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NITRATE CONCENTRATIONS OF GROUND WATER FROM LIMESTONE AND 
DOLOMITIC AQUIFERS IN THE NORTHEASTERN WASHINGTON COUNTY AREA, 
ARKANSAS 

K. F. Steele and w. K. Mccalister 
Arkansas Water Resources Research Center 

and Department of Geology 
113 Ozark Hall 
University of Arkansas 
Fayetteville, AR 72701 

Abstract 

The Ozark Region of Arkansas is a major poultry-producing 

area of the United States. Large quantities of poultry waste are 

spread as fertilizer on thin soils of pastureland overlying 

limestone and dolomitic aquifers. Because these aquifers provide 

domestic water supplies for the rural population and are 

susceptible to contamination from surface water, there is concern 

that nitrate leached from poultry litter is polluting the ground 

water. In response to this concern, well water from a major 

poultry-producing area was compared with that from a forested 

area in the northeastern Washington County area, Arkansas. 

Although nitrate concentration of the well water from the poultry 

producing area (2.83 mg/Las nitrogen) is about 10 times that of 

springs in the forested area, it is considerably below the 

drinking water limits of 10 mg/L set by the U.S. Environmental 

Protection Agency. The shallow Boone-St. Joe aquifer contains 

about twice as much nitrate as the deeper Everton aquifer. 

Expansion of poultry production in this region requires implemen

tation of best management practices in order to protect the 

ground water from nitrate pollution. 

Introduction 

Although nitrate contamination of water by commercial 

fertilizers and feed lots has been extensively investigated (e.g. 

Beck et al., 1985; Pionke and Urban, 1985; Mc Lead and Hegg, 

1984; Hill, 1982; Burden, 1982; Khaleel et al., 1980; Spalding 



et al., 1978; Sommerfeldt et al., 1973; Groba and Hahn, 1972; 

Lorimar et al., 1972; Walker et al., 1972; and Gillham and 

Webber, 1969), very little research has been conducted on the 

effects of land application of poultry litter (Adamski and 

Steele, 1988; Wolf et al., 1988; Magette et al., 1988; Gilmour 

et al., 1987; Giddens and Barnett, 1980; and Liebhardt et al., 

1979). Arkansas is the national leader in broiler production and 

in 1988 produced over 900 million birds (broilers, turkeys and 

hens) (Arkansas Agricultural Statistics Service, 1989). 

A majority of Arkansas' poultry production is in the Ozark 

Region of the northwestern portion of the state. Brittle lime

stone which readily fractures forms the bedrock for most of this 

region. Fractures and solution-enlarged fractures provide ready 

access for surface water to enter the aquifer (Figure 1) • 

Fractures and thin soils combined make limestone aquifers 

susceptible to contamination from surface sources. 

Poultry litter (manure and associated bedding material such 

as sawdust) has long been recognized as a valuable source of ni-
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Figure 1. Schematic diagram showing the relationship o; a 
spring and a high-yield water well to fracture and bedding 
planes. 
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trate fertilizer and is applied to pastureland in northwestern 

Arkansas. Because of this practice, beef cattle production is 

associated with land to which poultry litter has been applied. 

There is concern that nitrate from poultry litter and cattle 

manure in excess of plant cover requirements could be leached 

through the soil and pollute the ground water. 

Two studies specifically designed to analyze the effects of 

land-applied poultry wastes on ground water quality in northwest

ern Arkansas have been conducted. one study focused on springs 

issuing from the Boone-st. Joe Formation during 1986-1987 

(Adamski and Steele, 1988), and the second study in 1989 (report

ed here) focused on wells completed in the Boone-St. Joe and 

Everton aquifers. 

More detailed information for this project is available in 

Mccalister (1990). Two publications associated with this project 

are in press (Steele et al., 1990a and Steele et al., 1990b). 

study Area and Land Use 

The northeastern Washington County area was used for the 

present study and for the earlier study by Adamski and Steele 

(1988) (Figure 2) to investigate the effect of poultry litter on 

ground water nitrate concentrations because: (1) it is one of the 

highest density poultry-producing areas in the United States and 

(2) the limestone aquifers of the area, especially the Boone-St. 

Joe, are susceptible to contamination from surface sources. In 

1988, Washington County produced 113,635,000 broilers, 2,316,000 

turkeys, 121,000 beef cattle (Arkansas Agricultural Statistics 

Service, 1989) and 2,053,000 hens (Washington County Extension 

Service, personal communication, 1990). 

For this investigation, a smaller study area which overlapped 

a portion of the first study area (Adamski and Steele, 1988) was 

used. For both studies, experimental and control subareas were 

defined (Figures 2 and 3). The location of the wells and site 

numbers used for this study are shown in Figure 3. The two 

subareas are adjacent and, with the exception of land use 

practices, have similar geology, meteorology and hydrogeology. 
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Figure 2. Location of well sites for this study and for 

springs used by Adamski and Steele (1988). 

In 1989 about 6,000,000 broilers and 44,000 turkeys were 

produced and 171,000 hens were housed in the 140 km2 experimental 

subarea. These fowl are estimated to have produced a total of 

23.5 x 10 6 kg of waste which would yield about 382,000 kg of 

total nitrogen. Even if 50% of the nitrogen in the animal wastes 

may have volatilized (U.S. Department of Agriculture, 1975), an 

appreciable amount of nitrogen was spread on pastureland in the 

experimental subarea. A 145 km2 portion of an adjacent wildlife 
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Figure 3. Well sites and numbers used in this study. See 
Appendix I for more precise location of wells. 
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management area was used as the control subarea {shaded portion 

of Figure 2). 

The 1800 beef cattle and dairy cows in the experimental sub

area of this study are estimated to have produced 20 x 10 6 kg of 

waste which would yield about 170,-

000 kg of total nitrogen. Another 

source of nitrate to ground water 

is septic tank effluent. All the 

houses in this rural area use sep

tic tank systems for treating do

mestic wastewater. The 475 septic 

tanks in the experimental subarea 

are estimated to have produced a 

total of only 954,000 kg of waste 

which would yield about 6,000 kg of 

total nitrogen. 

Geology 

Soils are typically thin {maxi

mum thickness of 1. 8 meters) and 

are moderately to slowly permeable 

{Harper et al., 1969). The bed 

rock of the study area is dominant

ly cherty limestone (Boone Forma

tion); however, minor areas of 

shale and sandstone exist as eros-

ional remnants. The Boone Forma-

tion overlies the st. Joe Formation 

( limestone) and together the two 

form a single aquifer in this area 

(Figure 3). Based on well-driller 

reports, the thickness of the aqui

fer ranges from 35 to 85 meters in 
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Figure 4. Schematic 
stratigraphic column for 
northwest Arkansas (from 
Manger and Borengasser, 
1979) . 

this area. The relatively impermeable Chattanooga Shale 

Formation (about 18 meters thick) underlies the Boone-st. Joe 

aquifer in the study area. The Everton Formation is a complex 
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of intertonguing dolomite, limestone and sandstone. The Kings 

River Sandstone Member of the Everton is important hydrologically 

in the study area (Figure 4). 

Hydrogeology 

Water wells completed in the Boone-St. Joe and Everton 

aquifers are used in approximate equal frequency in the study 

area. Both the Boone-St. Joe and Everton wells are used for 

domestic supplies; however, the Everton aquifer is preferred for 

poultry and cattle farming because it provides greater water 

yields. Everton wells in the study area are typically completed 

in the Kings River Sandstone Member of the Everton Formation 

(Figure 4). 

The primary permeability of the Boone limestone is less than 

7.4 x 10- 6 meters/day (Van den Huevel, 1979); however, secondary 

porosity developed by dissolution along joints, fractures, faults 

and bedding planes (Figure 1), result in much higher permeability 

values, 0.005 to 5.1 meters/day. These secondary permeability 

values were calculated from transmissivity values (Ogden, 1980) 

using the average thickness of the Boone-St. Joe aquifer in the 

study area. This variable permeability is directly related to 

variability of secondary porosity development; that is, the 

presence of fractures and the extent of chemical solutioning of 

fracture and bedding plane surfaces. 

Although the Boone-st. Joe Formation is characterized by sol

ution channels in the study area, there are some sinkholes, 

caves and disappearing streams in the region. The thin soils of 

the area combined with secondary porosity and permeability (Fig

ure 1), limit natural purification of recharge water and make the 

Boone-St. Joe aquifer susceptible to contamination from surface 

water. 

Typically, Boone-st. Joe wells have low yields (about 12 

liters/minute); whereas, many springs have discharges at least 

one order larger. All springs in the study area issue from the 

Boone-St. Joe aquifer. Springs are typically associated with 

solution enlarged fracture or bedding planes; whereas, wells 

typically intersect smaller, less enlarged fractures. The larger 
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solution channels associated with spring systems should make 

springs more susceptible to contamination from the surface than 

wells. However, wells drilled on solution enlarged fractures 

produce high-yield wells (as shown in Figure 1). These rare 

high-yield wells are similar to springs in terms of susceptibil

ity to surface contamination because they are also located on the 

larger ground water channels. 

Methodology 

Wells were flushed for at least three well volumes prior to 

sample collection. Samples were collected during different 

seasons in order to compare nitrate concentrations for "wet" 

(fall) and "dry" (summer and winter) seasons. A "wet" season is 

defined as a period of major recharge of the aquifer. 

Elevation of each well was determined from well locations on 

U.S. Geological 7.5 degree topographic maps and well depth was 

obtained from well owners. These data, as well as elevation of 

the base of the well and the primary aquifer for each well are 

listed in Appendix I. See section on Comparison of Shallow and 

Deep Wells for discussion of the method used to determine the 

aquifer for each well. 

Samples were stored and analyzed by the colorimetric--cadmium 

reduction method (U.S. Environmental Protection Agency, 1983). 

Samples were analyzed for nitrate+nitrite and reported as mg/L 

nitrogen. In this paper, nitrate+nitrite as nitrogen will be 

referred to simply as nitrate. Analyses of U.S. Environmental 

Protection Agency standard solutions (0.37 mg/L) were within 95% 

confidence limits of the true value (0.40 mg/L). Repetitive 

analyses (5) yielded a standard deviation 0.02 for a 0.40 mg/L 

concentration sample. The largest difference for duplicate 

analyses was 12.91 and 13.54 mg/L. Data for individual wells and 

sampling date are given in Appendix II by season. 

Although the contract for this project only required nitrate 

analyses, other analyses were made. These analyses also are 

reported in Appendix II. Calcium, magnesium, potassium and 

sodium are utilized in determining the primary aquifer for well 

water. Calcium and magnesium were analyzed by atomic absorption 
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spectrophotometry using a nitrous oxide-acetelyene flame. 

Potassium and sodium were analyzed by flame photometry using a 

hydrogen-air flame. Prior to the analyses of these cations, 

cesium chloride was added to the sample to produce a concentra
tion of 1000 mg/L cesium. 

Comparison of Experimental and Control Subareas 

The experimental wells discussed in this section are all from 

the Boone-st. Joe aquifer, that is there are no Everton wells 

utilized in this discussion (see section on Comparison of Shallow 

and Deep Wells for method of determining the aquifer. Experimen-
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tal wells have higher average seasonal concentrations of nitrate 

(2.44 to 3.04 mg/L) than control wells (1.62 to 1.78 mg/L) (Ta

ble 1). The difference in nitrate concentration of ground water 

between the experimental and control subareas is most evident 

-9-



using the data from springs (Adamski and Steele, 1988). The 

average seasonal concentrations for experimental springs range 

from 2.58 to 3.23 mg/L nitrate; whereas, the average seasonal 

concentrations for control springs range from 0.02 to 0.40 mg/L 

(Table 1). These differences for the Boone-St. Joe aquifer 

experimental and control subareas (both wells and springs) are 

statistically significant (using the non-parametric Wilcoxon two

sample test with a 0.05 alpha). 

The smaller difference between control and experimental wells 

compared to springs is probably the result of some contamination 

of the control wells (Table 1). The wells used for this study 

were domestic wells which may be contaminated by runoff from 

barnyards, lawns and/or by septic tank effluent. This observa

tion suggests: (1) that it is difficult to obtain "true" control 

wells in a relatively shallow limestone aquifer because of 

anthropogenic effects, and (2) that some of the ground water 

contamination in the experimental subarea is from sources other 

than poultry litter and cattle manure. Nitrate concentrations 

of spring water (0.14 to 0.33 mg/L) from other regional relative-

. ~!gj; 2
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ly pristine areas (mostly forested with very low population) of 

similar hydrogeology (Table 2), confirms that samples of ground 
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water from the control subarea should be less than o. 40 mg/L 

nitrate rather than the 1.62 and 1.78 mg/L observed for control 

wells (Table 1). 

Although there are statistically higher concentrations of ni

trate (about 14 times) in ground water in the Boone-St. Joe 

aquifer from experimental subareas than for the control springs, 

these concentrations are considerably below the drinking water 

limit of 10 mg/L set by the U.S. Environmental Protection Agency 

(1985). There is concern that the soil and vegetation in most 

of northwestern Arkansas have more than sufficient available 

nitrogen present for growth. It is probable that much of the 

nitrogen in any additional litter applied to the land may be 

leached into the ground water and significantly increase nitrate 

concentrations. 

Comparison of Nitrate Concentrations from Wells and Springs 

Table 1 indicates springs had slightly higher nitrate con

centrations than wells for the Boone-St. Joe aquifer in the 

experimental subarea during the spring and fall seasons, and 

wells had higher concentrations during the winter. These 

differences may not be meaningful because spring and well samples 

were collected in different years (1986-1987 and 1989, respec

tively). Environmental conditions (for example timing and amount 

of litter application and amount of recharge) could have been 

different for the two study periods. Thus, there is no irrefut

able evidence from this study that springs are more susceptible 

to contamination than wells, as hypothesized earlier. As noted 

previously, for the shallow Boone-St. Joe limestone aquifer the 

proximity of control wells to human activities may result in more 

contamination of wells because control springs were not located 

near human activity. 

Seasonal Variations 

Spring is the season expected to have the highest ground 
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water nitrate concentrations for several reasons. It is the 

season when: (1) most of the poultry litter is applied to the 

land, (2) heavy spring rains cause major recharge to the aquifer 

and (3) there is little nitrate uptake by vegetation because most 

of it is still dormant. These conditions are consistent with 

greater movement of nitrate into the ground water system during 

this season. It is interesting to note that the spring season 

indeed has the highest average nitrate concentration for both 

wells and springs (Table 1), even though samples were collected 

during different years. Despite this logical explanation for 

higher nitrate values occurring in the spring (Table 1), compari

son of the well data by the non-parametric Kuskal-Wallis 

statistical test (0.05 alpha) supports the null hypothesis that 

there are no differences among the seasons. The Kuskal-Wallis 

test was used rather than the Wilcoxon two-sample test because 

it is a multiple-sample test that allows simultaneous comparison 

of all three seasons. 

Comparison of Shallow and Deep Wells 

Both Boone-St. Joe and Everton wells were sampled in the 

experimental subarea. The two aquifers are utilized with about 

equal frequency in the study area. Wells drilled through the 

Boone-st. Joe and Chattanooga Formations into the Everton are 

only cased through the soil and about 3 meters into the bedrock 

(total depth about 6 meters or less). Therefore, wells completed 

in the Everton aquifer may have ground water contributions from 

the overlying formations. Because of uncertainty in water 

source, regional dip of the aquifers and unreliability of owner 

reported wells depths, geochemical data also were used to assign 

the primary aquifer for each well (Appendix I). 

Based on water well-drillers records, the top of the 

Chattanooga Formation averages 57 meters (187 feet) below land 

surface in the study area, and the median depth of wells used for 

this study is 56.7 meters (186 feet) (Appendix I). The wells 

were divided into two groups, those less than 186 feet deep and 

those greater than 186 feet as an approximation of water source 

(Boone-St. Joe and Everton, respectively). Trilinear plots of 
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these two groups (Figures 5 and 6) show that the wells with 

depths less than 186 feet have a higher percentage of calcium the 

well water than those with greater depth. The Boone-st. Joe 

aquifer (predominantly limestone and chert) would be expected to 

have higher calcium percentages than the Everton aquifer which 

tends to be dolomitic. The dolomitic character of the Everton 

aquifer is especially well demonstrated by higher magnesium 

percentages in Figure 6. Based on the clustering of shallow 

wells (less than 186 feet deep) with calcium percentages greater 

than 85 in Figure 5 wells with these percentages are considered 

to have the Boone-St. Joe aquifer as their primary aquifer. The 

remainder of the wells in Figures 5 and 6 have less than 85 

percent calcium and 2 to 40 percent magnesium. Although the 

lower values for these samples suggest mixing of ground water 

from the Everton ( and 

Chatttanooga) Formations 

with that from Boone-St. 

Joe aquifer, wells with 

less than 85% calcium are 

classed as Everton. This 

geochemical classification 

avoids problems associated 

with mixing of aquifer 

waters in a well and other 

problems noted above. 

Nitrate concentrations 

for the deeper Everton 

aquifer (1.51 mg/L) are 

about half that for the 

shallow Boone-St. Joe aqu

ifer (2.83 mg/L) (Table 

3). These differences are 

statistically significant 

(0.05 alpha) using the 

Wilcoxon two-sample test. 
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Apparently, the Everton aquifer is less susceptible to contamina

tion because of the overlying relatively impermeable Chattanooga 

Shale Formation. 
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Figure 5. Plot of the milliequivalent percentages of calcium, 
magnesium and sodium+potassium for wells with depths less than 
186 feet (nominally the Boone-St. Joe aquifer). 
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Conclusions 

The results of this study indicate that there are signifi

cantly higher annual average concentrations of nitrate for ground 

water in the experimental subarea (2.83 mg/L) compared to the 

control subarea ( O. 2 5 mg/L) . Because cattle graze on the 

pastureland on which the poultry litter is applied and because 

there are domestic septic tank systems in the same area, it is 

difficult to quantitatively distinguish the amount of nitrate 

contributed to the ground water from poultry litter versus the 

amount of nitrate contributed from other sources. This problem 

is further complicated by differences in rates of nitrogen min

eralization and volatization of the different nitrate sources. 

However, because of the much greater annual abundance of nitrogen 

from poultry litter (209,000 kg) compared to cattle manure 

(114,300 kg) and human wastes (10,700 kg), it appears reasonable 

to attribute the greatest amount of contamination to poultry 

litter. The higher nitrate concentrations for wells (2.83 mg/L) 

in the shallow Boone-St. Joe aquifer than the deeper Everton 

aquifer (1.51 mg/L) indicate that Boone-aquifer is more suscepti

ble to surface contamination. 

The results of this investigation indicate the need for 

additional research on the land application of poultry litter in 

terms of amounts, rates, timing of application (regarding season 

and meteorological conditions), soil type, slope, and vegetation. 

Research of this type would provide data for development of Best 

Management Practices (BMPs) for farmers not only in the Ozark 

Region, but also other limestone regions. 

Poul try production is an important economic base for the 

Ozark Region and implementation of BMPs and alternate uses of 

poultry litter should allow expansion of the poultry industry 

while at the same time minimizing the effect of litter on ground 

water nitrate concentrations. Utilized properly, poultry litter 

can be a valuable resource for the region. 
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APPENDIX I 

Primary aquifer, location, elevation, depth and base of well 

by subarea. 
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WELI8 IN 'DIE EXPERIMmrAI, SOlW& 

Well# Prim:uy I.ocatiai Elevatiai Cepth Well B:ise 
Aquifer 1 (ft amsl) 2 (ft) (ft amsl) 

* 1 l:tb 17-27-060:D 1360 0 1360 
2 l:tb 17-17-osa:x::: 1330 87 1243 
3 eee 17-27-lSAOC 1305 200 1105 
4 l::li) 17-27-lSOX 1380 100 1280 
5 J::i:>e 17-27-19Bll3 1365 104 1260 
6 ebe 17-28-0l.BAC 1310 70 1240 
7 l:tb 17-28-02BAB 1320 25 1295 
8 J::i:>e 17-28-02CE) 1280 125 1155 
9 eee 17-28-02DM3 1380 300 1080 
10 l:tb 17-28-o4ACB 1300 180 1120 
11 l:tb 17-28-G9Bll3 1320 150 1170 
12 eee 17-28-Q9I:O: 1300 280 1020 
13 eee 17-28-lOOD 1240 357 883 
14 l:tb 17-28-11Bll3 1200 100 1100 
15 l:tb 17-28-13:EW) 1335 75 1260 
16 l:tb 17-28-14ABA. 1310 200 1110 
17 eee 17-28-14ACB 1265 300 965 
18 l::li) 17-28-l.SAOC 1245 70 1175 
19 l:tb 17-28-16BAB 1170 40 1130 
20 J::i:>e 17-28-22MD 1180 38 1142 
21 ee- 17-28-22ABA 1200 90 1110 
22 l:tb 17-28-22ACD 1240 200 1040 
23 eeb 17-28-23MA· 1365 177 1188 
24 l:tb 18-27-19:e/\A 1210 190 1020 
25 bee 18-27-30DM3 1365 235 1130 
26 eee 18-27-31CBA 1400 197 1203 
27 eee 18-27-31.mDl 1380 690 690 
28 l::li) 17-28-02:e/\A 1320 50 1270 
29 eee 18-28-14ABA. 1330 350 980 
30 eee 18-28-21ACC 1340 300 1040 
31 l::li) 18-28-22ADA. 1360 340 1020 
32 eee 18-28-23ABB 1370 450 920 
33 J::i:>e 18-28-2~ 1380 100 1280 
34 ebe 18-28-24AIC2 1380 370 1010 
35 l:tb 18-28-24C!Y\ 1370 120 1250 
36 l:tb 18-28-24IX:B 1380 140 1240 
37 beb 18-28-25ABB 1370 250 1120 
38 eee 18-28-25l\IX1 1380 530 850 
39 J::i:>e 18-28-25AOC2 1380 104 1276 
40 eee 18-28-25CXD 1380 300 1080 
41 l::li) 18-28-26rxx:= 1365 180 1185 
42 eee 18-28-27.AAC 1340 220 1120 
43 bee 18-28-36MB 1380 200 1180 
44 J::i:>e 18-28-36AOC 1395 150 1245 
45 l:tb 18-28-360:1\ 1380 150 1230 

* 46 eeb 19-28-34IlD 1160 100 1060 
* 47 l:tb 17-28-o4BD:: 1200 0 1200 
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WELtB m 'lEB o:tnmL smmREA 

Well# Prinacy IDcatiai Elevatiai D3ptll Well Base 
Aquifer 1 (ft amsl) 2 (ft) (ft amsl) 

60 -ee 18-27-0ir:a:: 1200 100 1100 
61 -be 18-27-07CAD 1220 300 920 
62 -ee 18-27--0SCAD 1240 270 970 

* 63 -ti:> 18-28-03:BBB 1180 0 1180 
64 -ee 18-28--04ca::: 1320 356 964 
65 -ee 18-28-05AID 1240 164 1076 
66 -ti:> 18-28--0SACB 1180 180 1000 

* 67 -li> 18-28-12CCB 1200 130 1070 
68 -li> 19-28-25ACB 1440 186 1254 
69 -ee 19-28-25AOCJ.. 1420 507 913 
70 -ee 19-28-251\0:2 1430 396 1034 
71 -ee 19-28-2~ 1360 1360 0 

* 72 -ti:> 19-28-31.BAB 1415 130 1285 
73 -ee 19-28-34IXX:: 1140 150 990 
74 -ee 19-28-36Bll3 1400 600 800 
75 -ti:> 19-28-361:W3 1380 122 1258 
76 -ee 18-28-3400: 1260 200 1060 
77 -ee 19-28-32AO: 1430 590 840 
78 -ee 19-28-32Enl\ 1420 495 925 
79 --e 18-27-18BBD 1260 180 1080 
80 --e 18-28-0SMD 1240 187 1053 
81 --e 19-28-29CX':A 1300 175 1125 

* these designated "'1el.ls with water treabrent syst:ars arrl/or spri.n;Js 
"'1e:re e.xcl.u:led fran statistical analysis 

1 ''b" refers to pr:inmy gra.irrl-water a:ntrib.Itian fran the Boane 
an:l st. Joe FonnatiC11S, "e" refers to the Everton an:l Olattan:x:iga 
Fonraticns. 'Ille letter designatia,s are in order fran winter, 
sprirq, an:l fall. 'Ille syrrool "-" represents oo sanple for that 
partiallar seasc:n. 

2 "ft amsl" refers to feet above nean sea level 
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APPENDIX II 

Chemical analyses and date of collection 

by season and subarea. 

pH is in pH units, temperature (temp) is in Celsius degrees, 
conductance (cond) is in micro-Siemens/centimeter, 

total alkalinity (alk) is mg/Las caco 3 , 
nitrate+nitrate (N03 ) and all other analyses are mg/L. 
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Winter Analysis - Experimental Subarea 

Wei I Date pH Temp Cond Alk N03 NH3 

1 -2-26-89 6.3 1 2. 5 398 178 5.73 o.oo 
2 2-26-89 6.7 12.5 349 190 1.54 o.oo 
3 2-26-89 7.6 15.0 307 148 o.oo o.oo 
4 2-26-89 7.3 16.0 309 150 2.95 0.03 
5 2-26-89 6.8 5.0 293 133 4.71 o.oo 
6 3-11-89 7.2 15.0 486 300 o.oo 0.04 
7 2-25-89 7. 1 1 2. 0 373 165 5.01 o.oo 
8 2-25-89 7.3 10.0 420 196 4.03 o.oo 
9 2-25-89 7.2 11 . 0 396 198 o.oo o.oo 

1 0 2-25-89 7.5 11.5 338 148 1.09 0.01 
11 3-02-89 5.8 15.0 442 235 0.56 0.05 
1 2 2-25-89 7.6 14.5 437 233 0.16 0. 1 2 
13 2-25-89 5.6 12.0 379 138 18.50 o.oo 
14 2-25-89 7.2 10.0 275 123 3.13 o.oo 
15 2-26-89 7. 1 13. 0 465 210 5.73 o.oo 
16 2-26-89 7.2 15.5 480 190 6.28 o.oo 
17 2-26-89 7.5 15.0 407 215 o.oo o.oo 
18 2-25-89 7. 1 13.5 353 146 7.70 o.oo 
19 3-02-89 7.2 9.0 283 133 1.07 0.09 
20 2-25-89 6.2 1 2. 0 314 175 1. 22 o.oo 
21 2-25-89 6.8 14.0 436 209 o.oo 0.05 
22 3-12-89 7.4 14.0 423 215 3.28 0.03 
23 2-26-89 7.3 13.5 309 155 1.83 o.oo 
24 3-03-89 7.0 8.5 287 140 0.75 0.06 
25 3-03-89 6.9 13.0 568 275 5.37 0.02 
26. 3-11-89 7.2 16.5 475 265 o.oo 0. 1 5 
27 3-03-89 7.5 14.0 348 175 0.02 0.10 
28 3-03-89 7.2 14.0 358 150 5.28 0.07 
29 3-02-89 7.0 15.0 255 100 0.46 0.03 
30 3-12-89 7.4 18.0 386 210 0.05 0.12 
31 3-12-89 7.3 14.0 174 85 o.84 0.02 
32 3-02-89 7.0 14.5 455 190 1 • 17 0.01 
33 3-02-89 6.8 15.0 468 200 2.66 0.06 
34 3-02-89 6.8 13.0 421 208 0.02 0.07 
35 3-02-89 5.7 9.0 357 180 0.79 0.04 
36 3-02-89 7.0 17.0 383 198 0.42 0.05 
37 3-02-89 6.2 13.0 274 103 5.77 0.05 
38 3-03-89 6.9 13.5 227 100 2.47 0.05 
39 3-11-89 7.2 16.5 370 208 o.oo 0.07 
40 3-03-89 6.8 14.0 367 190 o.oo 0.24 
41 3-03-89 7.3 13.5 319 165 1.22 0.02 
42 3-02-89 7.2 14.0 398 203 o.oo 0.03 
43 3-03-89 5.8 13.5 334 205 o.oo 0.03 
44 2-26-89 5.2 5.5 304 11 0 4.12 o.oo 
45 2-26-89 6.8 12.0 419 195 6.55 0.02 
46 3-11-89 6.6 5.0 684 245 o.oo 0.01 
47 3-09-89 7.6 22.0 308 160 1 • 83 0.02 
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Winter Analysts - Expert mental Subarea 

Wei I Cl Ca Mg Na K 

1 11. 5 0 84 1. 5 5 3.29 2.01 
2 3.75 78 3.00 3.00 0.45 
3 5.75 48 13.00 3.57 0.06 
4 5.00 68 0.65 3.43 0.28 
5 8.25 54 1. 80 4.86 1. 64 
6 1.00 98 8.00 6.01 0.17 
7 9.75 72 1. 90 3.71 1. 89 
8 6.75 82 2.90 11 . 0 0 0.47 
9 3.50 50 10.25 29.10 0.28 

10 9.50 70 1 . 7 5 4.86 0.39 
1 1 20.00 96 1. 00 4.29 0.47 
1 2 18.75 22 10.75 81. 71 3.39 
13 16.00 66 1. 7 0 12.90 0.67 
14 7.75 54 1.40 2. 70 2.01 
15 12.75 96 2.50 6.61 2.17 
16 16.25 96 2. 30 5.81 2.29 
17 7.75 60 7.75 30.05 0.35 
18 8.50 74 1.60 2.50 0.99 
19 11. 00 58 1. 45 2. 70 1. 36 
20 12.25 70 3.10 4.57 0.47 
21 6.50 74 a.oo 7.22 0.67 
22 11.25 90 0.85 2.80 0.59 
23 4.00 58 5.25 2.80 0.34 
24 1 0. 25 50 3.70 2. 70 0.87 
25 17.75 1 16 6.00 6.01 0.35 
26 15.75 78 13.00 11. 95 0.39 
27 9.25 20 7.75 71. 0 0 3. 11 
28 1 2. 25 68 1.60 4.00 1.77 
29 4.50 32 10.00 4.86 1. 08 
30 5.75 46 12.75 73.57 3.19 
31 9.00 34 o.so 3.57 0. 11 
32 31. 75 76 8.50 14.81 0.67 
33 27.50 96 0.90 6.81 0.67 
34 22.75 72 a.so 16.88 1. 64 
35 8.75 76 0.85 3.57 0.43 
36 8.50 76 1 • 1 0 2. 70 0.35 
37 10.50 50 0.95 5.60 0.40 
38 1 2. 00 40 a.so 8.02 0.23 
39 8.75 82 0.10 6. 41 1 • 1 6 
40 7.75 42 21.00 11. 9 5 0.35 
41 5.25 70 1. 6 5 2.00 0.35 
42 7.25 48 24.25 9.03 0.28 
43 4.25 80 3.25 9.23 0.40 
44 11. 50 56 1.50 7.62 0.79 
45 13.25 88 1. 25 6.01 1 • 1 6 
46 10.00 106 24.50 8.02 0.59 
47 8.25 66 0.85 3.29 0.51 
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Spring An21lysls - Experlment21I Sub21re21 

Wei I Date pH Temp Cond Alk N03 NH3 
1 5-12-89 6.7 14.0 392 185 4.09 o.oo 2 5-12-89 7.4 14.0 398 210 0.10 o.oo 3 5-12-89 7.6 1 5. 0 334 180 o.oo o.oo 4 5-14-89 6.7 19.0 333 185 1. 85 o.oo 5 5-12-89 1.3 14.0 385 175 3.72 0. 1 4 6 5-11-89 . . . . 1. 94 o.oo 1 5-11-89 1.3 14.5 405 185 4.00 o.oo 8 5-12-89 1.0 1 5. 0 401 205 2.83 o.oo 9 5-11-89 7.4 15.o 388 235 o.oo o.oo 10 5-15-89 6.6 17. 0 348 . 1 • 09 o.oo 11 5-12-89 7.2 14.0 410 215 0.61 o.oo 1 2 5-13-89 7.4 15.5 372 213 0.04 0.23 13 5-13-89 7.4 1 5. 0 461 140 18.01 o.oo 14 5-12-89 7.2 14.0 298 163 1.47 o.oo 15 5-15-89 14.0 485 215 4.46 o.oo Hi 5-15-89 . 15. 5 480 175 14.63 o.oo 17 5-15-89 1.0 16.0 338 180 o.oo o.oo 18 5-12-89 1.0 15.0 376 170 3.78 o.oo 19 5-12-89 7.3 14.5 319 158 0.96 0.11 20 5-12-89 6.8 14.0 361 170 1.30 o.oo 21 5-12-89 6.8 15.0 431 220 o.oo 0.18 22 5-12-89 7.0 16.0 516 205 2.26 o.oo 23 5-12-89 7.6 1 5. 0 334 168 1.07 o.oo 24 5-16-89 7.7 17.0 284 140 2.00 o.oo 25 5-16-89 6.7 -16. 0 569 268 o. 33, o.oo 26 5-11-89 7.2 15.0 486 273 o.oo o .. 09 27 5-11-89 8.0 16.6 322 190 o.oo 0.17 28 5-11-89 1.1 15.5 348 170 5.02 o.oo 29 5-16-89 6.9 18.5 292 1 25 o.oo o.oo 30 5-16-89 6.9 15.5 366 180 o.oo o.oo 31 5-16-89 7.3 17.0 185 75 0.12 o.oo 

32 5-16-89 1.2 16.5 504 245 0.63 0.14 
33 5-16-89 6.8 15.5 486 220 3.29 o.oo 
34 5-16-89 6.7 16.0 486 215 3.34 o.oo 
35 5-15-89 6.5 22.0 349 215 1.05 o.oo 
36 5-15-89 6.9 26.5 372 218 0.31 o.oo 
37 5-11-89 6.6 16.5 211 95 5.17 o.oo 
38 5-11-89 6.3 15.5 246 105 3.29 o.oo 
39 5-19-89 6.8 16. 0 391 205 0.01 0.09 
40 5-11-89 1.1 16.0 350 235 o.oo 0.34 
41 5-11-89 7.7 15.5 312 190 1. 09 0.21 
42 5-16-89 6.8 15.0 394 160 o.oo o.oo 
43 5-11-89 6.8 16.5 410 270 o.oo 0.16 
44 5-11-89 7 • 1 16.0 338 165 8.65 o.oo 
45 5-15-89 6.6 17.0 371 180 4.38 o.oo 
46 5-16-89 7.0 14.5 491 250 o.oo o.oo 
47 5-12-89 7.3 20.0 337 183 1. 30 o.oo 
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Spring An8lysls - Experlment81 Sub8re8 

Wei I Cl Ca Mg Na K 

1 10.50 82 1. 45 3.57 1.77 
2 2.75 75 5.50 4.33 o. 32 
3 5.75 54 14.00 3.75 0.03 
4 4.25 70 0.55 3.40 0.25 
5 15.50 75 1. 3 0 9.35 1. 28 
5 5.75 75 3.00 2.50 0. 1 5 
7 10.25 80 2.20 3.80 1 • 91 
8 7.00 85 2.25 9.35 0.58 
9 3.50 52 10.00 43.85 0.08 

10 9.00 72 2.00 5.00 0.58 
11 7.50 88 0.95 2.90 0.48 
1 2 15.00 28 12.25 59.23 3.48 
13 19. 7 5 75 1. 90 1 5. 1 5 0.79 
14 7.50 54 1.40 3.13 1.70 
15 12.25 105 2.55 9.15 2.40 
15 15.25 95 1. 85 4.33 2.11 
17 5.50 52 8.25 10.00 0.05 
18 1.00 80 1. 85 2.50 2.05 
19 9.50 52 1. 80 4.07 1. 3 5 
20 9.00 74 1. 45 4.20 0.52 
21 5.75 80 8.50 7.50 0. 1 8 
22 12.50 90 1 • 1 0 3.80 0.76 
23 4.50 60 6.75 3.13 0.36 
24 5.50 56 2.85 2.50 1.00 
25 10.25 1 06 12. 7 5 10.69 0.61 
26 13.50 94 10.25 6.50 0.08 
27 5.00 2.4 10.00 51.54 3.06 
28 9.25 76 1.70 3.40 1. 81 
29 3.25 36 11.75 9.54 1. 5 6 
30 4.50 48 11.50 5.45 14. 1 5 
31 1.00 32 0.45 3.53 0. 1 0 
32 29.25 80 7.75 22.50 0.82 
33 23.75 102 1 • 00 10.50 0.82 
34 22.25 98 0.95 1.00 0.15 
35 5.00 84 1. 20 2.80 0.44 
36 5.75 86 1 • 1 5 2.80 0.71 
37 7.00 40 0.80 8.77 0.22 
38 12.50 44 0.50 11. 46 0.20 
39 6.00 78 0.75 9.92 1. 32 
40 6.25 40 20.25 13.50 0.10 
41 3.25 68 1. 60 1.90 0.52 
42 8.00 42 22.75 6.50 0.08 
43 3.50 52 3.40 50.00 0.91 
44 to.so 70 1. 90 9.92 0.97 
45 9.50 80 1 • 1 5 8.58 1.07 
46 10.50 2 o.oo 117.74 0.05 
47 6.75 74 0.90 3.67 0.10 
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Spring Analysis - Control Subarea 

Wei I Date pH Temp Cond Alk N03 NH3 -60 5-18-89 6.7 16.0 291 80 7.09 o.oo 61 5-18-89 6.9 16.0 314 130 0.86 o.oo 62 5-18-89 7.4 16.0 338 165 o.oo 0.33 63 5-23-89 6.2 16.0 190 90 0.30 o.oo 64 5-19-89 7.0 16.0 445 220 0.04 0.18 65 5-19-89 7.2 16.5 692 370 0.12 0.58 66 5-19-89 7.3 15.0 249 11 5 1. 60 o.oo 67 5-18-89 6.7 1 5. 5 630 210 15.07 o.oo 68 5-18-89 6.9 15.5 366 130 5.90 o.oo 69 5-18-89 7.0 17.5 373 185 0.09 0.51 70 5-18-89 6.8 15.0 352 168 0.04 o.oo 71 5-23-89 7.2 16.5 317 160 0.14 0. 11 72 5-18-89 7.1 16.0 296 145 o.oo 0.09 73 5-16-89 6.2 15.0 376 100 o.oo o.oo 74 5-17-89 6.9 1 5. 0 243 100 o.oo o.oo 75 5-18-89 7.2 1 5. 0 218 100 o.54 o.oo 76 5-23-89 7.0 16.0 433 193 0.09 0.33 77 5-24-89 7.8 16.5 451 225 0.06 0.09 78 5-24-89 6.9 20.0 423 145 4.17 o.oo 
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Spring Analysis - Control Subarea 

Wei I Cl Ca Mg Na K 

60 9.00 36 4.45 9.54 5.87 61 8.75 58 2.10 3.40 1.49 62 3.25 34 14.50 14.84 4.64 
63 4.50 38 1.00 2.00 o.58 
64 2.50 66 11.25 17.74 3.42 
65 3.50 58 22.75 68.06 9.78 66 4.00 48 2. 1 5 2.00 1. 07 67 23.00 11 8 2.85 11.65 1 . 21 68 9.75 66 3.20 4.73 0.20 
69 5.00 34 14.00 25.00 6.63 70 7.25 52 14.25 3.53 0.28 
71 7.50 28 13.75 24. 19 3.06 72 4.00 60 1. 25 2.20 0.32 
73 68.50 34 1.30 38.89 0.52 
74 4.25 36 3.25 2.40 0.85 
75 4.50 42 0.95 1. 80 0.76 
76 3.50 22 11. 00 15.00 6.85 
77 1 2. 00 4 1. 95 112.50 1 • 91 78 22.00 52 7.25 45.83 1.07 
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Fa I I Analysis - Experimental Subarea 

Wei I Date pH Temp Cond Alk N03 NH3 

1 9-16-89 6.5 16.5 399 190 5. 13 o.oo 
2 9-22-89 7.2 1 5. 5 390 210 0.89 o.oo 
3 9-15-89 7.2 15.5 336 170 o.oo o.oo 
4 9-18-89 7.3 20.0 347 175 1. 85 o.oo 
5 9-15-89 6.6 16.0 421 180 5. 19 o.oo 
6 9-16-89 7.3 15. 5 474 260 o.oo o.oo 
7 9-16-89 7.0 18.0 459 215 5. 19 o.oo 
8 9-15-89 7.5 19.0 438 238 0. 11 o.oo 
9 9-15-89 7.4 16.5 399 215 0.04 o.oo 

1 0 9-16-89 6.8 17. 0 354 195 0.75 o.oo 
11 9-16-89 7.4 15.0 407 220 0.94 o.oo 
1 2 9-16-89 7.8 16.0 688 350 0.15 0.01 
13 9-16-89 7.4 15.0 467 125 21.61 o.oo 
14 9-15-89 6.7 15. 5 336 175 1. 5 5 o.oo 
15 9-15-89 6.8 14.0 528 230 3.02 o.oo 
16 9-15-89 6.9 17.0 411 180 3.33 o.oo 
17 9-15-89 7.3 1 6. 5 657 338 0.02 o.oo 
18 9-16-89 7.0 17.0 498 240 7.53 o.oo 
19 9-16-89 7.7 1 8. 0 323 145 1.14 o.oo 
20 9-15-89 6.7 16.0 368 175 1 • t 4 o.oo 
22 9-18-89 6.9 15.5 432 210 2.05 o.oo 
23 9-15-89 . 15.5 318 160 1. 5 5 o.oo 
24 9-19-89 1.1 21.5 300 160 1. 58 o.oo 
25 9-19-89 1.2 16.0 516 285 0.39 o.oo 
26 9-18-89 7.1 1. 6. 0 486 270 0.04 o.oo 
27 9-18-89 7.7 16.5 340 180 0.02 o.oo 
28 9-16-89 7.0 1 5. 5 474 248 4."51 o.oo 
29 9-18-89 7.5 21.0 308 155 o.oo o.oo 
30 9-18-89 7.8 18.0 334 203 0.15 0.09 
31 9-18-89 7.9 20.5 177 90 0.55 o.oo 
32 9-18-89 7.0 16.0 474 235 0.15 0.03 
33 9-19-89 7.3 15.0 492 245 3.34 o.oo 
34 9-19-89 7.4 16.0 409 215 0.25 o.oo 
35 9-19-89 19.5 379 210 0.53 o.oo 
36 9-22-89 7.4 21.5 374 190 0.39 o.oo 
37 9-16-89 6.7 15.5 336 150 5. 51 o.oo 
38 9-16-89 6.8 15.5 348 155 4.38 o.oo 
39 9-23-89 1.2 14.0 373 205 o.oo o.oo 
40 9-19-89 7.7 16.5 375 225 o.oo 0.01 
41 9-19-89 7.5 16.0 314 180 1 • 1 4 o.oo 
42 9-19-89 7.4 15.5 426 248 o.oo o.oo 
43 9-16-89 7.3 19.5 411 230 o.oo o.oo 
44 9-16-89 . 19.0 466 160 18. 06 o.oo 
45 9-19-89 7.3 19.5 401 210 4.81 o.oo 
46 9-18-89 7.3 16.0 498 255 0.02 o.oo 
47 9-23-89 7. 1 15.5 378 180 1 • 61 o.oo 
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F 8 I I An8lysls - Experlment81 Subare8 

Wei I Cl Ca Mg Na K 

1 12.50 78 1. 80 5.14 3.32 2 5,25 78 3.75 3.57 0.49 3 7.75 50 15.00 4. 1 7 0.06 4 5.75 74 0,75 5.00 0.30 5 17. 50 84 1 • 1 0 29.17 0.94 6 6.80 96 8.00 5.56 0.11 7 12.50 86 2.50 5.83 5,00 8 6.75 40 9.25 9.79 1. 5 6 9 4.75 50 10.25 5.63 0.30 10 9.25 70 2.00 5.29 0.55 11 10.25 88 1. 00 2.78 0.52 12 29.00 20 7.75 146.88 3.17 13 22.00 78 2.00 15.94 o. 75 14 9,75 66 1.70 5.71 3.57 15 14.00 104 2.45 5.42 2.45 16 12.50 84 1. 25 6.43 1.30 17 16.25 38 7.50 128.13 2.41 18 10.50 102 2.80 3.57 1.81 19 10.25 64 2.00 5.43 2.37 20 12.00 76 1. 5 5 30.21 0.61 22 18.75 84 1.55 5.42 0.83 23 5.25 64 4.50 2.50 0.36 24 7.25 58 2,95 2.44 1. 0 4 25 7.25 96 12.25 6.04 0,43 26 12.25 74 1·7. 00 l 2. 7 8 0,55 
27 6.00 26 11.50 68.75 3.34 28 11. 5 0 1 00 2.30 6.57 2,62 
29 5.50 34 12. 7 5 11.56 2.57 
30 10.75 28 13.50 56,25 3,60 
31 8,50 30 0.55 2,89 o.o4 
32 30.25 74 7.50 30.00 0,83 
33 24.75 100 1.00 38.54 0.83 
34 17.25 60 10.00 34.29 2,45 
35 7.75 80 1.00 4.00 0,55 
36 7.25 76 1. 1 0 2.56 0.49 
37 9.00 66 0,90 5.42 0.19 
38 17.50 54 1. 20 15.63 0,43 
39 6.25 78 0.75 32.29 0,94 
40 7,25 42 19.50 16.43 0.55 
41 4.50 68 2.20 1 . 89 0,52 
42 5.25 48 26.50 7.22 0,07 
43 4.25 74 4.25 13,33 0,58 
44 14,50 84 2.65 41.67 1 • 1 1 
45 11 • 25 80 1.20 5,63 1. 07 
46 8,50 76 1. 00 5,29 0.75 
47 8.50 76 1. 00 5.29 0,75 
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Fa 11 Analysis - Control Subarea 

Wei I Date pH Temp Cond Alk N03 NH3 
60 ""9-21-89 7. 1 16.5 322 125 7.63 o.oo 61 9-21-89 7. 1 1 5. 5 3 .5 4 190 0.97 o.oo 62 9-21-89 7.9 16. 5 317 205 0.02 0.16 63 9-23-89 6.9 15.0 261 140 0.21 o.oo 64 9-22-89 7.3 1 5. 5 300 230 0.01 0.13 65 9-23-89 6.8 1 4. 5 688 390 0.19 0.38 66 9-22-89 1.5 15.0 303 145 1. 27 o.oo 67 9-21-89 7.1 1 5. 5 672 255 1 2 • 91 o.oo 68 9-21-89 7.3 16. 5 334 140 4.80 o.oo 69 9-21-89 7.4 16.5 334 198 0.09 0.21 70 9-21-89 7.2 16.5 346 190 o.oo o.oo 71 9-21-89 7.8 1 9. 5 324 180 0.01 0.05 72 9-21-89 7.4 17.0 284 170 0.04 o.oo 73 9-23-89 6.3 16.0 498 75 0.04 o.oo 74 9-21-89 7.4 1 5. 5 222 130 o.oo o.oo 15 9-21-89 7.2 1 5. 0 206 125 0.37 o.oo 76 9-23-89 7.4 1 5. 5 468 280 0. 11 0.27 
77 9-23-89 8.2 15.5 462 260 0.17 o.oo 78 9-23-89 1.1 17.0 458 225 1.88 o.oo 79 9-21-89 1.1 16.5 346 200 0.09 0.03 
80 9-23-89 1.2 15.5 630 375 0.15 0.43 
81 9-23-89 7.3 19.5 357 185 0.04 o.oo 
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Fa II Analysls - Control Subarea 

Wei I Cl Ca Mg Na K 
60 12.00 44 5.25 10.63 7.96 61 10.50 66 3. 1 0 8.29 1 • 81 62 4.25 32 14.25 15.63 4.58 63 6.00 50 1. 4 5 2.67 0.61 64 4.50 56 10.50 17.14 4.20 65 5.50 56 21.50 7.08 9.81 66 4.75 58 2.45 1.56 1 • 1 t 67 26.25 120 3.20 10.00 1.33 68 11.25 62 3.20 4.00 0. 11 69 6.75 32 13.75 5.00 7.04 70 9.75 50 14.00 3.29 0.19 7 t 8.oo 26 13.00 26.04 3.23 72 4.75 58 1 . 1 5 2. 11 0.24 73 108.25 38 1. 55 56.25 0.63 74 5.25 40 3.25 2.33 0.86 75 6.25 40 0.95 1. 89 0.80 76 4.00 22 11.25 75.00 7.04 77 14.75 6 2.00 128.13 t. 96 78 17.50 32 5.50 70.31 1. 44 79 5.25 20 11.50 89.58 3.12 

80 5.00 48 18.75 7 t. 88 9.26 
81 9.75 62 7.50 7.29 0.75 
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