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Geochemical signature of
formation waters associated
with coalbed methane
Wayne A. Van Voast

ABSTRACT

Formation waters associated with coalbed methane have a common

chemical character that can be an exploration tool, regardless of

formation lithology or age. Effectively devoid of sulfate, calcium,

and magnesium, the waters contain primarily sodium and bicarbon-

ate and, where influenced by water of marine association, also

contain chloride. The distinct geochemical signature evolves through

the processes of biochemical reduction of sulfate, enrichment of

bicarbonate, and precipitation of calcium and magnesium. Cation

exchange with clays may also deplete the dissolved calcium and

magnesium, but is not prerequisite. Low sulfate/bicarbonate ratios

characterize these waters and are also common but less pronounced

with occurrences of conventional oil and gas. Waters rich in sulfate,

calcium, and magnesium occur in many coalbed aquifers but are not

found in association with methane.

Users of total dissolved solids data should ensure that the val-

ues reflect adjustments of bicarbonate concentrations to simulate

evaporation residues. Results that erroneously sum the entire bi-

carbonate content can be far too high in these bicarbonate-rich wa-

ters, thereby exacerbating the issues of disposal.

Evaluations of prospects and choices of exploration targets can be

enhanced by an added focus on the geochemical signature that should

be expected in association with methane. Knowledge of the geo-

chemical signature may also be useful in the commonly protracted

testing of wells. The appearance of high sulfate concentrations in water

analyses can justify early curtailment of test pumping and can prompt

the siting of subsequent drill holes farther from areas of recharge.

INTRODUCTION

Almost all commercial production of methane from coalbeds in

the United States occurs in six geologic basins (Figure 1). At the

time of writing (2001), methane produced from coal in these basins
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is approaching 8% of the United States’s total natural

gas production, and new development will occur in

numerous other coal-bearing basins as exploration ex-

pands and the techniques of this young industry are

refined. Disposal of water produced with the gas will

be an issue almost everywhere because of the quantities

necessary to achieve gas production and because of the

chemical quality of production water in contrast to that

of potential disposal options. Interest in water quality

has thus far focused overly on the issue of disposal, in

large part overlooking its application for exploration. In

this article, the terms ‘‘ground water,’’ ‘‘formation water,’’

and ‘‘production water’’ are chosen to represent ground

water in the general sense, its occurrence with oil or

gas, and its production with oil or gas, respectively.

The purposes of this article are to identify the

specific chemical character common to all coalbed wa-

ters associated with methane and to dramatize its value

as an exploration tool. The chemical character has been

noted before (Decker et al., 1987) for three of the pro-

ducing basins (Piceance, San Juan, and Black Warrior)

in Figure 1. This article underscores some of those con-

clusions and adds interpretations from additional basins

and different data. Of the numerous commonly used

diagrams for showing water quality, the semilog milli-

equivalent diagram introduced by Schoeller (Freeze and

Cherry, 1979) was chosen here. The Schoeller diagram

allows quantitative as well as comparative perspectives,

both judged useful for this topic. Water-quality condi-

tions for the six producing basins are described, with

emphasis on the similarities of relative chemical con-

centrations in both marine and nonmarine depositional

environments. Discussion of the geochemical pro-

cesses in the evolution of these conditions is presented,

together with sidebars on water quality associated with

conventional oil and gas, cautions in the use of total

dissolved solids (TDS) values, and suggestions for using

the geochemical signature during methane exploration,

testing, and development.

BASIN DEVELOPMENTS

Although methane from coal has been a source of energy

for many decades, the first significant commercial pro-

duction of methane from coal in the United States was in

the Black Warrior basin of Alabama (Figure 1). The

coalbed-methane industry had a somewhat serendipi-

tous beginning there from research designed to reduce

the amount of gas infiltrating the underground mines.

The degassing for safety purposes ultimately proved

profitable for the sale of the gas, and the first United

States coalbed-methane field was subsequently defined

in 1980 as the Black Warrior basin (Pashin and Hinkle,

1997). Large-scale commercial development in the San

Juan basin, Colorado and New Mexico, closely followed

the developments in Alabama, and as of 2001, produc-

tion (mostly in New Mexico) far exceeds all other

United States coalbed-methane production combined

(Colorado Oil and Gas Conservation Commission sta-

tistics; Energy Information Administration, 2001). Other

Rocky Mountain basins with substantial production are

the Raton basin, which also spans the Colorado/New

Mexico border, the Piceance basin in Colorado, which

is one of the deepest structural basins in the Rocky Moun-

tain region, the Uinta basin in western Utah, and the

Powder River basin, which is geographically the largest of

all United States producing basins although methane pro-

duction there is geologically the shallowest.

Ages of the producing coals range from Pennsylva-

nian to Tertiary (Table 1), and coal rank varies from

subbituminous to bituminous. In all basins, except the

Powder River, marine or marine-transitional environ-

ment accompanied deposition. The coals and associ-

ated beds in the Powder River basin are entirely con-

tinental and are deposited in a freshwater environment.

The chemical quality of the coalbed water can, in large

part, reflect depositional environment, but wherever

produced with methane, the water carries an additional

chemical signature from diagenetic (postdepositional)

geochemical processes.

PRODUCTION-WATER QUALITY

Production waters in the six producing basins (Table 1;

Figure 2a–f) have chemical similarities despite the long

668 Geochemical Signature of Formation Waters Associated with Coalbed Methane

Figure 1. Principal coalbed-methane-producing basins in the
United States, 2001.



geographic distances between basins and the disparities

of stratigraphy and geologic age for the producing

formations. The very low concentrations of calcium

and magnesium, the almost total absence of sulfate, and

the predominance of sodium, bicarbonate, and some-

times chloride are clearly evident for each producing

basin and typify ground-water quality associated with

coalbed-methane occurrence and production.

In most basins, the ionic concentrations reflect the

processes of recharge, flow, flushing, and discharge. In

those basins where flow conditions have been deter-

mined, concentrations nearer the recharge areas are

generally lower for sodium and chloride and somewhat

greater for calcium and magnesium than they are nearer

the discharge areas.

The San Juan basin’s hydrogeology, for example,

has been extensively studied and modeled by Kaiser

et al. (1991), who related the conditions of ground-

water flow, hydrostatic pressure gradients, and water

quality. They demonstrated the sodium bicarbonate-

chloride chemical type of coproduced ground water

(Figure 2b) and showed that concentrations are lowest

in the Colorado part of the basin due to the recharging

fresh water there. Downgradient concentrations of all

three constituents in the New Mexico part of the basin

increase dramatically.

The hydrogeology of the Raton basin is also well

known through studies by McLaughlin (1966) and

Hemborg (1998). Concentrations of all dissolved con-

stituents increase along the downgradient flow path

toward the center of the basin (Figure 2c). The only

significant concentrations in the produced water are

those of sodium, bicarbonate, and chloride, whereas

other ions common to ground water (calcium, magne-

sium, and sulfate) are nearly absent.

In the Piceance basin, water produced with coalbed

methane at the southeast end of the basin is the same

sodium bicarbonate-chloride–type water (Figure 2d)

found with coalbed-methane production elsewhere.

Sodium and bicarbonate are the principal constit-

uents in the Powder River basin production waters

(Figure 2f) as well as in all others. Along the recharging

eastern side (Daddow, 1986), there are somewhat high-

er concentrations of calcium and magnesium and lower

sodium contents than elsewhere. Deeper in the basin

and toward the distal northern end, calcium and mag-

nesium contents are substantially lower, and sodium is

about doubled from that in the recharge area. Through-

out this and all other coalbed-methane-producing basins

however, the predominance of sodium and bicarbonate

(and chloride in marine associations) defines the chemical
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Figure 2. Schoeller diagrams of chemical quality judged typical for
coalbed-methane production waters (a–f) and for coalbed waters not
associated with methane production (g). Low concentrations of calcium and
magnesium, and particularly sulfate, typify the production waters, in
contrast to diverse calcium and magnesium and high sulfate in the absence
of methane. Chloride and sodium contents can vary depending on
depositional environment and postdepositional flushing or mixing. Data
sources are identified in Tables 1 (for a–f) and 2 (for g).



character of formation water predictable with the oc-

currence of methane.

COALBED-WATER QUALITY NOT ASSOCIATED
WITH METHANE PRODUCTION

Methane is not being produced with coalbed waters

that contain substantial concentrations of sulfate. In

the examples of this type of water (Figure 2g) and the

comparisons with production-water quality (Figure

2a–f), high sulfate concentrations and diverse con-

centrations of calcium and magnesium characterize

coalbed water in the nonmethane settings. Particularly

evident are the sulfate concentrations greater than

about 10 meq/L (�500 mg/L) in the non-methane-

producing wells. The examples in Figure 2g are from

wells in a variety of coals and settings in Montana,

North Dakota, and Alberta (Table 2). In all of these

general areas, there may be ground waters having fa-

vorable chemical quality for methane occurrence, but

there is no evidence of natural gas at these particular

locations where sulfate is a predominant anion.

DISCUSSION

The chemical similarities of known coalbed-methane

production waters demonstrate a standard chemical

type that can be expected in future coalbed-methane

developments, without respect to formation lithology

or age. The waters are typified not so much by their

dissolved constituents but by the specific absences of

some of these constituents. Knowledge of this standard

chemical signature should have a primary use in meth-

ane exploration, testing, and development. It is proposed

here that coalbed methane will be found exclusively

with formation waters of this specific chemical type. It

does not follow, however, that methane will be found

wherever these waters occur. Although comparatively

uncommon in the Earth’s ground-water regime, they

do occur in some settings that are not productive of

methane, such as in sediments of the San Joaquin basin

in California, in the Fox Hills-Hell Creek aquifer in

Montana, and in Cretaceous aquifers beneath the At-

lantic and Gulf Coastal plains. The common geochem-

ical nature of all waters of this type reflects a background

of chloride and sodium (in marine associations) and a

succession of the processes of microbial sulfate reduc-

tion, bicarbonate enrichment, and calcium and magne-

sium depletion.
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Marine Influence

In all of the basins where the coals are in stratigraphic

association with marine or marine-transitional beds,

chloride and sodium are the substantial components in

the production waters (Figure 2a–e). Variations in

concentrations within the basins have been shown to

relate to mixing with, or flushing by, ground water. In

the San Juan basin, for example, concentrations along

the recharging north end of the basin are about a tenth

of those in the downgradient southern part of the basin

(Figure 2b). Similar mixing or flushing is evident in the

upgradient or near-surface parts of the Raton and Piceance

basins (Figure 2c–d). Insignificant concentrations of chlo-

ride in the Wyoming and Montana production waters

(Figure 2f) reflect the nonmarine character of the Pow-

der River basin sediments, a condition different from that

of the other geologically older basins. Whether influ-

enced by chloride and sodium from marine sources, the

chemical signature of the production waters demon-

strate at least three geochemical processes. The first of

these, sulfate reduction, is a prerequisite reaction for

the biogenesis of methane, is an attendant condition in

its thermogenesis, and enhances the enrichment of dis-

solved bicarbonate that in turn results in the depletion

of calcium and magnesium.

Microbial Sulfate Reduction

Most ground waters encounter and dissolve sulfate

minerals along the paths of flow. In recharge areas of

sulfide-common terranes such as those associated with

coal, high concentrations of dissolved sulfate result from

weathering and oxidation of pyrite and marcasite. As

the coalbed waters enter deeper, oxygen-poor parts of

flow systems, biochemical reduction of the dissolved

sulfate reprecipitates the sulfides, thereby depleting

the sulfate content of the waters. Given the presence of

an anoxic environment, low sulfate concentrations, or-

ganic matter such as coal, methanogenic bacteria, and

optimum conditions of temperature and in-situ space

(Rice and Claypool, 1981), biogenic methane is pro-

duced. Some research suggests that the generation of

methane occurs concurrently with the sulfate-reduction

process, depending on the methanogenic species pres-

ent (Oremland et al., 1982).

Coalbed methane in basins described by Rice (1993),

other than the Powder River basin, is chiefly but not

exclusively of thermogenic origin. Coalification is essen-

tially a reduction process, biologically driven in its first

stages such as in Tertiary coals of the Powder River basin

and ultimately as metamorphism by pressure and heat

of burial in the deeper basins. The attendant chemical

reduction of dissolved sulfate is evidenced by the sul-

fide minerals pervasive in and near the coal and by the

absence of sulfate in formation waters produced with

the methane. Whether reduced by the original micro-

bial activity or later by advanced coalification, the sul-

fate content in coalbed-methane production water is

negligible, regardless of the methane’s origin.

Bicarbonate Enrichment

Waters produced with coalbed methane are rich in dis-

solved bicarbonate, which is a direct product of carbon-

ate dissolution by oxygenated recharge waters and of

both the sulfate-reduction and methane-fermentation

processes (Freeze and Cherry, 1979) deeper in the ba-

sins. It is not a coproduct in the biochemical process of

carbon dioxide reduction however, which is considered

the preferred pathway for methanogenesis. Beyond the

influence of recharge, the universal presence of ele-

vated bicarbonate with coalbed methane, regardless of

methane origin, suggests that biochemical reduction of

sulfate is the primary bicarbonate producer in the for-

mation waters.

Calcium and Magnesium Depletion

The production waters are almost devoid of the divalent

cations, calcium and magnesium, but contain high con-

centrations of sodium. The predominant process for

calcium and magnesium depletion is likely the inorganic

precipitation of calcite and dolomite due to reduced

solubility in the presence of the elevated concentrations

of bicarbonate. Probably, the first field example of calcium

and magnesium precipitation associated with sulfate

reduction was described by Eaton (1935) for ground

water of the San Joaquin Valley, California. Diagenetic

precipitation is also attributed to clay, carbonate, and

other precipitates identified on cleat surfaces of coals in

the Black Warrior and San Juan basins by Fowler and

Nick (1997). Carbonate precipitation occurred in the

laboratory during an injection compatibility test by Decker

et al. (1987), during which the experimental mixing of

high-bicarbonate production water from the Piceance

basin with low-bicarbonate water created insoluble pre-

cipitates of calcium, magnesium, barium, and strontium

carbonates. Solubility limitations for calcite are well

known and predictable (Drever, 1997), but are less certain

for dolomite. An assumption of dolomite in equilibrium

with calcite produces the relationship in Figure 3, which
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although not rigorous, demonstrates the reason for low

calcium and magnesium concentrations found in pro-

duced coalbed-methane formation waters. Bicarbonate

enrichment inherent with the sulfate-reduction process

causes precipitation of calcite and dolomite, producing

the high-bicarbonate, low-calcium, and low-magnesium

character of the formation waters.

Augmenting the precipitation, but not prerequi-

site, may be the exchange of sodium from clays for cal-

cium and magnesium in solution. Cation exchange is

considered the principal process for calcium and mag-

nesium depletion in terrains of reactive, volcanically

derived clay minerals such as in the Powder River and

Williston basins. Although not necessarily related by

cause and effect to the generation or presence of meth-

ane, cation exchange is a process commonly attributed

to the evolution of sodium-rich waters (Lee, 1981). In

recharge areas, infiltrating waters readily dissolve avail-

able salts, building commonly high concentrations of cal-

cium, magnesium, and sodium. Progressively along the

flow paths and the water’s contact with reactive clay

minerals, the calcium and magnesium ions adsorb to the

clay and are replaced in the water solution by equivalent

molar concentrations of sodium previously adsorbed on

the clay.

Evolution of the overall chemical quality proceeds

sequentially by dissolution of inorganic ions in recharg-

ing waters, dilution of marine-associated waters where

present, biochemical sulfate reduction directly enrich-

ing bicarbonate, and depletion of calcium and magne-

sium through cation exchange and/or bicarbonate-driven

precipitation of calcite and dolomite. The final product

develops through several relatively simple geochemical

processes and is not difficult to recognize because of the

simple content of two or three major constituents as in

Figure 2a–f, rather than the six or more ions that are

commonly predominant. However, not all coals contain

water of this type (Figure 2g). Waters rich in sulfate,

calcium, and magnesium are found in many coalbed

aquifers, and in these cases, the coals should not be

considered likely sources of methane.

Applications for Exploration and Development

The geochemical signature of coalbed-methane pro-

duction water can be a useful criterion in the prelim-

inary evaluations of prospects when broad assemblages

of data are reviewed. It may be more important, how-

ever, in the design and duration of test pumping and in

the selection of subsequent drilling sites. Where coal-

beds are aquifers, such as in the Powder River and

Williston basins, test pumping for many weeks may be

required before indications of gas productivity are

evident. In these cases, an early water-quality analysis

can indicate whether the expense of prolonged pump-

ing is warranted. If dissolved sulfate content exceeds

10 meq/L (�500 mg/L), the well is an unlikely pro-

ducer of methane. Moving the next drilling site(s) far-

ther from the outcrop may avoid the influence of

recharge and any associated sulfate.

Conventional Oil and Gas

Aqueous chemical processes associated with conven-

tional occurrences of oil and gas may include all of those

ascribed for coalbed methane, but the processes must

occur under conditions far beyond the scope of this ar-

ticle. Inherently complicating all evaluations are the

diverse testing and completion practices and the dynamic

near-well oil/gas/water regimen induced by production

(Hanor, 1999). Consideration must also be given that

formation-water quality, particularly having reduced

sulfate, is in large part a prerequisite in the genesis of

biogenic and thermogenic coalbed methane, whereas

reduced sulfate content associated with conventional

hydrocarbon occurrences probably relates to sulfate

instability in the hydrocarbon environment. Sulfate

reduction in coalbeds precedes or is concurrent with

hydrocarbon genesis, but in the conventional case, it

may be a result.
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Figure 3. Solubility of calcium plus magnesium in waters
containing dissolved bicarbonate. As concentrations of dissolved
bicarbonate (HCO3) increase, the solubilities of calcium and
magnesium (Ca and Mg) decrease, causing precipitation of
calcite and dolomite. This relationship explains the low con-
centrations of calcium and magnesium in the high-bicarbonate-
production waters. Calculated from equilibrium constants (Freeze
and Cherry, 1979), assuming that calcium is in equilibrium with
magnesium and concentrations are equivalent to activities.



Microbial reduction of sulfate and associated en-

richment of bicarbonate, here deemed axiomatic for

formation waters associated with coalbed methane, had

long been thought to modify the chemistry of forma-

tion waters associated with conventional occurrences of

oil and gas; that record, however, is less clear and the

evidence less compelling. Russian and Canadian scien-

tists have actively sought hydrochemical associations

with petroleum occurrences for purposes of explora-

tion. In the United States, formation-water chemistry

has been of keenest interest because of problems of

production and disposal.

Vel’kov (1960) related sulfate/bicarbonate ratios

in formation waters to the presence or proximity of oil

and gas occurrences in several areas of western Russia.

In that work, ratios less than about 3 (not specified,

but presumed to be based on milligrams per liter) were

characteristically found within about 1500 m (pre-

sumed laterally) of an oil pool, and ratios less than unity

were common in waters in contact with the oil itself.

High contents of gas shown on gas logs were also dis-

tinctive of waters with low ratios (<3). Early evalua-

tions of Devonian formation waters in western Canada

did not yield succinct relationships between dissolved

sulfate and bicarbonate (van Everdingen, 1968). It was

concluded at that time that no clear-cut case for ac-

ceptance or rejection of sulfate reduction had thus far

been presented.

For the United States, Daly et al. (1995, their table

3-2) list production-water quality for 42 conventional

onshore gas basins in the conterminous states for 1990.

In a simplistic statistical overview of sulfate and bi-

carbonate concentrations (Figure 4) for the 42 basins,

about 70% of the ratios of average concentrations (mil-

ligrams per liter) are less than about 3, the limit claimed

by Vel’kov for western Russia. Although not rigorous,

this may reflect a broad association between conven-

tional natural gas and the chemical quality of formation

water. The larger picture, along with the demonstrated

instability of sulfate in the presence of petroleum,

underscores the merit of research into applications of

formation-water chemistry for petroleum exploration.

Know Your Total Dissolved Solids

In the review of laboratory analyses for this article, it

was evident that all labs do not use the same criteria in

calculating and reporting TDS. In water-disposal issues

such as surface discharge or subsurface injection, TDS

is a governing parameter for mixing with any surface or

ground water. For many decades, TDS was determined

only by weighing the residue on evaporation of the

water. In that procedure, about half the bicarbonate in

the water is volatilized and lost from the solution and

residue. The remainder is converted to carbonate and

weighed in the residue. With modern analytical tech-

niques (particularly for sodium and potassium), TDS

became directly calculable, but the method of calcula-

tion has not been consistent.

For water-resources purposes, temporal continuity

of data is needed for historical reference and for de-

termining and projecting trends. For consistency with

the many decades of historical residue-on-evaporation

data, calculated TDS values are adjusted to include only

about half (0.4917) the bicarbonate content; the results

may be thought of as calculated as residue on evaporation.

Not all labs follow this convention, erroneously adding

the entire bicarbonate value; the errors can be very large

for coalbed-methane and other high-bicarbonate wa-

ters. For example, a typical TDS for the southern San

Juan basin (Figure 2b) might be about 19,000 mg/L,

including about 17,000 mg/L bicarbonate; erroneously

reported, the TDS would exceed 27,000 mg/L.

Similarly, a typical TDS content in the central Raton

basin would be about 2200 mg/L with about 1900 mg/L

bicarbonate; erroneously reported, the TDS would ex-

ceed 3100 mg/L. In the western Powder River basin

(Figure 2f), TDS values are typically about 1200 mg/L,

but could be reported erroneously at 1900 mg/L be-

cause of the 1400 mg/L bicarbonate in the produced

water. From the discrepancies that have been noted, it

674 Geochemical Signature of Formation Waters Associated with Coalbed Methane

Figure 4. Statistical distribution of average sulfate/bicarbon-
ate ratios (mg/L per mg/L) for waters coproduced with con-
ventional oil and gas. Seventy percent of the reported values
were less than 3.0, indicating that reduced sulfate and/or
elevated bicarbonate concentrations are common but not per-
vasive in these waters. A maximum ratio of 3.0 was suggested
as an indicator of oil or gas association by Vel’kov (1960) in
early studies in western Russia.



is clear that operators can benefit if they and the reg-

ulators ensure that they are working with properly re-

ported TDS concentrations.

Data Sources in the Public Sector

Producers and explorationists may be pleasantly surprised

at the amount of coal-related data available through the

public sector. For most coal basins, data needed to ad-

dress mining issues such as those of water discharge or

injection have already been collected and summarized,

as have geologic and ground-water-quality information

that can be useful for exploration.

In response to the Surface Mining Control and

Reclamation Act of 1977, the U.S. Geological Survey

conducted a program of hydrologic study of United

States coal basins. It produced a series of more than 60

open-file reports, each one covering an area of known

coal resources, and in total covering all areas of minable

coal in the conterminous United States. These reports

contain general geologic and hydrologic interpretations

(e.g., Chaney et al., 1987), along with extensive bib-

liographies of more detailed data and studies for each

area. The bibliographies are highly useful, citing fed-

eral, state, and private sources otherwise locatable only

by extensive literature study. State geological surveys

provide another source of useful information, particu-

larly geologic and hydrologic. Many analyses of ground-

water quality, the focus of this article, are publicly avail-

able in state files of water wells and oil and gas drillstem

and production tests. As an early step in the exploration

process, these files can be searched for coalbed water

analyses having the geochemical character known to be

associated with methane, specifically the relative ab-

sences of dissolved calcium, magnesium, and sulfate.

CONCLUSIONS

Coalbed methane is a fast-developing energy resource

in the United States, with production from six coal

basins thus far approaching 8% of the total natural gas

production. Production of the methane entails the

coproduction of large volumes of formation water hav-

ing a common chemical character, regardless of forma-

tion lithology or age. Geochemical processes inherent

with the conditions of methane occurrence and gen-

eration modify ground-water quality to a distinctive

type that is easily recognized. Most ground water con-

tains at least six major inorganic constituents: calcium,

magnesium, sodium, bicarbonate, chloride, and sulfate.

Waters associated with coalbed methane have been

geochemically modified by processes of sulfate reduc-

tion, bicarbonate enrichment, and calcium and mag-

nesium depletion to contain primarily sodium and bi-

carbonate and chloride where influenced by water of

marine association.

Microbial reduction of dissolved sulfate seems to

drive the sequence of processes that modify the water

quality. Bicarbonate is a product of the reduction, and

with increased dissolved concentrations, calcite and do-

lomite precipitate because of reduced solubilities of

calcium and magnesium. Cation exchange with clays

may also deplete the dissolved calcium and magne-

sium, but is probably not necessary to arrive at the final

chemical character. Low sulfate/bicarbonate ratios in-

variably occur with coalbed methane, but commonly

relate to occurrences of conventional oil and gas. A statis-

tical analysis of water quality in 42 conventional onshore

gas basins suggests that low (<3 mg/L per mg/L)

sulfate/bicarbonate ratios do characterize most pro-

duction, but the relationship appears far less rigorous

than that for water produced with coalbed methane.

Users of TDS data in addressing environmental

issues should be sure of the way the numbers are cal-

culated. Adjustment of the bicarbonate values for evap-

oration conversion to carbonate and carbon dioxide is

the convention, but some laboratories directly sum the

bicarbonate. Those results for high-bicarbonate waters

can be much too high, thereby exacerbating the prob-

lems of disposal.

Exploration and testing for coalbed methane can be

enhanced by an added focus on ground waters that are

nearly devoid of calcium, magnesium, and sulfate. For

reconnaissance-level exploration, a surprising wealth of

water-quality and associated geologic data is available in

the public sector. The U.S. Geological Survey, for ex-

ample, has conducted and published hydrologic studies

of all known coal basins in the conterminous states.

Most states can provide additional data and reports

through their geological surveys or other appropriate

agencies. Operators can sample formation water during

the drilling and testing of prospects and during field

development, and the analyses can be used in decisions

on duration of test pumping, likelihood of methane

production, and siting of locations. An approximate

limit of 10 meq/L (�500 mg/L) of dissolved sulfate is

suggested by the available data as a maximum concen-

tration to be associated with coalbed methane. When

coalbed waters are encountered with sulfate concen-

trations approaching or exceeding that level, extensive
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and unnecessary test pumping to induce gas produc-

tion can be avoided and subsequent drill sites can be

staked at increased distances from outcrops or other

sources of recharge.
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