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An investioation into the v-Jatel- quality of private ~·Jells 

from Lyon County, Kansas concentrating on nitrates was conducted 

fi-om July, 1<7'90 th"l-ough Api-iI, 1991. Eleven ~'Jells, located 

throughout Lyon County, were analyzed monthly for nitrate concen­

tr" a tic,ns study ing the season a 1 and loca 1 var ia tions of eac h we 11. 

Thj <::" is a con tinued study s tal- ted by Pau 1 Thompson fl-om June, 

1988 ttl)-ough Febrl,ary~ 1989. 

E >~cess ive fertilization of crops with nitrogen-based com­

pounds IS largely responsible for the high amounts of nib-ates 

found i. n \]i-ouncJ ~·Jct te"I-. N i tJ-ogen-f i:-: ing legumes, plan t l-es idues , 

and animal feces and urine remaIns are sources of high organic 

nitrogen compounds. Nitrogen compounds are converted to ammonia, 

in the soil, which can be oxidized to nitrate through a process 

known as nitrification. At high concentrations. nitrates can be 

vel-',' n,=\l-Inful to adults and even fatal to infants. 

Local bedrock and soil geology have an influence on the flow 

of gl-ound water, which varies throughout Lyon Coun ty and the 

different well sites. Nearby agricultural crops and livestock are 

major sources for nitrates found in ground water. Monthly samples 

~"Je1-e analyzed for nitrates by HPLC and UV Molecular Absm-ption 

techniques. Resulting nitrate concentrations were recOl-ded and 

compared for local and seasonal fluctuations between the differ­



ent well sites. Comparison with previous studies show similar 

v21ues for nitrate samples from corresponding site loca tions and 

overall seasonal trends. 

The highest overall nitrate concentrations were observed 1n 

Septembel- of 1990, which coincides with the fel-tilization of 

winter- ~'Jheat CI-OpS in the eal-ly fall. An incl-ease in concenb-a­

tions dLll- ing the 113. te fall mon ths con-esponded to a dec I-ease in 

n i b-ogen f i ;{2 tion, fl-om legume plan ts, due to dl-Opp ing tempel-a­

tLn-es. 
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CHAPTER 1: INTRODUCTION 

Purpose and scope: 

Shallo~'J aquife,-s in east-central I<ansas supply water fm­

public and private dl-inking ~'Jater ~ irrigation fOl- crops~ live­

stock~ and some industrial uses. Private wells in Lyon County are 

mainly used to supply p,-ivate drinking ~...,atel-, il-I-igation and 

livestock. The ~...,atel- quality of private ~'Jells is not as ~...,ell 

documented as for public wells, which have strict regulations and 

are closely monitored. 

A common water quality problem in east-central Kansas is the 

high amount of nitrate found in ground water. High nitrate con­

cenb-ations in t.'Jater can be deb-imental to both humans and ani­

mals. The harmful effects of nitrates and the increasing amounts 

found in gl-ound t.'Ja tel- have given j- ise to much concel-n, fOl-c ing 

investigation of the sources of the problem. 

Thi-3 l-epOl- t pl-esen ts the n:::osu 1 ts of an inves tiga tion of 11 

pl-ivate "Je~tls located in Lyon County, Kansas fl-om July 1990 to 

A~i1-il 1991. The pLwpose of the investigation ~'Jas to monitOi- the 

nitrate concentrations of the 11 wells monthly~ then describe the 

changes and pi-esent possible sources fOl- seasonal and regional 

val- ia tions . 

Previous studies: 

This l-epOl- t is a con tinu ing inves tiga tion s tar ted by Pau 1 H. 

Thompson f,-om aune 1988 to Febl-ual-y 1989. The I-esu 1 ts he pub­

lished in May, 1990 as "Nitrate Analysis of PI-ivate Wells in Lyon 

County, Kansas" will be considel-ed in this report. 

C. C. DehJiche (1970) "The Nib-ogen Cycle" described nitro­

gen sources, chemical and biological reactions, and the pathways 

between the atmosphere, soil, and water. Howard O'Connor (1953) 

surveyed rock formations of Lyon County mapping surface outcrops 

and underlying stratigraphic columns. He also published the 
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"Gl-ound v-Iatel- l-eSOUl-ces of Lyon County" (1953), in v-Jhich he 

discussed the movemen t of v-Ja tel- be low the SLIl- face, ~"!a ter qua 1 i ty 

of Lyon County, and mapped the different ground water regions and 

depth to water table. 

D~'Jight F. t1etzlel- (1958) investigated the sources and sea­

sonal val-iations of nib-ates in pl-ivate and public ~'Jatel- supply 

~'le lls , pal- ticulal- 1y v-J i th respec t to the occun-ence of infan t 

cyanoSls. 

2
 



Nitrogen Transformations in the Soil: 

Nitrogen; a colorless, odorless, tasteless gas, makes up 78% 

of dt-y ail-. Some of the most important microOl-ganism mediated 

chemica 1 reac tions in aqua tic and soi 1 env ironmen ts al-e those 

involving nitrogen compounds. Each of these impOl-tant chemical 

processes is summarized below: 

root uptake	 i 

N fel- ti 1 i zel­ N-fixin g \ jplant

N f i:-:ed by
 legumes • res idues
 
cOin bus tion •
 
lightning·
 

.,
~ B IN02-j.	 ~NH 4+...	 B 

leaching	 I 
loss 

Figure 1. Nitroqen Transformations in the Soil 
(Modified from Manahan 1979, Fig. 10.4) 

A.	 NITROGEN FIXATION: Blue green algae, N-fixing legumes. 
(N2 ---) Organic nitrogen) 

B.	 NITRIFICATION: Chemoautotrophic bacteria. 
(NH4 + + 202 ---) N03- + H2 0 + 2H+) 

C.	 COMBUSTION & LIGHTNING: automobile exhaust & lightning.
(N 2 + 02 ---) 2NO ---) N02 - ---) N03-) 

D.	 DENITRIFICATION: Decomposers (anaerobic) when no 02 present.
(2N03 - ---) N2 ) 

Agriculture is the major source of nitrates found in ground 

water. Feces and urine-remain seepage from feedlots and holding 

tanks for hog manure, plus decomposing plants and nitrogen-fixing 

legume plan ts ai-e respon~ibIe fOl- the lal-ge amoun ts of organ ic 

nib-ogen l-eleased into the soil. Fel-tilizers, ~-.jhich are high in 
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nib-ogen compounds~ as ""Jell as indusb-ial-fi:-:ation have become 

major sources for nitrogen seeping into surface and ground waters 

over the last century. Atmosphel-ic fixation and fixed juvenile 

nitrogen, from volcanic activity~ are minor sources of nitrogen 

compared to b io log ica 1 sources and human agl- icu I tur a 1 pr ac tices 

(De h"lliche 1970). 

Before nitrogen can be fixed it must be activated (Delwiche 

1970)~ which means split into h'JO sepal-ate atoms of nitrogen~ 

which then "fi::" with three hydl-ogen atoms to fOl-m h'JO molecules 

of ammonia (NH3 ). A few chemoautrophic microorganisms represented 

by the genus NitrDsamas~ employ nitrification of the ammonium ion 

as the i 1- so Ie sULIl-ce of energy <De lwic he 1970). In the presence 

of oxygen~ ammonia is converted to nitrite ion <N02 -) plus water. 

Another specialized group of microorganisms~ represented by 

Nitrobacter~ al-e able to furthel- o;..:idize nib-ite ions to nib-ate 

ions (N0 3 -) <Deh-Jiche 1970)~ For the Eal-th as a whole~ hO,,"Jever~ 

the greatest natul-al SOUl-ce of fi:-:ed nib-ogen is from legumes: 

alfalfa~ peas~ and beans <Delwiche 1970). 

Combustion fl-om automobile e}:haust and lightning al-e othel­

pl-ocesses ,,"Jhich can o:·:idize nib-ogen gas <N2 ) directly~ fOl-fIling 

nitrite and nitrate ions. On c e n i b- a te is introduced into the 

soil~ it can move freely because of the negative ionic charge. If 

nib-ates become concenb-ated in the soil they may eventually 

become concentrated in ground water. 

Nib-ates and nib-ites al-e taken out of the soil and ground 

"Jater by denib-ification and I-OOt uptake by plants. Numerous 

kinds of denib-ifying bactel-ia live in the soil (fOl- e}:ample 

Pseudomonas Denitrificans) that~ if obliged to e}:ist in the ab­

sence of oxygen~ are able to reduce nitrate and nitrite ions for 

the oxidation of organic compounds <Delwiche 1970). Nitrates not 

denib-ified may either be absorbed by plant roots 01- lost to 
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ground water by leaching. 

Whereas late-19th-century scientists were concerned that 

denib-ifying bacteria were e:·:hausting the nitrogen in the soil, 

we must be concerned today that denitrification may not be keep­

ing pace with nitrogen fixation, considering the large amounts of 

f i:{ed n i b-ogen tha t al-e being in troduced in to the biosphere by 

industrial fixation and the cultivation of legumes (Delwiche 

1970), The amount of nib-ogen fi:-:ed industrially has been 1.n­

cl-ea."5ing steadily a.t an alarming I-ate. If we add to this e}:b-a 

nitrogen the amount fi>:ed by the cultivation of legumes, it 

already exceeds (by perhaps lOX) the amount of nitrogen fixed in 

nature (Delwiche 1970). 

N i tJ- a te e f f e c t s : 

AI;p-iculture~ as pl-eviously stated, is the major SOUI-ce of 

nitrates in ground water. Food stuffs, however, supply the major­

ity of ingested nitrates in most consumers. 95 mg is the average 

dai 1y in ta ke fOl- human consumption. Vege tab les and cUI-ed mea ts 

al-e the rna jOl- SOUI-ces for n i tl-ogen compounds inges ted. I n cured 

meats, such as bacon, nitrate compounds are used as curing agents 

a.nd nitrite compounds are used as preservatives. Because nitrate 

and n i tr i te compounds al-e kno~'ljn to be hal-mful to in fan ts, they 

are no longer used as preservatives in baby food. 

In humans it is the reduction of nib-ate to nitrite which 

causes harmful effects. Nitrite is formed from the reducing 

action of bacteria, such as E. coli, in the digestive b-act. In 

adults, nitrates are absorbed high in the digestive tract before 

reduction can take place. In infants, however, stomach pH is less 

acidic allol'Jing E. coli bactel-ia to colonize highel- up in the 

b-act reducing nib-ates to nitrites befOl-e they can be absol-bed. 

Nitrite is toxic because it can combine with hemoglobin forming a 

comple:·: called "methemoglobin" ~Jhich depl-ives the tissues of 
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o:{ygen. Sevel-e cases of methemog lobinemia ~ bettel- known as "blue 

bab"~.... ," can cause men ta 1 i-eta,-da tion of the infan t and even dea th. 

Tv-Jen ty cases of blue baby repOl- ted in Kansas, between 1940 and 

1953, \."Jere associated "'lith l-latel- supplies containing 30 to 180 

mg/l nitrate reported as N (O'Connor 1953). 

Anothel- pl-oblem l'llith the i-eduction of nitrates at stomach 

pH is that (N02 -) converts to (H2 N02 +) which is capable of nitro­

sa t ing secondal-y amines l-Jh ich may be cal-c inogen ic. A concen b-a­

tion of 90 ppm of n i b- a te in dr in king v-la tei- has been found, by 

the Kansas Sta te Bo,=\I-d of Agl- icu 1 tu",-e, as being dangerous to 

infants, and some authorities recommend that no more than 45 ppm 

be used fOI- fonnula preparation. (O'Connor 1953). High nib-ate 

lev€' Is al-e no t as harmfu 1 to 0 lder ch i ldren and adLl 1 ts. The 

primary drinking standard for nitrate, reported as nitrogen (N), 

is 10 mg; 1 ( V ie ts eta 1. 1971). 
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CHAPTER 2: AREA GEOLOGY AND GEOGRAPHY
 

The eleven ~'Jells studied al-e located in different areas of 

Lyon County. The locations range from the northwest and northeast 

quarters to the southeast quartel- with the majority of the ~."ells 

located in centJ-al Lyon County near EmpOl-ia (Fig 2). The local 

nature of soil exposed at the surface (Fig. 3 and Table 1) is a 

reflection of the underlying bedrock. The locations of the eleven 

~....ells j-esult in diffel-ent soil and bedrock conditions fOl- each 

~'Je 11 due to vai-y ing loca 1 geo log ic se t tings. The d if fel-ence 1.n 

soil and bedrock conditions have a direct influence on the physi­

ca.°1 properties of the aquifer and resulting ground water. 

The topography of most of Lyon County~ Kansas is represented 

by the Osage Cues tas l-eg ion ~ e :{cep t fOl- v-Jes tern and nOl- thel-n 

portions of the county which are part of the Flint Hills Uplands. 

The Osage Cues tC'lS II'Jel-e formed from a 1 terna ting 1 imes tone and 

shales of the Upper Pennsylvanian and Lower Permian. Successively 

youn!,Jel- beds oveOI- lap one ano thel- to the wes t ~ 1 ike ti 1 ted steps 

of a giant staircase. More resistant outcrops of limestone form 

the tops of steps~ and weatherable shale acts as the risers 

(Buchanan 1985>' All beds slope to~."al-d the ~."est-nOl-thwest with 

the d ipp ing s tJ-a ta fOl-ming a sel- ies of para lIe I ridges hav ing 

gently sloping west and steeply sloping east faces. 

The Flint Hills ~'Jel-e formed by el-osion of gently westwal-d­

dipping strata in much the same fashion as the Osage Cuestas~ but 

the Pel-mian-aged limestones of the Flint Hills contain bands of 

chert~ or flint~ which is more resistant to weathering than lime­

stone lacking chel-t. The al-ea of the Flint Hills is highel- than 

the areas to the west and east because the cherty-gravel forms a 

protective cover from erosion. 

Quaternary age river deposits are found through a large 

section of central-Lyon County v-Jhich cOI-I-esponds to the Cotton­

7 
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Figure 2. Well Locations in Lyon County, Kansas 
(base map from Neill 1981) 
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wood and Neosho River flood plains and some of their larger 

tributaries. These deposits correspond to region A (Fig. 3) and 

consist primarily of sand and gravel with a silty-clay subsoil. 

Table 1. Soil l_egend (See Fig. 3). Based on Neill (1981) 

A. Cha~e-Osaqe Assoriation: Deep, nearly level, moderately well 
di-ained soils I:hat have a dominantly silty clay subsoil; on flood 
plains and low terraces 

3. Clime-Sloan Association: Model-atelv deep and shallo~..". moder­
ate 1y slop ing to model-ate 1y steep, moderate I y \l'Je 11 dra .l.ned and 
somewhat excessively drained soils that have a silty clay subsoil 
or lack of subsoil; on uplands 

c. Kenoma-Martin-Elmont Association: Deep, gently and moderately 
sloping. moderately well drained and well drained soils that have 
a silty clay or silty clay loam subsoil; on uplands 

D. Kenoma-Ladysmith 
sloping, moderately 
subsoil; on uplands 

Assoc 
we 11 

ia tion : 
dl-ained 

Deep, 
soils 

neal-l y leve 1 
that have a 

and 
silty 

gently 
clay 

E. Tully-Florence Association: Deep, gently sloping and strongly 
sloping. well drained soils that have a dominantly silty clay or 
cherty clay subsoil; on uplands 

~.Genel-al soil regions fOl- Lyon County ai-e shown 1n Fig. ~. 

Specific soil types and other geologic data: underlying rock 

ou tCI-OpS, \!'Je 11 loea tions wi th correspond ing SLll- face eleva tions, 

and wei 1 d 1- ill ingin f 01- mat ion a 1- e des c rib e din Tab 1e 2. The 

positions of corresponding rock outcrops, listed in Table 2, are 

shm\!n in the stratigl-aphic column fOl- Lyon County, Kansas (Fig. 

4- ) • 

Precipitation amounts of rainfall, reported in inches, from 

Lyon County, Kansas for the period of January 1990 through April 

1991 are list.ed in Table 3. Pl-ecipitation amounts, l-ecOl-ded at 

fOLll- d if fel-en t loea tions ,- are avel-aged and compal-ed to norma I 

monthly precipitation levels (Aiken et al. 1990). Departure from 

10 
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Figure 4. Lyon County Stratigraphy 
(based on O'Connor 1953) 
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noemal monthly pl-ecipitation is also listed as (+) foe values 

above noemal and (-) for values below normal. Local and seasonal 

fluctuations in niteate concentrations due to changing precipita­

tion amounts are discussed in chapter 5. 
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CHAPTER 3: METHODS OF INVESTIGATION AND PROCEDURE
 

Sampling methods: 

Each of the eleven wells in this study ~-.jas sampled once a 

month, except for March 1991, for the period of June 1990 through 

Apl-il 1991. The samples ~-.jere collected during the fil-st week of 

each month in this period. Samples from wells 1 and 8 were col­

lected by 10lf-Jel-ing Co. bucket dil-ectly into the well. The samples 

from the I-emaining 9 ~-.jells wei-e collected e;{tei-nally fl-om pumps 

or faucet.s inside or outside the I-esidents' houses. The watel- was 

allowed to run, up to 5 minutes for some, until fresh water from 

the well was collected in a plastic sample bottle. 

After the samples ~vel-e collected, they wei-e taken back to 

the labOl-atory at EmpOl-ia State Univel-sity and 0.5 ml of dilute 

HCL ac id ~-.jas added to eac h 400 mI samp Ie. The samp les were then 

p laced in a I-efl- igel- a tor and tes ted the fo Il0vJ ing day whenevel­

possible. 

Analytical techniques: 

The samples, from the first three months, were tested using 

High Performance Liquid Chromatography (HPLC), and the remaining 

samples, taken fl-om the following months, ~-.jere analyzed by UV 

molecular absorption (UVMA). The initial testing, of nitrate 

levels, was accomplished using a Varian HPLC with a reverse phase 

column. A 0.3 M solution of dipotassium phosphate in dilute 

phosphoric acid was used for the mobile phase. A 1.0 mg/l stand­

ard was prepared and then 0.5 ml of standard was added to 2.0 ml 

of phosphate buffer. The samples were prepared the same way, and 

the wells with nitrate concentrations above 5.0 mg/l were diluted 

20 times with distilled water. 

Appl-o}; ima te 1y 1 in I of s tandal-d 01- samp Ie If-Jas in jec ted in to 

the HPLC column, and two or more trials were run for each stand­
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ard and sample. The trials "Je,-e analyzed fOl- nib-ate concentra­

tion using the procedure developed by Schroeder (1987, 1988). The 

method uses a specb-ophotomete,- set at 210 nm. The follm... ing 

parameters were used for the procedure: flow rate of 1.0 ml/min., 

range of 0.16. The absorbance data were relayed to a mV recorder 

(10 mV full scale) that was set at 1.0 em/min. 

The nitrate absorbances were registered as peaks on the 

recorder and measured in em, and then nitrate concentrations were 

calculated by: (peak ht. sample / peak ht. std.). The ,-etention 

time of analyte in the column was 2.8 3.0 minutes. 

The samples from the remaining months ~'Jere analyzed by UV 

molecular absorbance, because the HPLC column began to leak which 

made the results unl-eliable. The samples ~...ere collected in the 

same ma n n e, ­ p'- ev iously s ta ted; ho~... ever, the p'- e pa ,- a t ion for 

analysis ~'Jas as follo'-'Js: A f,-esh 5.0 mg/l nitrate standa,-d ~...as 

prepared each month from a 1000 mg/l stock solution diluted with 

deionized wate,-, a fresh blank (ze,-o nitrate concentration) ~<las 

prepared each month from deionized water, and fresh samples were 

collected from the wells each month (samples with nitrate concen­

trations above 5.0 mg/l were diluted with deionized water accord­

ingly). 

Nib-ate absOI-bances "Jere then analyzed by GCA McPherson UV 

mo lecular absOl-bance, l-J i th the fo llol-Jing parameters: l-Jave leng th 

setting of 220 nm, slit width 0.50 nm, and a deuterium lamp used 

fOl- the light sOUl-ce. O,-ganic material absorbances we,-e detected 

at a wavelength setting of 275 nm. Deionized water was placed in 

the reference cell and then the blank, standard, and sample 

absorbances were detected at both 220 and 275 nm settings. 

Nitrate concentrations were calculated by: 

sample absorbance (220 275 ) X 5.0 mq/l X dilution 
stand. absorbance (220 275 T ­
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Samples collected in January and Febl-ual-y of 1991 wel-e 

analyzed for chloride concentrations by potentiometric titration. 

25.00 ml of 0.100N VCL solution + 75.00 ml of distilled H2 0 

pipetted into two 140 ml beakers lfJel-e used as standal-ds. One of 

the standal-ds was placed on a magnetic stin-ing apparatus and a 

silver billet and calomel reference electrodes were inserted into 

the solution t.o measul-e E in (m\)). 0.014M Hg<N03 )2 was used as 

the tib-ant and the VCL solution ~."as titi-ated to the endpoint 

which occurred about 140 mV higher than the starting E. Buret and 

mV readings were recorded every 20 mv until about 80 mV past the 

endpoint. The procedure was repeated for the other standard. 

Two trials were conducted using 100 ml of each well sample, 

titrating with Hg(NlJ3 )2' l-ecOl-ding mV and bLwet readings. Chlo­

ride concentrations. reported in mg/l, were calculated by: 

I Cv = 88.6 V:-: / Vs 
I 

\):-: = volume of ti tran t needed for sample 

Vs = volume of ti tran t needed fOl- standard 

II-on concentrations were analyzed in Janual-y of 1991 but 

were not found to be significant except for well 6 which recorded 

a very high iron concentration. 
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CHAPTER 4: RESULTS
 

Nitrate concenb-ations: 

The resulting nib-ate concentrations~ reported in mg!l~ for 

the period of July 1990 through April 1991 are listed in Table 4. 

Average nitrate concentrations for each well and monthly nitrate 

averages fl-om the 11 ~...,ells~ al-e also calculated and ,-eported. 

Gl-aphs showing nitrate concenb-ations for each of the 11 "Jells 

have been cons truc ted ~ us ing Da te of Samp 1 ing as the X-a ;-: is and 

Nitrate Le~.'el (l11g/"]) as the Y-a:-:is (Figs. 5 - 15). 

L·Je 11 1 {F ig. r:-
J} 

' nitrate concenb-ations fluctuated greatly 

from month to month~ with a large increase from August to Septem­

bel- 1990 fo 11m-Jed by a large dec-ease fl-om Sep tember to Augus t 

1990. The well went dry in December 1990 so no samples were taken 

in January and February 1991~ which is illustrated by the dotted 

line connecting December 1990 and April 1991. 

li-Jel12 (Fig. 6) monthly nib-ate concentrations val-ied only 

slightly ~ ~"",i th the exception of the lal-ge increase in August 

1990~ ~...,hich then gradually decreased into the ~-Jintel- months~ 

rising slightly again in January 1991. 

l-llell 3 (Fig. 7) monthly nib-ate concentrations decreased 

slightly fl-om July to August 1990 and then increased sharply 1n 

September fo 110"Jed by a drop ~ of rough 1y 30 mg 11 ~ in Dc tober 

1990. The nitrate concenb-ations~ of the ,-emaining months~ rose 

slightly in November followed by a gradual decrease into February 

1991 . 

Well 4 (Fig. 8) nitrate concentrations dropped sharply from 

July through Septembel- 1990 followed by a large increase in 

October. For the convenience of the well owner~ no samples were 

co llec ted af ter Dc tober 1990. 

Well 5 (Fig. 9) nitrate concentrations dropped from July to 

August 1990 and then increased in September~ followed by a large 
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decrease in October. The nitrate concentrations, of the remaining 

months, rose and fell repeatedly from October 1990 through April 

1991. 

\l-Je11 6 (Fig. 1(;) nitrate concentrations dropped slightly 

from Augus t to Sep tembel- 1990 fo llowed by shar p incl-ease in to 

Novembel-, lo'-Jhich then stabilized thl-ough Decembel- and then de­

cl-eased shell-ply tht-ough Apl-il 1991. 

Well 7 (Fig. 11) nitrate concentrations dropped from July to 

September 1990 and then rose in November, followed by an overall 

decrease from December 1990 through April 1991. 

Well 8 (Fig. 12) nitrate concentrations for August and 

October 1990 are not known because samples were not collected for 

these months. Dotted lines show a decrease in nitrate level for 

September followed by an increase in November 1990. After Novem­

ber, nib-ate concentrations dropped steadily thl-ough Febl-uary 

1991 and then rise slightly in April. 

"'Jell 9 (Fig. 13) nitrate concenb-ations fell and l-ose l-e­

peatedly behJeen July 1990 and Apl-il 1991, v.:ith an ovel-all de­

crease during this time period. 

Well 10 (Fig. 14) nib-ate concenb-ations l-ose shal-ply ln 

August and then fell sharply in Septembel- 1990 followed by a 

gl-adua 1 decl-ease thl-ough Decembel-. Ni b-a te concen b-a tions in­

cl-eased s 1 ightl y in Janual-y and then decreased through Apl- i 1 

1991 . 

Well 11 (Fig. 15) nitrate concenb-ations fell slightly from 

July to August 1990, then rose sharply in September and continued 

to 1- ise un ti I December- 1990, wh ic h \l'Jas fo llowed by a gl-adua I 

decrease through April 1991. 

27
 



82
 

DNlldVfvS ~O 31\'0 

,---------'----'------------'-------'----'-----'------------'------'------'------,--00' 0 
R• 

r
I 

gO'O 
I 

". 

'. ~ 0 ~'O ~ 
~ ~~'O~ 

-.
LOl'O ~ Ir 

\

•
.

\, I r.~'r fT1
t-:tGU< \ I r'l \, II " 

\. f-,-,r' n 1 u z. .J ..~. \ 
.. i ~ 

\\ 
,/ L ~£'D 8 i 
" '\, 

"-.. lOv'o-':; I \. ! 
\ /r-~t·o \ I
Iii iii i 

I 

0:;' c: '-------'-i 



62
 

~Nli6V\'1S ~O 31V0 

,---....1------1__._---'--.____-L-.-_~_...,_I 00' 0 ........__-..L--_-----'__-----L__-'-­

-.-'---... 
\ 
~gO'O 

~ I' 
-" 

....., ~ 0 ~ .0 ~ 

.~~~.../........... '"'---,.-""! lc; ,.0 ~
 
\, I•. 

\l tn 
\.... ~ Ol'O < I rn

II 
'.
\ ~ c?'U-' ,-::. , ~ -j \ 

\, I (Q ; ..... 
~ O£·O ::.~ 

" 
! '--' 

\
I 

\I rr·" \ ~ =:: 'l.. '.J 
\. i 

\, i 
'-------------------------=.=---'-1 Ov'O 

L 
.iJ.,~ 'j.
IT I; t:i 1''(1, 

~ ~/'\ .I\l~· li,'nOr-;'_li, ~JO f l ·f"'·] ~ ~\I H ',hj' :..--t 1\ "'1 Ii \/("'~I~\ . Sl18l ..... ...... ~i ~_.Ii ~ 



08
 

:JNllcW\'VS .:iO 31VO 

"Nvf "J30 'ION "lJO 'ld3S "~!)v C6 ,.l,i!'f' 

,------'----__....L.__-----'-__--'-__----'----__--'----__--'--__--L-----r­ 1 ------l..00'; 
..._----------____ 

~. 
i
i 

\ 
\ 

... 

LOO'O~ 
!
I 

'\. ~OO";~Z 1 
1 

~ 
7.J 

\ 

\\ 
\\ 

•..... 

• '. 

: 1; 

~ OO"O~ ~ , G fT1 
I
I 1 

i 'r-Iil
,00 ':JG < 
i ~ 

'. .......~... 
\.'" 

'111 

\ L 00'07 'R 

'--..L..! OO'~7 

'r', ~ 'r-i\j f; 1'1\]
'~jl. \l OJ.l~\'. 



is 

·S1 a_mo!".::! 

'NvT '830 'l.ON '180 'ld3S '~I1V 06 '"liJr 

,..-------.l.--_-----'__----l...-__.L--_-----l...__--l...-_-----J__----l.-...__..l...--........,...-! 00' 9 ~
 

• I 
--------------­ I!!I--__. \ \ 

~ 0 0 'g ~ I 

\. 
'\
\\ 

---~ 
._-----.....~ \. 

I 
! oo'r'~
rUG ~ 

\.... _--~ 
...;;....------­

\ 
"'\ 

; 
~ 

AJ 
0 0'll P 

-: -l 
\ 1 fTl 
\ L. OO~tl r 
\ 
\ 

I 
i 

~ 
< 

\\

\. ..••..­...../ 
\

*.,/
.. 

.Ii .... " 

\ ..-.... 
. ...., 
I nU-'D~ ~
iv ..... G(Q
i .'--'--. 

i nr.'9~ M ,JU G r 

I -
r-OO'O£~ I 
; 

'-­

\\. i on'~- '. r-u G'z..
\ ! 
'.. :

----'=-----l.....! 0 0 ~ v£ 

6# ;'~AA 'il I,<;I/Vl, 
. f I., 

j\ Iuno'] UO/\ I ':r'] ~ V'\ ii 11:\1 ........ Ii -;, ,.-'-1, II.' I
 I 'f 'i I. I 1I !~.:;&
T ,.....' I .....--_ '" ..... _111 ~ 



28
 

DNlldtYvS .:JO 31YO 

~ 6'~d'V '83.:l 'N"Vf 'J30 'J-,.ON 'lJO 'ld3S '~Jri"V 0 6 ,l.lr1f 

,---------'----'-------'------'-----'-------'------'--------'-----'--, 0 g' g 

--..",.." ..,,-,, 

........, .•....-....-...-.­ -------/"'--"-...... --..	 -­~~...._----.. 
\ \ 

i..­

OI -!-/-i:·.... U 
+; 1'·'::l,'··1 ,..1 II I ,\ 

r	r 

SIl8t/\ /\+'unO:l UO/\l -, 

\. .... ./' " 

\, 
I /

\. 
I 

... 
\. j/ 

"'= ,I 
\ ./ 
\, l 

/ 
\. / 

l-! OO'g 

L nr'g , 'J '::J 

i or' { r ':1 L 

, 
,
fT1 

~ aO'g <:.: 
n I 

;--Or;'g	 ..~. 
:3 

r-OO~6	 ~.~ 
e;, 

~ O~'6 

I!iI 0-;'0 ~~ 

<"j '" II~	 I-J.. \. I ""'.I'~'· h .''\ I ""n':' ..... I'" I" "J' ~..J ...::.. "I,l U ~ t" 



:JNlld~"V'S jO 31\'0 

'N'VT 'J30 'tON 'lJO 'ld3S 'OrlV 06 J..lrW 

!,--------I00'09 
-----. 

/I

I 
I r-~ 0 ~ r, i
rv VL 
1 

/ 
" 
I 

I 

~ I .-. ,,' I' BP ,1,,.iV V -; 

/ r;l 

Ii 
i'l

,i ~ 00'06 <: 
..i""".... l rl 

./.~. 
! ;-',

. / 
1r 

L nn'r,r' I ::::l 
.....'"'._" .._~ •..... I

f 

vv vU ~ (Q 

-, 

• 
..........
 

-..... --...-' --------_.~---_._-~---_. I
i 
~CO'O~~ --~--._----------.. 

_

.' . " 

i 
I 
I 
i DO'Ol L------L....' ~ 

I 
1# ;'8 A.~ ,I'li II IVI 

(( 

l\lUnO~ UO/\l I .oJ 



t.Je 11s tha t hEt.ve simi lar n i b-a te concen tra tions are c lassi ­

fied into 4 categol-ies: low-nib-ate concenb-ations, medium-low 

nitrate concentrations, medium-nitrate concentrations, and high-

nitrate concentrations. Graphs displaying each category have been 

constructed (Figs. 16 - 20) and wells with corresponding nitrate 

concentrations al-e plotted togethel-. 

\;,iells 6 and 7 al-e classified as Im-J-nib-ate concenb-ation 

~'Je lIs (F i 9 • 1 6 ) • L<Jell<:=.l, ;::J . 4, 5, and 10 are classified as 

medium-low nitrate concentration wells. Wells 1 and 5 are plotted 

toge thel- (F ig . , and wells 2, 4, and 10 are combined (F ig. 18 ) 

~ 

17'! 

due to similar fluctuation trends, displayed in the graphs. Wells 

8 and 9 al-e classified as medium-nib-ate concentrations ~"Iells 

(Fig. 19). Wells 3 and 11 are classified as high-nitrate concen­

tx a t ion ~'Je 11 s (F ig. 20). 

Chloride concentrations: 

Chl~ride concentrations, for January and February 1991, were 

used to construct a graph of chloride vs nitrate concentrations 

(Fig. 21). Chloride concentrations, reported in mg/l, are plotted 

on the X-a:-:is and nitrate concentrations on the Y-a:-:is. Leakage 

from septic tanks was suspected as the cause of some of the high 

nib-ate concenb-ations. l-Jells that are contaminated with septic 

waste can have concenb-ations high in chloride. Wells that are 

contaminated fl-om fertilizers would be high in nitrates but low 

1.n chloride. vJell 11 has the highest nitrate concentration as 

well as the highest chloride concentration, therefore contamina­

tion from a leaking septic tank could be suspected. Well 3 has a 

high nib-ate concentration but a low chloride concentration. 

HOlf-Jever, an ovel-all b-end beh..,een higher nib-ate concentrations 

and corresponding high chloride concentrations is observed. 
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Previous nitrate studies: 

Nitrate concentrations of 33 different wells (O'Connor 1953) 

~'Jere used to cons t1-uc t a con tour map showing al-eas of hig hand 

10"J nib-ate levels in Lyon County, I<ansas (Fig. 22). The wells 

~..el-e plotted by location and con-esponding levels of nib-ate 

concen b- a tions VJere joined toge thel- by con tOL\]- 1 ines, l-ang ing 

from 0.0 to 100~ with intervals of 20 mg/l. Wells with concentra­

tions above 120 mg/l were treated as isolated cases of high 

nitrate levels and were not used to construct contour lines, but 

instead \OJe-re plotted by location and cil-cled "Jith dotted lines. 

Average nitrate values from each of the 11 wells, of this study, 

were plotted by location and displayed next to the corresponding 

star. Some of the 11 well averages plotted~ fall within or near 

the corresponding areas of concentration contours, however, 

others do not correspond. 

Nitrate concentl-ations from these same 11 "Jells analyzed 

fl-om June 1988 through Febl-ual-y 1989 al-e listed in Table 5 

(modified fl-om Thompson 1990). Individual well averages and 

monthly nitrate averages were calculated for this data set. 

Thompson's nitrate concentration values for August~ October, and 

December, 1988 plus Febl-uary, 1989, "Jere compal-ed to the con-e­

sponding months of this 1990 - 1991 study (Table 6). Individual 

\-'Jell averages from Thompson and this study are plotted in Fig. 

23. Thompson's values were higher than the values of this study, 

with the exception of wells 3, 8, and 10. Monthly nitrate aver­

ages from both studies are plotted and compared in Fig. 24. 

Al though Thompsons' values were consistently higher, comparable 

trends of rising nitrate concentrations from August to December, 

followed by parallel falling levels in February were observed. 
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CHAPTER 5: Interpretation 

Weather conditions: 

This study was conducted following periods of heavy precipi­

tation in May and June, 1990, which were 5.3 and 3.4 inches above 

nOi-ma] n:?spectively. P·,-ecipitation amounts fl-om June 1, 1990 to 

Apr-il 21, 1991 <Table 3) varied only slightly fl-om the nOJ-m for 

inoivi.dual months (Aiken et al.1990). July, Septembel-, October~ 

and December of 1990~ plus February and March of 1991 were below 

nanna I. June i 990 was 3.4 inches above norma I ~ and Aug us t and 

November 1990 were only slightly above normal. However, precipi­

tation totals fo;- this period wel-e very close to normal Kansas 

average precipitation amounts. Thompson sampled these same wells 

during a period of extended drought which could account for some 

val- ia tion in OU1- l-epOJ- ted n i b-a te leve Is. Tempera tLn-e and snm-l­

fall were also close to normal Kansas weather conditions so this 

period can be considered to be typical for central Kansas. 

Seasonal effects: 

The nitrate concentrations from all the wells, except 1, 2 

and 10, decreased from July to August of 1990. A period of heavy 

precipitation in May and June preceded this decline in nitrate 

levels. Nib-ate pollution from surface run-off would tend to 

increase concentrations~ however since nitrate levels dropped, 

dilution from e:-:cessive pl-ecipitation is likely to have occurred 

in most of the wells. t·Jells 1, 2 and 10 al-e sun-ounded by fal-m­

land~ so surface run-off containing nitrogen is suspected to have 

increased nitrate levels. Possible dilution effects from rainfall 

also show up as a decline in nitrate concentrations from February 

to April of 1991, excluding wells 1, 5 and 8, which are surround­

ed by Cl-Op land \."Jh ich may have had sur face run-of f con tain ing 

nitrogen from fertilizers. 
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Several of the wells show an increase in nitrate concentra­

tion followed by a decrease, during the late fall months, peaking 

in Octobel- m- December, especially Ii'Jells 3, 11 and 6, 7 (Fig. 16 

and 20 respectively). The decreasing temperature may have slowed 

down nitrogen-fixing bacteria allowing damp soils to lose nitro­

gen, during the fall and winter months, because of leaching which 

could cause an inci-ease in nitl-ates levels in the ~·Jells. The 

following decrease in n i t!-a te concen t!-a tion may con-e la te to a 

decline in leaching due to the small amount of l-ainfall from 

January to March of 1991. Other seasonal trends are not as obvi­

ous so any other fluctuations must be e}:plained by eithel- site 

differences or geologic settings. 

Site differences: 

Nitrate concentration fluctuations varied notably from site 

to site, and some wells also varied greatly from month to month. 

Wells 6 and 7 consistently recorded low nitrate concentrations, 

dUl- ing th is study, and d isp lay simi lar f luc tua tion curves for 

nib-ate levels (Fig. 16). Although both ~'lJells display similal­

nitrate patterns, wells 6 and 7 have very different geologic and 

agricultural settings (Appendi}: 1). loJell 6 is located in the 

middle of a fel-tilized field and high nitrate levels ~'lJould be 

e :<pec ted. The ~'Je 11 samp les Ii'Jel-e all vel-y h ig h in iron con ten t, 

which may reduce nitrates to nitrogen gas resulting in very low 

nitrate concentl-ations. Well 6 is located in a topogl-aphic low, 

sun-ounded by steep s lopes to the sou th and eas t, ~'Ji th a sma 11 

creek, that is normally dry most of the year, running next to the 

well. The surrounding area is grassland with trees on the slopes 

with no farming in this drainage system. Lack of nitrogen intro­

duced into this al-ea, from fertilizel-s used fOl- fal-ming, makes 

this an ideal contl-ol well for low nitrate concentl-ations and 
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explains the low nitrate levels. 

tiJells 1,5 and 2,4, 10 (Figs. 17 and 18 respectively) are 

class if ied as med ium-lm." n i tra te concen b-a tion lo'Je 11s. Ni tra te 

concentrations I-ange from 0.47 to 20.0 mg/l for these wells. 

Wells 1 and 5 display very similar fluctuation trends for chang­

ing n i b-a te concen b-a tions and both al-e sun-ounded by nearby 

croplands, but have very different geologic settings. The peak in 

concen tra tions, fOl- Septembel- samp les, cOl-responds to the 1n­

cl-eased pl-ec ip i ta tion in Augus t, wh ic h may have v-Jashed leached 

nitrogen into the local aquifers. Decreasing rainfall, in Septem­

be"I-, may then e;{p la in the drop fl-om Sep tember to Dc tober bu t the 

fa llo~", ing inc I-ease does no t seem to fo llov-J th is e;{p lana tion as 

I-ainfall in October v-Jas low. toJell 1 lo'Jent dry in December so no 

samples were collected in January and February of 1991. 

Wells 2 and 10 (Fig. 18) also display very similar fluctua­

tion trends and both are surrounded by croplands, but have dif­

fel-ent geologic settings. Nitration Concenb-ations in both v-Jells 

peaked in August follmoJed by a gl-adual decline until a small 

increase occurred in January. The peak in August is suspected to 

be a lag time effect from leached nitrogen from spring fel- ti 1 i­

zation of crops that slowly entered the ~'Jatel- table. The follow­

ing dec 1 ine in n i t1-a te concen b- a tions could be fl-om decreas ing 

precipitation amounts during the ~."intel- months. No samples ~."el-e 

ta ken fl-om we 11 4 after October of 1990, for the convenience of 

the owner, so any trends are not available for analysis. 

\.oJe lIs 8 and 9 (Fig. 19) are classified as medium nib-ate 

concenb-ations ~'Jells with 5 to 41 mg/l nitrogen reported as N. 

Both ~'Jells display fluctuation of nib-ate concentrations, but 

rise and fall at different times. However, both display an over­

all decrease from July 1990 to April 1991. Both wells are located 

near active farmland, and also both are located on Quaternary age 

Wiggwam Terrace Deposits. Similar geologic and agricultural 
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settings could e:-:plain compal-able nib-ate tJ-ends \f'Jith site dif­

ferencE'S responsible for individual fluctuations. The higher 

n i tr ate concen b- a tions, eal-l y in th is study, must corre la te to 

leached nitrogen from spring fertilization of crops followed by a 

ci i lu tion e1 fec t ovej- time fl-om con t.inu ing pl-ec ipi ta tion • 

!,i.le lIs 3 and 11 (F ig. 21 ) al-e classified as high nitrate 

concenb-ation wells I-'-Jith 15 to 120 mg/l nitrogen l-eported as N. 

Both wells are surrounded by croplands but have different geolog­

ic settings. Fluctuation curves for both wells are very similar, 

excluding September concentration for well 3, which is suspected 

to have e::pel-imental en-or. Small amounts of l-ainfall in July 

celu Id e ;-:p la in the drop in n i b-a te concen b- a tions fl-om Ju I y to 

August, and increasing rainfall in the autumn would then cause 

the gradual incl-ease into the winter months. Another explanation 

could be the decl-easing tempel-atUl-e, ~."hich slowed n i b-ogen­

fixation by bacteria and allowed nitrogen to be leached into the 

ground from precipitation. 

Chloride correlation: 

Samples taken in January and February of 1991 were analyzed 

for chloride concentJ-ations and plotted against nitrate levels 

(F ig • 21). tIJells I-'-Jith very high nitrate concentrations, such as 

\J'Jell 11, were suspected of contamination from leaking septic 

tanks. It ~."as thought that wells contaminated fl-om septic tank 

leakage I~ould also be high in chlOl-ide. t·Jells that have been 

polluted from fertilizer contaminants are high in nitrates but 

10l-'-J in ch lor ide . We 11 11 is very high in both n i tra te and ch 10­

I-ide concentl-ations, therefore septic tank contamination is 

sLlspected. A problem I-'-Jith chlorides is that some of the well 

owners dump chlorox bleach in their wells, on a regular basis, to 

kill any pathogens that may e>:ist in the well water. Thel-efore, 
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it is difficult to tell chloride that is purposely induced, from 

chloride that he.s entered the well from nearby septic tanks. Well 

11 displays the highest concentrations for both nitrate and 

chlm-ide, but the o",mel­ dumps chlm-o:-: into the well, at least 

once a month, which probably accounts for the high chloride 

concen b- a t ion. 

Previous study correlations: 

Comparing resulting nitrate concentrations with the concen­

trations from O'Connor (1953) showed that several of the 11 wells 

stud ied fe 11 ~..,i thin Qj- nea,- cons b-uc ted al-eas of cm-respond ing 

concen b-a tion (F ig . 22). However, wells 1 , 3, 4 and 10 did not 

fall in or near suspected zones of concentration. Well 3 corre­

sponds to a local high nib-ate spot that has been treated as an 

i30lated ca,=·e. Since only 33 ~·Jells ~·Jere available to construct 

this map~ actual zones of concentration may have been quite 

diffel-ent if mon~ data ~.,el-e available. The accL\l-acy of nitrate 

concentration values from O'Connor are suspected of experimental 

i~I-1·01-, as <;=:.evel-al of the values al-e e:-:tremely high compared to 

more recent studies. However, the correlations between 1953 data 

and recent values are quite interesting. The isolated well values 

show that nitrate concentrations can vary greatly from different 

wells of close pl-o:·:imity, perhaps even shal-ing the same aquifer 

system. 

Compal-ing the wells studied fl-om the period of July, 1990 

th',-ough ApI-iI, 1991 ~·Jith the results of Thompson's (1990) study 

from August, 1988 to February, 1989 reveals some interesting 

correlations (Table 6, Fig. 23). He sampled once every two months 

compared to once a month in this study, so only four months were 

avai lab Ie f01- CO'I-i-e la tion. The l-epor ted va lues f01- ind iv idua 1 

well averages were very similar, although his va lues were 

slightly highel- ovel-all than concentrations calculated in this 
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study. 

Plotted monthly averages for the total nitrate concentra­

tions of all wells show parallel trends (Fig. 24). These trends 

seem compatible in gl-aphical form but are incomplete. High ni ­

trate averages for September and November 1990, which would 

change the shape of the graph considerably, cannot be compared to 

any existing data from 1988. Incompleteness of data for correla­

tion limits comp.::\i-ison of nib-ate fluctuations beh'Jeen the t~JO 

stud ies and i llus tr a tes the need f01- m01-e fl-equen t samp 1 ing • 

Nib-ate levels wei-e highel- in Thompson's sampling than 1n 

this study, but similar trends are noticed. Sharp increases after 

t"iUgLl'3t in nib-ate concenb-ations, which peaked in the winter 

months for well 11, were possibly caused by the increased rain­

fall dUl-i.ng this study, which diluted leached nitrogen in the 

gl-ound ~'Ja tei-. ~:ecen t concen tra tions for ~'Ile 11 3 were cons is ten tl y 

highel- , ~..,hich may be due to increased rainfall allowing fal-m 

an ima I feces and Lll- ine l-ema ins, high in n i b-ogen, to penetra te 

the soi I ffiDl-e j-ead i 1y. liJe 11 8 n i b-a te concen tr a tions were a Iso 

consistently higher in this study, which also could be attributed 

to the increased rainfall causing run-off of nitrogen fertilizers 

to become concentrated in the water table. 
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CHAPTER 6: SUMMARY AND CONCLUSIONS
 

Nitrate analysis of water samples from the 11 private wells 

shm-.ls that nib-ate pollution is a I-eal pl-oblem in Lyon County, 

Kansas. Eight of the eleven ~-.lells analyzed recol-ded nib-ate 

concentrations that were above the primary drinking water stand­

ard, at least once, during the period of July 1990 through April 

1991. Thi-ee of these eight ~-.lells had concenb-ations that ~Jere 

consistently much higher than the primary drinking water standard 

of 10 fOg/I. 

Agl-icultural sources~ such as; fertilization of crops, 

.3.nimal I'Jastes hi';Jh in ol-ganic nitrogen, nitrogen fixation from 

legumes~ as well as leakage from nearby septic tanks~ are respon­

sible fOi- the majOl-ity of high nib-ate levels obsei-ved during 

this study of nitrates in Lyon County. The highest overall con­

cenb-.3tions ~-Jel-e oDsel-ved in September of 1990 which coincides 

It'Jith the fel-tilization of wintel- wheat CI-OpS in the fall. In­

creased nitrate concentrations, during the winter months, corre­

spond to a decrease in n i b-ogen-f i >:a tion from legume plan ts • 

Individual monthly fluctuations of nib-ate concentrations ~'l/ere 

generated by changing amounts of local precipitation. Precipita­

tion either diluted e:{isting nib-ates or increased ground watel­

concentrations from leaching of nitrogen compounds in the soil. 

Differing local topography, underlying rock outcrops and 

soil conditions are physical factors that conb-ol ground watel­

flo~-J chal-acteristics. Aquifers in Lyon County al-e shallo"J fea­

tUl-es "Jith lm-J yield capacities, "Jith the e>:ception of cel-tain 

individual river alluvium deposits. Once shallow aquifers become 

contaminated, it may take years for sufficient amounts of precip­

itation l-equil-ed to flush out the polluted aquifel-. The lal-ge 

numbel- of var iab les affec ting n i b-a te concen tra tions cl-ea te 

serious problems in isolating nitrogen sources. 

53 



Some surrounding agricultural fields are used to grow alter­

na ting crops from year to year, ~">Jh ich may be fer ti 1 ized at d i f-

fer-en t times wi tit val-y ing amoun ts and types of fel- ti 1 izel-s ap­

plied. Thompson"s and this nitrate study represent a very limited 

j 1 Ius b- d tion for Lyon Coun ty, f:::ansas. A long term study of Lyon 

County, Kansas wells would give much more insight into the local 

and seasona I changes of n i trate concen tr a tions, undel- d i ffel- in9 

~·Jeathp.l- and agl-icultul-a] conditions. Samples should be taken at 

least once a month f01- a more e;-:tended time period, and more 

wells per township and range analyzed to obtain a better picture 

of nitrates in ground water of Lyon County, Kansas. 
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APPENDIX
 

Description of Wells: 

llJe 11 1 is loca ted in the SlIJ 1/4 of sec tion 36, range 12 E, 

township 16 " ~ . The hand-dug we II is loca ted in the midd Ie of a 

milo field 1/4 of a mile from the house. The well is 24 ft deep, 

5 ft in diameter and the depth to water varies with precipitation 

amounts. Pennsylvanian age Pierson Point Shale outcrops are 

covered by soils consisting of Kenoma silt loams (3-6 % slopes). 

Samples were obtained by lowering a rope and bucket down into the 

well. The well went dry in December 1990, so no more samples were 

taken until Apl-jl 1991. 

LlJe 11 2 is loca ted in the SE 1/4 of sec tion 33, range 13 E, 

township 15 S. The bo t tlenec k ~'>le II is sun-ounded by a bal-nyard, 

pastures, and a small cl-eek. The ~'Jell is 56 ft deep, 5 ft 1n 

diametel- and the depth to ~Jater is usually 40 ft. Pennsylvanian 

age Pierson Point Shale and Quaternary age alluvium outcrops are 

covel-ed by soils consisting of Elmont silty clay loam (3-7 % 

slopes). Samples were obtained from a hydrant located just north 

of the house. 

llJe II 3 is loca ted in the SE 1 i4 of sec tion 23, l-ange 10 E, 

township 15 S. The hand-dug we II is loca ted by two lal-ge bal-ns 

and is flanked by several wheat fields. The well is 24 ft deep, 

3.5 ft in diameter and the average depth to water is 12 ft. 

Pel-m ian age I imes tones and sha les fl-om Lowel- Chase Group are 

covered by soils consisting of Ladysmith silty clay loam (0-2 % 

slopes). Samples wel-e collected from the kitchen faucet inside 

the house. Two ponds are located near the house, one to the east 

and the other to the west. 

Well 4 is located in the SW 1/4 of section 17, range 11 E, 

township 18 S. The well is 36 ft deep and normally has a depth to 

water of 24 ft. A lagoon is located directly south of the well, 
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which is surrounded by several wheat fields and a garden. Quater­

nary age Emporia terrace deposits are covered with soils consist ­

ing of Kenoma si 1 t loam (3-6 ~~ slopes). Samp les were co llec ted 

from a hose on the east side of the b-ailel-. No samples were 

taken after November 1990, for the convenience of the owner. 

We 11 5 is Ioca ted in the Nt..; 1/4 of sec tion 7, range 11 E, 

township 19 S. The well is 30 ft deep and has an average depth to 

watel- of 12 ft__ The L'IIeil is sUI-rounded by outbuildings and a 

burned down barn. U.S. 50 highway runs directly south of the well 

but \.-Jheat fields sUl-I-ound the L'IIell f-,-om the othel- directions. 

Qua tel-ni:ll-y age Empm- ia ten-ace deposi ts al-e covered by soi Is 

consisting of Kenoma silt loam (3-6 % slopes). Samples were taken 

from the kitchen faucet located in the house. 

!.'Jell 6 is located in the Nt·J 1/4 of section 22, l-ange 11 E, 

township 19 S. The well is 24 ft deep and has an average depth to 

~·.-=\tel- of 12 ft. The L'Jell is located in the middle of a wheat 

field a 1/4 of a mile from the Cottonwood river. Water is pumped, 

over 100 yards, through a pipe to the house. Quaternary age 

alluvial deposits aTe covel-ed with soils consisting of Osage 

silty clay. Samples, that were very high in iron, were collected 

from a hydrant located south of the house. 

Well 7 is located in the NW 1/4 of section 36, l-ange 12 E, 

township 21 S. The well is 16 ft deep, 5 ft in diameter and has 

an average depth to water of 8 ft. The well is located next to a 

sma 11 Cl-ee k , tha t is nOI-ma 11y dry, some 75 yal-ds eas t of the 

house. Pennsy 1van ian age t"'hi te Cloud Sha Ie ou tcrops are covered 

by soils consisting of Martin silty clay loam (1-4 % slopes). 

Samp les wel-e co llec ted fl-OI11 a hydl- an t loca ted nor theas t of '_he 

house. 

vJell 8 is located in the Nv,J 1/4 of section 2, range 11 E, 

township 21 S. The well is located inside a barn that is used for 

a \f-JOod \.-JOl-kshop. The \.-Jell is 34 ft deep, 5 ft in diameter and 
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usually has an average depth to water of 6 ft. The barn is sur­

l-ounded by houses li'Jith an agl-icultLwal field to the south. Qua­

ternary age Wiggwam terrace and alluvial deposits are covered by 

soils consisting of Kenoma silt loam (3-6 Yo slopes). Samples were 

collected by lowering a rope and bucket down into t~e well. 

vJel19 is locat.ed in the SE 1/4 of section 13, range 11 E, 

township 19 S. The hand-dug bottleneck well is 30 ft deep, rough­

ly 2 ft in diameter, and has an average depth to water of 20 ft. 

The well is located directly north of the house. Outbuildings and 

a barn, used for a horse, are located to the west of the house. 

Sevel-al diffe,-ent ag,-icultural fields used for hay, wheat and 

beans ~urround the well. Quaternary age Wiggwam terrace deposits 

are covered by soils which consist of Ladysmith silty clay loams 

(0-2 % slopes). Samples were taken from a hydrant located between 

the house and the barn. 

Well 10 is located in the SW 1/4 of section 13, range 11 E, 

township 19 S. The hand-dug well is 24 ft deep, 4 ft in diameter 

and has an average depth to water of 12 ft. The well is located 

just east of the house and the well cover is badly cracked. The 

well is surrounded by agricultural fields used for crops such as: 

soybeans, milo and wheat. Outcropping Quaternary age Wiggwam 

tel-I-ace deposi ts al-e covered ~."i th soi Is consisting of Ladysmith 

silty clay loams (1)-2 Yo slopes). Samples we,-e collected from a 

hose on the east side of the house. 

Well 11 is located in the SW 1/4 of section 23, range 12 E, 

township 19 S. The well is located beneath the house and is 28 ft 

deep, 4 ft in diameter, and the depth to water varies according 

to vJa tel- use and p,-ec ipi ta tion amoun ts. A gal-den is loca ted to 

the east of the house and the surrounding area is used for agri­

cultural fields to grow corn, oats, and soybeans. Quaternary age 

a lluv ium is covel-eo by soi Is cons is ting of Read ing si 1 t loam. 
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