper 1.3 P -- 0.69 056 0.69 004 009 ND 0.10 0.07 0.68
Iron 0.3 S -- 306 312 186 02 02 01 6.6 6.8 976
Lead 0.015 P -- 320 216 278 006 ND 002 090 16 39
Manganese 0.05 S -- 324 294 95 ND 01 ND 528 653 648
Magnesium -- -- 11.2 124 6.4 -- -- -- 952 125 110
Nickel 0.1 P 0.1 N -- 016 021 -- -- -- -- -- --
Potassium -- -- 09 09 08 73 155 266 39 14 3.0
Silicon -- - 22 22 17 66 67 85 146 347 157
Silver 0.1 S 0.1 N 0.04 0.02 0.03 -- -- -- -- -- --
Sodium - -- 052 0.12 041 79 147 140 8.0 8.7 9.4
Sulfur -- -- 7.8 37 86 -- -- -- -- -- --
Sulfate 250 S -- -- -- -- 86.1 130 366 1,807 2,050 3,622
Zinc 2/5 P/S 2 N 219 149 354 006 ND 0.05 0.97 33.7 336

ND = Not detected.

* Overnight shaking of 1 g of backfill with mixture of HCI (2 cm®), HNOs (4 cm?), and 20 cm?® water with filtering prior to analysis.
** \Washing with deionized water for 7 days.

*** Washing with H,SO, for 227 days.

(1) Cemented tailings backfill collected from atest stope.

(2) Uncemented tailings backfill collected from a stope about 10 years after placement.

(3) Uncemented tailings backfill collected from new tailings.

(4) Sametailings material as (1) with cement added in the laboratory.

(5) Sametailings material as (2) with cement added in the laboratory.

(6) Same tailings material as (3) with cement added in the |aboratory.

Source: Levens, 1993; 1996
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Table 3b. Chemical Characteristics of Laboratory L eachates from Tailings Backfill
in Underground Gold Mines (concentrationsin mg/l)

Condiituent ~ Units Drinking Weter Hedlth Advisory Levels @ ) 3 4
Standards

Aluminum mg/l 0.05-0.2 S - - - -- -
Antimony mg/l 0.006 P 0.003 N - - - <0.00976
Arsenic mg/l 0.05 P 0.002 C 0.030 0.025 006 0.0244
Barium mg/l 2 P 2 N 0.623 115 82 00415
Beryllium mg/l 0.004 P 0.0008 C - -- - <0.0021
Cadmium mg/l 0.005 P 0.005 N <0.001 0.0012 0.0011 <0.00275
Chromium mg/l 01 P 01 N 0.004 0.30 025 <0.0033
Cobdt my/ - - -- - - <0.0025
Copper mg/l 13 P - -- -- - <0.0030
Gold mg/l -- - -- -- -
Iron mg/l 03 S - - - --
Lead mg/l 0.015 P - 0.001 0.030 0.007 <0.00505
Mercury mg/l 0.002 P 0.002 N 0.0009 0.0003 0.0002 <0.00004
Molybdenum  mgl - 004 N - -- - <0.0043
Nicke mg/l 01 P 01 N - 0.25 0.10 <0.00415
Sdenium my/ 0.05 P - <0.005 0.002 0.002 <0.0108
Silver my/l 01 S 01 N <0.001 0.0021 0.0022 <0.0030
Thdlium mg/l 0.002 P 0.0005 N - -- - <0.0118
Vanadium mg/l -- - -- -- -- <0.0052
zZinc mg/l 5 S 2 N -- 0.030 0.33 <0.00525

(1) TCLP extraction analysis of sand backfill from Homestake Mine

(2) EP extraction analysis of backfill tailings from Homestake Mine open cut and fill stope 20 years after backfill
(3) EP extraction analysis of backfill tailings from Homestake Mine stope 2 years after backfill

(4) Underground fill material from Sutter Gold Mine

Source: Scheetz, 1999; Righettini, 1999

Method 1310 Extraction Procedure (EP) leachate from sand backfill but not in TCLP leachate
(USEPA Method 1311).

Backfilling of tailings aso occurs in association with non-metal mining activities For example,
backfilling of tailings occurs a a soda ash and caudtic production facility in Wyoming. Available data
on chemical characteristics of the injected tailings durry indicate that pH and presumably the dissolved
solids content exceed secondary MCLs of 6.5 to 8.5 for pH and 500 mg/l for total dissolved solids, as
shown below (Tg Soda Ash, 1997).
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No. of

Parameter Samples Minimum Maximum Average Mean
pH 207 9.84 12.49 10.51 10.48
% Solids 207 0.00 29.58 14.66 15.16

4.1.2 Cod Combustiion Ash

Coa combustion ash and cement (when needed) are mixed (mass retio on the order of 9:1) and
durried with water to produce a high-volume, low-strength fluid materid that is used to fill mined-out
sections of underground mines. Gradua hardening of the durry after injection will occur without
bleeding (Vlasak, 1993). In addition, this materid can be used in related mine gpplications such as
congtruction of packwalls and filling of abandoned entries (Jude, 1995).

Coa combustion ash characteristics depend primarily on the characterigtics of the cod burned
and the type of combustion technology utilized. For example, fly ash from conventiond pulverized cod
combustion (PCFA) is a powder-like substance typicaly collected from flue gas exhaust ducts using
electrogtatic precipitators or fabric filter units. PCFA derived from burning subbituminous cod and
lignite produced in the Western U.S. typically has a calcium oxide content greater than 10 percent (on a
weight basis), making it a self-hardening and pozzolanic materid when in the presence of water. PCFA
derived from bituminous or anthracite coa produced in the Eastern U.S.,, on the other hand, generaly
has a much lower cacium oxide content and, thus, requires the addition of either cement or lime and
water to achieve hardening properties (Jude, 1995).

Another type of fly ash results from fluidized bed combustion (FBC). Thistype of fly ashis
derived from crushed cod and limestone burned in a“bed” of ash particles suspended upward by
blowing air in the combustion chamber. FBC ash is made up of larger particles composed mainly of
cod minerd matter, calcium sulfate and unreacted lime that result from the sulfation and calcination of
the limestone (Jude, 1995).

Available data on the chemica composition of cod combustion ash durriesinjected into mines
arelimited. Dataon cod ash (prior to durrying and/or mixing with other materids) and leachate data
for cod ash are available and are included for reference, dthough the leachate characteritics of
mixtures of ash and cement or other materials may differ. Tables 4a through 4e summarize information
from sdected sudies that provide information on the chemica characterigtics of coa combustion ash.
As shown, trace metal composition varies over awide range for each type of materid (e.g., bottom
ash) and among types of materids. Table 4d further illudtrates the variability by type of materid and
type of cod based on data from a power plant in Kentucky. Table 4e provides a comparison of the
meta content of ash from a Pennsylvania facility to soil.
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Table4a. Coal Combustion Ash Characteristics from Sdected Studies

Number of Concentration (ppm
DataSource  Analyte Nganrwrl])?r of Non-Detected (bPrm)
ples Values Mean Minimum Maximum Median
Mechanical Arsenic n/a n/a n/a 3.3 160 25.2
Hopper Ash (a) Barium n/a n/a n/a 52 1152 872
Boron n/a n/a n/a 205 714 258
Cadmium n/a n/a n/a 0.40 14.3 4.27
Chromium n/a n/a n/a 83.3 305 172
Cobalt n/a n/a n/a 6.22 76.9 48.3
Copper n/a n/a n/a 42.0 326 130
Fluorine n/a n/a n/a 2.50 83.3 41.8
Lead n/a n/a n/a 5.2 101 13.0
Manganese n/a n/a n/a 123 430 191
Mercury n/a n/a n/a 0.008 3.00 0.073
Selenium n/a n/a n/a 0.13 11.8 5.52
Silver n/a n/a n/a 0.08 4.0 0.70
Strontium n/a n/a n/a 396 2430 931
Vanadium n/a n/a n/a 100 377 251
Zinc n/a n/a n/a 56.7 215 155
Fine Fly Ash (b) Arsenic n/a n/a n/a 2.3 279 56.7
Barium n/a n/a n/a 110 5400 991
Boron n/a n/a n/a 10.0 1300 371
Cadmium n/a n/a n/a 0.10 18.0 1.60
Chromium n/a n/a n/a 3.6 437 136
Cobalt n/a n/a n/a 4.90 79.0 35.9
Copper n/a n/a n/a 33.0 349 116
Fluorine n/a n/a n/a 0.40 320 29.0
Lead n/a n/a n/a 3.10 252 66.5
Manganese n/a n/a n/a 24.5 750 250
Mercury n/a n/a n/a 0.005 2.50 0.10
Selenium n/a n/a n/a 0.60 19.0 9.97
Silver n/a n/a n/a 0.04 8.0 0.501
Strontium n/a n/a n/a 30.0 3855 775
Vanadium n/a n/a n/a 11.9 570 248
Zinc n/a n/a n/a 14.0 2300 210
1993 Data(c) Antimony 46 35 10.5 0.2 205 4.6
Arsenic 81 3 76.4 0.0003 391.0 43.4
Barium 74 3 1589 0.02 10850 806.5
Beryllium 12 0 201.8 0.200 2105 5.0
Boron 27 0 469.5 2.98 2050 311
Cadmium 66 41 6.1 0.0100 76.0 3.4
Chromium 83 8 129 0.19 651 90
Copper 78 1 123 0.20 655 112
Lead 76 2 67.0 0.02 273 56.8
Mercury 27 7 4.3 0.013 49.5 0.1
Nickel 71 0 117.5 0.1 1270 77.6
Selenium 81 16 8.7 0.0003 49.5 7.7
Silver 62 42 3.7 0.01 49.5 3.2
Thallium 11 4 19.2 0.15 85.0 9.0
Vanadium 61 5 397 43.5 5015 252
Zinc 79 0 286.5 0.28 2200 148
Source USEPA, 1993b (a) Mechanical hopper fly ash data from Tetra Tech’s 1983 Study and presented in the 1988 RTC.

(b) Fine fly ash datafrom Tetra Tech’s 1983 Study and presented in the 1988 RTC.
(c) Statistics calculated assuming that val ues below the detection are equal to ¥ the detection limit.
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Table4b. Coal Combustion Ash Characteristics from Pennsylvania Facilities

Concentration (ppm)

Media
Elements No. of Vaues  Minimum Maximum Mean n

Major Elements
Aluminum 199 12 156000 24661 19160
Calcium 23 3 400000 59114 6200
Iron 200 8 130000 20872 13663
Magnesium 25 5 3840 1501 1140
Manganese 191 .07 2980 153 70
Sulfate 189 4 10500 770 447
Trace Elements
Antimony 80 .01 142 35.6 285
Arsenic 195 .03 22320 27124  17.05
Barium 109 .16 2960 303.5 194
Boron 144 .016 3995 160 40
Cadmium 91 .02 30 33 142
Chromium 201 .05 360 46.4 34
Cobalt 21 4.32 82.6 21.96 15
Copper 194 .04 474 48.09 325
Lead 179 .04 225 37.1 27.3
Mercury 134 .0003 5.44 .56 4
Molybdenu 103 .23 108 204 16
m
Nickel 190 .015 753 44.8 22
Sdlenium 138 .0022 7540 63 34
Silver 73 .015 22 37 12
Zinc 199 .05 841 61.5 26

Total number of values in solids data set = 242.

Source; Kim, 1997
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Table4c. Summary of Fluidized Bed Combustion Ash Composition
— (concentrationsin ppm)

Matert al Num O* M ni mum 25th S0th /s5th 90th 95th Maxi num
Type Constituent Val ues Val ue Percentile Percentile Percentile Percentile Percentile Val ue
n ams 34 9. 000 3825. 00 I . . . . .
Ant i nony 58 0.100 2.50 3.50 28.00 62. 00 111. 40 1775. 00
Arseni c 62 0. 250 3.50 9.93 34.70 58. 00 82.00 119.70
Barium 68 0. 050 7.00 62.15 172.00 274.00 316. 10 453. 00
Beryllium 38 0.500 0.50 1.10 8.00 15. 00 17.00 31.00
Bor on 52 0. 050 1.50 3.15 22.74 41.38 118. 00 304. 00
Cadmi um 61 0.003 0.50 0.50 1.50 3.60 6.75 14.00
Chrom um 68 3.700 5.00 16. 18 41.85 56.10 74.10 259. 80
Cobal t 47 0.125 1.40 3.90 14.00 37.90 51. 40 128. 40
Copper 65 0.500 1.70 90 18. 50 26.00 42.70 50. 00
Iron 33 6.200 9570. 00 13010. 00 15640. 00 18534. 00 21111.10 31500. 00
Lead 67 0. 050 1.50 2.50 26.00 56. 00 66.00 89. 90
Manganese 33 34.500 62.00 110. 00 379. 00 610. 00 719. 40 892. 90
Mercury 54 0. 000 0.01 0.10 0.10 0.43 1.10 208. 90
Mol ybdenum 52 0. 050 3.90 13.00 19. 60 27.00 48.00 190. 00
Ni ckel 63 2.000 22.50 66. 70 735.00 1000. 00 1270. 00 1440. 00
Pot assi um 41 1.300 100. 00 150. 00 240. 00 1340. 00 4700. 00 11950. 00
Sel eni um 56 0.001 0.52 2.00 3.50 3.50 13. 40 45.00
Silver 55 0. 005 0.50 0.50 1.00 5.00 7.00 338. 00
Thal li um 29 0.250 2.50 3.50 5.00 20. 00 25.00 50. 00
Vanadi um 37 12.000 1150. 00 3820. 00 5700. 00 7550. 00 8700. 00 10000. 00
Zi nc 65 1.000 20. 00 26. 00 33.10 52.70 147. 50 399. 00
Fl'y Ash Al'um num 42 20. 000 23495. 60 32835. 65 53415. 00 88900. 00 105920. 00 176300. 00
Ant i nony 66 0.100 2.86 3.50 36. 00 63.55 151.70 1370. 00
Arseni c 73 0.100 3.50 17.00 39.22 93.70 115. 00 176. 00
Barium 73 0.100 17.00 177.00 320. 33 540. 00 940. 00 7700. 00
Beryllium 39 0.500 0.50 1.20 6.00 11.00 15. 00 16. 00
Bor on 60 0. 050 1.50 6.98 50. 00 101. 95 606. 00 2473.00
Cadmi um 72 0.003 0.50 0. 60 2.10 4.00 7.00 13.00
Chromi um 76 0.500 6. 05 29.50 56. 45 77.60 104. 00 211.10
Cobal t 47 0.125 2.00 5.00 19. 00 33.90 75.30 178. 50
Copper 71 0.500 2.00 28.10 47.00 73.35 73.35 99. 00
Iron 46 22.170 18620. 00 26530. 00 32722.00 50900. 00 55962. 00 81318. 00
Lead 75 0.500 1.50 17.50 44.80 65. 00 73.00 129. 50
Manganese 42 0.100 86. 00 126. 40 196.70 470. 00 661. 60 57700. 00
Mercury 73 0. 000 0.10 0.31 0.95 1.68 7.35 384. 20
Mol ybdenum 67 0. 050 3.10 9. 00 21.10 28.50 48. 64 143. 60
Ni ckel 75 12.500 32.80 51.20 529. 00 825. 00 900. 00 1270. 00
Pot assi um 44 1.125 150. 00 214.50 3132.00 8332. 49 11478. 80 14680. 00
Sel eni um 69 0.001 2.05 3.50 5.40 23.00 39.00 166. 00
Silver 64 0. 005 0.50 0.50 2.00 3. 40 5.00 38.50
Thal i um 34 0.500 2.50 3.50 5.00 20. 00 25.00 39.01
Vanadi um 39 36.333 160. 00 2880. 00 3840. 00 4830. 00 5430. 00 10000. 00
Zi nc 73 1.000 28. 00 36. 00 54. 50 79.77 114. 40 167. 90
Conbl ned Ash Al um num 48 1. 090 1461/7.50 24585. 00 32950. 00 44500. 00 ©4000. 00 75850. 00
Ant i nony 45 0.003 0.50 10. 00 26.00 43.87 51.70 142. 00
Arseni c 60 0.140 08 13.05 32.49 68. 90 106. 15 115. 50
Barium 57 0.100 120. 00 180. 00 253.00 457.70 650. 00 690. 00
Beryl lium 12 0.295 0.99 1.91 2.51 5.00 9.50 50
Bor on 45 0.904 14. 40 21.10 31.95 45.00 49.00 1670. 00
Cadmi um 50 0. 000 0.25 0.69 1.34 3.49 5.00 00
Chronmi um 58 8. 000 19. 30 34.50 47.30 53.70 56. 00 1906. 00
Cobal t 30 1.200 2.84 4.60 8.00 9.80 12.54 18.70
Copper 56 1.900 19.10 26.10 37.45 71.00 249. 00 408. 10
Iron 48 850. 000 8042.50 12765. 00 18175. 00 26600. 00 28074.70 51600. 00
Lead 57 0.714 13.00 23.00 33.80 52.30 67.00 89. 00
Manganese 47 20. 000 49.00 61. 80 91.00 133. 00 170. 40 905. 00
Mercury 57 0. 000 0.06 0.26 0.61 0.80 2.78 29.00
Mol ybdenum 50 0. 050 2.50 9. 96 16. 00 24.00 27.00 41.00
Ni ckel 59 0.500 11.35 15. 40 23.00 70. 60 530. 00 985. 00
Pot assi um 26 2.820 2950. 00 4140. 00 5400. 00 6362. 00 6600. 00 9163. 00
Sel eni um 59 0.003 25 00 9. 80 16. 00 22.97 27.00
Silver 48 0. 005 0.35 0.75 1.70 2.45 5.00 21.80
Thal i um 8 0.180 1.88 5.19 18. 55 25.00 25.00 25.00
Vanadi um 11 19. 570 21.50 38. 00 838. 00 1700. 00 5000. 00 5000. 00
Zinc 57 6. 100 14. 40 19. 90 26. 00 48. 10 257. 00 90619. 00

Source: Council of Industrial Boiler Owners (CIBO), 1997
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Table4d. Comparison of Coal and Ash Content for Selected Metals

at a Kentucky Power Plant

High-sulfur Unit Low-sulfur Unit
Feed Cod Botto Feed Coal Botto
Mean* Feed Coal m Mean* Feed Coa Fly Ash Fly Ash m
(Whole Mean* Fly Ash Ash (Whole Mean* Mean* Mean* Ash
Element Coal) (Ash Basis) Mean* Mean* Coal) (Ash Basis) (Fine) (Coarse) Mean*
As 12 120 170 11 33 37 91 54 54
Be 15 15 19 14 24 27 27 22 16
Cd 0.4 3.6 55 0.8 0.1 0.8 1 0.8 -
Co 4.6 45 59 49 11 120 150 97 61
Cr 15 150 170 150 19 210 230 190 200
Hg 0.07 0.69 0.39 0.02 0.03 0.31 0.02 0.02 0.24
Mn 25 250 270 330 14 150 230 210 480
Ni 18 170 220 210 17 190 220 160 140
Pb 11 110 150 46 11 120 170 100 380
S 0.9 8.7 13 35 0.7 7.9 15 8.9 10
Se 25 26 8.9 0.59 5.6 52 11 0.82 17
Th 2 20 22 21 29 32 31 30 29
U 16 16 19 14 14 16 21 15 10
* Notes:

All elementsarein parts per million and are presented on the whole coal and as-determined basisfor the feed coal, and on as-determined

basis for the fly ash and bottom ash.

Leaders (--) indicate statistics could not be calculated owing to an insufficient number of analyses above the lower detection limit.

Source: Affolter, 1997.
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Table 4e. Comparison of Ash and Soil Composition for Selected Elements
at a Pennsylvania Power Plant

Comparison of Ashto U.S. Sails

Comparison of Ashto Locd Sails

Residentid Residentid
Sall Sall Soil Sail
Ash Average Range Ash (mgkg)* (mgkg)*
Congtituents (mgkg)* (pPmMW)* (PPMW)* (mgkg) (North) (South)
Aluminum 24100 66000 700 - >100,000 24100 12,000 15,500
Antimony 25 0.67 <1-88 25 54 <200
Arsenic 24 72 <01-97 24 19 26
Barium 1142 580 10- 5,000 1142 32 71
Boron <10.0 A <20- 300 <100 <100 <10
Cadmium <05 0.06 0.01-0.7 <0/5 <05 <05
Chromium 28 54 10-2,000 28 11 13
Cobdlt 7 10 <3-70 7 23 25
Copper 23 25 <1-700 23 32 A
Iron 9590 25,000 100 - >100,000 9590 32,000 33,700
Led 25 19 <5-70 25 27 18
Manganese 38 660 <1-7,000 38 1,020 400
Mercury <0.02 0.089 <0.01-46 <0.02 <0.02 <0.02
Molybdenum <10 <3-7 <10 <100 <10
Nickel 14 19 <5-700 14 39 a7
Potassum 5000 23,000 50 - 70,000 5000 670 460
Sdenium 24 0.39 <0.1-43 24 <05 <05
Siver 1 1 <10 <10
Zinc 138 60 <5-2,900 138 80 110
* Notes:

C  Ash analysis from Northampton Generating Plant (July 1996).

C U.S. soil analysis data based on results from a survey performed by the USGS team on native soils across the United States.

C Local soil analysis data from alocal survey performed by Hawk Mtn. Labsin early August 1996. Samples were taken near the
housing development on the north side of the quarry and along Chestnut Street on the south side.

Sources Ramsay, 1999

Tables 5a, 5b, 5¢ and 5d provide smilar data from laboratory leaching sudies using EP,
TCLP, and Synthetic Precipitation Leaching Procedure (SPLP) methods (USEPA Methods 1310,
1311, and 1312, respectively). As shown, the leachate concentrations vary depending on the study
and leaching method used, but in generd antimony, arsenic, beryllium, cadmium, lead, molybdenum,
selenium, and thallium typicaly (at least 50 percent of thetime) exceed MCLs or HALs. Leachate

concentrations of barium, boron, chromium, copper, iron, mercury, nicke, slver, and zinc dso exceed

MCLsor HALsin some cases. Because laboratory leaching data are not always predictive of leachate
chemigry in the field (Robl, 1999), data from field studies are discussed in Section 5.
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Table5a. Coal Combustion Ash L eachate Characteristics from Selected Studies

Drinking Water |Health Advisory
Concentration (mg/l1)* Standard Level
Number of Primary Cancer or
Number  Non-Detected or Noncance
DataSource  Analyte of Samples Values Mean  Minimum Maximum Median | mg/l Secondary] mg/l r
TetraTech  Arsenic n/a n/a 0.012 <0.004 1.46 n/a 0.05 P 0.002 C
(3
Barium n/a n/a 0.222 0.003 7.6 n/a 2 P 2 N
Cadmium n/a n/a 0.0047  0.0001 1.4 n/a  0.005 P 0.005
Chromium n/a n/a 0.036 0.001 0.68 n/a 0.1 P 0.1 N
Lead n/a n/a 0.005 <0.0001 0.25 na  0.015 P --
Mercury n/a n/a 0.00042 <0.0001  0.007 n/a  0.002 P 0.002 N
Selenium n/a n/a 0.01 <0.0001 0.17 n/a 0.05 P --
Silver n/a n/a 0.00064 <0.0001 0.20 na  0.10 S 0.1 N
ADL (b) Arsenic n/a n/a 0.08 0.002 0.410 n/a 0.05 P 0.002 C
Barium n/a n/a 0.34 0.1 0.7 n/a 2 P 2 N
Cadmium n/a n/a 0.03 0.002 0.193 nfa  0.005 P 0.005 N
ChromiumV1 n/a n/a 0.16 0.008 0.930 n/a 0.1 P --
Lead n/a n/a 0.01 0.003 0.036 nfa 0.015 P -
Mercury n/a n/a <0.002 <0.002 n/a  0.002 P 0.002 N
Selenium n/a n/a 0.05 0.002 0.340 n/a 0.05 P --
Silver n/a n/a <0.001 <0.001 --- n/a 0.10 S 0.1 N
1993 Data (c) Antimony 1 1 --- 0.0495 0.0495 --- 0.006 P 0.003 N
Arsenic 76 19 0.393 0.001 16.4 0.038 0.05 P 0.002 C
Barium 76 16 1.22 0.005 225 0.28 2 P 2 N
Beryllium 3 0.0187 0.001 0.0495 0.002 0.004 P 0.0008 C
Boron 4.01 0.126 17.1 0.955 --- 0.6 N
Cadmium 78 21 0.0342  0.0003 0.548 0.01 0.005 P 0.005 N
ChromiumV|1 78 25 0.249 0.001 8.37 0.0405 0.1 P --
Copper 8 1 0.888 0.0036 6.3 0.17 1.3 P -
Lead 77 39 0.0968  0.008 1.83 0.01 0.015 P -
Mercury 74 67 0.0023 0.00004 0.0495 0.0007 0.002 P 0.002 N
Nickel 7 1 4.54 0.0495 29.4 0.45 0.1 P 0.1 N
Selenium 77 18 0.0698  0.0005 0.376  0.027 0.05 P -
Silver 75 59 0.0161  0.0001 0.520 0.005 0.10 S 0.1 N
Thallium 1 - 0.0495 0.0495 - 0.002 P 0.0005 N
Vanadium 14 3 4.47 0.005 26.9 0.665  --- --
Zinc 16 1 10.82 0.009 111.0 0.372 5 S 2 N

* All data were obtained using the Extraction Procedure (EP) Toxicity leaching procedure.
(a) Data from Tetra Tech's 1983 Study and presented in the 1988 RTC. Tetra Tech'sresults are for coal ash in general.

(b) Data from Arthur D. Little's 1985 Study and presented in the 1988 RTC.
(c) Statistics calculated assuming that values below the detection are equal to % the detection limit

---: data not available

Sources USEPA, 1993b
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Table 5b. Coal Combustion Ash L eachate Characteristics from Selected Studies
Kincaid (50%)/Coffen (50%)
Drinking Health Advisory Levels Kincaid Station ~ Coffen Station Fly Ash L eachate (mg/l)
Water TCLP TCLP Deionized
Standard Cancer or 10/18/94 8/22/97 TCLP TCLP TCLP TCLP TCLP Water

mSonstituent (mag/l) ma/l Noncancer (mg/l) (ma/l) 34708 4/30/08  o/7/o8 8/20/08 _1l/17/98 _4/30/08
Antimony 0.006 P 0.003 N - 0.140 0.07 0.0332 0.03 0.06 0.09
Arsenic 0.05P 0.002 C 0.40 0.075 0.049 0.0267 0.20 0.10 0.28
Barium 2P 2 N 2 0.47 0.641 0.376 <1 <1 <1
Beryllium 0.004 P 0.0008 C 0.015 ND ND 0.019 <0.0002 <0.0001
Boron 0.6 N 34.2 51.68 92.1 49 35 23
Cadmium 0.005 P 0.005 N 0.30 0.163 0.168 ND 0.21 0.0005 0.0052
Chloride 250 S 34
Chromium 0.1P 0.1 N 14 0.083 0.166 0.39 0.31 0.023 0.043
Cobalt 0.11 ND ND 0.11 0.007 0.004
Copper 1.3P 0.43 ND ND 0.67 0.023 0.028
Cyanide, total 0.2P 0.2 N 0.011
Fluoride 4P 8.1
Iron 0.3S 0.17 ND ND 10 0.02 0.09
Lead 0.015P 04 0.04 ND ND 0.07 <0.01 <0.06
Manganese 0.05S 0.88 ND ND 19 0.10 0.1
Mercury 0.002 P 0.002 N <0.0002 ND ND ND <0.0002 <0.0002 0.0022
Nickel 0.1P 0.1 0.97 ND ND 0.80 0.090 0.094
Selenium 0.05P 0.046 0.011 0.451 0.869 0.05 0.29 0.3
Silver 0.1S 0.1 N <0.05 ND ND ND <0.005 <0.005 0.012
Sulfate 500 P ND 1210
Thallium 0.002 P 0.0005 N 0.021 ND ND <04 0.006 0.008
Zinc 5S 2 3.21 0.045 0.177 31 <1 <1

Source: Cridlip, 1999

Table5c. Coal Combustion Ash Leachate Characteristics from Pennsylvania Facilities

Mean/Median L eachate Concentrations Drinking Water Health Advisory
(in mg/l, by method) Standard Level
Elements ASTM(4)* EPTOX (10)* SPL P(20)* TCLP(200)* mg/l PIS* mg/l CIN*
Antimony BDL .15/.15 .13/.06 .28/.11 0.006 P 0.003 N
Arsenic 01/.008 .06/.02 .18/.09 .10/.03 0.05 P 0.002 C
Barium .40/.20 .20/.24 .29/.22 .40/.30 2 P 2 N
Boron BDL 1.09/1.02 2.1/.19 1.30/.50 -- 0.6 N
Cadmium .009/.009 .012/.004 .003/.003 .04/.02 0.005 P 0.005 N
Chromium .22/.22 .11/.02 .05/.06 .14/.08 0.1 P 0.1 N
Cobalt BDL BDL .01/.01 .22/.05 -- --
Copper .06/.05 .03/.01 .06/.04 .09/.05 1.3 P --
Lead .02/.02 .02/.02 BDL .17/.15 0.015 P --
Mercury BDL .001/.001 .001/.001 .01/.003 0.002 P 0.002 N
Molybdenum .02/.02 .10/.08 .39/.09 .23/.19 -- 0.04 N
Nickel .06/.04 .17/.15 .09/.08 .15/.12 0.1 P 0.1 N
Selenium .015/.015 .03/.05 13/.11 .12/.05 0.05 P --
Silver BDL .001/.001 .003/.003 .03/.02 0.1 S 0.1 N
Zinc 18/.18 35,29 04/,03 65/.14 5 S 2 N
* () Indicates number of samples per method; P=primary; S=secondary; C=cancer; N=non-cancer.
BDL=Below Detection Limit
Source: Kim, 1997
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Table5d. Summary of Fluidized Bed Combustion Ash L eachate Test Results*
(concentrationsin ppm)

Mat eri al Num of M ni mum 25th 50t h 75th 90t h 95t h Maxi num
Type Constituent Values Value Percentile Percentile Percentile Percentile Percentile Value
Bed Ash Al um num 26 0. 05000 0. 13000 0. 3250 1. 6000 10. 5000 13. 140 20. 600
Anti nony 26 0. 00250 0. 05000 0. 3350 0. 5000 0. 7100 0.920 1. 250
Arsenic 69 0. 00100 0. 01000 0. 0500 0. 0500 0. 1250 0. 180 0. 300
Bari um 67 0. 02500 0. 05000 0. 2000 0. 4520 0. 9000 1. 000 8. 400
Beryl |ium 11 0. 00008 0. 00500 0. 0250 0. 0500 0. 0500 0. 280 0. 280
Bor on 23 0. 00300 0. 10000 0. 1200 0. 5500 2. 6000 2.800 3. 950
Cadm um 63 0. 00100 0. 01600 0. 0250 0. 0300 0. 0500 0. 090 0. 500
Chr oni um 68 0. 00500 0. 02500 0. 0250 0. 0550 0.1770 0. 220 0. 320
Cobal t 15 0. 05000 0. 12500 0. 1400 0. 1750 0. 2500 0. 310 0. 310
Copper 30 0. 01000 0. 02000 0. 0495 0. 0600 0. 1340 0. 158 0.184
Iron 29 0. 04000 0. 09900 0. 1900 0. 5100 2.7900 3. 200 38. 800
Lead 69 0. 00500 0. 02500 0. 0500 0. 2500 0. 3600 0. 418 0. 710
Manganese 28 0. 00400 0. 03350 0. 0545 0. 1900 0. 7800 7. 600 10. 900
Mer cury 61 0. 00010 0. 00030 0. 0010 0. 0010 0. 0014 0.010 0. 100
Mol ybdenum 23 0. 05000 0. 12500 0. 1600 0. 2400 0. 6100 0. 940 1. 200
N ckel 54 0. 00500 0. 02500 0. 0500 0. 1600 0. 2360 0. 250 2. 500
Pot assi um 13 0. 12500 2..00000 5. 6000 8. 4000 11. 0000 18. 600 18. 600
Sel eni um 64 0. 00050 0. 00250 0. 0500 0. 0500 0. 1000 0.134 2. 500
Sil ver 63 0. 00150 0. 02400 0. 0250 0. 0430 0. 1000 0.125 0. 310
Thal | i um 7 0. 00500 0. 04500 0. 0500 0. 3250 0. 5000 0. 500 0. 500
Vanadi um 32 0. 02500 0. 10500 0. 3300 0. 4550 1. 6400 3. 400 40. 000
Zi nc 34 0. 00250 0. 02000 0. 0650 0.1110 0. 5100 1. 040 4. 460
Fl'y Ash Al uni num 35 0. 04000 0. 22000 0. 5000 8. 4500 23. 9000 111.000  120.800
Anti nmony 37 0. 00250 0. 03070 0. 1000 0. 5000 1. 1700 1.290 1. 520
Arseni c 81 0. 00050 0. 01100 0. 0500 0. 0500 0.1190 0. 250 0. 600
Barium 90 0. 02500 0. 08000 0. 3000 0. 6250 1. 5500 6. 500 42. 000
Beryl |ium 14 0. 00008 0. 00330 0. 0105 0. 0500 0. 0500 0. 050 0. 050
Bor on 33 0. 03000 0. 10000 0. 2800 0. 6000 0. 9800 1. 400 23.317
Cadm um 76 0. 00100 0. 02000 0. 0250 0. 0400 0. 0600 0. 100 0. 500
Chr oni um 83 0. 00500 0. 02500 0. 0500 0. 1200 0. 2000 0. 260 0.910
Cobal t 18 0. 00500 0. 04500 0. 0980 0.1370 0. 2500 0. 270 0. 270
Copper 39 0. 00500 0. 02000 0. 0580 0. 0850 0. 1330 0. 160 0.183
Iron 38 0. 01000 0. 09000 0. 1800 0. 5000 0. 7600 0. 900 7.790
Lead 80 0. 00100 0. 02500 0. 0500 0. 2685 0. 4450 0.518 0. 700
Manganese 37 0. 00250 0. 03000 0. 0500 0. 3300 0. 7300 1.100 1.130
Mer cury 76 0. 00010 0. 00025 0. 0010 0. 0010 0. 0040 0.010 0. 290
Mol ybdenum 35 0. 02320 0. 07000 0. 2000 0. 3200 0. 5900 0. 610 0.720
N ckel 65 0. 00500 0. 02500 0. 0500 0. 1600 0. 2500 0. 330 1. 200
Pot assi um 20 1. 21000 4. 63000 17. 7000 39. 3000 54. 2500 63. 400 66. 800
Sel eni um 81 0. 00050 0. 00700 0. 0500 0. 1000 0. 2000 0. 266 0.420
Sil ver 74 0. 00400 0. 02000 0. 0250 0. 0400 0. 0520 0. 100 0. 240
Thal | i um 9 0. 00500 0. 04500 0. 0500 0. 0500 0. 5000 0. 500 0. 500
Vanadi um 35 0. 00750 0. 09000 0. 1300 0. 2040 0. 7000 1. 640 3. 200
Zi nc 42 0. 00500 0. 02000 0. 0568 0. 1400 0. 3700 1. 040 4. 460
Conbi ned Ash Al um num 44 0. 01000 0. 53500 1. 8650 4. 0550 8. 8900 10. 700 18.670
Anti mony 42 0. 00010 0. 00500 0. 0950 0. 2700 0. 5000 0. 590 1. 200
Arseni c 62 0. 00230 0. 01000 0. 0250 0. 0500 0. 2500 0. 350 0. 890
Barium 60 0. 00500 0. 05600 0. 1700 0. 5950 1.1585 3.925 37.000
Beryl |ium 6 0. 00200 0. 00200 0. 0095 0. 0500 7. 8000 7.800 7. 800
Bor on 43 0. 00500 0. 09000 0. 1600 0. 4600 0. 6000 0. 650 26. 700
Cadni um 51 0. 00250 0. 00250 0. 0050 0. 0130 0. 0500 0. 050 0.130
Chr om um 60 0. 00330 0. 02500 0. 0500 0. 1150 0. 2450 0. 280 0. 600
Cobal t 24 0. 00070 0. 00500 0.0180 0. 0250 0. 0315 0. 250 0. 400
Copper 52 0. 00250 0. 01000 0. 0225 0. 0855 0. 4400 1.860 6. 100
Iron 46 0. 00005 0. 01500 0. 0700 0.1780 0. 3100 0. 360 2.045
Lead 54 0. 00100 0. 02500 0. 0500 0. 1290 0. 2500 0. 430 1. 540
Manganese 47 0. 00250 0. 00500 0. 0500 0. 3100 0. 4700 0. 619 0. 660
Mer cury 51 0. 00010 0. 00010 0. 0002 0. 0010 0. 0020 0. 100 0. 100
Mol ybdenum 46 0. 02500 0. 05000 0. 0865 0. 2000 0. 4100 0. 540 1. 200
N ckel 48 0. 00500 0. 02000 0. 0250 0. 0920 0. 2640 0. 420 0. 900
Pot assi um 23 1. 55400 7.50000 14. 5000 20. 0000 24.0000 27. 200 45. 300
Sel eni um 63 0. 00100 0. 00800 0. 0200 0. 0500 0. 2400 0. 256 0. 350
Sil ver 51 0. 00250 0. 00500 0. 0050 0. 0150 0. 0400 0. 130 0. 250
Thal | i um 5 0. 00100 0. 00100 0. 0500 0. 4600 0. 5000 0. 500 0. 500
Vanadi um 6 0. 00500 0. 08599 0. 1535 1. 0000 2. 2000 2.200 2.200
Ei nc 54 0,00250 0. 00500 00215 0.1340 0. 3000 0. 480 2. 400

* Leachate date obtained primarily using EP and TCLP procedures, with some SPLP and other methods also used.
Source: Council of Industrid Boiler Owners (CIBO), 1997
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4.1.3 HueGasDeallfurization Sudge

Fue gas desulfurization (FGD) dudge is generated by flue gas scrubber units at electric power
plants. The materid is primarily composed of anhydrite, sulfite, and small amounts of unreacted calcium
oxide and calcium carbonate (Jude, 1995). Exact congtituent concentrations, including metds, vary with
the type of coa burned and the technologies used. When FGD isinjected as backfill in underground mines,
it isusudly mixed with fly ash and quicklime, durried, and pumped down surface boreholes into abandoned
mine workings (Jude, 1995).

Avallable data on the chemica compogtion of FGD durriesthat are injected into mines are limited.
Table 6 presents chemical characterigtics information for FGD dudge. Table 7a provides smilar data from
EP toxicity testing of FGD dudge. As shown, median concentrationsin the EP |eachate exceed the MCL
or HAL for four condtituents -- antimony, arsenic, boron, and thallium. Mean vaues exceed the relevant
MCL or HAL for these condtituents plus five others (beryllium, cadmium, lead, mercury, and selenium),
while maximum vaues aso exceed the goplicable reference leve for barium, chromium, nickel, and silver.
The extent to which leachate from FGD dudge under field conditions (i.e., injected into an underground
mine) will be smilar to these laboratory EP leaching test results will vary depending on avariety of factors,
such as pH.

Table 7b provides data on leachate from mixtures of FGD dudge and cod combustion ash
obtained with amodified version of the TCLP procedure (USEPA Method 1311) that used mine water
(aso shown in Table 7b) for the leaching solution. As shown, concentrations of arsenic, boron, sulfate, and
total dissolved solids measured in leachate were above the levels in the mine water and above MCLs or
HALSs. In contrast, concentrations of beryllium, iron, and manganese water in the mine water were above
the relevant benchmark but were reduced to levels below the relevant benchmark in the leachate.

414 Cod Cleaning Waste

Cod deaning wadgte that results from the wet cleaning of raw cod is comprised of extremely fine
solids, including cod particles and cod associated minerds, suspended in water. At some mines, cod
cleaning wastes are injected into underground mine workings. The chemica compodtion of the injected
materia depends primarily on the characteristics of the cod, the associated rock, and the qudlity of the
water used in the cod cleaning process. At the New Elk Minein Colorado, for example, the injected durry
is comprised of adightly alkaine, sodium bicarbonate water and as much as 30 percent cod, shde, and
sandstone solids. Data shown in Table 8 indicate that cod cleaning wastes and injected durry at thisfacility
do not exceed the relevant primary or secondary MCLs or HALs for the congtituents tested, with the
exception of arsenic and TDS* (USEPA, 1995a; Lopez, 1995). Table 8 dso indicates, however, that codl
cleaning waste durry and durry leechate from the Kindal 3 mine in Indiana exceed the

4 Available data for the injectate are for dissolved rather than total concentrations, which may be
higher and, thus, in some cases could exceed MCLs or HALSs. It seems unlikely that the total values
would be greater than MCLs in this case, however, because the total values measured for the injectate
were less than the relevant health-based benchmarks.
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Table 5e. Leachate Characterization Data for Fly Ash Grout Mixtures

Health
L eachate Concentration * (mg/l) Drinking Water Advisory
Stan_dard L evel
Grout Mixture (% Cement/% Fly Ash/% Sand)
Curing Time (Days)
5/45/50  5/55/40  5/65/30  5/75/20 5/85/10  7/55/38  7/65/28  7/75/18  7/85/8  5/95/0  7/930  9/91/0
Constituent__(28 (28) (8) (28) e (28) (8) (28) o4 I NN €33 M €3 M (1) Myl RS mal C/N*
Arsenic 0.004 0.009 0.014 0.017 0.019 <0.004 <0004 <0004 0004 0033 0016 <0.004 0.05 P 0.002 c
Barium 0.860 0.898 0.731 0.832 0.834 1.040 1.250 1340 1090 0632 0767 1140 2 P 2 N
Cadmium ~ <0.0005 <0.0005 <0.0005 <0.000 <0.0005 <0.0005 <0.0005 <0.000 <0.0005 <0.0005 <0.0005 <0.0005  0.005 P 0.005 N
5 5
Chromium  0.022 0.033 0.033 0.033 0.028 0.019 0.017 0020 002 0027 0031 0019 0.1 P 0.1 N
Lead <0.001  <0.002 0.004 <0002 <0.002 <0002  <0.002 <0002 <0.002 <0002 <0.002 <0.002 0.015 P
Mercury ~ <0.0002  <0.0002 <0.0002 <0.000 <0.0002 <0.0002 <0.0002 <0.000 <0.0002 <0.0002 <0.0002 <0.0002  0.002 P 0.002 N
2 2
Selenium 0.017 0.020 0.013 0.020 0.020 0.006 0.008 0010 0014 0051 0035 0009 0.05 P
* P=primary; S = secondary; C = cancer; N = non-cancer
t Analyzed by the modified TCLP Method using deionized water as the extractant.
Source: Pappas, 194
Table 6. FGD Sludge Char acteristics from 1993 Study
Number of
Non- Concentration (ppm)
Number of  Detected
Analyte Samples Values Mean Minimum Maximum Median
Antimony 31 25 15.8 3.65 90.0 6.0
Arsenic 36 53.6 0.0075 341.0 325
Barium 35 352.1 0.08 2280 162.5
Beryllium 14 27.7 0.900 495 29.3
Boron 18 11 144.8 5.00 633.0 60.0
Cadmium 36 22 19.2 0.005 81.9 3.9
Chromium VI 36 5 90.7 0.17 312.0 73.0
Copper 36 0 62.4 0.04 251.0 46.1
Lead 34 2 121.7 0.01 527.0 25.3
Mercury 15 7 5.2 0.073 39.0 4.8
Nickel 35 1 72.5 3.7 191.0 68.1
Selenium 34 9 12.1 0.0150 162.0 4.5
Silver 29 20 3.5 0.01 10.3 3.3
Thallium 6 6 9.0 9.00 9.0 9.0
Vanadium 33 16 104.9 0.01 302.0 65.0
zZinc 36 1 921.0 0.01 5070 90.9
Statistics cal cul ated assuming that val ues bel ow the reported detection limit equal %2the
detection limit.
Source: USEPA, 1993b
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Table 7a. FGD Sudge L eachate Char acteristics from Selected Studies*

Drinking Water

gfumct:r;er_ Concentration (mg/l) Standard Health Advisory Level
Data Number of Detected Primary or Cancer or
Source  Analyte Samples Vaues Mean Minimum Maximum Median mg/l  Secondary (mg/l)  Noncancer
ADL (a) Arsenic n/a n/a 0.20 0.002 0.065 n/a 0.05 P 0.002 C
Barium n/a n/a 0.18 0.15 0.23 n/a 2 P 2 N
Cadmium n/a n/a 0.01 0.002 0.020 n/a 0.005 P 0.005 N
ChromiumVI n/a n/a 0.02 0.011 0.026 n/a 0.1 P 0.1 N
Lead n/a n/a 0.01 0.005 n/a 0.015 P --
Mercury n/a n/a <0.002 <0.002 n/a 0.002 P 0.002 N
Selenium n/a n/a 0.020 0.008 0.049 n/a 0.05 P -
Silver n/a n/a <0.001 <0.001 n/a 0.10 S 0.1 N
1993  Antimony 10 6 0.129 0.010 0.570 0.030 0.006 P 0.003 N
Data () Arsenic 25 9 041 0001 160 0030 005 P 0.002 c
Barium 23 5 0.448 0.075 2.80 0.230 2 P 2 N
Beryllium 10 6 0.0013 0.0005 0.003 0.0005 0.004 P 0.0008 C
Boron 12 1 9.60 0.050 36.0 5.95 0.6 N
Cadmium 25 17 0.066  0.0003 1.50 0.0025 0.005 P 0.005 N
ChromiumV| 23 8 0.075  0.0055 0.200 0.050 0.1 P 0.1 N
Copper 11 0.040 0.005 0.120 0.022 1.3 P --
Lead 22 19 0.056  0.0005 0.680 0.009 0.015 P --
Mercury 23 18 0.002 0.00005 0.013 0.0003 0.002 P 0.002
Nickel 11 0.043  0.0015 0.220 0.006 0.1 P 0.1 N
Selenium 25 0.051 0.0015 0.230 0.040 0.05 P --
Silver 22 10 0.037  0.0005 0.200 0.0195 0.10 S 0.1 N
Thallium 10 8 0.070  0.045 0.170 0.045  0.002 P 0.0005 N
Vanadium 11 0 0.126 0.030 0.270 0.074 --- --
Zinc 12 2 0.040  0.0015 0.172 0.007 5 S 2 N
* Leachate data based on Extraction Procedure (EP) testing.
(a) Datafrom Arthur D. Little's 1985 Study and presented in the 1988 RTC.
(b) Statistics calculated assuming that values below the detection are equal to ¥ the detection limit.
---: data not available.
Sourcet USEPA, 1993b
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Table 7b. FGD Sludge and Ash Mixture L eachate Characteristics Data

Drinking Water Standard Health Advisory Level Modified TCLP Leachate ¥ (mg/l)

Primary or Cancer or  Mine Water @
Constituent mg/l Secondary mg/l Noncancer (mgll) Low Ash Grout * High Ash Grout **
Acidity -- -- 158 <1 <1
Alkalinity -- -- <1 77 79
Aluminum 0.05t00.2 S -- 2.88 0.89 1.12
Arsenic 0.05 P 0.002 C <0.004 0.017 0.018
Barium 2 P 2 N 0.021 0.148 0.196
Beryllium 0.004 P 0.0008 N 0.001 0.0003 0.0002
Boron -- 0.6 N 0.16 1.16 1.14
Cadmium 0.005 P 0.005 N <0.0005 <0.0005 <0.0005
Cacium -- -- 54.1 210 207
Chloride 250 -- <1 65 63
Chromium 0.1 P 0.1 N 0.002 0.005 0.005
Cobalt -- -- 0.015 <0.002 <0.002
Copper 1.3 P -- 0.004 0.002 0.003
Cyanide 0.2 P 0.2 N <0.02 <0.02 <0.02
Iron 0.3 S -- 45.3 <0.01 0.01
Lead 0.015 P -- 0.003 <0.002 <0.002
Lithium -- -- <0.1 0.4 0.4
Magnesium -- -- 22.3 3.0 1.7
Manganese 0.05 -- 3.65 <0.01 <0.01
Mercury 0.002 P 0.002 N <0.0002 <0.0002 <0.0002
Molybdenum -- 0.04 N <0.003 0.064 0.090
Nickel 0.1 P 0.1 N 0.039 <0.003 <0.003
Nitrate-Nitrite 10 -- <0.05 <0.05 <0.05
pH 6.5t08.5 S -- 3.67 -- --
Phosphorus -- -- 0.04 <0.01 <0.01
Potassium -- -- 31 33.6 34.1
Selenium 0.05 P -- <0.005 0.008 0.011
Silicon -- -- 24.6 5.75 5.98
Silver 0.1 S 0.1 N 0.002 <0.0002 <0.0002
Sodium -- -- 23.0 35.4 35.8
Sulfate 500 P -- 429 557 541
TDS 500 S -- 626 977 959
Turbidity 5NTU P -- 14.0NTU - -
Zinc 5 S 2 N 0.073 0.012 0.015

* TCLP text on low ash group (1.0:1.0 - Fly Ash: FGD sludge ratio by dry weight) using mine water as the leaching solution.
** TCLP test on high ash grout (1.25:1.0 - Fly Ash: FGD sludge ratio by dry weight) using mine water as the leaching solution.

@ Roberts-Dawson Mine

Source Whitlaich, 1998
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Table 8. Coal Cleaning Waste and I njectate Char acteristics

New Elk Mine® Kindall 3 Mine®
Drinking Water  Health Advisory -
Standards Levels Codl Cl(e?nné;llg); Weste Injectate Slurry Coal Cleaning
(dissolved Waste (total Injectate
Constituent mg/| PIS* mg/| CIN* Total Dissolved conc. in mg/l) conc. inmg/l)  Slurry (mg/l)

Aluminum 0.05t00.2 S -- -- <0.05 0.04 -- --
Antimony 0.006 P 0.003 N - 0.002 - - -
Arsenic 0.05 P 0.002 C 0.006 0.004 0.001 <5 <0.050
Barium 2 P 2 N - 0.6 0.02 0.4 0.76
Beryllium 0.004 P 0.0008 Cc -- <0.005 -- -- --
Boron -- 0.6 N -- 0.03 0.02 0.14 --
Cadmium 0.005 P 0.005 N <0.005 <0.005 0.0013 0.01 0.0062
Chloride 250 S -- 8 -- 72 11 --
Chromium 0.1 P 0.1 N <0.01 <0.01 -- <0.03 <0.0050
Copper 13 P -- <0.01 <0.01 0.01 0.02 -
Cyanide, free 0.2 P 0.2 N <0.1 -- -- -- --
Fluoride 4 P -- 2 -- 1.5 0.51 --
Hardness (CaCOs) - -- 27 -- 49 994 -
Iron 0.3 - 0.35 0.08 0.03 0.02 ** -
Lead 0.015 P -- <0.02 <0.02 -- <0.05 0.058
Lithium -- -- -- 0.04 -- -- --
Manganese 0.05 S -- <0.01 <0.01 -- 0.46 --
Magnesium -- -- 3 -- -- -- --
Mercury 0.002 P 0.002 N <0.0002 <0.0002 -- <0.3 <0.00020
Molybdenum -- 0.04 N 0.02 -- -- <0.7 --
Nickel 0.1 P 0.1 N <0.02 <0.02 0.01 0.09 --
Nitrate as N 10 -- 0.02 -- 0.38 -- --
Nitrite as N 1 -- 0.02 -- 0.3 -- --
Nitrogen, -- -- 1.32 -- 0.16 -- --
ammonia
pH 6.51t08.5 -- 8.1 -- 8.2 7.83 7.5
Selenium 0.05 -- <0.001 0.001 0.007 <5 <0.050
Silver 0.1 S 0.1 N <0.01 <0.01 -- <0.01 <0.0050
Sodium -- -- 518 -- 39 230 --
Sulfate 500 P - 128 - 130 1175 --
Thallium 0.002 P 0.0005 N -- <0.002 -- -- --
Thiocyanate -- -- <0.1 -- -- -- --
Total akalinity -- -- -- -- 215 210 --
TDS 500 S - 1280 - - - -
Vanadium -- -- -- <0.01 -- -- --
Zinc 5 S 2 N 0.02 0.02 = 0.1 =

@ Source: Lopez, 1995
@ Source: Endress, 1996
* P=primary; S=secondary; N=non-cancer, C=cancer

** dissolved
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primary MCLs for arsenic, cadmium, and lead and the secondary MCLsfor TDS, sulfate, and manganese.

415 Mine Dranage Precipitate Waste

Mine drainage precipitate waste, or dudge, resulting from treatment (generdly neutrdization) of
AMD is composed of ferric oxide, gypsum, hydrated duminum oxide, variable amounts of sulfates, cacium
salts, carbonates, bicarbonates and trace amounts of Slica, phosphate, manganese, copper, and zinc
compounds (Smith, 1987). Additional metds (e.g., lead, arsenic, selenium) may be present depending on
the minerdogy of the coa and associated rocks of the drainage area.

4.2 Well Characteristics

Mine backfill materids are typically injected into underground mines through one or more drilled
wells or through a pipdine ingdled in the mine shaft and gppropriate portions of the underground workings.
In some Stuations, injection may be directly into a mineshaft without a pipeline for distributing the injected
materid within the mineworkings® The specific injection method(s) sdlected by afacility depends primarily
on the backfilling objectives and method (see Section 4.3) to be used.

If drilled wells are used, the details of well congtruction (e.g., diameter, casng, cementing) are
determined by ste-specific factors such as depth to the mine workings to be backfilled and the geology of
the overlying strata, as well as backfilling practices. If the mine workings to be backfilled are mostly
horizontal and relaively shalow (e.g., afew hundred feet or less below ground surface), backfilling may be
accomplished by injecting backfill materid down awell until the well will not accept any additiond materid,
plugging the wel, and then drilling and “filling” additiond wells located at gppropriate locations throughout
the mine workings. For example, the underground workings at the abandoned Roberts-Dawson
underground coa mine in Ohio were backfilled with 23,000 cubic yards of fly ash and FGD dudge injected
through 318 injection points (DOE, 1998a). Similarly, 227 injection points were used to backfill a23-acre
portion of the Omega underground coa mine in West Virginia (DOE, 1998b).

In this type of backfill operation, each injection well is used for arelatively short period of time
(eg., days). Such wells may have a casing run from the surface to the top of the mine workings (see Figure
1). Conductor pipe may aso be used depending on the stability of near-surface rock and soil (Cridip,
1998). Alternatively, materid may be injected down the drill pipe and a casing does not need to be
ingalled.

® This approach might be used when the god isto fill the mineshaft to prevent access rather than to
fill substantial portions of the mine workings.
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Figure 1. Example of Shallow Mine Backfill Injection Well Construction
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Source: Endress, 1996
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When the mine workings to be backfilled are deeper, fewer injection points may be needed but
more piping and related distribution equipment in the mine workings may be required. When deeper wells
are used, wdl congruction may more typicdly involve the use of multiple casings, asillustrated in Figure 2.
When pipdlines are used, asillugtrated in Figure 3, they are used to convey the backfill to the desired
location in the mine. Digtribution of backfill materid by piping within amine is common when active mines
are backfilled, especidly mines that use mining methods dependent on on-going backfilling of mined-out
stopes.

43  Operational Practices

The operationd practices for mine backfill wells vary depending on how the backfill materid is
placed in the mine and the reationship between mining and backfilling activities. In generd, operationd
practices do not appear to make mine backfill wells particularly vulnerable to accidenta contamination of
the injectate or to misuse, athough monitoring of the injectate and ground water help minimize the potentia
for misuse. In addition, backfill injection often occursinto zones dready affected by prior activities (e.g.,
AMD formation following mining), sometimes with the primary objective of reducing existing contamination
problems.

4.3.1 Placement Methods

Injection of backfill into underground mines may be accomplished using hand, gravity, mechanicd,
pneumatic, and hydraulic placement methods. The most popular methods are pneumatic and hydraulic
(Underground Injection Council Research Foundation, 1988). Hand and mechanica methods, such as belt
or ding packing machines, are restricted to congtruction of selected supports from within amine.

Pneumatic Backfilling

In pneumatic backfilling operations, backfill materid is trangported into a mine through awell or
pipdine in agream of continudly flowing ar, either in avacuum or under pressure (see Figure 4). When a
“dense phasg” gpproach is used, the pipdineis nearly filled with materid that is moved as afluid with low
veocity ar pressurein dugs. When the more common “dilute phasg’ gpproach is used, an air/backfill
mixture typicaly conggting of lessthan 5 percent fill materid is moved through a pipeine a rdaively high
velocity asafluid. Both gpproachestend to be used where water is scarce, the mineis dry, or where water
would interfere with mining or the backfill process (Waker, 1993; Sand, 1990).

Hydraulic backfilling
Hydraulic backfilling, which is more common than pneumatic backfilling, is the practice of filling
mine voids with backfill materia by washing or pumping the backfill materid as a durry through awdl or

pipeine into the mine (see Figure 5). Hydraulic backfilling is normally accomplished by one of three
methods  contralled flushing, blind flushing, and pumped durry injection.
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Figure 3. Example of Sandfill Injection Using a Mine Shaft Pipeline
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Figure4. Pneumatic Backfilling Schematics
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Figure5. Example Schematic of Stope Backfilling Usng Hydraulic Sandfilling
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Controlled flushing is used in mines where workers can safdly enter and gain access to key areas
during the filling operations. When this approach is used, bulkheads may be built in mine passages around
the perimeter of the areato befilled. One or more wells are constructed and cased from the surface to the
upper portion of the mine workingsto befilled. At the base of the verticd portion of the well, additiond
piping may be used to ad in digributing the durry into the mine workings. Horizontal dispersa from the
point of discharge ranges from 300 to 1,000 or more feet, depending on the vertica distance from the
ground surface to the mine opening and the solids concentration of the durry. Because controlled flushing
provides relatively uniform distribution of backfill materid, it generdly provides better structura support
than the other methods and o is preferred where conditions permit (Whaite, 1975).

Blind flushing is used when the mine workings are inaccessble to workers. With this approach, a
durry of backfill materid is gravity fed through awell (either adrilled well or amine shaft) into the mine until
the well will not accept any additiona backfill materid. The quantity that can be injected down asingle well
depends on the conditions underground, such asthe dope, height, and the proximity of pillarsin the mine
workings. Usudly, hundreds of injection points are required (Whaite, 1975).

Pumped durry injection is smilar to blind flushing except that the durry is pumped down awell
rather than injected by gravity. With this gpproach, increased didtribution of the fill materid within the mine
can be achieved due to the increased velocity at which the durry isinjected. As shown in Figure 6, solid
particles settle out near the borehole when the durry isfirg delivered and the velocity of the injected durry
drops asit enters the mine workings. As more materid isinjected, the fluid velocity increasesin the mine
workings and the solid materids are trangported farther from the borehole (Whaite, 1975).

4.3.2 Integrated Mining and Backfilling

At some mines, backfill activities are closdy integrated with mining activities. For example, in the
case of base meta and uranium mining, a common operationa practice is to develop a mine using a cut-
andHill method, illustrated in Figure 3. This method involves the following steps.

C across cut is driven from the main access shaft to the ore vein;

C arase, later to be used as an ore pass for delivering the broken ore to the haulage leve, is driven
upwardsto intersect the vein;

C theraiseisused as aplatform to excavate a“dice’ of oreto create a stope or excavated room
abovethelevd of therase

C after each horizontd “dice’ is cleaned of ore, the orepass is extended upward; and
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Figure 6: Schematic Depiction of Pumped Surry Backfill Injection
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C the void is durry backfilled and capped with cement which provides afloor from which the next
“dice’ of ore, and process is repeated (Underground Injection Practices Council Research
Foundation, 1988).

Alternatively, an “underhand” cut-and-fill method involving a*“top down” rather than “bottom up” sequence
of cut and fill, such that the ceiling rather than the floor of the stope is comprised of cemented backfill, is
used. An exampleisthe Bulldog Mountain Minein the Creede Mining Digtrict of Colorado. In both
“bottom up” and “underhand” operations, backfill materid is normaly ddivered through a pipeline down the
mine shaft to the stope being filled.
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4.3.3 Raroactive Backfilling

When backfilling is performed after mining is complete or largely complete, blind gravity or pumped
durry injection are common approaches. As discussed above in Section 4.2, such applications may
involved hundreds of injection wells, each of which may be operated for only afew days, in an effort to get
thorough digtribution of the fill materid within the mine workings.

4.3.4 Wdl Mantenance and Closure

As mentioned, most backfill wells are used for short periods of time (e.g., days or weeks) and,
thus, little maintenance is required. When a backfill injection wdl is used on an on-going basis, periodic
integrity testing may be performed, as discussed in more detall in Section 6. When injection isthrough a
pipeline down amine shaft, as would be typicd a a ste where backfilling is an integral part of mining
activity, maintenance would normally be a part of mine operations and would include ingpection and repair
or replacement of piping as needed.

Available information provides few descriptions of well closure and abandonment practices.
Where wells are used to backfill durriesthat are Smilar in may respects to grouts (i.e., salf-cementing), it
gppears that the injection borehole is Smply grouted to the surface. 1n some cases, cementing of the
borehole may occur ether near the surface or from the injection zone to the surface.

5. POTENTIAL AND DOCUMENTED DAMAGE TO USDWs
5.1 Injectate Constituent Properties

The primary condtituent properties of concern when assessing the potentid for ClassV mining,
sand, or other backfill wells to adversely affect USDWs are toxicity, persistence, and mobility. Thetoxicity
of acondtituent is the potentia of that contaminant to cause adverse hedlth effects if consumed by humans.
Appendix D to the Class V UIC Study provides information on the hedlth effects associated with
contaminants found above MCLs or HALsin theinjectate of mining, sand, or other backfill wells and other
ClassV wells. Based on the information presented in Section 4, the following congtituents that were found
to routindly or frequently exceed health-based standardsin TCLP or other leachate from one or more types
of backfill materid: antimony, arsenic, barium, beryllium, boron, cadmium, chromium, lead, mercury,
molybdenum, nickd, selenium, thalium, and zinc. Aluminum, copper, iron, manganese, TDS, sulfate, and
pH have been measured above secondary MCLsin TCLP or other leachate and are also discussed,
athough these slandards are designed to minimize aesthetic (taste) effects not adverse hedlth effects (hedth-
based standards do not exist for these parameters).

Persgence is the ability of achemica to remain unchanged in compodtion, chemicd sate, and
physicd state over time. Appendix E to the Class V UIC Study presents published half-lives of common
condtituents in fluids released in mining, sand, or other backfill wells and other ClassV wdls. All of the
values reported in Appendix E are for ground water. Caution is advised in interpreting these values
because ambient conditions have a sgnificant impact on the persistence of both inorganic and organic
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compounds. Appendix E dso provides adiscusson of mohility of certain congtituents found in the injectate
of mining, sand, or other backfill wells and other ClassV wells.

The perdstence of congtituents that leach from mine backfill following injection will depend on
complex solution-minerd equilibriathat will be determined by sSte-gpecific conditions such as leachate and
ground water characterigtics, host rock characterigtics, and oxygen availability in the mine workings and the
surrounding formation. Because the point of injection for most backfill wellsistypicdly within a permegble
unit, or into a zone where prior mining activity has created a preferentia (as compared to adjacent
undisturbed formations) flow pathway, physical conditions are relative conducive to mobility. It should be
noted, however, that in some Stuations backfilling occurs under dry conditions, while in others the primary
objective of backfilling isto reduce the mohility of metds and other condtituents in mine water by dtering
the physicd and chemicd conditionsin the mine.

For injected backfill, mohility of metas in the mine environment is primarily dependent on their
tendency to dissolve rather than remain in a solid form, which generdly increases as pH decreases for most
metals. For iron, for example, the solubility decreases aoruptly when pH increases above 6.5 due to the
oxidation of ferrous iron (Fe*?) to the much less soluble ferric iron (Fe™®), which readily precipitates asiron
oxide or iron hydroxide. This oxidation to ferric iron can aso occur, with the resulting marked decrease in
solubility, under acidic conditions created by oxidation and hydrolys's reactions that occur when mine water
from a strongly reducing environment is exposed to an oxygen supply. In either case, the resulting decrease
in dissolved iron concentrations aso reduces the concentrations of many other meta's, notably arsenic and
selenium, that co-precipitate with iron and/or adsorb onto the iron oxides and hydroxides. Mine water is
frequently acidic due to the oxidation of sulfide mineras, with the result that the mobility of most metasis
generdly rdatively high abosent measures that limit oxygen availability, such as backfill injection (Levens,
1996; EPRI, 1998; Freeze and Cherry, 1979; Robl, 1999).

Unlike most metas, the solubility of chromium in the +6 form is not especidly dependent on pH.
Chromium in the +3 form is much more common in cod mines, however, and shows decreasing solubility
with increasing pH.

Some other congtituents present in injected backfill and backfill leachate, such as boron and sulfate,
do not have solubilities controlled by pH. Mog sulfate islikely to remain in solution athough some
precipitation of sulfate may occur when enough calcium or magnesium is present. In addition, adsorption
may occur a very low pH vaues. Smilarly, boronisdso likely to be present in backfill leachate (EPRI,
1998).

Asdiscussed in more detail below in Section 5.2, injection of backfill materid often occurs a Stes
where low pH water is present or in contact with the backfill injection zone. At these sites, mobility of most
metals present in the backfill will be greater than if injection occurred under neutrd or dkaline pH
conditions. Nevertheless, backfill injection under these conditions can result in a decrease in tota (injectate
plusin-gtu sources) meta mohility in the mine for severa reasons. First, some backfills can reduce water
flow rates through the mine. Second, backfill can reduce the oxidation of sulfides by reducing or diminating
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direct contact with air through sedling or flooding of the mine voids® Third, some backfill materidsthat are
dkainein nature, such as cod ash and FGD dudge, can at least temporarily increase the pH of acidic mine
water present in the injection zone (Levens, 1996; Whitlatch, 1998; Kim, 1998).

5.2  Observed Impacts

None of the 23 states included in Table 1 indicated documented cases in which mine backfill wells
have caused contamination of a USDW.” Studies have been conducted, however, by government,
industry, and universities that examine the effects of backfill injection on ground water qudlity, in part
because cod beds in some areas supply water to domestic wells (University of Kentucky, 1998).

This section summarizes studies of the effects of backfill injection on ground water qudlity. Itis
organized in two parts. Thefirgt part discusses backfill in metal mines and the second discusses backfill in
cod mines®

521 Medd Mines

The potentia or observed impacts of underground mine backfilling on ground water qudity have
been evaluated in severa studies of metdl mines. For the Lincoln Mine Project, agold minein Cdifornia,
the leachability of backfill materid was measured and evaluated in the context of the conditions that occur
naturdly a the mine. Ground water a the Steis limited, occurring in the weathered bedrock (generdly not
deeper than 20 to 30 feet) and limited bedrock fractures.® Because the gold deposit contains arsenopyrite
(FeAsS) (0.2 to 0.65 percent by weight of the ore), the focus of ground water quality investigations has
been on arsenic. Andysis of samples from bedrock ground water monitoring wells over afour year period
shows naturaly occurring arsenic concentrations that range from 0.0014 to 0.185 mg/l, with well-specific
averages ranging from 0.008 to 0.063 mg/l for the six wells examined (Sutter Gold Mining Company,
1998). Maximum concentrations in three wells and the average concentration in one well exceed the MCL

¢ Because the diffusion of oxygen in water is about four orders of magnitude less than in air, flooding
of amineto eliminate direct air contact with pyrite or other sulfide minerals greatly reduces acid
generation and, thus, meta solubility and mobility (Sutter Gold Mining Company, 1998).

" Where ground water contamination has been identified a mining sites, it has not been clearly
atributable to backfilling.

8 |t should be noted, however, that backfill of tailings occursin other contexts aswell. For example,
at Solvay Soda Ash Joint Venture in Green River, Wyoming, tailings are injected dong with processing
plant wastewater and fly ash from coal fired boilers. The injected tailings consist of shale breaks from
within the ore itsdlf, calcium carbonate from the caustic soda plant, and low grade oil shae (Wyoming,
1996). The available data do not include specific studies related to ground water impacts from this or
other smilarly “unique’ situations and, thus, they are not discussed in this section.

® Total water production from 4,450 feet of mine workings ranges from 5 gallons per minute (gpm) in
summer to 20 gpm in winter, with most of this water entering the mine from the surface through
ventilation boreholes.
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of 0.05 mg/l. The minimum concentration in five of the Sx wells exceeds the HAL of 0.002 mg/l. In
addition, assessment of the acid formation potentia of the backfill materid indicates that it was quite low,
with an acid neutralization/acid generation potentid ratio of 98:1, due to the presence of carbonate minerds
that yidd amine water pH of 8.3+. Deionized water leaching of the backfill (sandfill) materiad showed an
arsenic concentration of 0.13 mg/l compared to a reported average concentration of 0.2 mg/l for ground
water in the ore zone (Sutter Gold Mining Company, 1998). Thus, it appears that the potentid for release
of arsenic from backfill materid to degrade ground water islow. In addition, suitability of ground water for
use as drinking water islow due to limited availability and naturaly occurring arsenic.

The U.S. Bureau of Mines (USBM) dso examined the impact of mine backfill materia on ground
water quaity. At amoderatey deep underground lead-zinc mine located in the Coeur d' Alene Mining
Didtrict of northern 1daho, samples of ground water both before and after contact with a sandfilled stope
showed an increase in electrical conductance. Increased concentrations of Ca, Mg, SO, 2, and HCO;
account for mogt of theincrease. Sulfate levels increased from levels dightly below the MCL of 500 mg/l
to levelsthat ranged from 797 to 1,171 mg/l. Changesin other meta concentrations were generdly mixed,
with relatively smal increases observed for some sampling events and decreases observed for others. Zinc
was an exception, showing consastently higher levels after contact with the sandfill (at levels conagtently less
than the non-cancer lifetime HAL of 2 mg/l). Lead and arsenic levels were present at levels above the
MCL before and after contact with the sandfill. For al of the metds, the levels observed both before and
after contact with backfill materid were well below the maximum leachability values measured in the
laboratory, as shown above in Tables 2 and 3 (Levens, 1993).

In ardated investigation, USBM dso examines the effect of cemented sandfill on ground water by
andyzing samples collected both before and after contact with the backfill. In this investigation, samples
from exploratory boreholes represent water quality within the native rock, whereas samples from a sump
and seeps that contact the backfill within the mine represent water qudity affected by backfilling.
Comparison with the uncemented backfill examined above showed a much greater acid neutrdization
capacity. Thisis consgent with the higher pH vaues observed after contact with the cemented backfill
(6.5 t0 9.3) as compared to the pH measured in the native rock boreholes (6.29 to 7.98).

Concentrations of Ca, K, Mg, and SO, 2 are dso higher after backfill contact, with SO,
concentrations increasing to levels that in most cases exceeded the primary MCL. Concentrations of zinc
and lead dso increased. Zinc levels remained well below the non-cancer lifetime HAL of 2 mg/l. Lead
levels, in contrast, were typicaly severd timesthe MCL action leve of 0.015 mg/l before contact with the
backfill. After backfill contact, levels were sometimes increased and sometimes decreased, but generdly
were above the MCL. Secondary MCLs were also exceeded both before and after contact with backfill
for Iron and Mn. Iron concentrations were generdly lower after backfill contact while Mn concentrations
showed both increases and decreases following backfill contact (Levens, 1996).

Notable increasesin the concentrations of Ca, K, and SO, 2 were dso observed in the |aboratory
for three cemented backfill samples after washing with deionized water (see Table 3). Further |aboratory
exposure (for 227 days) to asulfuric acid wash showed additiona increasesin Ca, SO,2, and metd
concentrations. Concentrations of most constituents measured in the laboratory were notably higher than
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those measured in the field following contact with backfill. Notable exceptions are Ba, K, and Na, which
showed lower concentrations in the laboratory than were obsarved in the field. Cadmium, lead, and SO,
concentrations exceeded primary M CL s while concentrations of iron, manganese, slver, and zinc exceeded
secondary MCL s in the [aboratory leaching tests (Levens, 1996).

Observed differences in leachate concentrations gppear to be due to differences in the particle-size
digtribution of the backfill (tailings) materid, with generaly lower concentrations for backfill containing a
wide size digtribution. In addition, the presence of sulfide minerds and Ca and Mg carbonates in the
backfill appeared to be important in determining the acid neutrdizing capacity of the cemented materid and,
thus, the release of some metals. The data aso indicate that backfill cementing may help reduce metd
release and that ground water, to which releases occur, may contain metals a concentrations above MCLs
(Levens, 1996).

At the Homestake mine in South Dakota, samples were collected from drainage from the sand
backfill that was placed in stopes. Results indicate that the pH fluctuates around 8.0. As shownin Table 9,
concentrations of arsenic, iron, and nickd in exceed MCLs or HALs in some samples of drainage from a
backfilled stope. Arsenic and iron concentrations also exceed MCLsin mine water collected at a variety of
locations in the mine (Scheetz, 1999).

Backfill injection has aso been widdy used in uranium mines. FHed sampling of tailings and backfill,
and studies of water discharging from where backfill was used suggest that short- and long-term effects on
ground water qudity are negligible both during and following completion of mining (Levens, 1996).

5.2.2 Cod Mines

A study conducted in 1987 assessed the injection of cod durry wastes from coa preparation and
dudge from trestment of AMD into underground cod minesin West Virginia The study examined water
quaity using samples from 9 mines that had received injection of durry or AMD treatment dudge. Surry
injection (at 6 mines) was found to improve the aready degraded water quality by increesing akdinity and
pH™, and decreasing concentration of iron and manganese. Sulfate concentrations aso increased,
however. Only minor changesin trace

10 Mine water pH at the mines examined was 7 or greater, so the results indicated by these sites may
not apply to mines with acidic water (Smith, 1987).
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Table 9. Backfill Drainage At Homestake Mine, South Dakota

G

Constitue Drinking Water Health Advisory (2

nt Units Standards Levels (1) a b C d (3) a b [
Aluminum mg/l  0.05-0.2 S - - 0.229 0.346 0.649 0.309 - -- -
Arsenic mg/| 0.05 P 0.002 C 0.063 0.032 0.019 0.028 0.056 <0.005 0.001 0.001 0.003
Cadmium  mg/l 0.005 P 0.005 N <0.001 -- - - -- <0.001 0.001 0.001 o0.001
Chromium mg/l 0.1 P 0.1 N <0.001 -- - -- - - <0.001 NF <0.001
Copper mg/| 1.3 P 0.006 0.037 0.015 0.018 0.020 <0.005 0.01 0.092 0.035
Gold mg/| -- <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.002
Iron mg/| 0.3 S 0.59 -- - -- - 0.348 0.06 0.08 0.43
Lead mg/| 0.015 P -- <0.001 <0.001 0.005 NF 0.01
Mercury  mg/l 0.002 P 0.002 N - -- -- - - <0.0002 0.0 0.0 0.0
Nickel mg/| 0.1 P 0.1 N 0.148 0.010 0.005 0.005 0.005 0.008 NF NF NF
Selenium  mg/l 0.05 P - - <0.005 <0.005 <0.005 <0.005 <0.005 -- -
zZinc mg/| 5 S 2 N 0.016 0.054 0.056 0.061 0.055 <0.050 NF NF 0.016
CN Total mg/l 13.71
CN WAD mgl/l 0.40

NF = not found (not detected)

(1) Water issuing from sand backfill on the 7,100 foot level of the mine

(2) Water from selected underground sumps (labeled a-d) in the mine

(3) A combination of surface water and ground water from the upper underground levels of the mine
(4) Three samples (labeled a-c) of mine water (stope drainage) prior to treatment

Source: Scheetz, 1999

element concentrations were gpparent following injection, and these changes do not appear to be threats to
drinking water (Smith, 1987).

Sudge injection (at 3 mines) appeared to increase dkalinity, pH, sulfate, and total suspended solids
(TSS). However, pH and dkalinity decreased when injected dudge had amuch lower pH than the native
minewater. Sudge injection into mineswith high (> 7) pH water resulted in lower iron and manganese
concentrations, except where the concentration of these eements were very low (<0.1 mg/l) prior to
injection. Injection into mineswith low pH resulted in a great increase of iron concentrations, presumably
asaresult of dissolution from the dudge. Most changesin trace dement concentrations were negligible,
with the possible exception of arsenic, which showed alarge gpparent increase at one mine. However,
concern about potential anaytica error complicate assessment of this result (Smith, 1987).

A recent sudy aso examined the impact of injection of agrouting materid composed of fly ash,
FBC, and FGD dudge into an abandoned underground mine near Friendsville, Maryland. At thissite,
ground water (AMD) seeping from the mine was a known cause of surface water quality degradation, and
injection was initiated with the intention of improving both ground and surface water quaity. Seepage water
quality measured before injection indicated Fe and Mn concentrations above secondary MCLs, SO,
concentrations generaly above the primary MCLs, and Zn concentrations sometimes above the HAL.
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Immediady after injection', acidity of the AMD
increased markedly adong with dissolved iron and
auminum concentrations, and then decreased to pre-
injection levels by the fallowing summer. Caand
SO, concentrations o increased in the AMD
following injection and remain high (as of April 1998),
goparently due to dissolution of these materids from
the injected grout (see Figure 7) (Aljoe, 1999).

Theinitid increase in acidity of the AMD
following grouting most likely resulted from changesin
mine pool hydrology, including a drop in mine pool
elevation that occurred when water was pumped from
the mine to prepare the grout.? Thisdrop in
elevation would have exposed an estimated 10,500
cubic feet of highly-fractured, previoudy-submerged
materid within the mine to aimospheric oxygen.
Another change could have been re-routing of flow
through new areas of the mine workings, thereby
mohbilizing acidic products that had previoudy been
gored in stagnant zones within the mine. The
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and Loads at an Abandoned Maryland Coal

Mine (from Aljoe, 1999)

intention of the backfilling effort had been to entirdly fill the mine voids with grout, thereby isolating the
pyritic surfaces from air and water and reducing the AMD production rate. Thisdid not occur, however,
because limited information available on the size of the mine workings led to an underestimate of the

quantity of grout needed (Aljoe, 1999).

Inasmilar project initiated in 1997, grout comprised of a 1.25:1.00 (by dry weight) mixture of fly
ash and FGD filter cake with 5 percent added lime was injected through 318 drilled grout holes into an
abandoned underground coa mine near Conesville, OH. The objective of the injection project was to
inject grout that would sedl old mine entries and coat the floor and wals of the abandoned mine chambers,
thereby reducing the amount of oxygen available and dowing the process of acid formation. Because
grouting was only completed in early 1998, it istoo early to determine the net effect on water quality, which
will be monitored for three additional years®® For al surface and ground water monitoring locations

11 About 5,600 cubic yards of fly ash, FBC ash, and FGD dudge were injected as a durry via 38

boreholes in October and November 1996.

12 \Water to make the durry was pumped from the main mine pool, which temporarily lowered the

level by about 2 feet.

13 Ground water is being monitored in the overlying Fregport Sandstone, the Middle Kitanning No. 6
coa seam, and the underlying Clarion Sandstone. Two perched aguifers exist: one in the Fregport
Sandstone, caused by the underlying claystone and siltstone which immediately overlies the No. 6 cod;
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(through September 1998), no measurable increase in arsenic, chromium, boron, or pH levels have been
observed since grout injection (Whitlatch, 1998).

Laboratory studies of the reaction between the grout and AMD showed a significant increase in
solution pH to approximately 8 and in the concentration of a number of ions, including arsenic and boron.
Only 1.32 percent of the arsenic present in the grout was released over the 168-day reaction time and the
resulting arsenic levels were below the primary MCL. Because further solubilization could result in higher
concentrations, both arsenic and boron will receive particular attention in the on-going monitoring program
(Whitlatch, 1998).

The reason for the gpparent difference in the reaction between the grout and AMD inthe
laboratory and the field is not yet clear, but it gppears that conditions within the mine are unfavorable for the
development of acid neutrdization reactions. This may be due to the fact that longer contact times are
required than are achieved in the mine. 1t should be noted, however, that the project is designed to achieve
AMD reduction through successful sedling of the mine and does not rely on acid neutrdization by the grout.
Obsarvations to date show that the water level has risen in the mine, indicating that the grout was of
aufficient strength to provide effective sedls. In-Stu core samples taken after about nine months indicate
that the grout is highly impermesble and has weathered very little (Whitlatch, 1998).

At gtesin Greene and Clinton counties in Pennsylvania and Upshur county in West Virginia,
injection of mixtures of fly ash, FBC ash, lime, AMD trestment dudge, and/or cement with water has been
used in attempt to reduce AMD from reclaimed surface mined areas as well. At these Sites, grout was
injected at relatively shalow (< 30 feet) depthsin an attempt to fill voidsin the spoil materid, thereby
reducing contact between the buried pyrite and air and water (Kim, 1998).

At the Greene county Site, the pH in welsin the injection areaiincreased by 0.5 pH units and the
pH of the seep (discharge from the spoil areq) increased dightly from 3.2 to 3.3 following grouting.
Acidity was unchanged in the injection area but decreased in the seep. In the injection area and the seep,
little difference in trace metd concentrations was observed before and after grouting (Kim, 1998).

At the Clinton county Ste, pH increased and acidity decreased in samples from the injection area
and discharges. The pH remained less than 3, however. Average trace meta data from about two years
after injection indicate higher concentrations of As, Co, Cu, Ni, and Zn in the injection area, but
concentrations in the discharge were closer to the discharge levels from areas without injection (Kim,
1998).

At the Upshur county Site, the average pH of the water in the injection area decreased initidly after
injection, but had increased when the water was sampled five yearslater. This increase, however, could

13 (...continued)
and one in the No. 6 coa caused by claystone, siltstone and limestone layers between it and the
underlying Clarion Sandstone. The lowest and most extensive aquifer is in the Clarion Sandstone and
intersects mgor hydrologic boundaries, such as Wills Creek.
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be due to the smilar increases observed in the inflows and the ungrouted area. Acidity decreased in the
injection areg, the inflows, and outflows immediatdly following injection. Five years after injection, acidity
had decreased further in the injection area and increased in the discharger, dthough it remained below the
pre-injection level. Also, concentrations of Ba, Be, Cd, Co, Cr, Cu, Ni, Pb, Sb, and Zn were generaly
higher in the injection area and discharge than the inflow or control arees, but were il less than primary
and secondary MCL s (Kim, 1998).

6. ALTERNATIVE AND BEST MANAGEMENT PRACTICES

A number of best management practices (BMPs) can be implemented to provide increased benefits
and protection of USDWs with mine backfill wells. As discussed above, the effect of mine backfill
operations on ground water quality depends to alarge extent on the characterisitics of the backfill and the
mine, and the interaction between the two. Thus, selecting the gppropriate backfill materias for amine and
selecting gppropriate BMPs require characterization of the the backfill materias, including the potentia to
cause AMD, and an understanding of where the backfill will be placed (especialy with respect to the water
table) and how the backfill is expected to react over time in this environment.

BMPs are discussed below in relation to injectate characteritics, design and construction,
operation, and closure. The discussion is neither exhaugtive nor represents an USEPA preference for the
stated BMPs. Each state, USEPA Region, and federal agency may require certain BMPsto beingaled
and maintained based on that organization’s priorities and Ste-gpecific consderations.

6.1 Injectate Characteristics

Some injected backfill materials have cement-like properties that cause them to harden following
injection. Although the importance of the cementing properties of the injected backfill will vary with ste
conditions and the objectives, cement-like characteristics are generally, but not always, desirable.*
Cementing properties are intrinsic to some backfilled materials and can be created in al materials commonly
used for backfilling through the use of appropriate mixtures and additives. Cementing properties provide
both increased structural support (where backfill is provided to control subsidence) and reduced
permesbility. Reduced permesbility generaly serves to reduce dissolution of condtituents from the injected
materid. In addition, flow rates through the backfilled zone are reduced, thereby reducing the availability of
oxygen and the release of condtituents from the mine surfaces as well as the backfill materid.

6.2  System Design and Construction

As discussed above, backfill injection is sometimes used with the intention of preventing or abating
AMD. Although injection isintended to increase pH and reduce acidity, the acidic conditions present in

14 Recent experimental work indicates injection of akaine FBC ash in dilute durry form may be
more effective in reducing AMD than ash injected in the form of low-permeability grout. In some
Stuations, the benefits from increased neutralization may outweigh the potential increase in the release of
trace metals from the ash (Canty, 1999).
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these gpplications will lead to the dissolution of some congtituents from the injected backfill. This
dissolution can be reduced, however, by ensuring that the mine voids are filled as completely as possible
with the injected materid, thereby reducing the availability of oxygen and the potentia for additiond acid
formation. To achieve this objective requires adequate distribution of the backfill within the mine workings,
which in turn requires gppropriate quantities of injection materid, appropriate well spacings, and injection
pressures that will digtribute the materia and effectively fill the mine voids. In addition, bonding agents
and/or materids to reduce the porosity of the injected backfill can help to reduce the resdua void space
remaining after backfill injection. These condderations warrant gpecid attention when injection occursin
Inactive mines where access and knowledge of the sze and geometry of the mine workings are limited.

BMPs for wdl congtruction may vary sgnificantly with site conditions and the type of backfill
injected. Backfill injection often occurs in abandoned mines or other settings where injection is performed
in an effort to improve exigting poor ground water qudity. In these Stuations, injection through uncased
boreholes may be appropriate if the wells are relatively shallow, the srata have sufficient integrity, the
injectate is grout-like in nature, and injection only occurs for a short period, such asafew days. At other
injection dites, however, casing is clearly needed to ensure that the injected materia reaches the intended
formation. Thisis particularly true when the injection well is relaively deep, operates on an on-going basis,
passes through a USDW, and/or injects alow solids content fluid. 1n some cases, the Site setting or the
nature of the injected materid may make the use of tubing appropriate.

6.3  Well Operation

For backfill wells that operate on an on-going basis, which most often occurs in association with
backfilling that isintegrated with mining operations, BMPs include mechanicd integrity tests (MIT) before
the wdl is put into service and periodically during use. A variety of MITs may be run on backfill wellsto
check casing integrity. For example, pressure tests may be run prior to initial well operation and
subsequently at periodic intervas, generdly ranging from one to five years. Because mine backfill injection
is normally done without a tubing string, pressure testing requires that a temporary, retrievable bridge plug®®
be st near the bottom of the casing. This retrievable plug approach is used & least & one Site in VWyoming.
The appropriate pressure for a pressure test depends on anticipated well operating conditions. At the
Wyoming fadility, testing at a pressure 10 percent greater than the maximum pressure reached during the
previous year (or maximum of 200 ps) isrequired (State of Wyoming 1988, 1996).

Dueto the rlaively high solids content of injected backfill as compared to other types of injected
fluids, abrasion can threaten casing integrity. Thus, caliper logs!® may be run periodicaly on the entire
length of the surface. A casing log run prior to well use provides a basdine againgt which subsequent logs
can be compared. In Wyoming, casing logs are repeated a nine month intervals unless the results show

15 An expandable plug used in awell’ s casing to isolate producing zones; also to isolate a section of
the borehole to be filled with cement when awell is plugged.

16 An instrument for measuring the inside diameter of awell.
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more than 20 percent reduction in the wal thickness of the casing, in which case the log is repeated every
gx months (Wyoming 1988, 1996).

Other examples of MIT used in backfilling operations include Multifrequency Electromagnetic
Thickness (MET) logs and cement bond logs. MET has been used by Tg Soda Ash, Inc. during the
operation of an underground tailings digposal and mine backfilling sysemto evauate corrosion and meta
loss (Tg Soda Ash, 1997). Cement bond logs (and cdiper logs) have been used in the Big Idand Trona
Mine to evauate the integrity of cement to pipe and cement to formation bonding (Wickersham, 1995).

6.4 Wedl Closure

Appropriate well abandonment isimportant to ensure that the well does not provide a pathway
through which contamination of USDWSs could occur. Aswith well construction and operation,
gppropriate closure practices depend onsite conditions. 1n some stuations, abandonment may be assmple
as dlowing the injected materid to fill the well bore after the mine stops accepting additiond injected
materid. This gpproach ismogt likely to be appropriate for shallow wells used for short periods to inject
sdlf-cementing grouting materids into closed or abandoned mines.

In other Stuations, protection of USDWSs may require plugging and abandonment using more
“conventiona” cementing techniques. For example, in Wyoming abandonment includes setting a cast iron
bridge plug approximately 50 feet above the bottom of the casng. Cement is placed in the casing by
pumping through a tubing string in stages as the tubing is withdrawn. Thisis performed until the entire
cading is cemented to the surface. At the surface, the casing is cut off 5 feet below the ground surface and
the land surface reclaimed in accordance with mine abandonment permits (Wyoming 1988, 1996).

In another example, dl injection wells, water withdrawa wells, and monitoring boreholes & the
Kindal 3 Minein Indianawere required to be plugged and sedled with cement from the bottom to the
surface. Figure 8 provides exampl