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: : : : | 

‘ Title: Treatment of Cheese Processing Wastewater by Ridge and Furrow Disposal- | 
© a Ne . Nitrogen ‘Transformations (Study No. 26) : | 

ale Investigators: Principal Investigator | | 

oo _ William Boyle, Professor | | 
RSS. University of Wisconsin-Madison | , 

Opes Dept. of Civil and Environmental Engineering | 

ao | Graduate Research Assistant | | 

ee Frederic J. Doran 
pe University of Wisconsin-Madison SO a 

Cass Dept. of Civil and Environmental Engineering | 

tS Objectives: This project was undertaken to determine the nitrogen transformations in 
ee wastewater from two dairy products industries as it percolated from the a 

Se | furrows to the groundwater. Ridge and furrow land treatment effectiveness 
PES | was evaluated under various soil and loading conditions. Operation, 
pee maintenance and accuracy of the monitoring equipment used were also 

a pod Background/Need: A ridge and furrow land treatment system consists of a series of ditches 
Ube which allow for the distribution, infiltration and treatment of wastewater. | 
pe Two ridge and furrow systems were studied: a cheese factory in Brodhead, i 
CES Wisconsin which discharged an average of 39,500-gallons per day (gpd) of «sit | 
. oe _ wastewater, and a creamery in Mindoro, Wisconsin which discharged an | 
Bf ‘ average’ of 14,000 gpd of processing wastewater. | | : . : 

@ JESS Methods: | Groundwater monitoring wells and lysimeters were installed and soil grab | 
Spee: samples*taken during the initial soils borings. Flow composited influent | 
Cpe wastewater samples were collected monthly. _Furrow samples were taken. | 
Ayes | during ‘intensive sampling periods at Brodhead in October and Mindoro in 
has | : November of 1984. Samples were also collected routinely from the wells : 
aE | and lysimeters. _ : | : | | 

oe a Wastewater, furrow, lysimeter, groundwater and stream samples were : 
abe - analyzed for biochemical oxygen demand (BODs), chemical oxygen demand ~ | 
ee (COD), total suspended solids (TSS), total dissolved solids (TDS), chlorides : 

CBS (Cr), total Kjeldahl nitrogen (TKN), ammonium nitrogen (NH3-N), nitrate a | 
es and nitrite nitrogen (NO;-N+NO,-N) and pH. Soil and pliant samples were | | 
ee : also analyzed. Other monitoring included observation of load/rest cycles, | 
ee 7 reading monthly groundwater and surface water elevations, taking monthly : 
ee 30-day average wastewater flow readings, cutting periodic grass samples . | 

ee | during the growing season to determine nitrogen uptake and: performance of _ ! 
ee . infiltration studies to determine unsaturated zone flow rates. : | : | 

tev Results: Wastewater nitrogen loss was attributed to denitrification and leaching at 
ae | 7 - both sites. Plant uptake was also a factor for Mindoro. Both Brodhead and | 
ope Mindoro had average BOD, loading rates over the 100 lb/acre/day 

- Be | Department of Natural Resources limit. COD was greatly reduced as_ 
poy | wastewater infiltrated into the groundwater. The nitrogen content of the 

NES . 

© | : - 55 - a a



ay 

wastewater at both sites was mainly in the organic form. It mineralized to “a 

. ‘ammonium nitrogen in the settled solids which accumulated in the furrows. a 1 

} ~The ammonium-nitrogen was oxidized to nitrate-nitrogen as it infiltrated ( / 

through the unsaturated zone. 4 

Wastewater treatment and disposal in a ridge and furrow system was a | 

influenced by wastewater distribution and infiltration, load/rest cycling, | a 

winter operation and annual cover crop burning. Grass overgrowth and a : 

: leaky header gates caused poor wastewater distribution at Mindoro, though ay 

this was not a problem at Brodhead. The Brodhead system experienced a 

decreased nitrogen concentrations in the groundwater and improved soil a : 

| aeration and infiltration due to a short load/rest cycle. Ponding resulted in 4 : 

part from a longer load/rest cycle at the Mindoro system. Annual grass A 

. burning enabled a modest nitrogen loss at both locations. Winter operation 4 i 

proceeded adequately at both sites, though Brodhead fared better during a 7 
subzero temperatures. A 

Downgradient groundwater concentrations of contaminants were impacted to : 

a preater extent at Brodhead than Mindoro. Nitrogen and COD reductions a | 

in the unsaturated zone were similar at Brodhead and Mindoro, though a 4 | 

greater percentage were removed at Brodhead than Mindoro. This | | 

: difference was attributed to sandy soils at Brodhead which allowed for faster af [ 

unsaturated travel times than silty loam soils at Mindoro. Ei | 

Conclusions: Investigators concluded that nitrogen losses around the unsaturated zone ‘ | 

were attributable to denitrification at both sites. BOD, tests indicate that a : 

wastewater loading did not produce an oxygen demand high enough to tl 

| inhibit denitrification. Nitrogen and COD reductions were dependent on 3 | 
infiltrative capacities. The nitrogen in wastewater applied at both sites was ( 

mainly in the organic. nitrogen form, which ammonified and eventually ar 

© diffused into the overlying furrow wastewater. Dissolved ammonium was the = | 

| primary form of nitrogen in the wastewater applied to the furrows. Surface . 

water remained unaffected from the operation of the ridge and furrow ui 

systems at both sites. . ‘ | 

Recommendations/ Further research is suggested to better determine the impact of loading q | 

Implications: changes on groundwater quality and to better quantify unsaturated flow | 

times by the installation of tensiometers. Nitrogen loading rates should be i - 

met by dischargers to reduce or maintain groundwater nitrogen | 

: concentrations. Solids accumulation in the furrows at Brodhead should be 

reduced with wastewater pretreatment. Chloride concentrations in the if , 

| : Brodhead wastewater should be reduced by brine removal in the plant or f | 

prior removal. Annual spring grass burning is suggested for all ridge and + 

furrow systems where feasible. A downgradient well nest should be installed f , 

at Mindoro to better define the movement of contaminants off-site. Also Po 

suggested is an improved lysimetry method to obtain a more instantancous 

sample and allow for winter sampling. } : | 

\ 

, | 
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Po". Availability of Report: This report is available for viewing and loan at: : | : 

e  )es . The Water Resources Center 
ae 1975 Willow Drive | | 

ee | (608) 262-3009 | | 
foe 2 : Publication 050858 | : | 

4 ns Key Words: Ammonium-nitrogen, nitrate-nitrogen, ridge and furrow disposal system, : | 
ees : wastewater | 

cobs. Funding: The Wisconsin Department of Natural Resources provided funding for this . | 
oe . project through the Groundwater Management Practice Monitoring Program . | 
foaghcuse | ' which receives appropriations from ‘the Groundwater Account. 
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| CHAPTER 1: INTRODUCTION | ® 

What is a Ridge and Furrow? | 

For many years the ridge and furrow land treatment process has been a 

popular and simple method of industrial wastewater disposal. A ridge 

and furrow system is simply described as a series of interconnected 

ditches (furrows) which allow for the distribution, infiltration, and 

, treatment of wastewater. Ridges between the ditches Support a cover 

crop which takes up nutrients and water and protects the ditches during 

the winter. In Wisconsin, there are 83 dairies, four meat packers, a 

rendering plant, and a pet food manufacturer, which utilize the ridge 

and furrow process (Rodenberg, 1980). Site areas range from 0.1 to 56 

acres. , | 

‘There are three advantages in selecting the ridge and furrow treatment 

| process. They are 1) ease of operation; 2) cost (capital and operation 

and maintenance), and 3) year around operation. Design of these systems 

is based on hydraulic loading rates and BODs loading rates. Nitrogen 

loading rates are currently not considered. Two or more cells are pre- 

ferred to allow for loading flexibility. A healthy cover crop is also 

an important feature of a ridge and furrow site. | 

Nitrogen Concerns at Ridge and Furrow Systems , 

| Nitrogen, in its organic, ammonium, and nitrate forms, is a major para- 

: meter of concern in State groundwater protection programs. The United 

States Environmental Protection Agency has set a 10 mg/l drinking water @ 
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@ standard for nitrate-nitrogen. Such standards are set to reduce the 

. occurrence of animal and human disease and to control environmental 

pollution. These concerns will be discussed in Chapter 2. 

| Project Description 

| This report presents the results of a study supported by the Wisconsin 

Department of Natural Resources (WDNR) and conducted at two ridge and 

furrow sites treating cheese processing wastewater. one systen, 

operated by Universal Foods in Brodhead, Wisconsin, receives 39,000 

gallons per day and is located on 4.7 acres of Sandy soil. The other 

System, operated by the Mindoro Co-op Creamery in Mindoro, Wisconsin, 

} receives 14,000 gallons per day and is located on 3.0 acres of silty 

loam soil. This is the oldest ridge and furrow system in the state. 

© | 
| . The project had four objectives. The primary objective was to determine 

the nitrogen transformations in the wastewater as it percolated from the 

| furrows to the groundwater. In. relation to these transformations, a | 

| nitrogen budget estimate was attempted at each Site. Other project | 

| goals were: 1) to analyze ridge and furrow treatment effectiveness under 

different soil and loading conditions, 2) to examine the operation and 

. maintenance at these systems, anc 3) to evaluate the monitoring equip- 

ment used. 7 

To complete these objectives, groundwater monitoring wells and lysime- 

ters were installed and a sampling program was initiated in August of 

1983. Until November of 1984, well, lysimeter, furrow-water, waste- 

water, and bounding surface water samples were taken and analyzed for 
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. five day biochemical oxygen demand (BODs), chemical oxygen demand (COD), ® 

oe | total suspended solids (TSS), total dissolved solids (TDS), chlorides 

(C1"), total Kjeldahl nitrogen (TKN), ammonium nitrogen (NH3-N), nitrate 

and nitrite nitrogen (NO3-N+NOs-N), and pH. Periodic analysis for alka- 

| linity, total phosphorus (P), sulfate (SOy2-), potassium (K+), sodium 

(Na+), magnesium (Mg*+), and calcium (Ca2+) ja, also done. Analysis : 

was performed by the Wisconsin State Laboratory of Hygiene. 

Other work performed included: 1) changing the load/rest cycles at one 

Site to observe effects, 2) reading monthly groundwater and surface | 

water elevations, 3) taking monthly 30-day average wastewater flow 

readings, 4) cutting periodic grass Samples during the growing season to 

determine nitrogen uptake, 5) performing infiltration studies to deter- 

mine unsaturated zone flow rates, and 6) making general site obser- © 

- vations. 

@ 
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e CHAPTER 2: LITERATURE REVIEW © | 

a Introduction _ : 

Nitrogen is ubiquitous in our environment. The atmosphere contains 78% 

| nitrogen and topsoils typically contain 4,000 to 200,000 1b N/acre 

(Winneberger, 1982). Figure 1 illustrates the classical nitrogen cycle 

indicating the many transformations involved. The nitrogen cycle and 

its relationship to the soil and groundwater are shown in Figure 2. 

Nitrogen inputs to the soil system occur through precipitation, waste 

| and fertilizer application, plant residue deposition, and atmospheric 

| nitrogen fixation. System losses occur through ammonia volatilization, 

plant uptake, and denitrification. Ammonification (or mineralization), 

assimilation (or immobilization), nitrification, denitrification, 

@ adsorption, and leaching are internal processes. | 

A large portion (90%) of soil nitrogen is organically bound and con- 

. tained in the first 40 inches of soil (Tusneem & Patrick, 1971; 

Winneberger, 1982). Warmer climates favor the breakdown of organic 

matter and soil N accumulates less rapidly than in cooler climates. 

Nitrogen and organic matter also increase with effective moisture. 

Stored N is released when a soil is disturbed (eg. heavy rainfall or 

; fire) with leaching losses ranging from 80 to 4,000 1b N/acre/year. 

The inorganic-N soil fraction is in the NO37 or NHy* form and constitutes 

an immediate source for plant uptake (Tusneem and Patrick, 1971). Most 

of the inorganic-N is water soluble or adsorped on the soil exchange 

complex. Approximately five percent. and possibly as high as 30%, of | 

@ Soil NHy* may be fixed in the lattice of silicate minerals in a non- 
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exchangeable form. Ammonium may be oxidized to nitrate through nitrifi- © 

cation. Nitrate in soil may be removed by leaching, denitrification, or 

plant uptake. It is possible that the reduction of NO37 to NHy* could 

occur but this process is not common (Tiedje, Sorenson, and Chang; | 

1979). | | 

Inorganic-N in waterlogged soils is high in ammonium and low in nitrate 

(Tusneem and Patrick, 1971). Waterlogged nitrate concentrations range 

from 0-3 mg/l. Ammonium in waterlogged soils can be taken up by plants, 

| immobilized in bacterial cells, adsorped on soil particles, and volati- 

lize under alkaline conditions. 

The goal of many studies of soil nitrogen is to develop a nitrogen 

budget at a given site. However, it is not as easy as counting the 

number of marbles dropped over a given area. It is more like trying to ee 

balance a checking account when others have made deposits and | | 

withdrawals without giving notice of the transactions. Keeping this in 

mind, general rate ranges for the various nitrogen transformations have 

| been made and are as follows (Winneberger, 1982): 

1. N Fixation - 2 to 500 lb N/acre/yr, 

2. Fertilizer Leaching - 0 to 200 lb N/acre/yr, © | 

. 3- Rainfall Input - 4 to 12.5 1b N/acre/yr, 

4, Denitrification - 0 to all 1b N/acre/yr, 

5. Storage Losses - 80 to 4,000 lb N/acre/yr, and | | | | 

6. Plant uptake - few quantifications. : 

Since nitrification does not lead to a loss or gain of soil nitrogen, it 

was not considered in the budget. 

© 
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@ There are several undesirable effects of nitrification (Alexander, 

1977). Nitrate is an anion very susceptible to leaching, which takes an 

essential nutrient away from plants. Nitrate also has a role in methe- 

moglobinemia in infants and animals, eutrophication, and the formation 

| of nitrosamines. Wastewater, wastewater sludges, fertilizers, and 

manure are all potential sources of nitrate. Nitrosamines are not com- 

mon soil constituents but are in pesticides. They are carcinogenic, 

mutagenic, and teratogenic. 

| Nitrogen is a concern in the environment when its nitrate form enters 

groundwater aquifers. Young infants lack stomach acidity and at pH 

values greater than four, nitrite formers can exist in the gut. . 

Nitrite, formed from nitrate, then combines with hemoglobin in the blood 

instead of oxygen, cauSing oxygen starvation. This illness is termed 

© methemoglobinemia (Winneberger, 1982). 

Since 1945, 2,000 cases of methomoglobinemia were reported in North 

_ America and Europe with 7-8% fatalities (Winneberger, 1982). There were 

| no fatalities between 1960 and 1972. Possibly only 10% of all cases 

have been reported. Compared to other causes of infant death, however, 

| methemoglobinemia is rare. In 1975 alone, about 9,000 infant fatalities 

were reported in the United States, 178 by homocide. 

Considering the rarity of methemoglobinemia, the 10 mg/l drinking water 

standard has received criticism. Nitrate ingestion and methemoglobine- 

mia occurrence may be separate events and setting a NO37-N Standard may | 

have no effect on the disease rate. Scientists have been limited to | 

| correlative studies since direct studies on babies are not ethical. 
6 
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The 10 mg/l standard was established using a correlative study. © 

Researchers found that the incidence of methemoglobinemia was insignifi- 7 

| cant in infants whose drinking water supply contained less than 10 mg/l 

nitrate. A recent study shows, however, that there is no higher inci- 

dence of the disease in babies drinking high nitrate concentrations than | 

in a control group (Winneberger, 1982). The infants had high methe- 

|  moglobin (NOs-hemoglobin) levels no matter what the nitrate con- | 

, centration was in the water source. 

Denitrification is related to environmental pollution (Alexander, 1977). 

Once nitrate passes through the root zone, denitrification is desired to 

reduce subsurface nitrate concentrations for reasons Stated earlier. 

This process is possible with depth when carbonaceous nutrients are pre- 

sent. This is the case in waste treatment when production of nitrate @ 

: coexists with available C. ; 

Current data also suggest that microbial release of No, NoO, and NO far 

exceeds that by human activity (Alexander, 1977). NO reacts with 03 

| (ozone) and light to destroy the ozone layer which protects the earth 

from ultraviolet rays. | 

With this introduction to the nitrogen cycle and its environmental cone 

cerns, this review discusses in more detail the processes of mineraliza- | 

| tion/immobilization, nitrification, dissimilatory reduction, No 

fixation, plant uptake, volatilization, leaching, and adsorption. This 

is followed by sections which summarize current research of the nitrogen 

| cycle as it affects land treatment, which present the history of ridge | 

and furrow. systems, and which discuss the design of these systems. © 
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@ Mineralization and Immobilization 

Mineralization (or ammonification) is the conversion of organic-N to 

ammonia or ammonium. Immobilization is the assimilation of inorganic-N 

(NHy*, NO3-, and NOo-) by microorganisms into the nitrogeneous consti- 

tuents of their cells. The two processes work simultaneously and either 

net immobilization or net mineralization results. This relationship 

controls the amount of available N in the soil. In natural systems, 

| mineralization usually exceeds immobilization. (Tusneem and Patrick, 

1971; Alexander, 1977). 

The decomposition of organic-N in soils is done by general purpose 

heterotrophs, fungi, and actinomycetes. These organisms use the 

| organic-N compounds aS an energy source and produce NH3, carboxylic 

@ acids, amines, mercaptans, and HoS (Tusneem and Patrick, 1971). During 

immobilization, ammonium and nitrate are incorporated into cell amino 

acids, amino sugars, nucleic acids, and other organic complexes 

(Alexander, 1977; Paul and Juma, 1979). Immobilization results in | | 

depressed plant uptake of nitrogen and decreased plant yield. 

Mineralization and immobilization are dependent on several environmental 

| factors including C:N ratio, waterlogging, wetting and drying cycles, 

temperature, pH, Soil moisture, and soil clay content. The ratio of 

carbonaceous material (energy source) and nitrogen in substances 

| undergoing decomposition usually dictates whether net mineralization or 

_ met immobilization occurs. With similar C availabl2, a source rich in N 

results in net mineralization while a source poor in N results in net 

@ | 
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immobilization (Tusneem and Patrick, 1971). When C:N falls below the © 

20-30:1 range, net mineralization occurs and inorganic-N will appear 

(Alexander, 1977). | 

In waterlogged (anaerobic) soils, less efficient and more restricted 

bacteria take over (Tusneem and Patrick, 1971). Both mineralization and 

immobilization are retarded. The features of this anaerobic decom- 

position are the following: 

| 1. incomplete decomposition of carbohydrates into CHy, organic 
acids, Ho, and C05; 

| 2. lower energy of fermentation leading to less cell production; 
and 

3- a low N requirement leading to a more rapid release of ammonium. 

| If wetting and drying cycles occur, mineralization proceeds at a faster 

| rate upon rewetting than if the soil had been wet all along (Tusneem and ©} 

Patrick, 1971). This rate declines in later cycles. Also, the longer | 

the drying period, the faster the rate upon wetting. The wetting/drying 

process may make substrates readily accessible or drying may cause cell 

disintegration. 

Since mineralization is catalyzed by a temperature sensitive enzyme, 

| temperature also affects this process (Alexander, 1977). Mineralization 

occurs between the temperatures of two to 600© with an optimum rate bet- 
ween 40 and 600C- Thawing/freezing action also has a similar effect as 

wetting/drying. Oo | 

Soil pH, moisture, and clay content have influences on the mineraliza- 

| tion rate as well (Alexander, 1977). Mineralization is favored by a 

neutral pH environment and increasing soil moisture content. Clay © 
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@ minerals have the ability to adsorb cell enzymes, pulling them away from 

: | the decomposition process. | | 

In the land treatment of dairy wastes, the mineralization of proteins is 

a concern. Proteins are broken down into smaller amino acid chains by 

the extracellular enzyme protease (Alexander, 1977). Once broken down, 

these acids enter the cell where they serve as N, C, and energy sources. | 

The four paths of amino acid (AA) breakdown are: 

1. deamination by direct removal of NH3, 

AA --> RCH=CHCOOH + NH3 | 

2. oxidative deamination, | 

AA + 0.5 02 -=> RCOCOOH + NH3 | 

3. ‘reductive deamination, and 

eo | AA + 2H* --> RCH 2COOH = NH3 | 

| 4. decarboxylation. | | 

AA -=> RCHoNH> + CO. 

where: AA is RCH 9CHNH COOH in Equation 1 and | 

RCHNHoCOOH in Equations 2, 3, and 4. 

Nitrification 

Nitrification is the biological formation of nitrate or nitrite from 

reduced N compounds, namely ammonium. Nitrification occurs in two 

steps, the conversion of: ammonium to nitrite and the conversion of 

nitrite to nitrate. The genera of Nitrosomonas, Nitrosococcus, 

: Nitrosospira, and Nitrosolobus are the principal nitrite formers while | 

Nitrobacter is the principal nitrate former (Alexander, 1977). 

® Heterotrophs and fungi are also capable of oxidizing inorganic nitrogen. 

| | | “ie | .



Nitrosomonas and Nitrobacter are the most frequently encountered © 

nitrifying chemotrophs and they are usually found together. These bac- 

teria typically obtain their energy from the oxidation of inorganic-N. 

Carbon is obtained from COo or carbonates. Nitrobacter requires low 

| amounts of molybdenum for its metabolism. (Alexander, 1977). 

In oxidizing NHy* to NOo™, the N oxidation state changes from -3 to +3. 

The pathway is unclear but is hypothetically as follows (Alexander, 

1977): | 

NH3 --> NH2OH --> HNO --> NO ==> NOo- 

| Overall reaction: NHy* + 1.5 O05 --> NOom + 2Ht + H>0 

Nitrite accumulation is rare. It only results from high alkalinity and 

high ammonium levels. High ammonium concentrations are toxic to @ 

- Nitrobacter. Nitrobacter oxidizes N from +3 to +5 yielding two 

electrons as follows: | 

NOo™ + HoO0 <--> Ho0*NOo™ -=> NO3~ + 2H 

Many environmental factors affect nitrification. The process is slow in 

acid habitats (Alexander, 1977). Rates typically fall at pH values 

below six and are negligible at pH less than five since the nitrifier 

population is decreased. 

Aeration is essential to nitrification and moisture is also a factor 

(Tusneem and Patrick, 1971; Alexander, 1977). Waterlogged environments 

lead to complete suppression of nitrification by limiting oxygen dif- 

fusion. On the other hand, the process does not work in arid conditions 
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© . due to a lack of water. Generally, nitrate appears at 1/2 to 2/3 of a 

soil's moisture holding capacity. 

In temperate regions, nitrate formation is most rapid in spring and fall 

and lowest in the summer and winter (Alexander, 1977). Nitrifier popu- 

lations are decreased during extreme heat or cold. Rates slow at tem- | 

peratures less than 4°C or greater than 40°C with an optimum between 30 

and 35°C. Soil temperatures are not this warm, however. In-field 

research is needed to better quantify this assertion. 

Nitrification is also affected by the type of crop and the soils cation 

exchange capacity (CEC) (Alexander, 1977). Roots of some grasses 

excrete compounds deleterious to the process. Once ammonium is adsorbed 

to a clay mineral, the availability of this fixed cation to che- | 

@ moautotrophs is low with less than 25% nitrified within several months. 

Denitrification 

Denitrification is the bacterial reduction of NO3™ and NOo™ with the 

liberation of NoO and No. During this nitrate reduction, nitrogen fails 

to enter the cell structure and is lost to the atmosphere. 

Denitrification is encouraged by a supply of decomposable organic 

matter, high nitrate supply, and anaerobic (reduced) comiitions 

(Winneberger, 1982; Tusneem and Patrick, 1971). In anaerobic environ- 

: ments, facultative anaerobes use nitrate as an electron acceptor and 

nitrogen escapes as N20 or No (Stanford, Vander Pol, and Dzienia. 1975). 

Denitrifying bacteria growth is not dependent on nitrate reduction 

| (Alexander, 1977). There presence indicates denitrification potential 
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but not that conditions are favorable. Denitrifiers are facultative | © 

aerobes which use nitrate as an electron acceptor for growth in the 

absence of oxygen. Most organisms get less energy using NO37, ie. fewer 

cells/unit substrate oxidized (Alexander, 1977). Energy conservation is 

attained by the electron transport phosphorylation (ETP) process : 

(Tiedje, Sorensen, and Chang, 1979). 

Denitrification is done by Paracoccus denitrificans, PSeudomonas aerugi- 

nosa, and Bacillus licheniformis. Facultative autotrophic denitrifiers, 

Such as Paracoccus denitrificans, use either organic matter or Ho as an 

energy source and 05 or NO 3" as an electron acceptor. One group of 

denitrifiers is photosynthetic (Alexander, 1977; Knowles, 1979). 

Alexander (1977) and Knowles (1979) present the following overall 

denitrification reaction: | © 

| NO37 ee-> NO9™ ---> NO ---> No0 <---> No or 

Nak Nir NOR NoOR 

4NO03= + 5CH30 + 4Ht <-> 2No + ICO9 + TH90 

NaR, NiR, NOR, and NoOR are the catalyzing enzymes nitrate reductase, 

nitrite reductase, NO reductase, and nitrous oxide reductase, respec- 

tively. NoOR seems most sensitive to low pH and the presence of oxygen, 

nitrate, and sulfide. In these cases, NoO will be a significant pro- 

duct. All reductases are repressed by oxygen presence. Small amounts 

of molybdenum is required by nitrate reductase. 

Denitrification is dependent on many environmental factors including 

_  S$0il moisture, aeration, wetting/drying cycles, available organic @ 
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© matter, waste loading rates, nitrate concentration, pH, temperature, and 

the presence of sulfur or acetylene (Standord, Vander Pol, and Dzienia, 

1975; Tusneen and Patrick, 1971; Alexander, 1977; Knowles, 1979; 

Winneberger, 1982). 

In well drained soils, nitrogen loss is related to a soil's moisture 

content with higher denitrification rates occurring at higher water 

| levels. Losses usually do not occur at moisture contents less than 60% 

of the soil water holding capacity regardless of the carbohydrate or 

nitrate supply, or the pH. Moisture content governs the diffusion of 

| oxygen to sites of activity. As soil moisture increases, N50 content 

will decrease as No is formed. Denitrification is high in waterlogged 

soils and low in drier soils since inorganic-N is immobilized. Rates 

| - Gan be significant in dry soils as well if water pockets develop. These 

® | pockets can create anaerobic micro-environments to promote nitrate 

| reduction. | | 

Aeration is necessary in nitrate production, the basic substrate in 

denitrification. — Oxygen presence must not be so great, however, as to 

inhibit denitrification. Since total nitrogen losses do occur in | 

| aerated soils, the existence of anaerobic micro-environments is again 

proposed. This theory is also reflected by large nitrogen losses at 

Sites undergoing cycles where oxygen is alternately available and then | 

absent. 
— 

Tusneem and Patrick (1971) suggest that moisture fluctuations as a 

) result of flooding and draining create ideal conditions for nitrogen 

@ | loss. Two layers or zones develop: a surface oxidizing layer and an 
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underlying reducing layer. Applied ammonium is nitrified in the oxi- @ 

| dizing layer by aerobic bacteria. Nitrate then percolates to the 

reduced layer and is subsequently denitrified biologically and possibly 

chemically to gaseous N. 

Greenland (1962) reported that nitrification and denitrification could 

occur simultaneously in wet soil due to aerobic and anaerobic microzo- 

nes. Russell and Richards (1917) determined that alternate wetting and 

drying would create an ideal environment for denitrification. Patrick 

and Wyatt (1964) observed a 20% N loss from this cycle. The frequency 

of wetting/drying affected total N loss as well as the rate of nitrate | 

| reduction in subsequent cycles. Major losses occurred during the first 

two to three cycles, decreasing as cycles progressed. 

Winneberger (1982) believes that denitrification is best facilitated by | @ 

environments alternately exposed to anaerobic and aerobic conditions. 

This can be done through loading and resting cycles or by adding energy 

rich organics to create microanaerobic areas. 

| Denitrification rates positively correlate with the amount of soil water 

extractable organic-C (Knowles, 1979). Stanford, Vander Pol, and 

Dzienia (1975) and Alexander (1977) suggest that low carbon containing | 

Soils (eg. sand) support a lower rate of denitrification. At wastewater 

disposal sites, extra organic matter is supplied as reflected by the 

wastes BOD or COD. 

Waste loading rates also affect denitrification. MceMicneal and McKee 

(1966) spread two feet/day of wastewater and most of the applied N was 

@ 

| | -17- |



© accounted for at depth. Lesser loadings have given high nitrogen remo- 

- _ vals. Kardos, Sopper, and Myers (1965) reported 68 to 82% N removal by 

sprinkle irrigation of wastewater at one to two inches/week. In the 

former case, low nitrogen losses resulted from soil saturation which 

inhibited the necessary production of nitrate. High nitrogen losses 

were promoted by the aeration provided by the irrigation and the lower 

- loading rate. 

The nitrate concentration in the soil pore water is also a factor in 

denitrification. According to Knowles (1979), at relatively high NO 3 

concentrations, the denitrification reaction is frequently zero order. 

Depending on the environment of the reaction, the denitrification rate 

increases linearly to a given nitrate concentration, after which, rates 

level off and little gaseous nitrogen iS liberated. | 
© | | ) 

Many denitrifiers are sensitive to low pH and therefore denitrification | 

rates are positively correlated with soil pH (Alexander, 1977; and | 

Knowles, 1979). An optimum range is between pH 7 and &. Acidity also 

governs the abundance of certain gases (Alexander, 1977). N20 libera- 

. tion is pronounced in the pH range of 6.0 to 6.5 while NO only appears 

at low pH. These differences may result from the acid sensitivity of 

the enzyme system for No0 reduction. | 

Rates of nitrate reduction are also temperature dependent. Alexander 

(1977) stated that increasing the temperature from 2°C enhances denitri- 

fication, with an optimum at approximately 259°C. Knowles (1979) found 

that denitrification is temperature dependent between 10 and 35°C with 

maximum rates at 60-75°C. Rates have been measured between 0-5°C. Low } 

| @ temperatures reportedly result in relatively more NoO and NO. 
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Sulfur compounds affect denitrification by inhibiting the reduction of @ 

NO and No0 to No (Knowles, 1979). Acetylene also inhibits nitrous oxide 

reduction. | 

Dissimilatory Reduction 

Dissimilatory reduction is the bacterial conversion of nitrate back to 

an ammonia form. This reduction could occur in anaerobic habitats since : 

: oxygen inhibits enzymes and represses sythesis (Tiedje, Sorensen, and 

Chang, 1979). Microorganism genera responsible for dissimilatory reduc- 

| tion include Bacillus, Enterobacter, Klebsiella, Erwina, and Clostridia. 

| These organisms are more prevalent than the denitrifiers soil. 

Anaerobic environments have abundant electron donors and a searcity of 

electron acceptors. Therefore, the eight electron reduction to NHyt 

Should be favored over the five electron reduction in denitrification. © 

| | Also, since this reduction is respiratory rather than assimilatory 

related, one would expect more NO3~ to NHy* reduction than assimilatory 

reduction. 

Dissimilatory reduction does not dominate denitrification in most cases, 

| however. Where the oxygen status is more transient or where the redox 

potential is less reduced, denitrification dominates. Tiedje, Sorenson, 

and Chang (1979) incubated an organic muck soil (pH 5.7) anaerobically 

with and without glucose (C) addition. Labeled nitrate and ammonium 

were added. In the sample without C addition, the dissimilatory reduc- | 

tion rate was 0.3-0.6 ug/g/day while the denitrification rate was 15 

ug/g/day. With C addition, the dissimilatory reduction rate was 

@ 
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@& 1 ug/g/day while the denitrification rate was 25 ug/g/day. The obvious 

| eonclusion of the study was that denitrification was the major nitrate | 

. reduction process in an organic muck soil. | 

Nitrogen Gas Fixation 

| Nitrogen fixation is performed by bacteria or blue-green algae, which | 

use No by non-symbiotic means and by symbiotic associations between 

microorganisms and a higher plant (Alexander, 1977). Non-symbiotic 

fixation is performed by actinomycetes, fungi, yeasts, aerobic bacteria, 

facultative anaerobes photosynthetic bacteria (nonsulfur purple, purple 

a sulfur, green sulfur), and blue green algae. 

Azotobacter has been the most intensely studied non-symbiotic N fixer | 

but it is not very common in soils. The dominate anaerobes are 

@ | Clostridia which proliferate when organic matter is added. They are 

numerous around plant roots at sites with pH values of five and they are 

capable of fixing N up to pH nine. Fixing efficiency is low with 2-10 

mg N fixed/gram carbohydrate consumed. Blue green algae are common in © 

flooded soils and are stimulated by increasing light intensity. Its 

fixation of nitrogen is less rapid than in Azotobacter or Clostridia. 

All photosyrnthetics are affected favorably by light and inhibited by 

oxygen. Their rate of assimilation is also quite slow. Non sulfur 

purples are found in flooded soils, ditches, lake muds, and sea bottoms. 

Many factors affect the non-symbiotic fixation of gaseous nitrogen. The 

presence of nitrate or ammonium can reduce fixation. Nitrogen fixers 

| have the ability to use NO3~ and NHy* and sometimes prefer them to No. 

@ | 

| -20-



Fixation is also dependent on certain metals. Molybdenum, iron, @ 

calcium, and cobalt are all critical for the reaction. The availability 

of energy sources (sugar, cellulose) also limits the rate and extent of 

fixation by heterotrophs. Typically one to 30 mg of N are assimilated 

per gram of carbon source. 

Bacterial nitrogen fixers are affected by soil acidity. Azotobacter, as 

| well as blue-green algae, are sensitive to pH values less than six. The 

fixation rate is also determined by soil moisture. Nitrogen assimila- 

tion is insignificant when little water is available but activity can be 

especially great under waterlogged conditions. The optimum water level | 

varies with soil type and quantity or organic matter. Increasing ten- 

perature also promotes gas uptake with an optimum of about 35 degrees C. | 

Deliberate vegetation burning seems to promote nitrogen fixation as well © 

and grasslands generally have low activity. 

The classic example of symbiotic N fixation is the relationship between 

leguminous plants and bacteria of the genus Rhizobium. The seat of the 

| Symbiosis is in nodules on the plant roots. Rhizobia are gram negative, 

non-spore forming, aerobic rods which are typically motile. Several 

carbohydrates are used in its metabolism with occasional acid accumula- 

tion. Gas is never liberated. Rhizobia grow readily in media con- 

taining a C source, NHy* or NO3 to supply needed N, several inorganic 

Salts, several B vitamins, and cobalt. Symbiotic No fixation rates 

. range from 65-335 kg N/ha/year. Non-legumenous plants.(cg. alder trees) | 

are also capable of nodule formation and No fixation. 

@ 

=-21-



© The many environmental influences of symbiotic No fixation include type 

| : of legume, inorganic-N content of soil, level of phosphorous and 

potassium which are essential host nutrients, pH, presence of secondary 

| nutrients, and climate as it affects the host plant. As in non- 

Symbiotic fixation, symbiotic fixation is inhibited by the presence of 

inorganic-N. Little nodule formation occurs at pH less than five. This 

is probably due to iron or aluminum toxicity rather than pH sensitivity. 

There is some evidence that a calcium deficiency is important in its 

| effects of acidity on fixation. Molybdenum, whose availability is 

| affected by pH, and cobalt also stimulate fixation. 

Plant Uptake | 

As mentioned earlier in this chapter, research findings regarding plant 

© uptake of nitrogen has been limited. A general rule of thumb is that 1 

| to 4% of a soil's organic-N is released to plants during the growing . 

season in temperate climates (Alexander, 1977). Nitrate is the pre- 

_ ferred form of nitrogen taken up by plants. Factors favoring uptake 

include vigorous root aeration, low initial salt content in plant 

tissues, high external nitrate concentrations, and an absence of ions 

which compete for uptake. Unfavorable factors to uptake include low 

light intensity and a limited carbohydrate level in the plant. 

Woodmansee, Vallis, and Mott (1979) determined that nitrogen is taken up 

to above ground plant parts during the growing season and then, during | 

the fall, nitrogen is translocated back to the plant's crown and roots. , 

© | 
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- Volatilization @ 

Ammonia is a gas at normal temperatures and pressures and its partial 

pressure is usually low. Volatilization of ammonia is insignificant, 

however, when the pH of the soil is less than 7.0 (Alexander, 1977). 

High concentrations of ammonia with high pH, high temperatures, and low 

CEC are necessary for NH3 volatilization (Tusneem and Patrick, 1971). 

Ammonia sources include organic-N compounds which decompose to release 

NH3 (eg. wastewater), fertilizers, ammonia salts, and urea. Most sour- 

ces provide ammonium which applies to the following equations: 

NHy* + OH™ <---> NH3 + H0 

Kp = (NHy*](OH"]/(NH3] = 1.774 x 10-5 at asec 

| Ky = CH+](COH7] = 1.007 x 10714 at 25°C © 

where: -Kp is the dissociation constant of the ammonium reaction, 
-K, is the dissociation constant for water, 
-(NHy*] is the ammonium concentration, 

_ «(NH3] is the ammonia concentration, 
-(OH"] is the hydroxide ion concentration, and 
-(H*] is the hydrogen ion concentration. 

When dividing Kp by K,,, ome gets a relationship between CNHy*], (NH3], 

ani pH (Freney, Simpson, and Denmead, 1979). Note that pK values are 

constant with temperature. The relation. is: 

: log ([NHy*]/[NH3]) = (pK, - pKp) - pH 
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© a ) TABLE 2.1 

: pH AND PERCENT AMMONIA RELATIONSHIP 

pH *NH3 

6 0.0 

7 1.0 | 

8 10.0 

| 9 50.0 

: One can see from Table 2.1, derived from the above relationship, that . 

ammonia concentrations are not significant until pH values are greater 

than eight. | 

Sinee the reaction is pH dependent, the buffering capacity (eg. calcium 

carbonate content) of the soil play an important role. Sinee hydrogen 

S | ions are released with volatilization, a soil will acidify without buf- 

fering. High temperatures also enhance volatilization. Besides 

| increasing the pK's, increasing temperatures decrease NH 3 Solubility and 

increase its diffusion rate which all promote volatilization. Since the 

| concentration of ammonium drives the reaction, volatilization is 

indirectly affected by plant uptake, leaching, application rate, nitri- 

| fication rate, mineralization, immobilization, and cation exchange. 

(Freney, Simpson, and Denmead, 1979) 

. Ammonium Adsorption 

| Isomorphous substitution in clay minerals gives clay particles a net 

negative charge. (Isomorphous substitution is the occupation of a clay 

@ matrix position by a cation other than the one normally found, without 
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— change in the crystal structure.) To preserve electrical neutrality, © 

oe cations are attracted and held on the surfaces and edges of clay par- 

ticles. These cations are "exchangeable" since cations of one type may 

be replaced by cations of another type. The quantity of exchangeable 

ations required to balance the charge deficiency is called cation 

exchange capacity and is expressed as milliequivalents per 100 grams of 

dry soil. (Mitchell, 1976). During this ordinary exchange, larger and 

high charged cations are preferentially adsorbed as follows: 

Al3+ > Ca2+ > Mg@+ > K+ = NHy* > Nat (Bohn, McNeal, and O'Connor, 

1979). ) 

Besides adsorption of cations to clay surfaces, cations can be "fixed" 

inside spaces within the layering of clay particles. Ammonium takes 

part in this reaction. Fixed ammonium is defined as the NHy*t ions which eS 

| / are not replaceable by prolonged extraction and leaching of a soil by 

potassium Salt solutions (Nommik, 1979). Tusneem and Patrick (1971) 

stated that the presence of montmorillinite and illite leads to chemical 

fixation of NHy* into a non-exchangeable form. These ions are then 

withdrawn from entering ordinary exchange and have restricted biological 

activity. Generally less than one-third of fixed NHy* is available for 

nitrification. It has been established that these ammonium ions can 

Slowly be replaced by cations which expand the interlayer (K, Mg, Ca). 

| Adsorbed ammonium contents in the topsoil are typically 1-25% of the 

total N; they are 10-90% of the total soil N in lower horizons | 

(Kudeyarov, 1979). The soils capacity to adsorb NHy* depends on the — 

Soil's mineral composition, texture, and pH. The amount of fixed amuo- 

© 
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© nium increases with NHy+ concentration in the soil solution as described 

- by the following equilibrium equation: 

[NHyt]e <a--> [NHyt]ss 
where: -[(NHy*+]e is the fixed ammonium concentration, and | 

-(NHy*]ss is the ammonium concentration in the soil solution. 

There is also a relationship between soil moisture content and the 

amount of adsorbed ammonium (Kudeyarov, 1979; Nommik, 1979). Increasing | 

the moisture content influences the degree of expansion of the lattice a 

of clay minerals, causing the release and migration of adsorbed NHy* 

from the interlayer space. On the other hand, flooding decreases nitri- 

| fication and as ammonification continues, the ammonium concentration 

increases in the soil solution. This increase shifts the equilibrium 

equation towards fixation. 

e 
In non-flooded, non-fertilized soils, the maximum ammonium is adsorbed 

in early spring and late autumn with minimum fixation at the end of the 

growing season (Kudeyarov, 1979). In the summer, plants assimilate more 

mineral N than is produced. Therefore, nitrate and ammonium con- 

| centrations decrease in the soil. (It was stated earlier that nitrate 

. is assimilated more rapidly by crops than added ammonium. Perhaps NHy* 

adsorption delays its uptake.) After the vegetation period, nitrogen 

assimilation and nitrification decline and, as ammonification continues, 

| a net increase in soil NHy* occurs. Therefore, a seasonal pattern | 

exists where the minimum amount of fixed ammonium is during the period 

of high nitrification and plant uptake. | 

e 
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_ Leaching of Soil Nitrogen © 

Nitrogen leaching, or migration of N into deeper soil horizons, is | 

serious when rainfall exceeds evapotranspiration (Khanna, 1979). | 

Organic-N, which usually makes up more than 90% of the total soil nitro- 

gen, is considered to have low mobility and leaching potential. 

Normally 40-50% of total rainwater-N is ammonium. Ammonium leaching is 

considered unlikely, however, except under heavy rainfall or sewage 

disposal. The reasons for low NHy* leaching are: 

1. NHy* adsorption by CEC, 

| 2. microbial immobilization, 

3. nitrification, 

4. plant uptake, and 

5. NH3 volatilization. © 

Nitrates and nitrites are leached the easiest since their negative 

change prohibits ion adsorption. | Khanna (1979) reported an average 

spring to autumn mineral-N loss leaching rate of 0.6-1.45 kg N/ha/day. | 

Ina clay loam soil, Khanna (1979) reported a nitrate leaching rate of | 

1.9 mm/day. . 

Vertical solute movement is described by the following equation (Khanna, 

1979): gC nN oc -—\ Ox > = D 3c? & % 

| where: C = NO3 concentration in mg/l, 

De apparent mean diffusion coefficient in en/d, 

V,= average pore velocity in cm/d, 

| z = linear flow distance in cm, and | ©@ 

| | t = time in days. — , 
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6 This equation may underestimate vertical flow because macropores, 

| created by plants and animals, will act as direct conduits to flow.. | 

Leaching fluctuates with season (Khanna, 1979). Nitrate concentrations a 

rise in streams in autumn and peak in winter or early spring. There is . 

no relation to individual rainfalls. A drought can often lead to an 

upward migration of nitrate. Increases in stream and soil water nitrate 

from leaching have been seen after fires as well. | 

Land Treatment of Nitrogen: Case Study Summary 

Losses of 7 to 94% of applied nitrogen through denitrification were 

indicated in several lab and field studies. Patrick and Gotoh (1974) 

observed 67% denitrification loss of applied-N in a silt loam soil mixed 

with (NHy)oSO, and incubated in the dark for 120 days at 30°C. Up to 

© 68% losses of added nitrogen resulted when Tusneem and Patrick (1971) 

incubated a silt loam at 30°C in water saturated air. These losses were 

attributed to denitrification since they were too large to result from | 

volatilization or adsorption. Reddy and Graetz (1981) observed 58 to 

71% applied-N losses in aerobic lab conditions and 94% losses in anaero- 

bic lab conditions using a muck soil. These losses resulted from 

| denitrification since pH values were low (less than 9). The Same 

conclusion was reached by Chen and Patrick (1981) during a lab scale 

| overland flow study where 53 to 61% of added ammonium was lost. 

| Ammonium reduction of 93% were witnessed by Olson et.al. (1980) at a 

| sandy rapid infiltration site treating municipal primary effluent. This 

loss occurred through 22 feet of unsaturated zone. Lab scale lysimeters | | 

@ were used by Leach and Enfield (1983) to determine 30 and 79% denitrifi- 
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cation losses in sand and a sand/clay mixture, respectively. Ryden and | © 

= et.al. (1981) found only 7-9% loss of total applied-N at a secondary 

effluent disposal field. One-third of this loss was from volatilization 

Since wastewater pH was high and the buffering capacity was low. Soil 

aeration, low soil nitrate and high redox potential (600 mV) were also 

reasons for the low losses at this sandy loam site. 

Leaching of nitrate or ammonium was also seen as a potential sink for 

applied nitrogen. Lund et.al. (1981), while studying a loamy sand | 

pasture irrigated with secondary treated wastewater, determined that 

51-76% of the applied-N leached to the groundwater. This was a rate of 

833 kg NO3"N/acre/yr. Denitrification was not considered due to aerobic 

soil conditions and the fast percolation rates. Chen and Patrick (1981) 

observed 10-30% of applied ammonium in the underflow of a lab scale © 

| overland flow systven. | 

Crop uptake was a third major sink of applied nitrogen cited in the 

} literature. King (1982) found that 20-30% of applied nitrogen was reco- 

vered in a crop irrigated with wastewater from a fiberboard mill. Chen 

and Patrick (1981) observed 11-22% uptake of added ammonium during simu- 

lated overland flow. Palazzo (1981) determined that 50-85% of applied 

nitrogen was taken up by orchardgrass planted on a silt loam soil and 

irrigated with municipal wastewater. Palazzo also stated that highest 

| plant yield and nitrogen uptakes occurred during late spring and 

concluded that higher loading rates could be applied during this period. 
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© Many case studies indicated parameters Such as C:N ratio, load/rest 

Oo cycling, soil moisture content, and soil oxygen content which affected 

nitrogen transformations. Lab studies by Patrick and Gotoh (1974), 

Tusneem and Patrick (1971), and Chen and Patrick (1981) all determined 

| that nitrogen losses increased with decreasing C:N and immobilization 

increased with added carbon. Highest nitrogen losses were observed at 

C:N equal to 15:1. | 

Tusneem and Patrick (1971), Chen and Patrick (1981), King (1982), and 

Leach and Enfield (1983) all found that nitrogen losses were stimulated 

| by alternate submergence and drying of soils in both lab and field | 

situations. Leach and Enfield also observed that NO3~-N concentrations 

increased in soil pore water during resting and were flushed downward 

| during loading causing nitrate peaks to appear. 

© 

Soil moisture content and soil pore air oxygen content also were found | 

to have an effect on denitrification. Ryden et.al. (1981) observed 

| maximum denitrification rates at moisture contents of 15-184 at a secon- 

dary effluent disposal area. Patrick and Gotoh (1974) found that nitro- 

gen loss increased with oxygen contents up to 20%. Minimal losses 

occurred at higher Oo contents. This indicated that the earth's 

atmospheric content of 21% is adequate for-nitrogen loss. 

The History of Ridge and Furrow Treatment 

The historical perspective of the ridge and furrow treatment of | 

wastewater was provided in two reports by Schraufnagel (1956, 1962) and 

one by Monson (1956). The following discussion was based on their fin- 

eo dings. 
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| Ridge and furrow irrigation, in the form of sewage farms in the 1870's, © 

was one of the earliest methods of sewage disposal. Several canneries 

in Iowa began operation of ridge and furrow sites in the 1930's; during 

| the late 1940's and early 1950's, Minnesota and Illinois canneries also 

began ridge and furrow disposal. Seasonal flows ranged from 136 to | 

250,000 gallons per day and site areas range from 2 to 40 acres. 

In 1930, a dairy in Phoenix, Arizona, reportedly discharged 60,000 gpd 

of effluent to eight furrows which were plowed under every other day. A 

creamery in Minnesota installed a ridge and furrow system in 1950 on a 

2.8 acre site divided into three cells and underlain by a line of drain | 

tile. The total cost of the systen, exclusive of land, was $800. The 

first ridge and furrow system in Wisconsin was developed at the Mindoro 

Cooperative Creamery in 1954. The three acre site was similar in design @ 

a to the Minnesota system. A pumping system was necessary and the total 

: initial cost, including $2000 for land, was $8000. In 1962, the system 

treated 23,300 gallons/acre/day and 50 1b BODs/acre/day. (It should be 

| noted that the drain tile outlet at this site has since been closed. ) 

Several meat processing and wood pulping plants have also used the ridge 

and furrow treatment process. 

Ridge and Furrow System Design Concerns 

Before operation of a ridge and furrow treatment system, many design 

concerns must be.eonsidered. They include site selection, system size, | 

operation, cell layout, aad cover crop (Rodenberg, 1980). 
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© Site selection is the initial step. A suitable site must be located 

| through a site survey which considers soil classification, topography, 

and proximity to residences. Relatively permeable soils are needed to 

provide adequate treatment and hydraulic disposal of wastewater. Low 

permeability will result in wastewater ponding and high permeability 

will result in limited contaminant (eg. BODs, TKN, etc.) treatment. 

soil suitability is quantified through soil borings and percolation | 

tests. a 

From a construction view point, the cost of ridge and furrow installa- 

tion is lower if the topography is fairly level. This also limits cuts 

and fills which could affect the infiltrative capacity of the soil. 

Control of wastewater flow is also better on flat systems. 

® In Wisconsin, the minimum separation distance between ridge and furrow 

systems and residences is 500 feet. A designer must consider this 

distance closely. Many proposed designs have been delayed or dropped 

because of homeowner challenges. Sites must also be located 250 feet 

from water supply wells in Wisconsin. | 

Hydraulic and BODs loading rates are currently used to size a ridge and 

furrow system (Rodenberg, 1980). Clayey soils should generally have 

hydraulic rates from 2500 to 5000 gallons/acre/day. Sandy soils may 

receive up to 10,000 gallon/acre/day. Hydraulic overload has histori- | | 

cally been the primary failure at these systems in Wisconsin (WDNR, 

1984). A conservative design approach is therefore recommended. 

Wisconsin Code NR 214 states that BODs loading rates at ridge and furrow 

@ a 
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sites should not exceed 100 1b BODs/acre/day. In Summary, there are two © 

| methods to size a potential system provided that wastewater flow and 

BODs estimates are available. 

~ Onee the loading rates have been determined, the number, loading sche- 

dule, and size of cells (or sections) must be determined (Rodenberg, 

1980). It is important to have more than one cell, even in small 

systems, to allow for alternate loading and resting. Resting helps 

maintain aerobic conditions beneath the furrows, upholds the adsorptive 

capacity of the soil, and enhances biodegradation of the wastewater. A 

cell should not come into service until the previously loaded wastewater 

has seeped away. A load/rest time period is, therefore, dependent on 

site soils. Cell size is affected by site topography as well and 

smaller cells are recommended on steeper slopes. Wastewater distribu- 

. tion efficiency should also be considered in cell sizing. Waste appli- ® 

cation should be uniform in all loaded furrows. 

Figure 2.3 and Figure 2.4 show typical ridge and furrow layouts and 

| furrow construction detail, respectively (Rodenberg, 1980). One typical 

system layout is to have a header ditch along one side of the site with 

all furrows, separated eight feet on center, perpendicular to it. Flow 

is directed to the desired cell by a diversion structure. Another 

- possible layout is to have several header ditches crossing the furrows 

at right angles within each cell. Flow is directed in valved pipes. | 

| Furrows are recommended to be one foot deep, one foot wide at the bot- 

tom, and two feet wide at the top. To maintain slope stability, 

: . shallower furrow side slopes may be necessary in sandy soils. 

a @ 
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FIGURE 2.3 
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- A ridge and furrow system commonly is surrounded by a berm several feet © 

- high and cells within a site are usually separated by an embankment 

eight feet wide (Rodenberg, 1980). These dikes prevent surface runoff 

from entering the system, contain wastewater during temporary cell 

. | flooding conditions, and permit access of maintenance equipment. 

A cover crop is also an important feature of a ridge and furrow system 

| | (Rodenberg, 1980). Besides maintaining ridge stability, a cover crop 

| allows for nutrient uptake, evapotranspiration, and odor control. A 

crop Should be able to tolerate flooded conditions. In the Midwest, | 

reed canary grass is preferred. 

, | © | 

| | @ 
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CHAPTER 3: MATERIALS AND METHODS | 

© 
Materials | 

Wells, lysimeters, stage markers, and infiltration stations were 

installed at each site for use in gathering information for the project. 

Locations of this instrumentation will be discussed in the respective 

site chapters. | 

During August and September of 1983, 2 inch I.D. PVC wells were 

installed at each site. These wells were used to collect groundwater 

Samples and measure groundwater elevations. A typical installation is 

shown in Figure 3.1. Six inch diameter boreholes were drilled to the 

desired depth using a rotary auger drill rig provided by the State of 

Wisconsin Geologic and Natural History Survey. A six inch hand auger 

® was used at locations not accessible to the rig. Sereens of two and 

one-half and five feet were used (slot width = 0.006 inches); the longer 

screens were used in shallow water-table installations and shorter 

| screens were used in deep wells. Silica sand was placed around the 

screen and a bentonite seal was packed about a foot above the screen to 

| retard migration downward of surface contaminants. The upper portion of 

the borehole was backfilled with natural soil and sentonite and com- 

pacted. A concrete cap and protective casing were placed at the surface ; 

to secure the well. Elevations were shot on the tops of all wells for 

reference in groundwater elevation measurements. 

Vacuum lysimeters were installed in September and October of 1983 at 

both sites. These were employed to draw samples of pore water at given 

& 
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e . depths in the unsaturated zone. A typical Teflon lysimeter installation 

. with specifications is illustrated in Figure 3.2. A six inch hand auger 

was used to drill a borehole to the desired depth. The lysimeter was 

then lowered into the borehole and a silica flour slurry was poured 

around it. The silica pack allowed for a continuum between the soil and 

the lysimeter. After the silica pack hardened, the hole was backfilled 

with natural soil. A concrete cap and protective casing were installed 

at the surface to secure the lysimeter. 

Stage markers were installed in March and April of 1984 for use in | 

stream elevation measurements. A typical marker is shown in Figure 3.3. 

A metal stake was driven into the stream sediments and protected by a 

short length of PVC pipe. Elevations were recorded at the top of the 

Stakes for a reference. | 

7 . Infiltration stations were constructed in October and November of 1984 

| | to determine the infiltration rate of wastewater into the unsaturated 

zone. A typical station, with dimensions, is shown in Figure 3.4. A | | 

station consisted of two Sheets of plywood, hand-driven into a furrow, 

which isolated a short length of furrow. 

Methods 

‘Procedures followed during this ridge and furrow project were based on 

the objectives listed in Chapter 1 which were: 

1) to determine the nitrogen transformation in the wastewater | | 

during treatment, | 

© 2) to perform a nitrogen budget at each site, 

| he |
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FIGURE 3.3 

TYPICAL STAGE MARKER 
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© 3) to analyze ridge and furrow treatment effectiveness under 

-_ different soil and loading conditions, 

4) to examine the operation and maintenance at these systems, 

and 

| 5) to evaluate the monitoring equipment used. 

This chapter describes these procedures. 

The primary task before field work began, was to determine the number 

and location of well and lysimeter installations. This was done by per- | 

sonnel at WDNR during the summer of 1983. Wells were positioned to 

detect contamination migrating from each site (shallow and deep) to 

better define groundwater movement, and to describe background ground- 

water quality. Additional wells were installed later in the project 

© | based on groundwater flow and detected contamination. Lysimeters were | 

placed in centralized areas within site cells which appeared to receive 

a typical wastewater loading. Background lysimeters were also installed 

away from the ridge and furrow systems. | 

| Beginning in October of 1983, after initial well and lysimeter installa- 

tion, a monthly field visit to each site was performed. During a typi- 

cal visit, groundwater, lysimeter, and wastewater samples were 

| collected, water table elevations were measured, and site observations 

were conducted. 

As tse project progressed and questions about the data arose, adjust- 

ments in this routine were made. In March and April of 1984, additional 

wells wei‘e installed at each site to better quantify the polluted area. 

@ In June of 1984, monthly sampling was discontinued at wells with , 
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predictable or non-useful chemical trends. At Brodhead, during July- © 

; August and October-November of 1984, an intense sampling program was 

conducted to better quantify nitrogen transformations with depth and 

_ time during a loading cycle. July and August sampling occurred during a 

two week load/rest cycle and the October-November sampling took place 

during a one-week load/rest cycle. During these sampling periods, wells 

and lysimeters located inside the system and selected furrows were 

Sampled two or three times per week. ‘An additional well was installed 

in October 1984 at Brodhead to better define groundwater quality immedi- | 

ately beneath the site. 

A complete description of field methods is presented in the following 

section. | | 

- Field Methods | @ 

Soil samples were taken during initial borehole drilling. Grab samples 

were removed from the rotary or hand auger at desired depths. Samples | 

were Sealed in labeled plastic bags for travel. 

During each monthly trip, a flow composite wastewater sample (typically 

24-hour) was collected. Each time the pump would run, a fraction of the 

| flow was diverted through a hose, tapped into the discharge side of the 

pump, which led to a collection reservoir stored in ambient conditions. 

Non filtered samples were collected. Nitrogen and COD samples were aci- 

_ dified with sulfuric acid to pH<2; metal samples (when taken) were aci- a 

dified with nitric acid to pH<2. 

- e 
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@ AS composite waste samples were collected, wastewater flows to the ridge 

—_ and furrow systems were also determined. At Brodhead, flow was calcu- 

lated by subtracting the volume of cooling water discharge (to river) | 

from the total production water pumped into the plant. Both of these 

pumps were metered. At Mindoro, this calculation was made by dividing 

the volume pumped by the hours of metered pumping time during sample 

| | collection. Also, 30-day monthly wastewater flow averages, as reported 

to the Wisconsin DNR, were recorded at both sites. 

Furrow samples were taken during the intensive sampling periods at | 

| Brodhead and during October and November of 1984 at Mindoro. Grab 

Samples taken from selected furrows were field filtered and acidified 

unless travel time to the lab was short (less than 1 hour). 

2 Field filtering was done with a peristaltic pump, powered by a 12 volt 

| D.C. battery, and pressure filter stand. Samples were filtered through 

| a 0.45 micron filter. As described earlier, all nitrogen and COD 

Samples were preserved with sulfuric acid to pH<2; all metals samples 

| were acidified with nitric acid to pH<2. Samples were packed in ice for | 

transport. | | 

Lysimeter samples were taken monthly with accelerated collection during 

"intense" sampling periods at Brodhead. Twenty inches of mercury vacuum | 

Was applied with a two-way hand pump, to draw a pore water sample into 

the lysimeter. At Brodhead, an adequate volume of sample was obtained 

| after a 48 to 72 hour vacuum period. At Mindoro, adequate volumes evuld 

| be obtained from the operating lysimeters within 24 hours. Samples were 
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removed from the lysimeter's sample reservoir by pressurization with a © 

| hand pump. Samples were field filtered and acidified unless travel time 

to the lab was short. 

Well sampling was performed monthly with accelerated collection during 

"intense" sampling periods at Brodhead. Wells at Brodhead were purged | 

and sampled with a diaphragm pump or PVC bailer while wells at Mindoro 

were purged and sampled with a PVC bailer. Apparatus was rinsed with 

deionized water before purging and sampling. For quickly refilling 

wells, three well volumes were removed before sampling. For slowly 

refilling wells, water was purged until the well was dry. The latter 

. wells were located at Mindoro and were sampled the following day. 

Samples were field filtered and acidified. 

| Periodically, upstream, midstream, and downstream grab samples were Se 

. taken of neighboring rivers at each site. Non-filtered samples were 

acidified in the field as described earlier. 

Groundwater elevations were taken each time a well was Sampled. This 

was done with a fiberglass surveying tape with a "popper" attached. The 

popper was a formed metal cup which produced a pop sound as it contacted 

Standing water within awell. Surface water elevations of neighboring 

| streams were taken periodically after stage markers were installed. 

Slug tests, as described by Cooper, Bredehoeft, and Papadopulas (1967, 

1973), were attempted at each site to determine hydraulic conductivities 

in the saturated zone. Briefly, this method involves removing or adding 

| a quantity of water to a well and recording the rise/fall of head with 

— e 
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© time. These curves can be related to type curves to determine conduc- 

m tivity and a storage coefficient. This procedure is presented in 

| Appendix E. 

During October and November of 1984, plywood infiltration stations were 

| constructed. A volume of wastewater was taken from a neighboring furrow 

and added to a dry "station." Water elevation drops were measured with 

time to determine the flow rate of wastewater through the furrow bottom. 

Grass samples were collected during the spring, early summer, and late 

fall to determine plant nitrogen uptake during the growing season. Cuts 

were made at about two inches above the ground surface and the area of 

the sample was recorded. Samples were stored in paper bags for 

transport. | 

@ : Site observations were made during each visit. These observations | | 

included 1) the extent of freezing conditions during the winter, 2) the 

extent of plant growth during the growing season, 3) the distribution of 

wastewater to the furrows, 4) cell loading, 5) the amount of solids 

build-up in the furrow bottoms, and 6) the operation of the monitoring 

equipment used. | 

| Analytical Methods 

Chemical analysis of wastewater, furrow, lysimeter, groundwater, and 

stream samp]e#* were performed by the Wisconsin State Laboratory of 

Hygiene. Complete ab procedures are described in the "Manual of 

| Analytical Methods-Inorganic Chemistry Unit" written by the Lab of 

} | ' Hygiene in 1980. As mentioned before, the lab also filtered and 
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. acidified samples if travel time from a site was short (less than 1 hour). © 

oe Table 3.1 lists the frequency of analysis and sample source (waste, 

| furrow, etc.) for each chemical parameter. Readings of pH were made in 

the field with a Tripar Industries, Inc. three-parameter digital meter. 

| | TABLE 3.1 

| : CHEMICAL ANALYSIS DONE 

| PARAMETER SAMPLE SOURCE FREQUENCY # 

DISS BODs furrow, lysimeter, groundwater 4,4,3 

} TOTAL BODs wastewater, furrow, stream 1,4,4, 

DISS COD ‘furrow, lysimeter, groundwater 2,3;3;, 

TOTAL COD wastewater, stream 1,4 

TSS wastewater | 1 © 

TDS wastewater, furrow, lysimeter, 4,4,4,1 
groundwater 

DISS TKN wastewater, furrow, lysimeter, 2,2,3,3 

groundwater 

, TKN . wastewater, furrow, stream 1,2,4 

| DISS NH3-N wastewater, furrow, lysimeter, 1,2,3,3,4 
groundwater, stream 

DISS NOo-N+NO3-N wastewater, furrow, lysimeter, 1,2,3,3,4 | 
. groundwater, stream 

c1- wastewater, furrow, lysimeter, 1,2,3,3,4 | 
groundwater, stream 

pH | wastewater, furrow, lysimeter, 1,1,1,1,1 
. groundwater, stream 

DISS ALK groundwater 4 

TOTAL ALK - wastewater, stream . uy 

| “a. ©



@ . TABLE 3.1 (Continued) | 

| PARAMETER SAMPLE SOURCE FREQUENCY® . 

DISS TOTAL P groundwater 4 

TOTAL P wastewater, stream 4,4 

DISS S0y42- groundwater y 

TOTAL S042" wastewater, stream 44 

DISS Nat | groundwater yo ) 

TOTAL Na* wastewater, stream 4,4 

DISS Kt groundwater 4 

TOTAL K* wastewater, stream 4,4 

DISS Mg¢+ groundwater 4 

TOTAL Mg<* wastewater, stream | 44 | 

DISS Ca¢t groundwater mM | 

@ TOTAL Cact wastewater, stream 44 | , 

| #Frequencies: .- 1 = monthly 

| 2 - intense periods only 

3 - 1 and 2 

| 4 = periodically 

Soil and plant analysis was performed by the Soil & Plant Analysis 

| Laboratory, University of Wisconsin Extension. Complete lab procedures 

are described in "Wisconsin Procedures for Soil Testing, Plant Analysis, 

: and Feed and Forage Analysis" (1980). Soil Samples were analyzed for 

percent sand, silt, clay, and total nitrogen; CEC; and pH. Plant 

Samples were analyzed for sample weight; percent ash; percent nitrogen 

| | of dry and ash sample; and percent P, K, Ca, Mg, and S; and Zn, B Mn, 

© Fe, Cu, Al, and Na concentrations. | 
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CHAPTER 4: BRODHEAD SITE = RESULTS AND DISCUSSION © 

Site Description . 

The Universal Foods cheese factory is located in Brodhead, Wisconsin in 

eastern Green County. The plant receives 260,000 pounds of milk per day 

and discharges 39,500 gpd (average) of processing wastewater which is 

treated by a 4.7 acre ridge and furrow system consisting of two cells. 

This treatment system began operation in 1972. Figure 4.1 is a 

topographical map showing the general location of the system. 

A plan view of the treatment system is illustrated in Figure 4.2. Well, 

lysimeter, stream stage, and infiltration station locations are indi- 

cated aS well as cell locations and areas. General information con- 

cerning well and lysimeter depths and location is presented in Table 

| 4.1. Complete well and lysimeter logs are given in Appendix A. © 

| The ridge and furrow site is located on an unconfined aquifer consisting 

of glacial outwash material along the Sugar River. This sandy material 

extends approximately 70 feet deep and overlays a sandstone aquifer. 

The Soil Conservation Service describes this Maumce, Orion soil as a 

poorly drained sandy loam soil over a fine to medium sand. It is formed 

on -ow stream terraces and somewhat poorly drained soils formed in silty 

alluvium (DNR, 1984). . 

| Results of the soil analysis at Brodhead indicated the following para- 

meter ranges: 
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© | ~sand: 81-99% 

“silt: 0-16% 

-Clay: 1-5% | | 

| -Total N: 0-0.11% 

-CEC: 1-13 meg/100g soil | 

| -pH: 6.5-8.6 

The higher silt, clay and total N fractions occurred in shallow samples. 

Also CEC tended to decrease with depth and soil pH tended to increase 

with depth. Complete soil analysis data are presented in Appendix B. 

After reviewing the data, it may be concluded that the soil below the 

| treatment system is predominantly sand with an average CEC of 3 

meg/100g. 

© | Soil borings during well and lysimeter installation also produced the | 

| following information. First, profiles outside the system Showed a one 

to four foot silty topsoil layer overlying the sand. Second, cell 1 

borings indicated a dark saturated organic layer beneath the furrows. 

This layer was absent in the extremities of cell 1 and was about one 

foot thick in the center of the cell. Finally, cell 2 only had these 

organic layers around the header ditches. The largest thickness found 

under this cell was three inches. | | 

WASTEWATER CHEMISTRY 

Universal Food's wastewater was strong with an average BODs of 1780 

: mg/l, COD of 2390 mg/l, TKN of 42 mg/l, and chloride of 930 mg/l. 

© Means, medians, and ranges of these and other chemical parameters of the 
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wastewater are provided in Table 4.2. Values of a strong typical ©} 

| domestic waste are provided for comparison. A complete tabulation of 

data is provided in Appendix C. | | 

TABLE hota 

WELL SPECIFICATIONS 

AT BRODHEAD SITE | 

WELL TOP | DEPTH | WELL POINT APPROXIMATE SCREEN 

WELL#® | ELEVATION | (ft) ELEVATION | SURFACE ELEVATION | LENGTH(ft) | LOCATION 

| 108 | 778.37 | 13.2 | 763.37 776.6 5 Downstream 

| =| 777.86 | 26.2 750.36 776.6 2.5 Downstream 

114 775.80 8.8 765.80 774.6 5 Adjacent 
| to cell 1 

oo 11B 776.41 | 24.0 750.61 774.6 2.5 Adjacent @ 
| to cell 1 

12a | 778.06 | 9.9 | 766.06 776.0 5 Background 

128 777.37 | 26.1 749.87 776.0 2.5 Background 

134 776.75 9.3 766.75 776.0 5 Adjacent 
to cell 1 

13B 777.40 | 26.3 749.90 776.0 2.5 Adjacent 
to cell 1 

14 776.29 5.8 769.00 774.8 2.5 Downstream 

15 , 780.15 | 8.5 769.80 778.3 2.5 Cell 2 

16 780.05 | 11.0 769.99 781.0 2.5 Upstream 
of cell 1 

17 780.18 | 9.8 770.35 778.7 2.5 Cell1 

#411 Wells PVC, 2 inch inside diameter } ® 
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@ : TABLE 4.1b 

7 LYSIMETER SPECIFICATIONS | 

AT BRODHEAD SITE —~ 

| DEPTH BELOW* © | | : 
LYSIMETER FURROW (FT) LOCATION 

| 1 1.0 | Cell 1 | 

2 3.0 Cell 1 

| 3 4.8 Cell 1 

| | 4 1.0 Cell 2 

Lo 5 1.8 Cell 2 

| 6 3.6 Cell 2 

T 1.7 Background | 

8 3.7 Background 

@ | 9 4.7 . Background 

y fe 

* Depth is to top of teflon cup | 

6 | 
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TABLE 4.2 | ©} 

| BRODHEAD WASTEWATER CHEMISTRY 

| STRONG 
# OF TYPICAL 

PARAMETER SAMPLES MEAN MEDIAN RANGE SD DOMESTIC 

Total BODs 1 1780# 1700 980-3200 650 400 

Total COD 9 2390# 2300 2000-3400 440 1000 

TSS 10 876 869 464-1570 344 350 | 

Total TKN 11 42 40 28-78 13 85 

Dissolved TKN 3 26 21 21-37 9 os 

NH3=-N 11 2.5 2.5 1.44.1 0.7 50 

| NO o-N+NO3=-N 11 2.7 2.7 0.2-5.8 1.9 0 

ci / 11 930 890 32-2300 700 100 

pH 7 7.5 7.4 6-6-9. 4 0.9 --- ®@ 

- All units mg/l except pH; typical domestic values from Metcalf and Eddy, 

. 1979 

*# j~ Average contains samples which exceeded detection limit, see Appendix C 

| for specific days 

SD - Standard Deviation 

® 
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In addition to the wastewater's general high strength, four other i: 

: | observations were made. First, the chemical data were highly variable. 

For example, the average chloride was 930 mg/l but the standard 

deviation was 700 mg/l and the range was 32-2300 mg/l. These | 

variations, which did but occur seasonly, were most likely due to the 

changes in the amount of rinse water used in the plant. Days of higher 

rinsing resulted in lower concentrations and vice versa. | 

Second, the wastewater was high in chloride and sodium content (930 and | 

843 mg/l, respectively). The source of this brine was from the salt 

drippings resulting from cheese block formation and from the water sof- 

tener. It is suggested that waste pretreatment or an in-plant process | 

change be considered to limit the amount of brine pumped to the ridge | 

and furrow system. As will be discussed later, the chloride con- 

© . centrations in the groundwater downstream from the Site were high. . 

| Third, the pH of the wastewater was slightly above neutral(7.5 average). 

Since volatilization of ammonia predominant at pH > 9, as stated in | 

Chapter 2, one would expect little loss of ammonia from the wastewater. 

| Fourth, the nitrogen fraction of the wastewater was principally 

organic-N. This was expected since the wastewater was derived from milk 

which contains protein. About one-half of this organic -N was in the 

solid fraction. This was seen by comparison of total and dissolved TKN. 

| Wastewater Hydraulic Loading 

All flow to the ridge and furrow system was derived from cheese produc- 

tion. Flow was calculated by subtracting the cooling discharge (to the 
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Sugar River) from the total water pumped into the production end of the — } 

plant. Both pumps were metered. Drinking and lavatory water was 

obtained from the city and these wastewaters were discharged to the city 

treatment plant. 

Figure 4.3 illustrates the 30-day average wastewater flow values for the 

years 1982-1984 as well as 24-hour flows measured on project Sampling 

| days. A complete listing of flow data for the past six years is given | 

in Appendix D. The 30-day monthly flows averaged 39,500 gallons per day 

Since 1979. One can see from Figure 4.3 that from 1982 to 1984, flows 

ranged from 25,056 to 48,414 gallons per day. This was well under the 

DNR permit flow of 55,000 gpd. Flows during the years 1979 to 1981 were 

more variable with ranges from 12,700 to 61,500 gpd. 

Prior to 1980, cell 1 received nost of the wastewater with cell 2 © 

| “serving as a back-up during high flow periods or when odor problems 

occurred. After 1980, a flexible 2-week load/2-week rest cycle was 

| employed. A strict 2-week load/rest cycle began on 7/9/84. This scheme 

was followed until 10/15/84 when a week to week load/rest cycle was 

| instituted. After 11/20/84, cell 2 was loaded for two weeks while cell 

1 was loaded for one week. This last change was made based on project 

observations and wi..l be discussed later. As mentioned in Chapter 2, 

load/rest cycles help aerate the soil and promote wastewater treatment. 

In ridge and furrow systems, as well as other land treatment sites, it 

- is useful to look at iydraulic loading rates in terms of inches per day 

| or gallons/ acre/day. These rates for Brodhead shown in Table 4.3. 

Using the total site area, the average hydraulic loading rate was ®@ 
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TABLE 4.3 | | ©} 

a | BRODHEAD HYDRAULIC LOADING 

| TOTAL AREA CELL 1 CELL 2 
FLOW (GAL) LOADED LOADED LOADED | 

25,056 (min) 0.196 0.427 0.363 

(5,330) | (11,600) | (9, 860) 

39,500 (ave) 0.310 0.673 0.573 

- (8, 400) (18, 290) (15,550) 

48,414 (max) 0.379 0.825 | 0.702 

(10,300) (22,410) (19,060) 

Cell 1 = 2.16 acres | | 

. Cell 2 = 2.54 acres | 

Units inches/day; or (units) gallons/acre/day | @ 
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0.31 inch/day (8400 gpad) with a range of 0.196-0.379 inch/day 

@ 
— | (5,330-10,300 gpad). This is classified as a high rate system 

(Rodenberg, 1980). Since single cells were loaded during a load/ 

rest cycle, single cell hydraulic loading rates are also shown in 

Table 4.3 for comparison. These rates were about double the total 

area rates. 

Organic Loading Rates (BODs, TKN) 

Code NR 214 of the Wistonsin DNR states that a ridge and furrow system 

should receive no greater than 100 1b BODs/acre/day. Using the average 

flow rate and BODs concentration of the wastewater, however, the 

Brodhead site received 125 lb/acre/day. Using the minimum and maximum 

hydraulic rates and the average wastewater BODs concentration, the BODs 

@ loading rate range was 79-153 lb/acre/day. These numbers, as well as 

. individual cell BODs loading rates, are given in Table 4.4, - 

| | TABLE 4.4 

BRODHEAD ORGANIC LOADING RATES | | 
(lb/day/acre) 

TOTAL AREA CELL 1 CELL 2 
LOAD_ LOADED LOADED LOADED 

BODs (min-flow) 79 172 146 

BODs (ave-flow) 125 271 231 

BODs (max-flow) 153 | 333 283 

TKN(min-flow) | 1.9 4.1 3.4 

| TKN(ave-flow) 2.9 6.4 | 5.4 

TKN(max-flow) 3.6 7.8 6.7 

@ | Ave. BODs Cone = 1780 mg/l 

Ave. TKN Cone = 42 mg/l } 
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Similar calculations for TKN loading rates were performed and are also @ 

presented in Table 4.4. There is currently no Wisconsin DNR code for 

nitrogen loading. Using the range of hydraulic flows presented in Table 

4.3 and the average wastewater TKN concentration, TKN loading rates at 

Brodhead ranged from 1.9 to 3.6 lb/acre/day with an average of 2.9 

lb/acre/day. Suggestions for possible loading rates will be made later | 

in this report. : 

| Groundwater Elevations and Flow 

In general, groundwater flow at the Brodhead ridge and furrow was north- 

westerly toward the Sugar River with a gradual gradient of 0.0025 et/tt 

from well 16 to the river. With the exception of well nest 11, no ver- 

tical gradients were indicated. Wells 11A and 11B were located within | 

50 feet of the Sugar River, which was considered a discharge zone boun- © 

dary for this groundwater flow system. This was verified by the higher 

head readings in well 11B (than 11A), indicating upward flow gradients 

into the river. | | 

Since a well nest was not located inside the system, it was not possible 

to determine whether downward gradients existed due to mounding. Figure 

| 4,4 shows the groundwater contours measured on June 7, 1984. Appendix E 

contains a complete list of elevation and contour data. 

Groundwater (water table) elevations tended to fluctuate with seasonal 

recharge but not with chansss in wastewater flow. Readings decreased 

during the winter of 1984, increased during the spring (1984) thaw, 

decreased during the drier late summer months, ‘and increase again during 

— | fall rains. This pattern is shown for well 13A in Figure 4.5. © 
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FIGURE 4.5 
Well 13A Groundwater Elevations 

vs. Time 
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The water table response to rainfall events was rapid occurring within 

© one to two days. This is illustrated in Figure 4.6 where head readings 

in wells 15 and 17 were plotted against time during October and November 

of 1984. These similar responses were not due to cell loading since 

groundwater elevations in different cells responded identically to the 

rainfall. It should also be noted that a two inch rainfall is over 

three times the average single cell loading rates and that rainfall can 

also enter the unsaturated zone from the ridges. 

Another task in defining the groundwater hydraulic characteristics was 

to determine horizontal flow velocities. This was done using Darcy's 

Laws 

V = KI/n . 

, where: 

@& V = average linear groundwater velocity (L/T), 

K = hydraulic conductivity of aquifer (L/T), 

1 = hydraulic gradient dH/dL (L/L), and 

n = porosity. 

Unsuccessful slug and bail tests to determine K were attempted on wells 

10B, 11B, and. 12B at Brodhead in April of 1984. The wells returned to | 

| , equilibrium too quickly to acquire meaningful data. Therefore a value 

of 0.0005 ft/s, obtained from a local pumping test record on file at the 

Wisconsin DNR, was used for hydraulic conductivity. As mentioned 

| earlier, the aquifer beneath the ridge and furrow is principally sand. . 

| For this project, the aquifer was assumed to be homogeneous and isotro- 

| pic. (This meant that K did not vary in space or direction.) A 
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FIGURE 4.6 

Well 15 and 17 Ground water Elevation 
Response to Rainfall Events 
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© | hydraulic conductivity of 0.0005 ft/s is reasonable for this type of 

medium (see Freeze and Cherry, 1979). | . 

| Two different hydraulic gradients were used. For flow between wells 16 

and 10, I was 0.0018 ft/ft; for flow between wells 10 and 14, I was 

0.0046 ft/ft. It is reasonable to find that gradients increase near 

surface waters. A porosity of 0.35 for a typical sand was used (Freeze 

and Cherry, 1979). 

With the above input data, velocities of 0.22 ft/day between wells 16 

and 10 and 0.57 ft/day between wells 10 and 14 were calculated. These 

velocities gave the following travel times: 

- from W16 to W17: 2.5 years, | 

| - from W17 to W15: 2.7 years, 

© - cell 1 boundary to W15: 1.9 years, — 

, - from W15 to W10A: 2.5 years, and 

- from W10A to W14: 0.5 years. 

One would expect the travel times in this sandy medium to be shorter but 

Since the hydraulic gradient was shallow, the travel times were longer. 

One should realize, however, that the K value used could realistically | 

be off by an order of magnitude, altering the travel times by a factor 

of ten. 

Groundwater Chemistry 

Mean and standard deviations for selected parameters 2: each well for 

Brodhead are listed in Table 4.5. Complete data listings are given in 

: Appendix F. When looking at the chloride data, a good indicator of con- 
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: | TABLE 4.5 

| MEAN AND STANDARD DEVIATION OF 

GROUNDWATER CHEMICAL PARAMETERS | 

AT BRODHEAD 

DISSOLVED DISSOLVED DISSOLVED DISSOLVED DISSOLVED FIELD 

WELL BODs COD TDS TKN NH3-N NOo-N+NO3-N C1- pH 

10n | 7.544.613)" | 1742.3(13) | 10204163(12) | 1342.0(13) | 1341.8(13) | 0.540.413)" | 380492(14) | 6.940.138) 

108 | 1046.5(13)* | 2446.9(13) | 16804157(12) | 1246.8(13) | 1246.9(13) | 0.340.4(13)* | 6304120(13) | 6.8+0.09(8) 

11a | 4.041.7013)® | 2347.6(13) | 5164151012) | 3.340.58(13) | 2.840.55(13) | 0.140.0(13)* | 140463(14) | 6.840. 18(8) 

11B | 6.045.4(13)" | 11416(13)® | 4344256(12) | 0.4140.31(13) 0.2740.24(13 0.140.0(13)® | 734110(13) | 7.140. 15(8) 

_ 12k | 3.140.89(8)* | 9.547.0(8)* 373445 .0(7) 0.50+0.63(8) | 0.10+0.0(8) | 8.6+1.6(8) 274+3.6(8) | 7.0+0.15(3) 

© top | 2.840.47(9)" | 5.440-73(9) 383442.6(8) ]| 0.2040.0(9)# | 0.1040.0(9)" | 10.842.70(9) | 3841.4(9) | 7.5+0.10(3) 

130 | 2.840.61(13)4 2346.5(13) | 3134+95.6(12) | 0.83+0.22(13) | 0. 1840.07(13)} 0.3840.51(13)4 3.8+2.0(14)) 7.040. 18 (8) 

13B | 2.8+0.66(11) 5.140.3(11) 317415.4(10) | 0.2040.0(11)4 0.1040.0(11)% 4.240.33(11) | 354+2.3(11) | 7.240. 16(6) 

14 5.245.2(8)# | 18+7.4(8) | 6484111(8) 1.840.64(8) | 1.440.83(8) | 1.4+1.6(8) 190+68(8) | 7.140.08(7) 

15 51455(12)* | 57450(19) | 16404216(12) | 164+21(23) 15420(23)*® | 17421(23)# 5704+110(23)] 6.440. 12(8) 

16 57457(12)*® | 83462(19) | 1600+436(12) | 5.042.5(20) | 3.942.6(20) | 0.10+0.0(20)*® | 5804180(20)} 6.440. 10(7) 

17 34437(2)* 545.8(7) | 2540+643(2) | 3142.6(11) | 3041.8(11) | 0.9240.27(11)4 65047711) --- 

ee ee err en en ee ener erent ene een a | 

* means contain data that was above or below a detection limit; limit was used in average 

All values mg/l except pH; ( ) indicates # of observations. 
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©} | tamination, one can catagorize the wells into three types. Wells 12A, 

| 12B, 13A, and 13B were not influenced by the ridge and furrow system; 

wells 11A, 11B, and 14 were moderately affected by the site, and wells 

10A, 10B, 15, 16 and 17 were highly impacted by the system. This 

| | grouping matched the observed flow pattern. It should be realized that 

averages and standard deviations of well data at this site do not fully 

| describe the contamination. Parameters were variable with time which 

resulted in high standard deviations (eg. W15 TKN). Averages were only 

| used for relative comparisons. 

Figure 4.7 presents a plan view of chloride contours at the water table 

on October 9, 1984. The contours are approximate but they generally 

represent the contaminated area. Well 16, which was installed on the | 

| south berm, exhibited high chloride concentrations throughout the pro- 

© | ject. Even though the well was upgradient of the system, it was close | 

enough to be affected by dispersion (or diffusion). Also, in well 10B, 

at 21 feet depth below the water table, chloride concentrations were 

about 1.5 times greater than well 10A concentrations at the water table | 

during the study. Well 10B and well 15 values were of the Same relative 

magnitude, indicating that the contaminant was sinking as it traveled 

downstream due to the density of the plume. This was reasonable since | 

the linear groundwater velocity was slow. 

A similar contour pattern existed for COD concentrations at the water 

table and is shown in Figure 4.8. Again, note the elevated value for 

| well 16 and the deep well 10B concentration relatively higher than the 

| Survace well 10A. : 

@ 
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Plan views for the parameters TKN, NH3-N, and NOp-N+NO3-N (from 10/9/84) © 

- are shown in Figures 4.9, 4.10, and 4.11, respectively. The TKN and 

NH3-N maps are quite similar with high concentrations underneath the 

middle of the system, a sag area near well 15, and relatively high con- 

centrations near well 10A. Figure 4.11 shows high nitrate values in the 

vicinity of well 15. Again, note that TKN and NH3-N values in wells 16 

and 10B were relatively high but wells 15 and 10B do not correspond as 

they did for COD and chlorides. 

Previous to 10/9/84, nitrate concentration in well 15 were low and am- 

monium waS the principal form of nitrogen. In early October (1984), 

nitrification of this ammonium in the unsaturated zone began, as 

| depicted by the nitrate contours on Figure 4.11. These contours were 

estimates and more wells would have been necessary to completely define 

7 | the nitrifying area. This nitrification is also responsible for the sag | @ 

areas shown in Figures 4.9 and 4.10. Cell 2 was loaded (to allow cell 1 

to completely dry) for four weeks prior to 10/9/84 and’ this wastewater , 

: flushed out a majority of soil pore water nitrate into the groundwater. 

Nitrate concentrations subsequently decreased at well 15 in late October | 

and November (see Figure 4.12). | 

, The pH in the background wells (12A, 12B, 13A, 13B) was slightly above 

neutral, ranging from 7.0 to 7.5 on average. Both wells 15 and 16, 

| located within the system, had a pH of 6.4 on average. Downgradient 

wells (10A, 10B, 11A, 11B, and 14) exhibited pH values nearing neutra- 

lity, indicating dilution of this groundwater by water of background | 

quality. | | 

| | © 
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FIGURE 4.12 
Well 15 Nitrogen Concentrations 
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@ An attempt was made to match chemical changes in space with time between ) 

| wells. Due to the slow groundwater velocities, however, this was not 

possible. A longer sampling period would be needed to properly evaluate 

the data. General observations of temporal trends in the groundwater 

follow. 

Wells 16 and 17 responded similarly with time. This was expected since 

both wells were directly affected by cell 1 loading. Direct increases 

in Cl™ or N concentration with cell 1 loading were not detected, 

however. Chloride concentrations with time for wells 16 and 17 appear 

in Figure 4.13. Nitrogen concentrations with time for well 16 appear in 

Figure 4.14; Figure 4.15 presents nitrogen concentrations with time for 

well 17. Chloride data from wells 16 and 17 both had concentration de- 

creases in late October (1984) and early November (1984) with a peak on 

© November 1. These decreases were the result of heavy rains on October | 

18 and October 31. Note that well 16 values were lower than well 17 due | 

to background dilution. TKN and NH3-N concentrations followed a similar 

pattern. Little nitrate was present in these wells. 

Well 15 (cell 2) chloride and nitrogen concentrations did not respond in 

the same fashion as well 16 and 17 values. Well 15 chloride con- 

centrations ar; plotted in Figure 4.13; nitrogen values for well 15 are 

presented in Figure 4.12. The most obvious difference between well 15 

and wells 16 and 17 was the nitrogen transformation which was occurring 

| in well 15 during October of 1984. Well 15 nitrogen concentrations, 

| which were quite high, changed from primarily NH3-N to primarily NO2-N. 

| Nitrogen values then reduced to concentrations of relatively good 

© a 
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FIGURE 4.13 

Chloride Concentrations 
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FIGURE 4.14 
Well 16 Nitrogen Concentrations 

1 

on 0 

= | 
ao 

a 8 io 

q 

= 
a 6 
& 
q 

2 @ 
Q 

4 | 
oO 

0 2 SZ a 

a q 

see 0 Ee = - 4 6 eee), 
o 6 7 8 9 10 11 12 AS 14 

Time (March 1, 1964 = 5) 

-+- Dissolved TKN XX Ammonium [] Nitrate



FIGURE 4.15 
Well 17 Nitrogen Concentrations 
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@ quality (less than 10 mg-N/1). The most likely cause of this transfor- 

7 mation was the loading schedule changes initiated in July of 1984. The 

two week, and later, one week load/rest cycles allowed for aeration of 

| the percolate and in turn, nitrification of the ammonia fraction. As 

mentioned earlier, the nitrate was flushed out by a four week cell 2 

loading while cell 1 was allowed to dry in late September (1984). It 

was not understood why well 17 did not respond similarly after loading 

. continued in October. Further sampling is necessary to determine if 

well 15 nitrogen concentration would remain low or whether large con- | 

centration variance would continue. | . 

| Nitrate decreases in well 15 occurred in late October (1984) and early | 

November (1984) during the periods of heavy rain. When comparing the 

nitrate decreases to the chloride decreases, however, the nitrogen 

@ declines were relatively larger than the chloride declines. This was 

most likely a result of denitrification losses. 

When looking at Figure 4.13, ome can see that the relative magnitude of 

| chloride concentrations for wells 15, 16, and 17 was similar. When 

| studying Figure 4.16, which plots total nitrogen concentrations for ; 

these three wells, it is clear that the relative magnitude of nitrogen 

concentrations was not similar. 

One final point should be made concerning the groundwater chemistry at 

Brodhead. The possibility of the contaminant plume Sinking exists. 

Groundwater Quality at 30-50 feet below the water table at well 14 is 

likely similar to quality in well 10B. A deep well near well 14 would 

be needed to make this conclusion. 

@ 
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FIGURE 4.16 | 
Total Nitrogen Concentrations 
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@ Unsaturated Zone Flow Rates | 

| Since the furrows contained up to six inches of settled solids, vertical 

unsaturated flow rates were divided into two parts: percolation through 

the furrow "organic barrier" and travel through the underlying unsa- 

turated zone. Furrow side wall flow was considered part of the 

"barrier" flow. 

The infiltration stations, installed in October (1984), were used to 

| determine barrier flow-through times. Barrier thicknesses ranged from 

less than one inch in cell 2 and outer cell 1 furrows, to two inches in 

inner cell 1 furrows, to six inches in the header ditches. Station 1A | 

(see Figure 4.2) was located near cell 1 lysimeters in a two inch 

barrier region. Station 1B was located in the outer northwest eorner of 

© | cell 1 in a 0.5 inch barrier region. Station 2A was located near cell 2 

lysimeters in a one inch barrier region. Station 2B was located near | 

well 15 in cell 2 in a one inch barrier region. Rates were measured : 

three times (or three rounds). 

| Figure 4.17 illustrates the barrier infiltration rates at station 1A. 

Steady-state was reached after about 1.5 days with 4 flow rate of about 

4 om/day. With a two inch barrier at this rate, a barrier travel time 

| of 1.3 days was calculated at this location. | 

Figure 4.18 presents barrier infiltration rates at station 1B. Steady- 

state was reached after 0.5 days with a rate of 6 cm/day. With a one 

inch barrier at this rate, a travel time of 0.4 days was calculated at 

" this location. Round 1 results were omitted since furrow dryness 

@ caused the rate to be nearly infinite. 

. | . -83-



FIGURE 4.17 

Infiltration Station 1A — Cell 1 

Barrier Flows 
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FIGURE 4.18 
Infiltration Station 1B —- Cell 1 

Barrier Flows 
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Station 2A infiltration rates are plotted in Figure 4.19. Steady-state © 

. was reached after about two days with a percolation rate of 2 om/day. } 

With a one inch barrier, a travel time through the barrier of 1.3 days 

was calculated at this point. 

Figure 4.20 illustrates barrier infiltration rates at station 2B. 

Steady-state was achieved after approximately two days with a rate of 2 

: em/day. With a one inch barrier, a travel time of 1.3 days was deter- 

| mined at this location. 

Assuming that an infiltration rate of 2 em/day waS applied to the header 

| ditch, travel through the six inch organic barrier would be 7.6 days. 

When considering these barrier travel times for the furrows and header 

ditches, an approximate time range of 0.5-8.0 days was developed for 

| infiltration through the barrier. | a, : 

Once wastewater percolated through the furrow barriers, it traveled 

approximately 5.5 feet through the unsaturated zone to the groundwater. 

. Methods by Bouma (1975) were used to calculate these travel times. A 

graph and table (from Bouma, 1975), used to determine hydraulic conduec- 

: | tivity and soil moisture tension, are presented in Appendix G. 

From Table 2 of Appendix G, a typical soil moisture tension, in a sandy 

Soil below a seepage system barrier, of 20 cm HoO was estimated. It was 

| also assumed that this tension was constant with depth. Using a 20 cm 

(Ho0) soil moisture tension, a hydraulic conductivity of 100 cm/day was 

estimated from Figure 1 (Appendix G) for a sandy soil. This K value was 

used to calculate travel times through the unsaturated zone to the | ® 
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FIGURE 4.19 
Infiltration Station 2A — Cell 2 
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FIGURE 4.20 
Infiltration Station 2B — Cell 2 

Barrier Flows 
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© TABLE 4.6 | 

| BRODHEAD UNSATURATED ZONE TRAVEL TIMES 

UNSAT (b) 
DEPTH BARRIER(a) ZONE TOTAL 
BELOW TRAVEL TRAVEL TRAVEL 

LOCATION FURROW (ft ) TIME (Day ) TIME (Days ) TIME (Days) 

Lysimeter 1 1.0 1.3 0.3 1.6 

~ Cell 1 | 

Lysimeter 2 3.0 1.3 0.9 202 

Cell 1 

Lysimeter 3 4.8 1.3 1.5 2.8 
Cell 1 

| LySimeter 5 1.8 1.3 0.6 1.9 
Cell 2 

Lysimeter 6 3.6 1.3 1.1 2.4 
Cell 2 

© | Groundwater 5.5 1.3 1.7 , 3.0 

ee 

(a) Based on infiltration tests: site 1A represented flow near 

:  eell 1 lysimeters 

| site 2A represented flow near 

cell 2 lysimeters 

(b) Based on Bouma (1975), Appendix G. / 

| 289. .



© depths of the various lysimeters. These results are tabulated in Table 

| | 4.6. Travel of percolate in the unsaturated zone to the groundwater . 

took 1.7 dayS aS calculated by the latter method. 

Results shown in Table 4.6, combining barrier and unsaturated zone flow 

times, indicated that it took approximately three days for furrow 

wastewater to reach the groundwater near the lysimeters. This matched 

the water table response time to precipitation recharge that was pre- 

| sented in Figure 4.6. Considering the range of barrier flow through | 

times discussed earlier, the range of combined (barrier plus unsaturated 

zone ) travel time at the Brodhead system was 2.2 to 9.7 days. In future | 

| work, it is recommended that soil moisture tension instrumentation be | 

used to better define hydraulic conductivity with unsaturated depth. | 

® Furrow Wastewater and Lysimeter Chemistry 

Mean and standard deviations of chemical parameters for wastewater at 

each furrow sampling point and lysimeter are listed in Table 4.7. . 

| Complete data listings are given in Appendix H. 

| When comparing chloride averages, one can see that all lysimeter points 

were contaminated by the ridge and furrow wastewater except lysimeters 8 

and 9, which were intended to be located in an area of background 

Quality. Large data variations existed in furrows and lysimeters 

affected by cell loading. This resulted in large standard deviations. 

‘Therefore, it was realized that these average values do not fully 

describe the contamination and were only used for relative comparisons. 

@ The chloride averages from cell 1 indicate no dilution from the furrows 

| to the depth of lysimeter 3, and yet considerable reduction of other 
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TABLE 4.7 

7 ‘BRODHEAD MEAN AND STANDARD DEVIATION OF | 

FURROW WASTEWATER AND LYSIMETER CHEMICAL PARAMETERS 

(Units in mg/l except pH) | 

DISS TOTAL DISS DISS TOTAL DISS DISS FIELD 
LOCATION BODs BODs COD TKN TKN NH3-N NO3+N03 C1- TDS pH 

Furrow-Cell 1 | 330+310 660+490 490+290 20+12 31+18 14412 0.4+0.58 560+190 1780+280 7. 140.56 
(4) (5) (16) (20) - (9) (20) (20) (19) (3) (2) 

Lysimeter 1 --- --- 55+12 22+8 .6 --- 16+10 0.6+0.48 700+170 2130+184 | 7.140. 30 
(1" depth) (14) (18) : (22) (22) (16) (2) - (3) 
Lysimeter 2 4.1+0.0 --- 51+6.6 12+10 = 9 .8+10# 8 .64+9.3# 690+ 100 20404191 | 7.240. 33 
(3' depth) | (1) (21) (27) (30) (30) (17) (2) (4) 
Lysimeter 3 --- --- 5644.2. 2.7+0.80 --- 2 .54+3.9* 6 .34+4.7 780+ 100 --- 7.6+0.0 
(4.8" depth) (2) | (8) (17) (17) (10): (1) 

‘ Well 17@ 34+37* --- 54+5.8 3142.6 --- 30+1.8 0.92+0.274% 650+77 2540+643 --- 
art (2) (7) (11) (11) (11) (11) (2) 

| Furrow-Cell 2 | 580+120* | 2400+0.0 910+530 26414 70+ 100 14+10 1.54+42.9* 620+200 26304127 | 6.74+0.0 
(3) (1) (12) | (16) (11) (16) (16) (15) (2) (1) 

Lysimeter 5 3.0+0.0* --- 32411 0.9+0.3 --- 0.3+0.4% 1149.0 400+170 --- 7.4+0.0 
(1.8' depth) (1) (16) (22) (22) (22) (14) (1) 
Lysimeter 6. 3. 30.69% -—— 20+4 .0 0.74+0.2 — 0.4+0.4% 21+10 390+150 | 1400+162 | 6.8+0.0 
(3.6' depth) (11) (14) (19) (21) (21) (19) (10) (1) 
Well 15@ 514+55* --- 57+50 16+21 --- 15+20* 174218 5704110 | 16404216 | 6.440.12 

(12) (19) (23) (23) (23) (23) (12) (8) 
Lysimeter 8 3.440.479 8 --- 12+1.6 0.4+0.06 --- 0.1+0.0# 0.1+0.1# 1,240.29 | 267+19.9 --- 
(3.7' depth) (4) (9) (11) (13) (13) (11) (6) 
Lysimeter 9 3.240.374 6+0.0 2443.7 0.64+0.2 0.640.2] 0.1+0.0* 0.140.02* | 1,340.34 | 3234+24.9 | 6.84+0.07 
(4.7' depth) (7) (1) (14) (17) (2) (19) (19) (16) (8) (2) 

@ Well data added to observe transformations of groundwater; ( ) - # of observations. 

* Mean includes data above or below a detection limit, limit was used in average.



© chemical parameters was seen at this depth. Dissolved COD values were 

a '  peduced 88% and dissolved total nitrogen (TKN + NO3 + NOo) con- 

centrations were reduced by 56%. Groundwater quality underneath cell 1, 

| as shown by well 17 data, did not reflect these reductions, however. 

Dissolved COD concentrations were reduced 89% at the water table, but, : 

dissolved total nitrogen values in the groundwater were higher than 

furrow concentrations. This was attributed to past overuse of cell 1 

prior to 1980. Since the groundwater velocity was Slow, the zone 

. | beneath cell 1 did not flush out during the course of this project, as 

the region around well 15 did. A similar discussion for cell 2 average 

concentration reductions could not be made since values varied too 

| . greatly in well 15. 

@ Another important observation from Table 4.7 concerned the transfor- 

_ mation of organic-N in the wastewater to NH3-N in the furrow water. 

Ammonium comprised only 10% of the dairy wastewater TKN while the TKN in 

the furrow wastewater contained 54-70% ammonium. From Table 4.5, one 

| can see that TKN values in the wells downstream of the ridge and furrow 

system were almost 100% NHy*-N. This transformation will be discussed 

in more detail later in this chapter. | 

Figures 4.21 and 4.22 show typical chloride and nitrogen profiles, 

respectively, in both of the cells. Concentration movement in the unsa- 

turated zone could not be correlated with travel time since the travel : 

“times presented earlier were less than the time period between sampling. 

The profiles do illustrate the following points: | 

1) no dilution of wastewater occurred as it percolated beneath cell 1, 

@ | 2) Slight dilution of percolate occurred beneath cell 2, 
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FIGURE 4.21a 

Unsaturated. Zone Chloride Profile 
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FIGURE 4.21b 
Unsaturated Zone Chloride Profile 

Cell 2 
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FIGURE 4.22a 
Unsaturated Zone Nitrogen Profile 

Cell 1 — 11/16/84 
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FIGURE 4.22b 
Unsaturated Zone Nitrogen Profile 

Cell 2 — 10/23/84 
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3) TKN was transformed to NHy*-N after one foot depth in cell 1 and © 

: two foot depth in cell 2, 

4) nitrification occurred beneath 1 and 3 feet depth underneath cell 1, 

5) nitrification occurred along the whole profile underneath cell 2, 

6) possible denitrification occurred between the 3 and 5 feet depth : 

. underneath cell 1, and 

, 7) high TKN and NHy*t-N concentrations were observed at the water 

table beneath cell 1. | 

Furrow and unsaturated zone pH values (Table 4.7) ranged from 6.7 in a 

| cell 2 furrow to 7.6 in lysimeter 3. These values are somewhat higher | | 

than the average pH values seen in wells 15 and 16, immediately under- | 

neath the system. The lower pH values (about 6.4) in the contaminated 

groundwater were attributed to the past use of the system when © 

overloading caused anaerobic conditions and lower pH values. The low - . 

groundwater velocity has delayed the flush out of this zone. 

Chloride and nitrogen time plots for furrow, lysimeter, and well data 

were compared with depth in both cell 1 and cell 2 at Brodhead. Figure 

4,23 illustrates chloride concentrations versus time for cell 1 furrow | 

wastewater; lysimeters 1, 2, and 3; and well 17. Figure 4.24 presents 

total nitrogen concentrations versus time for these respective Sampling 

points. The reader is referred to Figures 4.25 to 4.28 and 4.15 for | 

TKN, NH3-N, and NO3-N plots of respective points. | | | 

| These cell 1 chloride and nitrogen plots were compared to determine if 

nitrogen decreases were mainly due to dilution (as seen by comparing 

chlorides) or if unsaturated zone nitrogen losses were actually greater : © 
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FIGURE 4.23a 
Chloride Concentration vs. Time 

Cell 1 Furrow, Lysimeters 1 and 2 
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FIGURE 4.23b 
Chloride Concentrations vs. Time 

Lysimeter 3 and Well 17 
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FIGURE 4.24a 
Total Nitrogen Concentration vs. Time 

Cell 1 Furrow, Lysimeters | and 2 
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FIGURE 4.24b 
. Total Nitrogen Concentration vs. Time 

Lysimeter 3 and Well 17 
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| FIGURE 4.25 
Cell 1 Furrow Wastewater Nitrogen 
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FIGURE 4.26 
Lysimeter 1 Nitrogen vs. Time 
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FIGURE 4.27 
Lysimeter 2 Nitrogen vs. Time 
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FIGURE 4.28 
Lysimeter 3 Nitrogen vs. Time 
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e than chloride decreases. Late October and November (1984) was the best 

period to compare chloride concentrations with depth in cell 1. AS men- 

tioned earlier, heavy rains occurred on October 18 and November 1. This 

was reflected by a decrease in furrow chloride concentration on these 

dates as shown in Figure 4.23. After the November 1 rain, a 42% drop in 

chloride values in lysimeter 1 occurred. A 24% decrease with a sub- 

sequent 8% increase in chloride concentrations occurred in lysimeter 2 

during the same period. A 28% drop which began November 1, was observed 

in well 17 as well. Figure 4.23 shows these declines. These results 

| | complement the unsaturated zone travel time of less than 3 days calcue- 

lated earlier. It was not known why a decrease in chloride con- 

centration was not seen in lysimeter 3. 

© Similar decreases were observed in the total nitrogen concentrations of 

| cell 1 furrow wastewater; lysimeters 1 and 2; and well 17 as shown in | 

Figure 4.24, Decreases in furrow nitrogen occurred on 10/18 and 11/1 as 

expected. A 52% drop in total nitrogen was observed in lysimeter 1 

during the same time period as a 42% chloride decrease. It was not 

feasible to attribute the additional 10% loss to denitrification since 

no nitrate was present in the first one foot of depth. Plant uptake of 

NHyt-N was possible Since lush growth was occurring on furrow fringes in 

late November. In lysimeter 2, total nitrogen concentrations decreased 

by 27% (similar to chloride dilution) and then increased by 20% 

| (compared to a 8% chloride increase). This 12% addition was attributed 

to nitrate production. Total nitrogen losses in well 17 declined by 20% 

, during this period (compared to 28% for Cl"). Lysimeter 3 nitrogen 

© - values increased 20% during this period. A decreasing denitrification 
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rate could have accounted for this since nitrate values increased and © 

| chloride concentrations were fairly level. | 

. Figure 4.24 indicates that nitrogen losses, most likely through denitri- | 

fication, occurred from lysimeter 2 to lysimeter 3 after September 1. 

Prior to this time, both nitrification and denitrification occurred bet- 

ween these two points (see Figures 4.27 and 4.28) since total nitrogen 

decreased in lysimeter 3 but little nitrate was present. 

After September 1, nitrification occurred between lysimeters 1 and 2 as 

seen in Figures 4.26 and 4.27. Prior to 9/1, however, lysimeter 2 

Samples contained high nitrogen values (in ammonia form) which did not | 

| appear in lysimeter 1 samples. Since nitrogen can not be created, this 

phenomenon may have been the result of the horizontal positioning of the . 

lysimeters. Since the lysimeters were located adjacent to one another 6 

| (2 to 3 feet apart), the possibility of the device receiving wastewater | 

| of different initial quality existed. Local channeling in the unsa- . 

| turated zone created by organic barrier heterogenetities may also have 

caused these anomalies. 

7 AS in cell 1, late October and November (1984) was the best period to 

compare chloride concentrations with nitrogen concentrations through the 

unsaturated depth of cell 2 to analyze dilution and possible denitrifi- 

cation losses. Figure 4.29 presents chloride data versus time for cell 

| 2 furrow wastewater: lysimeters 5 and 6; and well 15. Figure 4.30 

| illustrates total nitrogen values versus time for these respective 

Sampling points. TKN, NH3-N, and NO3-N plots for these points appear in 

| | Figures 4.31 to 4.33 and 4.12, respectively. Oo } 
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FIGURE 4.29a 
. Chloride Concentrations vs. Time 

Cell 2 Furrow and Lysimeter 5 

1000 

= 
ag 

# B00 

8 
@ 600 See eee 
~ 

a 3 : : 
fe} 

aH 400 a | 
3 Ts 
oO \ 

: | et =” 200 n ’ 
{o) \ 

‘dq : 

oO 
0 

a 6 7 8 9g 10 11 12 13 14 

Time in Months (March 1, 1984 = 5) 

— Cell 2 Furrow —. Lysimeter 5 
R-RAIN



FIGURE 4.29b 
Chloride Concentrations vs. Time 

Lysimeter 6 and Well 15 
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FIGURE 4.30a 
Total Nitrogen Concentration vs. Time 

Cell 2 Furrow and Lysimeter 5 
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FIGURE 4.30b 
Total Nitrogen Concentration vs. Time 

Lysimeter 6 and Well 15 
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FIGURE 4.31 
Cell 2 Furrow Wastewater Nitrogen 

Concentrations 
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FIGURE 4.32 
. Lysimeter 5 Nitrogen Concentrations 
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FIGURE 4.33 
Lysimeter 6 Nitrogen Concentrations 
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Cell 2 furrow chloride values decreased sharply on rainy days just as @ 

they did in cell 1. A 75% decrease in chloride concentrations was 

observed in lysimeter 5 after October 26. Lysimeter 6 chloride values 

declined 79% after October 23. Similar decreases were not observed in 

well 15 during this period. = | | 

Similar declines during this time were witnessed in total nitrogen con- 

centrations for lysimeters 5 and 6, as well as, well 15 (see Figure | 

4,30). Dilution (75% chloride decrease) accounted for most of a 71% 

drop in total nitrogen concentrations in lysimeter 5 after October 6. A 

77% decrease in lysimeter 6 N values was also caused by the dilution 

rainwater. During this period, an 88% decline of N concentrations 

| oceurred in well 15. These losses were likely the result of denitrifi- 

cation since well 15 C1™ concentrations did not decrease. Underneath e 

eell 2, all denitrification losses occurred below 3.6 feet depth. 

Figure 4,30 gives the illusion that nitrogen concentrations did not — 

| decrease but actually increased. There were three possible reasons for 

this. First, lysimeters 5 and 6 are located about ten feet apart and 

may not have received an identical quality waste. Second, local ehan- 

neling resulting from unsaturated zone heterogeneities (eg. organic bar- 

rier) may have occurred. Third, since groundwater flowed from under- 

neath cell 1 past cell 2, water quality in well 15 was directiy affected 

by the past water quality underneath cell 1. 

Nitrate peaks were observed in lysimeter and well data for both cells. 

These peaks (see lysimeter nitrogeu series plots) appeared either late 

oe in a loading cycle or just after. Increased vertical flow from loaded © 
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® wastewater tended to flush out nitrate which accumulated in unsaturated 

pore spaces during rest cycles. 

Figures 4.25 and 4.31 present TKN, NH3-N, and NO3-N concentrations ver- 

sus time for cell 1 and cell 2 furrow wastewater samples, respectively. | 

| Figures 4, 34 and 4.35 present total and dissolved TKN versus time for 

furrow samples in cells 1 and 2, respectively. The following sequence 

| of furrow nitrogen transformations were established from these results. 

As stated previously, the wastewater discharges contained nitrogen pri- 

marily in organic-N form. Thirty to 90% of this organic-N was tied up 

. in wastewater solids. This was seen by comparing total and dissolved 

TKN results (Table 4.2). Depending on furrow mixing, total TKN concen- 

trations were quite variable and of the same magnitude as wastewater 

© TKN's. 

| Dissolved TKN showed a distinctive pattern, however, especially during 

| the ary period of July and August (1984). During initial cell loading, . 

dissolved TKN's were lowest since the solids contained much of the 

nitrogen. Toward the end of a loading eyele and during the rest cycle, 

dissolved TKN concentrations increased. This was possibly the result of 

mineralization of settled furrow solids and diffusion of ammonium into 

the overlying water column. Reddy and Graety .1981) recognized a simi- 

lar occurance in their study. These transformations were not as 

apparent during shorter load/rest cycles. 

Crop Uptake of Nitrogen 

Seven grass samples were cut at the Brodhead ridge and furrow system 

@ | during the 1984 growing season. One sample was collected in April | 
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FIGURE 4.34 

Cell 1 Furrow Wastewater 

Total and Dissolved TKN Concentrations 
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FIGURE 4.35 

Cell 2 Furrow Wastewater 
Total and Dissolved TKN Concentrations 
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BRODHEAD GRASS SAMPLE RESULTS : a 

TOTAL DRY WT OF — % N DRY % N DRY % ASH-CELL 1 % ASH-CELL 2 % N OF ASH . 

DATE GRASS ON SITE(1b) WT-CELL 1 WT-CELL 2 AFTER BURNING AFTER BURNING |. CELL 1] CELL 2 

4/24/84 11,646. --- | 1.44 --- 10.1 --- | 2.64 a 

7/13/84 22, 847 1.28 fee — 5.9 --- | 0.48 

9/25/84 9,171 | 2.70 3.50 5.5 5.6 0.72 | 0.50 
4 . | 

a 11/20/84 23, 282 1.59 1.41 3.9 3.1 0.45 0.49 
Oo . 
' | 
A a Sa TL ae a ee ee a eee a ee ee ea iI TSA. A, A A ISA OAS Aes emma a aaenamaamaaaaamsammmaanas 

- weights extrapo.ated to total site area from weights corresponding to sample areas | . | 

|



—— TABLE 4.8 Cont. 

| TOTAL N ‘TOTAL N 4 N LOST : 
ON SITE ON SITE BY 

: DATE BEFORE BURNING(1b) AFTER BURNING(1b) BURNING 

7/13/84 292 6.5 97.8 

| 9/25/84 216 3.2 98 .9 | 

| 11/20/84 _ 347 3.7 98 .9 | 

ft . 

Oo 
i | | 

| ~ weights extrapolated to total site area from weights corresponding | 

| | to sample areas |



before growth began, two were taken in July at peak growth, two were cut @ 

in September during declining growth, and two were taken in November 

during rejuvenated growth. Results of these analyses are shown in Table 

4.8. Calculations are presented in Appendix I. These results were used 

for the following three purposes: 1) to determine the plant nitrogen 

uptake during the growing season, 2) to calculate the effect of grass 

burning on nitrogen losses, and 3) to estimate a nitrogen plant uptake 

value for a nitrogen budget. 

When looking at the total weight of nitrogen on site before burning in 

Table 4.8, plant uptake of nitrogen appeared to be highest in late 

spring, Slightly declining in summer and slightly increasing in late 

fall. Heavy rainfall in late October and early November stimulated new 

growth in November. | ©} 

The nitrogen taken up over the total area of the ridge and furrow 

system, by the cover crop during the growing season was 347 lbs. This 

corresponded to the grass nitrogen content on 11/20/84. Since grass 

from the previous year died and was immobilized in the soil, the April 

site grass nitrogen content of 168 1b was not considered a loss to the 

treatment system nor was it subtracted from the final grass nitrogen 

weight (347 lb.). Since the Brodhead system operator did not burn site 

grasses, all grass nitrogen returned to the soil. This meant that grass 

uptake losses were not a part of a system nitrogen budget. Some opera- 

tors of land treatment systens do burn the site grasses in the spring to 

eliminate dead grass accumulation and stimulate new growth. Besides | 

. stimulating new luxerient growth, Woodmansee and Wallach (1979) stated | | 

| that nitrogen losses and nitrogen transformation rate increases occur © 
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© after fires. Nitrogen losses depend on plant biomass and elemental com- 

- position, fire intensity and duration, and winds. Since spring fires at 

land treatment sites are of low intensity, plant roots are not killed 

and growth will continue. Dead grasses contain most of their N in the 

, root zone, so nitrogen losses are lowest when these grasses are burned. 

| Knowing this information, grass samples were burned and analyzed for 

percent ash and percent N in ash. Total pounds of ash-nitrogen were 

| highest in April at 31 lbs. as shown in Table 4.8. The July ash sample 

- indicated 6.5 lbs. of nitrogen on site after burning, the September 

Sample indicated 3.2 lbs., and the November sample indicated 3.7 lbs. A 

| range of 82%-99% nitrogen loss by burning was observed when comparing 

total nitrogen in the site grasses before and after burning. The lowest ~ 

loss occurred in April. | | 

@ 
| After studying the data, one could conclude that it would be best to 

burn the cover crop of a ridge and furrow site in late fall since grass 

N losses of 99% would be seen. This would not be advisable, however, 

Since the cover crop provides a vital function in the winter. Dead 

grasses insulate the soil from freezing thereby providing for wastewater 

percolation during the winter, protect the furrows from direct exposure 

| to cold weather, and provide ridge stability during the spring thaw. It 

must also be realized that the grass burning may not be practical at all 

treatment sites. The operator must be able to access the site with fire 

fighting equipment in case burning gets out of control. 

oe | 
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TABLE 4.9 

| SUGAR RIVER QUALITY 

| TOTAL TOTAL | | FIELD 
LOCATION BODs COD Cl- TKN NH2-N NO -N TSS pH 

Upstream 3440.49" | 1446.4 23+2.0 | 1.0+0.21 | 0.3+0.1 3.8+0.07 | 382+0.0 7.940. 14 
(2) (2) | (3) (2) (2) (2) (1) (2) 

Midstream 3.1+0.0 444.9 2546.8 0.8+0.0 0.2+0.07 3.6+0.07 380+0.0 7.9+0.14 
(2) (2) (3) (2) (2) (2) (1) (2) 

' Downstream 3.540.718 | 1444.9 1941.4 | 0.84+0.28 | 0.14+0.0 3.44+0.07 | 366+0.0 8 .0+0.07 
x | (2) (2) (3) (2) (2) (2) (1) (2) 
? 

| - All values mg/l except pH 

- ( ) is # of observations 

# Mean includes data below detection limit, limit used in average |



© Sugar River Chemistry 

Mean and standard deviations of upstream, midstream, and downstream 

Sugar River samples are tabulated in Table 4.8. Complete data are 

located in Appendix J. All values were typical of a river of this size 

and were uniform upstream to downstream. The Brodhead ridge and furrow 

system did not adversely affect the Sugar River. It must be remembered, 

however, that the contaminant plume could be sinking below the river 

due to density effects (see discussion, in groundwater chemistry 

| section). 

Site Observations 

During the course of the project, the following site observations were 

@ made at the Brodhead ridge and furrow facility: 1) wastewater distribu- 

a . tion and solid build-up, 2) cover crop, 3) winter operation, and 4) mon- 

itoring equipment performance. 

Wastewater distribution at Brodhead was 100%. That is, during a cell 

loading, furrows and headers contained wastewater. The grid pattern of 

headers, crossed by furrows, was a very efficient distribution design. 

At times during the study, however, furrows became flooded to the point 

where the water level was as high as the ridge tops. This was espe- 

clally true after heavy rainfalls. A lower hydraulic loading rate (ie. 

more system area) may be necessary if wastewater flows increase in the 

future. | 

Settled solids build-up was also a problem. Equipment was used to clear 

© the furrows in the spring of 1983 and within a year, one to six inches 
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of solids build-up had reoccurred. The need to remove suspended solids © 

at the plant was discussed earlier. 

The cover crop of canary grass and weeds at Brodhead flourished with the 

additional water and nutrients provided by the wastewater. During early 

spring, grasses were brown and knocked down to about knee high. Grasses 

grew hip high and weeds grew head high during late spring and early 

Summer. In July and August, grasses and weeds began dying and were 

blown over. Regrowth along the furrow edges occurred during fall rains. 

The cover crop did not protect the furrows from the elements that well 

| during the winter at Brodhead since the furrows were wide (about four 

feet). 

| Winter operation at the Brodhead ridge and furrow facility was not a 

problem since wastewater effluent temperatures were about 90°F. No © 

| matter what the ice or snow conditions were in the furrow, once cell 

loading began, the ice would melt and infiltration would begin. No 

| change in hydraulic loading occurred during winter conditions. Ice 

conditions ranged from no ice near header inlets, to two inches at the 

extremities of a loaded cell, to completely frozen in resting furrows. 

‘The monitoring equipment used at this site (wells, lysimeters, bailers, 

| etc.) was quite adequate. The only problems which occurred concerned 

the teflon lysimeters. To obtain a sample of sufficient volume (greater 

| than 50 ml) for chemical analysis, a 20 inch (mercury) vacuum was ap- 

plied to a lysimeter and a two to three day vacuum period was used. 

This technique was used on lysimeters 1, 2, 3, 5, 6, 8, and 9. Remem- 

bering that the flow times through the unsaturated zone were about 3 © 
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© days, a lysimeter sample was not really instantaneous as was assumed 

in the previous analysis. | 

Lysimeters did not operate in shallow, drier regions (about one foot) at 

Brodhead as well. Lysimeters 4 and 7 never provided samples during the 

study. This was most likely the result of easy air entry form the sur- 

face, after vacuum application, and low soil moisture in these par- 

ticular locations. Teflon is hydrophobic and, therefore, at low soil 

moisture contents, a high, continuous vacuum may have been necessary. 

Winter conditions also caused trouble with lysimeter operation. During - | 

sub-freezing weather, ice droplets would form in the tygon tubing and 

| the tubing itself would contract. The tubing near the clamps actually 

‘elosed. The pressure provided by the hand pump typically could not | 

@ | overcome these blockages. Lysimeter samples were obtained on sunny, | 

20°F days after working the tygon tubing open. A wider diameter tubing 

(one quarter inch) and a different type of tube closing valve could help 

) overcome these problems. | 

| Brodhead Nitrogen Budget | 

| A nitrogen balance was estimated for the unsaturated zone of each cell 

| at the Brodhead ridge and furrow system. Wastewater flow readings, 

waste nitrogen data, plant uptake results and, deep lysimeter nitrogen 

data were used in this estimate. The balance was on a total pounds per 

| year basic, — | | 

Additions to the budget came from applied wastewater nitrogen. Total 

© TKN plus NO3-N was used assuming all N would have eventually entered the 

| soil. Nitrogen fixation and rainfall N addition were assumed to be 
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. negligible. In chapter 2, a large input estimate of 12.5 1b N/acre/yr © 

: was given for rainfall. This quantity would have been added by the 

| | wastewater in about four days. “Nitrogen losses in the balance were by 

plant uptake and leaching. The difference between these additions and 

losses was accounted for by denitrification. It was further assumed 

that precipitation and evaportranspiration water volumes canceled out 

each other (ie. all leaching vertical flow was from wastewater), no 

“volatilization occurred (pH < 9), and all NHy*-N adsorption sites were 

Saturated (ie. no soil storage). Results of the budget are shown in | 

Table 4.10; calculations appear in Appendix K. 

TABLE 4.10 

NITROGEN BUDGET ESTIMATE - BRODHEAD SITE @ 

(4.7 acres). | 

ADDITION/LOSS Fe a ee 
oT eae El ieee laa |e lb/yr | added N|/} lb/yr | added Nj] lb/yr | added N 

. Wastewater 2687 100 2687 100 5375 100 

Net Plant 

° Uptake@ 0 0 0 0 0 0 | 

Leaching 541 20 || 1304 | 49 || 1845 34 

Denitrifica- 

tion 2146 80 1273 |: #51 3529 66 | 

2 sis SSS 

| | a; net uptake loss = Grass N before burning - Grass ash N after burning 

(no burning at Brodhead) 

e 
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© With this procedure, a denitrification loss of 80% of applied N calcu- 

lated for cell 1 and 51% for cell 2 as Shown in Table 4.10. Leaching 

accounted for 20% of applied N loss in cell 1 and 49% of applied N loss 

in cell 2. Plant uptake was zero because of reasons discussed earlier. 

Considering the total Brodhead site area, leaching accounted for 34% of 

applied-N and denitrification accounted for 66% of nitrogen losses. 

The difference in denitrification losses between the cells made sense 

considering the past use of the system. Prior to 1980, cell 2 was used 

only as a backup. This cell still provided good aeration to percolating : 

wastewater and probably contained fewer anaerobic microzones than cell 

1. These zones, as described in Chapter 2, would have enhanced denitri- | 

fication. 

| | | > 
& 

eo 

. ® 
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| a CHAPTER 5: MINDORO SITE = RESULTS AND DISCUSSION © 

Site Description | 

The Mindoro Co-op Creamery is located in Mindoro, Wisconsin, in northern 

La Crosse County. The plant produces 10,000 1b of colby cheese per day 

with 14,000 gpd (average) of processing wastewater being treated by a 

3.0 acre ridge and furrow system consisting of three cells. As men- 

tioned in Chapter 2, this system was the first such treatment installa- 

tion in Wisconsin beginning operation in 1954. A topographical map 

showing the general location of the system appears in Figure 5.1. 

A plan view of the treatment system is illustrated in Figure 5.2. Well, 

lysimeter, stream stage, and infiltration station locations are indi- | 

| cated as well as cell locations and areas. General information con- © 

cerning well and lysimeter depths and location is presented in Table 

5.1. Complete well and lysimeter logs are given in Appendix AA. 

| The ridge and furrow site is located over about 12 feet of silt loam 

soil underlain by a sand and gravel aquifer next to Severson Coulee. 

, This sand and gravel material extends to a depth of approximately 85 

feet and overlays a sandstone containing shale seams. The Soil Conser- | 

vation Service describes the overlying loam as a Toddville loam which is 

a deep, well.to moderately well drained, silty soil formed on stream 

terraces (WDNR, 1984). | 

Results of this study's soil analysis at Mindoro indicated the following 

parameter ranges for the overlying silt loam: , 
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e | TABLE 5.1a | 

| WELL SPECIFICATIONS 

| | AT MINDORO CREAMERY 

sereen | 

Well Top | Depth] Well Point | Approximate Length 

Well" Elevatio (ft) Elevation Surf. Elev. (ft) Location 

| | 

1A 781.59 13.0 766.59 779.6 5 Background 

1B 781.36 35.5 THY. 16 779.7 2.5 Background 

| 2 783.61 | 13.2 768.61 781.8 5 Adjacent to 
Cell 2 

3 | 785.32 15.2 768.49 783.6 5 Adjacent to 

7 Cell 1 

4 785.28 35.7 747.78 783.4 2.5 Adjacent to 
Cell 1 

© | 5 782. 63 15.0 765.80 780.8 5 Downstream 
7 | | of Cell 3 

5a | 782.31 31.9 | 749.01 780.9 2.5 Downstream 
of Cell 3 

6 785.69 17.5 765.79 783.3 5 Downstream 
of Cell 1 

7 782.00 14.0 766.80 780.8 2.5 Cell 3. 

8 783.85 9.5 772.05 781.6 | 2.5 Cell 1 

9 779.68 12.2 —- 765.98 778.2 2.5 Adjacent to | 
| Cell 3 | 

#All wells PVC, 2 inch inside diameter. | |



, a TABLE 5. 1b @ 

LYSIMETER SPECIFICATIONS 

, | "AT MENDORO CREAMERY _ | 

- Depth Below 

| Lysimeter Furrow (ft)# Location | 

21 1.0 Background 

25 5.0 Background 

211 11.90 Background 

| 325 2.5 Cell 2 

36 6.0 Cell 2 | | 

310 10.0 Cell 2 

415 1.5 Cell 1 

#Depth is to top of Teflon cup 
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© . . - sand : 11-15% 

- silt : 64-68% 

- clay : 19-25% | 

| - total N: 0.01-0.31% 

- CEC : 11-22 mg/100 gram soil 

| - pH > 5.57.9 . 

The higher silt and total N fractions occurred in shallow samples. Also 

CEC tended to decrease with depth and soil pH increased with depth. 

Complete soil analysis data are presented in Appendix BB. In summary, 

the soil immediately below the treatment system is primarily silt with 

some clay. The silt loam had an average CEC of 14.5 mg/100 gram of 

soil. 

© Soil borings during well and lysimeter installation also brought out the 

| following five points. 

1) moist, sticky clays appeared deeper in bore holes, 

| - 2) some holes had a blue-gray clay just above the sand layer 

3) the top of the sand tended to be greenish-blue in color, 

4) inecell borings had 5-10 feet of gray mottled clay,. 

indicating a flucuating water table, and 

5) inecell borings near the north end of cell 3 had ground- 

water elevations within 1 to 2 feet of the surface. 

Wastewater Chemistry a 

. Mindoro Creamery's wastewater had mild strength when compared to the | 

© Brodhead site. Mindoro's average wastewater BODs, COD, IKN, and chloride 
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. | TABLE 5.2 | ® 

MINDORO WASTEWATER CHARACTER | 

(all units mg/l except pH) 

Parameter Samples} Mean| Median Range Domestic 

| J 
TOTAL = 14 830 | 860 | 430-1300 : _ 400 

TOTAL COD 12 1200 | 1300 | 660-1900 | 360 1000 

TSS | 14 262 194 80-6 16 163 350 

TOTAL TKN 14 32 34 14-52 11 85 

| DISSOLVED 
| 

: TKN 2 24 24 16=31 11 -—= 

NH3-N 10 0.9 1.1 O.1-1.8 | 0.6] 50 

NO3-N+NO5-N 10 0.4 0.2 0.1=1.6 0.5 0 

: c1~ 14 100 91 70-210 34 100 © 

| pH 8 7.5 | 7.8 5.129.5 1.4 --- 

a 

@ from Metcalf and Eddy, 1979 | 

# —~ Mean contains data below or above a detection limit: the limit was 

included in average 

SD - Standard Deviation | 
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© concentrations were 830 mg/l, 1200 mg/l, 32 mg/l, and 100 mg/l, respec- 

tively. Means, medians and ranges of these and other chemical parame- | 

ters of the wastewater are provided in Table 5.2. Values of a strong 

typical domestic waste are provided for comparison. A complete list of 

data is given in Appendix CC. 

| There were three general observations made concerning the Mindoro 

| | wastewater chemistry. First, the results were highly variable and this 

variance was not seasonal. For example, the average total suspended 

solids value was 262 mg/l but the standard deviation was 163 mg/l and 

the range was 80-616 mg/l. These variations, as mentioned in Chapter 4, 

were most likely due to the variation in the amount of rinse water used 

in the plant. 

© Second, the average pH (7.5) of the wastewater was slightly above 

neutral. Since major volatilization of NH 3 oceurs at pH greater than . 

nine, one would expect negligible gaseous loss of ammonia from this 

wastewater. 

Finally, the nitrogen fraction of the wastewater was primarily | 

| organic-N. This was expected since the wastewater was derived from 

cheese production. Unlike the Brodhead wastewater, however, only 

around 25% of this organic-N was tied up in the solid fraction. This 

was seen by comparing total and dissolved TKN concentration averages | 

(Table 5.2). . | 

e 
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7 Wastewater Hydraulic Loading ®@ 

All flow to the Mindoro ridge and furrow system was derived from cheese 

production. A low and a high speed pump, alternated periodically, were 

used to convey flow to the system. Discharge was calculated two ways. 

During sampling days, the flow was found by first dividing the average 

pump time, in minutes, into the total wet well volume discharged (260 

| gallons) per pump run. Then, using the pump's hour meter, this value 

was multiplied by a pumping hours per day factor and a time conversion 

to obtain the gallons per day value. For example, the average pump time 

to remove 260 gallons from the wet well was 3.09 minutes. If the pump 

ran 2.59 hours during the 24 hour sampling period, the wastewater flow 

during that day was 13,100 gallons (ie. 260 gal/3.09 min *2.59% 60 

min/hr = 13,100 gal). Wastewater volume flowing into the wet well e 

during pumping was neglected. Thirty-day monthly averages were obtained | 

by relating the monthly metered pumping time to a pump time versus 

discharge curve. 

Figure 5.3 presents the 30-day average, monthly Mindoro wastewater flow | 

readings for the years 1982-1984 as well as 24-hour flows measured on 

project sampling days. A complete listing of flow data for the past 

three years is given in Appendix DD. Thirty-day monthly flows averaged 

14,000 gallons per day since 1982. One can see from Figure 5.3 that | 

from 1982 to 1984, flows ranged from 6006 to 19,140 gallons per day. 

These discharges were well under the WDNR permit flow of 25,000 gpd. 
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A seasonal trend existed in flow volumes to the Mindoro system. Flows © 

| were high from April to July with values decreasing during the hot 

summer months, fall, and winter. Cheese production at Mindoro was more | 

dependent on local milk supply than Brodhead. The most productive 

milking period is in spring and early summer. Summer flow readings in 

1984 were lower due to a process change made in March which allowed for 

recycling of cooling water. | 

A flexible load/rest cycle was followed at this site. The intent was to 

load a cell for one month and rest it for two months. Each month, the 

longest rested cell was placed on line. It was not uncommon during this 

study, however, to see the same cell loaded for three to four months. 

Due to inefficient header ditch flow control and blocked furrow open- 

ings, wastewater distribution at the Mindoro site was poor. Typically, ® 

| | 1/3 of cell 1, 1/5 of cell 2, and 1/3 of cell 3 were loaded no matter 

which cell was technically being loaded. 

Total area and actual area hydraulic loading rates were calculated and 

| are presented in Table 5.3. Using the total site area, the average 

hydraulic loading rate was 0.172 inches/day (4670 gpad) with a range of 

: 0.074-0.235 inches/day (2000-6380 gpad). This is classified as a fairly 

| medium rate system (Rodenberg, 1980). A high rate classification would | 

result if actual hydraulic loadings were considered. These values were 

over three times greater than total area calculations and almost two 

times greater than average Brodhead system rates. 

© 
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@ TABLE 5.3 

| MINDORO HYDRAULIC LOADING RATES 

| units: in/day 

(gal/acre/day ) 

. Total Area Actual Area 

Flow (gal) Loaded Loaded 

6006 (min) 0.074 0.246 
(2000) (6670) 

14,000 (ave) 0.172 0.573 

(4670) (15,600) 

19,140 (max) 0.235 0.783 

(6380) (21, 300) 

en ne a A TTS 

Total Area = 3.0 acres : 

Actual Area = 0O.9 acres 

@ Organic Loading Rates (BODs, TKN) 

| Code NR 214 of the Wisconsin DNR states that a ridge and furrow system 

should receive no more than 100 lb BODs/acre/day. Using the average | 

total area hydraulic loading rate and the average BODs concentration of 

the wastewater, the Mindoro site received 32 lb BODs/acre/day. Using 

the minimum and maximum total area flow rates and the average wastewater 

BODs concentration, the BODs loading rate range was 14244 1b BODs/acre/ 

| day. These numbers were well under the code requirement. 

If the actual area hydraulic loading rates were used, however, higher 

- BODs Inading rates resulted. The average rate was 108 lb BODs/acre/day 

: with a range of 46-147 1b BODs/acre/day. These results are presented in | 

| Table 5.4. | 
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| Similar calculations for TKN loading rates were performed and are also @ 

presented in Table 5.4. There is currently no Wisconsin DNR code for 

nitrogen loading. Using the range of total area hydraulic flows pre- 

sented in Table 5.3 and the average wastewater TKN concentration, TKN 

loading rates at Mindoro ranged from 0.53-1.7 1b N/acre/day with an 

| average of 1.2 1b N/acre/day. Using the range of actual area hydraulic 

flows and the average wastewater TKN concentration, TKN loading rates 

ranged from 1.8-5.7 1b N/acre/day with an average of 4.2 1b N/acre/day. 

Suggestions for possible loading rates will be made in Chapter 6. 

TABLE 5.4 

. ; MINDORO ORGANIC LOADING RATES 

y | | (Units are lb/day/acre) 

Total Area Actual Area ® 
| Load . Loaded Loaded 

BODs (Min-Flow) | 14 46 

| BODs (Ave-F low) 32 108 

BODs (Max-Flow) | | 44 147 

TKN (Min-Flow) 0.53 1.8 | 

TKN (Ave-Flow) 1.2 4.2 

| TKN (Max-Flow) 1.7 5.7 | 

Ave BODs Cone = 830 mg/l 
Ave TKN Conc = 32 mg/l 7 | 

. Total Area = 3.0 acres 

Actual Area = 0.9 acres | 

| |  atdte



© Groundwater Elevations and Flow 

In general, groundwater flow at the Mindoro ridge and furrow was north 

) northwesterly, following in the direction of Severson Coulee. An 

approximate gradient in the sand layer from well 4 to well 5A was 0.006 

ft/ft. Vertical gradients were observed between wells 1A and 1B, 5 and 

SA, and 3 and 4 and mounding of groundwater within the system was | 

| detected during borings. When standing water was present in well iA, 

its elevations were higher than elevations in well 1B, indicating down- 

ward flow from the silt to the sand layer. Elevation differences bet- 

ween wells 5 and 5A were variable during the study. If cell 2 was 

loaded, the groundwater beneath the northern section of cell 2 would | 

mound, and a downward gradient would result. As cell 2 rested, the | 

@ mound dissipated and upward gradients would begin. The gradients near 

, wells 3 and 4 were unexplainable. The southern section of cell 1 was , 

continually ponded during the project, yet, oscillating elevation dif- 

ferences between these two wells indicated both upward and downward gra- 

dients. Downward gradients at Mindoro ranged from 0.01 to 0.04 ft/ft. 

A well nest within the system would have better defined these gradients. 

Figure 5.4 shows the groundwater contours on November 5, 1984. Appendix 

EE contains a complete list of elevation and contour data. 

. Groundwater (water table) elevations varied 0.7 to 4.7 feet during the 

project. Time plots for the elevations of wells 5, 6, and 7 are graphed 

in Figure 5.5. High level values in September (1983) with a subsequent : 

decrease were most likely the result of high summer wastewater flow 

e | 
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FIGURE 5.5 

Mindoro Groundwater Elevation vs. Time 
for wells 5, 6, and 7 

TFL 

as 

_ 772 . | 
a . 
d 77 \ + — . 

ee es - 7 oe 

a 770 . ce 

os 
769 

767 
0 1 2 3 4 5 6 FY 8 9¥9 10 11 #12 13 14 #15 

Time in Months (September 1, 1983 = 0) 

— Well 5 -- Well G6 —.- Well 7 

Elevations ore mean seo level .



| followed by lower fall waste flows. Elevation changes could not be @ 

: correlated with wastewater flow after this period though. No seasonal 

pattern of water table fluctuation was observed. 

Once percolated wastewater entered the saturated zone at Mindoro, its 

flow regime was complex. In the silt loam layer, flow within the system 

was principally vertical with some horizontal movement away from the 

mound. Flow in the silt and upper sand layers beneath the site was 

totally derived from recharge (wastewater) to the system. This meant a 

flow divide was created east and south of the site, separating back- 

ground groundwater flow from wastewater derived flow. This is depicted 

on Figure 5.4. Upon entering the sand layer, the groundwater flow was 

horizontal to the northwest. 

Determination of flow velocities through the silt layer and the sand ©} 

| layer was difficult and only estimates were made. Darcy's Law (VeKI/n) 

was used to find the average vertical velocity in the silt loam layer. 

Slug tests were performed in November (1984) to determine the hydraulic | 

conductivity near wells 1A, 2, and 8. Calculations are presented in 

Appendix EE. Results of the tests provided K values of 7 x 107! ft/s, 2 

x 1079 ft/s, and 2 x 107” ft/s for wells 1A, 2, and 8, respectively. It 

must be realized that these values were for horizontal hydratlic conduc- 

tivity. Therefore, it was assumed that the silt loam was homogeneous 

and isotropic. A spatially averaged vertical K of 7 x 1075 ft/s was 

a used. An average vertical gradient of 0.025 ft/ft (from 0.01-9.04 ft/ft. 

= range) and a typical porosity for silt of 0.4 (Freeze and Cheng, 1949) 

| were also assumed. | 

© 
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®@ With the above input data, a vertical velocity of 0.04 ft/day was deter- 

7 mined. Assuming that the sand layer is one to 10 feet below the water 

‘table, travel times through the saturated silt strata of between 25 and 

250 days were calculated. These values were reasonable. 

| Unsuccessful slug and bail tests to determine K in the sand layer were 

attempted on well 1B in April (1984). The well returned to equilibrium 

too quickly to acquire meaningful data. Since this response was similar 7 

| to the Slug tests attempted at Brodhead, an estimated hydraulic conduc- 

tivity of 0.0005 ft/s was used. Imputing the gradient of 0.006 ft/ft 

and a porosity of 0.35 (for sand) into Darcy's Law provided a horizontal 

| linear velocity of 0.7 ft/day in the sand layer. At this velocity, it 

| would take about three years for groundwater to flow from the south end 

@ to the north end of the site. 

Groundwater Chemistry | | 

Chemical analyses. of groundwaters for each well at Mindoro are listed in 

Table 5.5. Complete data listings are given in Appendix FF. When 

reviewing chloride data, a good indicator of contamination, one can | 

categorize the wells into two types. Wells 1B and 4 were not affected 

by the ridge and furrow system whereas wells 2, 3, 5, 6, 7, 8, and 9 

were influenced by the system. Except for well 2, all of the affected 

wells contained 77 to 92% of the wastewater chloride concentration on 

| average and demonstrated low standard deviations. This verified the 

assertion made earlier that the groundwater below the system was pri- 

marily derived from applied wastewater. The average wastewater con- 

© centration was 100 mg/l. Well 2 chloride values decreased about 70% 

| | ~146- |



| TABLE 5.5 

MEAN AND STANDARD DEVIATION OF , 

GROUNDWATER CHEMICAL PARAMETERS | 

AT MINDORO 

Dissolved Dissolved | Dissolved Dissolved Dissolved Field 
Well BODs COD TDS TKN NH3-N NO 5-N+NO 3-N Ccl1~ pH 

1A. --- --- --- --- 0.1 + 0.0 1.9 + 0.0 nee --- 
| (1) (1) 

1B 3-3 + 1.1% 5.2 4 0.79 350 + 11.2 0.24 0.1%] 0.1 + 0.0% 3-3 + 0.61 9.3 + 0.54 | 7.4 + 0.15 
(8) (8) (8) (8) (8) (8) (3) 

2 9.1 + 148 18 + 20] 537 + 127 1.5 + 0.88] 0.3 + 0.2 O.1 + 0.06" | 59 + 20 7-5 + 0.20 
(10) (11) (10) (11) | (13) (13) (9) (8) 

3 3.0 + 0.5@ 114 3.1 692 + 51.2] 0.6 + 0.2 | 0.1 + 0.06 0.1 + 0.06* 7 + 7.3 6.9 + 0.17 
(13) (13) (13) (13) (13) (13) (13) (8) 

‘ 

f 4 3.14 0.24 5.0 + 0.04 278 + 5.34] 0.2 + 0.074 0.1 + 0.08 0.2 + 0.09 2.1 + 0.19 | 7.3 + 0.20 
‘ | _ (13) (13) (13) (13) (13) (13) (13) (8) 

5 t+ 7.7 310+ 9.57 715 + 42.4] 4.0 + 0.74] 3.0 + 1.0 0.1 + 0.08 91 + 2.3 6.7 + 0.14 
(13) (12) (13) (13) (13) (13) (13) (8) 

6 4.5 4 2.2% 25 + 3.6] 737 + 26.8 1.8 + 0.66] 1.0 + 0.40 O.1 + 0.08 17 + 3.7 6.8 + 0.13 
(13) (12) (13) (13) (13) (13) (13) (8) 

7 7.6 + 6.9% 18 + 10 690 + 88.6]; 2.5 + 0.50] 1.9 + 0.42 O.1 + 0.08 85 + 5.7 6.6 + 0.21 
: (7) (7) (7) (7) (7) (7) (7) (7) 

8: | 3.2 + 0.44 25 + 4.37 774 + 201 2.5 + 1.1 0.3 + 0.16 0.2 + 0.1* 84 + 0.1 6.8 + 0.21 
. (7) (7) (7) . (7) (8) (8) (7) (3) 

9 16 + 129 AT + 28 607 + 89.9} 2.8 + 0.73] 1.5 + 0.34 0.1 + 0.04 92 + 12 6.7 + 0.14 
(7) (7) (7) (7) (7) (7) (7) (7) | 

--->Al1l values mg/l except pH; ( ) indicates # of observations 
* —- means include values above or below a detection limit; the limit was included in average



© during the last five months of the project. This may have been caused 

by a shift of the groundwater divide to the west (Figure 5.4), diluting 

the region of well 2 with groundwater of background quality. It should 

| be realized that averages and standard deviations of well data at this 

Site do not fully describe the contamination and should only be used for 

 Yelative comparisons. 

The pH in wells 1B, 2 and 4 was slightly above neutral, ranging from 7.3 

to 7.5 on average. Wells which were affected by the Mindoro ridge and 

furrow system (3, 5, 6, 7, 8, and 9) had pH values slightly less than 

neutral, ranging from 6.6 to 6.9. This was the same trend that was wit- 

| nessed at Brodhead. Since wells were not placed north of the system, it 

is not known if pH increased again downstream. | | 

© Using average chloride and total nitrogen (TKN+NO3-N) concentrations for 

the wastewater and wells 5, 6, 7, 8, and 9, one can calculate the well 

nitrogen losses not caused by dilution. These results are presented in | 

Table 546. In these wells, total nitrogen losses ranged from 71-83%. A 

sample calculation is shown in Appendix FF. 

Figure 5.6 presents a plan view of chloride contours at the water table 

on July 12, 1984. The contours are approximate but they generally 

represent the contaminated area. These results indicated a high 

chloride contamination in the southern section of cell 1 (about 80 mg/1) 

and in the northern section of cell 3 (about 90 mg/l). These areas were 

ponded with wastewater throughout the project. Concentrations decreased | 

along the eastern boundary of the system as groundwater traveled away 

@ : from the mounded area and mixed with background quality flow. Chloride 

| -148. | |
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© concentration for wells 1B and 4 were considered background quality. 

| Since wells were not installed northwest of the system, chloride values 

| were unknown downstream of the ridge and furrow system. 

TABLE 5.6 

AVERAGE GROUNDWATER NITROGEN LOSSES 

AT MINDORO | 

Well C1- N of Chloride of Total N Losses 

WW 100 32.2 0 0 0 

| 5 91 41 9 87 78 

| | 6 77 1.9 23 94 71 

T 85 2.6 15 | 92 T7 

© 8 84 2.7 16 . 92 76 

. 9 92 2.9 8 91 83 

WW = Wastewater 

- chloride and total nitrogen in mg/l | 

A similar contour pattern existed for COD concentrations (on 7/12/84) at 

the water table and is shown in Figure 5.7. Again, concentrations 

increased from south to north in the general direction of groundwater 

flow in the sand layer. COD concentration changes were not known 

downstream of the system. 

| Plan, views for the parameters TKN, NH3-N, and NOo-N+NO3-N (from 7/12/84) 

are shown in Figures 5.8, 5.9, and 5.10, respectively. The TKN and 

© NH3-N maps are quite similar with concentrations increasing to the | | 
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northwest in the groundwater beneath the system. Ammonium values were © 

, 75% lower than TKN values on this day. The nitrate concentrations, as 

| shown in Figure 5.10, were low (< 0.2 mg/l) everywhere in the shallow 

| groundwater. Again, nitrogen concentrations downstream of the Mindoro | 

ridge and furrow system where unknown. | 

An attempt was made to match chemical changes in space with time between 

| wells. Due to the complexity of the groundwater flow regime, however, 

this was not possible. General observations of temporal trends in the 

groundwater follow. | 

First, chloride and TDS concentrations in the wells were not variable 

during the Mindoro study. This can be seen in Figure 5.11a and b where 

| chloride and TDS data are plotted versus time for wells 3, 4, and 9, 

| | respectively. This graph also shows that downstream well chloride © 

| values were of the same Magnitude as the wastewater and that no dilution | 

occurred along the groundwater flow path (well 3 to well 9). 

Second, well 2 TDS, TKN, and chloride concentrations decreased from June 

(1984) to October (1984). These plots are illustrated in Figure 5.12a, 

5.12b, and 5-12c, respectively. TDS concentrations declined 42%, TKN's | 

| decreased 44%, and chlorides dropped 73%. These declines were attri- 

buted to the cell loading schedule. Cell 1 had not been loaded since 

September of 1983. With no wastewater recharge to the cell, the 

groundwater divide mentioned earlier shifted west and background quality 

groundwater was able to rcenetrate the well 2 region, diluting contami- 

nant concentrations. | 

®@ 
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FIGURE 5.11b | 

Mindoro Groundwater TDS Concentrations 
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FIGURE 5.12b | 
Well 2 Dissolved TKN Concentration | 
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Finally, nitrogen concentrations were more variable than chlorides © 

. values. This can be seen in Figure 5.13 where total nitrogen data are 

plotted versus time for wells 3, 5, and 9. This plot also Shows that 

nitrogen values increased downstream. Nitrate time plots shown for 

| these three wells in Figure 5.14 indicated that little NO3"-N was pre- 

sent in the groundwater and no changes in time were apparent. 

One final comment on the groundwater chemistry at Mindoro is in order. 

| To completely define the chemistry at this site, the installation of a 

well nest is recommended downstream of the ridge and furrow. This would 

indicate whether there was nitrification occurring or if a Sinking plume 

| existed. 

Unsaturated Zone Flow Rates 
eo or e 

Since furrows at the Mindoro ridge and furrow did not contain a solids 

barrier, one vertical unsaturated flow rate range was estimated. Two | 

| methods were used for this calculation; infiltration station results and | 

the methods of Bouma (1975). | 

Infiltration stations, installed in November (1984), were used as one 

method of determining unsaturated zone flow-through times. Results of 

| this work for cells 1 and 2 are presented in Figures 5.15 and 5.16 and. 

| Summarized in Table 5.7. Cell 3 was loaded in November and water head 

| in this infiltration station did not decline. Cell 1 and cell 2 sta- 

tions were located in areas that were not loaded during the project. | 

The cell 3 station was representative of unsaturated hydraulic conduc- 

tivities in a heavily loaded area. | 

© 
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FIGURE 5.13 | 
Mindoro Groundwater Total N Values 
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FIGURE 5.14 
Mindoro Groundwater Nitrate Values 
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FIGURE 5.15a 

Cell 1 Infiltration Results 
Rounds 1 thru 3 — 11/5/84 
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FIGURE 5.15b 
Cell 1 Infiltration Results 
Rounds 4 and 5 — 11/5/84 
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FIGURE 5.15c 

Cell 1 Infiltration Results 
Rounds 6 and 7 — 11/6/84 
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FIGURE 5.16a 
Cell 2 Infiltration Results 

Rounds 1 thru 3 —- 11/5/84 
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FIGURE 5.16b 
Cell 2 Infiltration Results 

Rounds 4 and 5 — 11/6/84 
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, ; TABLE 5.7 © 

| MINDORO 

INFILTRATION RATES 

CELL 1 

| ~ ‘Round H (em) t (min) en/d 

4 11.1 8 1998 

2 6.4 6 1536 

| 3 13.8 | 21 946 11/5/84 

| 4 11.6 33 | 506 | 

5 12.7 - 40 uS7 | 

6 14.8 30 : 710 11/6/84 

7 | 16.7 30 802 a ® 

| ; CELL 2 

Round H (em) t (min) em/d 

1 8.4 10 4210 

2 20.6 80 371 11/5/84 

3 13.9 116 173 

4 18.8 62.5 433 | 

5 18.8 103.5 262 

~169- | |



© Results plotted in Figures 5.15 and 5.16 show that head decline with 

time was linear and that infiltration rates decreased with each new test 

(round). Rates were faster in cell 1. These rates would have continued 

| to decrease with time (to a rate similar to cell 3) had time allowed for 

more tests. Since a lower steady-state infiltration rate was not found, | 

the lowest rate for each cell was used to calculate flow through times. 

It should be realized, however, that these times were on the high side. 

For cell 1, with an unsaturated flow rate of 457 cm/d, the following 

travel times were determined: 

1) Between the furrow and lysimeter 325 (at 2.5 feet depth) 
| - 4 hours, 

2) between the furrow and a water table at 5 feet depth 
| - 8 hours, 

| 

@ 3) between the furrow and a water table at 12 feet depth 
| oo, - 19 hours. 

For cell 2, with an unsaturated flow rate of 173 cm/d (Table 5.7), the | 

following travel times were determined: | 

| 1) between the furrow and lysimeter 415 (1.5 feet depth) 
| - 6 hours, | 

2) between the furrow and a water table at 5 feet depth 
- 21 hours, 

3) between the furrow and a water table at 12 feet depth 
| - 51 hours 

A technique based on work by Bouma (1975) was the second method used to 

: determine unsaturated zone flow rates. Assuming a constant soil tension 

of 20 em Ho0 and using Figure 1 (Appendix G) of Bouma (1975), a flow 

® rate of 1.5 em/day was found. This value was considerably lower than 

| -170— |



. rates determined in the field, but it was representative of a heavily © 

| loaded area such as the ponded regions of this system. Use of this 

infiltration rate, therefore, provided low travel time estimates. 

Using a 1.5 em/d flow rate, the following travel times were determined: 

1) between the furrow and lysimeter 415 (1.5 feet depth) 
- 30 days 

2) between the furrow and lysimeter 325 (2.5 feet depth) 
- 51 days, 

3) between the furrow and a water table at 5 feet depth 
- 102 days, and 

, 

4) between the furrow and a water table at 12 feet depth 
- 244 days. 

Based on these calculations, a realistic infiltration rate would have 

occurred between 1.5 and 457 om/d and a realistic travel time to a 12 @ 

| foot deep water table would have been between 2 and 244 days. Loaded 

areas at this site, however, most likely had unsaturated zone travel 

times (for i2 feet) on the order of hundreds of days. Installation of 

: tensiometers and further infiltration station work would have better 

defined unsaturated flow rates at Mindoro. 

| Furrow_ and Lysimeter Chemistry 

Mean and standard deviations of chemical parameters for each Mindoro 

furrow wastewater sampling point and lysimeter are listed in Table 5.8. 

| Complete data listings are given in Appendix HH. When comparing 

chloride averages, one can see that all Sampling points in Table 5.8 

were contaminated by the ridge and furrow wastewater. LySimeters 325 | 

and 415 were the only lysimeters providing samples. The reasons for the | 6 
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ve TABLE 5.8 

EY | 
Hey! ' MEINDORO MEAN AND STANDARD DEVIATION OF FURROW WASTEWATER 

AND LYSIMETER CHEMICAL PARAMETERS (unit mg/l except pH) 

| DISS TOTAI DISS DISS | TOTAL DISS DISS Total 
LOCATION BODs BODs COD TKN TKN NH3-N NO 5+NO Cl- TDS pH ; 

Lysimeter 415 4+0.6 --- 10+1.3 1.6+0.66 --- 0. 1+0.0* 8.0+8.0 53+21 491+43.8 6.240. 1 
(1.5* depth) (3) CA) (5) (5) (5) (8) (2) (4) 

Well 8@ 3. 240.42 --- 2544.3 2.54+1.1 --- 0. 3+0. 16 0.2+0. 1% 84+8.2 | 7444201 6.840.2' 
(7) (7) (7) (8) (8) (7) (7) (3) 

Header-Cell 2 --- 1400+0.@ 3600+0.0 30+12 86+32 11+0.0 0.1+0.0 100+27 --- 6.140. 1) 
| (1) (1) (2) (2) (1) (2) (2) (2) 

Furrow-Cell 2{ 220+0.0 --- 320+0.0 16+0.0 --- 16+0.0 1.0+0.0* 99+0.0 | 796+0.0 6.6+0.0 
(1) (1) (1) (1) (1) (1) (1) (1) ‘ | 

~3 Lysimeter 325 N+0.7 ~~ 35+33 2.04+1.3 --- 0.4+0.6 3.94+3.3 92+16 | 588+33.9 6.640. 1% 
! (2.5* depth) (2) (5) (5) (5) (5) (4) (2) (4) | 

Well 5@ 1147.7 --- 31+9.5 4.0+0.74 --- 3.0+1.0 0. 1+0.0* 9142.3 | 715442.4 6.740. 14 
(13) (12) (13) (13) (13) (13) (13) (8) | 

Header-Cell 3 --- 250+0.@ 1200+0.0 1542.8 42+25 12+2.8 0.7+0.48 82+0.7 --- 6.4+0.0 
(1) (1) (2) | (2) — (2) (2) (2) (1) 

| Furrow-Cell 3 --- 94+0.qQ 160+0.0 1541.4 20+3.5 1442.1 0.6+0.6* | 7741.4 --- 6.6+0.0 
(1) (1) (2) (2) — (2) (2) (2) (1) 

| Well 9@ 164+12* --- 47+28 2.8+0.73 --- 1.540. 34 0.14+0.04 | 92+12 | 607+89.9 6.7+0.14 — 
: (7) (7) (7) (7) (7) (7) (7) (7) 

| 

( ) indicates # of observations | 
@ Well values added for compar‘son of furrow & lysimeter concentrations to downstream well concentrations 
* Mean contains values above or below a detection limit; limit used in average



inability of the other lysimeters to provide samples will be discussed © 

a later in this chapter. Large data variations existed in the furrow 

| wastewater and lysimeters affected by cell loading, resulting in large | 

Standard deviations. Therefore, it was realized that these numbers do 

not fully describe the contamination and the averages were only used for 

relative comparisons. | . 

To determie unsaturated zone COD and total nitrogen losses in comparison 

to chloride dilution, the flow at the Mindoro ridge and furrow system 

was broken into three paths. They were: 

1) from the inlet, to lysimeter 415, to well 8; 

2) from the inlet, to the cell 2 header ditch, to the cell 2 

furrows, to lysimeter 325, to well 5; and 

3) from the inlet, to the cell 2 header ditch, to the cell 3 @ 

header ditch, to the cell 3 furrows, to well 9. 

Along the first flow path, chloride concentrations were diluted 16% from 

the wastewater (100 mg/l) to well 8. COD and total nitrogen averages 

: declined 98 and 92 percent, respectively, along the same path. This 

implied that actual average COD and total nitrogen reductions were 82 

and 76 percent, respectively. Reduction along this flow path are 

completely listed in Table 5.9. 

From Table 5.8, one notices that the lysimeter 415 chloride average was 

_ relatively lower than other furrow and lysimeter averages and its stan- 

dard deviation was high. This differgnce “was the result of the loading 

schedule. Since cell 1 was not loaded after September of 1983, the 

@ 
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© furrows adjacent to lysimeter 415 did not receive fresh wastewater 

during the study. Chloride concentrations decreased in lysimeter 415 

from 82 mg/l on 5/23/84 to 35 mg/l on 9/19/84. 

Along the second flow path at Mindoro, chloride concentrations were 

diluted 9% from the wastewater to well 5. COD and total nitrogen avera- 

ges declined 97 and 87 percent, respectively, along the same path. This _ | 

meant that actual average COD and total nitrogen reductions were 88 and 

| 78 percent, respectively. Reduction along this flow path are completely 

| listed in Table 5.10. 

Along the third flow path at Mindoro, chloride averages were diluted 8% 

from the wastewater to well 9. COD and total nitrogen averages 

decreased 96 and 91 percent, respectively, along the same path. This 

© implied that actual average COD and total nitrogen reductions were 88 

| and 83 percent, respectively. Reductions along this flow path are 

completely listed in Table 5.11. 

Nitrogen transformations observed in the applied wastewater at Mindoro : 

| were Similar to trends observed at Brodhead. As at Brodhead, Mindoro's 

wastewater nitrogen was principally in organic form. While this waste 

traveled in the header diteh, the organic-N mineralized to NHyt-N. In 

the cell 2 header ditch, the average TKN concentration contained | 

approximately 40% NHy*-N and in the cell 3 header ditch, the average TKN 

| value contained 80% NHy*t-N. As mentioned in the previous discussion, N 

| losses occurred alorg the header ditch. These were attributed to plant 

uptake of NHy* Since pH values were not conducive to NE 3 volatilization 

@ and little NO3-N was produced in the header ditch to promote denitrifi- 

: cation. | | 
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TABLE 5.9 

, | REDUCTIONS ALONG FIRST MINDORO FLOW PATH | | 

sora N % Cl REDUCTION| % COD REDUCTION] RELATIVE COD | % TOTAL REDUCTION | RELATIVE 
LOCATION Cl- COD TOTAL N FROM WASTE FROM WASTE LOSS FROM WASTE LOSS 

Wastewater 100 1200 32.4 | 0 4) 0 . 0 0 

Lysimeter 415| 53 10 9.6 aT 99 | 52 70 23 

Well 8 8y 25 2.7 | 16 98 82 92 76 | 

TABLE 5.10 — 

v | REDUCTIONS ALONG SECOND MINDORO FLOW PATH | 5 

' . 

Pe ee | % Cl REDUCTION .| 2 COD REDUCTION | RELATIVE COD] % TOTAL REDUCTION |] RELATIVE 
' | LOCATION _| Cl- COD TOTAL N FROM WASTE FROM WASTE LOSS FROM WASTE LOSS 

Wastewater 100 1200 32.4 0 0 0 0 0 

| Cell 2-Header | 100 | 3600 30.1 0 _-- --- 7 7 

Cell 2-Furrows | 99 320 17 . 1 73 T2 47 46 

Lysimeter 325 92 35 5.9 8 97 89 82 74 

Well 5 91 31 | 4e1 9 97 88 87 78 

~ average concentrations used 

-~ 4 Relative loss = % total reduction —- % chloride dilution



@ ©@ @ 

TABLE 5.11 

| REDUCTIONS ALONG THIRD MINDORO FLOW PATH. 

| 

) 4 Cl REDUCTION | % COD REDUCTION] RELATIVE COD] % TOTAL REDUCTION | RELATIVE | 
| LOCATION c1-| cop | TOTAL N FROM WASTE FROM WASTE LOSS FROM WASTE LOSS 

Wastewater 100 | 1200 32.4 0 oO 0 0 0 

Cell 2-Header | 100 3600 30.1 0 --~ --- 7 7 

Cell 3-Header| 82 | 1200 15.7 18 | Oo | --~ 52 34 

Cell 3-Furrow| 77 160 15.6 23 87 64 52 29 

Well 9 92 N7 2.9 8 96 88 91 83 

Ln - average concentrations used | 

o - % Relative loss = % total reduction - % chloride dilution 
(



Once wastewater entered the furrows from the header ditch at Mindoro, ©] 

- | this ammonification to NHy*-N was completed. Furrow sample TKN's 

| | collected contained 85 to 100% ammonium. Nitrogen losses, as previously 

discussed, were also observed in furrow samples as compared to the 

applied wastewater. Since furrow pH values were low and no nitrate was 

| produced, these N losses were most likely the result of plant uptake of 

_NHy*-N. Nitrogen losses were higher in cell 2 furrows than in cell 3 

furrows on average. 

As the wastewater percolated from the furrows, through the unsaturated 

zone, to the groundwater, simultaneous nitrification and denitrification 

were found to occur at Mindoro. Both lysimeter 325 and 415 samples con- 

tained nitrate (see Table 5.8) and total N values were lower in these 

lysimeters than the overlying furrow samples. Samples from wells 5, 8, ®@ 

and 9 indicated a further decrease in total nitrogen averages, as well 

as nitrate losses, in the unsaturated zone. Nitrification occurred in 

the upper aerated section of the unsaturated zone. This section also. 

contained anaerobic microenvironments which facilitated denitrification 

| losses. Plant uptake of nitrate and ammonium could also have accounted 

for N losses in this upper layer. As flow continued to the water table, 

denitrification losses continued. Ammonium adsorption was neglected 

assuming that all exchange sites were saturated. 

| | By comparing total and dissolved TKN results for wastewater, header, and 

| furrow samples, the same nitrogen solids dissolution pattern that was 

observed at Brochead was established at Mindoro. These data are pre- 

sented in Tahle 5.12. AS mentioned earlier, the Mindoro wastewater con- 

> 
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® tained nitrogen primarily in organic-N form. Twenty to 45% of this 

| organic-N was tied up in wastewater solids. Total TKN concentrations in 

the header ditch were quite variable and were usually higher than waste- 

water values. In the cell 2 header, 40-80 percent of the TKN was tied 

up in solids. In the cell 3 header, 45-70 percent of the TKN was tied 

up in solids. . 

TABLE 5.12 

MINDORO WASTEWATER, HEADER, AND FURROW WASTEWATER NITROGEN RESULTS 

DATE TOTAL TKN DISS TKN DISS NH3-N DISS NO 3-N+NOo=N 

- WASTEWATER | 

10/16/84 40 31 0.9 0.8 

@ 11/6/84 29 16 T.4 0.6 

| HEADER - CELL 2 } 

, 10/16/84 108 21 11 0.1 

11/6/84 63 38 -- 0.1 

HEADER - CELL 3 

10/16/84 59 17 14 0.4 

: 11/6/84 24 13 10 <1.0 

FURROW - CELL 3 

10/16/84 17 14 12 0.1 | 

11/6/84 22 16 15 | oe S100, 
Popo Le 
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Due to the poor distribution of wastewater at Mindoro, suspended solids © 

| settled in the header ditch. Ammonium concentration in the header ditch 

were the result of ammonification of these settled solids and diffusion 

of NHy*-N into the overlying water column. This was the same event that 

| was observed at Brodhead. Due to plugging of furrow inlets, flow 

| entering the furrows was analogous to the overflow of wastewater over 

the weir of a clarifier. Furrow samples were low in solids and only 

20-30 percent of the total TKN was tied up in solids. Also, about 70% 

of the TKN was in ammonium forn. 

A final comment on furrow and lysimeter chemistry at Mindoro concerned 

pH. Even though the mean wastewater pH was 7.5, header, furrow, and 

lysimeter pH values were consistently between 6.1 and 6.6. Since negli- | 

gible nitrite was found in header and furrow samples, this pH lowering © 

was not the result of nitrification. Tusneem and Patrick (1971) attri- 

buted a similar pH reduction to volatile acid production. In aerobic 

and anaerobic degradation of organic matter, organic acids are the final 

product of glycolysis. In anaerobic environments (eg. header and furrow 

water), terminal oxidation is suppressed and organic acids accumulate. 

This process was most likely the reason for lower pH in downstream wells 

| at Mindoro and Brodhead as well. 

Grass Uptake of Nitrogen 

Six grass samples were cut at the Mindoro ridge and furrow system during 

the 1984 growing season. Two samples were collected in April before 

| growth began, two were taken in July at peak growth, and two were taken 

- © 
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© in November during declining growth. Average results of these analyses 

- are shown in Table 5.13. Calculations are presented in Appendix IT. a 

These results were used for the following purposes: 1) to determine the 

. plant nitrogen uptake during the growing season; 2) to calculate the | 

effect of grass burning on nitrogen losses, and 3) to estimate a plant ~ 

Aitrogen uptake value for a nitrogen budget. | | 

TABLE 5.13 | 

MINDORO GRASS NITROGEN RESULTS 

lb of | 
Dry lb N lb N ZN 

bs Grass 4 Ash On Site On Site Lost 
on Site %N Dry § After %N Before After Due to 

Date (1b) Wt Basis Burning of Ash Burning Burning Burning 

4/26/84 22,255 1.56 17.1 2.49 347 95 72.6 

© 7/12/84 29,962 2.15 8.5 0.64 64y 16.3 97.5 

- 11/6/84 44,439 1.0 8.9 0.31 Hay 12.2 97.2 

~ weights are for total site area (3 acre) extropolated from sample area 
results . 

The mass of nitrogen on site calculations indicate that plant uptake of 

nitrogen was high in late spring and early summer. Plant nitrogen con- 

tent decreased in the fall as plants died and nitrogen moved to the root 

zone. At the end of the growing season, 444 1b nitrogen was contained 

on site in the standing cover crop. 

_ The operator of the Mindoro ridge and furrow system burns site grasses 

| in the spring to eliminate dead grass accumulation and to stimulate new 

| growth. Collected grass samples. were burned and analyzed for percent 

© - ash and percent N in ash to determine the effect of grass burning. 
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Total pounds of ashenitrogen on site were highest in April at 95 lbs as 6 

shown in Table 5.13. The July ash sample indicated 16.3 lbs of nitrogen 

| on site after burning and the November sample indicated i2.2 lbs. A 

| range of 72-98% nitrogen loss by burning was observed when comparing 

total nitrogen in the site grasses before and after burning. The lowest 

loss occurred in April. - : 

Since Site grasses were burned in early spring, the 95 lbs of nitrogen 

on Site after burning was immobilized into the soil. Since this mass 

did not leave the material balance, it was not a loss or an addition to 

the budget. Grass nitrogen losses during the growing season studied 

(4/26/84-11/6/84) were those lost from burning in April or 252 lb. This 

| nass was used in the nitrogen budget estimate. 

| TABLE 5.14 © 

: | MINDORO: SEVERSON COULEE CREEK QUALITY | 

Total] Tota | | Field | 
| Location BODs COD C17 TKN NH2-N NO.=N pH 

| Upstream 340.09 640 | 7,440.71 | 0.2+0.0 | 0.1+0.0 0.840207 8.0+0.0 

(2) (2) (2) (2) (2) (2) (1) 

Midstream 340.08 5+0# | 7,841.2 | 0.240.0 | 0.140.0 | 0.8+0.0 {| 8.0+0.0 
(2) (2) (2) (2) (2) (2) (1) 

Downstream | 3+0.08 740.0 7.6+0.56 | 0.4+0.07 0.1+0.0 | 0.8+0.0 | 8.0+0.0 
| | (2) (2) (2) (2) (2) (2) (1) 

- all values mg/l except pH 

- ( ) is # of observations | 

# mean includes data below detection limit; limit used in average 

© 
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© . Severson Coulee Creek Chemistry | 

Mean and standard deviations of upstream, midstream, and downstream 

: Severson Creek samples are tabulated in Table 5.14. Complete data are 

located in Appendix JJ. All values were low and were uniform upstream to 

| downstream. The Mindoro ridge and furrow system did not adversely | 

affect this creek. 

Site Observations 

During the course of this study, the following site observations were 

| made at the Mindoro ridge and furrow: 1) wastewater distribution and 

solids build-up in furrows, 2) cover crop, 3) winter operation, 4) moni- 

| toring equipment performance, and 5) slope stability. 

® At Mindoro, only 40% of the furrows received waStewater and only 30% of 

the total area was loaded during the project. Dead grass accumulation 

has plugged furrows in the northern half of cell 1, the southern 75% of 

cell 2, and the southern half of cell 3. The header ditch design was 

| not efficient as well. Since the inlet was located in cell 1, the 

southern half of this cell continually received wastewater. The stop 

gates between cells were in need of attention. Wastewater flow either 

went through or underneath then, causing cells 2 and 3 to also receive i. 

continuous load. An improvement of wastewater distribution at this site 

could considerably improve treatment by spreading the load over more 

area and providing more soil aeration. Since many of the furrow ope- 

nings were plugged, most of the wastewater suspended solids settled in 

; the header ditch. There was no noticeable solids accumulation in the 

e furrows. . | 7 
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The cover crop of canary grass at Mindoro flourished with the additional . © 

| water and nutrients provided by the wastewater. During early spring, 

| before site burning, grasses were brown and knocked down to about knee 

high. Thick grasses grew head high during spring and early summer in 

| used portions of the system. In August and September, grasses were 

browning and knocked down by wind. Grass was completely brown and 

knocked down to about hip high in November. Grasses in unused portions 

of the system were not as thick and only knee high. Since furrows were 

| only two feet wide, these tall grasses provided furrow protection during 

| the winter months. | 

Winter operation at the Mindoro ridge and furrow was not a major problem 

Since wastewater effluent temperatures were warm. The southern quarter 

of cell 1 and northern quarter of cell 3 received wastewater during sub- e@ 

- gero weather. During above-zero whether, however, most of the area nor- | 

mally treating wastewater was operable. Once system loading began, the 

ice would melt and infiltration would continue. Header ice conditions 

ranged from no ice near the inlet to six inches at the far north end. 

Furrow ice conditions ranged from no ice near the header, to one inch 

thick ice with wastewater or air underneath, to completely (two inches 

thick) frozen. 

| The monitoring equipment used at this site was quite adequate. The only 

problems which occurred concerned the Teflon lysimeters. To obtain a 

| sample of sufficient volume (greater than 50 ml) for chemical analysis, 

a 20-inch (mercury) vacuum was applied to a lysimeter and a two to 24 

hour vacuum period was used. This technique was successful for lysime- 
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© | ters 325 and 415 only. The background lysimeters (21, 25, 211) lost a 

: ‘vacuum within 15 minutes. This was most likely the result of easy air 

entry from the surface or low soil moisture. A high, continuous vacuum 

| or a bentonite seal may have been necessary to obtain a sample. Lysi- 

meters 36 and 310, located in cell 2, did not provide samples but did 

maintain a 20 inch (mercury) vacuum for more than a month. These units 

were installed in soils with a higher clay content. A high soil mois- | 

ture tension, caused by low moisture content, was most likely the reason 

: for the failure of these lysimeters to obtain samples. 

Winter conditions also caused trouble with lysimeter operation. During 

sub-freezing weather, ice droplets would form in the Tygon tubing and 

the tubing itself would contract. The pressure provided by the hand 

® pump could not overcome these blockages. Lysimeters were not used from 

December (1983) to March (1984) at this site. | 

A final site observation concerned slope stability along the southern 

half of the west system boundary. Site topography from well 6 to the | 

creek drops at least 20 feet. Obvious soil creep was noticed near well 

6. This slope movement should be monitored in the future so the 

integrity of the cell 1 berm can be maintained. 

Mindoro Nitrogen Budget 

A nitrogen balance was estimated for the unsaturated zone at the Mindoro 

. pidge and furrow system. Wastewater flow readings, wastewater nitrogen 

data, plant uptake results, and well 5 nitrogen 'dafa-neré “used in this 

estimate. The balance was on an annual total pounds basis. 
@ | 
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Additions to the budget came from applied wastewater nitrogen. Total © 

| TKN plus NO3-N averages were used assuming all N eventually entered the 

Soil. AS with the Brodhead budget, additions to the system by nitrogen 

fixation, rainfall, and organic soil debris mineralization were assumed | 

negligible. Nitrogen losses in the balance were be plant burning and 

leaching. The difference between these additions and losses was 

accounted for by denitrification. It was further assumed that precipi- _ 

tation and evapotranspiration were approximately equal (ie. all vertical 

flow was from wastewater), no volatilization occurred (pH less than 9), 

and all soil NHy*-N adsorption sites were saturated (ie. no soil 

storage). Table 5.15 tabulates the results of this budget; calculations 

are presented in Appendix KK. 

| TABLE 5.15 @ 

NITROGEN BUDGET ESTIMATE = MINDORO SITE 

| Addition/Loss lb/yr @ of Applied N 

Wastewater Applied N 1381 100 

| Plant Uptake Loss 252 18 

Leaching 175 13 

Denitrification 954 69 

ee 

With this procedure, a denitrification loss of 69% of applied nitrogen 

| was calculated for the Mindoro site. This figure was similar to flow 

path losses discussed previously in this chapter. Leaching acecunted 

for 13% of applied N loss and plant uptake accounted for 18%. 
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e CHAPTER 6: COMPARATIVE DISCUSSION OF THE 

BRODHEAD AND MINDORO RIDGE AND FURROW SITES 

Brodhead and Mindoro ridge and furrow system nitrogen budgets, 

wastewater organic loadings, nitrogen transformations, and operation and 

maintenance were compared in order to discuss the treatment and perfor- | 

| mance of ridge and furrow systems. 

| Nitrogen Budget | 

On a total pounds/year basis, the Brodhead ridge and furrow received 

5375 1b N/yr while Mindoro treated 1381 1b N/yr, almost four times less. 

If actual area loading rates are used, however, the nitrogen applied at 

Brodhead and Mindoro was 1144 lb N/acre/year (3.1 1b N/acre/day) and | 

© 1534 lb N/acre/year (4.2 1b N/acre/day), respectively. With improved 

a distribution at Mindoro, the nitrogen loading rate could have been 460 

lb N/acre/year (1.3 1b N/acre/day). 

The nitrogen budget estimates for the Brodhead ridge and furrow sites 

| Showed that denitrification was the major sink for applied wastewater 

nitrogen. Denitrification accounted for 66% of wastewater-N loss at 

Brodhead and 69% of the applied-N loss at Mindoro. These percentages 

matched those cited earlier in the literature (Patrick and Goth, 1974; 

| Tusneem and Patrick, 1971; Reddy and Graetz, 1981; Chen and Patrick, | 

1981; Olson et. al., 1980; and Leach and Enfield, 1983). Respective 

denitrification rates were 751 1lb/acre/year at Brodhead and 1060 ‘ 

lb/acre/year at Mindoro using actual loaded areas. If the total Mindoro 

site area was used, a denitrification rate of 318 1lb/acre/day resulted. 

eo As stated earlier, improved wastewater distribution may have increased 
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denitrification loss by providing soil aeration and lowering the ground- @ 

water mound. Lowering the mound would increase the unsaturated zone | 

travel time. 

Plant uptake losses accounted for 0% of applied wastewater nitrogen at 

Brodhead and 18% (or 280 lb N/acre/year) at Mindoro. Even though a crop 

nitrogen uptake of 74 lb N/acre/year was observed at Brodhead, grass | 

nitrogen losses were zero since the crop was not burned in the spring. 

Whatever nitrogen that was taken up during the growing season was 

returned again by the dead plants resulting in a zero net loss. Spring 

burning of the dead grass at Mindoro removed 73% of the nitrogen con- 

tained in the crop. A nitrogen uptake of 493 1b N/acre/year, using the 

actual loaded area was found at Mindoro for the 1984 growing season. 

Uptake using the total site area was 148 lb N/acre/year. Higher crop © 

| | uptakes at Mindoro were attributed to the silt loam soil. The soil's 

lower infiltrative capacity improved the availability of nutrients and 

water to the plants. Burning may also have enhanced nutrient uptake. 

| The remaining loss of applied wastewater nitrogen was through leaching 

from the unsaturated zone to the groundwater. Leaching losses accounted 

for 34% (392 lb N/acre/year) of applied nitrogen at Brodhead and 13% 

. (193 lb N.acre/year) of added nitrogen at Mindoro. A rate of 58 

lb N/acre/year was calculated if total site area was used for Mindoro. 

Higher leaching losses at Brodhead resulted from the higher travel times 

through cne sandy soils. These faster travel times meant a shorter con- 

tact time between the percolating wastewater and the denitrifying soil 

bacteria. 

® 
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© Finally, it should be remembered that inputs of nitrogen by fixation and 

‘precipitation, losses by volatilization, and soil absorption were 

. assumed negligible. These assumptions seemed practical and were 

discussed previously. | 

Wastewater Organic Loading Rates | 

| AS stated in the last section, Brodhead received 1144 1b N/acre/year 

(3.1 1b N/acre/day) while Mindoro treated 1534 lb N/acre/year (4.2 

lb N/acre/day). Currently, the Wisconsin DNR does not have a nitrogen 

loading limit. Using the nitrogen budget results, a suggested total | 

| ) nitrogen loading rate was suggested for each site in order to meet a 5 

mg/l total nitrogen increase above background quality in the groundwater 

- beneath the site. The choice of 5 mg/l was arbitrary; the intent was to 

© present two procedures in which to calculate a loading rate. Proposed 

. loading rates were determined using both the percentage of denitrifica- 

tion loss and the rate of denitrification loss. It was assumed that 

| denitrification and leaching rates would remain constant under changes 

7 in the nitrogen loading rate. | | | 

At Brodhead, 34% of the applied wastewater nitrogen leached to the . 

| groundwater and 66% of the added nitrogen was lost through denitrifica- 

| tion. At the current loading rate, the concentrations in lysimeters 3 

and 6 were 9.0 and 21.7 mg/l total nitrogen on average. These lysime- 

| ters were considered to represent unsaturated pore water upon entering 

the groundwater. In order QO set a necessary wastewater concentration | 

to meet a 5 mg/l increase, this value was divided by the leaching per- 

© centage, or 0.34. This was based on an earlier assumption that waste- | 
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| water flow volume and leaching flow volume were essentially equal. | With © 

this procedure, a wastewater concentration of 15 mg/l total nitrogen 

would be needed to meet a 5 mg/l groundwater concentration increase. | 

Using the average wastewater flow of 39,500 gpd, this would result in a 

nitrogen loading rate of 384 lb N/acre/year (1.05 lb N/acre/day). This 

rate is about a third of the present rate. In order to meet this rate, 

7 - the Brodhead ridge and furrow system would have to be expanded or 

| wastewater pretreatment before application to the furrows would be 

needed. | | : 

| The denitrification loss rate of 751 1b N/acre/year at Brodhead was also 

used to suggest a nitrogen loading rate at this site. Assuming that the 

average wastewater flow rate of 39,500 gpd equals the leaching flow rate, 

a Titrogen leaching rate of 128 lb N/acre/year would increase the lysi- 6 

meter total nitrogen concentration 5 mg/l above background. The sum- 

_ Mation of these two rates (751 + 128) would account for a new suggested 

wastewater loading rate of 879 lb N/acre/year. This corresponds to an 

average wastewater total nitrogen concentration of 34 mg/l which is 75% 

of the current nitrogen concentration. 

At Mindoro, 13% of the applied wastewater nitrogen leached to the 

groundwater and 69% of the added nitrogen was lost through denitrifica- 

tion. At the current loading rate, the highest average total nitrogen 

concentration in the groundwater beneath the system was 4.1 mg/l. The 

current rate of 1534 1b N/acre/year (or 4.2 1b N/acre/day) was adequate 

to meet a 5 mg/l total nitrogen groundwater concentration increase above 

e 
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| @ background. With improved wastewater distribution and proper load/rest 

" : cycling, the Mindoro site could most likely treat a higher nitrogen 

loading rate if necessary. 

It should be remembered that these suggested rates do not apply to all 

ridge and furrow systems but only those with similar hydrogeological 

_ characteristics to Brodhead or Mindoro, respectively. 

Using the actual site area loaded during the study, both Brodhead and 

Mindoro had average BODs loading rates over the 100 1b/acre/day DNR 

limit. Brodhead's average rate was 125 lb/acre/day while Mindoro's rate 

was 108 lb/acre/day. Site expansion, pretreatment, and wastewater 

distribution improvement are all possible methods to meet this standard. 

@ Based on project results, however, the COD concentrations (which follow 

. - BODs values) were greatly reduced as wastewater infiltrates from the 

furrows, through the unsaturated zone, and down gradient in the ground- 

water. Tables 6.1 and 6.2 summarize COD reductions at Brodhead and | 

Mindoro, respectively. Both ridge and furrow systems had high COD 

| reductions (96-99%) at the sampling locations indicated but these site , 

decreases were achieved differently. Brodhead reductions were aided by 

| | | dilution, as indicated by the chloride data (16-80% chloride dilution). 

. Cell 1 unsaturated zone actual COD reductions, as indicated in lysime- 

ters 2 and 3, were relatively high at 72-82%. With contined use of the 

: 2 week/1 week load/rest cycle, the groundwater most likely will reflect 

these losses as well. Mindoro declines were mainly biological, with 

52-89% actual COD losses. Since nitrification was observed at both 
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| TABLE 6.1 | © 

SUMMARY OF RELATIVE COD 

REDUCTIONS AT BRODHEAD 

AVE® AVE*® C17 % COD % ACTUAL COD 

LOCATION C1 COD REDUCTION REDUCTION LOSS 

Wastewater 930 2390 0 0 0 

Lysimeter 2 690 51 26 98 T2 

Lysimeter 3 780 56 16 98 82 | 

Lysimeter 5 400 32 57 99 4a 

Lysimeter 6 390 20 58 99 44 

Well 15 570 57 39 98 59 

Well 10A 380 17 59 99 40 

Well 10B 630 24 32 99 67 

Well 14 190 18 80 990 19 © 

# units: mg/l 

TABLE 6.2 

SUMMARY OF RELATIVE COD : 

REDUCTIONS AT MINDORO . 

AVE® AVE® %C1- % COD % ACTUAL COD 

| LOCATION C.7 COD REDUCTION REDUCTION LOSS | 

Wastewater 100 1200 0 0 0 . 

Lysimeter 32 a | 35 8 97 89 

Lysimeter 41. 52 10 47 99 52 

Well 5 91 | 31 9 97 88 

Well 9 92 47 | 8 96 88 

| # units: mg/l | © 
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o sites, it was determined that applied BODs (or COD) did not impart a 

| high oxygen demand on the soil system which would have inhibited this 

transformation. | 

The present BODs5 loadings at both sites are, therefore, not overtaxing 

the treatment capacity of the soil. COD reductions of 96-99% occurred : 

at both sites and nitrogen reductions were not impaired by the applied 

oxygen demand. Load/rest cycle most likely aided in controlling 0o 

demand, especially at Brodhead. 

NITROGEN TRANSFORMATIONS 

A similar nitrogen transformation pattern was observed at both the 

Brodhead and Mindoro ridge and furrow systems. Little ammonia rolatili- 

© | zation occured since wastewater pH values were less than nine. Both 

: site wastewater samples had average pH values of 7.5. . 

The nitrogen content of the wastewater at both sites was mainly in 

| the organic form. On average, the total nitrogen concentration at 

Brodhead contained 88% organic-N while the Mindoro total N concentration 

contained 96% organic-N. Twenty-five to 40% of this organic nitrogen 

was associated with the solid form as well. These solids subsequently 

settled and accumulated in the furrows at Brodhead and the header ditch 

at Mindoro. : 

The organic-N in these settled solids mineralized to ammonium and this 

diffused into the overlying furrcw water column. Dissolved organic 

nitrogen also mineralized to NHy*-N in the furrows. Furrow TKN samples 

@ 
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FIGURE 6.1 

Mindoro Site 
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FIGURE 6.2 
_ ~ Mindoro Site 

Lysimeter 415 Nitrogen Concentrations 
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FIGURE 6.3 
Mindoro Site 

Well 5 Nitrogen Concentrations 
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® at both sites contained 54 to 100% ammonium. The literature in Chap- 

| ter 2 stated that mineralization was favored at C:N ratios below 20 

to 30:1. For wastewater, this ratio was represented by the ratio : 

BODs5:TKN (EPA, 1975). The BODs:TKN ratios in this project were 42:1 and 

26:1 for the Brodhead and Mindoro wastewater, respectively. The 

Brodhead C:N ratio was high but furrow samples had BOD>s:TKN ratios 

ranging from 21 to 34:1, which would promote mineralization. fFurrow 

wastewater pH values were not condusive to ammonia volatilization. | 

. AS ammonium infiltrated the unsaturated zone, it was aerated to nitrate 

at both sites. This transformation occured between lysimeters 1 and 

2 (or 1 and 3 feet depth) underneath cell 1 at Brodhead, between the 

furrow and the water table (or 0 and 5.5 feet depth) underneath cell 2 

@ at Brodhead, and the upper few feet of the unsaturated zone at Mindoro. 

: Tables 4.7 and 5.8 and Figures 4.26, 4.27, 4.31, 4.32, 4.33, 6.1, 6.2, 

and 4.12 illustrate this change. | 

This nitrate denitrified to nitrogen gas (NO, NoO, or No) as the per- 

colate ecountered anaerobic microzones in the unsaturated zone at both 

ridge and furrow sites. This transformation was verified by observing 

nitrate decreases between lysimeters 2 and 3 (between 3 and 4.8 feet 

depth) beneath cell 1 at Brodhead, between lysimeter 6 and well 15 

(between 3.6 and 5.5 feet depth) in November (1984) at Brodhead, and 

. between the shallow lysimeters (L325 and L415) and the water table at 

Mindoro. These changes were illustrated in Tables 4.7 and 5.8 and 

| Figures 4.27, 4.28, 4.33, 4.12, 6.1, 6.2, and 6.3. As mentioned in 

@ 
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= Chapter 4, well 17 nitrogen concentrations did not reflect recent well 1. © 

nitrification or denitrification due to the slow groundwater velocities. 

: Ammonium concentrations averaged 30 mg/l in this well. 

It should finally be noted that the nitrogen transformations were 

quite dynamic at Prodhead. Nitrogen species in certain lysimeters 

or wells did not remain consistantly nitrate or consistantly ammonium 

during the project. Data from lysimeter 2, lysimeter 3, and well 15 

were good examples (Figures 4.27, 4.28, 4.12). During the late summer 

, | (1984), nitrogen values switched from being mainly ammonium to being 

: mainly nitrate in these lysimeters. In well 15 ammonium concentrations 

increased dramatically in late summer (1984). This was followed by a 

dramatic rise in nitrate values, with concurrent ammonium decreases in 

 Oetober (1984). Nitrate decreases in November (1984) subsequently © 

| followed. Such radical changes were not observed at Mindoro. | 

| The dynamic nature of nitrogen transformations was most likely the 

result of the load/rest cycle. Nitrate production was encouraged by 

soil aeration during resting and inhibited by cell overloading. These 

| transformations or increases/decreases could not be especially related 

to the load/rest cycle when comparing time concentration plots to the 

| loading schedule, however. | 

Ridge and Furrow Operation and Maintenance 

| Operation and maintenance is an important yet often neglected aspect of 

a ridge and furrow treatment system. Wastewater distribution and 

infiltration, load/rest cycling, winter operation, and annual cover crop | 

burning are all aspects of operation and maintenance which influence © 

. wastewater treatment and disposal. 
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@ 
- Wastewater distribution at the Brodhead site was complete, meaning that 

| all cell furrows received waste during a loading cycle. This allowed 

for even distribution of liquid and centaminants over the entire site 

area which improved the hydraulic (infiltrative) capacity and con- 

| taminant reductions (eg. nitrogen reduction) of the site. Due to grass 

overgrowth and leaky header gates, the wastewater distribution at 

| Mindoro was poor. Even though cell loading changes were made, the same 

area (0.9 acres) was loaded throughout the study. As a result, ponding 

of wastewater occurred in the far north and south ends of the system 

| with other regions receiving little or no wastewater. Overloading of 

waste in the ponded areas reduced the soils infiltrative capacity and 

could also have decreased the soil's ability to reduce contaminant con- 

. centrations. , 

© 
a Load/rest cycling of cells at a ridge and furrow site is also an impor- 

tant part of system operation. It alternately aerates and deaerates the 

soil which stimulates nitrogen reductions by nitrification and denitri- 

 fieation. After strictly loading cell 1 before 1980, the Brodhead 

system had utilized a consistant two week load/rest pattern. This was 

modified during the project to determine the effect of a shorter cycle 

(one week beginning October 1984) on wastewater treatment in the unsa- . 

turated zone. The impact of a shorter cycle was favorable beneath cell 

2 as well 15 total nitrogen concentrations decreased from almost 80 mg/l 

to less than 10 mg/l during October (1984). Future sampling would be 

needed to determine if low levels would continue or if well 15 con- 

| centrations were inherintly variable. 

oe - 
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| After November 20, 1984, the Brodhead system has been on a cycle which © 

loads cell 1 for one week and rests it for two. Cell 2 has been 

| operated in the opposite mode. This was done to improve the soil aera- 

tion beneath cell 1 and also improve the cell's infiltrative capacities. 

As mentioned in Chapter 4, the cell 1 infiltration rates were slower | 

than those in cell 2. Improved soil aeration may cause groundwater 

around well 17 to nitrify as those around well 15. 

The Mindoro ridge and furrow has been on a one month loading, two month 

resting schedule for each of its three cells. The site operator has not 

followed this pattern strictly, however. This, combined with the slower 

unsaturated flow rates and poor wastewater distribution, has resulted in 

the observed ponding. Following the 2/1 schedule more closely would | 

result in better soil aeration and possibly improved contaminant © 

- reduction. ce | 

. Winter operation was not a problem at the ridge and furrow sites 

Studied. Both had wastewater effluent temperatures warm enough to melt 

existing ice and snow and to allow percolation into the soil. Distrib- 

ution of wastewater remained excellent at Brodhead and fair at Mindoro 

during subzero temperatures. 

Annual grass burning at ridge and furrow sites is also an important 

maintenance procedure at some systems and could be at other sites. 

Besides volatilizing cover crop nitrogen, burning clears the furrows of | 

dead grass and enhances new spring erop growth. An 18% nitrogen loss 

occurred during burning at Mindoro and a possible 3% nitrogen loss could . 

| have occurred at Brodhead had the operator burned at that site. Spring © 

| burning of grass is recommended for all sites where it is feasible. 
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© System Performance | 

When comparing downgradient contaminant concentrations at both sites, . 

the Mindoro ridge and furrow system appeared to impact groundwater 

quality less than the Brodhead system. Downstream wells at Brodhead 

contained total nitrogen concentrations greater then 10 mg/l on average. 

This nitrogen was also in NHyt-N form. Nitrogen concentrations averages 

in downstream wells at Mindoro were consistantly below 5 mg/l. These 

downgradient values do not provide the complete picture however. 

Brodhead concentrations in wells 10A, 10B, and 14 were indicative of 

past use. Loading changes made during the course of this project would 

| not be reflected in these wells until the spring of 1987 due to the tra- 

vel times involved. 

@ During this study, nitrogen and COD reductions in the unsaturated zone, 

| as demonstrated by nitrogen budgets and data comparisons (Tables 6.1 and 

6.2), were Similar at Brodhead and Mindoro. The percentage of applied 

wastewater nitrogen leached was the major difference in the unsaturated 

zone treatment provided at these sites. At Brodhead, 34% of applied -N 

was leached; at Mindoro, 13% of applied -N was leached. This difference 

was attributed to the different soil types at the respective sites. At | 

Brodhead, the sandy soil allowed for faster unsaturated travel times. 

This limited the available nitrification and denitrification time 

which allowed ammonium and nitrate to reach the groundwater only par- 

tially treated. Uniform wastewater distribution and proper load/rest 

operation were critical to treatment at Brodhead to keep the soil alter- 

nately aerated and deaerated. Considering the infiltrative capacities 
© , | 
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of cell 1 and cell 2, the 2 week cell 2 loading followed by a 1 week © 

cell 1 loading would optimize nitrogen and COD reduction at Brodhead. 

Higher nitrate concentrations in lysimeters 5 and 6 and well 15 could be 

reduced if cell 2 received a longer loading; high ammonium values in 

well 17 could be nitrified if cell 1 underwent a longer resting period. 

The Mindoro site provided good treatment of wastewater nitrogen even 

| though flow distribution and load/rest operation were poor. The silty 

loam soil, with its slower unsaturated and saturated zone travel times, 

overcame these operational problems. Better treatment could have been 

obtained with improved distribution and a strict load/rest cycle. 

| In general, nitrogen reductions at ridge and furrow sites are dependent 

on the soils infiltrative capacity, the wastewater distribution effi- 

ciency, and the load/rest cycle. : © 

roy 2 

© 
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® CHAPTER 7: CONCLUSIONS | 

The following were conclusions of the ridge and furrow study at 

Brodhead and Mindoro: | 

1) Sixty-six to 69% nitrogen losses were observed in nitrogen budgets 

around the unsaturated zone at both sites. These were attributed 

| to denitrification. Leaching accounted for the fate of 34% and 

13% of applied nitrogen at Brodhead and Mindoro, respectively. 

Plant uptake losses accounted for 0% and 18% at Brodhead and 

Mindoro, respectively. These budgets are summarized in Table 7.1. 

2) Since nitrification occurred in the unsaturated zone at each site, 

it was concluded that the BODs wastewater loading did not place an 

© oxygen demand high enough to inhibit this transformation. 

3) Actual COD (after dilution) reduction in the unsaturated zone 

ranged from 41-82% at Brodhead and 52-89% at Mindoro. 

4) Nitrogen and COD reductions were dependent on infiltrative capa- 

city, which affected travel times, wastewater distribution effi- 

ciency, and the load/rest cycle. The distribution and load/rest : 

eycling were more critical at Brodhead, where unsaturated zone 

flow times were fast (three days). 

5) The wastewater nitrogen applied at both sites was mainly in 

| organic=-N form. Much of this organic-N was contained in the 

suspended solids of the wastewater and settled in furrows upon 

© loading. This organic-N then ammonified to dissolved ammonium and 

_ diffused into the overlying furrow wastewater. 
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/ ) , TABLE 7.1 | : 

. SUMMARY OF RIDGE-AND FURROW 

- _ NITROGEN BUDGETS : 

| lb/acre/yr % lb/yr | lb/acre/yr % 

Total N Loading 5375 1144 100 1381 1534 100 

oo Losses Due to 

Denitrification 3529 751 66 954 1060 69 

Leaching 1845 392 34 175 193 13 

Plant Uptake 0 0 0 252 280 18 @ 

. #Areas: Brodhead - 4.7 acres 

Mindoro - 0.9 acres 
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| 6) Dissolved ammonium was the primary form of nitrogen in the furrow 

@ wastewater. As this percolated into the unsaturated zone, nitri- 

| fication occurred within 3 feet (cell 1) and 3.6 feet (cell 2) at 

Brodhead and 1.5 feet at Mindoro. Denitrification of this nitrate 

was observed below 3 feet depth (cell 1) and 3.6 feet depth (cell 

2) at Brodhead and through the entire unsaturated profile at 

| Mindoro. | 

7) In order to meet a 5 mg/l total nitrogen arbitrary increase above 

background quality in the groundwater immediately beneath the 

ridge and furrow systems, it was determined that Brodhead's waste- 

water nitrogen loading rate be reduced to 384 1b N/acre/year (1.05 

lb N/acre/day) on a percent basis and 879 1b N/acre/year (2.4 1b 

N/acre/day) on a denitrification rate basis. Mindoro's present 

© | 1534 1b N/acre/year (4.3 1b N/acre/day) was adequate. | 

| 8) No surface water contamination resulted from operation of these 

ridge and furrow systems. 

9) Winter operation at ridge and furrow systems is possible if 

effluent temperatures are warn. 

| 10) Spring burning of grass removed a significant portion of applied 

| nitrogen at Mindoro (18%) and also stimulated new growth. | 
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CHAPTER 8: RECOMMENDATICNS. 6S 

The following recommendations were based on results of the ridge and 

furrow study at Brodhead and Mindoro: 

1) Continued research at Brodhead should be done to: 

a) better determine whether loading changes impacted the ground- 

water quality or whether the dynamic nature of concentrations 

| occur every year by sampling wells 10A, 10B, 14, and 15 and 

lysimeters 1, 2, 3, 5, and 6 twice a year, 

b) better quantify unsaturated flow times by installing tension- 

meters (or some other appropriate method), and 

ec) evaluate the sinking contaminant plume by installing a deep 

well in the location of well 14, which would be sampled twice 

annually. : 

2) The factories should meet the suggested nitrogen loading rates, on 

average, to reduce or maintain groundwater nitrogen 

concentrations. 

3) Wastewater pretreatment at Brodhead would reduce solids accumula- 

| tion in the furrows and lower the amount of applied nitrogen, 

| Changes inside the plant could also be made to reduce the amount 

of lost product. | 

4) The chloride concentrations in the Brodhead wastewater should be 

reduced by brine removal in the plant to reduce groundwater 

) chloride values. 
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© 5) Annual spring grass burning is suggested for all ridge and furrow 

systems where it is feasible. 

| 6) An improved lysimetry method is necessary to obtain a more 

"instantaneous" sample and to allow for winter sampling. 

7) A downstream well nest should be installed at Mindoro to better 

define the movement of contaminants off-site. 

| . _ i “ 
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Acct. 900 

Lab No- 00290 

MEMORANDUM
 , 

TO: David Sauer 

Wis. DNR 
_ => 

© 
Box 7921 

est DHE oy 
, 

; we wital 

Madison, Wl 53707 
fee 

a 
. 

| | _ FROM: Soil/Plant 
analysis Lab 

. 

" | RE: Results or analyses on 5 soil samples submitted 
Sept. 15, 1983- 

. 
2
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mot yalues = less than- 

All additional
 analyses are attached. 
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Your invoice for these analyses i$ enclosed: 

Encls- 
a 

/sf 

University of Wisconsin—
 Extension oe United Srates Departm

ent of Agriculture
 @ Wisconsin Counties 

’ 
Cooperating and Providing Equal Opportunities

 in Employmen
t and Programm

ing



COOPERATIVE EXTENSION PROGRAN 

0-00290 
SOIL TEST REPORT NUS NEPOn: UM EX iorreay twee tlm 

sstecccutee FARM NOD) SOIL & PL ANT ANALYSIS CAB 
Sanwpias Annlyzod By: 1S FOR 

Sais Depaciment, Maslison, Wis, 

BUAte Cormty ACCOUNT 660 806 S PARK 
SOIL & PLANT ANAL YSIS LaB DAVID SAUER 

WISCONSIN 

WI 13 900 MADISON 
WI 806 S. PARK 

WIS ONR-BOx 7921 
. 

DATE aacaiven ATE PRocesseD 
59715 

MADISON WI 
MADISON 

WI 

09-21-83 09-21-83 

53715 

53707 COOPERATIVE 
FARMER Copy 

IDENTIFICATION. eee VIELO GOALS. aim TORY ANALYSI§ FOR EACH SAMPLE CORN ALFALFA 
Suit aes "ho: r orm ‘~ trogen eh a4 Mo een a " 

t b Use 

| i ott fro tay "heehee tosh bee A WET RP glen, 
bei 

, 7] 91 €HI140-1N 950 350 WT? is 
OATS 70.0 7.8] 45/210 Et11290 HM] 4200 H | 550 Mm | ; , | [GEIB ash ast ga — 

NAME GROUP XE 

7.9 21130 EH 90 L 1000 ™ 210 M | «- 

PLOW 

a: aS Vii 0 600 M 26) Wo —_ 

DEPTH 

. | 

| 

| 

SOW TEST (EVER Cones Vt (Very tow), t low), tm low Ma.lium), a (Medium), 11M Htiqh Merlin), 4 (ttiqhd, vee Vary Obed € ne IF nt ersively igh). 

HIME PROGRAM] [,,. comective 
ae EATILIZEN PROGHAN, ee 

inane nena ee wee seen Ine! f : %. : : 
sninintnminpantecyece ee EE dni 

er eee alt ae le atele CELORC ELSES EE wine weit ete ele Tee tte eee ote Ee OSORIO CROSSE OE TT eee oe ate ee oreo eee fee ate tatateretatatreats 

LIME tween crop |JPLANT NuinicNIs, CORN 
ALFALFA = TPUANE nutnitnr:) 

PLANT NUTRIENTS 

GRADE pH YEAR YIELD Goat VIELD GOAL oO OUR CHOPS AND VHLD Goa care oa 
OATS 

. o- 

: 

. 

se" Hwovel“Irone] "=" To Lio 61-20 || 100] 0 | Aii-2.0 1s 61-90 ay 10 30 | 
2°99 Tone || none secono | a1-100 lf 120 | 9 | 2.1-3.0 || 0 [iso | fy 
FOR OTHER time GRANDES SEE LIME SECTION ON BACK 

3.1-4.0 200 

os Win SPACE FOR. CALC ULATING. YOUR. TOTAL ANWUAL FEA MLIZER REQUIRE MENTS ob oe 

CROP: 
YEAR 19 CROP. 

YEAR 19 CROP. | YEAR 19 

FERTILIZATION |_PLANT NUTRIENTS FERTILIZATION PLANT NUTR FERTILIZATION PLANT NUTRIER 

PROGRAM aie oe ey | rears meta] tt Pare | | uO gAN wis] wit [ot 

—— connective a te ate CORRECTIVE Ed ——SoRnEC rive Js 

|__ MAINTENANCE a |—__MAINTENANGE | MAINTENANCE 

| __NUTRIENT ADJUSTMENT 15) 1 a NUTRIENT ADJUSTMENT (5) 
— NENT ADJUSTMEN: (5) - 

TOTAL a 
TOTAL | | TOTAL 

FERTILIZATION RECORD DATE GRADE FERTILIZATION RECORD DATE GRADE FERTILIZATION RECOND DATE GRADE 

AND/OR METHOD OF APPLICATION N - P.O, K,o AND/OR METHOD OF APPLICATION W 1,0, Ko AND/OR METHOD OF APPLICATION Nes re 

[ey tt 
| 

— 

7 
| 

a 
ee 

tf 
— 

a —— 

pe 

| 
TES 

Oh SER AAA ne ULE SLD OSES OM re ooo TRARA hg ha Wo, “UREA 

RETEST THIS FIELD AT LEAST Every 2 YEARS BECAUSE OF THE LOW POTASSIUM BUFFERING CAPACITY OF TIS SOILS. 

: 
| 

- 
{ et ee NAO em meme ee, 

,



woes 
| . 

| COOPERATIVE EXTENSION PROGRAMS | (£~™ 
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© University of Wisconsin—Madison fe & ® 
a 

“Soil & Plant Analysis Laboratory, 806 South Park Street, Madison, Wisconsin 53715; 608-262-4364 = 
i \erar/ 
| end Lite Semnscs 

DEPARTMENT OF SOIL SCIENCE 

September 21, 1983 
Acct. 900 | 
Lab No. 00221 | | 

MEMORANDUM | | | 

TO: Dave Sauer | : 

Wis. DNR — 
Box 7921 S2opHEAD 

| Madison, WI 53707 TT 

, FROM: Soil/Plant Analysis Lab _ 

@ } RE: Results of analyses on 7 soil samples submitted Sept. l, 1983. 

Sample No. Sand Silt Clay : Tora 
Sess 

woe 

1 Wid 4- 95 2 3 0.04 

. 2wis eS 97 0 3 0.02 
3Wio 9-14 96 1 3 0.03 

4Wip 26°24’ 99 0 l -0.01 : 

Swi 2-4! 95 2 3 0.04 
6 wi) F- 14! 99 0 1 -0.01 

) . : 
7TWIZ 2-4 95 0 5 0.03 

Note: ''="' values = less than. 

If you have any questions concerning these analyses, please feel free to 
contact us. | 

Additional analyses attached. | . 

© /sf ) 
\ | 

University of Wisconsin— Extension e United States Department of Agriculture e Wisconsin Counties 
Coopersting and Providing Equal Opportunities in Employment and Programming
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“ Table 2. Monitoring data obtained in situ with tensiometry and derived perform- 

’ ance characteristics for twelve subsurface seepage systems. 

System Subcrust tension (cm) R, (days) sals/ co eaay (em/day) 

no. bottom sidewall bottom sidewall bottom sidewall 

1 23 35 6.9 35 1.8(7.5) 0.4(1.7) 

2 24 2h 6.5 6.5 1.4(5.8) 1.4(5.8) 

3 25 21 4.6 3.2 1.6(6.6) 2.2(9.2) 

4 25 28 7.1 g 1.8(7.5) 1.1(4.6) | 

5 80 60 267 74, 0.09(0.4) 0.2(0.8) 

6 120 100 9000 4000 0.007(0.03) 0.011(0.04) 

7 65 -- 34 -- 0.45(1.9) -—- 

© 8 3u 37 73 82 -0.16(0.67) G.14(0.8) 

9 n.d. 20 n.d. 97 n.d. 0.16(0.7) 

10 20 20 52 47 0.22(0.92)  0.20(0.8) 

11 6 6 115 115 0.04(0.17) 0.04(0.17) 

| 12 15 - 20 28 30 0.18(0.75)  0.15(0.62) 

423 4 -- 20 -- 0.15(0.62) -- 
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ZL. 106 fi -As 4 

<' SAUER =— | UREX SOIL AND OLA SAL TSS LAB 

. L. BALL VINER 2 WT TIAL , , 

© / y) Mai DN aD TES 
f or EMA YSIS: 5/ 2 3 OL, aie UP ANALY 315: w. 2 /34 a YUL 

f 2 20M 
SAMPLE P K cA “G S ZN 5 iN “Ee aS a ‘A 

1 1A G.i90 9.254 6.417 0.099 9.803 35.71 6.421 fed.) 845.3 5.778 | BSa.d ¢ 63.2 
2 1B 0.203 G.265 0.548 9.520 2.175 46.97 7.502 279.9 223.2 5.536 1152 < 4,0 
3 2 0249 8.235 9.000 3.07? 0853) 22.22 5038.83) e80.2 EN 229.F fet? 

| ZN (on dry weight basis) . ooo, . | 

1A 1.56 
2 1.44 . 

Ashed bees 
1B 0.42 | . . 

2 0.26 | . 

| ZN of Ash a. 

1B 2.49 . - 
© 2 2.64 . 

Weight of oven dried sample (grams) % Ash . 

1A 87.3 | ---- 
1B 67.2 — 17.1 

2 311.3 . 10.1 , 

[A 1B > MMiseces - | 
_ Peru Sm PlES oF GENSS 

2 =» fReerHtend |



. aA - 

pasts SAUER ASHED SAMPLES fc / UAEX SOIL AND FLAT BLED LAB 
= or —__—, mw fe 8 . my —_ =e om ar o 
a = . a Wt O - att, . stl : 

“alii ad TES 

sare GF ANALYSIS: = 7/0/34 © 

PLE P K oA MS S at 8 MN -e ws ~. ‘A 

——EeeeD ee eee ee eee ea «_eEeeeee aD nent a ea Te ee 

~ 1B 0.487 6.149) 9.695) 9.996 S.072 28.52 5.330 157.6 038.2 4.711 962.2 ¢ 62.3 

2 6 Q.140 F.202 2.273 G.072 9.072 20.93 3.249 22.05 283.4 5.448 853.9 6 825 

3 

Sel os rag TREE See te BE wt ee a 

TNE TE a a OA Tt a vo "0 Te ° _ ”, 
See RS wf 50> TS . ’ . a . 

a



‘ COOPERATIVE EXTENSION PROGRAMS | ox 
. - University of Wisconsin—Extension . 
Lex University of Wisconsin—Madison e \ 

© Soil & Plant Analysis Laboratory, 5711 Mineral Point Road, Madison, Wisconsin 53705; 608-262-4364 __ ( ‘2 & ® ) 
/ | 

CeSege of Agrieutheral 
DEPARTMENT OF SOIL SCIENCE ear Sessnese 

RESEARCH September 14, 1984 N77 
Acct. 900 | 
Lab No. §0035 7 

aN h : | ; (\ iY 
( ! 

at 

MEMORANDUM ae 

/ 

TO: Dave Sauer--DNR | 
101 S. Webster, Box 7921 . 

Madison, WI 53707 

FROM: Soil/Plant Analysis Lab 

RE: Results of analyses on 4 canary (+grass) samples submitted July 24, 1984. 

Sample Identification ~ Sample. —~~~~—~S. ~S:™C*™O”:”CCN ORO NE rose Sample Identification Weight | Ash of Tissue of Ash 

grams To % Ya 

Mindoro 1 87 -—— 2.15 -—__ 

Brodhead l 134 — 1.28 -——— 

Mindoro 2 a 121 8.5 ---- 0.64 
Brodhead 2 L1LO 5.9 ---- 0.48 
_—_—— Cr eee 

Additional analyses are attached. | | 

If you have any questions concerning these analyses, please feel free to contact 
either Todd Kaehler or Ita Steingraeber at 262-4364. 

/ss . 

University of Wisconsin-Extension @ United States Oepariment of Agriculture @ Wisconsin Counties 
Cooperating and Prowaing Equal Opportunives in Employment ana °rogramming



S35 DAVE SAUER ONR : UNEX SOIL ANO PLANT AL ‘SIS LAB © 
S71L MINERAL POINT ROAD 

r MADISON WI $3705 
YATE OF ANALYSIS: 9/14/84 | 

a 
SAMPLE p K CA MG S iN B MN FE CU AL NA 

1 MIN. 0.255 2.443 0.314 0.216 0.252 12.73 5.361 43.939 60.01 3.843 ¢ 36.7 ¢ 63.8 
2 «BRO. 0.229 1.632 0.235 0.128 0.144 12.43 3.736 54.69 42.23 3.828 ¢ 35.8 294.7 
3 HIN.2 0.327 2.632 0.298 0.214 0.249 16.72. 4.708 988.24 56.14 4.626 « 36.4 ¢ 63.3 
4 BRO.2 0.306 1.953 0.300 0.180 06.182 20.50 4.709 40.22 62.70 3.724 ( 36.2 296.0



@s ween sem. UNEX SOIL AND PLANT ANALYSIS LAB 
| i a S711 MINERAL POINT ROAD | 

- ee MADISIN HI 53705 
iE OF ANALYSIS: 9/14/84 : 

% PPM | 
SAMPLE Pp kK cA mM Ss N 8 MN FE GU A M 

1 MIN.2 0.318 2.509 0.296 0.204 0.145 16.88 5.042 85.15 63.52 6.397 ( 36.1 99.24 
2 BRO.2 0.293 1.813 0.289 0.165 0.056 18.51 4.301 29.88 70.66 3.827 ( 36.0 295.8



6124 DAVE SAUER UNEX SOIL AND PLANT GMALYSIS. LAE © 
het Samp s c/ae MINERAL POINT ROAD 

oe 
MSCISON WI 535705 

" PPM 
SAMPLE P K CA MG 5 ZN B Mi FE cu AL he 

i BOD.) 0.204 2,081 9.277 O.142 0.199 10.03 4.999 47.97 75,15 4,834 55.98 219.6 

2 sRCD.2 0.300 1.909 @.323 0.209 0.231 14.14 4,598 %6.4$2 66.52 S.85e 46.27 12,7 

1 BROD.1 ash 0.258 1.819 0.278 0.139 0.073 18.98 4,999 47,48 79.84 4.681 72.21 426.4 

é BROD.2 ash 0.300 1.808 0.229 0.209 0.071 14.44 3.662 95.57? 70.08 S.6i0 54.62 404.9 

: Sample Id. sample Wt. grams “ASH "N of Tissue. 

Brodhead Cell 1 64.2 5.5 2.70 

Brodhead Cell 2 67.5 5.6 3.50 @ 

“ Results for “VN ot Ash will tollow in several days.



6 DAVE SALIER UWEX SOIL AND PLANT ANALYSIS LAB | 
Dee Someples | 397i] MINERAL POINT RGAD 

, MADISON WI = §3705 - 
ve OF ANALYSIS: 12/28/84 

| ; eH 
‘AMPLE p K CA Mo S an B MN FE Cu mt He 

| 1 BROO.! 0.189 Q.o51 9.201 0.092 0.158 16.20 4.326 56.47 87.72 3.712 65.37 «6 985.3 
2 &ROQD.2 0.197 0.491 (@.24@ O.i%68 0.117 40.26 3.188 79.76 $7.93 4.064 42.81 430.5 

°3 MIND,1 0.139 0.497 0.230 0.099 0.08 23.59 4,966 133.9 106.2 4.4550 102.9 ¢ 61.0 
~ 4 MINO.2 0.172) 0.549 0.177 0.097 0.158 22.68 4.610 70.91 79.89 2.7}19 et.ic)©=—-184.6 

1 BROD.1 ash 0.183 0.602 0.194 0,088 0.065 12.26 2.005 4.01 82.87 3.032 c&.71 992.6 
c BROD.c ash 0,197 O.472 0.142 (1935 G.046 22,29 2,997 4.82 f5.45  S.273 93,72 S552 
> MINO.1 ash 0.135 06.431 0.225 6.083 O.048 22.92 3.338 128.6 13.0 4.723 tlee.e ¢ 59.3 
¢ HING.2 ash 0.165 (.480 S.175 0.092 9.077 28.42 ¢ 2.56 er.ct | GL.749 8.7600 O22 2439 

sample Id. Sample We. grams Ash SN of Tissue 

@ TT 
- Brodhead Cel.l 1 54.5 3249 $2.94 

Brodhead Cel! 23 Ob1.0 yl 1.41 

ue Mindore Cell] : SS.7 Ol? O.58 

te Mindore Cel! Ji9.e 8. 1.42 . 

“Results for “N otf Ash will follow in several days.



COOPERATIVE EXTENSION PROGRAMS 
. Ape University of Wisconsin—Extension as 

University of Wisconsin—Madison { att, % | 

+> fae % 
So & Plant Anaiysis Laboratory. S711 Minera: Pont Roda. Madison Wiscons-s 54705. GOB-PBO ahs f re % 

2 “ey 2" 
DEPARTMENT OF SOIL SCIENCE ar Lite Scremcen 

January 7, 1985 
Acct. No. 900 | 
Lab Nos. $134; $235 

MEMORANDUM | 

TO: Dave Sauer . 

Wis. Dept. of Natural Resources 

Box 752] | 
Madison, wl 33707 

FROM: Soii/Plant Analysis Lab 

RE: Results of SN of Ash on 5 samples. All other analyses have been reported. 

Sample TIdenrificartion “ZN of Ash e 
eee 

(S134) C.F Toe Ete, 

BRODHEAD CELL 1 | O.72 

BRCDHEAD CELL 2 0. 9G , yA. 
($235) bee sun ple, 

BRODHEAD CELL | O45 

MINDORO CELL ] O.15 

MINDORO CELL 2 O.47 

A A CL EAR Pe ener 

If you have any questions concerning these analyses, please feel tree te con- 
Cact us. 

The invoice for all of the tissue analyses is enclosed. 

/ss | 

: Encl. ©@ 

pe 4 Dee bootle ON eee ae ee ea
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- | KeooHeae ~ Gerss it2ceew CaiceLaATICNS 

| Heeic Z|, i784 

Ceu 2 (AREA - 110,000 2”) ! 

Aeen OF Samere = Zx4'< 17 Ft~ 

. | WeElcHT oF Same = S//. 3 5 ( ves DAES) | ; 

Jotar Weicut of 4rass _ Cet 27 = 

= | 
: 

ey THE * MO. coo $t* x 453.83 = 6268 bb 
| c : — PER ( pay LEIGHT BASIS) = /,44 

. Amor c= N IN CELL ZL GRASS PRICR TO BeRNING = 

© | | 6288 lo.cr44) = 90.6 Ib | 

: To Hs ATER BeRKING = /C! 7 | | 

Wejent cf Acu- Cerr2 = 62ES(0.i01) = 635 |b 
Zoe Asn = 2.h4 

. Ament of ASH Now Ceer Z AFTER BURNING = (,35(0,02:4) 

= 16.8 fo | 

STRAPCLNTE VAWES TO TEAL we een Terar Aeea “igs 

TOTAL WEIGHT CF Gerss — Ceu 2 AcEA ! | 

E2ESBx1.85 = (h 64h bb 

© A mover CF Cease re PRice. Te DMLENING = FC. le (1L2S)= ge I 

pO | A wteest ce rales N\ CW S\TE AFTER Beers = Ho. SUL. es) | 

| 
Ye lest = SF (00) = ELS, = 310 |



| | | 

4 Jury 13. 1984 © 

| . Piece cK Grass SAmpres — Cew {= l'x2’- 254° : 

ee 
lUzIGHT oF Genss Samnmes - Ce l= 1% 

! Cele Z = 10g 

| 
So | 

: Totar Ieenr of Geass ON SITE = | Nee, Ceul rs | 

: | 
AL Pe cfr i 

™ | 
| eu Hee a ;' 

fy , : ‘ : ei_ 21s 547, 
= | O,4b (A. 7 acees) (43 S60 MYc0e ) (1346 ) 

7 453.8 Vb x 25 

: @ 
: 0, A (4,7)(43, 54) l10) : 

+ 243,50) Ue) _ 22,847 Ib 
453.6(2) | 

Pe (ves tient Basis) = 1,28 

AmoveT ce N oa Site Yeice to Bernie = 22,647(0,0128) = 292 Ib 

| | 
: Zo fisw AYER Beane = 59 . 

! 
| WEIGHT OF Asis OW Site = 22 €47(0.057) - /347 It | 

9, Dee Agd = 04B ! 
| 

| fmewer of N ce site AFTER Berwiace = 134 7(0.0048) | 

! : 
: = &S Ib 
| e pr best N KERKIDG = 24 7-4,5 co) 77 3 5 : 

| | ee : @



| oo 

© Seeremeee 25, 98+ 
J oo | 

| feea oF Grass OANAES — Ceie 1= 20% 7” = 7.2L C4? 

: | Cem 2= 2¢"x2g" = 4.47 $¢° | 

Weienr oF Lenss Sammes + Ceud = b4,2¢ | 

| | Ceu2> £7.54 
< | | 

| Jota (WeieHt of Geass ow Site = : | 
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| COOPERATIVE EXTENSION PROGRAMS (-~ University of Wisconsin— Extension 
(Ef S ©} tia < University of Wisconsin—-Madison 

fe = Q 
rr) 

~~ \Soil & Plant Analysis Laboratory, 806 South Park Street, Madison, Wisconsin 53715; 608-262-4364 = a) 
\e yy 

, ¢ 

one (ft: Seunese DEPARTMENT OF SOIL SCIENCE | 
August 31, 1983 

| Acct. 900 
Lab No. S0052 . . a 

MEMORANDUM | 
| 

TO: Dave Sauer 
Wis. DNR - Box 792] 
Madison, WI 53707 | | 

| FROM: Soil/Plant Analysis Lab 

RE: Results of analyses on 15 Soil samples submitted August 19, 1983, 

Sample 

Est Total 
No. pH SUP O.M. P K Ca Mg CEC N © ) “te reoFLES = FG a -~----~---——~] bs /A-—_-- 2 ) %, ieeStin 365 - 6.2 55 54 155 4050 880 14 0.31. 

CLAY-SIST 2 6.0 6.9 6 30 230° 4050 800 14 0.03. 
SHAN SOD > er 6.3 7.2 5 34 190 3000 800 ll 0.02 | 

(Chay G S} 7.20 °° ot 4 5 205 3450 1250 ll 0.05 
“SeRD OS 8.0% --- LA 8x lO5x 30004 300 OX O.0lx 

AE HVING SAND 6 8.0 x --- 1 17 155 2000 280 64% O.01l¥ 
CLAY Sut 7 Le, 02 -—— - 7 36 — 200 4200 980 15 0.07 

Gav a {WL 7s — 3 91 245 3600 ~—.1120 14 0.01 am 9 |} 3 7.7 --- 4 40 240 3450 1090 13 0.02 
Sr-Cay 10 7.7 --- 10 6 285 7000 1080 22 0.04 
“0PsoiL. 11 6.0 6.3 55 40 155 4500 1020 16 0.28. 

CUA SUTI2 J ijerL 5.8 6.5 17 13 200 4900 1120 17 0.10 
CLAN 13 X= 6.8 7.1 4 520 160 4000 1090 15 0.02 
“PY 14 I 909 ~-- 5 7 250 3550 1220 14 0.01 
CLAY 15 7.9 -—- 4 5 225 3450 1180 14 0.02 

Physical analyses will follow. | 

, If you have any questions concerning these analyses, please fee] free to contact | 
us. 

. 

Encl. 

@ 

University of Wisconsin—Extension ¢ United States Oeparrment of Agriculture @ Wisconsin Counties Cooperating and Providing Equa! Opportunities in Employment and Programming



: ee 

OCPERATIVE EXTENSION PROGRAMS fk (~~ 
yr . University of Wisconsin— Extension | oY 

University of Wisconsin—-Madisen | e 

© vil & Plant Analysis Laboratory, 806 South Park Strest, Medison, Wisconsin 63716; 608-262-4364 ? 
i . Cay 

. ous (ste Semmness 

DEPARTMENT OF SOIL SCIENCE 
October 7, 1983 NS 

Acct 900 | 

Lab No. 00341 

MEMORANDUM | 

TO: David Sauer | 

Wis. DNR 7 | 
| Box 7921 : . . 

Madison, WI 53707 : 

4 FORM: Soil/Plant Analysis Lab | | : 
© . — | 30 | | | 

) RE: Results of analyses on § soil samples submitted Sept. 22, 1983. 

Sample No. | Sand Silt Clay Total 

LisimetéR 26 1 Beswp Sit | | EE i Ll Seoee 11 64 25 0.11 

LysimETER Bb, 2 Gaee/2rve Ciay 13 68 19 0.07 | 

C <= (Swe LY) 
| . 

 Lyemrerer Si 3 7 15 64 21 0.03 | 
& 7.5" | 

All additional analyses are attached. | 

| You invoice for these analyses is enclosed. | | 

Encls. 

/sf 

University of Wisconein—Extension e United States Department of Agriculture e Wisconsin Countes 

Cooperating end Providing Equel Opportunities in Employment and Programming



. _ | Q4 
COOPERATIVE EXTERSION ; 

woe oe 0-00341 SOIL TEST REPORT vis REPORT EX Se Soom ele 
ec i So A © ROD SOIL 8 PLANT ANALYSIS LAB _  _Semptes Anstyzed By: ts FOR Sells Deporemont, Mediren, Wie. '% ! 

Accoume No - B06 S PARK SOIL & PLANT ANALYSIS LAB DAVE SAUER WISCONSIN, «CK 
wt 32 | 900, MADISON wi 806 S. PARK WIS ONR BOX 7921 “tag 

BATS MacervED | GATE PaocESWO 83718 MADISON Wi MADISON 897 wi orraalt } 
. 09-28-83 | 09-28-83 $3715 53707 7 

. FARMER COPY ‘4 

gh | i Cr 6 ec a ed eel ev ee irs [era | otis | athey [Ee 
516.8 vi > H DOO H DO H ; 2 1c 1S 

pees [2] valeca} Alize en : p26 
mab ot Leb Peep EEE pre NAME GROUP XA Ldn ob, sie a 

SON TEST LEVEL CONES Wl Wery tow), § Mow), 1M Mow Medium, M (Modium), HM Mligh Mediumi, H Btighl, Vit (Very Highd, EH (Encessively Hight. 

ee RAR ARR PEE CORRECTING 2) eee ge eae ncn: INTE ARICE Beatin yee: HANG IM 
SUM ou OGRAM PERTICN acm poh] eM : l NIENANCE FERTILIZER PROGHAN LEB eee See ae ei 

Lime Hisar TP Icrop [fant mines] |  COAN |] PLANT NUTRIENTS ALFALFA [PLANE MUIuCAtS : [PLANT NUTRIENTS 
GRADE: oH YEAR VIELD GOAL VIELD GOAL OIMER CROPS AND YIEID GOAL ag eer) [moe Pe oe ee | [meee Wie [a8 

t 

20-49 aone|"{one} {"" Io | o set fue Lao ao ata |] 0 [200 | | 61-90 ev |_ 701 20] 30 
JF FOR OTHER LIME GRADES pera pe Pe 

SEE LIME SECTION ON BACK . 4144-160. 7 ..8.4°6.0 | 75 4300 

WORKSPACE FOR CALCULATING YOUR TOTAL ANNUAL FEATILIZER REQUIREMENTS 
: 

FERTILIZATION |_ PLANT NUTRIENTS FERTILIZATION |__PLANT NUTRIENTS | FEATILIZATION |__PLANT NUTRIENTS | PROGRAM _TREAGESEOT [I iodeats Cased ot Pi PROGRAM Pepe [att | atte 
SS SE ee a 20 fn 

[| MAINTENANCE = CC — ___MAINIENANCE OT  aintenance———“‘COSCO(NOOOUCTOOUOUCTCT 
[|___ NUTRIENT ADJUSTMENT (Ss) TT |___NUTRIENT ADJUSTMENT (5) oT TTC NUTRIENT ADJUSTMENT (S) } 
pe OVAL OO toma CS SP CCT OOD .S 
FERTILIZATION RECORD DATE GRADE FERTILIZATION RECORD DATE FERTILIZATION RECORD DATE AATE AND/OR METHOD OF APPLICATION " - P.0,- K,0 ANDIOR METHOD OF APPLICATION ANDIOR METHOD OF APPLICATION is / a , 

es | ns ! ————____—_—___——_} 

es | es _————————-— PO EEE] PE 
| pe een. _| | a es | RE 

Ree eee ee ee ee ee GO MEN eo SO 116 Mi ce en cm ee



Aerensnx CC | 
| ee _ 

- Mispere : 

7 ) 
i WAstewaTe Cuemistey Data - 

e | |



| _ 

Himeeyne mere rr Or (/¢) | Kr LUASTEWATER . 
4 Data SHEE T  FRARPHIETERS TT ND, -A+ _ a pH | oTHER i © 

| TOTAL » TeoTALy | Ng Heat LNOs-N I CIm at Liges | 3 
Dare, | p00ey) COD TSS, TEN; ,4a| 5 | - | yo fiz | 47 | Or | 1. | 6. : Y yplerss < 600 | 

(0.2 | 210 | 4.2 | , 

| ! 3322 | 40 | /,3 | O | 
: 

(| Waefes} 1200 1300 | 332 | -lw)- | - | 
| Lod LEVEL 

— | ’ 
7 

2/22/65 430 wea BO | - $0 — — 
an | D _ — 

: 
yes 470 | 770 | }lI0 | 2 leo | az) —: , a} 7] > eee) f 

zn |300 1600 2 | ° | fo. | }20. sate - 
< 

12 | +O ~ 
| | 

? 3ha/bt| 730 eee 40 (3 lee les) as jenn 
= | A ) 0 iS re | | a : / 472) 34 | O90 | he | | | 

 s3be, 920 | 400 mle unl et _ 
= | . 

_— -_ | bless 970 | 1800 on : ae oe 
- 

- 
. ' 2 

OF 
| 

, | 

ales) 550 | ¢s0 19% | 2s : a | e 

| 
—— 25 | 0.41 9,1 [}O hy 

8/24/34 | 430 | IZoo cle} = 
eg lus | | ) 40 | 1000 165 | 25 | ¢.1 | eo. VO ee 

, mS eA 5 
- 

7 

. | IofvlE# i200 | 1900 : 4S | =i So | 3 | 
,1| 7). —-— — | 

2 
| — | 24 Tr | i | 57 | 

: 

—— | ce 
. 

. 
i 

i 

we ASO | 195 : lp. BISS | 1 

, nl ee : | | 
: | a ee 

| , | po | : | | | ! | : | | ) 
3 

: | ! 
_ | pt 4 @ 

: 
: an | 

| | ! : | ! : | | 
|



| ium et te tee re IER | Oo, oh ATE } 

Data . SHZeT Paeameters (4/4) KAW WASTE WA | : 

@ re nm) “PS Soe | Co | Ne | mL KT | cmmeR 
: | 7 [ : 

: “/ n/i8fea | 394 17, | 100. 73 16D | 38 —. | — 7. 
po | | oe 

| 1/30/83 | 294 | 34 - | — ~ | — - ~ 7 

‘12/10/83 — — ~ | —~ | — a — : 

zines] - | —| -—} =~} -—f =| —} oo 
<j | | 
3 3/z/g4| — — _ — ee es rs 
- : | | | See | 446 | 27 57 95 lz 2s | 23 

po 
= bE ~ | -— | ~ po ~ Pm Pr ps pm 

| | | | | yielee} — | =) — | = | =~ | = 4) = - 
eo. B/B)sq 2bb | 45 — | SL] )Z0 25 | 26 | | 
a - | C6z2(422 eo | 

OE | 
| | | hoe | Fas | 6,72 4 | 

| Pf | | I | 

| | | | : | 
| | 

| ! 

dg : P| 
| | | 
: : | 

| | | | ! 

- pe 
| 

e Poof. FG 

| : ! | ! | 

| | : | : |



- 

| @ 

| | ! 
| | : 

M INQDCEO ° | 
} 

< | 

! Whore WATER. Liaos “Te ove ASD foeeeo) 

NS : : 
ce | | : 

| ~3o m fveeaces : 

- : - 724- He or SAMPLIAG DAYS | 

7 e 

! | : 
| | 

| ! 
| | 

| 

| : 
oy | | © 

| :



7 | 

®@ S Mincoec 

oo Last EWATER Fro a 

| es ( Garrons Jone) os 7 | 

MontH | /982% | /9783 | 1984 1984” | 1183" | 

pune? | 13Z0O-} 31220 | 13200 | 13012 

é Fesragy | 13860 }0S6O | I3o0l1l IBIS 

aan | 13860 | /380 | 13294 | 130979 

a | Aen =| Ibo | lesco | 13482 | 13921 

Mn G40 | 16594 | 1Boll | J6/55 

sd owe | 18480 | 1bbe8 | 46/4 | 16613 
eo bey /7820 | 15434 | )2540) 1308L : 
a Aewsr | 19140 | 75557 | 997 | B52 

| | ~Seetemsern| /4570| 1/3/05 | 1295/7 | 788 a 

: Ocweee | 13260 | 10227 | 1526 
—Novemeee] 1/220 600 IS 377 | F776 | 

| Cecensere | 13860 | 12634 | /2 223 

| Vener - * | 

fe x 
SS wen X |X 

® K C4 HR FlocS PETERWUED on SAMPLIAG OAYS 

~ + Yecjecr 24-Hde Ficw AVERAGE | 

! :



yo 

e 
Avrexniy EE 

| M INDCRO ! 
SY 
= —~ Gaw KOWATER ELevaTions AD ( exTeves 

é _ 

_7 Suivus lEST DaTA nwo CAL evLAT IONS | 

| 
e 

oe 

|



: pre mw wee DS we eie ens ree rife vl mwomee , ¢ wr wy 7 ~ 

| ! /  Ce#fll ow, Ertkemoupe 

| Data Steer | We lh Enea! 15/1402 ! | 
: | DeptH 70 | GW Vovume HO | 2 Nemes | Vowume 3 
© — 66W ELEVATION Gt) (Ai) Removen | Comment : : 
< : . , : 

— ) lapopgsl joao" | 77g’ | — |/—| — 

(0/10/63) 14.44 767,10 0, |Z 6.07 | 0.02 —_—— : 

_ | 
W/ZV/63 \4.28 767.31 | 0.35 O'2 | Ale” | © 220m oP 
i/so/83} 14.9 7 | 767,02 —_ — — |€/0.35 AM «00 | 

__ . Wefeves| 14.69 | 767.00 | 0.05 O.0Z | Neve I@ yz em Teo cer | 
—  ieeaes} 4.6) | 760,78 | — | a Fee we care | en | : ! 

ose \/m/64 | Der - = — —™ «| © WSSAM FOO bev! 
a33 1/u/o4 | Dex _ _ ~ ~ 2 O-ITAM Ap sAmPLE 

a3! 18/6} /3.89 | 767.70 0.73 0,36 | /vewme | Leet gewn (10:40) 
+: ZNG/84) /4.00 | 7EAS7) -— fo = ~ (9:25) 

«% . ! 

: 3/21/&4 [4,50 7L7. OF C. [2 . €.0€ Neve Too Pe TOO sAMFLE 

S3/227/e4, 14.55 767,01 = —_— —_ oy | 

4/25/84, ORY ~ — ~ ~ ; 

| i 
© 2 efzs/s4) DR — ~ 7 — 7 ! 

b/s/se| DRY - ~ - ~ | = : 
Du /ee | DRM — — _ _ ! 

| | | 
| é/2p/ed4} ORY — — — {| — ye 

19/18/84 DEN — _ _ _ _ | : 

lo/is/s44 DRY —_— ee _ _ __ : 

1 /S/#4 14.50 76/04 — — — — | 

| | a 

e 

fd : 
| : | :



| eee cet oa DEE, ExoK SBN 
_ «| Data Seer: We 1B LENGTH | SZ E/erb yy MET OP ! 

; DEPTH TO GW | Nocume HD! = Veromes! Vorome | | | i 
| Deve | gw Euevetion | Ltt) | (GAL) | emcved | = Commer e 

“~ la/zoyes| LSS’ | 769.8) — |—- |— — | 
: | 

) |o/s/s3) 14.69 766,67 | 22.64 li. — — ! 

1/30/23] 4.5% 768,85 o— — (S | © iei40 am “eRe Be 
| 
| 

_ \ izes} 15.02 7eb.24.] 22.10 nos | 12 |&pz-20 em nee 

izes] 15-14 | 746. Z2 _ - — 1G 8ST A Sree | 

se vi ifo/e4 | 15.30 | 766. Ob. 21.89 | JO. =) | Iso AM | 
sz |Wn/84 | /5.29% | 766.07 | a ! EGAN ccaz 
sei to | | | sei /2/i8/e4} /3.8S | 767.5) 23.5) | 1 | I? ) liza) LieHT Bean) 
4 Live! /3.80 | 7L7,56 _— | — ei —F | te) : 

<: : 2 | | 
ef. : _ | | 

 * lyzed) 14.64 9 766.72) 22-5 | WL2 5 — | cone | 
gies} 14.77 > Fee. SF) —- | = | 12 : 

i /4esk4 14.87 | 74.49 | 22.2 | MWebo 5 42 ~ | 
a | ! | | 

og 5/22/44, 4.89 | 1b 7 | - : 7 fier Saees st © 
So | ae | 

‘layed 14.66 ! 7b6.70 | — : -— [| = 7 | : : ! 

22h let IS.37 | 75,99 os TT 4 | 

“alee ISB1 76.95) — — 
! } | | |  ops/z4) 1519 rie. 17| ~  -—-, —} — | 

| : a en. | 
1/5/3641 45S | 766.81 | a ee ee : 

| 7 7 
: ! | : | | | 
| | | : ! 
| | mo ! 

) : : i | ! 

I _@ 
! | ! : i | 

: : : 2 po : | 
| | : po 

| : | : i | ! :



ye i Sr ALL ow : | 
os | Data Sueet ) Wew 2 | LENSTH />/a73/4 29 | : 

| VEFTH To | (3 Vorome H,0 _ Voumes | Verome ! | 

| Dare lo\J) EvrevATION ($4) ! ALY : KEmOVED Commer | 

yy) 4/26/83 4.30' | 774.3) — — — —__ ! 

(o/jefe3| VN.90 771.7] 20 /. S : __ ___ 

«283 | 10.76 772.85 A397 |u2Z : aw |€2:50 
N/30/g3| [2.73 176.SS — — — jC 1SO  suace, weep 

| 
. 12/ei/e2z| | 3.22 770.29 | 7.349 0,7 Mere 3 [a6 PM | 

333 Iz/2z/g3| | 3. 64 769,92 ~~ — ~ SID SIZAM s@~ Keo SMELL 

ve | | 
c= ii/m/b4| 13.85 | 769.76) O.@ | 0.4 |Webme |@ Zodrm 
a2 | W/n/oe| 13,93 761,73 ~ -_ -— | 7.49 A Acpy 

i fee) 12.48 | 7718 | 2.2 1 | vewone |") gry 
4 Z2/iilee | 1Z.46-| 77/13 ~ _ | — | Hexen) ! 
a: : | 

*  Bla/et| 13.47 | 77614 | 1,2 2.6 | Iveume) Livin CR 
2/a2/8-| [3.5 772,06 — ~ _ | 

«(14/15 / 13.59 770,C2 | |. | Ce Iicume | oo | 

@ 4/te/A 13.50 770.7 | —_ — | -— _ 
‘\ 

5/72/24 13.62 Vet7tt jo yt | OFF fvoeeme | Lig geen 
| c/zzls] BLS | 9.96 ~ _ _ 

Lisig4] 15-7> | 76799] LD OS fuse | deges Secor 
ole/644 13.95 | 149.$6 — — i= 

7hh/54 ISS 6 | 77C.03 L 0. e , i Vouuneé | Light €22an 

=e 2.63 FWe7.7FE | — _ ! _— | 

c /e/s 497 WAS Sd Py m . ! | 
&/1E/s4) Ia Je lie, S49 0,7 7.5 PVE oM Ee) Pow | 

éimjet itt | 29. 59 — ~ — | 

4/18 3d 4.0! | 167, €0 0,7? a. 4 | | Vocume LiekT Seoun | 

lof§/3 13.50 770.09 I.’ O16 lVauwe | Beowons 
. - | ‘ 

Wis/2=| [3.40 | 770,21 — — _ _ 
| | —_ | 

eo CO | | , 

| tI 
po | a 

| | : | ! | |



fh ee mm tt re ._— | + ~~" ~ y | a _ 

os Dara Seeev! yjetn S | Lenore: bin, = pag TNAEHOO | 

| VEPTH TO 6W Vcrume #20 | 3 Vorumes | \Vocume | : 
Pere bw ELEVPTION | ‘ie \ (GAL), Removes | CommenT : e 

= | | | 
-) 9/20/63| 10.95' | 774,37 — — — | om , 

| . | 

oe/e3| IB16 | 772. le | 2.2 /.76 | —- — | 

— jijee3| [301 | 772.8l | 3s 75 |\~S e226 : 
N/Z0/83| 13.06 | 772. t+ —_— — — (€1055 fee esp | 

| | : 
wwe —«(F@/2/EZ| 13.97 7779 | 3.12 156 [eee Le L/S om 7 

$33 (2/22/E3| 2.40 77/.92 —_ _ — a Ir2erw ne penn 

— uo! ae 
se t/io/ad-| /3.46 | 7H. Ble 3.0 1,5 |e ime G2: em SE 
@ (W/u/8e) (3.47 771. 8S — —- | @ Jo:00 Am LleT RSW 
aie | i : : i iz/ieek| 12.37 | 772.98 | 4.1 Z.) | Ivete 6 ee 

. ’ i |gna/e4| 12.86 | 772.9 — — — (10:20) : 
‘: | : 7 : | 

3/21/68 (3.15 | 772. 17] 3,3 /, 7 / vow | Eisen Sows | 

- W/a/e4| 13.24 | 772,08 — ~ — | | 
| ! : 

4/25/s44 12,19 | F72Z.1R | =. Jiio | INewme | | 
| 4/2,/24. 13,197 | 772,13 ~ ~ ~ ~ : 

coi 3.28 | ee] 2.2) be few] re 
5/23/64 (2.20 | 772.00) 7 en - | | ; 

ee | . | 
esd) 12.36 77196 |B) |S [ivweme | Liem gece 
GIBL \326 5 T7196 | ~ i= - | ! | 

oo P| 
‘jee |} 13.44 | FILES | z.2 1 25 | iveuwe | lye Ler | 

| mie BAS | Teh) — | | 

Beles (Se | Web] -— | — | = | : 
| | 7 ! | : 

. - ' | i, 

N/ 34 IS.25 771.499 $.2 © | |yccome Ves diate Seow . 

| | | _ ! ; : 
, lofts) 12,97 772.35 | 3:5 | 1.8 | Nowe | Light Beows 

| | i . 
us [3.14 | 772,12 — co a | 

. | | | | | 

po | fp ©@ 
, ! ! : | : : 

| : | | | ! | 
| 2 | pot : | 
| ; 

| : | : | , | :



ee een ei DEEP 
_. [Data Steer! We 4 | LenotH! 87-5 /ass/uag | , 

. DePTH TO bu) | | \orome hols VoLtumes '\VoLrume : 

LATE ow ELEVATION (St) ! (oALY (Kerner | Cowmeny : 

--) |9f0/83} 10.93 1774.86 | — — — — 2 

| : 
1/18/63| 13.09 772./9 | 17.7 8.25 _ — | 

11/24/83| 12,78 772.30 | 23.55 |v iZ — |ezZzs ! 
1/30/83 | 13-01 772.27 — — IS JE NOS eure Beoun Toes 

_ l2kVes| 12.27 77/797 | 22.22 i]. Gl /2 |G hi?rm | 

#2 |ia/z2/s3| 13.3! 7,97 | = — | — azn Se am | 

=| i/oles| 13.38 | 771.90 —- |}; = — |G iz-t1Pm | 
a2 [Vu /et| (3.37 P7741 23. HS | ph i} foram Cuca 
a | _ | i izheset| 12,35 | 77292) -— | mp a MS) peas 
de 2/A/@| 72.3) | 772.97) 24.1 | lad | la+ beep | 

«° | | 
: | | ; ! 
© |yaved] 13.07 | 972.21 | 23.4 | .2 | — | BROWN i 

4/22/84, | 2,12 272.IS | po | 
| : | 

[5/4 VZV | 792.17 - | = a | 
e. /26/s4 13,12. T7211 23.4 7 12 : _ | 

E/2:/34| 12.20 FiecS)] 22.3 | lhe [2 ee SEoeH | 
5)23/2 jS.23 Fra oS ~ | _ — ! ! 

| a | i 
bse) 1222 | mace} SS | + Jet. 
blelee| 12.27 WRG{ | Tt 2 | Ihe [2 | fest Feri 

Wed] 13.24 | 771,94 ~}o+ — | 
| vite 3.35 THAD | Zz.) | jib oe 

1 | | 
gies (36S | WheS| 72.8 | 14 ~ 
Gi79e4] 12.58 79.70 — i o7 }2 | Crree | 

: | | ! | | 
a, | ~ | ‘Na/s4| 12-58 | 27.70) 28.0 INS | = | | 

A/S |3.55 | 77.73 /2 | Cuerité | 

| oon | | po : 
rose [2,80 | 172.48 25.7 | [he [2 | Beech CrRe 

| | | i | : 

yo | P| | 
| | po . | 7 | 

© | oo a : | ! | 
af t | | 

| | | | , 
| ! : : | 
| | | i | ! | 
| | : — | | 

| { : ‘ i | |



| [bebe em ww IN --" 9 " - ~: —- : (ere | cn, . 

| Dete Sweet’ Weir S | LENGTH! bip/iise jyisi | CPR Ow . 
| LXEPTH TT lov, ' Vorune £0; 2 \ooumes: \ocume ! 

Dare ow Evevation . (44) > (AL) Remven |) Lorrenr : 
~ oo! ! : : i | @ 
“| 7/20/€3| 12.32 770,30 | ee, — | 

o/e/ez| }4,21 766,425 2.5 125 | — | : 

11/30/63) 19.03 749.40 — — Tf E18 Fairy Coca | 
! | i to, : | | i 

_ iz2i/e3| 14,63 7eS. 10 : 2 | / i 3 |@ Zias pm - a 

new 

sz I/ie/64) 14.77 767.86: /.8 D197 ) & @)osrw 
e686 |Vujet| 14.73 | 767,90, — — | = 1E Hee Am PRR ceey 
sae | | I | : - | 
el i2is/ed| 13.62 | 767,01 2,9 4 | 4 OND ea GeeeH 
* 2/A'/$4; 13,5 | 7 69,12 -_ io . (11:25) | 

Ps : ; | : 

S - : | | Eueek- Grete | | ' B/2/64| 14.35 , 768,30; 2.2 Jit = | Rue eee 

s/zzjea| 4.35  74g,25: — - LS | | a 
oe | : : | 

(25/84) 1447 | 7es.16 0° - -— =~ Fs ! 
a. /wp/EH IA AS | FEISS: ZO LD 9° ZB | E : 

y ; : : Oo! | © 

| Siifal A. Ze | 78.27. — - — Del cifee | 
s/7y@4, (4.40 | 726.72: 7.1 |. | 2 cece —_ 

SEG) |4,.25 0 0 725.03, ~ 5 =- | 
lelS4| 14,55 : Foecs) 1.4 LO 2 | fees Tee e Ses | 
Wyse! 14,27 + Fea. Fe | _—_ —  — | 

= pao po -_ 
7/zjsa| [4.24 725,29 2,2 jl | 1, TSH So dle i 

fgjed [Gel 7s) 19 9 28 | LS | 
| USE = Wed 77, TS ~ | ~ | bo | vile geome fo. 

a oe en! | | / : 
qed, 14.75 767,88) 1B CF 2 — : 
UBT) 472. 767,90' — — |; / ) Teaow S05€, | 

le/15fae 4 2s : 765.30 ! 2.2 3 fil a Lioii Keceuse eet. | 

io | J : : i | 

| Oo 
| | 7 ! : | : | 

| | : : | | : | P 

! ; : | : | 
| i i . ; ;



| eee me eee ee oes wee, ~- -, on _ os ok | 

a | Data Sreer: Wen SA LENGTH 22 be ma fogs | VEEP (cESERVETICR Wri) 

| 7 GW VoLume H,O| 3 Vowwmes! Voume | 3 
@ VATE __| ow ELeveTion | (ft - (bar KEMOVED Commen | 

. . | 

) ho f— — | 

whs/es| 1397 = | 768.34 18.2 9] | — | — | 
Wso/s3} 13-87 = | 708,44 \ / — 

| | | | / : | 

2leie3} [4.25 | 768. 2b | 1G 2546 Pre 

fz fi /m/ed) 14,4| | 767.90 | Ciiderm 

= = |z/e/e4| 13.07 | 769,24) (11:35) 

SS9} | | 

ai (fes/sal 14,53 7/5 15 — | 

‘  |s/z/s4} 14.16 | TeB.it — : 

Lisieé| (4.74 | %S.207 4 

he | 
@. 7/84) (3.978 |. 7ES, B32 __ | 

~ | | | | 
1S /28at 4, 41 | 767.70 | —_— | 

Weer A4S | 785; | - | 
| | 

dsl 14.05 | 768.26 | a 
| | 

6/64 13.90 | 7684 | ae | | 
: 

/)  \ 
| | 

| / | | | ) 
| / | 

| | \ | | 

@ | |! \ 

| —



| Dara Smet eu © | Lena: 9/249 ieee : 
: DEPTH TD LW | VYeLume FO 3 \ovume é : Ven e : 

| Dare | ow ELEVATION | (=) | (GFL) | Zenoves | Comment ! @ 

™ | 4 i | | ! i - ) | 4f20fe3] 2.2 | 772.43 5 — | — — : 
i | I 

con | 0 | : : 
johe/ez| 19.20 | 770.49 ° £.9 | 2.5 — — | 

: | : 
29/%3| 1528 | 7704 4.0 ; zZ.1 IMS |@4:c0 ! 

, 1/93} 1930 | 770.31 a | = — Ev40 ener ccese | 
| | 

2/21/23 | /5.62 © 77A07 | 2,86 /.93 4 & 2:10 Pm | : 
333 12/22/63| 18-64 776,085 | — | — - GE /p' Ss am ree reek 

| “en | | . | se fost) 15.70 | 769,97. 3.76 Lg 4 r (2.45PM | 
233 Yulee IS.71 | 769, 96 — tors a am FPR | 
=o ¢ ,; i j 

Bae; ! : : | a 
Si Z/e/ee) 14.74 | 77095 | — oo : — 909 Baer | 
a zim/et! 14,68 . 77D) 4.7 | 24 , Gtr opm 

ee | i - : _ i | : eis) 15.40 | 77029 4. 2.0 | epee | 
| 2/22/B /5.4]7 | 770202, = — mG | : 

| : : ! | : 
Bese 5.59 77019 ~~ 5 = a 
4/4 15,50  F7019) 4.0 . 20: B&B = | a pe ee en ee —@ 
shiley IS.57 9 FIQN2) ~~ — = | gery | 
Ei/sf HSvel | 0.08 2S 7G | 

! : : | . , | 
USe4) (5-55 © FINT | —_ => > y 
GLIS4) (5.6 : 5x.S | 2.5 | [, 7 . S 3 beey | 

Thee) 1E9  77e1e} = ST | 
vel \S,ece | F770. CS) 4 Ey ! Z ! Deby meer | 

| | | : : : | 
ene 15.87 7282) Be 6B = | | E/29E4 15.87 7 ren Eo —~ = | By caer | 
Gh-/sA ne! - | : | i 7 oe 585 | 2784) 372 18: 2 | Lie Geer | 

ise 1443 779.71 45 20 |) B | brevis | 
| 2 

| ' | : I | bo 5/64) IS4l 270,28) ee | 

: : 
| : ! : 3 : Lo 

| ! : | | : | | 
! | ! : : : | | 

rs



a, | Sen Sitter! ‘eee 7 | JENGTH ' (S22 | SMR Ow frit 2 | | 

; |  6W Vowume. 4, D;, E\ocunes \V oume | 

@ _ _Dere bw Elevarion | - (42) | fen) |kenevea i Commen | 

) |4jyed| (3.63 | 78.37] 16 Los |-2 - | 
| | j 

5/2/64 13.64 | 768.2 — ~ ~_ | 
| 5/23/64 13.65 | %S.32, |b | OG | 1.50 | fee corpe soe | 

6/5/84 13.78 | 768,22 ~ ~ — | | a 
Ls 13-30 | 7eg.zo) /.0 OS | 1.5 | Gece Leen 

2 f7/n/84| 13.47 | 768,53 — -_ | — 
me (| 7i2/é4] 13.56 | e844) 1,8 OF | 1.0 | Liser Becwss - 

sg (8/8/64 14.00 | 768.00; 13 | fe | — 
ae Eeq 13.79 | %E.Ol] ~— | =— "| | | teneo- Bere ocoe] 

yi (Yess) 1399 | Jo8.01] 12 | oe | 
i /Als4} 13,99 /eS.0] | — — / Lior? Yetta 

(| olsS| (3.67 73,32; /,¢ 0,8 [LS | Etta) Zour 

i/s/84, (3,33 | 768,66 — | ~ —| - 

|. / 

| ee 

Po} yp dd. 
: : ! 

@ | Oo ae | ) ee 
ft po 

pO 2 | : Po



(ET ier ow wee ii gehr i ive f."r, (OF wot. 155, 57 | 

| Data Seer tle & | LENGTH! ILBAvy SHALLOW | 

; | DEPTH To 6W \Vlowume hed = votumes \VVocume, : 

| Date 6w ELEVAT IoAJ (t) | (Ar) Kemoyed Comme IT ! @ 

a | | | ) 

/0/19/83| 9.43 77$.,4e 3.2 1b — — ! 

fea | 286 173.99 /.8 0.9 ne |€ 250 | 
| A683)" 19.23 773.6¢ — — ~ 16 IF Cibwt Betws | 

7 2/1/83 | 9,96 773, 4 /,72. GZ. SG WELOME, EL SDpm _ 

sg (2RV/ES) /0. 35° 773.39 _- ~ — |G freon ED ro 

= i/wies | 7-79 =| 773.86 | 1.7 0% | Meh e IG i2'50Pm | 
9s | i> | ~— — _ =. lb CVCENITE 
= am 7 bb : 774, 19 | € 10';44am raceeese =| ie 

i lajgea| BI | 77S. | 2.7 | LS | /vowme | po 
| ’ eC leyr/e4| 9.1/2 | 974,73 | — pom fm IID BREN 

oe | 

: 2/2) /64 3 I 774.91 | Z./ j.2 l¥azome.| Z/GHT Beovirs 
aes 594 774, Pb —_ — —_ | 

4/2S/c4 j 35 4.57 |. 2.5 pode lyvewe | - 
ELIE 9.7 974.29 | — ~ — | - . F by me @ 

| Sie) IOI | W7zZ.7D | = DB | Neteme |b ae Are ee | 
Siz IoS4 | 3° L Fj a | —- ~~ | weit | | i ee | —_ . | | | 

2/S/E4| |[.35 | 972.25] 2.2 C.2 | ivewme | Toe fee 
b/bJee} iSO | WIE ~ ~ — 

| | 7/4 TEN — | — — — | 

Bie/ee| DRY — — ~ —| — 

Gfig/s4 Dey — ee — — _ 

lojis/S; DRY — _ — ~— — | 

1/5/64 10.0% . | 773.8] — — — — 

| : 

-



mS | Dare Serene WELL q i f£ROTH 1 CELT | Seto Woetr cf Ceo Sree | 

© Dore, ow. EvevAt ion (<%) (eer) | Remcveo! Comment | | 

-_ Lobe IZ.48. | 767.22 12 O16 [VeLUME — 

| 5/274 (2.53 | 767.15 | J.2 3.6 | | vets conte 
e/73/4} 12.55 | 77.10 — — — 

6/5/84) (2,69 766.97) 1.0 O,S | lvamel Boswe | 

Cible+| 12.7% |. 7e6. Ib — — _ 

fH i7/u/ed| 12.30 | 767.38] |.4 0.7 | Lo | Koen a 
wm (7/12/64) 12 42 767.26 — — — | 

ss S/2eR4 12.95" 7e6,7Z) 9.8 Oo. 4 | vezone Cony 

ia “a I2.97 | 766.71 — | = — 

a 8/84, 12,85 166.75 0." 04 | |veeme| Kesty 

* | fo/g/84} 12.73 6.95 | 1,0 0,5 | [etume| Rusty 

11/5/34 12.18 767,50 - — — _ | 

6 a | | ! | | 

| J ) | 

P| Pt | 
! : | | | 3



ge Ate 
2s er 18 (764.81) 

aul! ny, 
L25_ 

_ N é2i{ — @ 

roy , 

Cen 3 - 

s 7723) 

1 & 

Cenw2 | 

Severson , 

Covet = o me 

L828 2. 

145 L36 —___ @ 

) L3IO —__ 
® 2 174.3) 

Cent | 
W wer 

fo b 173,43 g 
g& 2 

l eE_ =v 

‘inporo Flan View | 
Scare : |“ = 100! 

a GRouwd 
=RAM ETER watez \ 

STTEL ELEVATION, \ 

\tate _SePiemper ZO . 

san _ 1763 

7 3774327. 
\ & 4 (734,35) @



& Wh fel 1h: 

, 4a 18 (766.47) 

cau 2) —__ 
@ N Ls 

, 42) 

cy 

Cer 3 ~ 

s 268,42 | 
~ s EBS 

Cenw2 

Severson , 

Cover =" 
+ 

® 1325 : 
. tS —__ 

t Esio! -catt 
@z]L7 

Cent | 
W due 

627247 @ & 8 
: -  € T7842 was 

LINDORO Plan View 

Scare: {“ = 100! 

“2AM ETER ee 
aTrer  _ELEVATIONS 

ote Ocrzser J 

sar 1783 

e . @ 3 Lele 
" a (772./



& (A fe“ 21 

aa 18 (767,00) 

uk C2) 
N Ls 

- 42 4 | 0 

Cem 3 -. 

5 244.10 | 
; SALE. 44/5) 

Cenw2 

Severson , 

Cove i 
4 

L325 

Lee —___ 

L310 e 

@ 2272.65 

. Cen 4 | 

W ier : 

: é Z We. 4) ce 
& 8 

. € 273.99 8s . 

“INDORO Plans View | 

Scare: {* = 100! 

~RamereR,  ORDUKD WATER , 
TTES ELEVATIONS \ 

KTH Nowen BER 24 

A ne 

_ 3 .1772,3) { 
\ S 4 (222.3) ®



g& 1A ep ct 

. aur 18 (746,34) 

waa 2 ED) ees 
N £25... 

e@ 42)| 

'\ 

Cen 3 -. 

5 Th10 | 5 (748.00) 

Cer2 

Severson 

Covet =" 
; bs 

1325 
® L3% —_ 

} L3IO —_ 
@ 2 770.24 

Cecd | 
W Wer 

6De07 g / g a 
: € 272.85 wes 

‘INDORD Flan View 

Scare: {* = 100! 4 

“eameree, GROUND HATER , 

TtES ELEVATION 

ote Decempee Z] 

san _197283 

e. @ 3 LILIS 
~ @ (7h 99)



& A ve 

we 1B _(76b.Cé) 
auf 2 cs 

N L25 

2 e@ 

Cen 3 -. 

5 ZELSb | 
SsAUZI0S 

Cen 2 

Seveeson 

Couee i 
i. bs 

L325 
/ Le —_ 

‘ L31i0 e 

@®27477b 

Cert | 
W iuwer 

624772 @ & a 
: € Z3.£6 Lens 

Amporo Plan View 
Scare: 4" = 100" ; 

cagamerer, GE RED WATER 

-oTTED Evevations 

Note Janvaey [D . 

eae 1764 | 

“~; aren 

; \ _ °



& A tet tc 

: aa 18 _(7£7.5!) 

cau fit (2) —_ 
. N L2s 

ry ian 

Cenc 3 -. 

s 4221 
SALL24 & 

Cewz | 

Severson ins ne 

Couee = 

£325___ 
e@ i 

\ UBIO! see 
@ 2 771.13 

Cent | 
A ier 

622275 @ ® a 
. - STS wes . 

‘ INDORO Plan View 

Scace: 4 = 100! 

weameren, EEOUKD WATER 
women __ ELEVATION 

OATH FeRevaey 16 

san 1/784 \ | 

td \ g 2 222d 
’ 4 (272.93)



& Ie fe LO 

: aa Flas 18 _2£¢,72 

a 42) : | te 
N 2 & 

z ° 

~ Cenc 3 -. 

=. 

5 748,30 SN 
sr JLh7Z@ 

Cer2 

Severson 
ong 

Cove De 

L325 
Lv ——____ 6 

L310 

®2 Zig 

= Cen 1 | 

7 W 1ueT 

622024 @ a (/ 3 

D4 Les ' . 

“wDoro FLAN View 
Scare: {“ = 100! 

“ew ece CROMDWATER \ 
TES Elevation! \ - —— 

wth _flaern ZI | 

ZAR 19764 \ ‘ | 

\ 5 772.17 @ 
= \ 4 272.2) 

" \ 
\.



. ge iA —De~ 

‘ \ wpe (Ba LEk 44 

' uk C2 

e i — 
4 Lei 

f \ 

: Fe 9 HELO iL 
77 AT EEL BES 

fy if Cen 3 \ 
0771 63 | Ny . 

/ e \\ OA Tite * fT \ 

NON et A 
' " 

i See “on. | i 
i iOS ™~ 9 172 fe! if 

i a | | i 
4 se Teens. | 

7 \ s ZEBIb 33 f + 47!  74i@3 ; 

oie ai yt 
\ CRA \ Bee 

=p \ N ‘\ ae % “iy fe * 
Seveesen \ \ sage eh | ey 8 _ 

Couee ee SES ; 

‘ - eae bie . 

\ Jae a | 

y - wae |S 2 Tee : 
| - pee | teeta eee Pe 

Joo [Seed 
/ ~ [see 

. % WIG Bi , ‘e o |i ei Hh 

Ba ot fe ' < vo e 274.47 ws 

if i df ot 
YinQere Prans View. | ( a “fl | 

Scace.: [= 100" i \ | f | i 

: | / ' 

ERAM EER Geccenwatee \ vy | 

Pttee _Foeiricns \ : = 

| 
\Aowty Appin 7s \ . 

| 
Jee [9B 4 \ “4 i 

~7 -\ ad 
e@ \ Me 222243 

\ OSS es 4 12217 

Ne eet ot re 

Zs : FICE



} g fA DR 

‘ 
lam . (8_ Zeb 47 

. 
Lau es a . 

Les 

cv) 
N L2il @ 

= 

ee. ef 
1143000 ete 

i; : fo “(Ee 3 | \ 

/ 
. 

f we i | fi 
S Bb | 

. 

fi ‘ SS \ , oe - 4° 

fi 
Ky 

‘ 18.2 
i i 

\ : z 
8.36 |! . 

\ SKI ELE e/ | 
\ . Ceu 2 

Seveesor \ UM 

\ 
eaag ase ET 

Cougs \ mer 

> | | 
age oo’, L3ze a | 

; ‘ *. se inl * 

g / \ Lao oy 

‘| j1@ 2 22.99 
| 

u ! Tis 

ae Nie 
i Ces 4 =| | . 

ZA ; 
7 i 

ye 6 720. {2° " | [ % - 

' ; S a | S a 

ee 
i (7 € 103.70 vs | NN _— > 

: a vf : | 
~ 

Janeore Flan Vie Ww ‘ | _ | 

Scac.: {"= loo! | \ 
‘ aT aN oo Tt 

“BRAM ASTER & Ww \ / | | 

Pocttee § _EtevationS \ 
\ 

Mey 27 | i 
V\ontH lay Li? 

: 

Bs 
\ 

lear 
\ Aw | : 

se Sl] 272.04 @ 

i \ a. 8s mnee 

= TN A2 Lesteret))



. ; 5 iA Pex . 

i wr ‘8 bk.25 

@  , og 
Vig Lze 

an tN “eth 

1 TWbb.497 

i 
Y ri 7 I 

Te? is wo . ~ jee f 

ft : A 

é ; | | 
é ps \ \ il 

° i | in 
. a ANE 

j seh z 7 Ke es 

Seveeser’ % : Lenet> i wep 2 |i - 

Pak st + 

e i | *% [ot 
° : sil ES md 

’ ; le - 19.99 
: oy 

. f 7 7 ie: _ = 

ae z ~~ A (Cra . 

. eT7h0b 8 we 
< ct 

—lH—— (: fo € Q729D os _ : 

Sype@eec Poesy Vie (: ees | 

Seng [oe aS . in : | 

canine @ouno WATE, i Ny —T: 

cots _ Epeva tions 7 — “ist 

oye Jone S — oe a 
con ty i 

@ sss ee an ok ee “ 77/ GL 

ne 2 

~s 2 

- THee® (sitet)



5 * 5% De « 

— at 16 DBE, 70 
i, Dn 

NN rai, : @ 

G 17.36 

fo / Cad ff 178 yo if / ( | TS 

: - iG “ =i | Wo \ } 

Hs 
768.53 OY 

use, TS \ ld 
wits 2 hal tI 

lace | “| | 

. ws! | i; os | I 
stated | e 

[of i |g2 2Des 

“ gies | —| 

wer oO - ce 

. « THAD x FA 2 To 

NN a 5s 
, pOrer feet | ° i 70 oS 

Babe et & EP . . “4 \ 
- ‘td : MeO 

whe ger. — (7 iN { 
wots firvaTicns i Yt —~ ‘ ‘| 

198 ¢ \ : 

. NN



- 
er 16 2eb.,0e 

e , “a 
i 

N . me 

69 166.13 

| Ceu 3 | 

4 

/ | 

( | 
| - 3 

KS 1718 7 sti a 

\\ 3 ee 
\ 3 Cane A otro 

Severson a0 \ \o oY | 

, Couee & ease 176 

\, ; ie ‘\it / 

@ 
\ L325 ____ fi iC 

. 
‘\ ue | 

‘Y L310 —___! | I 
fh: i = 

in (@ 2 tas 
A! PEN 

Cec 4 J ‘ — 

AZ 
- 4 IeeT pie 

eg ol eo i 

SS aa ee i/ on = ws | 

Himooro Flan View a at | 

Scare: |" = 100! ne 
|| 

wT 

PARAMETER, ‘ow 

Pismrep __ELevATiowS ¥ ) / 774 

\ . \ eo: % DY “ : 

Morte flucost 28 \ \A 7 af 8 

tesr /FB4 \ Ni i | 

\ QS = 22 eZ 
\ + 22Leo 

AN



! 
: ab RET_. 

I ab it bos 
i et OZ; 

EZ _ 

| N b2u @ 

39 bb71 
——S, \ “Oe dk I; \ 

Cely S/N \ 

f \ i 

# S| 

A 5 262.88 a 7 LB.01 ee 
\ SATELZE @! WWope 

‘ \\ : Cenw2 | 

Severson ; - alll ' 

Couree \ / = | 

\ esl 
NVA se — Lyf @ 

, i. vaio SY 

Horan 
J cet a { : | \ 

se # ERS 4 INLET 

a 707 84 a if g c | Sw 

—_ if f e ORT 4's | 

1 i ff : 

VUNDORO PLaN View | | \ | 

Scare: |" = 100! | \ / | | 

Ze | 
PheRAt: -eTER & W | \ Oe <7 a | 

Monte SememBece IS | : / | ; 24, 

\a iS yp fd 
X. SS= its T7/ 

\ ——-~% Le 72 ®



sn oz; 

@ IN ee 
Cy 

— 9 Dob IS 

Joo4 i 
; 4% \ Hh 

\ Cen 2 Brew 

Severson \ fn 

Covuret \, = 

e % ee \ 

\ fic ——-- 

\ Nv i 2 T2049 

° : 40 Ceu 4 i 7 

2 Sy mr oe 

|b 20718 | we 
ae i/ C « DR tea! | 

HMINPORO Plan \liew i | \ 
Scare: |" = 100" \ | 4 

Fetcene OU) \ 2s it 
cares oe ous \ NA BE" "| 

" \ 
i ' | ; 

Morte Oct IS | | 

eo. \ = \)) 3s \ a: meas



. | i 

_ | | : 
| | | 

e — : 

I | | 
- 

} | 3 | ! 
| : 
| ! | 
{ 

| | 
| ! 

. | 
< 
c. ! | a 
fy S —— | 

| SLUG (zsT 7 ! Ir [ ! 

c | : 
C | . ; 
: | | kKesalTs : 

| | 

oe © 
i 

| | 7 
| | 
| : 
i : 
| ! 

: | 
| : : : 

I 

| | : 

| 
@ 

| 
| : 

| | :



oe | Tests |SITE Mig ALO i lere | zx} , 
| | | | 

© | Imac Depte to GW: /7428 _ ( Ho) | 

oo r | | tun é 

os ee Teme 21 unr 

tse) | Dem lt} He) | HA] t | OG).| Hie) | HA, 
O rs i267 }.00 Tee 4-50 | 0,37 
Bl 25 | o4b [yo ) 4.2¢ 10.35 | 

ie Ss If .SO 044 2{ 2 | 4.00 (0,25 

= 4 | 1,25 | 0,92 lage 22¢ | 03) 

a |S AZ , | 
oss 2 o - on wa | B50 10.29 | 

er | ' ‘ | : 0,22 

ain S| 10.00 0.82 125 4. 3.25 _ 

40 | 4,50 |0.% 12909 2.15 | 9,22 
4S F151 0.16 1308 2.50 | 0.20 

| @ 20 | 7,@0 0. 1327 2.25 | 0.18 
co! S7 | G15 10.7% | 1.00 | 

bz 2.50 |6.10 |60 | 600 | Ole 
| 68 2.25 |0.68 | 37 (75 | OIF 

2S Bop «| O66 [475° (.50 |O,(e |, 
| 80 715 |GET 1.25 | 0.0 

7,0¢ 9 r 
7® | | 7 - 1SS¢ V.62 | 0.07 - 

lov bE Or" Tar 0.50 0.64 
He | 6.20 0.S3 | Go | 0,25 00e 

| oo [bee | 210 0.08 |\60) 

c 6,00 |0A4S | _ ‘ 0.O¢ |000 | 

156 5.75 |047 3st 
) > AC | | | @ 4c | 5.50 C ) | 

S [o4 | S25 [043 | | 
|p! | 5.00 \P4l y | 

| 164 Q.75 0,39 | ,



Tests STE: Wynivoeo Wes 2 i 
| _ — 

a lniiac DeptH to GW: DEES (Ho) ig / “2, | 13.48 | 

a Tear 1 | Tenn 2 

£ (sec) Derr (t H(t)| HA} t De).| #l4)| 4A, 
| ot | 1248 | Oo O 1182 14.25 | 0.39 

O | 265 = 10.83 | 1.00 1189. 408 10.38 
ie 4 | 340 | 008 | 0.48 197 272 (0.36 
2 | |8 9.83 |04!|,.¢ eee | 358 10.35 
sd 22 7:58 |088 a 26g | 9 33 
2) 27 q.25 Joes] | | 356 |. 
a 32 7.00 |003 | 224 SAZ | 0.50 

! 45° 8.25 | 0% 125) 3.08 | 0.26 e 
. 4 LS 7.58 | 0.70 | 255° S00 | 0.29 

75 | 7.25 0.67 1240 7.92 10.27 | 

BS O42 0.4+ 1262 2.63 10.26 | | q2 | 6.56 |0.01 | of 
- 8 2.75 |0.25 aS 642 059 7" , - | 

iB s7s [0.53 1¢7 on be 
, -, | ZS56 16.24 

26 | S50 0°! ic Z25 0.21 
3) |]. $33 | 0.49 Y2z¢ 200 |018 
Bo (STS 0Fe Toy 196 NO. 

| 40 — Sill O48 | 296 LSO 19,14 
1457 G.00 b Abe 1454 25 lOAe . 

| | - ) /.0 OF | 
53 4:79 |0.44 ae a 007 @ 

[646 Oe | |68 4,50 g,42 [750 | 0.42 je 
| 7b 4 23 6 40 870 0,27 |0,03 fo



ee , “Tests Site: INDO O ‘Jee ! | 

e Iaimac Oepre To bw! lf cO (He) ) | 

a Teal t Tene 21 cof 
| 4 (sec) | Deru (¢ Hle)| HAT t | o@).] wld] HA, 

—l [4.50 O O |5s3 B.52| 042 
O 0.73 o< 13.77 | 7.00 | Lo4 8.27 | 0.60 

is (0 13.b0 O77 1663 B.0t | 0,$O 

= cl an As | 048 1719 72.77 | O96 
ee 3| 13.27 | 046 1 750 7,52 |0,S55 

= 4le (2.02 | 0.494 1eSI “Zl |O-83 | 
« 4 1277 19.93 (#4! 702 |0.5/ 

77 (252 10.51 [lols 6.77 |047 

e | 98 | 12.27 Joeq [ize 6.52 \0.47 
a [23 }2.02 | 0.87 1/243 6.27 |0OAG 

l4b | (}.77 0.85 W577 6-602 |\0.44 | 

| IS/4 5.77 |6.42 
Ioz [1o2 lo. 

! | | 27 " | 2024, 5.06 0.37 , 

| BA a Oe" I793h 4/9 |0-90 
| ZIL ||.02 [0-80 . 

13358 ’ 0.30 

235. 10.77 10.78 7 410 | 
| | 

258 (0,52 |0.76 | tH /2. 

9S | 10.27 | 0.74 45 0.17 | oor : 

| Bz : (0.22 |0.73 |ocy ».08 | 0.01 

7 4.69 |c.70f | | 

sey 1182D 004 \O0e¢ 

SS 431 9.27 |o678 | 
ATS | 9,02 LLG | 

| C24 6,73 OLS | { |



a : Tests | | SITE : Mnnoez Were : 8 | 

} Isimac OepTH to Gw: lO 1) Oss. © 

so — TRA LL | Tene 2 

t(sec) | Depa ld H(t)| HAs} & | O@).| wlt)| 4A, 
| e = 10.04 | 1.00 

300 7.89 | 0.48 
#600 7:20 | 0.98 
= | 1680 | GAD | 044] 

| 32/0 2.40 | 0.87 | 
4 5867 B.bG | 08] 
¥ 5400 6.23 | 0.82 

L060 8.04 | O80 | | 
9640 | TAS D.7t | 

Co 33 652 |0.65 | | © 
_ | 

| [2,780 6 .44- b.64 | 

| ft | { 

wv | |



Be st 

: 1.0 H cae : A] br tely TT rr 

eet se 
t.5- aaa wie $s speeds eee pels eS : i a 

oe ae, ie te 
O7+ pee eel Ni 

Db ge ee ee 
e a er ae : 

( 4 ne ee ee 5 Ha 

It, Glee = ee i, Pe 3 

| . ee ee 
a2 _ an is = ee aaiaciner eames _ Soe ene 

aah eg oe aa TE Bed 
i 7 = wares Giteebepes ee fee 8 

bot i fag 
Dol A GN ped | wel hale ce ee Les ‘ 

| i i: “A th 

ba ety Io" ey ice 
t (sec) 

— 

Tt)? + Pxis® De a ‘ 

e wey tei {Ve} sal A 
Le a = ES KI st 

100 _ | 

KE 4s fo TR 
. ae weiss ty < cm,



A, ust WM 2 found J 

. 7 ee ee a moe 
09 be Ni. Cl Poo ba 

Poot, Hops 
OSes i 

‘o £ ae PT re 
Aye. a iit wpa Life 

Oo-  me  E A ep : ere ab ey 

Al DSe ee ee ne e 

Phe ode EE 
med 

0} r - ; “Ss se Age Lon = 4 ‘ 

} 10 Ito ID* Ic 

aN 
+ (sec) \ G = Jp 

THe = 1,0 ‘ at 

= es }.0 r?) ne ! y S 

| Ke 4 aa aiAe = GAIT 

! = — Feet afer



m Yrs t Marche Ip 
———— = 

. | 
| 
| 

| 
0——— + [ tT a rT ry : 
3 te = eee A bo i ! aS dct das 
08 pment ae ON esiela “7 |e 
on-. . phe. ee hp ids 7 Pm OT ps 
. : Nad a Cb wee gale Sage we etl candle! 

@ | ea er eg ee 4 
Do- - of el 4 ISP pen ee ve tl, 

o4—. . Be A owen coe ate Ges wales | 
( AS 7 Debi a ms Peseta Ye mie! | 
| othe oy Bape rd. OIE a pommel tag atts Be. y bee Pade. oy | | Poit, gs HUE gSyn prt 4 | pee a SSOP Be Ep, : SRE oe Bae . | tt ‘ r : Pil | gy al at tly ead uid = . 

] “10 loc loco Io to 

Shy, Wis, Shem t (se) ) seran dang AX TR in ? | s=/0"! ; : 
eZ j=KE | Tir = Sue ion 

* st, ad 7 - oe i xlo (ve “Fae sy | ® Te ee) ete) = ZATIKO 1Y 
a ee es , —_— PAW, ce ke SAEED = 6944x167 YY 

. ~ = ~ Pq ie on i



hg Taf | e 
| Wy vse Wel 2 

" 1 Pe rTy rr 
27 ioe ns os ihe 
03 - re at pes Tots wl! ee : | ch 

pye  E 
Pade spat Ups me] pb, ae Py bide oi cit | Amide came g gece wc ihee Pd 

7 oop GRR NPE LY @ ‘ DIG + witness ead tan 
7 . i Path. 

04 ca tee cme ae ee ee 

O83. a a a: we _ 
i 3 it . : ig eG wooaed 
Poo Er hs pO Bed moms TT Oy Spr ete 

onthe mode oe EOL “Se . ay tered Lt rss 

Oe a 
a | lo leo !o° io” 

————— : 
4 (sec) g eo" j . 

Tt, aes a 5 . ? « 

© 200A) a8 x 10° Ys e 
loo a 

po : — WO 64 
Ke fox 279 os



: P whe. wast ih, 2 Ieee eee earlier a. wy fit. oe ele, ET Fe adores * MER etree et Aeon ee, 2 

ise % . eek han Qt ses ewan saftey at Aaa Da ere 

WEE. we BS Snastieees Mae es i. pes opp EATER Se a Sea ei Rises Came eas 2 pat 
aoe. SEF Seoo. MU EAT Paes ee ASS, Sires HOS Oy ee er Rae Ee ES BN Ie 2 BSS. CE ROE, Soak utemat Seep eel Cao Re gee ag Seat Spe RR tae Meee a 

‘Gi | Seas ass Bae oaien oni eae Serena Sen SS PN ARR Ze Bee tara ieee ree BRE oh Maat eae ed Se oe CSE ret kB PEELE FFs Ny aC BSG ei ne Cam eae Bese pees pated z ati 2 RE ger”: 
a fe Ties a Sy 

hata, ant is Pee eet ~~ 
hohees) ETERS Geers 

2a 

oh he Epes aba © 
: 

path lt PRRs eee: | | | ee oe ' Papapoputos Et au.: Barer Rerorr 1089 : iba {ieee pesheee 

Ke 
E 

; 3 4eigh { io Pr cei VTE BPRS eon = § io SL Tey Wr tel las sis pes. SS i eritastaes (eee i ig dae Sopris: gtk S18 game pea ie, 
°3 z ae Besa ; <6, Weg hel Ses gen sae Fe | 

MERA to. Bes 
% 

wath 2a Sg see TS BS ern 
78 % 2 : [dag a igee Fema 

| 
; 2 a= it; S fet ase z Se ce UY — be faed es Gere Bese 

-§ 
1 ANG fe au ae peetgeNS 

i a7! . é Lely ee Renee 
07 

’ Pel icg Ole S23 EB Sepa 
f i ’ % , [tees RSE ea 

4 1 1 = TILER a eRe Bee reek 
¥ ' Xf ¥\\\\ 7 wes Teese © Se > as! $ \\ \a\W ih dad a) (yehead B See } “ [ 2, | *\\\ Vgalag ar hpehees & & Spe 

- 
® v 

‘ jae Clesstass See 
wy v 

SET ES Sleds we S ¢ M2 
Py =. ‘zt VA \\\ : [a aie pe A 93 1% (| be a fees & Brees: 
“ = 

1.x 
2 [afr Bs “4 aE 

24 
Pi TERR ease 8 Boers 

. 

2 lt) DAML See Sa PE OTOL S. 
e m8 le 

ae . aS eS Coane 
: | < MR ae Reais: 

: 
3\ 

[ANTAL 3 eyes Ba ie 
; | ah Ph Ree & sees ap ah mere rtces ree : | aN Del |B Epes & SSeS. . | 4 LB SHEERS § Bee ‘4 32 

3) 
' ‘| Rete eAty 65 Ss 

a3 ae fr 2, ‘pad oh Eb NSS Babee: 
- 

%, Lar Syeaer g 3 : Sfa ee 
2 | h | | SA ae bgt: = cub 

aN) rt ts wit isis ree _¥ | 
ss ia erie eRe 2 ee. 

a | 
~S i TU EAS % oe 

Tn ou: 
= A 2 had Bary Da eee Serie 

= 00 Les 
: ; lias He Sz Gene. 

1ee5 107° 107? 107 1 10 10 Se] tens 3 alee : oss 
x 

5 Hel BR Fae ak 
oo 

Tt/r? 
e [ata = 8S | Bier sti 

= 
. en Es ni He og Ripe. 

a : Fig. 1. Type curves for ine antaneous change in a well of finite diameter. i. an 3 ey =f Bee Pf 
: Sulla Sues $ Gobo oa at ee PH ainauen of S by this method has questionable REFERENCES RICE ae ES YP relighiiew; reliabili e to UE og BRED Sean 

Eg Mabiny’; reliability Benet on Cooper, H. H., Je, J. D. Bredehoeft, and I. 8. Tye aa Ey 2: ks et sige Suetecuble when @ is smaller than Lt Pxpadopulos, Response of a finite diameter weil : ani WR depts pe ‘eee 
Am. Curse, the similarity of the type curves in this to an instantaneous charge of water, IWater $ i erg ial 8a 4 $5 5 : 
f03. Aanze of @ also affects th determinations of Resour. Res., 3(1), 263-269, 1967. Pr Riod 2B SG eaeutgs: 

Poy. ARze of @ also affects the , : HIST RATE Se anys ay traem:-sivity, Even the most carefully and / Ferris, J. G., and D. ae ee os tone for a | e at ee oe rd mies s lee = Pe 4g estimating transmissibili iY; a. reo. ure, ¥ wade ae eS ee aay ee 

Fy *uraiviy collected test dita could easily be ( Ground Water Nite 28, 1-7, 1934. : | ae By Sess 5 ae: 29 Tez, “ith more than one of the type curves, \ - nownl ate, No Kuowles, RH. Brown, and ij) Seda Se . The te une enuld expect is to be within one or R. W. Stallman, Theory of aquifer tests, U.S. ee fg tH if Sa x = thn colors of magnitude of the actual a An Grol. Sure. Water Supply Pap. 1536-E, 104-108, yes es ae 4 Soca 2 2Mtivs sn the range a <_ 10-* indicates that, if 1982. {oa Bp f Se oS 
> ng ae > es with Kohlhaas, C. A., A method for analyzing Pressures \ TOTS Gog Se Fol 

S chewy -* of o for the chosen type curve is within ODUM Se AGS a age i HI +) . . TERE 

: A oi Messured during drillstem-test flow periods, J. [ tts BS aah es 

. U9 eine yt Magnitude of its actual value, the Petrol. Technol. 21, 1273-1282, 1972. tT SPE SR Reres 2, “ro: the determined T would be less than : 
I ie aif ike z Dae 3 abers 2-1, This possible error shoul be kept in 
Rote By : eS ates 

a8 I cose 
i ang : ete 

ek Eicon one is making use of transmissivities 
hood sipes x eS 

; j seem nt by this method. 
(Received February 23, 1973.) i he ig & RE eat - : 

oor isd) i! Siete 

i 
[a2 AB Ee otitis: if 

: oe eM ees ete SPER een apeecerrgen FRSA ae TT ee ES a eet Sante RELA SLE LN 
PORES Rape ty anole SBE Ye Se ORE SEO RL STA Rus aaa hah epider at MORE AEE Ie SNE ere NE TN ce Re RT A ee ae IN Ded ay REE = 2



| 4 
fe | | i 

. - | | 

| ° 
: 7 , Lope , ! | HPPexoy FE 

Re 

| | | 
: 

| | | 
. | 

| Minooec , | | | 

a 
wo | — Geovnecater, Cuemster Data ! 
o | | | 
ar | : 
f | 0 —e Jaere 5.6 SamPLe CaicuLATICN | 
S| Oo ; 

| | : 
| | 

| | @ 

; 

a | 
| | | 

| | : : 
| ! 

| | '@ 
. Jt | 

| i



Hliluwewne wer A a fe wee ER CP . : } / 1 : , 

- > § Dara SHEET , bakemerrees SL } well [Fi - SHALLOW, Se | 

, : Dissawep, PISS | , 2188 NENT prt | 
© Dare O00. | | CoD | TDs TKN NH-N NDq- Nj | C] ~ (ine) | OTHER | 

oY 10/18/83 DRY = : | : | | : 

‘n/30/83 DRY ——— | | ! 

i2/z23| DRS | | - 

1/n)84 | De _ : 
7 od) ToTae | oe : 
CN/EF| |D _ 4,5 | 0.1 1,4 _ -— jf 

2 3/22/64, DRX —_—> | | | | 
po | | | | | 
a 4] 26/24 | DRY | | | | 

- al oey —- | 

= 4/6/84} Der — : 

ee De’ r | | | : 

© 8/29): vey t | | , | 

my | 
9/19 /E4 pay 7 i | ! | ; . i i | 

io/vle| oR po | 
i | | 

a | — ! 
nd nl | | 

| ° 

| | . : ) : 
| ! | 

| of | 
| | 

! SO : | P po 
e —_ ff 

bo | : | | | 

: i '



PEERS  weljtewetice we MET CHR Smein — <a 

| Data Sreet Seeamerces tes) Weir |A- Shaw, Bu 
a 

. | TOTAL ow - 
‘Dare "ALLALINETN P | 504° Ca" Ny Me “7 | Kt OTHER | @ 

oY 0/10/83 DRY —- = | | | e 

ies DRX | | . | 

| j2J22/e3| De? | ————s | ; | , 

1/nJa4| per ! | | pp 
eanles ~ _ —| - ~ - | - — 

A | 

Sables! ppy | _ P| 2 ajujee) Dey) tas | 
 5/28/  OR eC | ! 

- b/L/84) vex | — ! 
SO 7 ! L | 

7N2/8t OL ) / i | 

| | | yd] e 

PE po 
| | . ! ! | 

: ! | 
: | | ! Poe 7 tp 

ee : ae 
! : | Poo ! | | 

yp a 
FY fy : | 

7 , | | | | 
i : ; 

: po : | ! | 

a : ! po | | , ! | 
3 : | i | | , : 
Po 3 3 | | . | | : | : | ! | !



PLN ee ew eS hh “qe sf: iy rece sb 
—_ Data SHEET Paeamerers (7/2) Welt IB- veer, BO 

. _ Dissocved. = PISS Ps SOLVED, PISSYE = ND,-h* cH a. 

@ Ore | BODs | COD L 7DS,| TKN Rite |W0s-Ngl CIT | ane) | OTHER | 
, | “| | | ! 

! ~) ‘/ejie/e3| Z.4 | 7 336 | 0.4 | 0. | 2.3 3.7. | B.S (7 etl ee | _— 
N/9/83) <& | <5 | 340 \<oi2 <2.) 28197 | - = | 

a ! i suvge | : : | 
| ‘12/22/83 | <3 |< | 340 so D. | 25 |9.7 —_— | 7 

| | | | 7 nfo | <3 | 4S | 358 /<0.2 | 20.1 | 3.8 19.8 | : 
| : ! . | 
YA! SB | <5 | Boh 1 KO.2 [<0 | 3.5 | 8.9 | : 

A! -~ | aro | | | few) | | : 2 3/ttjee} <2 (XS | 762 402), 0/ | 22 /13,3 > 725, -— 

: : a | | ay Po 
Abb | <3  ¢S . 246 aa 6.1) 2,1 | FF ! 745 preee Fee 

_ : | | | 
a ! | ! | ! BSBA ee | : | : | | | | 

vib/ee ~} -| > =| = TI -|>~ > 
L . | | | 

| : | : 
Wels ~ | | en ee ee 

oe naa | ! - | | A 

@ set <2 <F | eet] 92 | 21 42 LI | 74 
 Y ! ! po ! | : | 3 

es ee 
, | : : | i : | . : 

| : : | | | | i : 
Jd | i P| | | : 

| | | : : | | i | : | | : ! : | : 
| ! | | ! ! | : : 

: | | | 3 | | 7 : 
pf po 
: : | | | ' | | | 
, ; . | | 7 ! : 
! : ! ! | ! 
: : | ! 7 | 2 

: . : | : | | 7 : 
! 3 , ! : | : , 

| : | : , | | | fo 

. : : ; | | ! | i 

! | | 

| | | . PO



ropINwURY Ne HUN hed tt ow mF TES ICT , | | 

Data SueeT Paeamerers (2/4) | ewe /B~ Deep, Be 
| | | TOTAL , | Sn 

Deve faumwm( “P| Soe 6 Co* f Net | Me™ { KY { ormee rs 

TY) jwnsjes| 254 | 0.06/43. | oF | 6 | ad | - | - 2 
| : 

| Ml /30/83| — —_— — — _ _ _ — | 

| | : 4/8 — — ~ ~ — | - | : , : 

2/flet| -—;| -]| = -—};-]; -] = : 

2 gnred| ~ | —| re ee 

= 4iie4|te2 foce | 37 | 72 | ow | sz dy — 

-  g/tyet| — ~}| —| =~}; -—-j} -]} - 

= g/l} ~ | —} —-) —) ~| —| -] = 
7/12/34} — | — | = —-| -} ~}| - | = 

Seles 20 | sob] 48 | 70 | 7 Jaa | I | CL @ 7 | 
! | 
| a 

! | 
| ; 

ELT 
ft | Jot 

| ! 

| , : | 
| 

| | |



IPE LOCO me tte am wr PT EHICA 

| Data Sreet Pacnmerces (7/4) Weuw Z- Snauor 

© | Dave BODs Cod F TDS, TKN x t,-N, ADs - | CI|7 Fine) CTHER | 

—_ | ons/s3| 49 | 76 | 674 | 38 | ot | or | oo. 84 | - | 

Wo/93| 74 | 22 | s88la6 | 0.1 lea) | Bou - | - 
| Lod LE VEL TOTAL : 

222/83} — | /s0g) — |/2. | 04 |2/ | i on 

- t/a ~ |" | —|SS]oe}toy) | - | —~—] - - 

24] <3 | 1b | ese} 22 |o4 | os | 7] - Je 
< | | | | | 
2 (3/284) — fo} ~ 142 )or | 22 _ fee fp 

 4lbkal<3) 7 |ecs} 12} olle3} 7 }ar] + 

*  gpsgel <3 | 12 | boa) 1s | el leo | 72 | 72] - 

;  Gle/g4 40) I | ea} 78 | os] or | 7) 774) - 
2/9449 | IS | Sle | LS | OF | oz | 66 | 76 ] -~ 

© — «b/ e437 IO | 4/o | | LI) o7lal | ¢7 17.3 — 

(  \ | . 

Safe} S31 4 | 254] 08 fos | or] zl j 74 

le/tt/$4} 1D I?7 | ze} fo 2410./ | 20. 17,2 

: : 429. |44.4% | FS 713% , 

e | of | 
. | ! | 

EEE ET Ed | : | | |



| ‘Dare AURALAITY ep S04 | G*| | Ms?) K™ OTHER : @ 

: | oles 40Z |0.04| 76. | 87 | No Se i | 

20/63 - — -| - - -| — ~ | 

‘[2/27/83|  — ~ | — —|— —|— _ 

‘hb - | -| - ~{|~—|- — : 

zis} ~ | - | = ~| -~| -{| -] = : 

s/n /e4 _ - — - —-i- -{|-~ . 

3 4+) 41S 5.02 ILO — _ —{ — — 
“ ‘Shoe _ _ | _ _ _ . - _ 

| ghkal - | ~] —]| -} -] -]| -1- 
7/12/84) =~ _— —-| -|- _ _ _ 

\ | © 

| | 

7 a | | 

Py 

of oo 
- Pf



HPUPINI RY ew em TT me; 7 [ 
| DatA Sneer Paeamerees ¢ iL) W/ELL S— SHALLOW | 

cr 
- | ; Dissnved , Diss 5 i; Diss , D165 f Nog “Nt ; pH 

@ Dave | Bop, | Cod | TDS) | TEN, | Nira! ay-af CI | Maney | omer 

7 +) nee ho | U | 704 0.6 ! Do. | O.] 7%. | 6.l _— , 

; 3 | | : | 
1/30/83 <% /6 | 660 0.b | O.1 |<0.J | s0 \—~ _— 

! 7 DUEL | | 

12/2/83 | 23 |" |720 104 | O/ <0.1 | 80. ! — |-- 
| SOLJBLE | 

| Yi/e | 43 IO |750 |} 0.4 | Ot |zo,\ Tb ~ — 

2/19/84 £3 | 10 | 750) 04 | OY} |K<o0.1 | 75 an 
‘ | | 

| z 3/22 [ae | i3 ID 7/6 0.3 | 2] <O1| 75° are - 

an ! | | | | i | 
—F 4lea| <3 7 |70|o6 | oy | oa. 7 7 led 14 

a = a | —- | _ | | | 

© 8/8/84; <3 | 10 7240 OS | O | oO. (78 | 66 | - 
| : Po! | | | 

(bf, 43 1D 714 ok | OI) Ol, 76) 29) - 
: | : : , : : | njet <3) § 4 04 OL 1 Ol 7/7) 

| : ! Po | 3 [ | 
@ ’ (GAs) 3.3 7 C4 | Orb O01 10] | 76 7-O 

) ; = | = _ | en ! | | 2 

a ‘Tee LS i> a p10 i 0.3 9,2 | 4a : 3.3 | 

: | : po : 
oulet 4.5 | 7 | 620 0.3.) DiI 2.1 > 47 71 

: : : | : | : | | | ! P| : : 3 

Sp : | : | : | ! 
| ! : | | : ! | 

, | | | P| : 

PY 
fp G fp 

; | | fo | 

: | : a | ! 

ee ee 
Pf



Clepiwewe ey weer SIM TEI me ANTE ICA & Lo | j a 

- - 1 Date. SHEeEer Pabamerees (CYS) WELL S- SHALLOW 

. | TOTAL 4. 

| Date | puzauiw rs | po sok { Ca? f n* | ftly?? [Kt | omen @ 

TY hoye/ss| 430 }0.02 | #8. | 100 | 120 “ po fo | 
: : | 
11/90/83 |  — - - | > - jf = | - — : 
12/22/83) — — —~ | —~}] —| — | = _ | 

‘unjee} -~ | -— | ~j; -|]- ~|— : 
| | 

2 3/iz7h4| — 7) en rs a SO | | | 
424 | 473 eee | £2 1100 | F120 | ZS 1 | _ 

Sn 
: | | | | »  b/b/34| ~) ~f ~} -} -—- |) —-] = 
" | . 7 | | | 
my | Tp OT ET 
A foe }s - | _ | ~ | 

\ S/i/#| 472 0.62.63 | FE | |20 | 28 | © 

| 
| | | ! od pt | 
: Po | 

: : Po 
Po Pot : | | : | 

ae ! : | | 
| | | po 
Po Po 
: i ! , | ! 

Pf po 
| | | ! | | | | 

pp | | 
ppp 
| fo. ! | : 

ee po 
PE | Po



iunmyyn~ey were ~ we PIE Ce lew ~; . | i , ~~ 

- | Data SHeeT  ptamerces (OL) WELL 4 - VEEP : 
i 

| DSSOWED | Diss DISS NO, -M + pH | 1 

@ pare { Bors | Coo | 705,/ TKN JAHN ING | Crt] “uae | OTHER: 

- ee 3.1. |<5 |270 |0.4 |<o1 | 03126 #5 ~ | 
752103 <3 [<5 27H |<0.2 ea 0.1 |2.-0 | = i : 

S2LVELE po 

izezes} <3 | <s | 276 leozieo.) Jo.2}23 | ~ | - | | 

1/1/84 43 | <5 | 284 1<0.2) 201 | 0.2 | 1,9 | 
' | : 

i £3 | <5 | 272 | <0.2/<0,; | 03 | zo] - | - | 

: | (vee) ! 
S lgpzet<3 | <S | 7b l<02! 0) 0.4 }2,) |“S2°} - 
Eo | ! : | ! | 

~~ Maan <3 <5 250 SOD Of (OB | 211 17.57 (othe BD 
en | | : , | | 
E 5/23/84) < SZ SS | 224 2.2 Ol | oO | 2.4 7D | | 

: LA/84) <3 4S 282) D2 20.1 9.2 (72 : 7.3 | | 
| po ! : | : | 

| 4 ! | | _ 
728) <3 | 4S | 278 | Ol; 89, i 02)20 1,75 | 

: a1M{ee <3 125° | 286 02 (Lo) 62 | 20 170 So 
ng ; a : | | | _ 

hfe <2 5 (274 ou) 6.) | 6.8) 20174) 
: : | | | | | | 

7 Y : | | 

: | - ae i . | | : : 

: | : : ; : ! | 

| ! | | : . | , ! | | 
| | pe : | : : | | : 

| | | | | | | 

| | | : ! | P| 
: | | an | | | ! 

| | ! | : | | 
) — BE 

: pO | i | | | | 
@ | | | | : ! po | : | 

| . 7 | ! | | : | 

. , : ! | | ! . i 

S| P| ) : i | 
: | : : | : : po 
: | | . ' ! ! : | 

SO | | : ! | | : |



| invtke CUMIbe eh ee TEE wm ma, ff - <. ers . 

- | Data SHEET | Paremerees 179/L) WEIL - VEEP | 
| ; , TOTAL yy | | | | 
| Dare. ALRALINITY p Sa," La i+ Nae | Nig ”" | <* OTHER 2 ©} 

. ) 10/18/¢3| 240 | 0.0b ec]. | S&S 3 | cS - _ | ; 

hres ~ — ~ a : - | =] = : 
12/22/83 | — — —_— —_ = — — — : 

on ~}~f>p-)-)-}- 
fp - 

| Pins — —~}|/ —}| —- ~] ~} Lf] =| : 
< | : , . i S ithe - | — | -]| ~ - | - | -] = 
P| | ! | J Aloe] 242 [cee 22 [es | 2 jes | | = — 
SO | : | | > | 

 s/ayee | ~ = | = | = | aie 
So | ! 
2 6/6/A, 7 ! -| 7 ~ lo =] 
So : . | 

7/eis4| — ~—f| -| -]| -| - f= 
«4 ZA | o.08 | ZR | bo | B | Bo] @ 

| 1 
: : | | - 

a | 
| | | 
| | ! a : | | : P| po | | | 

| : ! | 7 | : ! | | | | . : | ! | i 
: : | ! | 

OS Ft @ / | | . | : | : : , 
| | | : 7 | 3 ! : | 

po | | fe | 
| 3 i 7 | | : .



MUN KY Ni MI Ge be | LNEW (CAL = ‘ _ 

| DatA Speer : PaeameTERs (7 Ve ) Weed 2 SHALL) : ) 

;  OSsuer, 0159 , PISs 4, PISS Aloa-N+ | pr | : 
@ = Date [ Fas) CoD | TDSy[ TKNY | N-NI AD-N | Cl y| ene) | OTHER - 

a, o=™/ i ; 

7) jelnres 3/1 | — | 6641552 | 4.0 |<o.l | 89, ; 84 | — | | | _ 
w/ojes| 12 | 30 | 608} 24 102 |eo1l oz} - fe | 

120293] /5 | 2S | 708) 3.3 12.3 | <o,! | gB7 | — |- | 

uj} 2 | 36 | 72b144 | 3.7 Jeo |} at | —} | 

zine} 3.7 | 25 | 6 | 44) 38)201| Jol] — |= | 
2 Bhopal <S | 25 | 722 | 4.9 12.3 | <1 | 74 bo 

J 4itnal <2 22 “id 42 135) Ol 88 | 64 bens 
Posie 12 | 33 | m2] 34) ausjer 9 | ee | 

| bleed] 32 | oF | 704} 36 | 27] 0! 92 3 ~ 
“Telet| 13 | ZO | 74146 125 10,1. | 39 | bea} 

@ (/mfA\ <I | 27-1 724/39 | 2.) | o i2]43])— 
aes eid | 73 | 780123 129 Jerni | a | as 

lo} 2 | 3) [728140 | 52 KO] 193 | oe 

PEP T EEE Pp 
: | - : | S| 

— | | 
— | | fp 

pe pf e pb ) : ce P| | ! | | 

Sh | po P| 
. | | | . | | i



listet yee eter 8 Cnenicne | | | | 

7 f Data SHEET | Paeamerees (4/1) LL S - SHALLOW ! 

| Dare ALKALINITY Tope | Sa* 1 C% flat Mar | | K+ | pee e 

Y tvore/93| 492 g.02|2.3 | 76 | 130) 34 | ~ | - | 

sos — — — — | 7 _- _ —- : 

\/2/22/63| — — — _ — — — : 

cS -}-} -}-}-}-}-|- | 
| 2)a/e4 ~ — _ —_ _— —|; -|{— : 

i lemm) - | -| -| -|- |- | -] - : 
S 4h fee 452 |\éc.e2| 30 | 77 | 10 | F2 az | — | : 

= sjee| ~ | = ~ _ —~|{| - _~| — 

chisg]) —- | -}| ~}| ~—}| —]| -]| -] = 

(7/12/84) — —|}; — — —-| = -— | 

gt e3tlZ00r] 32] 7 | wo| ze | z  @ 
4. | 

| a | | | |



' | [LINUOE v Cuninver 1 ¥e TEN I | | | 

sO | Datr SHEET | Paeametees ("+/L) | YELL b - SHALLOW 

| DISSOLVED: I SSouveby: ASSAYED DKS. (MB-N* P : 

@ pate [ Bove | Cod | TDS, | TKN,,| Ni NI NOZ-N] CI | (ite) | OTHER 

) ems 4.6 | — |osa | 22] 14 jeor| s | 82 / 

1 7/30/e3| <b 34¢ | 750 3.2 2.2 |2ou SS - | — 3 

. SoLvBLEe | : 

12/22/83 a3 Z4 724¢ | /.0 i] <o,! | BO -_ aT 

ufse| 3A | 24 | 770 | bb | a8 |xot | es) — | = : 
| a : ; 

shale | 27 | 778; bb | 09 |<0.0) 77 | | TO 
< | | - | (Fi€Lo) | 

2 | 3/2/84 <2) 2b | 70 !11,6 | O8 20,1 75 te) 

$ | i jo | _ | ; ! | 

SS Alt ke = = 23 | jlo | 24 | a5 poe 72 7D 74 

= 5/23 /8¢- <3 | 25 710 |.¢ | a8 <0. | (77 (66 ma 

S| | | | | | ; : 
:  Glk/e4, 3.) | 23 | 720 | 14 | 0B 601, 77 23, 7 

! | i | | | : 
Was <6 | ZZ | 736 | 1.4 | OF ) 2, | | 72 | 7.0. = 

@  snes| <i | 2 \ 704 | 15 p69 St 1748 OF 
* aja 27 | U1 | Mo | 1A 28 49.1 | TF be | 

} rast 4,1 | 26 (756 | 1S | OF 201 | ba 

ot | pe 
3 ) : : ! 

| : 7 ! | | 
: Po po : | | 
. : : | | ! 

Bp P| | | 

| : | | 

a | | | 
| | an | a 

: : | i | : 

4 | , po : 7 | 
mE . | | po | 
a : ! Ho en | ! : 

: . ! : | : a po ,



- LEE LIS UIR SE eee teh elim | CREM I CR - _ / | J | 

| Data SHeeT | Mabe me TERS ("5/f) | WELL @- SHPO | 

| : TOTAL _ fF | ti | 

| Der€é jammy ° | s0, Ca rb? | Vg?" kK DTHER | e 

pow | | ! 
oy m8 /03 456 | 2.5 497, | BS | [20 | 322 | — — ! 

! : 
1/30/93 — — | —_ _— — — — — : 

wness} — | — | —} —}| —]| -— | 7 | — _ 

rel | -f-f |) -] fh 
| “| | : 

| 2/14/84 — — —_ —_ — — _ — : 

5 | | 
2 8/274) — - a a | a | 

S 4/2 /8¢| 446 LOO <-> | £7 \ llc | Ze _ 

Sj | ! : | | 

= 23 fae — | —_— _ —_ —~ — _—_ | — | 

pllBA - p | 

Wejge| -  —-| = - = | ~|/—j};-— 

| | : | | 

4 GE +7 a 77 os (120 | 40 _ @ 

: | i 

— | : . | 
: | | | 

Oo | ! | | | 

: | | | ! 

: ! | 3 | , 

ef 

: pf 
a | 
a a P| 

re ee © 

: I ! 3 i |



: . I; OL ee ee re ~~" LP oe pe —_ 

| Dern Stecé  ¢ecewerces —f SA) RELL mS rfid CFIE 5 

~ : Piss : 55 | biss | 0183 | or : Sree | . 

@ Gre Bo cs | “OS TEN pity eR, Ci er | OTHER 

- ry | , _ a 7 Po | | | | 

Z/z/34|>23 | 2 | 13S | a a | 77 + 7.0 tae 5) 

S/23/8¢ Zibb 3 lo ! a) | 2.6 | Z.3 a | G42 O<.5: = | 

: L | | : ! : 

leu/ea| <3 12 eg | 20 | 24 \<o) | 2B ee TK 
| : | P| : 

Tet) <6 14 | 44 | 3.0 | 22 20.1 G6 68 | mK 

vse | 1A | | —— | fom: | | 

i 301 fit <b ‘4 | S574 | 2.0 [7 | on 7! | és ! 

noe | A | tart } | pa , ! 

23e qitle¢ at | | | nf ~ | 1,8 : . 4 SDs or | ro | . 

“88 tog | | | bon i : | | 

228: elE4 | oS | ce | 644 | Se pie CE] F090 (6S : ! 

= P| | | : | : : ! 
BS : | | : : . | | | 

« ! | : | : | ! 
; | | : ! | : : 

. 
| 

: Py | oo 
@ | a ! | 
a | : : | 

_ | Sh 
’ | 

| : : | 

| ! | 
! | | | | : | 

| | | | : : 
po po | 

a pb 
po ; | | . pe 

| a Be 
| Po 

po 
| | ! | i 

| | | : ! : | : 

@ ! | | | ! ' | a 

- | | : | | : 
. | 

po , | : : | 
| ! i bo : | ! : 

i | | : ! ! 

po EG P|



. | Mi LORS COIR teh le we ODN (the | _ 

| Dae Spicer  ReameTers ( “S/S 1 /ELe [- sree oe 

| : | ToTAL | 
~ lie zZ- z+ re | 

Dare. cain | c | sed Ca | Neo | fie** = K*~ | OTHER : © 

| 4/201 64 | 572 10.02 : 19 | 120 log 4b : | _ | 

| 
| | . 2 

Sees - - | = - | = | ~ | _/ 3 
- | PO : 

L/b/f4+ = at | — ~— | ~ | _ _ __ : 

7/12/84) — — 7 _ - - _ — | 

ze 4 is 2 a“ -_ rs ~- 
| 

586 8/29 /=4 “ilo <0.02 = 2 A 7s 2 c | | 

aoe 
| 

= 3 | | | | 

sa3: | | | | : 

ef Ff — 
R : | | 

| 

“fe: | : ; | | | | 

2 | ; | ! 
| 

ee : P| 
| | : ! | : 

| | ! : . : 
| | . | | | 

7 Po © 
| | | 

: : | : | 
oo | | | | 

| OS 
| 

! | 

i : 7 | 

a P| — 
, : : : | po | | 

| 
i 

| 

: | | : | : : | | 

: | | Pg ! : . : : 
| ! ee | | ! : | 

ee ee 
: ? : | | ! 

| P| a 
| , ! ! | | : i 
} | | | ! : 

: | | , | ! | 

| | | : 

, @ 
fo a 

| | 
: | | 

: 

| | 3 | |



- Inve pte te CHEW IC— a ' a | 

: | Darn SHeet Pa eamerees ("Y/4) : Weil B= SHALLoLd | , 

—_ DISOOLVED, 0:56. 0155S. 0155. Nde- Nt H 

eo | ere BOs | COD | 7PSy TKN | Hs | No, - NI C|7 | Fone) oTueR | 

—_ | | | | 
— me 4, z4 273 1 4.4 | ob | O.2 | £7, | §.2 — | 

Bao <3 20 | 654) 14 | Oo] OS | a | — — : 

| [Low LEVEL TOTAW 

12/22/83 _ ‘se | ~ 3.2 | ©. 2 |<! —-_ | — — | 

QWSE : | 

. ints <3 24 T70 hb | a] |<o8 | BF —_ |— | 

2 asa) 23 | 25 894/25 | 03 <0.) 89 Re | 
S| | oo, | 3 : : 
Spiess < to 82L/3.2 o8]2.1 74 ZO — 

| —. | | . , : 
: suse <- 220 798 | 28 OB (SO); 90 | 7 /o 

: — b/b/64| DR | ——=, . : : 
; : | 7 - 

Tizje4 long 1 > | | | | | 

| po 
: | | | a 
: 7 of ! : | | 

| pt 
| _ ppp 

Oo ! | P| | | 
| | Po . 7 ! Y 
| | | | | | | 3 

| . a PE 
. | 3 | po i | 

: : | : 

: | | | | 

: po | | po 

: | ! : —_ ! | 

> | | po | 7 | | 

eo | PoE 

ee ee ee ee



POI Se nee we we [oo woo FTE OP ww toe ft ~~ 

“we | mes ty fey) Geo seis . 
Deve SHEET | Paepmerecs + °04) | Weel & HALLOW : | 

- | ToTat ; 2- , 4 | Z4 ! 
| Date (aexacwoirr! P SC4 On | ta Ms KY | otnée 3 @ 

| ! | | : 

| | ! | ! 
12/22/83 — — — : oO — — a : 

| : 
| /u/t _ — -~| o> —|- — — ! 

pes Ff) mf mp mp mp | 
< | | - : - 
2 Yepe4) — | Tm pT TO | 
£ : ! | : 
< : fa _ toa —_ ' —_— | — — 

_* 4/B/se S37 <d.02) 1S | — ~~ | 

ES /23/68§| - = | ce ee ee 
6 3 3 | ! 
© G/b/84) vRY ——> | , | 
se ' ! | : 

7ie/¢4 | DeY — | : | | ! | | 

| po : | | po | | 
: - | | | 

ye | | | | ' 

| : | po 

. : ee ! | | ! 

: ! : | | : 

: | : | | ; | : 
/ : : : | - | : | 

| : : : | | : ! 

, ! | ! — 3 ! 
ee ® 

. : : | to ;



. ee ~ >) ° _~ Te Ch ie : hr, . , coe ope, - 

| Death Seeev  weevctres <A ee 1 ENO Le Tee 
. _ | Ase | BIS S : oan ss | Lis § | Unt - | ran : 

@ ire | Bhs | ced | TOS TRN JEN Mae CI | cr one? 
4 | . = | ' - | | ! 

Wh /2b/gel 2S 1 76 See 4.2 pio 4.2 | 76 6.4 eat TS 

eh) “~ | i i oo, ma»: | 

$/22/34| 4,3 20 | 520 22 | hl 8 Gy] | Ez 4.6 om 
. 

_ | | | a | — | é/¢/64| >22) Fé 456 124 [J ) oO “5 | £7 : _— | 

7/iz/e4| SB} 46 | CRO] 22 | 1.7 | 6. GZ | 6,2 : — 

tne , | > , -_-_ -— - i im _ . 

#2 | g/t4/#4|< 7 | 2D | G22] 2.2 | 1.3 POF | Se? BS | 
no | lo, | | | 
giles | SF Ze | Te | | 7 | a HD} ee | 
738 ay : ., | an ; | ae [IUB/S<) 2 47? | 686 | 52 | 1B | oI | 100 ES | 
= | | ! | 
us : | : | i 
“fa: | | ! 

o - 

| — | | 

| 
: | 

| ! ! 

| | 

) ! 
| 

| | 

a 
| | ! | 

@ | | | . 
| | ! : 

pf _ 
: | ! | | | : : 

| | : | . ! : | |



. A WOA © Con aT Wo we EL eS fe , ao Tere | 

, | Dee, Suter ~ Ome t\ pee GO 
VAwWK SHEE — ePm sr ©6£0> ) — WAE ee i focK CEL = : 

: w ~~ ~~ we : 

! Se i ge ee zs “gogo 4) Bor oe 
Date | furierm Ste GT! het Foie 1 kg? 1 ostHee ! @ 

poe. | 
,!} i» ; { 

) 4/203: Zo CCL S$.) — bom ome Oe Oe | 
: ' : ! ' ' 

, | : ? | ! : : | 

: . : ! . 

1 i | : | ! : : | 

C/e/e4; ~ | ~~ =~ | oo Pe 
| | ~ i. 

| | | | | | ! 
‘ t i t 

aa a info | : | | | | . | _ . 

nan | : . i ' . 

i ! : | : ! : | 
oie | ! 1 | ! ! 
aa 

| | 

235 | . , ! 2 | : 
n"™ ‘ : { i : . ; 

MO £ 1 : ‘ | : ‘ i 

se: | 3 : ( | : | 

: | : i [ | : | : 

3 Po pe | 
| 3 

| | i | ! ! 

3 . | | : : : 
| | bo | 

| 2 | ! : , | | 

3 _ | ! | : | | 

. : ; . . i 

2 3 3 ! ! 3 : 

| : : , | | - : 
i ' : 2 . . 

| | | 3 | ! : 
| 

| : | | : | ! 

. i i 

| . : | . . 

| | ! | 

' t , : } 

. ! ! : | : : ! : | 
| ; , : 

| | 7 | : : ! | 

: ! : : : | | : | 
! : : : : : | : 
| ! . . 

fo an 7 
: — ) 3 : : . | | 

: : | : | : ! : | 
: Poe | ! : : : : | 
| | 7 | | | ! | 

| | bo | ! | 

ee ee ee ® 
; } { 

| : | 
! | | | | | | 

: | 7 | | | | 
| | ! | | ! : 
| | | 
| !



oo PIN UY RQ welticed cs | ee TT AF Te mm —T | ' | 

ft Dara Sweer (me /L) | DT WATER —_ 
oO piss, | SOLBE : Caan DKS | O1SS, | : 

© | Date | B92! cop | CI” | StIN | TKN | 725 | NHA-N OTHER , 

Oy ey 43 | <5 (2£0,3.)<0,/ |402 | JO :.<0.| —. ! 

| Viele £31 <5 | <9,3]40.1 | <o.2] 12 <0. — ! 

| | , 
| 

eee | . | | a 

EU | | | | 

ft. | | - 1 

oe Pf 

po Pot 
pp 

: — | : | 
. | | | | | 

| 7 | 

. 

| : | | | 
: | | 

eo Pp eo P| ! : | 
7 | | | : : | | 3 | ! 

: | | ! ! | 
: | | | : | , 
; \ | |



| 
| | | | | 

| | a 

| _ © 
- | | ABLE. | Sol CAlout ATION ! 

/ | 
EXAMPLE - Wen 5 . 

| | 
! CIT Concenteation = {mg/L | 

Tota, N) Concecteations > 4.) mo/f : 

| LastawaTee HAD Cl = 10m f/f ! 
f | 

SN ! Teme N= 32,2 AL 
-e | : 

| 
c ! eC Peoocticn (onsticns) CE CHicRio&— AT Were 5 = | 

| ( Fecm Iva ste) : 

| | - WG | | | , P00 ~ TI Vy 09 = 9% @ 

3 Ze Keoucticn ( ) TotalN RT We Ss” = : 
| ( FRem Liste ) . 
{ : 

| | : 

| ———_ = 872% ! 
| 32.2 | 

| KeveAL 70 N losses AT Ve Le CS = : 

po S7 ~Y = 784 | 

| | | ! : 
! : 7 
Pot © 
| ,



| , 7 

e | a 
| p 

‘ | | 

: | 
! | | : 

i Domewpiy HH 
te : 

| 

| : Mivoces , | | | 

e 
f | 

eo URRw LUASTEWATER  ANO 
e | , _ | 

: 

c | ly 2 (METER. CHemicy CL : | 

e Data | 

: 
| 
: : 
: | 

| 

: 
! | _ 

| | 3 

: : 

| | : 

| ! 
eo. , 
oy | |



Witla CeO Ghote TEN Cae NTR wee PORK ae 7 - 

: | Data SHeer : (ms /t) | WURSTEWATEE © EOE OS 
we | GIFS | HRS | — | mi | rigs PwrISS ; | 

DATE | exe toe C1 | PT Ree TN | TEE een) CTR 
po i | ! ' i, | , ig | | (< |yjnise] 2200 320 9 K10 | le | 778 le | — 

| ; 

PO : : | | ! 
! : : : | 

i : - : : Pp 
ee ) | Loree Ww - |Ceu 3 | | 
a rot | rr 
399 '; ' / ! rf } 

= po | | | (WT : 
a5 | : ! | : La ter | i 
ie 5/94 : 72 | Zp | keer Lg | 
eee [1/184 | my | 75 | </.0 | 16 0165 | | iS | 
= | ! | | 

if : | | ! | | 

| | | : . i ' ! | | : 

Eg 
oo bg! | P| | ijicite | 1405 2 2b00 | $2 | 670 | 0. 2/.0 — me 

| : | | [oR 727 | : © 
i | 

Wbla4; — | } 120 | be | Ol fzgce} Pm 
| i P| 

drip] ie - [Cou 2 | ! 
| | inet) | i | ! 

(|ideie | 280 | ee | 2 | bk | 4 | 7m — I | 
| i oe eT | | | 

, __ i | 
ilb/sh | — Bl | ~ | 41.0) tA wt) — | ID 

| | | | 13 pis’ : : | : 3 | i | ) | 
. ! | : : | | | 

: | 3 ! ! ! | 
| : i ! | : ! | | po ee ee 

| | | | 3 : 
Po | i | | | i | 
| | | | ! ! 
| , 3 : | a : | 
| ! | | | | | 
! | | 7 | | 

1 | 
7 1 | | | ! | ! | © 

| : ! : | 2 | | | | : | : 7 i | | | | 
; : : | | | ! | : 

) | : i | i _ : ! 
! ! : | ! i : | | | 

ee ee ee 
! . ' , : 1 : |



. EA et me wee we wn oh, cro . =_ 
. - - ? , _ -. ~ = ~ 

. | ATR Sure (Pee capper eee, OCF “7 “yey. £ Ses - fells 
o ty a 

| 1 BNSF Peeps bits 7 DIS; pes | : ! : | 
@ (LMATE | COD | fiss Ns eece Cl eT ES : 

ao 4a ' ! i - ; ‘ , | 

C )\apsiasee) 974 5 7%) | BB | LA : | | : 
‘ : ' : . ' 
| 7 | | | ! ! 

4 sis | = | = ! a 
. A ebE ZO : 3.2: 2.8 | OL | <S 65 26.4! L2i2 3 

: j { : 

9,' , / | fe i . : 

NK 7/nfet| He | AB NE Lei | 78 — — 
wr] 7zje4! 22 | Lb | 2.3 Ol, —  —) 6S) | po 

i : ‘ } i 

uae jn a | a" | ~ | | i ! | | 33 Vv} g/2Zych 16 oo vib j 6.1 | <4 10 E64: See | 
= | | | | : | | 

we Sg icici Mo ND Lt aA, | ead ody | : ) | 
SII | OR ee Ye KIO XN bo — | 

pals . ; : 
| 

— wleieles| of bos ee) : a | 
| | | 1 : : 

2 t \ : ; 

| ) | | : : | 
: ! 3 | | ' ! 
: ! | ! | ! : ! 
3 ot ! ! : : : 
: : ! 2 , ! | ) | 
i : ! ’ : : i i 

@ | es : ! ! | y : ! | | | — | 
i , | | 

i : : : : 

! | | . ! | : | . 

! | ! : ! ! : | 
| | : | : 
! 7 | | | 
| | | ! | | 

| | | | | os . : | 
' t } : : 1 ! ! : : : 

| : : | 
: : t i i | 

| , | | : | : | 
| : : 3 P| | | 

: 1 7 3 : | | 
| : : : : : | 
| : : : ? ! : : 

pe 
| | , 3 | : | : : : | | | 

! | : | | : | 

' | | ! | | : 
® | 3 : ! | i 

l | 

. ! | | ! ! | 
: | ! | , | 
! | ! ! | Le : i 
! | | !



| Niles, Leth kts Corian lee , on. _ o 
. - ( teg ay . = » 1 o — i 

| | Deve Sheet | eeeavgczcs 6 IAD iLremrtcr &lp. Soe 
TT ro ’ereOOOnDe;.— SO—=—_— 

. | 218 § Ciss ’ - ) ooo oe , bes ’ | ,b:S¢ ! 
Dave | Bele cop Slo | ph UNS Ten tps gee NY pT HER | © 

oo 4 _ : . ; 3 Oo . i \ | 

ON soe 2’ MN: Ez Ox | oO : 2x .€22 | x! 7 | 

B afelée | 44 oll | 8] | bd 62 2D Sst oli 
: | fo ; 4 

¥ = yf ! | ! | | prides | be ~~] — be me - mM 
: { 

| : | | 
wp ieee | <3) 4 | 73163 | 3 | 22 | 460; O01 | K 

: i . } : 

ere : ha | , | | | | 

Hives} —' © 2 |- MIM — | a) NAN ; . . ” 

owe | to | | | | 
se Wi be/s4 | — /0 (59,0) 62 (12.4 | /.2 : —- iol pa) 2a : ! | : ! pe ! 
=: 8 iZZ , oA [cH | = ~ i o¢ _ : i | 

ewes & : : : : i 

7S af | ! —_ 9 : Ne an : : ! 

= | , ! 
3 “ : : _ SlbleF, | ED eo 

| : : j ' t { : | 

| | : | : | | ! 7 
: : | ! : | | ! | 

| | . | 7 | ! | | © 

| ! | ! : | : | | 

ee ee ee | : : | : : 1 : po | po : | : : ! i | 
| : ! | : : | i | 

| : po ae . . | 
i : 7 | | 3 i : 
! : ! | : ! ae | 

| i ! | | , | | . | 
{ : : : i ; 

: | : : ! | , 
, ! | : | po | | 

: { | i | | ! ) | 
| : | ! | ! | 

| | : F i | | : | | 
| | P| : | PG | Pot a ® 

| 
: I | ! | : | | 

; | | : ! 

| : po 7 : : ' 
a | Po : : | : 

| | } | |



_ 
| | 

eo ! 

| 

7 Mivceo : | 
S| | 
c | | i : 

So Cece Niteccen UPtiKe peo 
-€ | . | 

| | : : 
a Cacucation $ ! 

e | , 
| : 
| , 

7 : i 

e | 
og . | 

’ | |



nen -A5F 

- fo ‘SAUER 
= 

SEX SOL ne SAN” we’$.3 8 

foe 

zr vinci 2M" Tie 

/ | 

r) : 
MeN 

eat 
| 

og OF ANALYSES! 5/23/84 
> ply 

® 

/ 
CH 

( 

-: 

* 

20M 

SAMPLE 
P K CA MG § aN - E N FE we aw NA 

1 uA g.iga 0.154 (SMA 5.099 06463 S572 gaz, 165.2 815-8 5.77 355.8 ¢ o82 

2 i8 nog 0266 05K OHNE vas 46.97 TOL 57RD 732 SEgh tae (HE 

3 2 
9.249 0.335 5.300 §.077  Gese 22.22 6.383 36.83 E8002 2.399 229.7 £ eh? 

= y (on ary vetgne
 basis) 

- oot 
a 

| 
LA 1.56 

2 1.44 

13042 
oe 

2 0.26 

. 

ZN of Ash 

oe 

: 

1B 
2.49 

, 
: - 

2 2.64 
. 

e@ 

Weight of oven dried sample (grams) 
2 Ash. - 

a 1AsO873 
- 7 —- 

: 
1B «67-2 

| Wel 

2 311.3 

og 10.1 

A 1B Mi woke 

| 

Apa. SAnPles oF bEnss 

7” Bee pHzAD 
of



. a 7 
‘ ao 

. 

_ pet 
. 

= ° 
: ~ . ome 72 

AE SD HES Ks/, | WEY SET RE PLANT NALYSIS AB 
— | SuLL MINERAL FIINT PHS 

@ “eOIK al ETE 
. 

« wwe + © 

"DATE OF ANALYSIS: 7/6/84 
fo 

% . Dom 

SAMPLE P K cA MG 5 iN B MN re wv & NA 

an_=eeD 7—__ae > ee qua qa > —EeEE unum» nee na emmy» nee —_——E!: 

1 1B 0.187 0.149 0.495 0.096 0.072 38.51 §.330 157.6 638.2 4.711 662.2 ¢ @1.3 \ 

2 2B 0.140 0.382 0.278 0.072 0.072 26.93 3.249 32.65 243.4 4.448 263.8 ¢ 62.5 

| | eS | 

| 
| 

— 
. 

- 

© oe col tae es a OM ae igh Des : oo , 7 . ws pth as - ee oe wes : . 

Meee ee a Eg eg eS eB cade eRe fe ee 8 0 wpe cB. gh AT ae 
aa yee eee rae, oe age Pe OE wae ong, meet, week Bde ee ce eek st Ce a lel eatin Pio Bae tt a tt 

- =e = ot gE Sg * : sot: < P. i eo ge ROL w. gi eme ee we er lg Core eee: oy =. ET 2. 2; toil f , - - ee 2 ett 

ala? CG ee Sd Re tate CSRS Lys “Seg TRO Te ae Seley SESS We ae Ree WE eee ya ae Tre 

Te ppb eae ace aaa pee ee aya BE pee ee ee Si ee et Reged afl es ae 

as Saree ae Sen ERS ee ee eae we Bene iro Siete ge STE en on RSS 

Oe Zager poe Rene eee Eo ERE "Ra RO a Ng ider ee bes eg PE ERA 
OTRAS sete Se gee OE TRS ae . : a 

- os are - Re Ate Ste mre 4 : , 7 uy 7 ne a °? "ss . , “ . . me



"COOPERATIVE EXTENSION PROGRAMS awa 
. University of Wieconsin—Extension | 5 < 

PIE Gnrerany of winconcin—ttocteon v | 
Soil & Ptant Analysis Laboratory, 5711 Mineral Point Road, Madison, Wisconsin 53705; 608-262-4364 | ie 4% @ 

' DEPARTMENT OF SOIL SCIENCE ae ) | 

RESE ARC 
September 14, 1984 7 . NO, 
Acct. 900 | 

| Lab No. S0035 | 

y - \ | 

MEMORANDUM vet | 

TO: Dave Sauer-—DNR . . | 

101 S. Webster, Box 7921 — 

| Madison, WI 53707 | 

FROM: Soil/Plant Analysis Lab 

RE: Results of analyses on 4 canary (+grass) samples submitted July 24, 1984. @ 

| ao ie Tdoneificatian Sample.) Nitrogen” Nitrogen” Sample Identification Weight - Ash of Tissue of Ash 

grams ‘to to 4 

Mindoro 1 87 -_—— 2.15 ---— 

| Brodhead l | 134 —- 1.28 --—— 

Mindoro 2 121 8.5 --=- 0.64 

Brodhead 2 110 5.9 ---- 0.48 

eee ecc ene aS Se Sees SSeS Sa si SS sii i esvsssacsssussncasnemsse==> 

Additional analyses are attached. : 

If you have any questions concerning these analyses, please feel free to contact 
either Todd Kaehler or Ita Steingraeber at 262-4364. : 

Encl. | 

' {ss 

University of Wisconsin—E xtension @ United States Department of Agriculture ¢ Wisconsin Counties 
Cooperating and Prowamg Equa! Opportunities in Empioyment and Programming



@= DAVE SAUER ONR , , UMEX SOIL AND PLANT ANALYSIS LAB : 
. S711 MINERAL POINT ROAD 

—_ MADISON WI 53705 

-. QATE OF ANALYSIS: 9/14/84 — 7 

a 
SAMPLE P K CAti‘i‘dGS § N B MN fF” (Géaaw AL NA 

1 MIN.2 0.255 2.443 0.314 0.216: 0.252 12.73 5.361 43.93 60.01 3.843 « 36.7 ¢ 63.8 
2 BRO.d 0.229 1.632 0.235 0.128 0.144 12.43 3.736 54.69 42.23 3.828 ( 3.8 ow? 

3 MIN.2 0.327 2.632 0.298 0.214 0.249 16.72 4.708 88.24 56.14 4.626 ( 36.4 ¢ 63.3 
4 BRO.2 0.306 1.953 0.300 0.180 0.182 20.50 4.709 40.22 62.70 3.724 ( %.2 296.0 

\ .



DME SHER (ASHE). > | WEX SOIL AND PLANT ANALYSIS LAB | 
os i . S711 MINERAL POINT ROAD ) 

Sn . MADISON WI 53705 

OF ANALYSIS: 9/14/84 | | 

| % pom 
£ i rr en: § NOB MN fe sdJ—i—eh ON 

4IN.2 0.318 2.509 0.29 0.204 0.145 16.88 5.042 85.15 63.52 6.397 ( 36.1 99.24 
320.2 0.293 1.813 0.289 0.165 0.056 18.51 4.1 39.88 70 .66 3.827 ( %.8 295.8



@:: DAVE SAUER | UWEX SOIL AND PLANT ANALYSIS LAE ’ 
Dec Someles 07a MINERAL POINT ROAG 

fo. MADISON WI 5370S . 

"ATE OF ANALYSIS: 12/28/84 

eee 
COMPLE P K CA MG S an B MN Fr Cu Pi Ne | 

1 BROO.1 0.189 Q.651 0.201 0.092 0.158 14.20 4.326 56.47 87.73 3.712 65.37 986.3 
: 2 BROO.2 0.197 0.491 0.346 0.136 0.117 40.26 3.188 79.76 57.89 4.060 42.81 430.5 

«3 MIND.I 0.139 0.497 0.230 0.094 0.08 26.59 4.866 139.9 106.8 4.450 102.9 ¢ 61.0 
| 4 MIND.2 0.172 0.549 0.377 0.097 0.158 26.68 4.610 70.91 79.80 2.719 64.33 184.6 

1 BROD.1 ash 0.183 0.603 0.594 0.088 0.065 13.36 3.085 48.01 82.87 3.032 88.71 992.6 
2 BROD.2 ash 0.197 0.472 OQ.d42 0.235 0.040 28.59 2.927 74.83 05.44 3.272 43.73 358.2 

2 MIND. ash 0.135 0.431 0.228 6.089 06.048 28.92 3.336 128.6 103.0 4.723 i26.2 ¢ 59.3 
-4 MIND.2 ash 0.165 6.486 0.275 6.092 0.077 28.42 (3.56 67.28 81.79 4.276 29.32 242.9 

Sample Id. Sample We. grams ASH YN Of Tissue | 

7 Brodhead Cell 1 54.5 3.9 1.59 

Brodhead Celi 2 61.0 ce 1.41 | 

Vv’ Mindoro Cell 1 88.7 9.2 — 0.58 | 

| “Mindoro Cell 2 219.8 8.6 1.42 

. « 

*Results for *“:\ of Ash will follow in several days. | | 

. O



| COOPERATIVE EXTENSION PROGRAMS ~ 
. University of Wisconsin—Extension 

y Dex University of Wisconsin—Madison ie ee 
Ss 4 

Soi & Piant Anaiysis Ladoratory. $711 Minerai Poin: Roag. Macison Wisconsin 53705 608-262 -<3n6 ‘ iS e % @ 
oo " <= 

-' DEPARTMENT OF SOIL SCIENCE Ae yf : 

January 7, 1985 | 
Acct. No. 900 

Lab Nos. $134; S235 

MEMORANDUM 

TO: Dave Sauer 

Wis. Depr. of Natural Resources . | 

Box 7921 

Madison, wl 53707 | | 

FROM: Soil/Plant Analysis Lab 

RE: Results of “N of Ash on 5 samples. All other analyses have been reported. 

| Sample Identificacion *N of Ash 
a a 

(S134) CA semeies | 
BRODHEAD CELL 1 l O.72 

BRCODHEAD CELL 2 0.50 
a (S235) Dee Samele:. . ; 

BRODHEAD CELL l 0.45 

BRODHEAD CELL 2 | : 0.49 

MINDORO CELL ] O.15 

MINDORO CELL 2 | 0.47 

If you have any questions concerning these analyses, please feel free to con- 
tact us. . | 

The invoice for all of the tissue analyses is enclosed. 

/ss | : 

. Enc l e . ‘. 

UT etsy COM SCONSH sven. gt @ orc ce Siates Department oa Aecuture @ Wigscorsir Coates 
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