Kentucky Geological Survey
James C. Cobb, State Geologist and Director
University of Kentucky, Lexington

Groundwater Quality in Watersheds of the
Kentucky River, Salt River, Licking River,
Big Sandy River, Little Sandy River, and
Tygarts Creek
(Kentucky Basin Management Units 1, 2, and 5)

R. Stephen Fisher, Bart Davidson, and Peter T. Goodmann

Report of Investigations 16 Series Xll, 2007



Technical Level

General Intermediate Technical

ISSN 0075-5591



Contents

ADSTIAC. ... 1
INETOAUCHON ... 3
PUIPOSE....eii s 3
GBS .. 3
BaCKGTOUNA ...ttt ettt 3
Previous INVestigations...........ccciiiiiiiiiiiii s 3
PrOJECt AT@a.....ouiiiiiii e 4
Basin Management Unit 1: Kentucky River Watershed...........cccooeeiinnieiinncccnecne 4
Basin Management Unit 2: Salt River and Licking River Watersheds..........cccoccccovrnnuencnee. 6
Basin Management Unit 5: Big Sandy River, Little Sandy River, and Tygarts Creek
WaaterSheds........oiiiiii s 6
Hydrogeologic Unit COAES.........ovuiuiirimirieiiiirieicieteiee ettt e eeaes 6
Groundwater Sensitivity REGIONS .........cccccoiiiiiiiiiiiiiiiiiicc e 7
IMEEROMS ... 8
........................................................................................................................................................ 12
Water Properties ... 12
PH 12
Total Dissolved SOLids..........cccciiiiiiiiiiiiiiiiiiiiiii s 16
Specific Electrical CONAUCLANCE .........c.ccevirieucuiiririeiccireieecee et 20
HArdNess .......coooiiiiiiiiic e 24
Total Suspended SOLIAS..........oeueiriririciiiectece e 28
INOTZANIC ATNHOMS.......oiiiiiiiiiiii s 31
ChIOTIAe....ceeii s 31
SUILALE ... 34
FIUOTIAE ... 37
IMELALS ... 40
ATSEIUC ...ttt 40
Baritm ... 44
IMETCUTY ..o 47
TEOM oo 49
MANGANESE ...t e 52
INULTIONES .o 55
NItrOZen SPECIES ......ccuiiuiiiiiiiiiii e 55
Nitrate-INItrOZen .......cccoiiiiiiiiii e 55
Nitrite-INIrOZeN ... 59
AmmOonia-NItrOZen ........cccoiiiiiiiiiii s 62
PROSPROTUS SPECIES ...ttt ettt 65
Orthophosphate ... 65
Total PROSPROTUS ...t 69
PeSHICIAES ... 72
24D 72
AlAChIOT ..o 74
ALTAZINE ..o 76
CYANAZINE. ...t 78
MetOlacChlOr ........oviiiiiiii s 80

118 4 1= V21 14 TSI RO OO PRPRPPPPPRPRRRIRt 82



Contents

(Continued)

Volatile Organic COmMPOUNS ..........couimimiiiiiicccccc e 84
BeNZEene ........cooiiiii e 84
Ethylbenzene ... 86
TOIUEIIE ...t 88
Xylenes (Total).......ccooiiiiiiii 90
IMTBE .o 92

Summary and CONCIUSIONS............couiuiiiieieieieeeeeee e 94
ACKNOWIEdZMENES ......oviii s 95
References CIted ..ot 96
Figures
1.  Map showing locations of major river watersheds, physiographic regions, and basin
MANAZEMENT UNIES ..o 5
2. Cumulative data plot for all pH values reported in Kentucky groundwater..................... 11
3. Box-and-whisker plot for all pH values reported in Kentucky groundwater .................... 11
4. Cumulative plot of pH values from BMU T.........ccccoiiiiiiiiiiiiiiccccce, 12
5. Cumulative plot of pH values from BMU 2..........ccccoiiiiiiiiiiicccccces 13
6.  Cumulative plot of pH values from BMU 5...........cccccooiiiiiiiiiiccc 13
7. Map showing locations of sampled sites and ranges of pH values..............cccccccccvinnninene. 14
8. Box-and-whisker plot summarizing pH values grouped by physiographic region.......... 15
9.  Box-and-whisker plot summarizing pH values grouped by major watershed.................. 15
10.  Box-and-whisker plot comparing pH values from wells and springs............cccccccoeeeinies 15
11.  Plot of pH values versus well depth...........ccccooiiiiiie, 15
12.  Cumulative plot of total dissolved solids values from BMU 1..........cccccoiiiiiiniincnnne. 17
13. Cumulative plot of total dissolved solids values from BMU 2...........cccociiiiiniincnnne. 17
14.  Cumulative plot of total dissolved solids values from BMU 5..........cccccooiiiiiiniincnne. 17
15. Map showing locations of sampled sites and ranges of total dissolved solids values......18
16.  Box-and-whiskers plot summarizing total dissolved solids values grouped by
Physiographic TeGION. ........c.ouiiiicc e 19
17.  Box-and-whiskers plot summarizing total dissolved solids values grouped by
mMajor Watershed............oo 19
18.  Box-and-whiskers plot comparing total dissolved solids values for wells and springs...19
19.  Plot showing total dissolved solids values versus well depth............ccccccocoiiiiiinn. 19
20.  Cumulative plot of conductance values from BMU 1 ...........ccccccooiiiiiiiiiiiiice 21
21.  Cumulative plot of conductance values from BMU 2............cccccoiiiiiiiiiiiie 21
22.  Cumulative plot of conductance values from BMU 5 ..., 21
23.  Map showing locations of sampled sites and ranges of conductance values..................... 22
24.  Box-and-whiskers plot summarizing conductance values grouped by physiographic
<7~ 1) 4 OO OO OO O OO OO 23
25.  Box-and-whiskers plot summarizing conductance values grouped by major river
WALETSIEM ... e 23
26.  Box-and-whiskers plot comparing conductance measurements from springs and wells 23
27.  Plot of conductance values versus well depth.............ccccccoiiiiii 23
28.  Cumulative plot of hardness values in BMU T............cccccooiiiiiiiiiiiiiiiccccccce, 24



29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.

41.

42.

43.
-4
45.
46.
47.
48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.

65.
66.

Figures

(Continued)

Cumulative plot of hardness values from BMU 2 .............cccoiiiiiiiiiiiiiiiccc, 24
Cumulative plot of hardness values from BMU 5 ..., 24
Map showing locations of sampled sites and ranges of hardness values........................... 26
Box-and-whiskers plot summarizing hardness values grouped by physiographic

<7~ 1) 4 OO OO OO OO ORRR 27
Box-and-whiskers plot summarizing hardness values grouped by major watershed......27
Box-and-whiskers plot comparing hardness values from wells and springs..................... 27
Plot of hardness values versus well depth.............cccccooii 27
Cumulative plot of total suspended solids values from BMU 1.............cccccoiiiiniinn. 28
Cumulative plot of total suspended solids values from BMU 2.............ccccccccoiiinniins 28
Cumulative plot of total suspended solids values from BMU 5............ccoociiiiiiininee. 28

Map showing locations of sampled sites and ranges of total suspended solids values....29
Box-and-whiskers plot summarizing total suspended solids values grouped by

Physiographic TeGION. ........c.ouiiiiccc e 30
Box-and-whiskers plot summarizing total suspended solids values grouped by

mMajor Watershed............coooi 30
Box-and-whiskers plot comparing total suspended solids values from wells and

] o) T 4= OO OO OO OO ORI 30
Plot of total suspended solids values versus well depth ...............ccccoiii 30
Cumulative plot of chloride values from BMU T...........ccccccooiiiiiiiiiiiiicicccc, 31
Cumulative plot of chloride values from BMU 2............cccccociiiiiiiiiiiicicccc, 31
Cumulative plot of chloride values from BMU 5...........ccccocoiiiiiiiiiiiccciccc, 31
Map showing locations of sampled sites and ranges of chloride values............................. 32
Box-and-whiskers plot summarizing chloride values grouped by physiographic

<7~ 1) 4 OSSOSO OO OOTUROORR 33
Box-and-whiskers plot summarizing chloride values grouped by major watersheds......33
Box-and-whiskers plot comparing chloride values from wells and springs ...................... 33
Plot of chloride values versus well depth ..., 33
Cumulative plot of sulfate values from BMU T..........cccccccoiiiiiiiiiiiiiiiicccccc, 34
Cumulative plot of sulfate values from BMU 2............ccccccooiiiiiiiiiiiiiiicccnccce 34
Cumulative plot of sulfate values from BMU 5..........c.cccoooiiiiiiiiiiiiicccccc, 34
Map showing locations of sampled sites and ranges of sulfate values ...............c............... 35
Box-and-whiskers plot summarizing sulfate values grouped by physiographic region..36
Box-and-whiskers plot summarizing sulfate values grouped by major watershed .......... 36
Box-and-whiskers plot summarizing sulfate values from wells and springs..................... 36
Plot of sulfate values versus well depth...........ccccoiiiiiiii, 36
Cumulative plot of fluoride values from BMU T ..., 37
Cumulative plot of fluoride values from BMU 2 ..., 37
Cumalative plot of fluoride values from BMU 5............ccccocoiiiiiiiiiiiccccccce 37
Map showing locations of sampled sites and ranges of fluoride values ............................ 38
Box-and-whiskers plot summarizing fluoride values grouped by physiographic

<7~ 1) 4 OO OO OO RO OO UROORR 39
Box-and-whiskers plot summarizing fluoride values grouped by major watershed........ 39

Box-and-whiskers plot comparing total and dissolved fluoride values.............................. 39



67.
68.
69.
70.
71.
72.
73.

74.
75.
76.
77.
78.
79.
80.
81.
82.

83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99

100.
101.

102.
103.
104.
105.
106.
107.

Figures

(Continued)
Box-and-whiskers plot summarizing fluoride values from wells and springs .................. 39
Plot of fluoride values versus well depth.........ccccooiiieiinniciiicccee e 39
Cumulative plot of arsenic values from BMU T.......cccooeiiinieiinniceineceereeeeeeenee 41
Cumulative plot of arsenic values from BMU 2...........ccciiiniiiinniceireccereeeeeeenes 41
Cumulative plot of arsenic values from BMU 5........cc.cociiiiiiinnccieccereeeeeeeeee 41
Map showing locations of sampled sites and ranges of arsenic values...........cccccceerveueueeee. 42
Box-and-whiskers plot summarizing arsenic values grouped by physiographic
TEEIOTL ..ttt 43
Box-and-whiskers plot summarizing arsenic values grouped by major watershed ......... 43
Box-and-whiskers plot comparing total and dissolved arsenic values ...........cccccveueunee. 43
Box-and-whiskers plot comparing arsenic values from wells and springs .........c.c.ccuc..... 43
Plot of arsenic values versus well depth ..........ccccooiiiiiiiicececeeeee 43
Cumulative plot of barium values from BMU T.......ccccocioiiniiiiiinniccineccereeeeeeees 44
Cumulative plot of barium values from BMU 2.............cccccoivnniiinnnicirreceereeeeeeeee 44
Cumulative plot of barium values from BMU 5...........cccccceoiinineiinnnciireceereeeeeeeeee 44
Map showing locations of sampled sites and ranges of barium values ..........ccccccoeueueee. 45
Box-and-whiskers plot summarizing barium values grouped by physiographic
<Y =4 (o) o WO OO U TR PE RSO TOPOTRTRUO 46
Box-and-whiskers plot summarizing barium values grouped by major watershed......... 46
Box-and-whiskers plot comparing total and dissolved barium values ...........cccccoeuueee. 46
Box-and-whiskers plot comparing barium values from wells and springs..........c.cc.c....... 46
Plot of barium values versus well depthi..........ccccooviiiiiiiiceccceeeees 46
Map showing locations of sampled sites and ranges of mercury values ..........ccccoeueueee. 48
Cumulative plot of iron values from BMU 1 .........ccccooviiiiiiinneiirceneecereeeeeeeees 49
Cumulative plot of iron values from BMU 2 .........ccccoviiiiiiiniciinceseecereeeeeeenes 49
Cumulative plot of iron values from BMU 5.........ccccoviiiiiiniciiinceieeeceeseeeeeees 49
Map showing locations of sites and ranges of iron values ...........ccccccveeueirnnecenneecnene. 50
Box-and-whiskers plot summarizing iron values grouped by physiographic region ......51
Box-and-whiskers plot summarizing iron values grouped by major watershed............... 51
Box-and-whiskers plot comparing total and dissolved iron values.........ccccoceeuevnnnucncnee. 51
Box-and-whiskers plot comparing iron values in wells and springs.........c.c.cccecceeereveucnee. 51
Plot of iron values versus well depth...........coocciiiiiinnccee s 51
Cumulative plot of manganese values from BMU T .........ccccoieiiiniiiinnccirneeceneeee 52
Cumulative plot of manganese values from BMU 2 .........ccccooiiiiniiiinnnccrneeeceee 52
Cumulative plot of manganese values from BMU 3 .........ccccooiiiiniiiinnccerneeecee 52
Map showing locations of sampled sites and ranges of manganese values ....................... 53
Box-and-whiskers plot summarizing manganese values grouped by physiographic
1< 4 1) o OO 54
Box-and-whiskers plot summarizing manganese values grouped by major watershed..54
Box-and-whiskers plot comparing total and dissolved manganese values........................ 54
Box-and-whiskers plot comparing manganese values from wells and springs................. 54
Plot of manganese values versus well depth...........ccccocoiiiiiniiceeeee 54
Cumulative plot of nitrate-nitrogen values from BMU 1 ..........ccccooviiiinnneicinniccenee 56

Cumulative plot of nitrate-nitrogen values from BMU 2 ..........ccccooviiiinnneiccnniceenee 56



108.
109.
110.

111.

112.

113.
114.
115.
116.
117.
118.
119.

120.

121.

122.
123.
124.
125.
126.
127.
128.

129.

130.
131.
132.
133.
134.
135.
136.
137.

138.
139.

140.
141.

Figures

(Continued)
Cumulative plot of nitrate-nitrogen values from BMU 5 ..........ccccooviiiiinnnicinneccinee 56
Map showing locations of sampled sites and ranges of nitrate-nitrogen values ............... 57
Box-and-whiskers plot summarizing nitrate-nitrogen values grouped by
PRYSIOZIAPRIC TEZIOM.....c.eviiiiiicicce ettt e 58
Box-and-whiskers plot summarizing nitrate-nitrogen values grouped by major
WateTShed ..o 58
Box-and-whiskers plot comparing nitrate-nitrogen values from wells and
SPTIILES ...ttt b e 58
Box-and-whiskers plot comparing total and dissolved nitrate-nitrogen values................ 58
Plot of nitrate-nitrogen values versus well depth..........cccooocoeiniiiiinniicceeene 58
Cumulative plot of nitrite-nitrogen values from BMU 1 ..........cccccoonriiiinnncciinniecenee 59
Cumulative plot of nitrite-nitrogen values from BMU 2 ...........ccccoviiiiinnneciinneceennee 59
Cumulative plot of nitrite-nitrogen values from BMU 5 ...........cccconiiiiinnnciinnccenee 59
Map showing locations of sampled sites and ranges of nitrite-nitrogen values................ 60
Box-and-whiskers plot summarizing nitrite-nitrogen values grouped by
PRYSIOZIAPNIC T@ZIOM.....c.eiiiiiiieicic ettt 61
Box-and-whiskers plot summarizing nitrite-nitrogen values grouped by major
WateTShed ..o 61
Box-and-whiskers plot comparing nitrite-nitrogen values from wells and
SPTIILES ...ttt 61
Box-and-whiskers plot comparing total and dissolved nitrite-nitrogen values................. 61
Plot of nitrite-nitrogen values versus well depth.........cccccoeciiniiiiinnniicceeee 61
Cumulative plot of ammonia-nitrogen values from BMU 1 .......cccccocicinnniiinniccinne 62
Cumulative plot of ammonia-nitrogen values from BMU 2 .......c.cccoeiinnnicinniccnee 62
Cumulative plot of ammonia-nitrogen values from BMU 5 .........cccciinniiiinnciinee 62
Map showing locations of sampled sites and ranges of ammonia-nitrogen values........... 63
Box-and-whiskers plot summarizing ammonia-nitrogen values grouped by
PRYSIOZIAPNIC TEZIOM.....c.eiiiiiiieicicieec ettt 64
Box-and-whiskers plot summarizing ammonia-nitrogen values grouped by major
WateTShed ..o 64
Box-and-whiskers plot comparing total and dissolved ammonia-nitrogen values........... 64
Box-and-whiskers plot comparing ammonia-nitrogen values from wells and springs....64
Plot of ammonia-nitrogen values versus well depth..........c.ccccoiiciiinnicinniceene 65
Cumulative plot of orthophosphate values from BMU 1 ..........ccccooviiicinnneicinnecccnee 66
Cumulative plot of orthophosphate values from BMU 2 ..........ccccoviiiinnneicnnecccee 66
Cumulative plot of orthophosphate values from BMU 5 ..........ccccoviiiinnncicinnecceee 66
Map showing locations of sampled sites and ranges of orthophosphate values .............. 67
Box-and-whiskers plot summarizing orthophosphate values grouped by
PRYSIOZIAPRIC T@ZIOM.....c.eiiiiiiiicicie ettt 68
Box-and-whiskers plot summarizing orthophosphate values grouped by major
WateTShed ..o 68
Box-and-whiskers plot comparing orthophosphate values from wells and springs......... 68
Plot of orthophosphate values versus well depth.........cccoocoiiniiiinniiiecceee 68

Cumulative plot of total phosphorus values from BMU 1 ........cccccoieiinnneicinniccinee 69



142.
143.
144.
145.

146.

147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.

Figures

(Continued)

Cumulative plot of total phosphorus values from BMU 2 ........c.cccoeiniiniinninncncene. 69
Cumulative plot of total phosphorus values from BMU 5 ........c.cccoioiniiniinninncnccee 69
Map showing locations of sampled sites and ranges of total phosphorus values............. 70
Box-and-whiskers plot summarizing total phosphorus values grouped by

PhYSIOZIaphic T@ZIOM.......cviiiiiiiciiicc e 71
Box-and-whiskers plot summarizing total phosphorus values grouped by major
WaterShed ........ooiii e 71
Box-and-whiskers plot comparing total phosphorus values from wells and springs.......71
Box-and-whiskers plot comparing total and dissolved phosphorus values....................... 71
Plot of total phosphorus values versus well depth..........cccoccviiininiiinniincccece 71
Map showing locations of sampled sites and ranges of 2,4-D values..........c.cccccccvvvrncnnee. 73
Map showing locations of sampled sites and ranges of alachlor values............cc.cccuc.e. 75
Map showing locations of sampled sites and ranges of atrazine values............cc.ceucueee. 77
Map showing locations of sampled sites and ranges of cyanazine values.......................... 79
Map showing locations of sampled sites and ranges of metolachlor values...................... 81
Map showing locations of sampled sites and ranges of simazine values .......................... 83
Map showing locations of sampled sites and ranges of benzene values........................... 85
Map showing locations of sampled sites and ranges of ethylbenzene values.................... 87
Map showing locations of sampled sites and ranges of toluene values.............ccceucuece. 89
Map showing locations of sampled sites and ranges of total xylenes values..................... 91

Map showing locations of sampled sites and ranges of MTBE values...........ccccccccveuennee. 93



Al.

Tables

Summary of evidence for nonpoint-source impacts on groundwater quality in basin

management UNits 1, 2, and B.......c.ccoiiririeiiiirieceee e 2
Watershed names and six-digit HUC designations for basin management units

0, 2, ATUA Dot e e e —————e e e e e e e—————eeeeaaa——————aeeeaaaar————aeesaaan————aaaaan 7
Watershed names and eight-digit HUC designations for basin management units

0, 2, ATUA Dottt e e e e ————ee e e e e e e————aeeeeaaa——————aeeeaaaar————aeesaaaa————aeaaan 7
Parameters and water-quality standards used for data summaries ..........cccocoecerrnuencnee. 10
SUMMATY Of PH VAlUES ...t 12
Summary of total dissolved solids Values..........cccccoeueeoininiriciiinniccecc e 16
Summary of conductance ValUes............ccceoirirueueirininicieinreceeee e 20
Hardness classification of water SUPPLES ........cccvririeeiririeiciirecee s 24
Summary of the number of sites in various hardness categories ...........cccccevrueucerrreencnne. 24
Summary of total suspended solids values...........coeeeiririeiciiinnieicie e 28
Summary of chloride Values.........c.cccooiiiiiininiiiicccc s 31
Summary of sulfate ValUes ..........ccccocoiriiiiiiiniiccc s 34
Summary of fluoride VAlUES.........ccccooiviiiiiiiiniiccice e 37
SUMMATY Of ArSENIC VAIUES......ccvovuciiiiiciciiiecc ettt 40
Summary of baritm ValUes ..........ccceoiririiuciriniiccieccee ettt 44
SUMMATY Of METCUTY VALUES ...ttt 47
SUMMATY Of ITON VAIUES ...ttt 49
Summary of MaANZANESE VAIUES .......ccccuvueueuiiriieiciirieieet ettt 52
Summary of nitrate-NitroGeN VAlUes ..o 55
Summary of Nitrite-NItroGen ValUes ..ot 59
Summary of ammonia-Nitrogen VAlUes..........cccciririrueueininieieeireieeeeee e 62
Summary of orthophosphate-P values ...........cccccceomiiieiiinniiciiccrecceeceseee s 65
Summary of total phosphorus Values..........c.ccciiririccinicce s 69
SUMMATY Of 2,4-D VAlUES.....c.ciiiiiiiiiiiiccicct et 72
Summary of alachlor VAlUES.........ccccoiriiiiuiiiiriicciece e 74
SUMMAry of atrazine ValUeS.........ccccoieirieueiririeiciciieiecee ettt 76
Summary of Cyanazine ValUes ..........ccoocueiiririecirinieieeieee et 78
Summary of metolachlor Values ...........ccciiriiiiiiiiniicccc s 80
Summary of SIMAZINE VALUES .......c.cccoiririiiiiiiiecicietec e 82
SUMMAry of DENZENE VAIUES .......c.c.cuiiiiiciiiieiccteec et 84
Summary of ethylbenzene values...........c.ccccoiiiininiiiciiiccce s 86
SUMMATY Of tOIUENE VAlUES......coovuiiiiiiciciiiiecct et 88
Summary of total Xylenes Values...........cccccviririeuiiriniiieiciiccee e 90
SUMMATy of MTBE VAlUES .....c.couoiiuiiiiirieiciieccte ettt 92

Summary of evidence for nonpoint-source impacts on groundwater quality in basin
management UNits 1, 2, and B.......c.cccoiririiiiiiniiieiec s 94



Our Mission
Our mission is to increase knowledge and understanding of the mineral,
energy, and water resources, geologic hazards, and geology of Kentucky
for the benefit of the Commonwealth and Nation.

Earth Resources—Our Common Wealth

www.uky.edu/kgs



