of individual elements. Applications of theoretical chem-
istry that have been described here and further research
in these areas remain a challenge for present and future
students of natural-water chemistry.
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Table 30. Chemical thermodynamic data for carbon, oxy-
gen, and sulfur species

[From Wagman and others (1968)]

Table 31. Chemical thermodynamic data for iron species

{c, calculated]

s . AG/O s
Species AGs® (kcal/mol) pecles (kcal/mol) ource
-12.13 | 2 C V") -18.85 Robie and others (1978).
-8.22 FeOH'(aq) ...... ... —62.58(c) Baesand Mesmer (1976).
-91.254 Fe(OH)s (aq) .............. -147 Wagman and others (1969).
-92.26 FeO (stoichiometric).... -60.03 Robie and others (1978).
-148.94 FeS; (pyrite) ............... -38.3 Do.
-140.26 FeS il ~-24.22 Do.
-126.17 FeCO; (siderite) .......... -159.35 Wagman and others (1969).
3.9 Fe*'(aq) ....... -1.1 Robie and others (1978).
-37.594 FeOH>(aq) .oco.......... -54.83  Wagman and others (1969).
-56.69 Fe(OH)2'(aq) ............. ~106.7(c) Baes and Mesmer (1976).
20.5 Fe(OH), (8Q) woooooo....... -198.4 Do.
2.88 Fe(OH): (amorphous).. -166 Feitknecht and Schindler
-8.02 (1963).
-6.66 FeOOH (goethite) ...... -116.77 Robie and others (1978).
-180.69 Fe;O, (magnetite) ...... -242.01 Do.
-177.97

Table 32. Chemical thermodynamic data for manganese
species

o
Species (kcilc/lﬁnol) Source

1Y (R CY) S -54.5  Wagman and others (1969).
MnOH'(aq) ....ccooooce... -96.8 Do.
Mn(OH); (aq) ........... -177.9 Do.
Mn(OH); (amorphous)  -147.0 Do.
MnC03

(rhodochrosite) ........ -195.0 Robie and others (1978).
MnS (alabandite) .......  -52.14 Do.
Mn;3O;4 (hausmannite).. -306.7 Wagman and others (1969).
8-MnOOH

(feitknechtite) .......... -129.8 Hem and others (1982).
v-MnOOH (manganite) -133.3 Bricker (1965).
8-MnO; (birnessite) ... -108.3 Do.
v-MnO: (nsutite) ........ -109.1 Do.

Table 33. Equilibrium constants for temperatures from 0° to
50°C for the system CaCO3+H0+CO:

[Ionic strength, 0.0]

TeC) Log KH,0 Log Ka Log Ki Log K2 Log Ks
1 2 3 4 5

0 -14955 -1.114 -6.579  -10.625 2.274
10 -14.534  -1.270 -6.464  -10.490 2.131
20 -14.161  -1.406 -6.381 -10.377 1.983
30 -13.833  -1.521 -6.327 -10.290 1.837
40 -13.533  -1.620 -6.298  -10.220 1.685
50 -13.263 -1.705 -6.285 -10.172 1.537

1. Dissociation of water: Ky o = [H'][OH’] (Ackerman, 1958).

2. Henry’s law constant for solution of CO; in water: Kj, = [HgCOa]/PCO2
(Harned and Davis, 1943).

3. First dissociation constant for carbonic acid: Ky = {HCO3 |[H')/[H2COs)
(Harned and Davis, 1943).

4. Second dissociation constant for carbonic acid: K; = [COs> ][H)/[HCO3)
(Harned and Scholes, 1941).

5. Solubility constant for calcite: K; = [Ca>'][HCOs}/[H'] (calculated from
data of Jacobson and Langmuir, 1974).
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INDEX

[Major references are underscored]

A

Accuracy, analyses, 163
chloride determination, 120
Acid rain, 35, 76, 93, 111
Acidity, 105
accuracy of determination, 164
defined, 109
sources, 110
titration end point, 110
Activation energy, 25
Activity, 14
Activity coefficient, 15
Activity quotient, 15
Adsorption, 28, 152, 153, 195
measurement of solute fraction, 60
monolayer, 28
Adsorption isotherm, 28
Affinity of reaction, 11
Agriculture. See Water quality, use
Air pollution, 9, 69, 114, 116
Alabama, 202
Alabandite, 87
Albite, 13, 89, 100, 191
dissolution, 72
Albuquerque, N.Mex., 196
Alkali, 114, 216
Alkali metals, 100
Alkaline-earth elements, 134
Alkalinity, 105
accuracy of determination, 164
defined, 106
sources, 106
Allegheny River, Oakmont, Pa., 142
Pittsburg, Pa., 141, 169, 188
Alpha radiation, 147
Alum, See Aluminum sulfate
Aluminosilicates, 131
Aluminum, 73
Aluminum hydroxide polymers, 59

Aluminum sulfate (alum), water-treatment processes,

75
Amazon River, 8, 31, 60, 131, 145
Amblygonite, 133
Ammonia, 126
Ammonium ion, 124
Amorphous silica, solubility, 72
Amphiboles, 85, 89, 121
Analyses, 41
aluminum-rich waters, 76
Amazon River, 9
atmosphere, 10
Blackbird Creek, Calif., 65
Blue Springs, Little Colorado River, Ariz., 65
boron-rich waters, 122
calcium-rich waters, 94
Clifton Hot Springs, Clifton, Ariz., 207

Analyses--Continued
comparison by means of ratios, 167
Cumberland River, Smithland, Ky., 94
Eagle Creek, Morenci, Ariz., 70
fluoride-rich waters, 122
graphical methods, 173
Green Lake, Carlsbad Caverns, N. Mex., 98
ground water, 49
hydrolyzates, 5
igneous rocks, 5
Iowa River, Iowa City, lowa, 122
iron-rich waters, 84
Jumping Springs, N. Mex., 94
Kiskiminitas River, Aurora, Minn., 84
Lance Formation, Wyo., 58
Leechburg (Vandergrift), Pa., 76
Lemonade Spring, Sulfur Springs, N. Mex., 110
Los Angeles County, Calif., 205
magnesium-rich waters, 98
manganese-rich waters, 76
metal-rich waters, 136
Menlo Park, Calif., 36
Middle Loup River, Dunning, Nebr., 71
Mississippi River, 9
nitrogen-rich waters, 122
Partridge River, Aurora, Minn., 84
Peace Creek, Salfa Springs, Fla., 122
Pecos River, Artesia, N. Mex., 94
phosphorus-rich waters, 122
Powder River, Baker, Oreg., 122
precipitates, 5
rainwater, 36
Rattlesnake Spring, N. Mex., 94
resistates, 5
Rio San Antonio, N. Mex., 70
river water, 9
San Francisco River, Clifton, Ariz., 207
seawater, 7
sedimentary rocks, 5
Shamokin Creek, Weighscale, Pa., 84
silica-rich waters, 70
snow, 36
sodium-rich waters, 102
Spooner Summit, U.S. Highway 50, Nev., 36
units, 54

Upper Geyser Basin, Yellowstone National Park,

Wyo., 70
Wagon Wheel Gap hot spring, Colo., 76
waters with unstable pH, 65
waters with various alkalinity-acidity-pH
relations, 110
Williamson Creek, Wash., 36
Wisconsin River, Muscoda, Wis., 98
Anhydrite, 90, 93, 113
Anorthite, 89, 100, 191
Antarctica, 31, 35
Anthropogenic effects, sodium concentrations, 103

Index
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Anthropogenic factors, minor-element circulation, 133 Brines--Continued

Anthropogenic sulfur emissions, 113 Red Sea, 31
Antimony, 145 Bromine, 146
Apatite, 118, 121, 126 Brushite, 128
Aqua de Ney, Mount Shasta, Calif., 73 Buffalo, N.Y., sulfate, 116
Aquatic biota, 33 Buffered solutions, 63
Aqueous electrons, 22 Bulk precipitation, 36
Aqueous solution, defined, 59 Bylas, Ariz., 67, 171
Aquia aquifer, Md., 39
Aragonite, 89 C
Argon, 154
Arizona, dissolved oxygen, 156 Cacapon River, W, Va., 105
subsidence, 222 Cadmium, 142
Arkansas River, Colo., 215 accumulation in plants, 216
Pueblo, Colo., 208 Calcite, 13, 89
Arrhenius equation, 25 equilibrium with gypsum, 172
Arsenic, 144 solution, 18, 20
Arsenopyrite, 144 solubility, 90
Artesia, N. Mex., 94, 117, 184 Calcium, 89
Artificial recharge, 222 concentration, determined by equilibria with
Astatine, 147 gypsum, 93
Astragalus, 145 ground water, 95
Atmosphere, chemistry, 35 river water, 93
composition, 8 Calcium carbonate, alkalinity, 106
sources of solutes, 134 hardness, 158
Atmospheric precipitation. See Rainfall Calcium chloride brines, 96
Atomic-absorption spectrophotometry, 130, 141 origin, 120
Australia, salinity, 120 Calcium sulfate. See Gypsum
Austria, dolomite precipitates, 97 California, 31, 39, 101, 125, 206, 223
Averages, 168 ammonia, 126
evaporites, 129
B lithium, 134
seawater contamination of ground water, 179
Bacteria, drinking water, 211 subsidence in, 222
iron occurrence, 82 Camden, N.J., 186
nitrate production, 124 Canada, acid rain, 113
sulfate production, 112, 113 Carbon cycle, 108
Baker, Oreg., 128 Carbon dioxide, 106, 192
Barite, solubility, 136 biological assimilation, 108
Barium, 135 buffering effect, 62, 63
Barium sulfate, solubility, 115 soil air, 33, 93
Basalt, 85, 194 solubility, 27
Base-flow fraction, 39 source of alkalinity and acidity, 105, 154
Bay Park, Long Island, N.Y., 222 Carbon-13, 162
Bayerite, 73 Carbon-14, 150
Beppu, Japan, boron, 129 Carbonate, equilibria, 18, 90, 97
Beryllium, 134 hardness, 158
Beryllium hydroxide, solubility, 134 Carlsbad, N. Mex., 208
BET procedure, area measurement, 28 Carlsbad Caverns, N. Mex., 99, 126
Beta radiation, 147 Carrizo Sand aquifer, Tex., 151
Bicarbonate, 63, 156 Cascade Mountains, Wash., 31
alkalinity, 106 Cation-anion balance, 151, 164
Biochemical factors, 32, 195 Cation exchange, increasing sodium content, 102
Biochemical oxygen demand (BOD), 158 irrigated soil, 216
Biological assimilation, CO,, 108 Cation-exchange capacity (CEC), 28
Biological fractionation, isotopes, 162 Celestite, solubility, 135
Biotite, 77 Cesium, 133
Bixby, S. Dak., 116, 198 Charge-site distribution, 60
Black alkali, 216 Chattanooga Shale, Tenn., 198
Blue Springs, Little Colorado River, Ariz., 65, 109, 111 Chemical analyses, extrapolation, 46
Boron, 129 Chemical energy, 11
crop-plant tolerance, 215 Chemical equilibria, control of pH, 62
Brandywine Creek, Del., 39 flowing streams, 39
Brazos River, Tex., 188 pressure effects, 18
Brines, composition, 201 temperature effects, 18
Imperial Valley, Calif., 31 Chemical kinetics, 24
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Chemical measuring techniques, surface streams, 206
Chemical oxygen demand (COD), 158
Chemical potential, defined, 14
Chemical reactions, 12
interfaces, 26
rates, 23
Chemical thermodynamic data, 253
Chemical thermodynamic models, 36
Chloride, 117
igneous-rock minerals, 118
rainfall, 35
seawater, 205
sedimentary rocks, 118
Chlorine, water purification, 117, 154
Chlorinity, defined, 54
Cholera, 210
Chromite, 138
Chromium, 138
Cisco, Utah, 126
Claiborne Group, Tenn., 187
Clays, semipermeable membranes, 30
Clifton Hot Springs, Ariz., 182
Climate, influence on water quality, 30
Climax, Colo., 140
Closed-basin lakes, 39, 105, 119
Cobalt, 138
Colby pattern diagram, 175
Colemanite, 129
Collins bar graph, 173
Colloidal particles, 59
Color, determination, 152
Colorado, 64, 140
radioactive springs, 147
streambed deposits, 86
Colorado River, Grand Canyon, Ariz., 169
Las Vegas, Nev., 223
Colorado River basin, Ariz., 184, 223
Combining weight, 56
Components, defined, 37
Composite samples, 45
Computer, application to hydrology, 166
data banks, 46
Conductance, 16, 66
measurement, 52
observations during a flood event, 183
Conductivity. See Conductance
Connate water, 32, 118
chloride content, 119
Continuous sensing, 44
Conversion factors, water-quality data, 55, 56
Copper, 140
Coprecipitation, metals with calcite, 195
Correlation coefficient, 169
Corrosion, 212
Crenothrix, 82
Cristobalite, solubility, 72
Crustal material, abundance of elements, 4
Cryolite, 121
Cumberland River, Smithland, Ky., 93
Cumulative-mass diagram, 185, 224
Cumulative-percentage plot, 176
Curie, defined, 147
Cyanide, 124, 154
Cyclosilicates, 69

D

Dakota Sandstone, N. Dak., 103, 196
Dead Sea, chloride, 119
Debye-Hickel equation, 15, 115
Degrees of freedom, defined, 37
Delaware River estuary, 40
Denitrification, 124
Density, 161
Density correction, highly mineralized waters, 55
Depth-integrated samples, 43
Deuterium, 162
Direct-runoff fraction, streams, 39
Discharge-weighted average, 168
Disequilibrium index, 11, 22
Dissolved gases, 154
Dissolved organic carbon (DOC), 151
Dissolved solids, accuracy check, 165
computation, 157
hydrolyzates, 196
rating curve, 181
relation to conductivity, 67
sources, 31
stock water, 213
Dissolved state, nature, 59
Dolomite, 85, 89, 97, 99, 167, 199
Dolores River, Cisco, Utah, 126
Douglas Basin, Ariz., 187
Drinking water, barium, 137
hardness, 159
nitrate, 125
standards, 211
Dry fallout, 36, 113, 144
Duryea, Pa., 64
Duwamish River, Seattle, Wash., 40

E

East Midlands, England, sandstone aquifer, 156
Ecology, 32
Eh. See Redox potential
Electric logging of boreholes, 52
Electrical conductivity, defined, 66. See also
Conductance
Electrical double-layer (EDL) theory, 29
Electrochemical equilibrium, 20
Electron activity, 22
Electronegativity, 120
Electroscope, 147
Elements, behavior in weathering, 41
residence time in the ocean, 42
Emission spectrography, 130
Energy, various forms, 10
English Lake District, 49
Enthalpy, defined, 11
Entropy, 11, 202
Environmental factors, relation to water composition,
30
Equilibrium constant, 19, 20
defined, 14
operational, 16
Equivalent weight, 56
units, 55
Escherichia coli, 141, 211
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Estuaries, 39
Eutrophic water, 34
Eutrophication, phosphorus, 126, 128
Evaporites, 105

boron, 129

chloride, 118, 119

defined, 6

gypsum, 113

lithium, 133

solution, 200

strontium, 135
Extraterrestrial material, 35

F

Factor analysis, 173
Fallout, fission products from bomb tests, 150
Faraday constant, 21, 79
Fayalite, 77
Feldspars, 73, 89, 100, 104
igneous rocks, 191
resistate sediments, 194
Fence diagram, 188
Ferroselite, 145
Field testing, 50
First law of thermodynamics, 10
First-order reaction, 24
Fission products, 150
Flame photometry, 104, 130
Florida, ground water, 38
phosphorites, 126
strontium, 135
Floridan aquifer, Fla., 39, 93, 98
carbon-14 measurements, 151
Flow-rate~integrated samples, 43
Fluorapatite, 123
Fluoride, 120, 130
Fluorite, 90, 121
Fluosilicate complex ions, 72, 121
Formality, 56
Forsterite. See Magnesian olivine
Fort Quitman, Tex., 96
Fort Union Formation, Mont., 116, 198
Francium, 147
Free energy, 11, 19
Frequency, sampling, 45
Frequency distribution, 169
Frequency factor, Arrhenius equation, 25
Freundlich isotherm, 28
Fugacity, defined, 154
Fulvic acid, 153

G

Galapagos Islands, ocean-bottom thermal springs, 31

Gallionella, 82

Gamma radiation, 147

Gas chromatography, 130, 153

Gas-liquid interfaces, 26

Geiger-Milller tube, 147

GEOCHEM, computer model, 37

Geochemical cycles, 41

Georgia, 186

Geothermal waters, 113, 128, 134, 144, See also
Thermal springs

Geronimo, Ariz., 188

Giardia lamblia, 210
Gibbsite, 73, 75, 121
Gila Bend, Ariz., 96, 125, 126, 180
Gila River, Ariz., 119, 187, 214
Bylas, Ariz., 67, 171
Gillespie Dam, Gila Bend, Ariz., 96, 126, 180
Safford Valley, Ariz., 49, 123
San Carlos Reservoir area, Ariz., 41
Welton-Mohawk area; Ariz., 50
Gillespie Dam, Ariz., 96, 126, 180
Glen Canyon Dam, Ariz., 224
Goethite, 81
Grand Canyon, Ariz., 95, 169, 200
Grand Chain, 1ll., 125
Grand Junction, Colo., 146
Grand Prairie, Ark., 222
Graphical methods, representation of analyses, 173
Great Lakes, 113
sulfate, 114
Great Salt Lake, Utah, 101
Green River, Wyo.-Utah, 94
Greenland, 31
lead, 144
sulfate, 114
Ground water, cation exchange, 96
chemistry, 38
composition, 199
conductance, 69
flow rates, estimation, 207
igneous rocks, 192
mathematical modeling, 209
pH, 63
pollution, 40, 203
quality, 52, 180, 186, 214
sampling, 49, 207
thermal. See Geothermal waters and Thermal
springs
Ground-water systems, 38
total energy, 10
Guano, source of nitrogen, 126
Gunnison River, Grand Junction, Colo., 146
Gypsum, 90, 93, 113, 157
equilibrium with calcite, 172
movement of water, 200
solubility, 26, 115

H

Half-life, 147
Half-reactions, 21
Halite. See Sodium chloride
Halogenated organics, 154
Hardness, 97, 158
in terms of degrees, 159
in terms of equivalent calcium carbonate, 57,
158
Harrisburg, Pa., 43, 188
Hawaii, 72
fluoride in volcanic condensates, 121
Heart River, N. Dak., 180
Helsinki, Finland, uranium, 148
Hematite, 81
Henry's law, 27, 154
High Plains, Nebr.-Kans., 105
Hill diagram, 178
Hot springs. See Thermal springs
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Hoover Dam, Nev., 223
Humic acid, 153, 155
Hydraulics, coastal aquifers, 204
Hydrocarbon gases, 156
Hydrochemical facies, 188
Hydrogen bonding, 3
Hydrogen-ion activity (pH), 61, 130
control by chemical equilibria, 62
control by CO, species, 106
diurnal cyclic fluctuation, 33
experimental reproducibility, 64
Hydrogen peroxide, aerated natural waters, 155
Hydrogen sulfide, 117
Hydrograph, 180
Hydrologic cycle, 34
Hydrolysis reactions, 62
Hydrolyzate sediment, ion-exchange reactions, 195
sodium, 100
Hydrolyzates, average composition, 5
defined, 6
Hydromagnesite, 97
Hydrosphere, defined, 7
Hyphomicrobium, 88

Idaho, phosphorites, 126
thermal-spring waters, 123
Igneous rocks, average composition, 5

classification, 191
Illinois, 125
radium, 149
Illinois River, Peoria, Ill., 208
Ilmenite, 137
Imperial Valley, Calif., 31, 95
Industrial pollution. See Mine drainage and Pollution
Inosilicates, 69
Iodine, 146
Ion activity, concepts, 37
Ion-activity product, 61
Ion-concentration diagrams, 173
Ion content, effect on osmotic pressure, 30
Ton exchange, processes, 96
reactions, 13
resins, 152
Ion pairs, 25, 58, 115
Ion ratios, 166
Ionic mobility, 67
Ionic strength, 16
Iowa, radium, 149
Iowa City, lowa, 125
Iowa River, lIowa City, Iowa, 125
Iraq, 214
Iron, 76, 160
organic complexes, 78
oxidation, reaction rates, 82
solubility calculations, pH-Eh diagrams, 78
solubility diagram, 80
Irreversible process, defined, 12
Irreversible reactions, 12
Irrigation. See Water quality, use
Irrigation return flow, 96
Isoelectric point, 28
Isogram maps, 187
Isotopes, biological fractionation, 162
measurement of streamflow, 208

Isotopic enrichment or impoverishment factors, 161
LK, L

Japan, cadmium in mining waste, 142
death rates from apoplexy, 159
Jordan Rift Valley, Israel, noble gases, 155

Juniata River, Pa., 43
Juvenile water, 32
Kalamazoo, Mich., 222
Kansas, nitrate, 125
Kernite, 129
Kettleman North Dome oil field, Calif., 111
Kilauea Iki Volcano, Hawaii, 72
Kinetic models, 23
disproportionation, 87
dissolution of igneous-rock minerals, 73
oxidation, 87
Knox Dolomite, Tenn., 199
Laboratory procedures, 53
Lake and reservoir sampling, 48
Lake District, England, 49
Lake Erie, phosphates, 128
Lake Havasu, Calif., 223, 224
Lake Mead, Nev., 94, 169, 188, 221
Lake Ontario, sulfates, 114
Lake Powell, Ariz., 223
Lake Superior, iron ores, 83
Lake Whitney, Tex., 188
Lakes, 39
Land subsidence. See Subsidence
Landfill leachates, 204
Langelier index, 19
Langmuir isotherm, 28
Lansfordite, 97
Las Vegas, Nev., 223
Law of mass action, 14
Lead, 143
Lead-210, 150
Lemonade Spring, Sulfur Springs, N, Mex., 111
Lepidolite, 133
Leptothrix, 82
Leucite, 104
Limestone, 89
calcite, 199
magnesian, 97
solution, 199
Liquid-solid interfaces, 27
Lithium, 133, 216
Little Colorado River, Ariz., 64, 65, 109, 111
Long Island, N.Y., 196, 204, 222
chromate, 138
Los Angeles, Calif., 104
seawater contamination in wells, 205

M

Mackenzie River, Canada, 31, 173
Madison Limestone, S. Dak., 93, 98
Magmatic water, 31

association with volcanism, 32
Magnesian olivine {forsterite), 77

alteration to serpentinite, 97
Magnesite, 97
Magnesium, 96

ferromagnesian minerals, 97
Magnetite, 77

Index
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Maine, radon, 149 Mohorovicic discontinuity, 4

Maine--Continued Mohr titation, chloride, 120
streambed deposits, 86 Mojave River valley, Victorville, Calif., 173
Major constituents, defined, 54 Molality, 15
Manganese, 84 Molarity, 56
accumulation in tree leaves, 86 Molybdenite, 140
organic complexes, 86 Molybdenum, 140
oxides, 13, 85, 86 accumulation in plant tissue, 216
Marl, 94 Monolayer adsorption, 28
Maryland, 83, 161 Monongahela River, Pittsburg, Fa., 141, 169
Mass-balance model, Floridan aquifer, Fla., 98 Moreau River, Bixby, S. Dak., 116, 198
Madison Limestone aquifer, S. Dak., 98 Mount Shasta, Calif., 73
Mass~law calculations, use, 18
Mass spectrography, 130, 152, 155, 161 N
Mathematical models, 162, 208
geothermal systems, 37 National Stream Quality Accounting Network
solute transport, 209 (NASQAN), 128, 132, 144, 168, 185
water quality, 166 National Water Data Exchange (NAWDEX), 46, 132
Mattole River, Calif., 105 Natural-water composition, 39
Menlo Park, Calif., 36, 39 Nebraska, 105
Mercury, 142 Neckar River, Germany, 128
Metal ions, lethal to fish and other aquatic life forms, Nernst equation, 21, 78, 79, 159
219 Nesosilicates, 69
Metal-organic complexes, 152 Nesquehonite, 97
Metamorphic rocks, 201 Neutron-activation analysis, 130
Metamorphic water, 31 New Brunswick, Canada, manganese deposits, 86
Meteoric water, 32 New Caledonia, ultrabasic waters, 100
Methane, 156 New England, 35, 76
Methods, extrapolation of chemical data, 180 New Jersey, 83
trace-element analysis, 130 New Mexico, 64, 184
water analysis, 50 evaporites, 105
Micas, 104 solutes brine, 200
Michigan, 83 New Orleans, La., 113
Microcline, 100, 104, 191 New York, 35, 86
Micrograms per liter, 55 New Zealand, arsenic, 145
Micromhos, 66 Niagara Group, Ohio, 99
Microsiemens, 66 Nickel, 139
Milliequivalents per liter, 56 Nitrate, 125
Milligrams per liter, 55 Nitrification, 124
Mine drainage, 43, 86, 111 Nitrogen, 124, 154
aluminum, 75 Nittany Valley, Pa., 92
arsenic, 145 Noble gases, 154
bacterial catalysis, 82 Nordstrandite, 73
beryllium, 134 North Carolina, 35, 119, 185
copper, 141 Northern Plains, U.S.-Canada, 215
iron, 83 Nova Scotia, Canada, arsenic, 144
manganese, 88
radium, 88 O
sulfate, 116
zinc, 142 Oakmont, Pa., 142
MINEQL, computer model, 37 Obsidian, chloride, 118
Minimata, Japan, mercury poisoning, 143 Ogallala aquifer, Tex., 222
Minor constituents, 54, 129 : Ogallala Formation, Nebr., 105
Minor elements, seawater, 7, 133 Ohio, strontium, 135
Minot, N. Dak., 186 Ohio River, Grand Chain, Ill., 125
Mirabilite, 101 Parkersburg, W, Va., 89, 128
Mississippi Embayment, Tex., 83, 116 Ohio River basin, 89
Mississippi River, 8, 125 Oligotrophic water, 34
Minn., 131 Olivine, 77, 85, 194
New Orleans, La., 113 Oman, ultrabasic waters, 100
Missouri, 133, 186 Oneida Lake, N.Y., manganese nodules, 85
Missouri River basin, 45 Oregon, 101, 222
Mixed potentials, 160 arsenic, 145
Model, conceptual, 10 Organic constituents, 151
equilibrium, 38 Orthoclase, 100, 104, 191
thermodynamic, 20 Orthophosphate, 127
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Osmosis, defined, 29
Oxidates, defined, 6
Oxidation, 20
Oxidation-reduction reactions, 13, 195
Oxygen, 155
demand, 157
Oxygen-18, 162

P

Paradise Valley, Phoenix, Ariz., 138
Parker Dam, Calif., 223
Parkersburg, W. Va., 89, 128
Partial molal free energy, 14
Particle diameters, clay, 59
sand, 59
silt, 59
Particle-size distributions, suspended sediment, 59
Parts per billion, 54
Parts per million, 54
Parts per thousand, 54
Parts per trillion, 54
Peace Creek, Salfa Springs, Fla., 122, 128
Pecos River, Artesia, N. Mex., 94, 117, 184
Carlsbad, N. Mex., 208
Pecos River basin, N, Mex., 110
Pegmatites, 133, 134
Pennsylvania, 83, 93, 111, 161
Peoria, Ill., 208
Percentage composition, anhydrous residue, 57
Pescadero Creek, Calif., 104, 183
Pesticides, 154
pH. See Hydrogen-ion activity
pH-Eh diagrams, 78, 87, 159
iron, 80
limitations, 81
manganese, 87
sulfur, 112
Phase diagrams, 38
Phase rule, 37
Phases, defined, 37
Phenol, 154
Phoenix, Ariz., 96, 103, 138, 187
Phosphate. See Phosphorus
Phosphoric acid, dissociation, 127
Phosphorite, 126
Phosphorus, 126
Photochemical reactions, atmosphere, 9
Photosynthesis, 27, 33, 155
PHREEQE, computer model, 37
Phyllosilicates, 69
Physical adsorption, 28
Physical properties, water, 3
Pie diagram, 175
Pinal County, Ariz., 49
Piper trilinear diagram, 178
Pittsburg, Pa, 141, 169, 188
Platte River, Nebr., 208
Plutonium, 151
Point sources, contaminants, 219
Pollution, 39, 119, 126, 132, 143, 154, 158, 162, 184,
203, 220. See also Air pollution
defined, 202
Polychlorinated biphenyls (PCB's), 154
Polymerization, aluminum hydroxide species, 74
Polynuclear complexes, 58

Polysulfide species, 112
Poncha Springs, Salida, Colo., 180
Potassium, 104
Potassium feldspar, 100, 104, 191
Potomac River estuary, 40
Powder River, Baker, Oreg., 128
Mont., 198
Precipitates, composition, 5, 198
defined, 6
Pressure, effect on chemical equilibria, 18
Priority pollutants, 154
Productivity, defined, 108
Pueblo, Colo., 208
Pyrite, 82, 112, 116, 155, 195
association with hydrolyzates, 198
Pyroxene, 77, 85, 89
QR

Quality control, analytical data, 163
Quartz, igneous rocks, 70, 191
solubility, 72
Radioactive elements, 9, 135, 146, 203
Radioactivity, 147
Radium, 147, 148
Radon, 147, 149, 154
Rainfali, 34, 35, 180
acidity, 111. See also Acid rain
Ralstonite, 121
Ranier Mesa, Nev., 180
Raoult's law, 29
Rate constants, order of reaction, 23
Rate law, 25
Reaction, affinity, 22
mechanisms, 23
order, 24
rates, effect of temperature, 25
Red Sea, 31
Redox couples, 21
Redox equilibria, iron in ground water, 38
Redox potential (Eh), 159
defined, 21
measurement, 22
Reduction, 20
Reduzates, defined, 6
Redwall Limestone, Grand Canyon, Ariz., 95
Redwood National Forest, Calif., 180
Reservoirs, 39
chemical effects, 221
Residence time, elements in the ocean, 42
Residue on evaporation, 156
Resistate sediments, composition, 194
sodium, 100
Resistates, composition, 5
defined, 6
Resistivity logging, 52, 53
Respiration, 34
Reversible chemical equilibrium, carbonate-dominated
systems, 38
Reversible process, defined, 12
Reversible reactions, 12
Rhodochrosite, 85, 87
Rhodonite, 85
Rio Grande, 214
Fort Quitman, Tex., 96
N. Mex., 168
San Acacia, N, Mex., 46, 117, 180, 184, 198
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Rio Grande valley, Albuquerque, N. Mex,, 196 Shepherdsville, Ky., 183

Rio Puerco, N. Mex., 198 Siderite, 77, 80, 81, 87, 91, 155
River water, composition, 9 Sierra Nevada, Calif.-Nev., 35, 100, 191, 193
sampling, 43 Significant figures, water analyses, 165
Rivers, 39 Silica, 69, 166
Riverside, Calif., 64 Silicates, dissolution, 192
Rogue River basin, Oreg., 119 Silicic acid, dissociation, 71
Roswell artesian system, N. Mex., 100 Silver, 141
Roswell Basin, N. Mex., 200 Smithland, Ky., 93
Rubidium, 133 Soap Lake, Wash., 117
Sodalite, 118
S Sodium, 100
accuracy of determination, 164
Safford Valley, Ariz., 49, 123, 187, 207, 208 analysis, 102
Salfa Springs, Fls., 122, 128 igneous rocks, 10
Salida, Colo., 180 sediments, 100
Salinity, 214 solubility controls, 101
defined, 54 Sodium-adsorption ratio (SAR), 161, 216
Salt-balance equation, 214 Sodium carbonate, 101
Salt-dilution method, measurement of flow, 206 brines, 101, 103
Salt River, central highlands, Ariz., 119 Sodium chloride (halite}, 101, 103
Phoenix, Ariz., 96, 103 brines, 120
Shepherdsville, Ky., 183 Sodium sulfate, solubility, 101
Salt River valley, Ariz., 120, 125 Softening of ground water, natural, 96
Salton Sea, Imperial Valley, Calif., 95 SOLMNEQ, computer model, 19, 37
Saltwater intrusion, aquifers, 204 Solubility, 25
Samples, collection, 42, 130 Solute-balance equation, 181
filtration, 36, 44, 131, 132 Solute correlations, 169
preservation, 44 Solute transport, rates, 34
Sampling error, 43 Sorosilicates, 69
Sampling interval, 43 Sorption, 27
San Acacia, N. Mex., 46, 117, 180, 184, 198 Sorption-desorption reaction, 13
San Andreas Limestone, Roswell Basin, N. Mex., 200 South Australia, dolomite precipitates, 97
San Carlos Reservoir, Ariz., 41 South Carolina, fluoride, 123
San Francisco Bay, Calif., 39, 40 radium, 148
San Francisco River, Clifton, Ariz., 182, 207 South Dakota, 102
San Joaquin Valley, Calif., 196, 223 South Platte River valley, Colo., 125
San Simon, Ariz., 122 Specific conductance. See Conductance
Sand Hills, Nebr., 105 Spodumene, 133
Sanitary landfills, 204 Spontaneous potential, 53
Santa Cruz Basin, Ariz., 101 Spooner Summit, U.S. Highway 50, Nev., 36
Santa Fe, N. Mex., 191 Spring Creek, Ga., 183
Santa Fe Formation, Rio Grande valley, Albuquerque, Spring inflow, analysis of samples, 206
N. Mex., 196 Springs, travertine, 95
Saturation index (S.1.), 19, 22, 90, 91 Stability field diagrams, 78, 173
Scandinavia, 35 Stable isotopes, 161
Scatter diagrams, 169 Standard free energy, 11
Schoeller nomograph, 175 Standard mean ocean water (SMOW), 162
Searles Lake, Calif., lithium, 133, Standard potential, 21
Sea salts, transport in rainfall, 35 defined, 11
Seawater, composition, 7 Standard state, defined, 11
minor elements, 133 Statistical treatment, water-quality data, 168
Seattle, Wash,, 40 Steamboat Springs, Nev., arsenic, 144
Second law of thermodynamics, 10 Stiff patterns, 175
Second-order reaction, 24 Stock water, 213
Sediment, 59 STORET, computer data bank, 46
Sedimentary rocks, classification, 6, 194 Strontianite, solubility, 135
composition, 5 Strontium, 135
Seepage, measurement, 207 Strontium-90, 151, 212
Seeped (waterlogged) land, 214 Strontium sulfate, solubility, 115
Selectively permeable membranes, 29 Subsidence, 196, 222
Selectivity coefficient, 29 Sulfate. See Sulfur
Selenium, 145 Sulfur, 112
accumulation in plant tissues, 216 Sulfur cycle, 113
Semipermeable membrane, 29 Sulfur-oxidizing bacteria, 82
Sepiolite, 98 Sulfur Springs, N. Mex., 111
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Sulphur Bank, Calif., ammonia, 126

Supai Formation, Grand Canyon region, Ariz., 200

Surface electrical charge, 60

Surface energy, 27

Surface properties, 27

Surface tension, 26

Suspended particulate matter, 59, 131

Susquehanna River, Harrisburg, Pa., 43, 188
Pa., 88

Sustained fission, 150

Sweden, manganese deposits, 86

Symbol maps, 186

Synthetic organics, 153

System, defined, 10

Tectosilicates, 69
Tehachapi Mountains, Calif., 223
Temperature, effect on chemical equilibria, 18
Texas, 64, 109
subsidence, 222
Thermal pollution, 219
Thermal springs, 31. See also Geothermal waters
pH, 64
radioactive, 147
Thermal stratification, 39, 48
Thermodynamic models, 20
Thermodynamics, aqueous systems, 10
nonequilibrium systems, 23
Thorium, 149
Titanium, 137
Titration end point, 106, 110
Tons per acre-foot, 55
Total organic carbon (TOC), 151, 158
Total recoverable as opposed to dissolved
concentrations, 131
Total recoverable inorganic constituents, 61
Trace constituents, 129
Trace-element analysis, 130
Trace-metal partitioning, estuaries, 40
Transport models, fluid and solute movement, 209
Transuranium elements, 151
Travertine, 64, 95, 109
Trilinear plotting systems, 176
Tritium, 118, 147, 150, 162
Trona, 117
Typhoid fever, 210

U, Vv

Ultrabasic waters, 100
Unfiltered samples, 59
Unsaturated zone, samples, 41
Uranium, 147, 148
U.S.s.R., 30, 97, 139, 160, 178
calcium chloride brines, 120
ground-water composition, 200
iodine, 146
molybdenum, 140
Utah, dolomite precipitates, 97
van der Waals adsorption, 28
Vanadium, 137

van't Hoff equation, 18
Venice, Italy, subsidence, 222
Victorville, Calif., 173
Virginia, 35, 86

Vivianite, 128

w

Waikato district, New Zealand, boron, 129
Washington (State), 101, 222
lead-210 deposition offshore, 150
Waste~disposal practices, 153, 203
WATEQ, computer model, 19, 37, 90
Water analyses, 53, 54
Water chemistry, unsaturated zone, 40
Water composition, biochemical factors, 32
variation with depth, 38
Water molecule, structure, 3
Water pollution. See Pollution
Water quality, changes related to water-resource
development, 223
climate, 30
conversion-factor data, 55
differences with depth, 49
hydrographs, 180
irrigation, rating on basis of boron concentration,
216
lithology, 189
management, 219
maps, 185
profiles, 188
records, compilations, 46
requirements for industries and processes, 220
standards, 210
statistical treatment of data, 168
stream discharge, 180
use, 210
Water types, 166
Waterborne diseases, 210
WATSTORE, computer data bank, 46, 132
Waukesha, Wis., strontium, 135
Weathering, 6, 41, 113, 114, 190
Weight-per-volume units, 55
Weight-per-weight units, 55
Wellton-Mohawk area, Ariz., 50, 180, 223
Wilcox Formation, Tenn., 102
Willamette River basin, Oreg., 46
Williamson Creek, Wash., 36
Wisconsin, radium, 149
Wisconsin River, Muscoda, Wis., 100
Wyoming, 191

Y, 2

Yellowstone National Park, Wyo., alkali metals, 134
antimony, 145
arsenic, 128

Yugoslavia, ultrabasic waters, 100

Yukon River, 60, 131

Yuma, Ariz., 223

Zero-order reaction, 24

Zero point of charge (zpc), 60

Zinc, 141
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Explanatory Note to Plate 2

Nomograph for evaluating calcite equilibria T=0°C to 50°C, I=0.0 t0 0.5

This nomograph provides a means of estimating the calcite saturation index (S.1.) for waters of known ionic
strength () for temperatures (7) between 0° and S0°C. Besides the values for T and / it is necessary to know
the concentrations (mg/L) of HCOs and Ca and the pH. Preferably pH and HCO3; measurements should be
made at the time samples are collected. Ionic strength can be computed using plate 1 if all major dissolved
ion concentrations are known. For some waters an approximate value for 7 can be computed from the
specific conductance of the water (Lind, 1970).

Instructions for use:

1. Place overlay (pl. 2B) on Ca vs HCOs grid (pl. 24) so that match lines coincide.

2. While keeping the match lines exactly superimposed, move 2B until the determined value of 7 read on
the ionic strength scale coincides with the temperature (measured at time of sample collection) value
read on the temperature scale on 2A4.

3. Locate in 24 the point of intersection of Ca and HCO; concentrations (in mg/L). The position of this
point on the pH grid (2B) is the equlibrium pH for calcite saturation at these 7 and 7 values.

4. Compute calcite saturation index from the formula

S-I-=pHmeasured - pHequlhb-

A positive value for S.I. indicates supersaturation. Importance of simplifying assumptions and related
factors that may affect accuracy of S.I. values obtained with the nomograph are discussed under the topic
headings “Calcium—Chemical Controls on Calcium Concentrations™ in the text.
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