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S W Y  AND CONCLUSIONS 

The Metropolitan Water Reclamation District of Greater 

Chicago (Dist.rict) has owned and operated a 6,156 hectare (ha) 

(15,200 acre) land reclamation site in Fulton County, Illinois 

since the early 1970s. The site was developed for beneficial 

use of District biosolids to reclaim strip-mined land and to 

provide esserktial plant nutrients for crops grown at the site. 

A tctal of 1,862 ha (4,598 acres) of land at the site are per- 

mitted for biosolids applications. Biosolids applications to 

fields at the site were started in 1972 and contin-~e to the 

present. During this interval, 4'7 fields have received bio- 

solids applications. 

Prior to applying any biosolids at the site, the Cistrict 

met with Illinois Environmental Protection Agency (IEPA) and 

local regulatory officials to design a monitoring program to 

be institutecl at the Fulton County site. A program was Pnsti- 

tuted in 2971 to monitor groundwaters, surface waters, soils, 

and crops . 
Monitoring in 1983 showed that nitrate-N concentrations 

were increasing in a groundwater seep, designated as Spring 1, 

located down gradient and adjacent to Field 10. Nitrate-N 

levels in Spring 1 fluctuated until increasing sharply in 

:L99C, exceeding the United States Environmental Irotection 

Agency (USEPA) drinking water standard of 10 mg/L. Because of 

the elevated nitrate-N levels, a study was initiated to: (1) 



analyze the trend in the nitrate-N concentration of surface 

and groundwaters of Field 10, ( 2 )  determine whether USEPA 

drinking water standards were exceeded, and (3) recommend man- 

agement practices for reducing the nitrate-N concentration in 

ground and surface waters of Field 10. 

Field 10 is a centrally located 38 ha (94 acre) applica- 

tion field situated mainly on undisturbed forest soil. The 

field differs from most fields at the site in that coal be- 

neath the field was removed by underground mining during the 

early part of the 1900s. The underground mining created an 

interconnected series of underground tunnels and chambers un- 

der Field 10 that extend beyond the boundaries of the field. 

Portions of the mine that extend beyond the field's boundaries 

to the east are overlain by fields not owned by the District, 

and farmed by conventional methods, whereby nitrogen inputs 

are generally in the form of chemical fertilizers. It is hy- 

drologically impossible for the waters of similarly mined land 

to the west to mix with the waters originating beneath Field 

10 as a valley separates them. Extensive investigation of the 

area and the plats and maps of the former mine company indi- 

cate that current drainage exits through three drainage points 

believed to be the remains of former mine entrances where the 

coal bearing strata outcrops in a valley adjacent to Field 10. 

These three drainage points are referred to as Springs 1, 2, 

and 4 .  



Field 10 received a cumulative biosolids application of 

479 dry tonslacre between 1974 and 1992. The last bi~eolids 

application to the field occurred in 1992 with 122.0 dry 

t ons/acre being applied. Cumulatively, 6.57 tons/acre of 

plant available nitrogen have been applied to Field 13 in the 

forK of biosolids. It is not known whether any other cxtroge- 

nous materials from prior farming operations were present in 

the soil profile, nor is it known if nitrogenous materia:- from 

prior mining operations were present in the undergr.o:lnd mine 

chambers. Deep cores of the soil profile from the surfaze to 

bedrock (approximately 0- to 30- feet) throughout Field 10 and 

outside of the field were made in 1994 and 1995. Analysis of 

the soil cores showed that the concentrations of nitrate-N in 

the soil profile increased as compared to cores from outside 

the field. The highest nitrate-N level observed in b,he soil 

cores frorr Field 10 was 58.6 mg/kg as compared to 3.5 mg/kg 

outside the field. 

No consistent pattern of significantly increased ammo- 

nium-N was observed in the soil cores from Field 10. Tne am- 

monium-N concentrations in the soil cores from within Field 10 

ranged from 0.8 to 7.1 mg/kg as compared to 0 - 6  to 4.4 mg/kg 

in the cores from outside Field 10. The low levels of ammo- 

nium-N in the soil profile of Field 10 indicate that the ammo- 

nium-l?l was mineralized to nitrate-N, eliminating any buildup 

of ammonium-N in the soil profile. 



A sizeable buildup of total Kjeldahl-N (TKN) occurred in 

the surface 18 inches of Field 10, with a maximum of 7,029 

mg/kg being observed as compared to a maximum of 1,465 mg/kg 

outside the field. The mineralization of the biosolids ap- 

plied nitrogen is a continuous source of nitrate-N in the soil 

profile of Field 10. From the observed mineralization rate of 

the biosolids organic carbon in the field, it is possible that 

nitrogen mineralization will continue to occur until about 

2005, and nitrate-N levels in the spring water may continue to 

remain high. 

Seven shallow monitoring wells were installed in and 

around Field 10 in 1995 to periodically monitor the groundwa- 

ter above the rock layer overlaying the coal bearing strata. 

From 1996 to 1999, the five shallow wells inside Field 10 con- 

tained nitrate-N concentrations ranging from 87 to 275 mg/L. 

The two shallow wells outside Field 10 had mean nitrate-N lev- 

els of 2.03 and 0.96 mg/L, respectively. 

Four deep wells, drilled into the mine chambers, were in- 

stalled in 1995. These wells had mean nitrate-N concentra- 

tions ranging from 0.47 to 21.1 mg/L during 1996 to 1999. The 

two deep wells on the western side of Field 10 close to the 

spring drainage points had nitrate-N values ranging from 0.79 

to 44 - 4  mg/~. 

Sampling of the three springs draining the mine showed 

annual increases in nitrate-N concentrations that were proba- 

bly related to the effects of seasonal precipitation leaching 



the nitrate-N through the soil profile. The nitrate-N concen- 

tration in Spring 1, a District water monitoring Incation 

since P9728 showed that the nitrate-N levels in the spri~g wa- 

ter increased as the flow increased during the intens~ve 1996 

to 1999 sampling period. Spring 1 showed nitrate-N concentra- 

tions ranging from 1.72 to 23.2 m g / ~  during the 1996 rc 1999 

sampling period. 

In 1994 and 1995 an effort was made to determine the 

source and pathway of the travel of spring water and the pos- 

sib1.e sources of nitrate-N. Dye tests, using an optical 

hrighcener, were performed by injecting the dye inta a mine 

tunnel intersected by a soil boring. Efforts to track the 

movement of water through the interconnected mine chambers and 

tunnels using dye tracing techniques were inconclusive. 

Surface waters at points above and below Springs 1, 2, 

and 4 in the valley adjacent to Field 10 were sampled monthly 

for one year, between June 1999 and June 2000. The major ni- 

trate-N inputs to the drainage area leading downstream to Big 

Creek are Springs 1, 2, and 4. Other springs and trib~caries 

contributing to the drainage area appear to dilute the ni- 

r a t -  concentration in the water of Springs l, 2, and 4. 

The mean nitrate-N concentration of Big Creek upstream and 

~fiownstream cf this tributary drainage area for this one -year 

period was 2.20 and 1.71 mg/L, respectively. This shows that 

the cverall drainage from Field 10 does not elevate the con- 

centrations of nitrate-N in Big Creek, and that Big Creek ni- 



trate-N concentrations are well below the drinking water stan- 

dard of 10 mg/~. 

~t cannot be concluded that the applications of biosolids 

and commercial fertilizer applied to Field 10 are the only two 

sources that caused the elevated concentrations of nitrate-N 

in the Field 10 drainage area. Field 10 differs from most 

fields because of the underground mine and drainage system un- 

derlaying the field, and any unknown source of nitrogen con- 

tained in the subsurface of the mine may also be contributing 

to the elevated nitrate-N levels in the springs. Also, adja- 

cent private properties to the east, which are underlain by 

the mine, may contribute to the elevated nitrate-N levels 

within the mine system because commercial fertilizers are used 

in crop production there. 

Consequently, it is important to minimize the impact of 

previous applications of biosolids and commercial fertilizers 

by growing crops to remove the existing nitrate-N in the soil 

profile of Field 10 for the next several years. In the fu- 

ture, effective management of Field 10 requires that biosolids 

and commercial fertilizers should only be applied at rates to 

meet the agronomic nitrogen requirements of any crops grown. 



RECOMMENDATIONS FOR REDUCING NITRATE-N CONCENTRATION IN TKE 
SPRINGS ASSOCIATED WITH FIELD 10 

Biosolids applications were last made to Field 10 i z  1992 

at 122.6 dry tons/acre. A cumulative amount of 479 dry 

tonsj'azre bi.osolids was applied to Field 10 from 1974 t~rough 

1992. The applied biosolids along with any other urAknown 

sources of nitrogen are continuing to mineralize slowly, cre- 

ating nitrate-N for leaching in the soil profile of Fzeld 10. 

Addit ionally, unknown amounts of commercial f erti1.izer have 

been applie13 to the field prior to 1972 and during 1972, 1991, 

1993, and 1994 in the course of crop production. 

The man?-toring nf water quality in Springs 1, 2 and 4 

clear1 y demonst rated that nitrate-N c~ncentratiens ~x~ceeded  

t.he USEPF-9 sdrinking water standard of 10 mg/L. Althollgn it 

cannot be determined whether these high levels have resulted 

due GO either the cumulative biosolids loading of 4-79 dry 

t:onsJacre during the period of 1974 through 1992, unknown 

sources of nitrogen, and/or the unknown amount of commercial 

fertilizer applied, corrective actions are needed to -educe 

the nitrate-N concentration in the water of the sprbags asso- 

ciated with. Field 10. 

I n  July of 2000, the leasee requested a release from the 

:Lease. This action was approved by the Board of CommFssi.on- 

ers? Marra!yement of the field by M&O will prevent the xncon- 

trolled application of commercial fertilizers in the f u t : ~ r e .  



In order to reduce nitrate-N concentration in the water 

of Springs 1, 2, and 4, the following recommendations are 

made : 

1. Biosolids and/or commercial fertilizers should 

not be applied until after 2005. This should 

include both N and P. As pointed out in the re- 

port, mineralization of the TKN that has built- 

up in the surface soil will provide more than 

adequate plant available N to support optimum 

yields of agronomic crops through 2005. 

2. A management program which focuses on the export 

of N through crop removal should be adopted for 

Field 10 beginning in the spring of 2001. This 

can be achieved by planting corn, wheat, oats, 

or sorghum sudan grass and completely removing 

all grain and stover or straw at the time of 

harvest. This will optimize removal of nitrate- 

N that is produced through mineralization of or- 

ganic N in the surface soil. 

3. No leguminous crops should be grown on Field 10 

through 2005. These crops can fix atmospheric N 

which will diminish the rate at which N is dis- 

sipated from the soil surface in Field 10. Fur- 

thermore, because legumes do not compete well 

with weedy species in high fertility soils, such 

as those in Field 10, there will be very little 



crop to remove from the field at harvest tPme 

which also will retard the rate of N removai. 

from the surface soils. 

4. After 2005, based on the results of continaed 

monitoring, nutrients may again be applied to 

Field 10 either as constituents of biosolids 3r 

commercial fertilizers. Regardless of the source 

of the nutrients, their inputs should be bal-- 

anced by anticipated crop removal (i.e. applied 

at agronomic rates) . This will minimize any 

further buildup of N in the soil profile of 

Field 10. 

5, R&D will continue to monitor the site and the 

elevated levels of nitrate-N in both the springs 

and wells. 

xvii 



INTRODUCTION 

The Fulton County site is a large tract of land, 6#155 ha 

(15,200 acres), owned by the District, 200 miles southwest of 

Chicago in Fulton County, Illinois. The site was purchases in 

parcels during the early 1970s and developed in nine stages. 

The site was developed to serve as a primary location for re- 

cycling biosolids produced by the District. The site consists 

of numerous biosolids application fields of varying size and 

dimension. 

 field^: permitted by the IEPA for maximum biosolids appli- 

cation rates have berms around them and are designed to col- 

lect surface runoff which drains into retention basins. These 

basiris must 5e sampled and analyzed for specific water q~aiity 

parameters to meet IEPA permit criteria before the contents 

can be released into state waters. Other unbermed fields 

without retention basins exist for the application cf super- 

natant and minimal amounts of biosolids ( 2 5  dry 

tons/acre/year) in accordance with the current IEPA permit. 

Between 19'71 and the present, 1,747 ha (4,314 acres) of >and 

were permitted for the application of biosolids. 

Soils within the application fields at the site vary, 

with soils disturbed by surface mining being predominant. 

Acreages permitted for biosolids application include 1,341 ha 

(3,313 acres1 of strip mined land and 407 ha (1,004 acres) of 



undisturbed place land. At numerous locations, undisturbed 

soils exist because coal was removed through traditional sub- 

surface mining techniques prior to the advent of surface min- 

ing. The District has demonstrated the value of applying 
.J 

biosolids on these mine spoil lands for reclamation by taking 

advantage of the nutrient value, organic matter, and soil re- 

storative characteristics of biosolids. 

Forty-seven fields at the Fulton County site have re- 

ceived biosolids since establishment of the facility. After 

being amended with biosolids during the summer months, the ap- 

plication fields are planted with winter wheat or rye during 

the fall. In the following year the fields are leased to lo- 

cal farmers who generally grow corn and soybeans in rotation. 

The District also plants alfalfa in some application fields 

and leases these fields for hay production. 

To satisfy the IEPA permit requirements for operation of 

the site, the District established an Environmental Monitoring 

Program to ensure that the land application of biosolids for 

agronomic purposes would not adversely affect groundwaters, 

surface waters, soils, and crops. Water bodies found on the 

site include lakes, reservoirs, streams, and springs. These 

water bodies, as well as groundwater, might be adversely im- 

pacted if surface runoff from the application fields is not 

properly managed and monitored or sludge application rates ex- 

ceed the permit limitations. 



A monitoring program has been developed to protect water 

quality at the site. The site's IEPA permit requires that 

surf ace wa.ters leaving bermed application fields be captured 

in retention basins and tested to meet specific permit re- 

quirements prior to their release into state waters. The per- 

mit a - l s o  requires that surf ace waters (reservoirs, lakes, 

streams, and springs) be sampled and analyzed three times per 

year to measure the levels of chemical parameters i e  ammo- 

nium-N, nitrate-N, nitrite-N, total phosphorus, Cd, CE, and 

Hg) associated with biosolids. Furthermore, the pezmit re- 

quires the sampling and analysis of waters four times yearly 

from 2 C  welLs and 15 lysimeters on the site to monicsr the 

quality of ~roundwaters beneath and near the sludge appiica- 

tion areas. 

In the monitoring of waters from retention basi~s, sur- 

face water sites, wells, and lysimeters, analysis for ni~rate- 

N is required by the IEPA permit. 

Beginni;ig in 1983, it was noted that nitrate-N concentra- 

tions were i.ncreasing in Spring 1. adjacent to Field 90. Ni- 

trate-N levels fluctuated until increasing sharply i n  1990, 

exceeding the USEPA drinking water standard of 10 n\g/L.  Due 

to the elevation of nitrate-N concentrations in the waser of 

the spring, a study was undertaken with the following ohjec- 

tives : 



1. Analyze the trend in the nitrate-N concentration 

of surface and groundwaters. 

2. Determine whether the USEPA drinking water stan- 

dard for nitrate-N was exceeded. 

3. Recommend management practices for reducing the 

nitrate-N concentration in ground and surface 

waters of Field 10. 

Field 10 nescrigiim 

Field 10 is a centrally located, bermed, application 

field at the District's Fulton County site (-e 1 ) . Field 

10 has a design area of 38 ha (94 acres) which includes berms 

and two retention basins. The total area available for appli- 

cation of biosolids is 28.1 ha (69.3 acres). Soil character- 

istics within the field vary, with the northeastern corner of 

the field being disturbed by surface mining. Underground min- 

ing was conducted beneath the rest of the field leaving undis- 

turbed forest soil on the surface (Figure 2 ) .  

Most of the coal beneath Field 10 was mined by the Crip- 

ple Creek Mining Company. The underground stope and tunnel 

method was utilized prior to the development of surface strip 

mining techniques which were employed after the 1920s. In 

this method of underground mining, walls and supporting col- 

umns were left to support the roof of the mine, creating an 

interconnected labyrinth of underground chambers and tunnels 

extending well beyond the boundaries of Field 10. Although 

4 
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entrances to the mine were closed, the interconnected tunnels 

and chambers still exist. Entrances to the mine were on the 

east side of the valley which borders Field 10 to the west. 

Although the underground mine extends beyond the bounda- 

ries of Field 10, a valley to the west eliminates the possi- 

bility of water movement from similarly mined lands not owned 

by the District (referred to as Shields property) to the west. 

Property to t he  east, also not owned by the District (referred 

to as Bordwine property) , overlies the mine, and may contrib- 

ute to the nitrate-N found in spring waters. Snake Lake, also 

to the east, may contribute to the flow of water throcgh the 

mine system. Underground mining activity ceased at the north- 

ern edge of Field 10, and the southern portion of the field is 

overlain by undisturbed forest soil. Underground m5ne en- 

trances and mining structures have also been noted on the west 

side of the: valley, indicating that it was heavily mined dur- 

ing the same period. Plats and maps of the Cripple Creek Mine 

exist, and they show the layout of the mine and elevations 

within the slzafts. Tunnels and chambers under Field 113 slope 

toward the three "mine drainage points." These are crrsrrently 

referred to as springs. 

Eater entering the mine through the soil profile is 

thought to drain through the tunnels and chambers, ultimately 

exiting the mine as springs. All springs are located west of 

Fie1.d 10 ( Z i . g ~ i r ~  2 ) .  



Careful mapping and surveying of Field 10 was performed 

by Fulton County Maintenance and Operations (M&O) personnel. 

The results of this exercise were used along with old maps of 

the underground mine system made by the coal company to deter- 

mine the proximity and relationship of Springs 1, 2, and 4 

with the terminal points of the underground tunnels. The ac- 

tual spring locations coincide with the end-points of major 

tunnels. It is apparent that the springs are fed by drainage 

from the underground mine system. 

In the method of mining used in this mine, large amounts 

of ammonium nitrate based explosives were used for loosening 

coal prior to removal. Also, draft animals used for removal 

of the coal were commonly stabled within the mine, creating 

deposits of manure. It is not known whether any chemical or 

organic nitrogen bearing materials were abandoned within the 

mine upon its closure, nor is it known to what extent these 

materials may influence the elevated nitrate-N levels found 

within the mine system. 

nl i c a t l o n  o f  Rlosol  ids  on u l d  1Q 

The first application of biosolids to Field 10 occurred 

in 1974. Field 10 received annual biosolids applications av- 

eraging 24.97 dry tons/acre/year, between 1974 and 1984, fox a 

cumulative application of 274.7 dry tons/acre by the end of - 
1984. Biosolids applications were halted for three years 

(1985 - 1987), but they were resumed in 1988. In 1988 and 

8 



1990, biosolids applications of 4Q. 2 and 41.5 dry torrs/acre, 

respe~tive1.y~ were made. Biosolids were not applied Ir-r 1989 

and '1991. In 1992, a final application of 122.6 dry tons/acre 

was made. :aiosolids application history for Field 10 is given 

in E5g.urLi. 

During 1990 and 1993, greater than average precipitation 

combined with the larger biosolids loading rates in 1988, 

1990, and 1992, may have increased leaching of nlcrace-N 

through the soil profile. In Eiaure 3, several surges in the 

mean annual nitrate-N concentration found in Spring I appear 

to coincide with the increased annual precipitation. 

During 1991, 1993, and 1994, the field was not beir-g used 

for biosolids application, and from 1993 to 2000, ;t was 

leased to Local farmers for crop production. These farmers 

grew corn, soybeans, and alfalfa. Under the lease agreement, 

the farmer is permitted to grow crops for a variable number of 

years in return for a lease amount paid per acre. The farmer 

is respansible for all crop inputs and is expected to rnziintain 

reasonable c!ontrol of weeds. The District's responsibility 

under this agreement is to provide the farmer with acc, ~ S S  to 

the leased fields. 

Leaseholders of District fields use commercial fertilizer 

as a standard agronomic practice to enhance crop y ie ids .  Al- 

though the amount to be applied is often determined! through 

soil testing, many farmers routinely apply a certain amcunt of 

fertilizer annually depending on the type of crop. In the 





four years that crops were grown on Field 10 (1972, 1991, 

1993, and 1994), it is thought to have received co%.mercial 

fertilizer. It is estimated that a total of 525 lbs. /acre of 

actual nitrogen were applied. Beginning in 1974 and ending in 

1992, it is estimated that 13,140 lbs./acre of plant avail- 

able nitroyen were applied to Field 10 as biosolids. Although 

nitrate-N concentrations in the soil profile of Field 1C could 

be in£ luericed by the application of commercial f ertiLizer, 

there is no way of determining the impact of commercial fer- 

tilizer on the nitrate-N concentration of the grou~dwazer ,  

since reportzing of such applications and their rates were 

never required. 

i t o r l n a  Act ~ v m e s  at Fi el d 1 0 

Since 1971, the District has been monitoring the concen- 

tratl..sn of nitrate-N in Spring 1 which is adjacent to Field 

10. The spring was monitored monthly from 1971 through 1981, 

and then three times annually from 1982 to the present as per 

the requirement of the IEPA permit. The mean annual nitrate-N 

concentration in the spring was less than 0.4 mg/L until 1983 

when it rcse to 2.00 mg/L (Tab1 P 1) . 

3uring routine surface water sampling and analyses in 

1984, nitrate-N concentrations approaching the USEPA'S drink- 

ing water standard of 10 mg/L were first noted in Spring 1. 

Between 1983 and 1989, the mean annual nitrate-N concentration 

of Spring I fluctuated between 0.05 and 5.33 mg/L 1) . 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 1 

MEAN, MINIMUM, AND MAXIMUM CONCENTRATION OF NITRATE-N IN 
SPRING 1, ADJACENT TO FIELD 10, FROM 1971 THROUGH 1999 

Nitrate-N Concentration in Spring 1 

YEAR Minimum Mean Maximum 



METROPOLITAN WATER RECLAMATION DISTRICT O F  GREATER ZSZCAGO 

TABLE 1 (CONTINUED) 

MEAN, MINIMUM, AND MAXIMUM CONCENTRATION OF NITRATE-N IN 
SPRING 1, ADJACENT TO FIELD 10, FROM 1971 THROUGH 1999 

Nitrate-N Concentration in Spring 1 

YEAR Minimum Mean Maxi~um 



From 1990 to 1999, the yearly mean nitrate-N concentration of 

Spring 1 varied from 4.66 to 18.52 mg/L. However, all the 

measured nitrate-N concentrations during this period varied 

within a range of 1.25 to 3 5 . 5 3  mg/L. The lowest and highest 

values occurred in 1991 and 1995, respectively (Table 1). 

Springs 2 and 4 were discovered after 1993, when concern 

began to mount over the increase in nitrate-N concentrations 

found in Spring 1. Regular sampling and analysis of these 

springs began in 1994. Tables and 1 give minimum, maximum, 

and mean nitrate-N concentrations for Springs 2 and 4, respec- 

tively, from 1994 through 1999. Both springs experienced 

their highest mean and maximum nitrate-N concentrations in 

1995. Although Spring 2 generally exhibited higher minimum, 

mean, and maximum nitrate-N concentrations than Spring 4 dur- 

ing these years, it must be noted that it was typically dry 

during the seasons when nitrate-N concentrations found in all 

springs were at their lowest. 

Since Springs 1, 2, and 4 emerge from the west side slope 

of Field 10, where biosolids were applied, it appears that 

their flow is directly from under the field. Hence, it was 

important to investigate and determine whether the application 

of biosolids on Field 10 was responsible for the observed ele- 

vation in the nitrate-N concentration in the springs since - 
1983. 

An investigation of the elevated nitrate-N concentration 

in Springs 1, 2, and 4, the soil profile, groundwaters, and 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 2 

MEAN, MIKIMUM AND MAXIMUM CONCENTRATION OF NITRATE-N IN 
SPRING 2, ADJACENT TO FIELD lo,, FROM 1994 THROUGH 1999 

NITRATE-N CONCENTRATION IN SPRING 2 
YEAR Minimum Mean Maxi~:tlrn 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 3 

MEAN, MINIMUM AND MAXIMUM CONCENTRATION OF NITRATE-N IN 
SPRING 4, ADJACENT TO FIELD 10, FROM 1994 THROUGH 1999 

NITRATE-N CONCENTRATION IN SPRING 4 
YEAR Minimum Mean Maximum 



surface waters was undertaken by the Research and Development 

Department. 

Gbjectives of the investigation include: 

I. Determine the relationship between nitrate-U 

concentration in the springs and precipitatisn 

events occurring at Field 10. 

2 .  Monitor the chemical quality, including nitratc- 

N, of water found in the underground mine cham- 

bers and in groundwater at the soil/rock inter- 

face. 

3. Determine the time of travel and the point =?f 

exit of water from the mine system. 

4 .  Determine the nitrate-N, ammonium-N, and total 

Kjeldahl-N concentration in the soil profile 

overlaying the mine system. 

5 ,  Assess the influence of Field 10 waters on down- 

stream water bodies. 

To reach the goals of this investigation, the fgllowing 

steps were undertaken: 

i. Monitoring of the flow and nitrate-N concentra- 

tior* in Springs 1, 2, and 4 was increased ts 

weekly and more frequently, as needed, in an at- 

tempt to characterize their fluctuations, 

2. Seven shallow wells and four deep wells were in- 

szalled in and around the field for monthly sa3.- 

piirig and analysis of groundwater at the 



soil/rock interface and in the mine chambers be- 

neath Field 10. 

3. Dye was injected within the mine system in an 

attempt to trace the movement, path and exit 

point of waters from the mine. 

4. Soil cores in and around the field were obtained 

by coring and in the course of well installa- 

tion. These samples were analyzed to character- 

ize the chemical constituents of the soil 

profile . 
5. Waters from points upstream and downstream in 

the Field 10 drainage system were sampled and 

analyzed monthly in an attempt to characteri'ze 

the in£ luence of Field 10 drainage on downstream 

water bodies. 

In addition, records were compiled and summarized of the 

amount of biosolids applied annually on Field 10 and the total 

and ammonium-N added to Field 10 each year via the biosolids. 

Ficrure shows the relative amounts of biosolids applied to 

Field 10 from 1972 through 1999. The amount of N released 

from the Field 10 runoff retention basins each year was com- 

puted, and records of cropping history and inorganic N fer- 

tilization were summarized when such records were available. 

It is very difficult to arrive at a nitrogen balance of 

Field 10. All the inputs of nitrogen ( e . g . ,  the amount of 

commercial fertilizer inorganic nitrogen applied, nitrogen 



available from unknown nitrogen sources that may be p - _ ~  ~ e c e n ~  in 

the subsurface mines, nitrogen fixed by plants that grew on 

Fie76 re, etc. ) are not available. In addition, losses of ni- 

trogen due to volatilization of ammonia and denitriflcation 

were not measured. However, the total quantity of nitrate-N 

in the Field 10 soil profile was calculated and compared with 

the quan2i.t~ of nitrate-N flowing from the field in the adja- 

cent springs. These data were also used in assessing .-he im- 

pact of biosolids applications on Field 10 on the ezevated 

levels of nitrate-N in the springs adjacent to the fieid. 



MATERIALS AND METHODS 

~ l l  experimental work was conducted on or adjacent to 

Field 10 which is located in the center of the District's Ful- 

ton County property ( E j c p ~ ~  l) . 

All analyses were conducted according to 

at the District's Fulton County R&D Laboratory, or at the Ana- 

lytical Services Division's Laboratory at the Lue-Hing R&D 

Laboratory Complex. Soil analyses included ammonia-N, ni- 

trate-N, nitrite-N, pH, EC, and TKN. Water analysis included 

ammonia-N, nitrate-N, nitrite-N, pH, and EC. Changes in ni- 

trate-N analytical methods since 1972 included the adoption of 

a simplified chromotropic acid method which did not impact the 

change in nitrate-N concentrations detected in this investiga- 

tion. This is evidenced by the lack of change in nitrate-N 

values obtained in the course of analytical work for other un- 

related projects. 

Deep S o ;  1 and Rock Cores 

Three soil cores were taken with a rotary drill rig 

equipped with a 4.25-inch (internal diameter) hollow stem 

auger and using a 5-foot split barrel continuous sampling sys- 

tem. This produced a 3-inch diameter continuous soil core to 

the depth of the top of the bedrock (approximately 20 feet be- 

low soil surface). The rock was cored with a 2-inch (internal 



diameter) by 3 -inch (external diameter) by 10-foot long con- 

ventional core barrel with a surface diamond bit. 

All soil cores were split into 6-inch increments, air 

dried, processedr and analyzed for nitrate-N using FLan&xd 

Methsds. The rock samples were stored in waxed cardboard core 

boxes. The soil profile was characterized during the process 

of obtaining the soil cores for analysis. The successive ho- 

rizons withi?. the soil, rock, and mine tunnel profiles are de- 

scribed below. 

r 0 -- 51.5 feet - Dark to mottled brown silty clay 

with traces of iron stain and root fibers 

5 9.5 - 14 feet - Gray, clayey silt with trace iron 

sta:ins 

14 - 1 9 . 5  feet - Mottled brown, silty clay with 

black organic stains and trace iron stains 

* 19 - 5  - 2 0 . 5  feet - Gray, clayey silt with traces 

of :;and 

139- 

@ 20.5 - 30 feet - Tan, silty claystone with 

traces of iron stain and mica 

30 - 55 .5  feet - Gray, massive bedded soft 

shale, iron stained with fractures on beddin2 

planes 



8 55.5 - 57.5 feet - Gray, massive bedded hard 

limestone, shaley and unweathered 

e Tunnel 

57.5 - 67 feet - Void assumed to be mine tunnel 

or chamber, black, fragmented coal 

The locations of the three soil and rock cores (referred 

to henceforth as Core 2, Core 4, and Core 5) were carefully 

chosen so that they would intersect the mine tunnels and would 

be placed far enough from the western edge of Field 10 to pro- 

duce soil cores representative of the biosolids-amended soil. 

The location of the cores is shown in Figure 2. Core 5 was 

taken on December 14, 1994, located in the north center of 

Field 10, 600 feet from the west edge of the field. Core 2 

was taken on December 19, 1994, located 180 feet from the west 

edge of the field and slightly south of Springs 2 and 4, and 

Core 4 was taken on December 15, 1994, located 45 feet from 

the west edge of the field and several hundred yards north of 

Spring 1. 

D y e  Tracing Stl@ 

Using old maps of the mine and existing survey points of 

known elevation and coordinates, District surveyors were able 

to locate points thought to intersect with tunnels of the un- 

derground mine. In each core a void was encountered at a 

depth consistent with the elevation of the underground mine, 



indicating success in locating tunnels or chambers. The tun- 

nel intersec~ed by Core 5 was the only one found to have a 

significant amount of water in it. 

In an effort to determine the source and pathway cf the 

spring waters, dye Tinopal CBS-X, a fluorescent whitening 

agent, was selected as a tracer for the flow of water, In- 

visible, nontoxic and detectable at 2 pg/L under ultra-violet 

light, the compound is a dye commonly used for tracing under a 

wide variety of circumstances. 

Five pounds of Tinopal CBS-X were mixed with 10 e;allons 

of water and injected into the tunnel intersected by :ore 5. 

A I-inch PVC pipe was inserted into the tunnel from the sur- 

face to insure positive placement of the Tinopal CES-X solu- 

tion. All 10 gallons of Tinopal CBS-X solution were 

introduced tct the tunnel through the PVC pipe with a f-lnnel. 

Immediately afterward, 35 gallons of water were poured through 

the funnel and the 1-inch PVC pipe to flush the dye solution 

further into the tunnel ( m u r e  4). 

Devices capable of absorbing and holding the o~tical 

brightener were placed at the discharge points on Springs 1, 

2, and 4. The devices, called "bugs," consisted of a brick 

wrapped with two wires as shown in Ei9u1-e 5 .  Each of tbese 

wires was wrapped around two rolled pads of unbleached cos- 

metic grade cotton. The pads were enclosed in stainless steel 

mesh to allow water to flow through them without allowing the 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 4 

SCHEMATIC PROFILE OF DYE TRACING THROUGH UNDERGROUND MINE TUNNELS AND 
CHAMBERS BENEATH F I E L D  10 

l-4 Field 10 
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pad to be washed away due to the constant turbulence of the 

flow. 

Initially, the bugs were removed and replaced three times 

per week. When removed, the devices were examined under a 

hand-held ultraviolet light to check for the presence of the 

optical brightener. To test the limits of detection, an aque- 

ous 2 pg/L solution of Tinopal CBS-X was made and several pads 

were soaked in it. The pads were attached to a brick and 

placed downstream from the mouth of the spring with the heavi- 

est flow (Spring 1, 56 gpm). After one week of continuous ex- 

posure to moving water, the device was removed and examined 

beneath an ultraviolet light. Since the brightener was still 

readily detectable, a decision was made to change the fre- 

quency with which the bugs were sampled to once per week. The 

bugs were continuously in place at Spring 1, 2, and 4 between 

December 20, 1994 and June 30, 1995. 

In the fall of 1995, seven shallow permanent monitoring 

wells were installed in and around Field 10 for the purposes 

of periodically monitoring groundwater a,bove the rock layer 

(perched water) overlaying the coal bearing strata. Shallow 

wells were installed at depths ranging from 24.8- to 31.7- 

feet, where the surface of the underlaying rock layer is 

found . 



The method of obtaining soil cores during installation of 

the seven shallow wells was conducted identically to the 

method cited under "Deep Soil Cores" and the extracted cores 

were processed for chemical analysis of the soil. The soil 

cores obtained were analyzed for TKN, ammonium-N, nitrite-N, 

nitrate-N an3 organic carbon using the methods described by 

Page et al. ;1982) . 

I n  addition four deep wells were installed through the 

soil and rock (Fiallre 2 )  and into the mine chambers for msni- 

toring the waters within the tunnels. No soil cores were ob- 

tained in the installation of the four deep wells. Deep wells 

were installed at depths ranging from 56.6- to 7 5 . 6 - 5  eet, 

where voids assumed to be mineshafts or chambers were encoun- 

tered, 

To extract water from the deep and shallow wells, a 2.5- 

inch PVC pipe tipped with well screen was inserted in t h e  well 

shaft and loft standing at four feet above the soil surface. 

A 0.5-inch FVC pipe was run to the bottom of the well inside 

the 2.5-inck PVC pipe and was attached to a spigot F~eld  in 

place by the PVC well cap. An air valve on the weii zap al- 

lowed compressed air to be introduced into the well, displac- 

ing the water within the well, and forcing the water up the 

0.5 inch PVC pipe and out of the spigot. 

Well water samples were collected monthly between 1996 

and 1 9 9 9 ,  except for Deep Wells 3 and 4. These wells were 



sampled weekly beginning in January of 1997 and ending in De- 

cember of 1999. 

Well water samples were analyzed for pH, EC, ammonium-N, 

nitrate-N, and nitrite-N using S U n d a x d .  

Spring water samples were collected directly from the 

mouth of the springs by filling 8 oz. plastic vials with water 

and covering with a plastic closure. The spring water samples 

were analyzed for ammonium-N, nitrite-N,- and nitrate-N using 

S t a n d a r d M e - t h o d s .  Sampling frequency of the springs has var- 

ied since initiation of the Fulton County project. Beginning 

in 1971, Spring 1 was sampled monthly as a surface water site 

as required by the IEPA permit. Sampling of this site was re- 

duced to three times yearly in 1982. In 1991, the sampling 

frequency was increased to monthly which continued through 

1993. Tn 1994, monthly sampling of Springs 2 and 4 began. 

However, an increased frequency of sampling (three times 

weekly) was undertaken for all springs in November and Decem- 

ber of 1994. Beginning in 1995, and continuing through 1999, 

Springs 1, 2 and 4 were sampled once a week. The samples were 

analyzed weekly except for a period beginning April 10, 1995 

and ending June 10, 1995 when the springs were sampled daily, 

Monday through Friday, in an attempt to characterize nitrogen 

fluctuations. 



nu Flow Measurement 

In an attempt to determine the volume of water beinq dis- 

charged from the underground mine, weirs were installed at the 

mouths of each spring in late 1994. In 1996, weekly measure- 

m.ent of spring flows at the time of sampling was be~ur ,  and 

continued through the end of 1999. 

The weirs were standard "V-notch" or "90-degree'" weirs 

made of 0.25-inch steel and were equipped with graduated mark- 

ings for measurement of head. The head measurements (5.rlches) 

were c~nverti.ble to gallon per minute (gmp) flows, accurate to 

the tenth u f  a gallon. 

Water S w  

In the summer of 1999, it was decided that rrionitoring 

should be undertaken to examine the contribution and impact of 

nitrate-N from Springs 1, 2, and 4 on downstream surface wa- 

ters as well as the nitrate-N contributions from other sources 

within the drainage area ultimately leading to and including 

Big Creek. In July of 1999, monthly sampling was begun at 19 

poix~ts upstream and downstream from Springs 1, 2, and 4 in- 

cluding any springs, surface waters, and small creeks that 

contributed to the flow discharging into Big Creek ( ) . 

'These samples were analyzed for ammonium-N, nitrate-N, and. ni- 

trite-N using Standard-. 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

FIGURE 6 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 

Legend : 

- = Surface Water 

I = Spring Sampling Point 

@$ = Surface Water Sampling 
Point 

A = Tributary Sampling Point 



mta 
Data were compiled and tabulated for the soil nitrogen 

series, shallow and deep well water nitrogen series, spring 

water nitrogen series and flows, monthly precipitation, and 

water nitrogen series for sampling locations on the Field 10 

d.ownstream drainage system. These data are tabulated and are 

shown in Appendices I to YL. 



RESULTS AND DISCUSSION 

S n i  1 of Field 1 Q 

Deep cores of the soil profile were collected throughout 

Field 10 in December of 1994 and October of 1995. In order to 

determine the extent to which nitrogen has migrated through 

the soil profile of Field 10, the nitrate-N, ammonium-N, and 

TKN concentrations in these cores were determined. The com- 

plete set of data resulting from these analyses are presented 

in - ix  I. 

As no soil core samples were taken from outside the Field 

10 biosolids application area in 1994, it is not possible to 

determine background nitrate-N concentrations that existed in 

the soil profile in 1994. Therefore, the effect of applica- 

tions of biosolids and fertilizers on the concentration of N 

throughout the soil profile of Field 10 could not be deter- 

mined from the 1994 corings. However, a comparison of the 

mean nitrate-N concentrations in the soil profile of SW4 and 

SW6 (soil cores from outside the bermed biosolids application 

area) with the mean concentrations of nitrate-N in the soil 

profile of corings SW1, SW2, SW3, SW5 and SW7 (cores within 

the biosolids application area) indicates that biosolids and 

fertilizer applications in Field 10 appear to have increased 

the concentration of nitrate-N in the soil profile above back- 

ground levels (E5 ~ u r e  7) . 
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The data presented in -re 7 make it apparent that bio- 

solids and fertilizer applications to Field 10 have signifi- 

cantly increased the concentration of nitrate-N in the soil 

profile. The mean concentration of nitrate-N in the soil pro- 

file under unamended soil surrounding Field 10 was less than 

1.9 mg/kg (Fi~ure 7 )  . In contrast, the mean concentration of 

nitrate-N at the 0- to 1-foot depth below the surface of Field 

10 was 34.5 mg/kg. The mean concentration of nitrate-N rose 

from 4.7 mg/kg in the 1- to 2-foot depth to 38.6 mg/kg at the 

12- to 13-foot depth below the surface of Field LO. The mean 

nitrate-N concentration was greater than 20 mg/kg from the 9- 

to 23-foot depth beneath the surface of Field 10 

A similar increasing trend in ammonium-N concentration 

was not observed in the soil profile. At the 0- to 1-foot 

depth below the surface the mean ammonium-N concentration was 

twice as high in the soil under Field 10 as in soil under una- 

mended areas outside of Field 10. No consistent pattern of 

increased ammonium-N concentration occurred with depth in 

Field 10 soils amended with biosolids (IZigure 8). This is 

presumably due to the fact that ammonium-N exists as a cation 

F i ~ l r e  6 (NH,') in the soil, and it is not as prone to leaching 

as is being produced from mineralization of organic N. The 

nitrification of ammonium-N eliminated its build up in the 

soil profile. 

Three of the cores taken in 1995 were in close proximity 

to the cores taken in 1994. On the north end of Field 10, C5 





and SW1 were in close proximity. In the west-center of Field 

10, C2 and SW5 were in close proximity. On the south end of 

Field 10, C4 and SW3 were in close proximity to each other. 

The mean nitrate-N concentrations in the soil profiles of the 

three cores taken in 1994 (C2, C4, and C5 , and the mean ni- 

trate-N concentrations in the soil profiles of the three cores 

taken nearby in 1995 (SW1, SW5 and SW3) are plotted in Eicp-r-e 

9. This plot shows how the concentration of nitrate-N has 

changed with depth and time in the soil profile under Field 

10. 

The mean concentration of nitrate-N in the soil profile 

under Field 10 decreased from 1994 to 1995 at all depths Sam- 

pled except in the top 12 inches. In 1994 the mean nitrate-N 

concentration increased from a low of 10.5 mg/Kg at 2.5 feet 

to a maximum of 45.5 mg/~g at 10.5 feet. In 1995 the nitrate- 

N concentrations increased from a minimum of 5.0 mg/Kg at 1.5 

feet to a maximum of 30.0 mg/Kg at 12.5 feet. The overall 

pattern of nitrate-N concentrations is remarkably similar in 

the two sets of corings. There is a difference in that the 

band of the highest nitrate-N concentration appears to be 

somewhat lower in 1995 than in 1994. The concentration of ni- 

trate-N shows a decreasing trend in 1994 and 1995 after the 

17-foot depth (Fisure 9). 

A sizeable build up of TKN was observed in the surface of 

Field 10. Biosolids applications have raised the TKN concen- - 

tration in the top 6 inches of soil in Field 10 from a back 
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ground level of 1,095 to 6,231 mg/Kg from 1974 to 1995. In 

the 6- to 12-inch depth the concentration increased from 715 

to 4,111 mg/Kg, and in the 12- to 18-inch depth the concentra- 

tion increased from 598 to 1,608 mg/Kg. These data indicate 

that biosolids applications have increased the TKN concentra- 

tions in the soil of Field 10 by 5,136 mg/~g in the 0- to 6- 

inch layer, by 3,396 mg/Kg in the 6- to 12-inch layer, and by 

1,010 mg/Kg in the 12- to 18-inch layer. 

This build up of TKN in the surface 18 inches of soil 

provides a source for continuously mineralizing organic nitro- 

gen. The resulting ammonium-N is nitrified and is introduced 

as nitrate-N into the soil profile. 

The rate at which nitrate-N is being introduced into the 

soil profile can be estimated as follows. 

Since the biosolids amended surface layer ( 0 -  to 6- 

inches) in Field 10 has a bulk density of approximately 1.14 

g/cm3 (Hinesly and Hansen, 19831, and the subsurface layers 

have a bulk density of approximately 1.5 g/cm3, and consider- 

ing the TKN concentrations in each of these layers, then the 

surface 18 inches of soil in Field 10 contained 16,912 lbs of 

biosolids TKN per acre in 1995. Examination of organic C con- 

centrations in the surface 6 inches of Field 10 obtained from 

routine annual monitoring of soils at the Fulton County site 

indicates that from 1995 to 1999, the mean organic C concen- 

tration decreased from 6.06 mg/Kg to 5.73 mg/Kg. This repre- 

sents approximately a 5.4 percent decrease in soil organic C 



over the four-year period from 1995 when the samples were 

taken in this study to 1999. 

From these data we have determined that the organic C is 

mineralizin!? at a rate of 1.35 percent per year (5.4 percent i 

4 yrs.) . ~ssuming that the TKN is also mineralized at the 

same rate, the 16,912 lbs. of ~KN/acre in 1995 would y;eld ap- 

proximately 228 lbs. of plant available N per acre I r i  that 

year. This should be sufficient to support a 175 bu/acre corn 

grain crop, a 99 bu/acre wheat crop, a 207 bu/acre oat crop, 

or a 5.7 ton/acre sorghum-sudan grass crop (IEPA, 19841, 

It shc;u:ld be noted that recent research indicates that 

t.he mineralization of organic C in District biosolicis asplied 

to fields at the Fulton County site proceeds quite slowLy and 

may cease approximately 12 years following termination of ap- 

plications {Granato et al., 2001). Because approximately one- 

t h i r d  of t he  total amount of biosolids added to Field 10 was 

applied in 1990 and 1992, it is expected that significane min- 

eralization. will continue until the year 2005. It does not 

appear to be necessary to apply fertilizer to the field prior 

to that time. 

5 

The detailed analytical data (pH, EC, ammonium-K, ni- 

trate-N, nitrite-N) of shallow well groundwaters far 9996 

through 11399 are given in W i x  TT. However, t r e  mean, 

maximiim, and minimum nitrate-N concentrat ion values are given 



for the shallow wells inside and outside Field 10 in m e  4. 

From 1996 through 1999, five shallow wells inside Field 10 

contained nitrate-N concentration in the range of 87 to 275 

mg/L. This area received applications of biosolids or commer- 

cial fertilizer. In contrast, samples from Shallow Wells 4 

and 6, located outside the field, had mean nitrate-N values in 

the range of 0.9 to 2.4 mg/~, respectively, over the four-year 

period. It is probable that these low values are due to the 

fact that no biosolids or commercial fertilizer were applied 

to the surface above these wells and lateral movement of any 

nitrate-N within the soil profile is minimal. Thus, it ap- 

pears that the application of biosolids and comnercial fertil- 

izer on Field 10 appears to correlate with the occurrence of 

high concentrations of nitrate-N in the groundwaters perched 

on the bedrock underlying Field 10. 

The detailed analytical data (pH, EC, ammonium-N, ni- 

trate-N, nitrite-N) of the groundwater sampled from deep wells 

for 1996 through 1999 are given in However, the 

mean, maximum, and minimum nitrate-N concentration values for 

Deep Wells 1 through 4 for the years 1996 through 1999 are 

given in Table 5. Deep Wells 1, 2, 3, and 4 had nitrate-N 

values ranging from 0.00 to 44.4 m g / ~  during 1996 to 1999. 

Deep Wells 1 and 2, slightly outside of Field 10 to the east, 

had lower concentrations of nitrate-N, ranging from 0.0 to 8.3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 

YEARLY MEAN, MINIMUM, AND MAXIMUM NITRATE-N CONCENTRhTTCNS IN 
FIELD 1 0  SHALLOW WELLS 1 THROUGH 7 FROM 1 9 9 6  THROUGE 1999 

Well Standard 
Number Year Mean Minimum Maximum. Deviation 

I n s i d e  F i e l d  10 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 4 (Continued) 

YEARLY MEAN, MINIMUM, AND MAXIMUM NITRATE-N CONCENTRATIONS IN 
FIELD 10 SHALLOW WELLS 1 THROUGH 7 FROM 1996 THROUGH 1999 

Well Standard 
Number Year Mean Minimum Maximum Deviation 

--------------- mg/L --------------- 

131 8 7 162 19.6 

13 3 117 144 7.43 

13 0 116 139 6.17 

118 10 7 13 1 6.08 

2 4 5 202 275 18.3 

2 3 5 208 2 68 15.3 

234 203 2 7 4 21.4 

202 183 225 14.7 

Outside Field 10 

2.23 0.78 3.74 1.02 

2.40 0.47 6.25 1.61 

1.68 0.43 5.12 1.31 

1.28 0.98 1.88 0.52 



MEY'ROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE 4 (Continued) 

YEARLY MEAN, MINIMUM, AND MAXIMUM NITRATE-N CONCENTMTIONS IN 
FIELD 1 0  SHALLOW WELLS 1 THROUGH 7 FROM 1996 THROUGH 1999 

Well 
N u m b e r  Year 

Standard  
Mean Minimum Maximum Deviation 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5  

YEARLY MEAN, MINIMUM, AND MAXIMUM NITRATE-N CONCENTRATIONS IN 
FIELD 1 0  DEEP WELLS 1 THROUGH 4  FROM 1 9 9 6  THROUGH 1 9 9 9  

Well Standard 
Number Year Mean Minimum Maximum Deviation 

---------------- mg/L ---------------- 

E a s t  S i d e  of F i e l d  1 0  

0 .47  0 .00  2 . 0 3  0 . 5 6  

5 . 4 3  2 . 9 6  6 . 8 1  1 . 3 9  

5.50 3 . 0 9  8 .33 2 . 0 2  

3 . 6 6  0 .94  6 . 7 0  1 . 9 9  

0 . 9 3  0 . 3 4  1 . 7 0  0 . 7 0  

NA NA NA NA 

NA N A NA NA 

NA NA NA NA 

West S i d e  of F i e l d  1 0  

15 .1  5 . 2 9  3 4 . 1  9 . 6 8  



METROPOLfTAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 5 (Continued) 

YEARLY MEAN, MINIMUM, AND MAXIMUM NITRATE-N CONCENTRATIGNS IN 
FIELD 10 DEEP WELLS 1 THROUGH 4 FROM 1996 THROUGH 1999 

Well Standard 
Number Year Mean Minimum Maximum Deviation 

NA = Not available. 



mg/L, while Deep Wells 3 and 4 on or near the western perime- 

ter of the field had nitrate-N values ranging from 0.79 to 

44.4 mg/L. 

The eastern side of the field and the mine is higher in 

elevation than the western side. The groundwater from within 

the mine on the eastern side (Deep Wells 1 and 2 )  also has 

lower nitrate-N concentrations than on the western side (Deep 

Wells 3 and 4). Hence, it is possible that the groundwaters 

(Deep Wells 1 and 2) are moving downhill underground and are 

not yet as affected by the nitrate-N leaching through the pro- 

file beneath Field 10 as the groundwater on the western side 

of the field (Deep Wells 3 and 4 ) .  Deep Wells 3 and 4 on the 

western side of Field 10 are on the low end of the underground 

mine drainage system. They are near the terminal discharge 

points of Springs 1, 2, and 4. Consequently, this may account 

for the elevated nitrate-N concentrations found in these 

wells, as the waters leaching through the profile and into the 

mine converge in a system of tunnels and chambers. 

Nitrate-N concentrations found in Deep Well 3 and Spring 

1 (m 10) between 1996 and 1999 exhibited patterns similar 
to each other in their annual fluctuations. Nitrate-N concen- 

trations found in Spring 1 during this period were lower than 

those found in Deep Well 3, indicating further dilution of the 

mine water after passing Deep Well 3 and prior to its sus- 

pected discharge from Spring 1. 
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Nitrate-N concentrations found in Spring 4 and Spring 2 

between 1996 and 1999 were almost identical (Figure lL), sug- 

gesting a common source of drainage water from the mine. Due 

to their close proximity (FFgure 21, this is not surprising. 

Unlike the similarity of the pattern of fluctuations of ni- 

trate-N between Deep Well 3 and Spring 1 (Eia~lre 1Q) , Springs 

2 and 4 consistently had nitrate-N concentrations higher than 

Deep Well 4 during the f our-year period (Fi g u r ~  1 1) . Although 

Deep Well 4 had lower nitrate-N concentrations than Springs 2 

and 4 during this period, the similarity in their fluctuations 

suggests a common source. Possibly, these patterns of ni- 

trate-N are likely due to waters of higher nitrate-N concen- 

tration entering the mine drainage area after passing the Deep 

Well 4 area and prior to discharge from Springs 2 and 4, re- 

sulting in higher concentrations of nitrate-N being found in 

these springs than in the well associated with them. 

ate-N -at1 m 

Springs 1 and 4 had continuous flow during the six years 

(1994 through 1999) that flow measurements were made. Spring 

analyses data are shown in Agzpmdh TV. Spring 2 periodically 

ceased to flow or only trickled, which typically happened dur- 

ing January and September of the year after periods when pre- 

cipitation was minimal and water within the soil profile was 

depleted. Springs 1, 2, and 4 each experienced an annual in- 

crease in nitrate-N concentration, and this may probably be 
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attributed to the effects of seasonal precipitation leaching 

the nitrate-N through the soil profile. Although it is unknown 

if other sources contribute to the water flow through the mine 

drainage system underlying Field 10, it is presumed that the 

majority of the water enters the system as a result of pre- 

cipitation percolating through the soil profile. 

The relationship between spring flows and monthly pre- 

cipitation is shown in -, U, and L4 for Springs 1, 2 

and 4, respectively. It is difficult to elucidate precise re- 

lationships between the precipitation and spring flow data in 

these figures because the data patterns are so complex and 

precipitation is expressed only as a monthly mean. However, 

it appears that Springs 1 and 2 frequently experienced delayed 

increases in flow after periods of heavy precipitation. This 

is attributed to the time needed for the water to move through 

the soil profile and into and through the mine drainage sys- 

tem. At other times, significant amounts of precipitation did 

not result in an increased flow in Springs 1 and 2. This 

could be attributed to a dry soil profile capable of absorbing 

and holding the soil moisture against gravity, or a very satu- 

rated soil profile incapable of absorbing more water, in which 

case the precipitation would leave the field as surface run- 

off. 

Nitrate-N concentrations in Spring 1 varied directly with 

flow in that as the flow increased, nitrate-N concentrations 

increased ( F i ~ l r e  15) . Spring 2 exhibited a similar general 











pattern over the four-year period ( m e  16). Its rutrate-N 

conceratrat ions increased as its flow increased. The differ- 

ence is that the nitrate-N concentration of Spring 2 increased 

more quick1.y as flow increased, as compared to Spring 1. 

Spring 4 exhibited an annual increase in nitrate-N concentra- 

tion aver the four-year period ( w e  171, but maintained a 

low and cont.inuous flow relative to Springs 1 and 2; there- 

fore, it appears that no direct or inverse relationship can be 

drawn between flow and nitrate-N concentration for this 

spring, 

3ye tests were performed to determine the travel t i n e  and 

confirm the pathway of the movement of water in the mine cham- 

bers to the springs. This was done to understand the rela- 

tionship between the nitrate-N concentrations in spring water 

a.nd the posslble sources for this nutrient. However, the re- 

sults from these tests were inconclusive. Between Ueeen-ber 

1.994 and June 1995 the dye testing devices were monitored 

weekly and no trace of optical brightener was detected. it is 

possible that the dye was introduced into a sectior, of the 

mine that was isolated due to subsidence, or that the effect 

of the optxcal brightener was lost due to the absorption onto 

materials within the mine, or through dilution. 
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Effect of F i e 3 d  10 nr- Waters o n a t e  - U 
n of Bi cr Creek 

Springs 1, 2, and 4 in the drainage basin of Field 10 are 

among the contributors to another water body known as Big 

Creek. There are other springs and tributaries to this drain- 

age system as shown in Eipre 6. To determine if drainage wa- 

ters from Springs 1, 2, and 4 were elevating the nitrate-N 

concentration of Big Creek, one-year of monitoring was per- 

formed . 

Coupe and Macy (1993) examined the surface-water and 

streambed-sediment quality of streams draining the District's 

Fulton County site from 1972 to 1989. They also reported that 

the nutrient concentrations in Big Creek decreased between Big 

Creek at St. David, Illinois and Big Creek near Bryant, Illi- 

nois because of dilution from drainage that occurs between the 

two sites. The drainage came from the District's Fulton 

County site. 

Locations above and below Springs 1, 2, and 4 in the 
4 

Field 10 drainage system were sampled monthly between July 

1999 and June 2000 (Figure 6 ) .  Data collected during the Sam- 

pling of downstream drainage locations are shown in - 
YL. Mean, minimum, and maximum nitrate-N concentrations for 

each sampling location are given in T a h l e h .  

The major nitrate-N inputs to the drainage system leading 

to Big Creek are Springs 1, 2, and 4. Other springs and tribu- 

taries contributing to the drainage system serve to dilute the 



METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CEICAGO 

TABLE 6 

MEAN VALUES OF NITRATE-N AT SAMPLE SITES ABOVE AND BELOE BIG 
CREEK FROM JULY 1999 THROUGH JUNE 2000 

Staridard 

Mean Minimum Maximum Deviht ion 

--------------- mg/L ---------------- 

A 8.35 0.16 15.36 7.13 

Sprinq ;! 14.38 11.72 16.40 2.05 

E 8.00 0.19 14.69 6-90 

S p r i n g  4 7.29 0.00 15.73 5.58 

C 6.43 0.54 14.25 5.35 

Spring 5 0.20 0.06 0.43 0.14 

D 1.59 0.10 4.04 1.49 

TI 1.70 1.70 1.30 0.00 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE 6  (Continued) 

MEAN VALUES OF NITRATE-N AT SAMPLE SITES ABOVE AND BELOW BIG 
CREEK FROM JULY 1 9 9 9  THROUGH JUNE 2000  

Sample Standard 
Location Mean Minimum Maximum Deviation 

--------------- ---------------- 

T4 0 . 1 1  0 .06  0 . 1 6  0 . 0 3  

I 2 . 2 0  0 .02 5.13 1 . 9 8  

Evelyn Branch 0 . 5 1  0 .14  1 . 1 7  0 . 3 3  

J 0.72 0 . 1 6  1 . 7 9  0 . 6 2  

Big Creek 2 .20  1 . 1 2  3 .52  0 .75  

K 1 . 7 1  1 . 0 6  2 . 5 5  0 .52  

1 Refer to Fiaure 6 for indication of sample point location in 
the Big Creek watershed. 



nitrate-N concentration of the water from these springs. 

These sources contain very low nitrate-N concentrations, re- 

sulting in a mean nitrate-N concentration of 0.72 mg/L at Sam- 

ple Point S, located on the Evelyn Branch, above its 

confZuence with Big Creek. 

Big Creek's mean nitrate-N concentration upstream from 

this con£ luence during this period was 2.20 mg/L. . A f t e r  the 

entry of waters from the Field 10 drainage system irata Big 

Creek, sample location K I 6 the mean nitrate-N con- 

centration dropped to 1.71 mg/L. This nitrate-N concentration 

of 1.71 mg/L downstream of Big Creek at sampling point K indi- 

cates that the drainage waters from Field 10 actually dilute 

Big Creek, lowering the nitrate-N concentrations of water 

downstream. Thus, there was no adverse impact on water qual- 

ity in Big Creek with respect to the input of nitrate-N from 

springs associiated with Field 10. 



FINDINGS 

Fulton County Field 10 received 479 dry tons/acre of bio- 

solids from 1974 through 1992. Environmental monitoring of 

the Fulton County site showed higher yearly maximum concentra- 

tions of nitrate-N in Spring 1 west of Field 10 after 1983. 

In 1990, nitrate-N concentrations in Spring 1 exceeded the 

USEPA drinking water standards limit of 10 mg/L for nitrate-N. 

Springs 1, 2, and 4 have consistently exceeded nitrate-N con- 

centrations of 20 mg/L during the summer season in the late 

1990s. In response to this a detailed study of Field 10 was 

launched in 1994. Following are the findings of this study: 

1. Sampling of Springs 1, 2, and 4 showed ele- 

vated nitrate-N levels during the 1996 to 1999 

sampling period that exceeded the USEPA drink- 

ing water standard of 10 mg/L for nitrate-N. 

These springs also showed annual increases in 

nitrate-N levels that appeared to be related 

to increased seasonal precipitation, indicat- 

ing leaching of nitrate-N through the soil 

profile of Field 10. 

Five shallow wells installed in Field 10 dur- 

ing 1995 showed groundwater nitrate-N concen- 

trations ranging from 87 to 275 mg/L during 

sampling conducted from 1996 to 1999. Four 

deep wells installed into the mine underlaying 



Field 10 in 1995 showed groundwater mean ni- 

trate-N concentrations ranging from 0.47 to 

21.1 mg/L in 1996 through 1999. 

3 .  Dye injected within the mine system was never 

recovered. This indicates that it was trapped 

within an isolated portion of the mine, ab- 

sorbed by material within the mine, or d i -  

Itlted . 

4. Soil cores taken in Field 10 in 1994 and 2995 

showed higher levels of nitrate-N in the scil 

profile of Field 10 with concentrations up to 

5 5  6 mg/kg being observed as compared to 3.5 

mg/kg in soil cores taken outside the field, 

I,ow Levels of ammonium-N were observed in 

Field 10 soils indicating that the ammoniam-N 

was being mineralized to nitrate-N in the soil 

profile. Organic carbon levels in Field 3 P  

suggest that the mineralization of the sludge 

applied nitrogen would probably continue until 

2 0 0 5 .  

5. Sampling of surface water downstream of Field 

20 from July 1999 through June 2000 showed 

that the major inputs to the drainage system 

were Springs 1, 2, and 4. These springs are 

drainage points from the mine underlaying 

Field 10, and they are probably former en- 



trances to the mine. Other springs and tribu- 

taries contributing to the surface waters 

downstream of the Field 10 system dilute the 

nitrate-N concentration of these waters, re- 

sulting in a reduction of the nitrate-N con- 

centration in Big Creek. During the sampling 

period, a mean nitrate-N level of 2.20 mg/L 

was observed on Big Creek upstream of the 

Field 10 drainage system discharge, as com- 

pared to a mean concentration of 1.71 m g / ~  be- 

ing observed downstream of the discharge on 

Big Creek. 
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APPENDIX I 

CONCENTRATIONS OF NO,-N, NH,-N, AND TKN 
IN SOIL CORES FROM FIELD 10 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHJCAGQ 

TABLE AI-1. 

MEAN Nil3--N AND NO3-N CONCENTRATONS IN THE S O I L  CORES 
(C2, C4, C 5 )  

TAKEN IN FIELD 10 IN DECEMBER 1994 

Core C2 Core C4 Core C5 

Dept ,*. NH3--N NO3+ NH3-N NO3-N NH3-N NO,-K 

feet m g / k g  m g / k g  m g / k g  m g / k g  m g / k g  m g l k i ;  

0 C,3 1 5.9 

1 to 2 3.5 

2 to 3 5 . 6  
3 ti: 4 4 . 2  

4 to 5 3 . 4  

5 ~3 6 2.8 
6 LO 7 1 . 6  

7 to 8 1.6 

8 to 9 2.1 

9 to 10 2.7 
10 EC 11 2.3 

l l t c 1 2  1.7 
1 2 ~ 0 1 3  2.5 

13 to 114 3.2 
14 to 15 4.7 

1 5 t c 1 6  6.1 
1 6 t o 1 7  0.6 

17 tl3 18 8.5 

18 to 19 1.3 

19to2.0 1.4 
20 to 2 1  1.5 

21 ti: 22 1 .8  

2 2 t o 2 3  1 .5  

23 t o  23.5 1.7 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-2 

NO,-N CONCENTRATIONS IN THE SHALLOW WELL BORINGS 
(SW1, SW2, SW3, SW4, SW5, SW6, SW7) 
TAKEN IN FIELD 10 IN OCTOBER 1995 

Depth S W 1  S W 2  S W 3  S W 4  S W 5  S W 6  SW7 

feet mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg rng/kg 



METROPOLITAK WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-3 

NH3-N CONCENTRATIONS IN THE SHALLOW WELL BORINGS 
(SW1, SW2, SW3, SW4, SW5, SW6, SW7) 
TAKEN IN FIELD 10 IN OCTOBER 1995 

Depth SW1 S W 2  SW3 SW4 S W 5  SW6 SW7 

feet mcgfkg mg/kg mg/kg mg/kg mg/kg mg/kg n.q/kq 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AI-4 

TOTAL KJELDAHL N CONCENTRATIONS IN THE SHALLOW WELL BORINGS 
(SW1, SW2, SW3, SW4, SW5, SW6, SW7) 
TAKEN IN FIELD 10 IN OCTOBER 1995 

Depth S W 1  S W 2  S W 3  SW4 SW5 SW6 S W 7  
feet mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 



METROPOLITAN' WATER RECLAMATION DISTRICT OF GREATER CI-IICAGQ 

TABLE AI-4 (Continued) 

TOTAL XJEL3NIL N CONCENTRATIONS IN THE SHALLOW WELL BORINGS 
sSW1, SW2, SW3, SW4, SW5, SW6, SW7) 
TAKEN IN FIELD 10 IN OCTOBER 1995 

Depth SW1 sW2 SW3 SW4 SW5 SW6 SCln 

feet  kg mg/kg mg/kg mg/kg mg/kg mg/kg rnqfkg 



APPENDIX I1 

FUZTON COUNTY FIELD 10 SHALLOW WELL MXLYSES 1996-12)99 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-1 

FULTON COUNTY FIELD 10 
SHALLOW WELL #1 ANALYSES 1996 - 1999 

Well D a t e  PH EC NH3-N NO3-N 

mS /m mg /L  mg/L 

f W-- I 

SW-- l 

sw-- 1 
SW- 1 

SW- 1 

SFF- 1 

SW-1 
sw-1 

sw- 1 
SW-1 
SW-1 

SW-1 
SW- 1 
SW-1 
SW-1 

sw-1 
SW-1 
SW-1 

SW-1 
SW-l 
SW-1 

SW-1 

SW-1 
sw-1 
SW-1 
SN- 1 

sw- 1 
sw-1 
SW-1 
sw-1 

SW- 1 

1 .250  

0.330 
O.rt-!O 

0,039 

0 , 0 3 3  

0.015 
0, $71 

0,345 

0 . 3 2 9  

0.337 
0 . 3 3 8  

0.393 
0 . 0 3 7  

0.294 

0.33E 

13.31: 

0.02; 
C . 0 0 3  

0.994 

0 . 0 6 2  

0.  SO! 

0.06C' 

0 .  c c r  
0. co; 
0. 00: 

0. G O 2  

0.02: 
0. oaz  
0.002 

0 %  C02 

0.003 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-1 (Continued) 

FULTON COUNTY FIELD 10 
SHALLOW WELL #1 ANALYSES 1996 - 1999 

W e l l  Date pH EC NH3-N N O 3 - N  NO2-N 

mS /m mg/L mg/L mg /L  

SW- 1 

S W - 1  

S W - 1  

S W - 1  

S W -  1 
S W -  1 

S W - 1  

S W - 1  

S W - 1  

S W - 1  

S W - 1  

S W -  1 

S W - 1  

S W - 1  

S W - 1  

S W -  1 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-2 

FULTON COUNTY FIELD 10 
SHALLOW WELL #2 ANALYSES 1996 - 1999 

Well Date P H  EC NH3-N NO3-N N O z - S  

mS /m mg/L mg /L  ng/L 

1 -60ir 

1.25CI 
0 . 9 3 3  

0 . 0 2 3  

O,O-8 

0 m 9 3. 3 

0.358  

0.  S l 3  
0.312 
0.335 

0 . 2 0 3  

0.002 
0.303 
0.301 
r:, . O C ~  

0 . 0 i c  

0.33%- 

0.034 
0.035 
0.032 

13.034 

0.300 

O.QO?_ 
C . O c S i  

C .Q%2 
O . GOL 

0. O O L  
0.002 
6. oae 
0. 002 
0. OO1i 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-2 (Continued) 

FULTON COUNTY FIELD 10 
SHALLOW WELL #2 ANALYSES 1996 - 1 9 9 9  

Well D a t e  PH EC NH,-N NO3-N NO2-N 

mS /m mg/L mg/L mg/L 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-3 

FULTON COUNTY FIELD 10 
SHALLOW WELL # 3  ANALYSES 1996 - 1999 

Date 

SW- 3 
SW-3 
553- 3 
SW-3 
5 PC- 3 

SW-3 

SW-3 

SW-3 
SW- 3 
SW-3 
SK- 3 
SIP;- 3 
SW-3 
SW-3 

sw-3 
SW-3 
SW-3 

SW-3 
Sir:- 3 

SW- 3 

SW-3 
SF?- 3 
SId-3 

SW-3 

sw-3 
SW-3 
SW-3 

NO ,-irj 

mg/L 

---- 
0.315 
C. $912 
0.012 
0 . 3 1 U  

0.994 

0.305 
0.308 
13.038 

3. C08 
0.Oii 

0.005 
0 . 0 3 ;  

0.ODT 

0. C32 

0, C I Z  

0.004 
0.004 

0 ,006  

0,053 
0. C06 

G.CQ3 
0 . O i . 3  

0,6104 

0,009 

0,003 
0 t36 
3 cc r  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-4 

FULTON COUNTY FIELD 1 0  
SHALLOW WELL #4 ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO3+ NO2-N 

rns /m mg/L mg/L mg/L 

SW-4 

SW-4 
SW-4 
SW-4 
SW-4 
SW-4 
SW-4 

SW-4 

SW-4 
SW-4 
SW-4 
SW-4 
SW-4 
SW-4 
SW-4 

SW-4 
SW-4 
SW- 4 
SW-4 

SW-4 
SW-4 
SW-4 
SW-4 
SW-4 
SW-4 

SW-4 

SW-4 
SW-4 

SW-4 
SW-4 
SW-4 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-4 (Continued) 

FULTON COUNTY FIELD 10 
SHALLOW WELL # 4  ANALYSES 1996 - 1 9 9 9  

Well Date PH EC NH3-N NO3-N NOz-?; 

mS /m m g / L  mg / L  ng/L 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 

FULTON COUNTY FIELD 10 
SHALLOW WELL #5 ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO3-N NO,-N 

mS /m mg/L mg/L mg /L 

SW-5 
SW-5 
SW-5 
SW-5 

SW-5 

SW-5 
SW-5 
SW-5 

SW-5 

SW-5 
SW-5 
SW-5 
SW-5 
SW-5 

SW-5 
SW-5 

SW-5 
SW-5 

SW-5 
SW-5 

SW-5 
SW-5 
SW-5 

SW-5 
sw-5 

SW- 5 
SW-5 
SW-5 
SW-5 
SW-5 

SW-5 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-5 (Continued) 

FULTON COUNTY FIELD 10 
SHALLOW WELL # 5  ANALYSES 1996 - 1999 

We i l Date PH EC NH3-N NO3-N NO,-W 

mS /m rng /L  mg/L mg/ E 

SW-5 

SW-5 
SW-5 
SW-5 

SW--5 

sw-5 
sw-5 

SW- 5 
sw-5 



METROPOLITAN WATER RECLAMATION DISTRICT OF GRATER CHICAGO 

TABLE AII-6 

FULTON COUNTY FIELD 10 
SHALLOW WELL #6 ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO3-N NO2-N 

mS /m mg/L mg/L mg/L 

SW-6 
SW-6 
SW- 6 
SW- 6 

SW-6 

SW-6 
SW- 6 
SW-6 

SW-6 
SW- 6 
SW-6 
SW-6 
SW-6 

SW-6 
SW- 6 
SW-6 

SW-6 
SW- 6 
SW- 6 

SW-6 
SW- 6 
SW-6 

SW-6 
SW- 6 
SW- 6 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-7 

FULTON COUNTY FIELD 10 
SHALLOW WELL #7 ANALYSES 1996 - 1999 

We11 Date PH EC NH3-N NO,-N NC,-h 

mS /m mg/L mg/L rng / I> 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AII-7 (Continued) 

FULTON COUNTY FIELD 10 
SHALLOW WELL #7 ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO3-N NO,-N 

mS /m mg/L mg/L mg /L 



APPENDIX 111 

FVLTON' COUNTY FIELD 10 DEEP WELL ANALYSES 1996-1999 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-1 

FULTON COUNTY FIELD 10 
DEEP WELL #1 ANALYSES 1 9 9 6  - 1 9 9 9  

Well Date PH EC NH3-N NO3-N NC2--N 

mS /m mg/L mg/L mg /I, 

DW-1 

DW- 1 
DW- 1 
DW- 1 

DW- 1 
DX- 1 
DM-1 
DF3- 1 

DW- I 
DW- 1 
DW- 1 
OW-1 
DW- 1. 

DM- 1 
DW- 1 
DM- 1 
DW-1 
DW-1 

DF- 1 

DK- 1 
DW- 1 
CW-1 
CW- 1 

CW-L 

DW- 1 
Dl&'- 1 
DW-1 
13%- 1 

DW- 1 

Did- 1 

DW- 1 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-1 (Continued) 

FULTON COUNTY FIELD .I0 
DEEP WELL #1 ANALYSES 1996 - 1999 

W e l l  D a t e  p H  EC NH,-N NO3-N NO2-N 

mS /m mg /L mg/L mg /L 

DW-1 

DW- 1 
DW- 1 
DW-1 

DW-1 

DW-1 

DW-1 

DW- 1 
DW-1 

DW- 1 
DW-1 

DW-1 

DW- 1 

DW-1 

DW- 1 

DW- 1 



METROPOLITAN WATER RECLAMATION DISTRICT O F  GREATER CHTCAGD 

TABLE A I I I - 2  

FULTON COUNTY FIELD 1 0  
DEEP WELL # 2  ANALYSES 1996 - 1999  

Well Date PH EC NH3-N NO3-N NO,-F 

mS /m mg/L mg/L ms/L 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-3 

FULTON COUNTY FIELD 10 
DEEP WELL $3 ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO3-N NO,-N 

mS /m mg /L mg/L mg /L  

DW-3 

DW- 3 

DW- 3 

DW-3 

DW-3 
DW-3 

DW- 3 

DW- 3 

DW-3 

DW-3 

DW-3 
DW-3 

DW-3 

DW-3 

DW-3 
DW-3 

DW-3 

DW-3 

DW-3 

DW-3 

DW-3 

DW-3 

DW-3 

DW-3 
DW- 3 

DW-3 

DW-3 

DW- 3 

DW-3 

DW-3 

DW-3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-3 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL # 3  ANALYSES 1996 - 1999 

Well Ifat e PH EC NH3-N NO3-N NO2--?< 

mS /m mg/L mg/L mg/L 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-3 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL # 3  ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO3-N NO2-N 

mS /m mg /L mg/L mg/L 

DW- 3 
DW- 3 
DW-3 
DW-3 
DW-3 
DW-3 
DW- 3 

DW-3 

DW-3 
DW-3 
DW-3 
DW-3 
DW-3 
DW-3 

DW-3 
DW-3 
DW-3 
DW- 3 

DW-3 
DW- 3 

DW-3 
DW-3 
DW-3 
DW- 3 
DW- 3 

DW-3 
DW- 3 

DW-3 
DW-3 
DW-3 

DW-3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-3 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL # 3  ANALYSES 1996 - 1999 

Dii - 3 
DW- 3 

OW- 3 

DN- 3 

DW-3 

BW-3 

DW-3 

Dig- 3 
Dbl- 3 

3K- 3 

OW- 3 
965- 3 

D14 - 3 

DR- 3 

DW- 3 

DW-3 
EM- 3 

DM- 3 
DM- 3 

SW-3 

Dig- 3 

DW- 3 
OW- 3 

EW- 3 

Wd- 3 

'D?- 3 
DW-3 

DW-3 

3W-3 

DW-- 3 

Dtii - 3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-3 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL #3 ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO3-N NO2-N 

mS /m mg/L mg/L mg /L 

DW-3 
DW-3 
DW- 3 
DW-3 

DW-3 
DW-3 
DW-3 
DW-3 

DW-3 
DW-3 
DW-3 
DW- 3 

DW-3 

DW-3 
DW-3 
DW-3 
DW-3 
DW-3 

DW-3 
DW-3 
DW-3 
DW-3 
DW-3 

DW-3 
DW-3 

DW- 3 
DW-3 

DW-3 
DW-3 

DW-3 
DW-3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-3 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL # 3  ANALYSES 1996 - 1999 

Well Date p H  EC NH3-N NO3--N NC, .-Y 

mS /m mg /L mg/L mg/L 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-4 

FULTON COUNTY FIELD 10 
DEEP WELL #4 ANALYSES 1996 - 1999 

Well Date PH EC NH,-N NO,-N NO2-N 

mS /m mg/L mg/L mg/L 

DW-4 
DW- 4 

DW-4 
DW- 4 

DW-4 

DW-4 

DW-4 

DW-4 

DW-4 

DW-4 
DW- 4 

DW-4 

DW-4 
DW-4 

DW-4 

DW-4 

DW- 4 

DW- 4 

DW-4 

DW-4 

DW- 4 
DW-4 

DW-4 

DW-4 

DW-4 

DW- 4 

DW-4 

DW-4 

DW-4 

DW-4 

DW- 4 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-4 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL #4 ANALYSES 1996 - 1999 

W e l l  Date PH EC NH3-N NO,-N WC2-Pi 

mS /m mg/L mg/L m@/L 

DE11- 4 

DW- 4 

DW-4 
DW- 4 

DTQ- 4 

JIM-4 
DW- 4 

DW- 4 

OW-4 
fSW-4 

PW-4 

GW- 4 

DW-- 4 
DW-4 

DE- 4 

DW- 4 
3VJ-4 
L)b% - 4 

DW-4 

DW- 4 
a w - 4  

E!W- 4 

EIW-4 

DW- 4 

DW-4 

DM- 4 
Ud- 4 

UW- 4 

DW- 4 
DW- 4 

nw- 4 

0.030 
0.3Pk 

0 . 3 0 6  

0.  O C G  

I). C C 4  

2 .  C O S  

C .  0 0 3  

0.00: 

C .  OCi 
O.OOc,  

0. CO2 

0 .  CC': 

0. C04 
0, C O C  

C "  C O I  

0 011 
CI.OL.' 

C,(SiSd 

0, G O 2  
r; 00: 
0 002 
0.OOi 
0. OCI 
0 C C 2  

0.001 
0,002 
0. U i . 5  

0 Ci8 

0,039 
9.01.3 
3 027 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-4 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL # 4  ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO3-N NO2-N 

mS /m mg /L  mg /L mg/L 

DW-4 

DW-4 
DW-4 

DW-4 

DW-4 

DW-4 

DW-4 

DW-4 

DW-4 

DW- 4 
DW- 4 

DW- 4 
DW-4 

DW-4 

DW-4 

DW- 4 

DW-4 

DW-4 

DW-4 
DW-4 

DW-4 

DW- 4 
DW- 4 

DW-4 
DW-4 

DW-4 

DW- 4 

DW- 4 

DW-4 

DW-4 

DW-4 



METROPOLITSIFJ WATER RECLAMATION D I S T R I C T  O F  GREATER CHfCFrGO 

TABLE A I I I - 4  (Continued) 

FULTON COUNTY FIELD 1 0  
DEEP WELL # 4  ANALYSES 1996 - 1999  

Wcll Date P H EC NH3-N NO3-N NO,-13 

mS /m mg/L mg/L ng/L 

RE-4 
D1- 4 
DW- 4 
DH- 4 
DF- 4 
DK- 4 

DH- 4 

CW- 4 

DW-4 
DW-4 

DW- 4 
DM- 4 
DW- 4 
DK- 4 
EW-4 
DM-4 
CW- 4 
DM- 4 

DW-4 
OW-4 
DW-4 

DW- 4 

CH- 4 

CW- 4 

OF;- 4 

DW- 4 
DW-4 
DW-4 
OW- 4 
DW-4 
DIG- 4 

G*007 
0.032 
O.OSt? 
C. D O C  

0.DOL. 

0,OOf 
o.cor 
0.03C 
0.0'3' 

O.OC9 

0 ' 0 0 C  

0.005 
0. G C G  

0. CCC! 

0. @St 
o.c0: 
0.002 
0. cec 
G. 008 

0. CO5 

O . C D 2  

0. Cr)5  

0.002 
0. (203 
0.002 
0.003 
0. coc 
0 .006  

0,oo: 
0, C3' 

0. GO7 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIII-4 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL # 4  ANALYSES 1996 - 1999 

Well Date PH EC NH,-N NO3-N NO,-N 

ms /m m g / ~  mg /L mg/L 

DW-4 
DW-4 
DW-4 
DW-4 

DW-4 
DW-4 
DW- 4 
DW-4 

DW-4 
DW-4 

DW-4 
DW- 4 

DW- 4 
DW-4 
DW-4 
DW-4 

DW-4 
DW- 4 
DW- 4 
DW- 4 
DW- 4 

DW-4 
DW- 4 

DW- 4 
DW- 4 

DW-4 
DW-4 
DW- 4 

DW- 4 
DW-4 

DW- 4 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEICAGO 

TABLE AIII-4 (Continued) 

FULTON COUNTY FIELD 10 
DEEP WELL #4 ANALYSES 1996 - 1999 

Well Date PH EC NH3-N NO,-N NO,-N 

mS /m mg/L mg /L msiL 

UX- 4 :L1/17/99 7 . 5  178.4 0.21 4.33 0.806 
DTIV-4 11/24/99 7.5 122.0 0.24 3.16 0.304 

DW-4 12/01/99 7.4 127.9 0.18 3.12 0.335 
DW- 4 12/08/99 7.4 146.2 0.16 2.81 (3.005 
DN- 4 :L2/15/99 7 . 5  148.0 0.24 3.09 0.096 
DM--4 .L2/'20/99 7.4  143.2 0.23 2.92 0 .  Or32 



APPENDIX IV 

FULTON COUNTY FIELD 10 SPRING ANALYSES 1994--1999 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO,-N Flow 

m g / ~  mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #I ANALYSES FOR 1994 - 1999 

Date Spring NH3-N N03-N NO,-N F ~ O W  

mg/L mg/L mg/L GPM 



METRQPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1999 

D a t e  Spring NO2-N Flow 

mg/L G PM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO2-N F ~ O W  

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1 9 9 9  

Date Spring NH,-N N03-N N02-N Flow 

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 1 0  
SPRING #I ANALYSES FOR 1994 - 1 9 9 9  

Date Spring NH3-N NO3-N NO2-N  low 

mg/L mg/L mg/L GPM 

AIV- 6 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1999 

Spring F l o w  

GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO2-N ~ 1 0 ~  

mg/L mg/L mg /L GPM 

AIV- 8 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHXCAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1999 

Date S p r i n g  NH3-N NO3-N NO2-N Flow 

mg/L mg/L mg /L GPM 

AIV- 9 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO2-N  low 

mg/L mg/L mg/L G PM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV- 1 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #1 ANALYSES FOR 1994 - 1999 

D a t e  Spring NH3-N NO3-N NO2-N Flow 

mg/L mg/L mg/L G PM 

AIV- 11 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-2 

FULTON COUNTY FIELD 10 
SPRING # 2  ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO2-N 

mg/L mg/L mg/L G PM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-2 (Continued) 

FULTON COUNTY FIELD 10 
SPRING # 2  ANALYSES FOR 1994 - 1 9 9 9  

D a t e  Spring NH3-N NO3-N NO2-N  low 

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-2  (Cont inued)  

FULTON COUNTY FIELD 10 
SPRING #2 ANALYSES FOR 1994 - 1999 

Date Spring NH,-N NO3-N NO2-N ~ 1 0 ~  

mg/L mg/L mg/L GPM 

AIV- 14 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-2 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #2 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N N03-N NO2-N Flow 

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-2 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #2 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO2-N ~ 1 0 ~  

mg/L mg/L mg/L GPM 

AIV- 16 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-2 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #2 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO2-N Flow 

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-2 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #2 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO,-N NO,-N Flow 

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-2 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #2 ANALYSES FOR 1994 - 1999 

D a t e  Spring NH3-N NO3-N NO2-N ~ 1 0 ~  

mg/L mg/L mg/L G PM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 

FULTON COUNTY FIELD 10 
SPRING # 4  ANALYSES FOR 1994 - 1999  

Date Spring NH3-N NO3-N NO2-N F ~ O W  

mg/L mg/L mg/L GPM 

AIV- 2 0 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Con.tinued) 

FULTON COUNTY FIELD 10 
SPRING # 4  ANALYSES FOR 1994 - 1999 

ga te  Spring NH3-N NO3--N NO2-N  low 

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Continued) 

FULTON COUNTY FIELD 10 
SPRING # 4  ANALYSES FOR 1994 - 1999 

Date Spring NHs-N NO3-N NO2-N Flow 

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Continued) 

FULTON COUNTY FIELD 10 
SPRING # 4  ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO2--N ~ 1 0 ~  

mg/L mg/L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Continued) 

FULTON COUNTY FIELD 10 
SPRING # 4  ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO,-N NO2-N  low 

mg/L mg/L mg /L GPM 

AIV- 2 4 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #4 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO,-N NO2-N Flow 

mg/L mg/L mg/L G PM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #4 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO,-N Flow 

mg/L mg/L mg/L GPM 



METKOPOI~ITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Continued) 

FULTON COUNTY FIELD 10 
SPRING # 4  ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO,-N F low 

mg/L mg /L mg/L GPM 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Continued) \? 

FULTON COUNTY FIELD 10 
SPRING # 4  ANALYSES FOR 1994 - 1999 

Date Spr ing  NH3-N NO3-N NO2-N Flow 

mg/L mg/L mg/L GPM 



METROPOI*ITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AIV-3 (Continued) 

FULTON COUNTY FIELD 10 
SPRING #4 ANALYSES FOR 1994 - 1999 

Date Spring NH3-N NO3-N NO2-N Flow 

mg/L mg/L mg/L G PM 



APPENDIX V 

FTJLTON ClOUNTY CLIMATOLOGI CAL OBSERVATIONS FOR 19 9 4 - 13 59 9 



~TROPOZIrPAN WATER RECLAMATION DISTRICT OF GREATER CKZCAGO 

TABLE AV-3 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
PULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E,  T6N 

AV- 1 



METROPOLITAN WATER RECLAMATION DISTRICT OF GmATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 

AV- 2 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-16999 
FUL?'OTJ COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T16N 

AV- 3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 

Station: St. David 

AV- 4 



METROPOLITAX WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RZCOKD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1959 
FULTON COUITTY, ILLINOIS, STATION SWQ SEC. 21, R4E, TON 

AV- 5 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECOFUI OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COVXTY, ILLINOIS, STATION SWQ SEC. 21, R4E,  T6N 

Observer: D. Bergstrom 
Station: St. David 

AV- 6 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECC)RD OF CLIMATOLOGICAL OBSERVATIONS FOR 1.994 - 19 9 9 
FULJTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E T6N 

Station: St. David 

AV- 7 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E,  T6N 

AV- 8 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1399 
FULT'ON COIlWI"I', ILLINOIS, STATION SWQ SEC. 21, R3E;  T6N 

AV- 9 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999  
FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 

Station: St. David 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-2959 
FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 



~ T K O P O L I T A N  WATER RECLNTION DISTRICT OF GREATER CYICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1359 

FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E,  T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 

FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 

Station: St. David 

AV- 14 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEbCAGO 

TABLE AV- 1 (Continued) 

RECOW OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1939 
FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E TGN 

AV- 1 5 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 

FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 

Station: St. David 

I 



NETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER f2X-iCAGO 

TABLE AV-1 (Continued) 

F3CORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-2999 
FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R 4 3 ,  T6N 

AV- 17 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 

FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E,  T6N 

Station: St. David 



HETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORn OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 

FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4G, T6N 

AV- 19 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 

FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 



XETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTBN COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E,  T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 

FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E,  T6N 

Station: St. David 

AV- 2 2 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHTCAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-2999 
FTJLTOX COUNTY, ILLINOIS, STATION SWQ SEC. 21, R43, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 

FULTON COUNTY, ILLINOIS, STATION SWQ SEC. 21, R4E, T6N 

Station: St. David 

I 



METRQPOIiITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULT(3N COUNTY, ILLINOIS, STATION SWQ, SEC. 21, RrlE, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

Station: St. Davi 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E,  T f N  

AV- 2 7 



METROPOLITAN WATER RECLAMATION DISTRICT OF GmATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-3399 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, F45, T 6 N  

AV- 2 9 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

tation: St. David 



METROQOLIITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECOP? OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FUL'X'ON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E.  T6N 

Station: St. David 



METROPOL1T.m WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

Station: St. David 



l?fETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CNICAGO 

TABLE AV-1 (Continued) 

KEGCfRD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21., R 4 E V  T6N 

Station: St. David 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPO'LITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T 6 N  

tation: St. David 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COLWTY, ILLINOIS, STATION SWQ, SEC.  21, R4E, TSN 

AV- 3 7 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E,  T6N 

- 

*N/A=Not available 



MEI"I'0POLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORII OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ , SEC . 2 1 ,  R 4 E ,  T6N 

AV- 3 9 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC . 21, R4E,  T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COITNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



ME'TKOPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULrt'ON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E,  T6N 

Station: St. David 



METROPOLITAN WATER RECLAMATION DISTRICT OF GmATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE .AV-1 (Continued) 

REC3RD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E,  T6N 

Station: St. David 

*N/A=Not available 



METROPOLITAN WATER RECLAMATION D I S T R I C T  OF GREATER CHICAGO 

TABLE AV-1 ( C o n t i n u e d )  

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, I L L I N O I S ,  STATION SWQ, SEC. 21, R4E, T6N 

Station: St. David 

*N/A=Not available 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994--1999 
FUL'I'ON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R 4 E ,  T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON C O ~ T Y ,  ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITm WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, E4E: '6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATEX CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1 9 9 4 - 1 3 9 9  
FUL'TON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E,  T 6 N  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITMY WATER RECLAMATION DISTRICT OF G n A T E R  CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994--1999 
FUIdS'GN COUNTY, ILLINOIS, STATION SWQ, SEC. 21, E4E,  T 6 N  

Station: St. David 

*%/A=Not available 

AV- 53 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

AV- 5 4 



HETROPOLtITAN WATER RECLAMATION D I S T R I C T  OF GREATER CEIZCAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1993 
FULT(1N COUNTY, ILLINOIS, STATION SWQ, SEC. 2 1 ,  R4E, T6N 

AV- 5 5 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 23-, R4E,  T6N 

Station: St. David 

"N/A=Not available 

AV- 5 7 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

Avg 1 18.7 1 7.3 I Station: St. David 
Extreme 1 25.9 1 -0.8 1 1 0.88 0.0 

*N/A=Not available 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER Ci3ICAGO 

TABLE AV-1 (Continued) 

RECOIiD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-2.999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E: T6N 

Station: St. David 

*N/A=Not zurailabie 

AV- 5 9  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

AV- 6 0 

Sum 
Avg 

Extreme 
*N/A=Not avaitable 

172.2 
5.6 
21.4 

-128.7 
-4.2 
-19.7 

-22.1 
-0.7 

2.27 

1.31 

0.0 

0.0 

Observer: Emil Boucek 
Station: St. David 



MET'ROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, RSE, T6N 

Station: St Davi 

"NfA=Not available 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

I 31 I I I I I I I I 
Sum 4 189.7 1 -67.7 1 29.9 1 0.23 1 2.0 lobserver: Emil Boucek I 

I Avg 1 6.8 1 -2.4 1 1.1 I I Istation: St. David I ‘ I Extreme 1 20.7 1 -8.6 I I 0.20 1 2.0 I I 
*N/A=Not available 



IETROPOZITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RE:CORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999  
FULTON CObTTY, ILLINOIS, STATION SWQ, SEC. 21, R 4 E 1  T6N 

Station: 21. David 

*N/A=Not available 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV- 1 ( Continued ) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

Station: St. David 



KETROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

lW2ORU OF CLIMATOLOGICAL OBSERVATIONS FOR 1994 -1999  
FULTOlJ COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R 4 3 ,  T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

Station: St. David 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 .(continued) 

RECCIFUI OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E,  T6N 

Station: St David 

"N/A=Not available 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

Station: St. David 

*N/A=Not available 

AV- 6 8 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER ClHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COTUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 

erver: Emif Boucek 

*N/A=Not available 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R4E, T6N 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CEICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994--1999 
F'ULTON COUNTY, ILLINOIS, STATION SWQ, SEC. 21, R42, T6N 

Station: St. David 

*N/A=Not available 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AV-1 (Continued) 

RECORD OF CLIMATOLOGICAL OBSERVATIONS FOR 1994-1999 
FULTON COUNTY, I L L I N O I S ,  STATION SWQ, SEC. 21, R4E, T6N 

AV- 7 2 



APPENDIX V I  

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR JULY 1999-JUNE 2000 



METRBPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI-1 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF JULY 1999 

Date Sample NH3-N NO,-N NO,--N 

S i t e  mg/L mg/L mg / I, 

A 

Spring #2 
B 

Spring #4 
C 

Spring #6 
D 

T1 

Spr ing  #5 
E 

Spring #1 

veLyn Branch 

Big C r e e k  
K 

0.24 

0.24 

0.16 
0.26 

0.16 
0.33 

0.2 

DRY 
0.25 

0.18 
0.22 
0.16 

0.16 
0.24 

0.16 

0.22 

0.16 
0.18 

0.34 

0.29 

0.26 

0.26 

15.36 

16.40 

14.45 
15.73 

14.25 

0.06 

4.04 
DRY 

<o. 01 

2.94 
14.39 

5.97 
0.14 

5.69 

0.26 

5.28 
0.08 

5.07 
0.74 

1 . 7 9  
2.16 

1 . 8 7  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI -2 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF AUGUST 1999 

Date Sample NH,-N NO,-N NO,-N 

S i t e  mg/L mg/L mg/L 

Spring #2 
B 

Spring #4 
C 

Spring # 6  

D 
T I  

Spring # 5  
E 

Spring # 1  

velyn Branch 
J 

Big Creek 
K 

0 . 1 1  
0 . 1 5  
0 .12  
0 .09  
0 .18  
0 .34  
0 .20  
DRY 

0.14 
0.14 
0 .24  
0 .14  
0 . 1 6  
0.14 
0 .17  
0 .20  
0 . 1 6  
0 .20  
0 .39  
0 . 3 6  
0 . 2 3  
0 . 2 8  

1 4 . 9 6  
15 .47  
1 4 . 6 9  
15 .18  
1 4 . 2 0  
0 . 0 6  
3 .80  
DRY 

0 . 2 9  
2 . 8 0  

1 1 . 9 0  
5 .60  
0 .12  
5 .60  
0 . 0 3  
5 . 1 6  
0 . 1 1  
5 . 1 3  
0 . 9 6  
1 . 5 8  
1 . 8 2  
1 . 8 8  

0 . 0 0 8  
0 . 0 2 8  
0 .009  
0 .012  
0 .008  
0 . 0 0 1  
0 .008  
DRY 

0 .004  
0 .008  
0 .087  
0 .014  
0 . 0 0 1  
0 .014  
0 . 0 0 3  
0 . 0 1 3  
0 . 0 0 1  
0 .014  
0 . 0 9 1  

0 . 0 7 9  
0 .047  
0 .048  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CIIICAGO 

TABLE AVI -3 

SAivlPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF SEPTEMBER 1999 

Date Sample NH, -N NO, -N NO,-M 

Site mg/L mg/L mg/L 

A 
Spring #2 

B 
Spring #4 

C 

Spring #6 
D 
T1 

Spring #5 
E 

Spring #1 
F 
T2 
G 

T3 
H (SP-14) 

T4 
I 

velyn Branch 
J 

Big Creek 
K 

0.15 

0.11 

0.12 

0.10 

0.10 

0.22 

0.12 

DRY 
0.12 

0.13 

0.19 

0.09 

0.10 

0.11 

0.08 

0.12 

0.10 

0.18 

0.24 

13.36 
13.93 

13.03 

13.82 

12.89 

0.09 

3.24 

DRY 
0.17 

2.41 

9.04 

5.05 

AVI - 3 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI-4 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF OCTOBER 1999 

Date Sample NH, -N NO, -N NO, -N 

Site mg/L mg/L mg /L 

A 

S p r i n g  #2  
B 

S p r i n g  #4 
C 

S p r i n g  #6 

D 
T1 

S p r i n g  #5  
E 

S p r i n g  # 1  
F 

T2 
G 

T3 
H (SP-14) 

T4 
I 

v e l y n  Branch  
J 

Big  C r e e k  
K 

0.16  
0 .10  
0 .12  
0 .10  
0 .08  
0 .24  
0 . 1 6  
DRY 

0 . 0 6  
0 . 0 6  
0 . 1 5  
0 .10  
0 . 1 1  
0 .10  
0 .07  
0 .08  
0 .08  
0 . 1 6  
0 .34  
0 .30  
0 .27  
0 . 3 0  

5 .84  
11 .72  
5 . 2 3  

1 1 . 3 4  
1 0 . 1 0  
0 . 3 5  
0 . 1 6  
DRY 

0 . 1 6  
1 . 6 4  
6.59  
4.07 
0 .10  
3 . 9 1  
2 . 0 5  
3.62 

< o .  0 1  
3 .52  
0 .62  
0 . 8 5  
1 . 2 5  
1 . 1 8  

0 . 0 0 5  
0 .018  
0 .012  
0 .009  
0 .009  
0.004 
0 .004  

DRY 

0 . 0 0 5  
0 .006  
0 .084  
0 . 0 1 1  
0 . 0 0 2  
0 . 0 1 3  

0 .008  
0 . 0 1 1  
0 .002  
0 .012  
0 . 0 1 5  
0 . 0 1 3  
0 . 0 5 5  
0 .046  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER C3IICAGO 

TABLE AVI-5 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANIiLYSES FOR THE MONTH OF NOVEMBER 1999 

Date Sample NH, -N NO, -N NO2 -N 
Site mg/L mg/L mng / L 

A 

Spring #2  
B 

Spring #4 
C 

Spring #6 
D 

'C 1 
Spring #5 

E 
Spring #1 

F 
T2 

velyn Branch 
J 

Big Creek 
K 

DRY 
DRY 
DRY 
<o. 01 
<o. 01 
<o. 01 
<o. 01 
DRY 
0.04 
<o. 01 
<o. 01 
<o. 01 
<0.01 
<o. 01 
<o. 01 
<o. 01 
<o. 01 
<o. 01 
<o. 01 
0.18 
0.22 
0.04 

DRY 
DRY 
DRY 
8.58 
7.80 
0.43 
0.10 
DRY 
<o. 01 
1.78 
4.85 
3.59 
0.36 
3.54 
1.34 
3.11 
<o. 01 
2.98 
0.37 
0.45 
1.45 
1.19 

DRY 
DRY 

DRY 

0.050 
0.005 
0.002 
0. G O 2  
DRY 
O.OC1 
O.GQ3 
0. C82 
0.012 
0.001 
0.01: 
0 . 3 0 6  

0.illfi 
0.002 
0. (309 
0 . 0 2 6  

O.02E) 
0,323 

0.02c 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI-6 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF DECEMBER 1999 

D a t e  Sample NH, -N NO,-N NO,-N 

Site mg/L mg/L mg/L 

A 

Spr ing  #2 
B 

Spring #4 
C 

Spr ing  #6 
D 

TI 
Spr ing  #5  

E 

Spring #1 
F 

T2 
G 

velyn Branch 

Big C r e e k  
K 

DRY 
DRY 
DRY 

0.09 
0.11 
0.16 
0.04 
DRY 

0.14 
0.11 
0.13 
0.05 
0.08 
0.13 
0.04 
0.02 
0.02 
0.10 
0.15 
0.21 
0.18 
0.14 

DRY 

DRY 
DRY 
7.17 
6.36 
<0.01 
2.42 
DRY 

0.27 
1.84 
3.62 
2.70 
0.11 
2.34 
1.21 
2.21 

<o. 01 
2.03 
0.72 
0.49 
2.27 
1.73 

DRY 

DRY 
DRY 

0.008 
0.003 
0.004 
0.002 

DRY 

0.004 
0.003 
0.068 
0.006 
0.001 
0.006 
0.004 
0.005 
0.003 
0.004 
0.020 
0.020 
0.020 
0.016 

AVI - 6 



METROPOLtITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI-7 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF JANUARY 2000 

D a t e  Sample NH, -N NO, -N NO2 -N 
Si t e  mg/L mg/L rngj'~ 

A 

S p r i n g  #2 
B 

S p r i n g  #4 
C 

S p r i n g  # 6  

D 
T1 

S p r i n g  # 5  

E 

S p r i n g  #1 
F 

T2 

v e l y n  Branch 

B i g  C r e e k  

DRY 
DRY 
DRY 

0.17 
0 .20  
0 .22  
0 . 1 6  
DRY 
0.22 
0.14 
0.24 
0 .14  
0 .18  
0 . 1 3  
0 .16  
0 .14  
0 . 1 5  
0 . 1 6  
0 . 2 6  
0 .18  
0 . 4 2  
0 . 4 6  

DRY 
DRY 
DRY 

5 . 1 3  
4 . 6 1  

<o .  0 1  
2 .08  
DRY 

<o. 0 1  
1 . 3 9  
2 .00  
1 . 7 3  
0 . 0 1  
1 . 6 2  
0 . 8 9  
1 . 5 2  

<o. 0 1  
1 . 2 0  
0 . 2 1  
0 .22  
2 .99  
2 . 4 7  

DRY 
DP Y 
DRY 

0 . 0 0 3  
0 . 0 0 2  
0 . 0 0 2  
0.005 

DRY 
O . C C t 4  

0 .002  
0 .042  
0 . 0 0 4  
0 . 0 0 5  
0.004 

0 .084  
0 . 0 0 3  
0 .096  
0.003 
0 . 0 0 8  
0 , 0 3 7  
0.342 
0 . 0 3 3  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI-8 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF FEBRUARY 2000 

Date Sample  NH, -N NO,-N NO,-N 

S i t e  mg/L mg/L mg/L 

A 
S p r i n g  #2 

B 
S p r i n g  #4 

Spring #6 
D 

T I  
S p r i n g  #5 

E 

S p r i n g  # 1  
F 

T2 
G 

T 3  
H (SP-14) 

T4 

ve lyn  Branch 

B i g  C r e e k  
K 

DRY 

DRY 

DRY 
0 .06  
0.16 
0 .16  
0.10 
DRY 

0.18 
0.14 
0 .15  
0.10 
0.14 
0 .10  
0 .16  
0 .09  
0.10 
0 .10  
0.25 
0 .21  
2.02 
1 . 8 8  

DRY 
DRY 
DRY 

3 .95  
3 .39  
0 .10  
1 . 5 3  
DRY 

0.07 
1 .04  
1 . 2 2  
0 .98  
0 .14  
1 . 0 3  
0 .10  
1 . 5 2  
0.14 
0 .90  
0 .22  
0 .29  
3.52 
2 . 5 5  

DRY 
DRY 

DRY 
0 . 0 0 1  
0 .002  
0 .002  
0.004 

DRY 
0 .002  
0 .004  
0.024 
0 .003  
0 .005  
0.002 
0 .005  
0 .004  
0 .004  
0 .002  
0 .004  
0 . 0 0 3  
0 .033  
0 . 0 2 5  

AVI - 8  



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI-9 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF MARCH 2000 

D a t e  Sample NH, -N NO, -N NO, -N 

S i t e  mg/L mg/L m g J L  

A 
Spring #2 

Spring #4 
C 

Spr ing  #6 
D 
T1 

Spring #5 

Spring #1 
F 

vei-yn Branch 

Big Creek 

0.30 
DRY 
0.20 
0.13 
0.19 
0.33 
0.12 
0.24 
0.18 
0.11 
0.31 
0.11 
0.19 
0.12 
0.17 
0.12 
0.16 
0.27 
0.28 
0.35 
0.38 
0.40 

0.44 
DRY 
0.38 
2.78 
0.54 
0.39 
0.58 
1.70 
0.56 
0.44 
0.87 
0.54 
0.24 
0.42 
0.76 
0.52 
0.16 
0.52 
0.46 
0.48 
2.31 
2.27 

0.006 
DRY 

0.006  
0,OOi 
0.005 
0. 0c3 
0.605 
0.006 

O.CO4 
0.008 
0,014 
0.008 
0.002 
0.0116 
0.023 
O . O S _ C  

0. QO.2 
0.910 
0.03 ' :  

0.013 
0.331 
0,029 

AVI- 9 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI-10  

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF APRIL 2000 

Date Sample NH,-N NO, -N NO, -N 

Site mg/ L mg/L mg/L 

A 

Spring #2 
B 

Spr ing  #4 
C 

Spr ing  #6 
D 
TI 

Spring #5 
E 

Spr ing  #1 
F 

T2 

velyn  Branch 

Big C r e e k  

DRY 

DRY 
DRY 
0.20 
0.12 
0.22 
0.09 
DRY 
0.11 
0.14 
0.25 
0.08 
0.14 
0.06 
0.18 
0.07 
0.12 
0.12 
0.18 
0.17 
0.28 
0.30 

DRY 
DRY 
DRY 
2.12 
1.37 
0.13 
0.36 
DRY 
0.04 
0.19 
0.29 
0.12 
0.07 
0.12 
0.13 
0.10 
0.06 

DRY 
DRY 
DRY 
0.002 
0.003 
0.002 
0.002 
DRY 
0.002 
0.002 
0.004 
0.001 
0.001 
0.001 
0.002 
0.002 
0.002 
0.001 
0.004 
0.006 
0.072 
0.049 



METROPOLzITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGQ 

TABLE AVI-11 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF MAY 2000 

Date Sample NH, -N NO, - N NO, - K 
Site mg/L mg/L mg/L 

Spring #2 
B 

Spring #4 
C 

Sp r ing  #6 

Spring #5 
E 

Spring #1 

veiyn Branch 

Big C r e e k  

K 

0.16 
DRY 

0.18 
0.14 

0.14 
0.28 

0.10 
DRY 
0.12 
0.09 
0.20 

0.11 
0.15 
0.16 
0.22 
0.18 

0.13 
0.24 
0.34 
0.20 

1.35 
0.96 

0.16 
DRY 

0.19 
1.66 
0.74 
0.24 

0.24 
DRY 

0.11 
0.14 

0.18 
0.11 
0.11 
0.09 
0.13 
0.06 
0.14 
0.15 
0.25 

0.29 

2.41 
1.65 

AVI - 11 



METROPOLITAN WATER RECLAMATION DISTRICT OF GREATER CHICAGO 

TABLE AVI-12 

SAMPLING LOCATIONS DOWNSTREAM OF FIELD 10 
ANALYSES FOR THE MONTH OF JUNE 2000 

Date Sample NH, -N NO, -N NO,-N 

Site mg/L mg/L mg/L 

A 

S p r i n g  #2 
B 

S p r i n g  #4 
C 

Spring # 6  
D 

T I  
S p r i n g  #5 

E 

S p r i n g  # 1  
F 

T 2  

velyn Branch  
J 

B i g  Creek 
K 

DRY 
DRY 
DRY 

0 . 1 2  
0 .18  
0 .44  
0 . 1 6  

DRY 
0 . 1 7  
0 .18  
0 .14  
0.12 
0 .12  
0 . 1 1  
0 . 2 5  
0 . 1 1  
0 . 1 3  
0 . 1 8  
0 .28  
0 . 2 6  
0 . 4 3  
0 . 2 6  

DRY 
DRY 
DRY 
0 .00  
0 .90  
0 . 1 6  
0 .50  

DRY 
0 . 4 1  
0 .52  
0 .00  
0 .24  
0 . 0 8  
0 . 2 4  
0 . 2 3  
0 .32  
0 . 0 9  
0 .28  
0.24 
0 .26  

3.16 
1 . 0 6  

DRY 
DRY 

DRY 
1 . 4 2 0  
0 .010  
0 . 0 0 3  
0 .032  

DRY 
0 .003  
0 .024  
0 .170  
0 .008  
0 .002  
0 .008  
0 .009  
0 .007  
0 . 0 0 3  
0 .006  
0.014 
0 .014  
0 .093  
0 .040  

AVI - 12 




