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INTRODUCTION

Groundwater Management Distict No. 5 (GMDS) in south-cenmal Kansas in cooperatdon
with the Kansas Geological Survey (XGS) has operated an observaton-well network in the
Quaternary aquifer of the Great Bend Prairie. Most of the sites also include a well screened in
the underlying Permian strata to examine relationships of hydraulic head and water chemistry to
the overlying aquifer waters. Ground water at a shallow depth in the aquifer has increased in
salinity in well 2 at site 2 (T.23S,, R.12W,, Sec. 36ABAB) of the network. Nerwork site 2 is to
the southwest and within a few hundred fe=t of the R. Wendelberg house and farm buildings.
The house well of Mr. Wendelberg yields water which is slightly saline and has besn reported to
be increasing in dissolved-solids content. This report addresses the questdon of the source of the

salinity in the well waters.

PROCEDURE

Samples representative of the ground water were collected by KGS staff on December 4,
1991, by pumping waters from the two wells at site 2 of the GMDS35 observation-well network.
The samples were analyzed at the Kansas Geological Survey using procedures that give high-
quality results. The charge-balance error for the two samples was <2%. The results were
examined along with other data obtained from KGS analyses, including those for earlier samples
from site 2 and other sites in the GMD3 network (Whittemore, et al., 1987), from research
recharge site 6 of the KGS located a couple thousand feet to the southwest of network site 2
(Sophocleous et al., 1990), and from the R. Wendelberg house well and other nearby water-
supply wells (Sophocleous et al., 1990; M. Townsend, personal communication). The
idendficadon procedure included the mixing-curve approach developed by Whittemore (1984,

1988).

RESTLTS
Specific conductancs and conczamations of chemical constituents in the site 2 and other

nearbv ground waters and a soil water are listed in Table 1. The waters trom recharge site 6
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listed are for sampies collected betore and approximately one year after the flocding experiment
conducted in September, 1987.

Freshwaters are often defined as having <1,000 mg/L of otal-dissolved-solids (TDS), and a
U.S. Geological Survey publicadon (Hem, 1985) classifies waters with 1,000-3,000 mg/L TDS
as slightly saline. The TDS can measured by evaporating a water 0 dryness or calculated as the
sum of dissolved consttuents, after adjusdng the bicarbonate concentration for carbon dioxide
loss. The computed TDS values in Table 2 include an estimated silica concentration based on
measurements for the site 2 well waters. If a complete determinadon of the major constituents is
not available, the TDS content can also be estimated by multiplying the specific conductance
(SpC) in uS or umho/cm by 0.57 for these waters. The TDS/SpC factor was calculated from the
data in Table 1 and is the average for the waters; most of the values are in the range 0.55-0.60.

The computed or estimated TDS indicates that waters from + sampling locations listed in
Table 2 are slighdy saline based on the 1,000 mg/L classification value: well 1 of network site 2,
which is screened in the Permian bedrock immediately below the unconsolidated sediments at
the base of the aquifer; the shallowest well (20 feet deep) and the lysimeter (6 feet deep) at
recharge site 6, and the Wendelberg house well. The salinity of the water from well 1 of network
site 2 has fluctuated somewhat during the pericd of record, but is now approximately the same as
in 1978. Dissolved consdruents have increased during the same period in waters from wéll 2 of
network site 2. Although the dissolved-solids concentration increased from 1987 to 1983 in
waters from the 20-foot well at recharge site 6, it decreased in waters from the 34- and 45-foot

wells at the same site.

DISCUSSION

The source of salinity in saline ground waters in the Permian bedrock underiying portions of
the Great Bend Prairie aguifer is primariiy dissolution of halite (rcck sait) beds or cement in the
seciments. The identificadon is based on the verv low bromide/chloride ratio (0.CCCOS-0.0C02
for welight concéntrutions; which is typical of Permian salt degosits in Kansas. Some gvpsum or

annvdrite accompanies the halite cement and contributes sulfate o the ground waters in the



ermian upon dissolution. Saline water in the Permian then can flow into the base of the
Quaternary aquifer, and then disperse in a down-gradient flow direcdon to give less saline waters
higher in the aquifer.

Most of the waters collected frorn the GMDS5 observadon-well network fall in a relagvely
narrow band on a plot of bromide/chloride ratio versus chloride concentration. The mixing curve
passing through the center of the band is shown as a solid line in Figure 1. The curve represents
the mixing of the freshest ground waters in the aquifer with saltwaters from the Permian bedrock.
The curve is based on calculations assurning conservative mixing between the low-chloride and
high-chloride end points. Bromide and chloride are conservatuve consttuents (essentally
unaffected by precipitaton, oxidation-reducton, aﬁd adsorpdon processes) in ground waters.
Points for water samples departing appreciably from the mixing line generally indicate a source
or factor additional to simple mixing with halite solution that affects the chloride and bromide
concentratons.

Water samples from well 1 in the Permian bedrock at network site 2 have low
bromide/chloride ratos and plot very near to the mixing curve on Figure 1, indicating the
predominant source of chloride is halite solution. Points for the samples from well 2 at site 2 fail
above the mixing curve, suggesting that an additonal source or process has affected the chloride
concentration. Data for samples from the wells at recharge site 6 plot on the mixing curve to
above the mixing curve. The two processes that best explain the departure of the pkoints from the
curve are (1) mixing of a water with a higher bromide/chloride rado and a higher chloride
conceamaton with the natural waters, and (2) the concentradon of the natural water by
evapomanspiradon. Oil-field brine is the most common example of a water with a higher
bromide/chloride rado in the first process. In addidon, the first process could be related to the
infilradon of waters dissolving substnces added on or in the soil. The second process would
increase the chloride concsnmadon without appreciably affecting the bromude/chloride rado. Thae
neariv consiant bromide/chioride ratio for the well 2 sampies and the lack of a known oll-brine

sourcs suggest that the latter process is predominant.

sSov
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The chloride concenmation of the two samples from well 2 at site 2 increased without a
significant change in the bromide/chloride rado. If the addidonal chloride in the 1991 sampie for
well 2 were from water from well 1, the bromide/chloride ratio would be appreciably lower and
fall on a mixing curve that would be directed towards the points for well 1. Thus, the source of
addidonal chloride in well 2 water is not caused by well 1.

Figure 2 is an expanded portion of Figure 1 showing in more detail the location of the data
on the graph. The average mixing curve for the GMD3 network is shown as a dashed line in
Figure 2. The upper solid line on Figure 2 is the extrapolation of a mixing curve through the
points for the well 2 waters of site 2 to the chloride concenmaton (72 mg/L) of the sample
collected in 1978. The lower solid curve represents the mixing betwesn the most probable
posidon of the 1978 water from weil 2 on Figure 2 with the average compositon of the well 1
water. If well 1 was the main contribution to the increases in chloride in well 2, the most likely
locatdoen of the well 2 points would be along the lower curve. However, this is clearly not the
case. The source of salinity based on the bromide and chloride data appears to best fit the
concentradon of dissolved solids in soil waters or the precipitation of salts in soils by
evapotranspiration, followed by leaching to the ground water.

The location of points on Figures 1 and 2 for the waters from the shallowest well at recharge
site 6 to the southwest of network site 2 also indicate the importance of the evapotranspiration
process. The chloride concentration for the 20-foot well is the highest of the 4 wells at the
recharge site. Given the same sampling date, the dissolved-solids content of the waters decreases
with depth from 20 feet to 45 fest, then increases slighdy at 34 feer. This fits a source from the
infiitration of dissolved solids concentated in soil waters or leached from salts accumulated in
the soil to the ground water, followed by dilution by fresher waters deeper in the aquifer. At
even greater depths the influencs of the Permian waters dispersing from below into the aquifer
may 2xplain the slight increase in dissolved solids in water from the 34-fcot well.

Although not as conservative as bromide and chloride. suifate is primarily affected by

mixing or conczatration processes in ground waters in Kansas. Mlost of the waters collected
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from the GMDS observation-well network fall in a band of moderate width on a plot of
sulfate/chloride rado versus chioride concentation. The mixing curve passing through the center
of the band is shown as a solid line in Figure 3. As in Figure 1, the curve represents the mixing
of the freshest ground waters in the aquifer with saltwaters from the Permian bedrock.
Sulfate/chioride rados are generally lower in the Permian ground waters affected by evaporite
mineral dissolution than in fresher ground waters in the area. Points for samples depardng
appreciably from the mixing line generally indicate a source or factor affecting the chloride and
sulfate concentratons in addidon to simple mixing of freshwater with evaporite mineral
solutons.

Points for all the samples from well 1 in the Permian bedrock at network site 2 plot on or
very near to the mixing curve on Figure 3, fitting the evaporite soluton source for Permian
water. The point for the sample of well 2 water at site 2 collected in 1978 also falls on the
mixing curve, indicating that the main chloride and sulfate source was the Permian water. Points
for the samples collected from 1983 to 1991 increasingly depart from the freshwater-Permian
water mixing curve, suggesting that an additicnal source or proc:ss'has affected the salinity of
the waters. Qil-field brines in Kansas typically have a lower sulfate/chloride rado than Permian
saltwaters, thus oil brine does not fit the chemisay of the additional salinity source. Data for the
R. Wendelberg well water plots appreciably above the mixing curve near the point for the 1591
well 2 sample. Data for samples from the 34-, 45-, and 54-foot wells at recharge site 6 fall
reladvely near the mixing curve, while points for the 20-foot well fall below the curve. Points
for waters from other water-supply wells in the area and from Peace Cresk lie slightly under the
mixing curve.

Figure 4 is an expanded portion of Figure 3 showing in more detail the locadon of the data
on the graph. As in Figure 2, the average mixing curve for the GMD3 network is shown as a
dashed line in Figure 4. The upper soiid line on Figure 4 is a mixing curve {iming the points for
the weil 2 waters of site 2 that is exzapolated o the chloride concenmation of the R. Wendeiberzg

weil. The lower solid line is a mixing curve starting at the 1978 point for welil 2. site 2. and
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passing through points for the 45- and 54-foot wells at recharge site 6 and for all of the water-
supply wells in the irea except the R. Wendelberg well. The samries from Peacs Cresk also fit
this curve.

The lower solid curve on Figure 4 parallels the average mixing curve for the GMD3
nerwork wells and represents the mixing of freshwaters with Permian water. The locaton of the
curve slightly below the dashed line suggests that the average sulfate/chloride ratio of the
Permian waters affecting the Quaternary aquifer waters at this locaden is somewhat lower than at
site 2. This is not inconsistent with the data for the GMDS3 network because the lower solid
curve lies within the band of points for the GMD3 network, and the location of the actual
Permian waters that dispersed into the aquifer would be to the west of the study area. Also,
ground water from the base of the Quaternary aquifer at GMD3 network site 3 a few miles to the
west of site 2 has a sulfate/chloride rato of 0.12 and a chloride concenmadon of 370 mg/L, which
fits the exmapoladon of the lower solid curve.

The sulfate/chloride rado and the chloride concentration of the samples from well 2 at site 2
have increased with dme. If the additonal chloride in the s:imples for well 2 collected after 1978
were from water from well 1, the sulfate/chloride rado would be appreciably lower and fall on a
mixing curve berween the point for the 1978 sample for well 2 and the points for well 1. This is
not the case, corroborating the same conclusioh derived from the bromide/chloride versus
chloride graph, i.e., the source of additional chloride in well 2 water is not caused by well 1.

The extrapolated mixing curve firting the site 2, well 2 waters (the upper solid line in Figure
4) suggests that there is a2 common source of increased salinity for this well and the R.
Wendeiberg house well. The reladve increase in chloride for the well 2 samples is greater than
the change in the sulfate/chloride rado, indicating that the addidonal salinity is mainly from
concentradon of salts in soils followed by leaching and infiltratdion to the water table. Addidonal
scurcess might inciude leaching of animal waste, soil amendments. and ferdlizers as descrived
later.

Conceamation of water from irriganon wells in cropiand to the west and southwest of site 2,



of waste and garden water from the well at the R. Wendeiberg buildings. and of liquid animal
wastes at the Wendelberg farm could all be sources of addidonal salinity. If the soil water does
not become concenrated enough to precipitate chloride and sulfate salts, the sulfate/chloride
ratio of the soil moisture should remain reladvely constant. However, some salts are usually
deposited in soils during very dry pericds. When the salts are leached by meteoric precipitadon
or added well water, the chloride salts can be leached more rapidly than the sulfate salts due to
their higher solubilides. This is probably the mechanism causing the lower sulfate/chloride
ratios of the waters from the 20-foot well at recharge site 6. Salts remaining in the soil can have
a higher sulfate/chloride rato, as indicated by the soil water from the lysimeter at recharge site 6.

Points for the waters from the 34-foot well at the recharge site fall above the dashed mixing
curve in Figure 4 and more closely resemble some of the waters from well 2, network site 2.
Some of the added chloride in water at the 34-foort leve! below recharge site 6 may have be=n
derived from concentradon of irrigation water. However, leaching in the immediate vicinity of
recharge site 6 may not represent the average leaching of salts from the soil across a larger area
of the irrigated field, explaining the different ratios in the 20-foot well in comparison with the
deeper wells. The low sulfate/chloride ratio for the 20-foot well water does indicate that the
source of addidonal salinity in the area of site 2 and the R. Wendelberg well is not from the
shallow ground water directly below the recharge site.

The increasing sulfate/chloride ratios of the waters from well 2, site 2, with time suggest
that there might be an addidonal source of sulfate. If gypsum, somedmes used for soil wreatment,
or ferdlizers containing sulfur have been used in the fields or gardens in the area, they might be
considered as sourcss. The sulfate/chloride rados of the animal waste and the house waste water
for the area are not known, but would also have to be considered in explanations of the
sulfare/chloride increase.

Nirrate concznmations in Zround walers at network site 2 and recharge site 6 generaly
decrease with deoth, from values of 10-40 mg/L at shailow degths, to <l mg/L in the Permian

bedrock. This has also be=n observed for other well sites in the GMD3 observation-well



nerwork. The nirate concenrmraton in the R. Wendeiberg well water is even higher, in the 51-35
mg/L range (Table 2). Nimate contents have increased with ime in waters from well 2, site 2.
The reladvely high and increasing niwrate concenmadons for weil 2 at network site 2 and the high
nitrate content for the R. Wendelberg house well suggest that ferdlizer and/or animal and human
wastes in the farm area are affectdng the ground-water quality. The nimrate concentraton of the
1991 sample from well 1, site 2 is as low as earlier samples, indicatng that well 1 does not
provide a pathway for detectable amounts of water to flow from shallow to deeper ground-water

depths within the well.

CONCLUSIONS

The salinity of ground water from shallow well 2 in the Quaternary aquifer at site 2 of the
GMD3 observadon-well nerwork has increased from 1978 1o 1991. The chemisty of water from
the Permian bedrock well 1 at the sarné site has not changed appreciably during the same dme
period. The source of the salinity in the Permian well 1 water is derived from evaporite mineral
solution in Permian strata. The increase in the salinity in the waters from well 2 and the R.
Wendelberg house well is not derived from the Permian well 1 water, but primarily from
leaching of salts concentrated in soils by evapotranspiration processes and then leached to the
ground water. Additonal sources of salinity contribute to the well 2 and R. Wendelberg well
waters. These sources could include leaching of fertlizers and animal and human wastes as
suggested by the relatively high and increasing nitrate concentradons. The very low and
unchanged nitrate conceatration of the well 1 waters during 1978 to 1991 indicates that weil 1
does not provide a pathway for detectable amounts of water to flow from shallow to desper

ground-water depths.
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