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Figure 19. Conductance versus well depth. Higher conduc-
tance values have been omitted to better show the main 
trend of data.

Figure 16. Summary of conductance values grouped by 
physiographic region

�������������������

����������������

����������������

����������������� �

����

�����������

� ������ ������� ������� �������

Figure 17. Summary of conductance values grouped by ma-
jor river watershed.
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Figure 18. Comparison of conductance values from wells 
and springs.
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Hardness. Hardness refers to the tendency of water to 
precipitate an insoluble residue when soap is used, and 
to form a scale on containers when water evaporates. 
Hard water reduces the ability of soap and detergents 
to clean clothes; leaves a sticky fi lm on skin, clothes, 
and hair; and deposits scale in water heaters, boilers, 
and industrial equipment.

Because calcium and magnesium are largely re-
sponsible for the behavior of soap in water, hardness 
is usually defi ned as the concentrations of calcium and 
magnesium expressed as an equivalent amount of cal-
cium carbonate:
Hardness (mg/L calcium carbonate equivalent) = 2.5 Ca (mg/L) + 
4.1 Mg (mg/L).

A frequently used classifi cation of hardness in 
water supplies is shown in Table 7 (U.S. Geological 
Survey, 2006).

The lower 85 percent of values follows a normal 
distribution, with excursions to very high values in the 
remaining 15 percent (Fig. 20).

Table 7. Hardness classifi cation of water supplies.

Hardness Category Concentration (mg/L)
Soft 0–17
Slightly hard 18–60
Moderately hard 61–120
Hard 121–180
Very hard > 180

Calcium and magnesium concentrations from the 
data repository were combined according to the above 
equation to produce 1,942 groundwater hardness val-
ues at 649 sites in BMU 3 (Table 8). Less than 50 percent 
of the values represent soft to moderately hard water, 
whereas 44 percent of the samples represent very hard 
water.

Table 8. Summary of hardness values (mg/L).

Measurements 1,942
Maximum 130,072
75th percentile 242
Median  131
25th percentile 40
Minimum 0.3
Sites  649
Sites < 17 (soft water) 78
Sites 18–60 (slightly hard water) 130
Sites 61–120 (moderately hard water) 73
Sites 121–180 (hard water) 81
Sites > 180 (very hard water) 287
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Figure 20. Cumulative plot of hardness values. Values great-
er than 50,000 mg/L have been omitted to better show the 
majority of the data.

Sample distribution is dense in all areas except 
the northern part of the Upper Cumberland River wa-
tershed (Fig. 21). Water is soft to moderately hard in 
the Jackson Purchase Region, hard to very hard in the 
Eastern and Western Pennyroyal Regions, and high-
ly variable in the Eastern Kentucky Coal Field (Figs. 
21–22).

Samples from the Lower Cumberland, Tennes-
see, Ohio, and Mississippi River watersheds have a 
small range of values (Fig. 23) because sites in those 
watersheds are in geologically homogeneous terrain. 
Samples from the Upper Cumberland watershed have 
a very large range of values because of the geologic 
heterogeneity of the Eastern Kentucky Coal Field.

The highest hardness values are found in ground-
water from wells rather than from springs (Fig. 24). 
There is a general trend of decreasing hardness with 
depth in water wells (Fig. 25).

In summary, hard to very hard groundwater is 
predominant throughout the project area, with the 
exception of water from wells in the sandy Jackson 
Purchase Region. In both the Eastern Kentucky Coal 
Field and the Eastern Pennyroyal carbonate terrain, 
dissolved calcium and magnesium supplied by calcite 
and dolomite produce hard water. These minerals are 
absent or present only in low abundance in the gravels, 
sands, silts, and clays of the Jackson Purchase Region. 
Very high hardness values in the Eastern Kentucky 
Coal Field may be the result of acidic groundwater 
dissolving carbonate minerals and producing high cal-
cium and magnesium concentrations.

Hardness
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Figure 25. Hardness values versus well depth. Higher values 
were omitted to better show the majority of the data points.
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Figure 22. Summary of hardness values grouped by physio-
graphic region.
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Figure 23. Summary of hardness values grouped by major 
river watershed.

���������������

������

����

� ����� ����� ����� ����� �����

Figure 24. Comparison of hardness values from wells and 
springs. Higher values were omitted to better show the simi-
larity in interquartile ranges.

���������������

�
��

��
��
��
�

�
��

��
��
��
�

�
��

��
��
�

� ����� �����
�

���

���

���

�����

Hardness



26

Total Suspended Solids. Suspended particulate mate-
rial is reported as total suspended solids. TSS values 
are typically higher in samples from karst springs or 
wells in fractured aquifers, where turbulent fl ow can 
transport fi ne material such as clays and particulate or-
ganic material, and from uncased wells that have been 
vigorously stirred during purging prior to sample col-
lection than in water from wells in granular bedrock. 
TSS measurements also include any precipitate that 
formed in the sample bottle after collection.

There are no health or cosmetic standards for to-
tal suspended solids in water. Some metals and pes-
ticides are preferentially sorbed onto or included in 
the matrix of suspended material, however, so water 
high in total suspended solids may also contain signifi -
cant amounts of metals that may have health or safety 
implications. Also, high amounts of suspended mate-
rial can clog plumbing systems and stain clothing and 
water containers. The Kentucky Pollution Discharge 
Elimination System recommends that total suspended 
solids levels be less than 35 mg/L.

In BMU 3 there are 622 measurements of total 
suspended solids from 109 sites. The values range 
from 0 to 442 mg/L (Table 9). Despite the high maxi-
mum value, the median and interquartile range of total 
suspended solids values are very low. Eighty percent 
of the total suspended solids measurements are less 
than 10 mg/L and 90 percent are less than 20 mg/L 
(Fig. 26).

Sample site distribution is rather uniform 
throughout the project area (Fig. 27).

The highest total suspended solids values are 
found In the Ohio and Tennessee River watersheds in 
the Jackson Purchase Region (Figs. 28–29). Although 
many high values are reported from the Jackson Pur-
chase (Fig. 28), they are from only two sites (Fig. 27). 
Values from sites in the Mississippi River watershed 
are uniformly low (Fig. 29).

The highest total suspended solids values are re-
ported from wells rather than springs (Fig. 30); wells 
less than 100 ft deep have the highest total suspended 
solids values (Fig. 31).

In summary, suspended solids may be locally de-
rived as a result of vigorous well purging before sam-
pling or may be transported by turbulent groundwa-
ter fl ow. Total suspended solids concentrations can be 
signifi cant because suspended clays and organic ma-
terial preferentially carry some potentially toxic met-
als and synthetic organic chemicals. The distribution 
of the highest total suspended solids values suggests 
that springs in the Western Pennyroyal Region carry 
signifi cant amounts of suspended material, and that 
suspended sediment concentrations are also high in 
a few wells in the generally unconsolidated to poorly 
consolidated sands, silts, and clays in the Jackson Pur-
chase Region.

Table 9. Summary of total suspended solids values 
(mg/L).

Measurements 622
Maximum 442
75th percentile 4
Median 3
25th percentile 3
Minimum 0
Interquartile range 3–4
Sites 109
DOW recommended value 35
Sites > 35 14
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Figure 26. Cumulative plot of total suspended solids values.

Total Suspended Solids
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Figure 30. Comparison of total suspended solids values from 
wells and springs.

�����������������������������

����������������
����������

������������������

������������������

����������������

� ��� ��� ��� ��� ���

Figure 28. Summary of total suspended solids values grouped 
by physiographic region.
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Figure 29. Summary of total suspended solids values grouped 
by major watershed.
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Figure 31. Total suspended solids values versus well depth.
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