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A STUDY OF THE CHEMICAL AND PHYSICAL INTERACTIONS BETWEEN 

A WETLAND AND A SHALLOW AQUIFER IN CASS COUNTY, MICHIGAN 

Lisa Marie Anderson, M.S. 

Western Michigan University, 1996 

A study of the ground-water chemistry and flow direction adjacent to a 

wetland was performed in a major hog producing area. Nested piezometers, 

consisting of wells 7 to 18 feet deep, were installed around the wetland to determine 

the vertical distribution of hydraulic head and water-quality parameters. Piezometer 

elevations were surveyed to determine precise ground-water elevations to delineate 

the ground-water flow regime around the wetland. Water samples were taken at three 

different times to analyze water quality and seasonal variations. Analytical 

parameters included major ions, redox sensitive parameters (DO, nitrate-N, ammonia, 

iron, and sulfate), and total organic carbon. 

Water level data indicate that the ground-water flow direction is generally to 

the north in the wetland area. The head gradients in the individual well nests are not 

large enough to determine whether the wetland is a ground-water discharge or 

recharge area in those locations. However, the surface water and ground-water 

chemistry results show that the wetland functions primarily as a recharge system. The 

chemical trends in the ground-water are consistent with recharge from the wetland 

through a reducing, organic-rich muck layer at the base of the wetland. 



TABLE OF CONT ENTS 

A CKNOWLEDGMENTS ............................................... ... ........ .......... ..... ..... .. 11 

LIST OF TABLES............................................................................................ Vil 

LIST OF FIGURES.......................................................................................... Vlll 

INTRODU C T ION ............................................................................................ 1 

Purpose ...................................................................................................... 1 

Site Location.............................................................................................. 1 

Soils ........................................................................................................... 3 

Geology and Hydrogeology ...... .. ..... ..... .. . .. ... ........... ......... ... ... .. .... ... .. .. ... .. . 3 

ME THODS....................................................................................................... 5 

Well Installation......................................................................................... 5 

Sampling.................................................................................................... 7 

Chemical Analysis ..................................................................................... 12 

Surveying................................................................................................... 13 

FlowThru . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 13 

Previous and Ongoing Research in Cass County . . . . . . . . . . . . .. . . . .. .. . . . . . . . . . . . . . . . . . 14 

Wetland Characterization . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . 18 

R ES UL TS AND D ISCUSSION....................................................................... 19 

Ground-Water Flow................................................................................... 19 

FlowThru . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

IV 



Table of Contents---Continued 

Wetland and Ground-Water Interaction..................................................... 31 

Ground-Water Chemistry.......................................................................... 32 

Temperature........................................................................................ 32 

pH....................................................................................................... 39 

Dissolved Oxygen ...................................... ........................ ..... ....... .... 41 

Conductivity ......... ...... ... .. ... .. ..... ... .. ... ... ....... .......... ..... ................ ..... .. . 41 

Total Alkalinity.................................................................................. 43 

Ammonia............................................................................................ 45 

Total Organic Carbon......................................................................... 47 

Chloride.............................................................................................. 49 

Nitrate................................................................................................. 49 

Phosphate............................................................................................ 50 

Sulfate................................................................................................. 51 

Calcium............................................................................................... 51 

Magnesium ......................................................................................... 53 

Sodium................................................................................................ 53 

Potassium............................................................................................ 55 

Iron ..................................................................................................... 55 

The Comparison Between the W2 and WI Wetlands ............................... 57 

CONCLUSIONS............................................................................................... 58 

V 



Table of Contents---Continued 

BIBLIOGRAPHY............................................................................................. 60 

VI 



LIST OF TABLES 

1. Well Construction Data . . . . . . .. .. . . . . .. . . . . . . . .. .. .. . .. . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 8 

2. Munsell Soil Chart Data and Well Log Information ................................. 9 

3. Well Survey Data....................................................................................... 14 

4. Chemical Analysis Results From the May 23, 1995 Sampling................. 33 

5. Chemical Analysis Results From the September 24, 1995 Sampling....... 35 

6. Chemical Analysis Results From the January 17, 1996 Sampling............ 37 

Vll 



LIST OF FIGURES 

1. The Location of Cass County in the Lower Peninsula of Michigan.......... 2 

2. Well Locations Around Wetland W2 ........................................................ 6 

3. Combined Well Location Map, L. Anderson, C. Lo Vetere....................... 17 

4. Potentiometric Surface Map for August 31, 1995, Deep Wells (A).......... 20 

5. Potentiometric Surface Map for August 31, 1995,

Intermediate Wells (8)............................................................................... 21 

6. Potentiometric Surface Map for August 31, 1995, Shallow Wells (C) ..... 22 

7. Potentiometric Surface Map for September 24, 1995, Deep Wells (A) .... 23 

8. Potentiometric Surface Map for September 24, 1995,

Intermediate Wells (8)............................................................................... 24 

9. Potentiometric Surface Map for September 24, 1995,

Shallow Wells (C)...................................................................................... 25 

10. Potentiometric Surface Map for January 17, 1996, Deep Wells (A) ......... 26 

11. Potentiometric Surface Map for January 17, 1996,

Intermediate Wells (8)............................................................................... 27 

12. Potentiometric Surface Map for January 17, 1996, Shallow wells (C) ..... 28 

13. Hydrographs for Well Nests 1 and 2, A= Deep Well,

8 = Intermediate Well, C = Shallow Well ................................................ 29 

14. Hydrographs for Well Nests 3 and 4, A= Deep Well,

8 = Intermediate Well, C = Shallow Well................................................. 30 

I 5. Well Nest Graphs of pH vs. Depth for May '95, Sept. '95, 

and Jan. '96................................................................................................ 40 

Vlll 



List of Figures---Continued 

16. Well Nest Graphs of Conductivity vs. Depth for May '95, Sept. '95,
and Jan. '96................................................................................................ 42 

17. Well Nest Graphs of Total Alkalinity vs. Depth for May '95, Sept. '95,
and Jan. '96 ................................................................................................ 44 

18. Well Nest Graphs of Ammonia vs. Depth for May '95, Sept. '95,
and Jan. '96 ................................................................................................ 46 

19. Well Nest Graphs of TOC vs. Depth for May '95, Sept. '96,
and Jan. '96 ................................................................................................ 48 

20. Well Nest Graphs of Calcium vs. Depth for May '95, Sept. '95,
and Jan. '96................................................................................................ 52 

21. Well Nest Graphs of Magnesium vs. Depth for May '95, Sept. '95,
and Jan. '96 ................................................................................................ 54 

22. Well Nest Graphs oflron vs. Depth for May '95, Sept. '95,
and Jan. '96 ................................................................................................ 56 

IX 



INTRODUCTION 

Purpose 

The purpose of this study is three fold. The first goal of the study was to 

determine the ground-water flow regime around the wetland, including the 

determination of whether the wetland is a ground-water recharge or discharge area. 

This objective was met by investigating the surface water and ground-water chemistry 

of the wetland. The ground-water chemistry parameters were analyzed for vertical 

distribution within the well nests and for seasonal variation. The second objective 

was to compare this wetland system study to one done previously on a wetland to the 

south by Marilyn Betts in 1994. The third goal of this project was to use a ground

water modeling program called FlowThru to model the ground-water flow underneath 

the wetland. 

Site Location 

The study site is located in Newberg township, a major hog producing region, 

in Cass County, Michigan (Figure 1). The wetland, which will be referred to as W2, 

is located in the northwest quarter of section 30 and the southwest quarter of section 

19, T6S, R l3W (USGS, 1981). The site is just west of Pemberton Road and is 

approximately 2 miles east of Vandalia, Michigan. 



Figure 1. The Location of Cass County in the Lower Peninsula of Michigan. 
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Soils 

The wetland soil is classified as Houghton muck. Houghton muck is a black, 

very poorly drained soil, which is usually found in depressions and drainageways. 

The wetland is surrounded by Oshtemo sandy loam (12-18% slopes) to the south and 

Spinks-Oshtemo complex soils (12-18% slopes) to the north. Both of these soil types 

are well drained and are present on hillsides and ridges in the uplands (Bowman, 

1991 ). 

Geology and Hydrogeology 

Stuk (1992) first investigated the geology and hydrogeology of the Donnell 

Lake watershed. The study area is located in an area of glacial deposits of moderate 

to high relief which contain an unconfined aquifer and an underlying semi-confined 

aquifer. The topography and sediments therein are a result of the retreat of the Lake 

Michigan lobe during the Cary substage of the Wisconsin Glaciation (Bowman, 

1991 ). The study area is located within the Sturgis-Kalamazoo Morainic System 

(Monaghan et al., 1986). The moraine deposits, which are mostly composed of sand 

and gravel, range from 201 to 400 feet thick and overlay the Coldwater Shale bedrock 

(Passero et al., 1981). Western Michigan University installed Well 11D in February 

1993, which is 283 feet in depth and reached the bedrock (Passero et al., 1994). The 

unconfined aquifer is composed of sand and gravel and is underlain by a till layer. 



The unconfined aquifer thickness is variable and uncertain. From the cross sections 

in Lovett (1995), the aquifer thickness appears to range from 20 to 40 feet. The 

underlying semi-confined aquifer is composed of sand, gravel, and some clay with the 

Coldwater Shale at its base (Passero et al., 1994). 
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METHODS 

Well Installation 

Wells were installed around the wetland at locations shown in Figure 2. Well 

nests 1-4 were installed by first hand augering a pilot hole as deep as possible. Then 

the 2 -inch diameter galvanized steel casings with pointed steel screens were hand 

driven to their final depth by a weighted driver. Well nest 1 (Wells lA, 1B, lC) was 

installed on the northern edge of the wetland on May 9, 1995 . Well nest 2 (Wells 2A, 

2B, 2C) was installed on the southern edge of the wetland on May 11, 1995. Well 

nest 3 (Wells 3A, 3B, 3C) was installed on the western side of the wetland on May 

16, 1995. Well nest 4 (Wells 4A, 4B, 4C) was installed on the eastern side of the 

wetland on May 18, 1995. The three wells in each nest were installed at different 

depths to determine vertical variation in ground-water chemistry and head. The deep 

well in each nest ranges in depth from 17 to 18 feet from the surface and is denoted 

with the nest number and the letter A. The intermediate well in each nest ranges in 

depth from 12 to 13 feet below ground and is denoted with the nest number and the 

letter B. The shallow well in each nest ranges in depth from 7 to 9.5 feet below the 

surface and is designated with the nest number and the letter C. Well 5 was installed 

using the Western Michigan University, Department of Geology, Hydradrill 6 drill rig 

on June 22, 1995. Well 5 is located north of the wetland and serves as a 
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downgradient well. Well CFV was also installed using the Hydradrill 6 on June 1, 

1995. Caroline Lo Vetere installed this well as part of her Master of Science thesis. 

Well CFV is located south of the wetland and was used in this project as an 

upgradient well. For all wells, the annulus was backfilled with natural sand, sealed 

with bentonite, and developed after installation using. a Whaler Supersub 921 pump. 

Well construction data, including casing diameter and type, well depth, screen type 

and length, and stickup, are contained in Table 1. Well log information can be found 

in Table 2. A domestic well east of Well 5, referred to as Well 6 in this study, was 

used to sample ground water from deep within the aquifer. A well log for this 

domestic well was not available at the Cass County Health Department. According to 

the home owner, the well is approximately 65 feet in depth. 

Sampling 

Samples were collected on three dates to determine water quality and seasonal 

variations. The first sampling of these wells took place May 23, 1995. Wells 5 and 

CFV were not sampled on this date because they were not installed until later in the 

study. Well 6 was not sampled due to an access limitation. The second sampling of 

these wells took place September 24, 1995. The third sampling took place January 

17, 1995. All of the wells were sampled during the second and third sampling. A 

similar sampling protocol was used for all three sampling events. The water level in 

the well being sampled was taken first using a Slope Indicator Co. water level 
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Table 1 

Well Construction Data 

Casing 

Well Dia./Type 

lA 2" gs 

1B 2" gs 

lC 2" gs 

2A 2" gs 

2B 2" gs 

2C 2" gs 

3A 2" gs 

3B 2" gs 

3C 2" gs 

4A 2" gs 

4B 2" gs 

4C 2" gs 

5 2" pvc 

CFV 2" pvc 

gs = galvanized steel 

pvc = polyvinyl chloride 

Well Depth 

Below Surface (ft) 

18 

13 

9.5 

18 

13 

9 

17 

12 

7 

18 

13 

9 

32 

14.5 

60 gz ss = 60 gauze steel screen 

1 Os ww ss = 10 slot wire wrapped steel screen 

1 Os pvc = 10 slot polyvinyl chloride screen 

Screen 

Length 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 

3 

3 

5 

5 

Screen 

Type Stickup (ft) 

60 gz ss 2.40 

60 gz ss 2.23 

60 gz ss .92 

60 gz ss 2.24 

60 gz ss 3.18 

60 gz ss 2.30 

lQs WW SS 2.04 

10s WW SS 2.09 

lQs WW SS 2.11 

10s WW SS 2.04 

60 gz ss 2.14 

60 gz ss 2.10 

10s pvc 3.23 

10s pvc .54 

indicator, model 51453. The same water level indicator was used during each 

sampling to eliminate instrument variation. Then the well was purged using a Whaler 

Supersub 921 pump. The well was purged long enough to remove at least 3 to 5 well 

casing volumes of water. Next, pH measurements were taken using a Jenco pH-

8 



Table 2 

Munsell Soil Chart Data and Well Log Information 

Interval Soil Obs. 

Well Nest (Dep. Below Sur.) 

1 0 - 6" 

1 6" - 2' 

1 2' - 3' 

1 3' - 3.5' 

3.5' - 4' 

4' - 5' 

2 0 - 6" 

2 6" - 1 ' 

2 l' - 1.5' 

2 1.5' - 2.5' 

2 2.5' - 4' 

2 4' - 5.5' 

2 5.5' - 6.5' 

3 0 - 6" 

Munsell Chart Well Log Comments and 

HueNalue/Chroma Soil Classifications (USCS) 

2.5Y 4/2 Dark grayish-brown clay 

with silt and sand. Contains 

root fibers. Slope wash. CL 

IOYR 2/1 Black organic-rich sand. 

Contains root fibers. Pt 

IOYR 3/2 Very dark grayish-brown 

sand with fines. SM 

2.5Y 5/2 Grayish-brown clayey sand 

with gravel. SC 

2.5Y 5/2 Grayish-brown clayey sand 

with trace gravel. SC 

2.5Y 5/3 Light olive-brown sand with 

gravel. SP 

l0YR 4/3 Brown sand with few fines 

and gravel. Contains root 

fibers. SM 

l0YR 5/1 Gray sandy clay. Contains 

root fibers. CL 

l0YR 2/1 Black organic-rich sand. Pt 

l0YR 3/2 Very dark grayish-brown 

coarse sand with few fines. 

SP 

l0YR 2/1 Black muck with sand. Pt 

IOYR 4/2 Dark grayish-brown sand 

with few fines. SP 

l0YR 3/2 Very dark grayish-brown 

coarse sand with few fines. 

SP 

IOYR 3/2 Very dark grayish-brown 

clay with sand. Contains root 

fibers. OH 

9 
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Table 2-Continued 

Interval Soil Obs. Munsell Chart Well Log Comments and 

Well Nest (Dep. Below Sur.) HueN alue/Chroma Soil Classifications (USCS) 

3 6"- 1.5' IOYR 2/2 Very dark brown coarse sand 

interbedded with with root fibers. SP 

IOYR 2/1 Interbedded with black muck. 

Pt 

3 1.5' - 4' 2.5Y 4/3 Olive-brown sand with few 

fines. Contains root fibers. 

SP 

3 4' - 5' 2.5Y 4/3 Olive-brown sand with 

gravel and few fines. 

Contains root fibers. SP 

3 5' - 6.5' 2.5Y 4/3 Olive-brown sand with 

cobbles and few fines. 

Contains root fibers. SP 

4 0 - 6" l0YR 2/1 Black peat with sand, very 

fibrous. Pt 

4 6" - 1' IOYR 3/3 Dark brown silty sand. 

Contains root fibers and 

gravel. SM 

4 1' - 3' l0YR 4/4 Dark yellowish-brown silty 

sand. Contains gravel. SM 

4 3' - 5' l0YR 5/3 Brown clayey sand with 

gravel. Mottled. SC 

4 5' - 6.5' l0YR 5/1 Gray coarse sand with few 

fines and gravel. SP 

5 0 - 3' IOYR 4/4 Dark yellowish-brown till. 

Grab sample from auger. GC 

5 4' - 5.5' IOYR4/6 Dark yellowish-brown sand 
with gravel. Split spoon 

sample. SP 

5 9' - 10.5' 2.5Y 5/4 Light olive-brown sand with 

gravel. Split spoon sample. 

SP 



Table 2-Continued 

Interval Soil Obs. Munsell Chart Well Log Comments and 

Well Nest (Dep. Below Sur.) HueN alue/Chroma Soil Classifications (USCS) 

5 14' - 15.5' 2.5Y 5/3 Light olive-brown sand with 

gravel. Split spoon sample. 

SP 

5 35' - 40' 2.5Y 5/4 Light olive-brown sand with 

gravel. Grab sample from 

auger. SP 

USCS = Unified Soil Classification System 

vision 6009 pH meter. Conductivity was measured in the Western Michigan 

University, Institute of Water Sciences, Water Quality Lab the day after the May 23 

sampling using a Cole-Parmer Instrument Co. digital conductivity meter, model 

19101-00. During the September 24 and the January 17 sampling periods, 

conductivity was measured in the field using a Hanna Instruments DiST 3 ATC 

dissolved solids tester. After pH and conductivity measurements were taken, a filter 

was attached to the pump tubing and samples were collected. The filters used were 

QED Quick Filter 0.45 micron capsule filters. Both high (model FF-8200) and low 

(model FF-8100) capacity filters were used. High capacity filters were preferred for 

the wetland wells due to the large amount of sediment in the water. Three sample 

bottles were filled for each well. Sample bottles were obtained from the Water 

Quality Lab at Western Michigan University. A 125-ml bottle, which had been rinsed 
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with sulfuric acid was filled for ammonia analysis. A 250-ml bottle was filled and 

preserved with nitric acid to a pH of less than 2 for metals analysis. A 1-liter bottle 

was also filled for the analysis of all other ions. The bottles were filled to over

flowing to help eliminate headspace in the bottles. After sampling, the pump was 

removed from the well and dissolved oxygen and temperature were measured using 

an Orion dissolved oxygen meter, model 840 downhole probe. The sample bottles 

were then put on ice in coolers and transported to the Water Quality lab within 24 

hours. 

Chemical Analysis 

The chemical analyses for the ground-water samples from all three sampling 

periods were performed by the Western Michigan University, Institute of Water 

Sciences, Water Quality Lab. Ammonia was determined by the Manual Phenate 

Method l 500-NH3 D (Clesceri, 1989), using a Beckman DU-6 UV NIS 

spectrophotometer. The determination of the anions was completed by Ion 

Chromatography, method 4110B (Clesceri, 1989), using a Dionex DX-100 Ion 

Chromatography System with an Anion Self-Regeneration Suppressor. Metals were 

determined using Inductively Coupled Plasma Atomic Emission Spectrometry (ICP

AES), method 3120B (Clesceri, 1989), using a Leeman Labs PS 1000 ICP. Total 

organic carbon was determined by Combustion-Coulometry, using an 

UIC/Coulometrics, model 55035 Mini-Mite Furnace and model 5011 CO2

12 



coulometer. 

Surveying 

The wells, wetland perimeter, and Pemberton Road were surveyed on the 

following dates: October 11, 1995, October 19, 1995, October 25, 1995, and 

November 3, 1995. These locations were surveyed using a SOKKIA SET 4C II 

Intelligent Total Station. The survey data for the wells were used to determine the 

ground-water elevations and flow regime around the wetland. Survey data for the 

wells can be found in Table 3. 

FlowThru 

FlowThru is an analytical ground-water model which uses pre-calculated 

solutions. FlowThru is designed to determine the depths of ground-water capture 

zones near shallow water bodies and as an educational tool to visualize flow patterns 

near surface water bodies (Townley et al., 1992). The model recognizes 17 

flowthrough, 11 discharge, and 11 recharge flow regimes for shallow water bodies. 

FlowThru can be used for wetlands, rivers, streams, shallow lakes, canals, channels, 

and drains (Townley et al., 1992). The following input parameters are needed when 

using FlowThru: flux of water from the left and right boundaries (gradient multiplied 

by hydraulic conductivity), recharge flux, horizontal and vertical hydraulic 

conductivity, length of the water body in direction of flow, aquifer thickness, and 

13 



depth of aquifer with the same resistance to vertical flow as the bottom sediment. 

FlowThru was used in this study to try to determine the flow regime of the W2 

wetland. 

Table 3 

Well Survey Data. 

Well 

IA 

1B 

IC 

2A 

2B 

2C 

3A 

TOC Elevation 

Above Sea Level 

896.30 

896.28 

894.93 

896.47 

897.63 

896.38 

896.00 

TOC = Top of casing measurement 

* Ground elevation above sea level

Well 

3B 

3C 

4A 

4B 

4C 

5 

CFV 

Previous and Ongoing Research in Cass County 

TOC Elevation 

Above Sea Level 

896.26 

896.34 

896.21 

896.28 

896.26 

912.35* 

900.20 

Western Michigan University began its research in Cass County with the 

Donnell Lake project. This is a joint project of Michigan State University and 

Western Michigan University. The study focuses on surface water, ground-water, 

their interrelationships, and the impact of land use on water resources (Passero et al., 

1994) (Ervin and Lusch, 1992). Many Western Michigan University graduate 
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students have developed Master of Science theses and Doctor of Philosophy 

Dissertations from this project. 

Stuk (1992) completed a preliminary study of the geology, hydrogeology, and 

ground-water chemistry of the Donnell Lake watershed. This study shows the 

patterns of ground-water contamination caused by fertilizers, livestock waste, 

herbicides, and road salt in the Donnell Lake area. Betts (1994) investigated the 

interrelationships between a wetland (WI) north of Donnell Lake and ground-water 

quality. The WI wetland was classified as a flow-through system, with ground-water 

discharging to the wetland in the north and recharging from the wetland in the south. 

Nitrate levels in ground water are high in the north and low or non-detect in ground 

water downgradient of the wetland. Nitrate was removed from the system by 

denitrification within the wetland sediment or within the ground water beneath the 

wetland. Denitrification is the process by which nitrate is reduced to nitrogen gas by 

bacteria. An organic carbon source is needed for this process to occur. A study by 

Trudell et al. (1986) provided direct evidence that denitrification can occur in the 

saturated zone. This was accomplished by an in-situ injection experiment, where 

nitrate and bromide, a conservative tracer, were injected into the ground water at a 

depth of 3 meters in a shallow, unconfined sand aquifer. In time, a preferential loss of 

nitrate, a decline in dissolved oxygen, and an increase in HCO3- were observed, 

showing that denitrification occurred. The organic carbon source required for this 

denitrification is thought to be dissolved organic carbon or soil organic carbon. A 
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study by Starr and Gillham (1993), using the acetylene block technique, also showed 

that denitrification can occur in shallow aquifers and stresses the importance of the 

availability of organic carbon to the bacteria controlling the denitrification. The study 

concluded: (a) that the availability of organic carbon decreases with depth, (b) that 

organic carbon availability can limit denitrification in shallow aquifers, and ( c) that 

denitrification does not occur in aquifers with deep water tables due to a lack of labile 

organic carbon. Nitrate in drinking water is a concern because, in the body, nitrate 

can be reduced to nitrite. Nitrite is toxic to infants because it can cause 

methemoglobinemia, also known as blue baby syndrome. This condition affects the 

hemoglobin in the blood and interferes with the transport of oxygen. Lovett (1995) 

developed a wellhead protection model for the village of Vandalia that could serve as 

a wellhead protection model for other similar communities. Lovett (1995) used 

physical and hydrogeochemical data to determine the controls of ground-water 

contamination in a glacial moraine-outwash setting, the Donnell Lake Watershed. 

Ongoing research includes a study by Caroline Lo Vetere (in progress), on an 

agricultural field located south of the W2 wetland and north of the WI wetland. 

Lo Vetere' s study involves the occurrence and distribution of nitrates in ground water 

as a result of commercial and animal waste fertilizers. The geology and 

hydrogeology are also being investigated at the site. A site map including the 

location of wells around the W2 wetland and the agricultural field to the south is 

shown in Figure 3. Brent Dayharsh (in progress) is studying isotope data from the 
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WI wetland. Carla Nascimento (in progress) is studying isotope data from the W2 

wetland and the agricultural field between the WI and W2 wetlands. 

Wetland Characterization 

Wetlands provide many benefits including: flood and storm control, wildlife 

habitat, subsurface water resource protection, ground-water recharge, pollution 

treatment, erosion control, nutrient source in water food cycles, agricultural land, and 

nonfuel mineral source (Anderson et al., 1980). According to Michigan's Goemaere

Anderson Wetland Protection Act, a wetland is "land characterized by the presence of 

water at a frequency and duration sufficient enough to support and that under normal 

circumstances does support wetland vegetation or aquatic life." If there is no 

evidence of water at the surface, the presence of saturated, flooded, or ponded soil 

which has developed anaerobic conditions can be used along with the presence of 

wetland vegetation to characterize a wetland. 

The W2 wetland is characterized by the presence of water throughout the year, 

does support wetland vegetation, and anaerobic soils were found during well 

installation around the wetland. This evidence confirms that the W2 wetland is a 

wetland according to Michigan's Goemaere-Anderson Wetland Protection Act. 

The precise wetland boundary and types of wetland vegetation were not 

identified in this study. This information is beyond the scope and purpose of the 

study. Future researchers may wish to investigate these areas further. 
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RESULTS AND DISCUSSION 

Ground-Water Flow 

Ground-water flow around the wetland is generally from south to north. The 

deep (A) and intermediate (B) wells (Figures 4, 5, 7, 8, 10, and 11) show ground

water flow to the north during the September 24, 1995 and January 17, 1996 sampling 

dates and on August 31, 1995 when only water level data were taken. The May 23, 

1995 sampling date water levels were not mapped due to a lack of data for the 

upgradient and downgradient wells, which were not installed at the time. In August, 

September and January, the shallow (C) well data (Figures 6, 9, and 12) show a 

ground-water mound at well nest 1. This is probably just a localized effect. 

Water levels in the wells increased from May to August and decreased from 

August to January, reflecting seasonal effects such as increased precipitation in the 

spring and decreased precipitation and increased evapotranspiration in the summer 

and fall. Hydrographs for the well nests are in Figures 13 and 14. 

FlowThru 

The use of FlowThru was not possible for the W2 wetland due to conflicts 

with the basic assumptions of the model. FlowThru assumes the surface water body 

is long in the direction perpendicular to flow. The model is not intended for non-
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elongate water bodies (Townley et al., 1992). The W2 wetland is long in the direction 

parallel to ground-water flow and therefore violates the above assumption. 

An attempt to run the model despite the conflict with model assumptions was 

made, but proved to be futile. 

Wetland and Ground-Water Interaction 

The water level data from the wetland well nests show strong downward 

gradients in nests 1 and 3 for May 1995 through January 1996. In these nests, the 

gradients are strongest between the shallow and deep wells, whereas the gradients 

between intermediate and deep wells are very small. From May through January, 

well nest 2 also showed a downward gradient, however, in September and January, 

the gradient between any wells is not as large. Well nest 4 showed a small downward 

gradient in May, August, and January, and a small upward gradient in September. A 

downward gradient is an indication of ground-water recharge. The hydraulic 

potential data should not be trusted implicitly however for well nest 4 due to its small 

gradients. Hydrographs for the well nests are in Figures 13 and 14. 

In this study, the hydraulic head data will be used along with the chemical 

data from the well nests to draw conclusions about the recharge or discharge function 

of the wetland. 
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Ground-Water Chemistry 

The chemical data described below were obtained for the following sampling 

dates: May 23, 1995 (Table 4), September 24, 1995 (Table 5), and January 17, 1996 

(Table 6). 

Temperature 

From May to September, the ground-water temperatures in the well nests 

increased. This increase is probably due to the effects of the warm summer months. 

From September to January, the ground-water temperatures decreased, due to the cold 

fall and winter air temperatures. The temperature changes from one sampling period 

to the next are fairly consistent for all wells. This indicates the residence time within 

the wetland and ground water system is relatively low. 

Within the well nests, there is no trend in temperature with depth in May. In 

September, the temperature decreases with depth within the well nests. In January, 

the temperature increases with depth within the well nests. In September, the warmer 

surface water from the summer warmth is mixing with the cooler ground water at 

greater depth, causing the above trend. In January, the surface water is colder than 

the ground water, so a reverse in the trend from September would be expected. 
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Well 

IA 
18 
IC 
2A 
28 
2C 
3A 
38 
3C 
4A 
4B 
4C 

Wetland 

Well Depth 
(ft) Below 

Sur. 

18 
13 
9.5 
18 
13 
9 

17 
12 
7 

18 
13 
9 
--

Table 4 

Chemical Analysis Results From the May 23, 1995 Sampling 

TOC Temp (C) 
Water 

Level (ft) 

3.91 9.3 
3.91 9.0 
2.05 9.3 
3.65 7.9 
4.58 7.6 
3.35 8.1 
3.54 9.4 
3.78 9.1 
3.57 10.0 
3.55 8.8 
3.56 8.4 
3.57 9.1 
-- 18.6 

pH 

7.23 
6.65 
5.31 
7.53 
7.34 
6.12 
7.05 
5.45 
5.41 
7.85 
8.33 
7.22 
5.58 

Dissolved 
Oxygen 
(mg/L) 

0.2 
0.2 
0.5 
0.0 
0.0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

10.4 

Conduc 
tivity 

(uS/cm) 

462 
427 
60 

473 
442 
216 
467 
130 
27 

389 
330 
310 

8 

Total 
Alkalinity 

(mg/L) 

291 
253 
26.3 
291 
275 
129 
280 
67.8 
11.2 
229 
212 
199 
0 

Ammonia 

(mg/L) 

0.598 
1.91 
2.47 
ND 

0.367 
0.668 
3.25 
1.77 

0.321 
0.154 
ND 

0.166 
<0.130 

Total 
Organic 
Carbon 
(mg/L) 

13.8 
20.5 
33.5 
2.54 
17.3 
22.3 
18.3 
27.1 
23.4 
11.2 
0.77 
14.9 
25.6 

v.) 

v.) 



Table 4-Continued 

Well Chloride Nitrate-N Phosphate Sulfate Calcium Magnesium Sodium 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

IA 1.01 <0.0081 ND <0.049 80.9 21.1 1.53 
1B 0.895 <0.0081 ND <0.049 51.0 21.8 1.78 
IC 0.369 ND ND <0.049 4.18 0.595 <I.I 
2A 0.433 ND ND 1.35 75.8 23.8 1.63 
2B 0.519 ND ND <0.049 76.6 20.4 <I.I 
2C 0.522 <0.0081 ND 0.074 28.8 12.5 <1.1 
3A 1.09 ND ND <0.049 79.2 17.8 1.64 
3B 0.775 ND ND 0.167 12.5 3.99 1.65 
3C 1.17 ND <0.100 <0.049 3.3 0.424 <I.I 
4A 2.51 ND ND 2.85 55.7 20.4 1.54 
4B 0.741 ND ND 6.34 46.1 21.5 1.78 
4C 0.377 ND ND <0.049 50.8 15.4 <1.1 

Wetland 0.062 <0.0081 <0.100 0.145 1.38 0.127 <0.4 

ND= Not Detected. Analyte may be present, but at a concentration too low for the instrument to detect. 
< = Values represent the lowest standard concentrations analyzed. 

Potassium Iron 

(mg/L) (mg/L) 

2.00 12.1 
<0.3 12.5 
<1.0 3.12 
<0.3 <0.04 
<1.0 11.6 
<1.0 7.10 
<1.0 4.39 
<1.0 6.65 
<1.0 2.63 
<1.0 4.05 
<1.0 <0.04 
<1.0 10.2 
<0.3 0.409 

vJ 

� 



Well 

IA 

1B 

IC 

2A 

2B 

2C 

3A 

3B 

3C 

4A 

4B 

4C 

5 

6 

CFV 

Wetland 

Well Depth 

(ft) Below 

Sur. 

18 

13 

9.5 

18 

13 

9 

17 

12 

7 

18 

13 

9 

32 

65 

14.5 
--

Table 5 

Chemical Analysis Results From the September 24, 1995 Sampling 

TOC 

Water 

Level (ft) 

4.15 

4.14 

2.18 

3.70 

4.78 

3.55 

3.72 

3.97 

3.78 

3.65 

3.72 

3.71 

24.42 
--

7.11 
--

Temp (C) pH 

14.9 6.82 

15.1 6.26 

15.1 5.92 

13.2 7.42 

13.9 6.97 

14.0 6.42 

14.0 6.84 

14.6 5.84 

16.0 5.97 

15.0 7.32 

15.6 7.73 

15.8 6.93 

11.0 7.63 

13.2 7.45 

14.9 7.35 

13.6 5.63 

Dissolved 

Oxygen 

(mg/L) 

0.4 

0.6 

0.1 

0.6 

0.6 

0.6 

0.1 

0.0 

0.3 

0.5 

1.1 

0.4 

3.2 

5.7 

6.6 

6.4 

Conduc

tivity 

(uS/cm) 

490 

390 

160 

410 

400 

250 

570 

160 

100 

450 

410 

460 

280 

450 

760 

20 

Total 

Alkalinity 

(mg/L) 

235 

194 

34.6 

174 

178 

124 

292 

67.0 

42.4 

234 

196 

184 

144 

195 

204 

6 

Ammonia 

(mg/L) 

0.579 

2.54 

2.44 

<0.13 

0.222 

1.17 

3.95 

2.64 

0.556 

0.199 

ND 

0.319 

ND 

<0.13 

<0.13 

<0.13 

Total 

Organic 

Carbon 

(mg/L) 

13 

26.5 

42.6 

1.67 

15.4 

21.5 

24.0 

30.1 

24.8 

5.36 

1.68 

15.5 

ND 

1.67 

ND 

21.7 

w 

U'I 



Table 5-Continued 

Well Chloride Nitrate-N Phosphate Sulfate Calcium Magnesium Sodium 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

IA 1.21 0.0088 ND <0.049 66.2 18.4 1.09 

1B 0.908 <0.0081 ND <0.049 43.7 21.6 1.85 

IC 0.378 0.0099 ND 0.059 4.40 0.459 0.693 

2A 2.089 0.0224 ND 18.04 49.7 15.5 1.12 

2B 1.17 <0.0081 ND 2.96 49.8 12.3 0.780 

2C 0.543 0.0626 ND 0.105 24.8 10.8 1.13 

3A 1.17 0.0090 ND 0.049 79.7 18.6 1.69 

3B 0.686 0.0133 ND <0.049 12.2 3.89 1.77 

3C 0.925 0.0090 ND 0.071 6.23 1.03 0.736 

4A 3.08 <0.0081 ND 2.92 57.3 21.3 1.62 

4B 1.11 <0.0081 ND 10.6 43.2 21.4 1.81 

4C 0.351 0.0086 ND 0.156 49.0 13.6 1.04 

5 1.09 0.269 ND 12.4 37.5 12.9 1.65 

6 1.033 0.553 ND 14.7 54.1 15.7 1.80 

CFV 23.3 31.8 ND 7.55 83.6 28.8 5.19 

Wetland 1.17 0.0446 <0.1 0.269 <1.6 0.289 0.242 

ND= Not Detected. Analyte may be present, but at a concentration too low for the instrument to detect. 

< = Values represent the lowest standard concentrations analyzed. 

Potassium Iron 

(mg/L) (mg/L) 

1.61 8.60 

<1.2 11.3 

<1.2 2.38 

<1.2 <0.008 

<0.4 6.65 

<0.4 5.65 

<1.2 4.44 

<1.2 5.79 
<1.2 3.18 

<1.2 3.90 

<1.2 <0.008 

<1.2 10.2 

<1.2 <0.008 

<0.4 0.221 

<1.2 <0.008 

1.33 1.48 

w 

0\ 



Well 

1A 

1B 

JC 

2A 

28 

2C 
3A 

3B 

3C 
4A 

4B 

4C 

5 

6 

CFV 

Wetland 

Well Depth 
(ft) Below 

Sur. 

18 

13 

9.5 

18 

13 

9 

17 

12 

7 

18 

13 

9 

32 

65 

14.5 
--

Table 6 

Chemical Analysis Results From the January 17, 1996 Sampling 

TOC 

Water 

Level (ft) 

4.89 

4.85 

2.69 

4.53 

5.64 

4.38 

4.45 

4.69 

4.38 

4.43 

4.47 

4.45 

25.21 
--

7.89 
--

Temp (C) pH 

10.8 6.92 

9.8 6.29 

8.0 5.52 

9.7 7.27 

8.2 7.05 

7.3 6.50 

11.0 6.91 

9.6 5.83 

7.0 6.05 

10.1 7.27 

9.1 7.77 

7.4 6.87 

10.8 7.65 

10.3 7.31 

9.7 7.42 

0.3 5.87 

Dissolved 

Oxygen 

(mg/L) 

0.3 

0.0 

1.0 

0.3 

0.3 

0.5 

0.2 

0.1 

0.3 

0.2 

0.5 

0.2 

2.2 

2.7 

6.7 

12.6 

Conduc

tivity 

(uS/cm) 

730 

420 

120 

620 

500 

260 

580 

260 

130 

590 

380 

440 

380 

520 

860 

40 

Total 

Alkalinity 

(mg/L) 

308 

186 

42 

257 

191 

114 

241 

76 

58 

251 

159 

184 

138 

198 

167 

2 

Ammonia 

(mg/L) 

0.687 

1.94 

2.33 

ND 

0.198 

0.849 

3.22 

2.61 

0.478 

0.196 

ND 

0.154 

<0.13 

<0.13 

ND 

1.04 

Total 

Organic 

Carbon 

(mg/L) 

19.0 

28 

40.0 

6.36 

14.8 

17.0 

20.2 

28.9 
19.0 

2.62 

ND 

17.2 

0.63 

1.15 

1.26 

3.47 

w 

--.J 



Table 6-Continued 

Well Chloride Nitrate-N Phosphate Sulfate Calcium Magnesium Sodium 

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

IA 0.983 <0.0081 <0.1 <0.049 84.3 21.4 1.29 

1B 0.785 0.0081 <0.1 <0.049 30.6 14.0 1.79 

IC 0.415 0.0239 <0.1 <0.049 3.85 0.856 0.612 

2A 1.89 1.57 <0.1 16.4 76.4 21.0 1.56 

28 1.70 <0.0081 <0.1 10.0 59.0 12.5 0.754 

2C 0.500 <0.0081 <0.1 <0.049 17.0 5.35 0.788 

3A 1.01 <0.0081 <0.1 <0.049 69.8 13.8 1.48 

3B 0.681 <0.0081 <0.1 <0.049 11.7 3.48 1.68 

3C 0.917 <0.0081 <0.1 <0.049 4.55 1.07 0.580 

4A 2.12 <0.0081 <0.1 0.679 63.1 19.8 1.68 

4B 1.38 <0.0081 <0.1 10.7 35.6 16.1 1.44 

4C 0.332 <0.0081 <0.1 <0.049 45.5 13.3 0.901 

5 1.55 0.173 <0.1 12.3 37.3 11.4 1.61 

6 1.01 0.359 <0.1 14.4 56.0 14.0 1.93 

CFV 22.9 35.6 <0.1 9.48 81.2 25.2 5.24 

Wetland 1.34 0.966 <0.1 4.44 2.37 0.685 0.729 

ND = Not Detected. Analyte may be present, but at a concentration too low for the instrument to detect. 

< = Values represent the lowest standard concentrations analyzed. 

Potassium Iron 

(mg/L) (mg/L) 

1.62 11.6 

<0.3 9.15 

<0.88 2.66 

<0.3 <0.008 

<0.88 6.80 

<0.88 4.21 

<0.3 3.37 

<0.88 6.18 

<0.88 2.66 

<0.88 4.46 

<0.88 <0.008 

<0.88 10.7 

<0.88 <0.008 

<0.88 0.121 

<0.88 <0.008 

1.04 0.221 

w 

00 



pH is the measurement of the hydronium ion in an aqueous solution. In the 

wetland, microorganisms utilize organic carbon and dissolved oxygen, which 

produces carbon dioxide. The pH and dissolved oxygen levels will then decrease. 

pH values in the ground water beneath the wetland are fairly consistent from 

one sampling period to the next. However, from May to September, pH decreases 

slightly in all wells except IC, 2C, 3B, and 3C. From September to January, pH 

increases in all wells except 1 C, 2A, 3B, 4A, 4C, and 6 (Figure 15). These trends 

may be caused by increased microbial activity in the summer and decreased microbial 

activity in the winter due to temperature changes. 

pH increased with depth in well nests 1 and 2 in May, September, and January 

and in well nest 3 in May. In September and January, well nest 3 shows an overall 

increase of pH with depth, but the trend is not uniform. Well nest 4 shows an 

increase of pH with depth during May, September, and January, with a slight reversal 

in well 4A. This trend is consistent with ground-water recharge. The low pH and 

total dissolved solids of the wetland surface water (5.58-5.87) will cause dissolution 

of carbonate minerals within the aquifer, causing the pH to increase as the ground 

water is recharged (Passero et al., 1994). Dissolution will continue with depth until 

saturation of the dissolved minerals occurs in the ground water. 
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Dissolved Oxy2en 

Dissolved oxygen (DO) showed no trend within the well nests for any 

sampling date. The DO levels are all very low within the well nests, ranging from 0.0 

to 1.1 over the nine-month sampling period. The low DO levels within the well nests 

are consistent with the reducing environment of the wetland sediments, which is 

formed when microbes consume DO. 

No strong seasonal trend in DO is apparent in the wetland well nests. Wells 5, 

6, and CF V have higher DO levels due to their distance from the wetland. The 

wetland surface water also has higher DO levels because it is open to the atmosphere. 

Conductivity 

Conductivity is a measure of the ability of an aqueous solution to conduct an 

electric current. Conductivity is a function of the total dissolved solids (TDS) in 

solution. As TDS increases, the conductivity increases also. 

From May to September, conductivity increased in the wetland wells except 

lB, 2A, and 2B. The increase in conductivity may be due to increased microbial 

activity in the warm summer months causing a lower pH and more dissolution of 

aquifer solids. From September to January, conductivity increased in the wells except 

1 C, 4B, 4C (Figure 16). 

Conductivity increases with depth for all three sampling dates for well nests 1, 
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2, and 3. For well nest 4, overall, conductivity increases with depth in May, 

September, and January, however the trend is not uniform. An increase of 

conductivity with depth is consistent with ground-water recharge due to the low pH of 

the wetland water, which dissolves carbonates within the aquifer solids as the ground 

water is recharged, releasing more ions into solution and causing elevated 

conductivity levels. Ground water would be expected to have a higher conductivity 

than the surface water because of the higher dissolved solids content. 

Total Alkalinity 

Total alkalinity is the capacity of an aqueous solution to neutralize an acid and 

is reported as mg/L of calcium carbonate (Wilson, 1995). 

From May to September, total alkalinity decreases in the well nests except 1 C, 

3A, 3C, and 4A. From September to January, total alkalinity increases in the wells 

except 1 B, 2C, 3A, 4B, and 4C (Figure 17). These trends may just be anomalies. 

Total alkalinity increases with depth in the well nests during May, September, 

and January. In September, well nest 2 and in January, well nest 4 show increasing 

total alkalinity with depth with slight reversals at wells 2A and 4B. An increase of 

total alkalinity with depth is consistent with ground-water recharge. Due to its low 

pH, the infiltrating ground water dissolves calcium carbonate and produces the 

bicarbonate ion (HCO3-) with depth, which increases the total alkalinity. Ground 

water would be expected to have a higher total alkalinity than surface water because 
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the ground water is in contact with carbonate rich aquifer solids. 

Ammonia 

Ammonia is produced by microbial activity within the wetland system. For 

example, the decomposition of plant material will produce ammonia in a reducing 

environment. 

Ammonia increased from May to September in the well nest wells, except in 

wells IA, 1 C, 2B, and 48. Ammonia decreased from September to January in the 

wells except 1 A and 4B (Figure 18). These trends are probably due to increased 

microbial activity in the summer and decreased microbial activity in the winter. In 

wells 2A and 4B, ammonia is <0.13 mg/L or non-detect for all three sampling 

periods. These levels of ammonia are consistent with the deeper upgradient and 

downgradient wells. This indicates 2A and 4B are probably not connected to the 

wetland system to as much a degree as the other wetland wells. 

Ammonia increases with depth in well nest 3 in May, September, and January. 

Overall, ammonia decreased with depth in well nests 1, 2, and 4 for all sampling 

dates. This trend may be due to ion exchange and attenuation within the aquifer 

solids as ground water is recharged. The wetland water consistently has lower 

ammonia than the wells, which is probably due to oxidation within the oxygenated 

surface water. 
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Total Or�anic Carbon 

Total organic carbon (TOC) levels show no seasonal trend from May to 

September, or from September to January. 

Well nests 1, 2, and 4 show TOC decreasing with depth for the May, 

September, and January sampling dates, whereas, well nest 3 shows no trend in TOC 

for any sampling date (Figure 19). A decrease of TOC with depth is an indication of 

ground-water recharge. As the surface water passes through the organic rich muck 

layer of the wetland, organic carbon will dissolve into the water. As the surface water 

continues to recharge the ground water, TOC will decrease with depth as it is used by 

microbes within the water as a carbon source in redox reactions, and moves further 

away from the organic carbon source of the muck. TOC acts as an electron donor in 

the microbial redox reactions, whereas iron and sulfate probably serve as the electron 

acceptors. The wetland water is also high in TOC and could also be a carbon source. 

However, when TOC was measured in the laboratory for the wetland water, the 

samples were unfiltered and contained small plant and animal life, which could 

explain the elevated TOC levels. Wells 2A and 4B consistently show low levels of 

TOC. This is another indication that these wells are not as connected to the wetland 

system as other wetland wells. 

47 



3 
m 

.s 
u 

0 
f-

3 
m 

.s 
u 

Well Nest 1 - Total Organic Carbon 
45 

40 

35 

30 

:VI � 

-5/23/95

---9/24/95 

__..,._ 1/17/96 

15 

10 

5 

0 

0 9.5 13 18 

Depth (ft) 

35 
Well Nest 3 - Total Organic Carbon 

30 

25 

::r7 � 

�-..-51;3/95 

---9/24/95 

__..,._ 1 /17 /96 

10 

5 

0 

Well Nest 2 - Total Organic Carbon 
30 ,-------------, 

25 

20 
3 
m 

.s 15
u 

0 
f-

10 

5 

� 

9 13 

Depth (ft) 

18 

I =t

5

/,,ffirl 

---9/24/95 

__..,._ 1/17/96 
--- -

Well Nest 4 - Total Organic Carbon 

3 
m 

30 ,-------------, 

25 

20 

.S 15
u 
0 

10 

5 

0 ' ....--- ' 

-5/23/95 

---9/24/95 

__..,._ 1 / 17 /96 

0 7 12 17 0 

Depth (ft) 

9 13 18 

Depth (ft) 

Figure 19. Well Nest Graphs of TOC vs. Depth for May '95, Sept. '95, and Jan. '96. 

� 
00 



Chloride 

Chloride increases from May to September in all the well nest wells except for 

wells 3B, 3C, and 4C. Chloride decreases from September to January except for 

wells IC, 2B, 4B, 5, and CFV. These trends may be anomalies. 

Chloride increased with depth in well nest 1 and 4 during May, September, 

and January. Well nest 3 shows no trend for chloride in May, September, or January. 

Chloride decreased with depth in May for well nest 2 and increased with depth in 

September and January. These trends may be insignificant since chloride levels are 

low in the wetland and wetland wells, ranging from 0.062 to 3.08 mg/L, and are 

probably background levels. High chloride levels would indicate contamination from 

such sources as road salt, fertilizers, and animal wastes. 

Nitrate 

The drinking water standard for nitrate is 10 mg/L. High levels of nitrate 

would indicate a contamination source such as fertilizers or livestock waste. Due to 

its negative charge, nitrate is not bound by negatively charged soil particles and is 

mobile within the ground water. If the nitrate is not used by plants or microbes or lost 

to ground water flow within the wetland, it may undergo denitrification (Mitsch and 

Gosselink, 1993). Nitrate is very low in all the wetland wells and the wetland for 

May, September, and January, ranging from non-detect to 0.966 mg/L. However, in 
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January, well 2A had a nitrate level of 1.57. Well 2A may not be influenced by the 

wetland and many be receiving some nitrate from the upgradient well CF V or its 

surrounding com field. There are no trends with depth for nitrate in the well nests, 

except for well nest 1 in January, there is a decrease with depth for nitrate. Nitrate 

increased from May to September in the wetland wells, except 1 B remained the same. 

From September to January there is no seasonal trend for nitrate. In September and 

January, wells 5 and 6 also have low nitrate levels ranging from 0.173 to 0.553 mg/L. 

Well CF V had high nitrate values of 31.8 mg/L in September and 35.6 mg/L in 

January. These values are well over the drinking water standard of 10 mg/L for 

nitrate. 

Well CF Vis upgradient from well nest 2, yet little or no nitrate is found in 

the nest or further downgradient in the wetland wells. This may be due to the 

recharging function of the wetland. Low nitrate wetland surface water is entering the 

ground-water at the nest locations, so nitrate from upgradient may not be measurable 

at the well nests. The high nitrate ground water upgradient may also follow a flow 

path that does not intersect the wetland wells. Another possibility is denitrification of 

the nitrate before it reaches well nest 2 or well 5 downgradient from the wetland. 

These different fates for the nitrate need to be further investigated. 

Phosphate 

Phosphorus is usually a limiting nutrient for plant life. High levels of 
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phosphate would indicate a contamination source such as fertilizers or livestock 

waste. 

The low and non-detect levels of phosphate in the wetland and all wells, 

indicate little phosphorus from anthropogenic sources. Phosphate is low in all the 

wells sampled in May, September, and January. Due to the low levels of phosphate, 

no trends are apparent in the wells. 

Sulfate 

Sulfate can act as an electron acceptor in redox reactions in a reducing 

environment. 

From May to September, sulfate increased in all the well nest wells except for 

wells lA, 1B, and 3B. From September to January, there is no seasonal trend for 

sulfate. These trends may be anomalies. 

Sulfate levels show no trend with depth within the well nests for May, 

September, or January, with the exception of well nest 2 in September and January 

showing an increase in sulfate with depth. 

Calcium 

From May to September, calcium decreased in the well nest wells, except 

wells lC, 3A, 3C, and 4A. From September to January, there is no strong seasonal 

trend for calcium (Figure 20). These trends may be anomalies. 
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Calcium increased with depth within well nests 1 and 3 during May, 

September, and January. Well nests 2 and 4 show, overall, calcium increased with 

depth in May, September, and January, however, not uniformly. The low pH of the 

surface water causes dissolution of the aquifer solids as the ground water is recharged. 

This releases calcium into solution and causes an inc_rease in calcium with depth, 

which is an indication of ground-water recharge. 

From May to September, magnesium decreased in the well nest wells, except 

for wells 3A, 3C, and 4A. From September to January, there is no strong seasonal 

trend for magnesium (Figure 21 ). These trends may be anomalies. 

Magnesium increased with depth in well nest 2 and 3 during May, September, 

and January. Magnesium increased with depth in well nests 1 and 4 during January. 

In May and September, overall, magnesium increases with depth with slight reversals 

at wells 1 A and 4A. An increase of magnesium with depth is an indication of ground

water recharge. The low pH of the surface water causes dissolution of the aquifer 

solids, which contain magnesium, as the ground water is being recharged. 

Sodium 

Sodium increased from May to September in the well nest wells, except for 

wells IA and 2A. Sodium decreased from September to January except for wells IA, 
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2A, 4A, 6, and CFV. These trends may be anomalies. 

There is no trend in sodium with depth within any of the well nests during 

May or September. In January, only well nest 4 shows an increase with depth for 

sodium, with the rest of the nests showing no trend. 

Potassium 

Potassium is very low in May, September, and January for all wells, ranging 

from <0.3 to 2.00 mg/L. There are no trends with depth within the well nests and no 

strong seasonal trends. 

The presence of iron in the wetland and wetland wells indicates a reducing 

environment and the occurrence of iron reduction reactions. Iron compounds, such as 

Fe203 and Fe(OH)3 , act as electron acceptors in redox reactions, forming Fe/. 

From May to September, there is a decrease in iron within the well nest wells, 

except for wells 3A, 3C, and 4C. From September to January, there is no seasonal 

trend for iron (Figure 22). 

Iron increased with depth in well nest 1 in January. In May and September for 

well nest 1 and for all sampling dates for nests 2 and 3, there is an increase of iron 

with depth with reversals at the deep wells as the reducing influence of the wetland 

diminishes. Well nest 4 shows no depth trend for iron. Iron would increase with 
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Figure 22. 
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depth as the reducing water of the wetland recharges ground water and continues to 

reduce iron within the aquifer solids. Wells 2A and 4B consistently show very low 

levels of iron, unlike the other wetland wells, which indicates wells 2A and 4B are not 

as influenced by the wetland. 

The Comparison Between the W2 arid Wl Wetlands 

The W2 and Wl wetlands are behaving quite differently from each other. The 

W 1 wetland is a flow-through system, where ground water is discharging in the north 

and being recharged in the south (Betts, 1994). The W2 wetland is primarily a 

ground-water recharge area on all sides of the wetland. Due to this difference, the 

ground-water chemistry and trends within well nests differ also. The recharging well 

nests within both wetlands do show similar trends with depth for conductivity and 

total alkalinity. The ground-water flow direction is also different for the two 

wetlands. The Wl wetland ground-water flow is toward the south, whereas the W2 

wetland ground-water flow is to the north. Kehew et al. (1995) has shown that the 

W 1 wetland is denitrifying nitrate that enters on the north to low or non-detect levels 

to the south. From the data collected in this study, the W2 wetland is not influenced 

by nitrate and therefore, denitrification is not an important process within the system. 
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CONCLUSIONS 

In this study, it was shown that ground-water flow around the wetland is 

generally to the north. There is a localized ground-water mounding effect near well 

nest 1 in the shallow (C) wells only. The ground-water chemistry within the well 

nests showed some very clear trends for many of the parameters tested. These 

chemical trends with depth show that the wetland is primarily a ground-water 

recharge system. As the microorganisms within the wetland consume organic carbon 

and dissolved oxygen, carbon dioxide is produced. The pH , TOC and DO levels will 

then decrease. The presence of humic and fulvic acids from plant material decay also 

decrease the pH in the wetland. The low pH surface water recharges the ground water 

and causes dissolution of the aquifer solids. This increases the conductivity, total 

alkalinity, calcium , and magnesium levels with depth. Iron will also increase with 

depth as the reducing water of the wetland recharges the ground water and continues 

to reduce iron within the aquifer solids. These signatures of the wetland influenced 

ground water do not continue far downgradient, as the chemistry in well 5 is 

characteristic of mainly vadose recharge. Nitrate does not influence the wetland even 

though nitrates are found in the upgradient well. When this wetland (W2) is 

compared to the WI wetland, it is found the wetlands behave differently. The Wl 

wetland is a flow through system which is denitrifying nitrate being discharged into 
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it. The W2 wetland is a recharge system with little or no interaction with nitrate at 

this time. The use of the computer modeling program, FlowThru, proved to be 

disappointing. The W2 wetland did not conform to the program's governing 

assumptions, therefore the program was not useful in this study. The program is a 

valuable teaching aid, but its assumptions limit its usefulness. 

Further study of this area is needed to determine the fate of the nitrate in well 

CFV. 
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