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Preface 

Federal and State regulatory agencies have been faced with 

the difficult assignment of setting standards for the approval of 

waste disposal sites and for monitoring the environmental effects 

of waste disposal activities on groundwater. The use of wells or 

piezometers for collecting water samples and water level data has · 

been the traditional method of monitoring such sites. Recent 

attention has been given to using other types of research and 

monitoring tools, such as soil coring, to understand more adequately 

what occurs in the ground and the groundwater system. Several 

laboratory studies have been conducted to test the relative attenu

ation characteristics of different soils for various mineral con

stituents. This project was designed to test in the field the 

effectiveness of glaciated region soils in removing hazardous metals 

and the suitability of soil coring as a monitoring tool. 

The study was conceived, planned, and originated by William H. 

Walker who was an Hydrologist at the Illinois State Water Survey at 

the time. In September., 1975, Walker left the State Water Survey 

and the senior author assumed responsibility for completion of this 

project. The basic goals as set forth for the original project 

have been adhered to and the results are presented in this report. 

The conclusions and recommendations are the combined opinions of 

the authors of this final report. 
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Abstract 

The vertical and horizontal migration patterns of zinc, 

cadmium, copper, and lead through the soil and shallow aquifer 

systems at two secondary zinc smelters were defined using soil cor

ing and monitor~ng well techniques. The vertical migration of the 

same elements at a third zinc smelter also was defined. The 

migration of metals that occurred at the three smelters has been 

limited to relatively shallow depths into the soil profile by 

attenuation processes. Cation exchange and precipitation of insol

uble metal compounds, as a result of pH changes in the infiltrating 

solution, were determined to be the principal mechanisms controlling 

the movement of the metals through the soil. Increased metals con

tents in the shallow groundwater system hav~ been confined to the 

immediate plant sites. At a fourth site, it appeared that the 

glacial materials were retarding the migration of organic pollutants. 

Problems associated with sampling and analyses for chlorinated hydro

carbon waste products prohibited further definition of the effective

ness of the soils in retaining the pollutants from this site. No 

detectable organic pollutants were found in the shallow groundwater 

system. 

Soil coring was determined to be an effective investigative 

tool, but not suitable by itself for routine monitoring of waste 

disposal activities.- However, it should be used to gather prelim

inary information to aid in ·determining the proper horizontal and 

vertical locations for monitoring well design. The analysis of 

water samples collected in this project generally did not provide a 
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stable,reproducible pattern of results. This indicates the need 

to develop sampling techniques to obtain representative water 

samples. The failure of some well seals in a highly polluted en

vironment also indicates the need for additional research in mon

itoring well construction. 

For successful interdisciplinary research, we conclude that 

active participation of all dlsciplines is essential in the planning 

stage of the project. 

This report was submitted in fulfillment of Contract No. 

R803216-0l-3 by th~ Illinois State Water Survey under the sponsor

ship of the U. E. Environmental Protection Agency. This report 

covers a period from July 22, 1974 to January 21, 1977, and work 

was completed April 4, 1977 • 
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Section I 

Introduction 

In Illinois, 62 land disposal sites are under p~rmit by the 

State Environmental Protection Agency to receive hazardous 

chemical wastes. In addition, more than 2000 active or abandoned 

landfill sites and private industrial disposal sites have .received 

large but unknown quantities of all types of wastes, including some 

toxic chemicals. Some of these are adjacent to or directly 

underlain by shallow aquifer systems vulnerable to pollution from 

surface sources. 

The amount and areal extent of hazardous material migration 

from these disposal sites is not known. Many are monitored for 

possible pollution of contiguous aquifers, but only a few appear 

<( to be effectively instrumented. Traditionally, monitoring wells are 

installed and water samples collect~d and analyzed periodically. 

However, these wells generally cannot monitor very large vertical 

segments of an aquifer, and the water samples are not always 

analyzed for the ma~y different organic or inorganic chemical com

pounds that may originate from the disposal sites. In addition, 

little or no effort has been made to insure that the samples 

collected are representative of water contained in the aquifer. 

Existing air and surface-water pollution regulations have 

forced large volumes of hazardous chemical waste to the land for 

ultimate disposal. As a result, many aquifers may be in danger of 

serious water quality degredation if these disposal activities 

are not properly controlled and monitored. 
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The purpose of this study has been to verify in the field the 

effectiveness of glaciated region soils and associated surface 

deposits in retaining specific hazardous chemicals. The study 

also was designed to test investigative and monitoring techniques 

fo~ detecting and evaluating quantitatively the extent of ground

water pollution from surface toxic waste disposal sites. 
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Section II 

Conclusions 

1. The vertical and horizontal migration patterns of zinc, 

cadmium, copper, and lead throu~h the soil and shallow aquifer 

systems at Sites A & B were defined. Vertical mi~ration patterns 

of the same elenents were successfully defined at Site D. 

2. The pollution which occurred at the three zinc smelters has 

been contained to general plant areas by attenuation processes in 

the soil, despite the long period of time and heavy surface load-

ing of the systems with zinc and other heavy metals. Sites A and 

Bare located in regions considered generally acceptable from general 

geologic principles. Site Dis in what generally is regarded as . a 

sensitive environment for waste disposal, and may not attentuate more 

mobile constituents than studied here. 

3. Two principal mechanisms control the distribution zinc and 

other metals at sites A, B, and D. These are, in order. of dominance, 

cation exchange, and precipitation of insoluble metal compounds as 

a ~esult of pH changes in the infiltrating solutions. The con

clusions pertaining to the mechanism of zinc and other metals fix

ation which can be drawn from this field study are in accord with 

the results of recent laboratory studies by Frost and Griffin. They 

stated that increased renova.l of metals from solution occurs· " 1.'lith. 

increasing pH values and with increasing concentrations of the heavy 

metal in solution." Release of calciuCT and magnesiun fro~ the soil 

into the water substantiates the cation exchange theory and indicates 

the relative ~ability of these catanions through soil systeQs. 

4. The linited data generated at site C is not adequate to de~ine 
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the limits of migration of pollutants from the plant site. While 

no evidence of organic pollutant movement is presented, the available 

information is not sufficient to show to what extent soils have 

retained organic pollutants. Since access to the plant property 

was not granted it was not possible to develop the vertical and 

horizontal profiles as developed at the other sites. Evidence of 

inorganic pollutants was detected west or downgradient from the 

plant site. 

5. Soil coring has been demonstrated to be an effective investi

gative or research tool in this project. However, proper geologic 

interpretation and a thorough understanding of soil chemistry is 

essential to use the technique effectively. · Cost analyses and 

experience gained during this project suggest that coring has 

,r- limited application to routine groundwater monitoring cases. 

6. The use of piezometers or wells for routine monitoring probably 

is most cost effective and easily managed. A limited amount of core 

sampling wouid provide data for better vertical and horizontal 

placement of almost all monitoring wells. 

7. Proper .sampling techniques for collecting representative water 

samples from monitoring wells have not been determined. Results 

of a brief experiment in this study suggest that variations as great 

as 40 to 80 percent in the chemical constituents of water samples 

could result from improper sampling techniques. 

8. Field investigation using geophysical methods at Sites A,£, and 

D show that electrical earth-resistivity and soil temperature 

measurements can be u~ed to gather information rapidly and economically 

on the lithology of the geologic materials, define the shallow 

ground-water flow system, and identify possible zones of contaminated 

ground water wi~ h in the -flow system. The ~eophysical inves~igat~ons 
:, -~-
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should be conducted at the beginning of groundwater contamination 

studies. Information gathered from geophysical investigation 

could be used to determine the proper locations for soil borings 

or to install monitor wells. 

9. Geologic environments consisting predominantly of clay, silt, 

and tills have been demonstrated to be very effective in retaining 

the movement of the metals Zn, Cd, Cu, and Pb from very concentrated 

inorganic sources. In selecting disposal sites, preference should 

be given to such geologic settings for disposal of these and similar 

wastes. 

10. Chemical analysis usually are regarded as a purchasable service. 

As a result the laboratory responds in a reflexive manner which may 

be more expensive and slower than response to anticipated needs .. 

In this project, the felt need at an early date for multi-element 

analysis influenced the choice of analytical methods not best suited 

to the final analytical objectives. 

11. The lack of proper cooperation between leaders of various 

disciplines at the planning stage of multidisciplinary studies 

can create both technical and social problems as a project pro

gresses. Effective communications between discipline leaders also 

requires time and understanding on the part of all involved. 

Successful multidisciplinary teams should-be sought out for 

repeated research in their areas of speciality as they are more 

likely to succeed in additional work. 

-5-



Section III. 

Rec onmc nd 2. ti 011s 

1~ Coring and soil analysis should be used in research type 

projects or when the toxicity of a waste product warrants the 

additional expenditure. 

2-. , A limited number of core holes and soil sampling would be 

advisable to evaluate a proposed disposal site. A better under

standing of the soils interaction with the waste product is gained. 

Geologic interpretation of the core samples also provides better 

information for design and location of monitoring wells. 

3~ Routine monitorin~ of most disposal sites should be accomplished 

using wells located and designed based on preliminary coring analysis. 

Periodic coring and soil analysis may be worthwhile to substantiate 

original soil effectiveness assumptions. 

4~- Immediate attention should be given to research aimed at develop

ing satisfactory water sampling techniques from monitoring wells. 

Such research should examine monitoring wells in different geologic 

and hydrologic settings for as many chemical constituents as possible. 

The time of pumping and mechanism of pumping both should be evaluated. 

5. Additional research for other types of waste disposal activities 

using the coring and well installation techniques seems advisable. 

The use of these techniques in looking at potential organic pollut

ants would be particularly interesting and challenging. 

6. Controlled experiments desicned to evaluate various well seal 

~aterials in different chemical environments is advisable. If the 

surficial and shalloH soils are to be used as a 11 living filter" they 

should not be penalized by bad data from leak,y r.ioni taring wells. 
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7. In studies of this type, chemical analyses should not be 

regarded as a purchasable service. A brief planning effort of 

collecting samples, screening applicable laboratory techniques, and 

deciding what target elements should be analyzed for is recommended. 

Such planning should provide for a more orderly and economical 

research program. This should be done even at the "expense" of 

one field sampling season. 

8. Multi-disciplinary projects such as this one should be organ

ized within a framework of co-principal investigators. The project 

began with a single leader organization which used the practice of 

individual consultations with key members of the group to further 

the work efforts. This appears to place an undue critical dependence 

upon the administrative and scientific talents of the principal 

investigator. The subsequent shift to ·a committee-tY,pe organization 

proved much more effective. 

9. Three general recommendations are made concerning inter

disciplinary research: The dominant roles of the appropriate 

disciplines and lesser roles of others should be understood clearly 

by members of all disciplines before an agreement to enter into a 

group effort is made. Each discipline should take an active part 

in the planning and budgeting of a project to minimize future con

flicts and misunderstandings. If successful teams or groups have 

been formed, the likelihood of future success is much greater than 

with new formed groups. They should therefore be given greater 

consideration by funding agencies if economic use of research 

funds are desired. 

-7-



Section IV 

Purpose of Study 

The primary purpose of this study was to field verify the effect

iveness of glaciated region soils and associated surface deposits 

in retaining specific hazardous chemicals. The study also was 

designed to develop effective investigative and monitoring techniques 

for detecting and quantitatively evaluating the extent of groundwater 

pollution from surface toxic waste disposal activities. 

Special emphasis was placed on defining: 1) the vertical and 

horizontal migration patterns of chemical pollutants through the 

soil and shallow aquifer systems; and 2) the residual chemical 

buildup in soils in the vicinity of pollution sources. In accomp

lishing these goals, an understanding was developed for the practical 

aspects of core drilling, soil sampling, piezometer installation 

and water sample collection. 

In addition to the principal purposes of this study, a brief 

evaluation of the merits and problems associated with multi

disciplinary studies was made. 

-o-



Section V 

Principal Field Techniques 

~he collection of continuous vertical core sample for 

geologic study and chemical analyses and construction of 

piezometers or monitoring wells for water level measurements 

and water sampling were the principal field techniques used in 

this study. 

Coring 

Continuous vertical core sampling was conducted using 

conventional Shelby tube and split spoon sampling methods through 

hollow stem augers. These dry drilling techniques were used to 

minimize the chemical alteration of samples from drilling fluids 

or external water source~. 

Coring was done with a truck mounted Central Mining Equip-

ment (CME) 55 and a CME 750 rig mounted on an all-terrain vehicle 

(see figure 1). The drilling crew consisted of an equipment 

operator and helper, assisted if necessary by the principal in

vestigators. For the first few holes drilled at each site, a 

geologist from the Illinois State Geological Survey assisted in 

collecting samples and made preliminary soil ide~tifications for 

use in subsequent drilling.-

The first core sample taken at any civen location was obtained 

by pushing a 3-inch O.D., No. 6 cauge, Shelby tube to a depth of 

2 1/2 feet. J\fter this tube and sar.-:ple ,,,ere viithdrawn a 2 3/Li-inc!:1 

O.D., 1/8-inch thick wall, tube was pushed inside the hole to ob

tain a sar.1ple from the 2 1/2-to 5-foot depth. The 5-foot sar.1pled 

sec~ent of the hole was then cleaned out and enlarged usin[ a 7-inch 

-9-
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diameter hollow-stem auger. Repeated sequential sampling through 

the hollow-stem augers continued in the same manner until dense 

materials were encountered making thin wall tube sampling im

possible. At two sites studied in this report (Sites A & B) this 

usually occurred at a depth of about 15 feet and a thin section of 

sandy material generally was present just above this depth. Because 

water from this zone was suspected to be polluted, a 7-inch diameter 

casing was driven into the underlying dense till material, to pre

vent downward migration of water from this unit and possible chem

ical alteration of deeper soil samples. Core sampling of the till 

materials below the 7-inch casing was done using a 2-inch O.D. 

split spoon sampler driven through a 6-inch diameter hollow-stem 

auger. Where soft materials permitted, Shelby tube sampling was 

{ reemployed. The split spoon sampler consists of a cutting shoe 

and sample retaining mechanism at the bottom, a length of longi

tudinally-split core barrel pipe, and a special top drill rod 

coupling (see figure 2). The split spoon-drill rod assembly is 

driven ahead of the hollow stem augers in 2-foot increments using 

either a 140-or 350-pound hammer depending on the hardnes_s of the 

material being sampled. In some of the softer materials penetrated, 

it was possible to drive 2 split spoons coupled together (total 

sample length 4 feet) before enlarging and aeepening the hole with 

the augers and repeating the sampling procedures. 

In some of the first core holes completed, some difficulty 

,-ras experienced in gettinr, full recovery from each sample probe. 

By experimenting, it was determined that full recovery ~as greatly 

dependent on usinc clean Shelby tubes; reuse of tubes without 
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thorough cleaninc invariably resulted in poor recovery and could 

result in sample contamination. It v12.s also noted that in some very 

soft sections, it -was occasionally neces.ary to crinp the cutting 

edges of the Shelby tubes to get full recovery. A straight and con

stant vertical pull in withdrawing all samples from the hole also 

was essential; any jarring of the sampling device during extraction 

usually resulted in losing the sample. 

The thin i.·1all tubes (No. 6 guage) used were easily damaged 

during sampling, often by small pebbles. When this happened, the 

damaged end portion of the tube was removed with a pipe cutter, 

making a thicker-walled cutting edge, and allowing reuse of the 

tubes. Due to this problem, it is recommended that only thick

walled tubes be specified and used in any future studies of this 

type • 

Because of the type of pollutant (chlorinated hydrocarbon) 

being investigated at Site C, extreme precautions where necessary 

during the coring process. Before the drilling rig and equipment 

were taken to the job site, all oil leaks on the rig were fixed 

and all equipment were· steam cleaned. The Shelby tubes also were 

steamed and burned clean; washed down with reagent grade acetone 

and Nanograde hexane to insure that any remaining oil film was re

Lloved. The tubes were then sealed in alurainun foil and trans

ported to the job site. 

During the drilline process all Shelby tubes wer? handled 

by only one individual wearing polyethylene Gloves. All pieces 

of equiprr:ent including the sample extruder were repeatedly rinsed 
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with acetone and hexane before each use. When seologic conditions 

prevented the use of Shelby tubes, a split spoon sampler was used. 

It also was cleaned thoroughly with acetone and hexane before 

each use and handled by only one individual wearing polyethylene 

E;loves. 

Core drilling at Sites A, B, and C were predominately in 

clay environments and relatively little drilling and sampling 

difficulty was experienced. Site Dis a river bottom sandy environ

ment and some difficulties were experienced with sand heaving up in 

the augers. Special care.in slowly withdrawing the center drill 

pin and sampling devices helped to minimize this problem but did not 

stop it. In extreme cases, the split spoon was slowly washed down 

through the sand that had heaved up in the auger until the split 

spoon was at the proper depth to begin sampling. During this process, 

clear, clean water was circulated down throueh the drillinc rods and 

split spoon and allowed to flow up the inside of augers. Circulation 

continued for a short period of time after the proper depth was 

reached to insure that no sand from inside the augers was in the 

spoon. The rate of circulating water should be adequate to keep 

the split spoon clean of sand yet mini~ize the washing disturbance 

in front of the spoon. The majority of sand in the augers also must 

be washed out or the spoon could become locked in the augers after 

being driven. 

In sandy environwent drillinc where sa~plin5 is for geologic 

definition only or where chemical analysis for the pollutants bein~ 

investigated would not be affected by bentonite, drilling with ~ud 

and sampling through a thin □ud cake at tl: e botto~ of the bore hole 

should be considered. 
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Core Sampling 

Shelby tube and split spoon samples were extruded in the field, 

cut into 6-inch lengths, placed in properly labeled wide mouth glass 

jars, and subsequently delivered to the Illinois State Geological 

Survey and Environmental Analytical Research Laboratory for processing 

and analysis. One 6-inch length of core from each 5-foot segment 

or change in formation was taken by the drilling contractor for 

moisture content determination before being sent for geologic and 

chemical analysis. 

At site G soil samples were sealed in glass jars and capped with 

aluminum foil under the lids. Special ~are was taken to clean~e r~- · 

peate~the cutting knife used to separate each core section into 

6-inch lengths. Shelby tube samples were extruded directly into 

« the sample jars following careful cleansing of all extruder· parts 

contacting the sample. As soon as possible after ·collection, all 

core samples were stored in a rented freezer room where they remain

ed frozen until they were analyzed. 

Core Analysis 

Core samples for heavy metals determinations were analyzed 

at the Environmental Analytical Research Laboratory with zinc as 

a target element. Previous experience in determining heavy metal 

contaminants in soil showed that digestion of a dried soil sample 

in 3 H HCl at slightly elevated temperatures effectively releases the 

heavy metals without destructing the silicate lattice of the soil. 

The heavy metals so released were determined primarilarly by atomic 

absorption spectroscopy. 

For a number of soil samples, the multi-element capabili t;y of 

optical emission spectroscopy was used to determine Cd, Cµ., Pb., 2-~-.d 
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Zn concentrations. Instrumentatian and methods also were developed 

(. for use of nondispersive X-ray emission spectroscopy to permit semi

automated multi-element analysis for a larger number of elements 

with greater efficiency. 

Tests using atomic absorption measurement of small spot samples 

indicated that the 6-inch long samples were too heterogeneous to 

permit reproducible analysis. Reproducible results were attained 

by homogenizing the samples and subdividing them to sample weight 

levels of l gram for atomic absorption and 50 milligrams for emission 

spectroscopy. Pelletized samples of approximately 2 grams were pre

pared for X-ray emission spectroscopy. 

Core samples for organic analysis were extracted at the Illinois 

Natural History Survey and analyzed using gas chromatography. Final 

identifications were accomplished with the aid of mass spectrometry 

analyses of duplicate water samples from site C conducted by the 

Illinois Environmental Protection Agency. 

Well Construction 

Analyses of water samples from observation wells has been the 

traditional method for monitoring groundwater pollution. To demon

strate the effectiveness of this approach and the relative cost of 

using wells as compared to coring, a number of small-diameter (2-inch) 

observation wells were constructed. At Sites A, B, and D, where 

heavy metal contaminants were expected, plastic casing, screen, and 

pumping equipment were used. At Site C, where hydrocarbon con

taminants were expected, black iron pipe and copper tubing were used. 

Observation wells at Sites A and B were constructed in the fol

lowing manner. A 7-inch diameter hole was constructed, and a 2-inch 

diameter PVC pipe (bottom 2 feet slotted • .L.' Wl~n a hacksaw) was placed 

in the open bar2tole. Gravel was Dlaced 1ro~ the bottom o~ the hole 

-16-



( 

. ( 

1/2 11 cap'r 

1/2 11 Tee4-
I 

.211 cap~ 

-+- 1/2 11 pipe\ 

~J./2" cap I 
~vent hole/ 

::!;---_ Shrader valve/ -----211 casing-~ 

.,,,,, 
\ 

\ 
'I 

1/2 11 discharge ---
pipe(. 

, , 
-, 
,, I ,-
:::::: 

7" bore hole J} 
00 oog 

0 

_s1 ott~_~ _ _fyc\ ~:O: 
· well casing I 0

0 
i 

()0 
Oo oo 

0 0 

3"II 
Co~ 

1/ 

__ pentoni tel 
sl u-rry{ 

Figure 3. Typical well and pumping mE-:;hanism 

-17-



to a level about 1 foot above the slotted portion of the pipe. The 

( remainder of the annulus was filled with bentonite slurry to land 

surface (see Figure 3). Shallow observation wells of similar con

struction were installed in any overlying water-bearing sections 

present (usually at depths of about 15 to 30 feet below land surface) 

approximately 3 feet away from the deep well. 

At site D, where heaving sand was encountered, and the bore hole 

would collapse when the augers were removed, more difficulty was 

encountered in installing observation wells. In many instances the 

2-inch diameter pipe and casing was placed inside the hollow stem 

augers and held down while the augers were slowly pulled allowing 

sand to collapse in around the screen and c~sing. In other instances, 

a completed screen and casing assembly was washed down through the 

collapsed materials in the bore hole to the desired depth. For the 

deeper installations the first procedure usually proved more success-

, ful. The shallower wells were easily washed down. 

Seventeen wells at site B also were constructed using a multi

well technique (placement of several wells of different depths in 

one bore hole) to evaluate the relative merits of the two methods. 

In the multi-well method, a deep well (casing, screen, and gravel) 

was installed at the bottom of the core hole, the annulus between 

the casing and bore hole_ was filled with a sand-bentonite mixture 

from the top of the screen in the bottom well and the bottom of the 

screen in an intermediate-depth well. The interval from the top of 

this middle well screen and gravel to the bottom of the shallow 

well screen and gravel also was backfilled with a sand-bentonite 

material, and finally that part of the hole from the top of the shallow 

well screen and gravel to land surface was filled with the sand-

b ~·nt ,.; ~1~ te mixture or a straight 
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bentonite slurry. This ~ethod of well installation proved to be 

far nore tine consuring and costly, and, in addition, subsequent 

well developITent e~forts indicated that sane of the multi-well 

installations were ~ot effectively sealed between well screens. 

As a result, noticeable drrurdottns occurred in the upper wells each 

time one of the deeper wells was pumped. If accurate placeP1ent of 

a liquid bentonite slurry or other suitable sealant between wells 

could be accomplished under normal field working conditions, it is 

likely that the nulti-well concept would be as dependable as the 

individual well cluster system. However, from our findings during 

the construction of wells by this method, we are convinced that 

the multi-well method is not reliable. The individual well-cluster 

system employing a liquid slurry bentonite mixture appeared to be 

the most practical method for our project. 

In late February 1975, engineers from the American Colloid 

Company, Volclay Division, informed us of a possible problem 

associated with using standard sodium bentonite to s~al out highly 

mineralized waters as that ·encountered at our study sites. They 

indicated that the normal swelling-sealing capability of sodium 

bentonite could be so seriously affected by the waters encountered 

at our sites that well seal failures were almost inevitable. It 

was their opinion that some of our observation wells ~ay have al

ready failed because of this factor. Water samples fron shallow 

and deep wells at· Sites A and B were collected and subnitted to 

American Colloid with a request for them to design a sealant mixture 

which would insure no leakage between aquifers. A copy of their 

findings is presented in Appendix A. 
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In general, they have concluded that an effective seal -cannot 

be achieved with bentonite in an environment that is already 

affected by pollutants such as at Sites A and B. They suggest that · 

monitoring wells be installed prior to disposal of waste (not always 

a very practical solution). 

To determine more accurately the effectiveness of bentonite 

as a well sealant, an attempt was made to use strontium chloride 

as a tracer or indicator of well seal failure. Strontium chloride 

was added to the water used to make the bentonite slurries placed 

arounp several wells. In theory, when the bentonite seal began to 

break down in a particular well, strontium concentrations several 

orders of magnitude above naturals levels should have been re

leased and detected in the water samples from that well. 

During the entire course of the study this phenomenon was 

never experienced. In fact, higher strontium concentrations were 

often detected in water samples from wells where the bentonite seal 

had not been spiked. It is possible that the sampling procedures 

used to collect water samples (discussed in the next segment) 

flushed any released strontium from the bentonite seal from the 

well before the sample was taken. In any case, we were unable to 

determine if the bentonite seals had failed by this technique. 

Pumping Mechanism. Observation wells were equipped with 

individual pumping devices to minimize possible contamination of 

samples from other wells. At sites A, B, and D, the pumpins devices 

consist of a 1/2-inch diameter PVC discharge pipe that extends 

from about the 2-inch · well casin~ to the bottom of the well. A tee 

fitted with short nipples and re~ovable caps was placed at tl1e top 

of this pipe (figure 3). The cap on the vertical se~ment can be 

rer.ioved to allow for v;ate1.., level measurerr:en-cs i--iithin the l/2-inc}1 
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pipe. The cap -on the horizontal segment (water discharge outlet) was 

vented to permit stabilization of the water level within this pipe. 

A 1/4-inch plastic airline also was installed in each well. 

The airline was attached to a Shrader valve at the top of the well 

casing and extends the entire depth of the well. The lower end 

of the airline was bent up into the bottom of the 1/2-inch discharge 

pipe for a distance of about 3 inches. 

At site C, 3/8-inch diameter black iron pipe was used as the 

discharge pipe and 1/8-inch diameter copper tubing was used as the 

airline. 

Water was pumped from the wells by removing the cap from the 

horizontal portion of the 1/2-inch or 3/8-inch pipe and applying air 

to the system through the Shrader valve. Pumping from depths as 

great as 70 feet was possible with only a bicycle-type hand pump. 

A gasoline powered, 4-cylinder, air-compress·or capable of delivering 

about 5 cubic feet per minute at pressures up to 60 psi also was 

used. An activated charcoal filter was placed in the d~scharge air 

line from the compressor to insure that air from the compressor was 

not introducing airborne contaminants. 

Since most of the wells in this study generally had a column 

of water less than 30 or 40 feet deep to be moved by the air lift mech

anisms, it was found that operating the compressor at 20 to 25 

psi was most effective. Higher operating pressures caused the air 

bubbles to rise through the water column instead of pushing slugs of 

water in front of them as desired. In the very shallow wells, 

less than 20 feet deep, the bicycle type hand pump actually worked 

more effectively. 
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Water Samoling. Hater level mea,surenents were made and Hater 

samples collected from each well once a rr,onth. At Sites A, B, and 

D water samples were collected in 6-oz. plastic containers and 

placed on ice until they were brought into the laboratory where· 

they were refrigerated. At Site C samples were collected in glass 

bottles that had been thoroughly cleansed with acetone and hexane 

to insure that they were free of any chlorinated hydrocarbons. The 

bottles also were fitted with teflon-lined caps. 

At Sites A, B, and D each well was numped for a period of time 

theoretically adequate to insure that all stored water in the 

well casing had been removed. The wells were allowed to recover, 

and a sample was then collected from the wa~er that had just entered 

the well. This. procedure was followed in hopes that the water sample 

collected would be representative of the water flowing through the 

aquifer at the time of collection. After the water sample was 

collected, each well was pumped dry if possible. 

Near the end of the project a ~rief experiment was conducted 

on four wells at Site A to determine if the pumping scheme just 

described was necessary or adequate for collecting representative 

water samples. Four wells were selected based on early results of 

chemical analyses of water samples collected. Zinc concentrations 

in water from these wells ranged from 6.2 to 25.9 IDE/1, 300 to 

/ 790 mc/1, 342 to 850 n:g/1, and 12,700 to 21,580 mg/i, respectively. 

These values represent fluctuations in zinc content of 76, 62, 60, 

and 42 percent usins the higher values as base concentretions. 

To determine if tl1ese fluctuations were real or a function 

of the samplin£ procedure, the following experiment was conducted. 
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Water level measurements ,·rere tal:en in each v;ell and the volumes 

of water stored in the 2-inch diameter casin~s and screens were 

calculated. Pur:1pinr, was initiated and sar..ples v;e~e collected just 

after pumping began and at 1/2 total stored water volume increments 

until a total of 5 volumes had been pumped. 

Figure 4 illustrates the results of these tests for the 4. 

wells. Percentage decreases in zinc concentrations from the 1st 

sample to the last ranged from.about 1+5 to 78% viith the greatest 

decreases occurring in the wells with the lowest zinc concentrations. 

Reductions in zinc content at the 1 volume pumped state (the pro

cedure followed in our sampling program) ranged from about 18 to 

46 percent. This suggests that all of the zinc determinations of 

water samples collected could be as much as 30 percent higher than 

the stabilized zinc content beyond the 5 volume pumped stage. If 

the sampling procedure employed varied by even as little as 50 per

cent, pumping only 1/2 or 1 1/2 the stored vo~ume, it could account 

for as much as 15 to 20 percent of the fluctuations in the sample 

results. 

Additional experiments of this type shou~d be under-

taken to design satisfactory sampling_procedures for other chemicals. 

These experiments also should be done at the beginning of a project 

as opposed to near the end as in this . case. The results of these 

brief tests indicate the need for further research in developing 

suitable water sampling procedures. 

At Site C, a different sampling pro~edure was used because of 

the nature of the suspected pollutant (hydrocarbons). The lighter 

hydrocarbon fractions will float on the water surface, while the 

heavier fractions will lie near the botto~ of anuifer or well. 
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( To insure that all possible fractions were detected, 

water from these wells was collected continuously from the time 

pumping first began. All water was collected until each well was 

pumped dry or until · one gallon of sample was obtained. Most 

wells constructed at site C pumped dry after collecting less than 

about 2/3 gallons. 

Water Analyses 

Water samples for heavy metals analyses were analyzed at the 

Environmental Analytical Research Laboratory with zinc as the target 

element. Two electrochemical methods> Anodic Stripping Voltammetry 

and Pulse Polography~ proved to be most effective for making zinc 

determinations and screening for the presence of other metals of 

interest. Total mineral analyses were conducted at the laboratories 

of the Illinois State Water Survey using standard procedures. 

Water samples for organic analyses were screened for the presence 

at the Illinois State Natural History Survey with final identification 

and quantification being accomplished at the Environmental Analytical 

Research Laboratory. Gas chromatography techniques were used at 

both laboratories. Mass spectrometry work conducted by the Illinois 

Environmental Protection Agency laboratories on duplicate samples 

assisted in the final indentification of compounds. 

-2S-



Section VI 

Supplemental Field Techniques 

EarlJ'' in the investi6 ation of ground-\·ra.ter contar.:ination probleE'ls 

it is essential to have information on Eeolo?ic conditions in the 

recion. Definition of the ground-water flow systen also is i□portant. 

Because large areas and depths may be involved, gatherin~ this necessary 

information by a systematic drilling program may be economically unfeasible 

Geologists and engineers are making increased use of geophysical 

methods to rapidly determine the shallot·r geologic conditions. Two of these 

geophysical methods, the measurement of electrical earth resistivity 

and soil temperature, are useful for economic, rapid investigation of 

geologic conditions related to ground-water contamination problems. 

These geophysical methods can provide information on the regional variatior. 

of the lithologic character of the shallow geologic ~aterials. They 

also can provide information on the shallow ground-water flow system 

and possibly define zones of degraded water quality within the flow systen. 

Electrical Earth Resistivity 

A comprehensive review of the theory and i _nterpretation of electrical 

earth resistivity is presented by Van Nostrand and Cook (3). The use of 

electrical earth resistivity nethods in ground-water contarriination studies 

is presented in many papers. Ciftwright and Sherrean (4) discuss resisti-

vity methods as a tool useful in locating suitable sanitary lanG~ill 

sites and in nonitorinE the effect of a refuse disposal site on the 

shallm·r fround-~-.rater sys ten. Bert describe a case hist or:~ 

l!here electrical earth resistivity ~et~ods ~e~e successfully used to 

define zones of degraded water quality arid locate sites for monitor wells 

in a ~round-~ater conta~inAtion proble~ causet by disposal of industrial 

process water into· an Unlined laso~n in per~e~hle sedi~ents. 
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A co rr.r.: on 1 y us ed ap r r o a.ch for r. 2J : in r. e 1 e ctr i ca 1 earth re s is ti vi t y 

measurements in the Wenner Confifuration, tthere four electrodes are 

spaced equally alonF a straiEht 7 • ..1..lne. B? syste□atically enlare-5-nc 

the distance (a-snacing)between electrodes the electrical field is 

expanded to include a greater volu~e of earth materials. ~he value 

of the apparent resistivity obtained at each a-snacing anproxirates 

the average of the true resistivity of all the materials within the 

impressed field. Empirical study has shown that the a-spacing is 

approximately equal to the depth of the measurement. The apparent 

resistivity depth profile generated at a location by taking measure

rr.ents at several a-spacings can be reduced analytically to deter~ine 

the number of layers of geologic naterial present and the thickness 

and true resistivity of each layer. 

The fundamental factors that govern the resistance to the flow 

of electrical current through earth materials are: 1) water satur

ation, 2) mineral content of the water, and 3) geologic factors. 

The presence of water is important to the conductance of an 

electric current through earth materials. In general, saturated 

materials have a higher conductivity (lower apparent resistivity) 

than sinilar unsaturated materials. 

The mineral content of the water present in earth materials is 

a major controllinf factor of the conductance of electrical current 

through the naterial. As the ionic content of the water i~crease3, 

the apparent resistivity of the earth ~aterial decreases. 

There are t 1··0 reolop;ic fact ors 1·:hich affect an:n,arent resi·sti vi ty 

v9 lu.e s. One of v ~cs e is called the II forr2_ t ion factor" whic :i is de-

nendcnt unon the ~orosity of the e2rth r.ateriAl Rs well as the s~ nne 

of the pores qnd ~he ~anner i~ ~~ich t~ey ~re disposed and inter-

connected. A second geolovic factor which affe6ts apparent resis-
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ti vi ty is the pres 2nce of' c ondu c ti ve so lid.r:. sue~ as clay riincr2. ls. 

An increase in the amount of cla.~r r,.inera.ls :9resent in an earth 

raterjal ~ill lcwer the ar~are~t resistivit:1 cf that Daterial. 

Generally, fine-r,raj_ned cla:,ey d . '--se :i..ri.eni.,s have lov:rer apparent re-

sistivities then clean, coarse sands and fr~vels. 

An £lee tric 2.l Earth Res is ti vi ty Surve? 1.-·2. s r..a.de at Site A to 

deternine the applicability of this technioue. ~he results of 

that work are described in the case history section for Site A. 
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Temperature Surveys 

The distribution o·f ·tei:ilper.qture \.lithin the lithosphere can be significaiJtly 

affected by the mover-.J.ent of ground water. Ti.1.eorectical aspects of the simultaneous 

flow of heat and water ,-1ere presen.ted by Stalhr.an (6) Cartwright ( 7) used 

soil temperatures to locate shallow aquifers and Cartwright ( 8) discussed the 

use of soil temperature to trace shallow ground-water flow systems. There is 

limited published information on the application of soil temperatures as a ~ool 

for investigatio'n of ground-water contamination problems. Cartwright and Mccomas 

(9) used soil temperature measurements in the vicinity ~f two sanitary landfills 

to map shallow ground-water flow systems and discharges of leachate. 

In field investigations, soil temperature measurements are commonly made 

with a thermister at the tip of an insulated probe. The pro~e can be inserted into 

the soil to any desired depth. ~easuremeats are usually ~~de at depths greater than 

t ' 50 cm. (19.7 inches) to eliminate diurnal temperature variations. Temperatures are 

read after the probe comes int~ equilibrium with the soil, roughly after about five 

minutes. 

Factors ~hich affect the temperature of the soils in the flow system in

clude the velocity of ground-water movement, the vertical or lateral direction of 

ground-water movement, lithology of the geologic materials which affect their them.al 
t 

properties, heating effects due to land cov~r, and geothermal heat added to the system .. 

Activity of ~3n can serve as sources of heat vhich affect local'soil 

te~peratures. Cartwright and Reed (10) measured ano~alous high soil te~peratur2s 

in the vicinity of a village. Heat generated at industrial sites rr.ay have a signifi-

cant affect on soil te□per~tures locally with the distribution of this heat related 

to the . shallow ground-~ater flow system in the vicinity of the site. 

Soil Temperature Surveys were made at Sites A, B, and D to test the . 

applicability of this method. 
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IIJFRARED PHOTOGR/\PHY 

Infrared areal photography of Sites A, B, and C was taken in 

the early part of October, 1974 by IJERC - Las VeP:as, U. S. Environ

r.1ental Protection Ae;ency. Another round of flir::hts were made in June, 

1975. Examination of these photos provided very little information 

concerning the groundwater conditions or effects of groundwater pollution 

at these sites. 

The photos however were helpful in detecting past effects 

of wind blown pollutants and surface water movement of pollutants. 

Illustrative examples of these phenomena are presented in Appendix B 

by Dr. William Edwards, Illinois State Natural History Survey, who 

conducted a comprehensive study of the plant life at Site A and 

how it was effected by the zinc smelting operations. Brief results 

of his work are included in the case history section for Site A. 
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( Laboiatory Techniques 

During the planning stages of this project it was decided that 

a series of continuous soil core samples and associated water samples 

would be analyzed to follow the suspected penetration of surface 

originating metal ions, particularly zinc, through the soil and sub

soils. The initial plan called for single element analysis of some 

2000 core samples for zinc, assays for a set of 11 selected elements 

for an additional 100 core samples, single element, assays for 500 

water samples, and multi-element assays for 100 water samples for a 

total of 4700 element-assays. The mix of single element-multi

element assays was left open to future judgement. 

An initial budget was developed by the Environmental Research 

Laboratory at the request of the Illinois State Water Survey. 

t) Based on the then existing cost factors and a mix of on-stream, in

house capabilities: emission spectroscopy (for multi-elemental assays), 

atomic absorption spectroscopy (for intermediate level single element 

assays of soils) and anodic stripping voltammetry (for low level assays 

of a limited number of elements in waters) a total cost estimate was 

obtained. This budget, prepared in late Fall of 1974, was an ex post 

facto exercise since that the dollar amount had already been submitted

and awarded in June, 1974. As a result the initial plan contained 

t·wo r.1ajor defects: an overdependence on labor-intensive production 

an untested ability to measure a sufficient number of the desired 

multi-elements by the existing emission spectrograph. In sum this 

was a plan that had an estimated 70 percent chance of reaching its 

goals. 
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The arrival on campus of Dr. Philip EoDke to spend a sabbatical 

year in the School of Cher.ical Sc~ences Jf~ered the opf;ortunity to 

actomplish the project objectives in an alternate way. Dr. Hopkes' 

areas of specialization: ~ulti-ele□e~tal analysis by Energy Dispersive 

X-Ray Spectroscopy (XRF) and Ins~rumental ~eutron Activation Analysis, 

if applied to the task of multi-element assays of soils and water 

samples could supplant the emission spectrograph which was of 

doubtful capability. A second cost analysis showed that it would 

be possible to accomplish the sane objectives within the dollar 

restraint if the init~al budget v:as rearranged to provide for a 

single part-tine post-doctoral assistcnt and a transfer of funds 

~o purchase equipment. Approval for this budgetary rearrangement 

was obtained in November; 1974. 

Description of Analysis Methods 

At the time this project was initiated, the Environmental Research 

Laboratory was engaged in a continuing program of analytical iupport 

service to a large project for the Institute for Environmental 

Studies. This project had a large nunber of externally originating 

samples and required an in-house pattern of 1-rork that was highly 

chronologically oriented. A backlog existed continually and samples 

were analysed in order of tine of receipt. This project was 

quite di ff ere :1. t in t ~ e sequence of act iv it i es 2 s the fie l d \·:or 1: vr a s 

accor.1plished early in the life of the project. As a result the 

ma.j ority of initial core samples ~rere in the 12.borator? by the end of 

the first six mon-~hs of the project. Th:..s permi t~ed selection of 

the samples to be analysed to be sonewhat independent of the ti~e 

of collection resulting in a more efficient exar·1nation of the s2.r..ples. 

At the present ti~e the la1loratory has in st0ra7e no~e than 6,noo ~o~e 
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samples obtained in the . course of this project. Initial discussions 

and bud cot calculations ,·-rcre based on a rn2.xj_nun of sor.1e 2,000 core 

sar.1ples to be assayed for sor.:~ 11,700 eJ.er:1ent-assays. Had strj_ct 

chronology been applied, only the first 1/3 of the core sar::oles taken 

would have been assayed. 

As the project leadership changed in the intermediate stages 

of this investie;ation, conscious attempts were made to modify the 

set-piece pattern of field investigation sampl!hg by providing the 

principal investigator with chemical anaiysis data from core saraples 

for guidance in siting additional well and cor~ sites. The laboratory 

was not able to providethese data in the manner hoped for because 
; 

both this project and the other large prog~arn were field oriented 

and had Nork patterns dictated by weather. The impact on the laboratory 

was a cyclic influx of samples from both projects at the same tiree 

resulting in analytical turnaround times of nearly jo days. Because core 

san:pling and Hell drilling had to be negotiated in advance and for 

no more than 2-3 weeks at a tiMe, the real-time use of laboratory 

data was not possible. Since neither the ciimate nor the weather 

can be controlled it appears advisable that future investigations 

of this sort be planned in a "non-linear" mode · (,/~de infra) to 

mininize analysis impacts on field sampling plans. 
! 

RecoEnition of the above proble□s prompted an early investigation 

of possible "field kits" suitable for seni-quantitative estir.12.tion . 

of the principal target element, zinc. Th8se efforts proved un

successful for several fundamental che~ical reasons ·havins to do 

uith zincs 1 position in the periodic table of cler:--.ents. It is 2.t 

the end of the so-called First Transition Series consistin~ of 

Chro!:-.iur:1., Manganese, Iron., Cobalt, ITickel, Copper, and Zi;1c. ro:" 
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serie~i the reaction tendencies dirr'.inish in tl1c orc:er given 2..bove. Sir~ce 

all eleDents in the list arc ubiquitous in soils they constitute a 

collective interference to any reaction involvi.ng zinc. Victhods for 

estimation zinc concentrations consist la.rcely of a number of 

preliminary separations and/or cheQical treat~ents to eli~inate the 

deleterious effects of the other transition elements and final 

measurement is then made by means of a non-selective chemical reaction. 

In the present work, the constant and overwhel~ing presence -of 

Iron proved to be insurmountable on a chemical basis.. The comrnonl;y 

·used reagents: Dithizone, Zincon, AFDC all failed due this fact:-
, 

they all react more favorably with Iron than with Zinc. 

Sample heterogeneity and reaction sensitivities also complicated 

the search for a suit~ble field test for zinc. Early work to determine 

the minimum sa~ple size for reliable results indicated clearly that an 

entire core segment would have to be homolenized before results based 

on a 1 gram sample becar:1e rep~oducible. The common chemical reagents 

for zinc listed above ar~ quite sensitive requiring no more. than 

1-10 microgra~s of zinc for a visible test. This figure translates 

into a rnaxi□um soil core sample of less than 10 m~_lligrams for a 

valid test on shallow soil sampl~s which contained in excess of 
I 

; 

50,000 mg/1 Zn. Since the early tests shm•ied these samples to be 

non-hoffiogeneous at the 1 gran1 level they were certainly so at the 

milligram level. 

An investi~ation into the use of 2. "zinc selective" electro

chemical electrode also was made with ne~ative results. Such electrodes 

enjoy current popularity due the ease of use. With the exception of 

the solid-state Pluoride electrode, ~ost are complex physical and 
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cher.dcal 2.rrangcr:1ents uithin the electrode 1·;hich collectively p'.:'oduce 

the desired selective response to the sou[.ht-for element. !1.. t~1pic2.l 

electrode rnay consist of an inner metal Vihose cJ.ectrocherdc2.l potential 

responds to changes in the activity of its own metal ion in solution 

when in contact ,·rith the r.ietal. In turn this rrietal-netal ion electrode 

can be surrounded with a liquid ion-exchange che~ical solution and 

separated from the test solution by a ion-size, shape, charge, etc. 

selective physical barrier such as an ion-exchange membrane or a 

porous mechanical filter. The result is ~n electrode of the type: 

M~/M+n(MEch)//Test Solution//Reference elettrode 
j j 

1 2 
-· 

In use, the response depends on the ability of the separating 

barrier, j 1 , ~~ eliminate some potential interferents on physical 

grounds while a further degree of selectivity· is attained in the 

chemical reactions of the ion-exchanger. Unfortunately the electrode 

investigated was new at the time and has since been withdrawn from 

the market. Initial t~sts using pure solutions of zinc did not 

yield appropriate responses and when irnr.1ersed in test solutions of 

soil core sanples gave exceedincly erratic results. Inquiries to the 
.l 
I 

manufacturer revealed that the inventor was reported to have left the 

company abruptly leaving no infornation; the most kriowledgeab)le person 

executive personnel tlcre notably va~ue about the oper2.tion of 

electrode. For these reasons, t!1e electrode wns retur~ed and tte 

investigation terminated. To date this electrode is still marteted 
. . 

by several supply houses under house brands 1.·;i thout the. o~it:inal 

r..anuf2.cturer identifj_cation. · 1/e recard this electrode as suspec-c . 
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Atten:pts 1:ere maae to cor,1pens2:ce for t he lack cf a reliable 

field test by using normal laboratory ~easurinr equip~ent in a 

11 semi-fielc. 1
-' situation: a motel room set-un as a spartan laboratory 

near the field site. The method and instrument chosen was the 

electrochemical method of Anodic Stripping Voltammetry (ASV). This 

method was selected because (1) it can be desensitized controllably 

to contend with high concentrations of zinc and (2) the chemical 

-reaction interferences discussed above do not operate in electro

chemical methods. Although the method did produce satisfactory ~e

sults it was too slow to permit assays to be done on each and every 

core segment. The initial goal, was to make results available to 

the field drilling crews· while a core was being drilled in tine 

to guide the investigators as to (1) general levels of zinc being 

encountered, (2) depths of significant zinc concentrations and (3) 

suitable depths for locations of well screens. Subs~quent labora

tory work showed that these goals were unattainably high for any 

presently known assay method for zinc. The previously discussed 

core heterogeneity would require a more sophisticated field labora

tory capable of rapid sample homogenizing. A minimum of 1 sample 

per Shelby tube would be desired and if the results were to be usable, 

the total analysis would have to take place within the time for 

one 30 inch Shelby tube core segment to be taken. It is estimated 

that a maximum total assay tiBe of 10 minutes would be required 

during which all operations associated with sub-sampling, ho~o

cenization, any chemical pretreatments, measurenents and data trans

lation would have to be perforr.:.ed . 

.,, 
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Initial results obtained from XRF examination of a repre

sentative well core showed the need to change the general approach 

from the multi-element-single sample to the more sensitive atomic 

absorption and electrochemical methods. First, the XRF examination 

for the seven elements: Zn, Cu, Ni, Cr, Mn, Pb, and Cd showed 

(a) little apparent variation with depth except for Zn and the 

possible quartet: Cu, Pb, Cd, and Ni and (b) general levels of 

these elements at or below the detection limits for the XRF method 

at reasonable exposure times. Of the remaining five elements nickel 

is not accessible electrochemically with confidence. For these 

reasons the analyses for the quartet: Zn, Cd, Cu and Pb were done 

by Atomic Absorption (AA) where applicable and by electrochemical 

methods where the levels were too low for AA analysis. 

Subsequently a total of 4,741 assays was performed on some 

1,600 core and water samples. Approximately 25% of these assays 

were for the multielement quartet; the remainder for Zn alone. 

During the investigation all methods were probed for re

producibility and accuracy - the latter by internal crosschecks 

using two different methods. Owing to uncertainties created by 

the large and variable amounts of iron found in core samples to

gether with low concentrations encountered the XRF method showed a 

reproducibility of approximately 25% although cross-checks for 

Zn assays against AA showed an agreement within 12%. The AA 

analyses were carried out using a previously developed computer 

program which provided individual sample-by-sample estimates of 

standard deviations and detection limits. An average figure for 

standard deviations is between 6 and 12%. Detection limits attained 

or exceeded published figures for all elements investigated. In 

no case wa s t he j2 tection limit the li~iti~; factor in the ana~yses 
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for soils with the exception of Cd assays which in some instance~ 

( fell below the 0.005 mg/1 detection limit generally attained for 

this element. Electrochemical methods used were shown to have the 

following reproducibilities: ASV (5%), Pulse Polarography (PP) (3%). 

A related test showed that the total water analysis procedure had 

a reproducibility of 5-10%; analysis of variance techniques applied 

to the data showed the principal error to be associated with the 

process of pressure filtration to remove particulates. 
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Energy Dispersive X-Ray Spectroscopy and Neutron Activation Analysis 

Approximately 50 multi elei:nent assays were conducted on duplicate 

soil samples using this techniques. 

A) X-Ray Spectroscopy 

If an element is bombarded with sufficient energy it is possible 

to eject an electron _from one of its orbitals completely: 

M + hv 1 = M* + e (1) 

The unstable excited M* relaxes by filling the orbital from which 

the original electron was ejected by one from a higher lying (or 

lower energy) orbital: 

M* = M +hv2 (2) 

The emitted energy, hv2, is quantized and is the difference in 

energies required to fill the two orbitals involved. The highest 

energies are obtained from transitions involving the innermost 

orbital ("K-shell) and the next higher ones, the Land M shells. 

The characteristic energies emitted are so-called X-rays and 

are related to the elemental composition of samples through the 

relation: hc/2 = K (Z-0) 2 . Quantitative estimates of composition n 

are obtained if the exciting energy is maintained constant in 

which case the flux of emitted X-rays of a given energy is pro

portional to the number of atoms in the irradiated sample having 

the same atomic number, I= KNz. (3) 

The particular instrument chosen for the present work uses 

the primary X-rays produced by the radiation from a radioactive 

source, Am241 , □ade incident on thin films of selectable target 
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from the target materials be of lower energy than the primary 

d . t . f A 2 41 ( 5 9 6 k ) B th . i t h ra ia ion rom m . ev, x-ray . , ecause _ is so ope as 

a long (458 yr) half life the activity and hence the radiant energy 

will remain constant for the life of the instrument. In turn this 

means that the flux of secondary X-rays produced from the selected 

target will be at least as constant as the physical distance from 

the target to the Am source can be maintained. A second advantage 

to this form of X-ray production is the very low noise associated 

with the process. Since the incident energy is quantized there • 

is very little non-quantized, e.g. Bremstrahlung or Compton inelastic 

scattering, interactions associated with the measurement. The 

resulting X-rays produced from the sample itself can be highly 

amplified to overcome the significantly lower flux of original 

energy as compared to conventional electron tube excitation sources. 

The latter effect is significant in the quantitative determination 

in which the resulting flux of emitted X-rays is ultimately dependent 

upon the flux of excitation energy. 

A block diagram of the apparatus chosen for this investigation 

is shown in Figure 5. It is a combination instrument using a common 

data reduction system (tape deck) for both Energy Dispersive X-ray 

use as well as Neutron Activation analysis. The latter was not 

used in this work. 

These and other initial X-ray experimental measurements, 

were paralleled with measurements of selected elements in the same 

samples by conventtonal -
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stan(~arcl sar1.ples VJc1.s c:~neratec~ fO'.!." Zn, Cu, Cc, ?e, Cct, 1:i, 2.nd Pt 

by AA to serve a.s calibration poj nt~; for :,h-:; IEF r::easurer;:e~ts. 

A second mission of this project for ~hich the X-ray equip~ent 

ootained Has to conduct r.mlti-elertent 7 . .r:, L. ana_yses oi wa~er 

parallel ~ith ~ulti-element assays of core saMples. It was known fro~ 

the literature that the expected concentrations from the water saRples 

would be 1. to 3 orders of magnitude lower than those in the correspondin[ 

solid core samples and far below the most optimistic detection 

limits for· XTIF. For this reason., experi1:nental work of Dr. r\~ary 

Ulrich (11)., was devoted to refining-and extenqing published □ethods 

of sample .·preconcentrations. A '·brief summary of her findinrrs is 
. 

as follows. It is necessary to present potential X-ray sa1:1ples as 

thin films or uniformly thin disks of reproducible density to minimize 

artifacts such as reflections from sample holder materials, back

scattering, etc. For example., the examination of fine dust particulates 

is often accomplished by confining the sample in a small plastic 

container whose top is a piece of thin Mylar. In use the closed 

container is inverted so that a layer of sample is supported on the 

thin Mylar. If the total weight of sample is but a few milligrams 

the dust deposit is a layer of less than a fractibn of a millimeter 

thick. Any radiation which manages to penetrate this thin film finds 
( 

,; 

no bacl-:ing of either sar.iple or container to reflect .fron since the 

next solid surface to be encountered, the botto~ of the plastic 

container, is several contimeters renoved. Similar sample preparation~ 

for water have tried to combine the rec:uirel::ents for preconcentrations 

in the physical properties desirable to fauric2.te a. thin disl•: of 

sar.-;ple. The equivalent, for solicis not ar.:enable to the J.Iyl-3.r filr.~ 
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treatucnt, is to cor::press cons-::.2.nt ;,:ei~)1~ Sf~.:-:-.p2.c::; :into sr:-.a.11 

(1 in.eh) disks of constant thic::rless 2.rli densit~r using a nigh 

pressure (10-25 tons per square ~nc0) pre s s. For solids which 

are s u ff i c i en t 1 y s e 1 f -adherent , tr 1 e 3 E-1.~:.9 1 e it s elf' i s co r:: pre s s e d . 

Where the ~aterials will not self-adhere, a binder substance, 

such as a deforr~able plastic pc 0.;der, a hir:h meltinr; point 1.iax, 

or a resin, is added to confer some physical strength to the s_ar:.ple. 

This is regarded undesirable as the presence of the organic binder 

constitutes a measurable matrix cor;iponent which affects the 

calibration - particularly for lm·r Z elements. ' Similar treatr:1ents · 

applied to water have b~en specially prepared ion exchanfe resins, 

resin loaded ion exchange filter papers, and total precipitation of 

ions using a general precipitant such as APDC (anEonium Pyrolidine 

DithioCarbamate). This precipitating agent appears to produce the 

most generally consistent and high recoveries for the Nidest 

variety of elements souzht. Houever, the pH of the solution nust he 

maintained above 2.5 to prevent precipitation of the reagent free 

acid itself and below the plI at which the element hydrous oxide or 

amphoteric conversion to inaccesible anions occurs. 

I 
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Atomic Absorption Spectroscope. Approximately 1650 single 

eler.:ent assays on soil samples and 120 assays on H2.ter sa1:1ples 

were conducted using this technique. Eighty percent of the values 

obtained by AAS were done usini a Jarrell-Ash (JACO) Nadel 810 

instru~ent; the renainder were dcne ,ritb a Instru~entation Labora

tories (IL) Model 251 unit. Both are dduble beam devices and 

differ mainly in the available manner of background correction. 

The JACO 810, being a double beam-dual monochromator system, offers 

the possibility of correcting absorbance signals for so-called 

non-specific absorbance by using discrete selected narrowband or 

line radiation appropriately close to but not identical with the 

analytical wavelength. Two modes are possible: alternate selection 

of radiation emanating from the same source as the analytical wave

length within the same hollow cathode lamp or use of a completely 

separate lamp having radiation of the requisite intensity and ·wave

length. Experience of this laboratory has shown no~ priori pref

erence between the two. The principal factors leading to selection 

are: inherent noise associated with the alternatives and proximity 

of available wavelengths. In special cases it has been possible to 

use an alternate "non-absorbing" line for the element in question· as 

the source of correcting radiation. The criterion is the relative 

sensitivity for the element between the analytical line and the 

possible non-absorbing line. For Pb it has been possible to find 

nearby lines with sensitivities less than 1% of the analytical 

wavelength; use of these would l~ad to an overcorrection of 1~ or 

less. ~his laboratory has found the oft-used filler gas lines, Ne 

or A, to be too noisy fo~ best use. In contrast the Il 251, havinc 



a single monchromator cannot use a different wavelength. Inste~d 

( the selected band of radiation from a separate continuum source 

centering around the wave length of analytical interest is used. 

Such radiation generally is obtained from Hydrogen or Deuterium 

hollow cathode sources. To date the laboratory has found no gross 

differences in results obtained by the two methods. 

Analysis followed straightforward commonly used practices. 

Samples were aspirated to achieve steady state conditions in the 

flame followed by burner cleanout with water and randome but 

frequent calibration measurements by aspirating. suitable standards. 

Both standards and samples were dissolved in 3M HCl, since we 
_, 

have found a slight b~t significant difference between results of 

pure water vs. ~queous acid standards. The principal difference 

from otherwise standard practices is _the use of pump assisted · 

pneumatic aspiration. Normal practice is to inject a spray of 

nebulised water particles into the analytical flame by use of a 

Ventur"i ·with a centrosymrnetrically located capillary liquid sample 

entry ._tube surrounded by high velocity oxidizer gas. The Venturi 

· disperses the sample into the flame and draws the sample up to 
\ 

the Venturi from the external sample container. 1he serious 

effects of sample viscosity and entry tube length using this ,mode 
' J 

are well known. Since this results in changes in the 

effective flow rate of sampl~ and measured steady state signal, 

corrective practice often requires close simulation of prepared 

standards with respect to viscosity and regulation of 

sample inlet tube diameters, lengths, and effective vertical 



displacement from the Venturi. ent~y. This labc,::.·atory pum;:s ths-

analytical liquid to the Ventur·i at a - rate equal to or slightly 

less than the measured unassisted pneumatic Venturi flow rate. 

When using a highly regular pump having a constant flow rate, it 

has been found that calibrations can be reproduced day-to-day 

well within overall exp~rimental error independent of solution 

viscosity. The sensitivity of all elements under a fixed set of 

conditions is consistently 10-20% higher using the combined pump

aspira~ion mode as compared to the conventional aspiration mode 

even when the two are adjusted to have the same sample consumption 

rate. It is possible that the Venturi, having to do nothing ex

cept disperse the sample, becomes more effective in production of 

the finer fraction of droplets known to be required for sensitive 

analyses. 

For reference table I lists the analytical conqitions used 

for the elements shown. 

' . 
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TADLE I 

AA Excitation Conditio~s 
(Settings arc no~inal. Instruments are opti~ized 
dai!v usin~ both attained abso~t a~~e for a set-up 
stand.a.rd a;1d si2:nal-to-noise ratio.) 

Cd Pb Cu Zn 

Hollow Cathode Current 3ma 5-8~a l0rra l0na 

Have lengths 
a. analytical 

b. background 

Flane 
Fuel: Acetylene 
Oxidant: Air 

Sample Flow Rate 

T .... b I~ 1. 

228.8rnt1 283.3nm 3 2 4. 7nr:1 213. 9nm. 

226.5nm 287. 211.n:. 332.3 226.Snm(Ed) 

3.5 1/min 3.5 1/r.in Do Do 
10.5/lmin 10.5 l/r.1in Do Do 

2. 1n ml/min 2.41 1 / . IiJ._ min 2.41 2.41 ml/min 
ml/min 

Excitation conditions for multi-element analyses 
by Atomic Absorption Spectroscopy 

_Li,-



Electrochemical Methods. The Environmental Research Laboratory 

uses a variety of electrochemical techniques as a supplement to 

( the routine use of atomic absorption spectroscopy. ~he two methods 

are complementary in their response to experimental conditions such 

that conditions which preclude the use of one usually are harmless 

to the other. For example, spectroscopic methods usually are in

sensitive to abnormally high acid concentrations that may be con

venient or necessary to maintain a sample in solution. Electrochem

ical methods do not work well in corrosive environments if the metal 

electrode is mercury, the most commonly used material. On the other 

hand electrochemical methods are adaptable to the presence of large 

amounts of foreign ions provided they are not also electroactive. 

For example, it is possible to determine lead in bone tissue, with 

its very high concentration of calcium, while the AAS method needs 

careful dilution and control for moderately precise results. 

The two electrochemical methods employed in this work were: 
I 

Anodic Stripping Voltamentry (ASV) and Pulse Polarography (PP). Approx- 1 

imately 400 water samples analyzed by ASV and about 1180 by P. P. 1 

Both are well suited for the determination of metal ion concentrations 

of electroactive materials at the mg/1 levels. Because of difficulties 

in controlling contaminations at these low levels, the methods are 

most readily adapted to samples requiring little preparation. The 

most common use has been for the analysis of water samples. The 

methods are not universally comparable to AA since the prime requ~re-

ment for electro-chemical measurements is that the sought-for material be 

electroactive. ASV obtains its low sensitivity by using a pre-meas~rement 

collection step in which the sought-for metals, along with any other 

equally electrically reducible at the necessary applied potential, 
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are collected on, or di8solved i~ (in the cas2 of mercury) the tsst 

electrode. The collected metals a.re then 11 anodically stripped 11 

out of the electrode by application of a slo~ly changing potenti~l 

made increasingly oxidizing. Substances are stripped out in order 

of their difficulty of prereduction (the more difficultly reduced 

species being oxidized first). If the solution is maintained in a 

constantly stirred or reproducibly quiet state the oxidized materi~ls 

yield a measurable Cell current which can be displayed on a re

corder chart as a function of the applied potential (see fig. 6). 

The peak height is proportional to the collection time and original 

solution concentration for a process of fixed variables such as · 

stirring rate, electrode · area, v_elocity of the changing stripping 

potential, etc. Normal practice is to determine the concentration 

of the samples by frequent spiking of randomly selected samples 

with known amounts of the elements in question. The relationships: 

ip = K(x) and ip= k(x) where ip is the measured peak current for 

ele~ent X and xis the calculated change in solution concentration 

for element X induced by the standard addition which produced the 

measured current difference, i. p 

Pulse Polarography is an alternate technique of nearly equal 
_; 

. 1_ 

sensitivity to ASV which obtains its sensitivity pri~arily by care-

ful sampling of the current potential data and subsequent high gain 

amplification of the resulting noise free curre~ts. In this ~2thod, 

the potential of the electrode is incrementally changed in a chosen 

direction, oxidizing or reducing. With each "pulse" the resultinfj 



is sar:~pled, then ti1e electrode is return.eel to ::..ts startin[ potential 

( -a~ci a 6 ain "stepped" by an additional increwent. ':L'he instrunent 

( 

compares the first current with the next and produces a signal 

vhich is the difference between the two. This process continues 

until the last increne~t reaches the preset liEit for the experi

~ent. The resulting curve is shown in Figure 7. As in ASV, 

determinations are made by the technique of standard additions. 

Although, this method does possess the reproducibility to permit 

establishing a working curve from prepared standard solutions, 

detection limits for the two methods are similar. Typical values 

for detection limits are shown in the Data Reduction and Handling 

Section of this report (Table 2). 
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Gas Chromatography 

Water Sarr, p 1 es : 10 0 0 m 1 of ·w at er ,.,;as extract e d Hit h l O O r~l 1 nano Er ad e 

hexane in a separatory funnel. The hexane layer was reduced, 

using a Snyder redistilling column, to 10 ml for injection\ 

into Gas Liquid Chromatogr~phy (GLC ~ 

Core Samples: 20 grams of soil or rock was extracted over a 24 hour 

period with nanograde acetone, decanted and rinsed 3 times 

with acetone. This extract was reduced with a Snyder column, 

dried over anhydrous sodium sulfate, exchanged with 

nanograde benzene, and adjusted to 10 ml for injection into 

GLC. Extraction with chloroform and acetonitrile did not 

change the character of the peaks. Sample clean-up with florisi.l 

and with microfiber thin layer chromatography using acetonitrile 

as the ascending phase . did not alter the pattern of the peaks. 

In a more thorough effort, 200-244 grams of selected 

samples were extracted with 200 ml redistilled ethyl alcohol 

for 12 hours. Then 200 ml water and 250 ml of 50% ethyl 

ether-hexane were mixed with the sample and allowed to stand 

for 5 days. The ether-hexane supernatant was decanted and 

the residue rinsed 3 times with hexane, to effect a transfer 

of the exteact. The sample was dried over anhydrous sodium 

sulfate and transferred to a distillation flask fitted with 

a Snyder column . Most of the so 1 vents ·were removed by 

distillation on a steam bath. Residues obtained by this 

method were taken up in benzene for use with the 63 Ni 

detection system or in chloroform for analysis by the 

thermionic or flame ionization detectors . 
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Five different detection systems were used: 

Detection systems 

Traco 550 Gas Chromatograph conditions 

1. 

2. 

3. 

4. 

5. 

Ni 63 detector 34o 0 c 

Column temp. 210°c 

Port temp. 235°c 

Nitrogen 30 ml per minute 

Two 6 ft x 1/4 inch glass columns 

A. 3% OV-17 on 100-120 mesh Gas Chrom Q 

B. 3% OV-210 and 1.5% OV-17 on mesh Gas Chrom Q 

Varian 2100 gas chromatograph conditions 

1. Ni 63 , thermionic* and flame ionization detectors 

2. Column temp. 210°c 

3. 0 Port temp. 235 C 

4. Nitrogen 15 ml per minute 

5. Two 6 ft x 1/8 inch glass columns 

A. 3% OV-17 on 100-120 mesh Gas · Chrom Q 

B. 3% OV-210 and 1.5% OV-17 mesh Gas Chrom Q 

6. Column A was programmed at a rate of 4° per minute 

from 120 to 250°c when the flame or thermionic 

detector was used 

* Thermionic with rubidium sulfate for the detection of nitrogen 

and phosphorus containing compounds. 
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ERAL Gas Chromatographic Analysis M~thod for Marshall Water Samples 

500 ml of unfiltered water sample was extracted 3X with 25ml 

portions of Nanograde Hexanes. The combined extracts were dried over 

anhydrous sodium sulfate, filtered and the solvent removed with gentle 

hotplate heat to incipient dryness and diluted to 10 grams total 

weight with Manaograde Benzene in precleaned polyethylene scintillation 

vials. 

Samples were chromatographed on a Varian Model 2740 instrument 

fitted with a 6'x ¾" glass column packed with 2250 on 100/120 mesh 

Supelcoport. Operating conditions were as follows: 

Temperatures: 

Column: 220°c 

Injection Port: 250°c 

Detector: 300°c 

Detector: Flame Ionization 

Carrier Gas: Nitrogen @30ml/min. 

Recorder: Hewlett-Packard 3380 Reporting Integrator 

Recorder Settings: 

Attenuation: 8X to 256X selected as necessary 

Report: %Area 

Rejection: 1000:1 

Rate: 0.5 or 2 cm/min. 

Constituents were identified by retiontion times compared with 

known samples consisting of (a) Standard samples MX 2 and Mx
3 

from 

Duke Standard Company and (b) authentic single samples of MDE and DDD 

obtained from Dr. Willis Bruce of the Illinois State Natural History 

Survey. The components of The Duke standards are: 
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MX 2 

Lindane 

Heptachlor 

Aldrin 

Heptachlor Epoxide 

p,p'-DDE 

Measurement of Soil pH 

BHC 

MDE 

p,p'-TDE(DDD) 

Carbophenothion 

Methoxychlor 

Acidities of a series of soil core samples were measured to test the hypo-

thesis that cha~ges in soil composition as reflected in X-ray crystal

lographic data were responsible for the transport zinc through the soil. 

The method of pH measurement followed that of McLean (12) modified by 

substituting the addition of water by weight rather than the volume 

measurement originally specified. Measurements were made immediately 

upon addition of the water and 24 hr. later. The two sets of measure

ments agreed within O~l pH. A Sensorex general purpose gel-filled 

glass electrode was used for all measurements~ The pH meter was standard

ized daily against Beckman pH Buffer standard solutions, pH 4 or pH 7 

d~pending upon the range of pH values expected. A Beckman Electromate 

battery operated unit initially was used in conjunction with a Health 

Model EU 700 Multirange Recorder used as a scale expander. When 

initial results proved too noisy, the Electromate was replaced by a 

Zeromatic II unit which proved much less noisy even though it is a line 

operated device compared to the DC battery operated Electronate. Rep~o

ducibilities of pH values for standard buffers varied less than 0.02 

pH, the limit of dial readability for the Zerornatic II. Estimates of 

method standard deviation of 0.03 pH were obtained from measurements of 

the same buffer solution over a period of days. 
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Cation Exchun~e Canacity (CEC) Ileasurecents. A procedure modelled 

after that proposed by Jackson (13) was developed for this work. 

The original procedure determined the exchan;e capacity of a NaOAc-EOAc 

prewashed specicen· after exchanEe with neutral O.lTT Cac1 2 . The Ca 

equivalent to the total cation capacity was then detercined by dis

placement of the Ca with lN NaOAc and final determination of the 

displaced Ca with a Versene (EDTA)-Eriochrome Black T. titration. 

The literature on CEC determination is extensive with a variety of 

methods having been proposed. There appears to be at least modest 

agreement that the acetate calcium method varies least from soil 

type to soil type. Inasmuch as the measurements were to be applied 

to a vertical sampling from surface to bedrock the Ca method was 

chosen. 

At the time the Jackson procedure was developed the use of 

metal-specific electrodes other than the H+ (pH) electrode had not 

been extensively developed. The normal terminations of the pro

cedure were either flame photometric measurement of the Ca++ or the 

then popular EDTA complexometric titration of Schwarzenbach. Neither 

of these is particularly attractive in present day practice. Flame 

photometric determinations of calcium are notoriously sensitive to 

the presence of other ions in the final solution and the precise 

flame-oxidizer mixture used; response curves are notably non-linear. 

~n1ere the issue is forced, the photometric deternination is linear

ized at some sacrifice in sensitivity by the 6verwhelming addition 

of a Ca+++ solution. Lil:ewise the [DTA titration is characterized 

by a vague indicator color chanre at the endrcint re~uirin~ so~e 
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skill in obtainiu[ reliaL le results. r:;:-he procedure ac.opted terr.-

inates the Deasurement by use of a ca.lciurr: selccti ve electrode in 

a final solution that is composed so as to minimize variation in 

ionic strencth. 

lJearly all published procedures for this ~easurement reco~mend 

use of a centrifuge for the several phase separations reouired dur-

ing the washing and exchange steps. A centrifuce of the appropriate 

volume capacity was not available and samples were decantated 

through filter funnels. Although this procedure is tedious, it 

appears that the final results may be slightly improved over those 

possible by the centrifuge. This process required up to five times 

as many washing steps · as called for i~ the original publication 

before the required test response was obtained. It may be that the 

total time and number of washings contributed to a better equilibration. 

, .,_ , The final modification was to use the Heath Multi-range re

corder with the Zeromatic II pH meter and the Orion Ca Selective 

Electrode. For most measurements the recorder range was set such 

that a meter response of 50 mv or approximately the ideal response 

for a 100-fold difference in Ca++ concentration was displayed full

scale on the recorder. 

Procedure Weigh out lJ-5 g. of soil sample into a clean 

labelled beaker. Wash Nith two 10ml portions of neutral IN NaOAc. 

Exchange the soil with 5 washings with lJ CaC1 2 solution or LrJ Ca 

(0Ac) 2-4X followed by N Cac1 2-1x. Remove excess salt by washing 

with 80% aqueous acetone until the washings ~ive a faint constant 

opalescence when treated with 1-2 drops of 1'J Agl·~o
3

. Allow soils 

to drain \·rell. Displace the exchan6 ed Ca by 5 wa.shinc;s vrith I'J lJaOAc 

rctaininc all uashings. Dilute the washings to a constant 50p: of 
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solution with D.I. water, mix and ~easure the Ca concentration 

using a Ca selective electrode standardized with known Ca solutions: 

Calculate: 

CEC = (Ca++) x Wgt of final sol 1n 
meas. --,::----,:------- x 100 

Sample wgt. 

Notes: (Ca++) should be expressed. in mg/1 after calibration with 

mg/1 based standards. 

If the final diltion weight is as suggested the calculation is: 

CEC = (Ca++) x 1000 

Experiments with remeasurement of the final solutions indicate 

a reproducibility of 10-15%. However 1it was noted that solutions 

over a week old developed mold growths on the liquid surfaces. These 

solutions proved impossible to remeasure; readings became erratic 

and very sensitive to solution motion. It is surmised that growth 

metabolites of unknown character were active on the sensitive 

electrode surface or reacted adversely with the liquid ion-exchanger 

of this electrode. 
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Conductivitv Measurements 

A Beckman Model RC 16B2 Conductivity Bridge with a Beckman 

K-1 dip-type conductivity cell was used for all measurements. 

Solutions to be measured as well as calibrating standards were 

allowed to equilibrate to room temperature · before measurement. 

The K-1 cell has a nominal cell constant of 1.00/cm: re-calibration 

using deci-normal potassium chloride solutions according to Jones 

and Bradshaw (14) yielded a value of 0.996/cm. Since the temperature 

coefficient of conductivities averages about 3.5%/degree and all 

measurements reported were obtained at varying ambient temperatures 

the value of 1.00/cm was used for all calculations. 

Solutions were filtered through Millipore 5um pore size 

filters before measurement. 

Sample Prenarations 

1) Soil Cores. Soil cores were-submitted as 

6 inch segments of 3 inch diameter Shelby tube samples or 1 inch di-

ameter slit spoon samples. rhey were found to be suffic~ently 

inhomogeneous that random "grab" samples would not be representative 

of the entire- core section. A sub-sampling technique was developed 

as follows: the original core hemi-cylinder was longitidinally 

halved with a large knife, the selected half was a.gain halved 

longitudinally saving only the narrow inner segment of the core to 

minimize effects of -che core tubin.g and/or surface water contardna.tior. 

which may have contacted the exterior of the segment. This sub-

sample was then dried for a □inimum of 3 hours at 105°c, crushed to 

pass a 40 ~esh seive and ground to less than 200 mesh size. Samples 

were stored in small screwcap Elass jars or polyethylene snap-cap 

,~ r, 
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drinking cups for future analysis. Aliquot analysis of selected 

samples showed this nethod of preparation to yield a product that 

was homogeneous (at least for the test element: Zinc) at the 

250rr.g sample level. 

2) Hater samples. Hater sarr.ples were obtained in the field 

in plastic drinking cups (5 oz.) and immediately frozen and kept 

so until arrival at the laboratory. Depending upon existing 

priorities and work loads the samples were either (a) stored in a 

laboratory freezer or (b) filtered through 5µm Millipore filters 

into precleaned polyethylene scintillation vials and acidified at 

the rate of 50µ1 per 20 ml of sample with concentrated HCl obtained 

from the National Bureau of Standards. These subsample·s amounting 

to 20-25 ml were then refrozen until needed for analysis. 

3) Plant Materials. Plant materials were dried for 102 hr 

@ 105°c and weighed in clean tared 200 ml lidless beakers. Samples 

were then ignited in a controlled temperature program set such that 

the temperature rose to 490°c over a 4 hour period, was maintained 

at 490°c for 4 hours and then allowed to slowly cool to room temper

ature overnight. Ashed samples were reweighed to obtain ash weights 

~nd then diluted with 3N HN0 3 to a fixed 20:1 w/w ratio of ash 

weight to final solution weight. Samples were measured by AA . for 

zinc. 
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Data Reduction and Handling 

This project utilized three principal methods of analysis: 

Atomic Absorption Spectroscopy, X-Ray Fluorescence, and Pulse 

Polarography-Anodic Stripping Voltammetry. In the vast majority 

of cases, sample conditions, quantities available, and levels 

of concentrations expected were such that measurements were made 

by only one technique. Where it was desirable to make cross 

comparisons between zinc concentrations in water samples and in 

soil samples from the same well site, it was necessary to be 

aware that the three methods differ significantly in how 

they are treated when the measured value approaches the 

so-called Detection Limit. The following is intended to 

permit the reader to properly compare values obtained from 

two different methods when the values themselves appear to merge 

with back~round data. The fundamental differences lie in 

how the measured instrumental signal reacts as the concentration 

of the material is reduced to everdecreasing values. Two 

of the above methods produce signals which are inherently 

"noisy" or subject to random fluctuations of no assignable 

cause. The third, electrochemical measurements in general, 

are rendered imprecise as the measured concentrations 

diminish toward zero by factors external and prior to the 

measurement act itself. In each case, a subjective judge~ent 

about the precision of measurement of a very small signal is 

made to inform the user of the data so that they may 

properly interpret low lying values. As a general rule, the 

subjective judgement is made at the point where the 

estimation of signal magnitude carries a 50% probable error, 
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(no better than a guess). 

AAS measurements 

are inherently noisy, subject to daily fluctuations and 

lack a convenient means of absolute calibrations. A typical 

single operation consits of (a) establishing the single level 

for a solution having none of the desired material present 

(see Fig. 8 ), A solution of the sample is then aspirated 

through the flame resulting in the transient signal shown in 

Fig. 8 . After sufficient time has elapsed to establish that 

this signal is a "steady state" one, the sample aspirator tube 

is switched to the original "zero" solution to allow the 

burner to be cleaned out. The simplest determination of the 

concentration of the - material giving ride to the measured 

difference in "zero" and "sample" signals would require a 

duplicate sequence of measurements to be performed on a 

"standard" solution which closely duplicated the sample 

solution with the single exception that the concentration of 

the desired material is known. There exists the definite 

possibility that both the sample and the standard solutions 

may be subject to a "blank" or contamination contribution 

from the chemicals and/or surroundings used to prepare the 

solutions. In this case a third measurement of a "blank 0
., 

a solution which has experienced all the situations of the 

sample and standard is required. For most common elements 

measured with instruments that operate properly., the relation 

between substance concentration and signal response is a 

straight line passing through zero if a proper "blank" 

correction is made. In this simple case,the unknown concentration 
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Figure 8. Typical absorption transient signal. 
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unknown and the standard. ?Tormal practice is to mea·sure and 

calculate these signals as the straight line average drawn 

through the chart recorded signals. The Environmental Research 

Analytical Laboratory uses a teletypewriter-computer system 

operating in a batch mode to carry out the necessary signal 

conditioning and calculations. When this program was 

written in 1972 some experiments were performed to compare 

the normal method of signal estimation-visual ·chart 

recorder estimations - to the alternate use of the periodically 

updated digital signal which is simultaneously displayed on 

the instrument panel meter. Using the Jarrell-Ash Model 810 

instrument as a test, it was found that two single sequential 

updated digital signals, represented by the dots in Figure 

were a good reliable measure of the entire analog signal 

over the same period. This also applied to the estimation of 

the upper signal magnitude as well. The computer program 

now in use for over 5 years requires that the operator 

establish to his satisfaction that the s~gnal as shown on the 

strip chart recorder is a valid one, either a "zero" or a 

"signal". The operator is then required to enter any 

two consecutive updated digital signal values into the tape 

cassette recording teletypewriter operating off-line. The 

sample is introduced and the process repeated. In the simplest 

case it is done twice more for a single standard and a 

"blank". The computer softw2.:c1e then manipulates the data by 

(a) determining the average, the standard deviation and the 

trend line (slope ~ if any) .:..,or the "zero", the "signal" 

and the corresponding two va:~es for the standard and the blank. 

,... r-
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using the criterion (D.L.) = 2 x S.D.zero·' where D.L. is 

_the concentration of analyte sufficient to y~eld a corrected 

signal twice the noise limited standard deviation as 

measured by the two point process. 

The equally noisy signals of XRF are treated somewhat 

differently. These data, similar to radioactive counting 

methods, are governed by the Poisson statistics of counting 

discrete events 0 The primary signal consists 

of the accumulated total counts acquired in a single 

designated energy region (or channel) and, in principal 

could be as large as necessary for any given concentration of 

material as long as time permitted. In this project, 

the samples usually were counted for a total of 4000 

sec. (1.11 hr.) in a total of 2000 channels of information. 

Assuming no "deadtime" or other information losses each channel 

would be examined for a total of 2 sec. If a precision of 

10% is desired the pertinent channel would have to accumulate 

100 counts in 2 sec. The detection limit for twice the 

standard deviation would then be that concentration (expressed 

in ma$S units for solids) that would produce a count rate of 

100 cps. As in the case of AA these figures are taken as 

the background corrected values. 

Electrochemical measurements are far less noisy than the 

two spectroscopic methods. Utilization of the 2x S.D.noise 

criterion leads to unrealistically low detection limits because 

the measured signal ·is so quiet. The criterion developed in 

these laboratories was to use the experime~tally measurable 

value for ~et~od r~pea~ability as the cri~erin. Detection 
,,. ,,. 
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r:I.1a.ble II 

l•leasurement and Sample Detection Lim:5-ts for Selected Elements 

Metl1od 

ASV pp XRF AA 
Element 

Ca NR(c) lJR 20(b) .0004(a) 

Sr " " 20 .005 

V " " 30 ND(d) 

Cr " " .008 

Mo " " 20 

Mn " " 20 .010 

Fe " . .2 20 .015 

Co " .2 20 .04 

Ni " .2 20 .04 

Cu .001 .1 20 .01 

Zn .005 .05 20 10 

Pb .0001 .05 10 .05 

Tl .0001 .05 10 .02 

Bi .0001 .05 10 30 

Cd .0001 .05 10 .005 

(a) mg/1 in solution, D.L for solid samples= 20 x solution value 

(b) ug/g in solid samples 

(c) No Reaction 

(d) Not Determined 

Table 2. Detection limits for selec~ed elements 
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limits then were set to be that concentration yielding a 

measured signal twice the standard deviation of repeated 

measurements. The two electrochemical methods of ASV and 

PP have the advantage that the materials electrolysed as a 

consequence of the act of measuremenb can be recovered into 

the test solution without loss. It is thus possible to 

"repeat" an experiment by repeating the potential-time 

processes used in the method without removing the test 

solution. · In this operation none of the usual method 

variables except the electronic and electrochemical variables 

can operate. The repeatability has been found to be much 

smaller values than other parts of the total experiment 

such as sample preparations, dilutions, etc. Typical 

figures are: Repeatability (S.D. units) 1-2%, sample-to-sample 

reproducibility, 6-10% and overall total reproducibility, 

10-12%. Detection limits are calculated as the concentration 

necessary to yield a signal twice the measurement repeatability. 
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Section VIII 

Site Selection 

Four industrial complexes (Sites A, B, C, & D) were selected 

to study the effe~ts of their waste disposal practices on the soils 

and shallow grou~~~ater systems. Four additional locations (Sites 

E, F 1 G, & H) also were selected to test the areal applicability 

of information gained at the industrial sites. 

Three sites (A, B, and C) located in moraine and ridged drift 

areas of southcentral Illinois (see figure 9) initially were 

selected for study on the basis of geology, the types and quantities 

of waste generated, and the manner of disposal. It was thought de

sirable to study areas where the unconsolidated Qaterials are rel

atively thin (less than 50 to 75 feet) and underlain by Pennsylvanian 

age shales. Special emphasis also was given to sites where the 

glacial materials predominately were low-permeability clays, silts, 

and tills. Such sites theoretically would be desirable for dis

posal activities with little resulting groundwater pollution. 

To determine the general applicability of the coring tech

nique as a monitoring tool, a fourth site (D) located in a sandy 

alluvium environ~ent in north central Illinois (presumably undesir

able for disposal activity) ~as chosen later. Sites A, B, and Dare 

secondary zinc s~clting plants that have generated large volumes of 

metals rich was~::aterial over many years of operation. ~ost of this 

waste has been in the form of cinders that have been piled on or spread 

over the plant prc~erties as fill caterial. ~he other site (C) is a 

chlorinated hydro =~rbon plant where waste products principally are in 

liquid fore. A~ r ·oximately half the l~quid waste at this site is . stored 

and pretreated i ?_ :agoons or retention basins on the plant property 
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and then injected into a deep dispo3al ~ell. ~he possible effects 

( of the surface disposal or stora~e activ~ties at all four sites are 

(l . 

the principal concerns in this study. 

_ The selection of sites to be studied, ul~i~ately are 

effected by industrial politics. Due to the necessity of 

releasing all data collected during a study, it is often difficult 

to convince the officers of an :industry of the merits of the proposed 

research project. In most cases the industry involved has very 

little to gain and the potential for great loses (bad publicity, 

regulatory action by state and federal government, or the discovery 

of unknown pollution problems). 

In the planning of any proposed research, it is recommended 

that written permission be obtained from the appropriate industrial 

officers to insure that the desired sites can in fact be studied. 

Failure to do so in this study resulted in the necessity of having 

to work on the properties surrounding Site C, thus reducing the 

effectiveness of the study. It also prohibited the study of a 

hazardous waste disposal facility that had been described and sub

mitted as a Site in the original project proposal. 

' "7-, -;, _ 
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Regional Geology 

The areas of study in this project all are underlain by varying 

thicknesses of unconsolidated materials of Pleistocene age over bed

rock. During the Pleistocene, four major periods of glacial advance 

(Nebraskan, Kansan, Illinoian, and Wisconsin) occurred in Illinois. 

These periods ~ere separated by interglacial episodes of soil formation 

(Aftonian, Yarmouthian, and Sangamonian Stages). Figure 10 indicates 

the time relationships of the glacial periods, unconsolidated sediments 

(rock stratigraphy), and soil development in Illinois. 

The Nebraskan glacial advance represented the first episode of 

Pleistocene glaciation in Illinois. The ice sheet moved into western 

Illinois from a Canadian source and covered a re~atively small portion 

C_} of the state resulting in a scarcity of Nebraskan-age glacial 

deposits. (Fig.11) The retreat of the glaciers was followed by 

dissection of the region by streams and soil formation. The Afton 

Soil is a product of this interglacial period, the Aftonian Stage. 

During the Kansan glacial episode, ice sheets_advanced into 

Illinois from both. the northwest and northeast from two seperate 

Canadian sources. The glacial drift deposits of these two ice 

sheets apparently do not overlap, but they almost meet in central 

Illinois (Fig.ll). The Yarmouth Soil profile which developed on the 

Kansan glacial deposits is quite thick, suggesting a long period of 

soil formation. 

The Illinoian Stage was marked by three major glacial advances 

into Illinois from the northeast which covered most of the state 

(Fig.11 ). The Sangamon Soil developed on the Illinoian deposits 

following the ~e~~~at of t~e ise s~eets wi~~ local acc~mulatic~ o~ 

predominantly fin~-grained sediments in poorly drained areas. 

-72-



( 

TIME STRATIG2;PHY ROCK STRATIGRAPHY SOIL STRATIG~A?HY 

w ~bdern Soil z:: w 
WC!J .µ 
Uc:( ("j 

0 I- C!J 

6 V') c.. 

:r: (]J 
~ 

r.:s 
VALDERAN ,--

Vl -SUBSTAGE >, 
Vl l'tS 
Vl s... 

rnocREEKAN (!J CD 
0 

w SU3STAGE .....J 
c..!J 
c:( l'tS 
I- •r- t:: 

s... 0 V') 
0 ·.-

z WOODFORD IAN (1J .µ 
c:( 0- l'tS 
z SUBSTAGE E >-l 

0 V') 
LL. z 

0 c u 
V') s:: >-l FARMDALIAN (1J Farmdale Soil 

::E 
V') 3: :c w SUBSTAGE w -I- 0:: V') w l'tS >- V') t:: .µ 

V') ALTONIAN l'tS ..-

>- w X .,-
z: SUBSTAGE 0 U) 0:: w 0:: c:( u --z 0 Sangamon Soil 0:: I- SANGAi·lONIAN Berry Clay Member w 

I- V') 

STAGE c:( -w ::::, 
.....J -Ct 0.. E w JU3ILEEAN LL. 

c..!J SUSSTAGE -0 c:( Hagarstown M. I- s... . 
V') 0 E 

MO~·lICAN lJ- l1... z VI 
c:( SUBSTAGE l'tS s:: ~ ,--
0 c..!J res z Q) 
1--1 

LIMAN Petersburg 0... 
.....J 
.....J 
1--1 SUBSTAGE Silt -YARMOUTHIAN ~Lierle Clay Member Yarmouth Soil 

STAGE 
s... 
(1J 

C: Harkness Silt M. KANSAit STAGE C: 
m 

CCI 

AFTOrJI.-:..:1 SU-.GE .L:..-fto n s "\ ~ i .., I , 

NEBRAS;~A.N STAGE Enion Formation I 
Fm. =Formation;~-= Member ( ,,f'.L.:::c•n r.1';'11mm1 et a7 .. .J S.2 75) -~J..,___,,_ ,.,.....,:,,.,, ....... ..,J 

Figure 10. ~i~e relationships of glacial periods, unconsolidated 
~Jjiments, a~d soil development in Illinois. 

-7S-



I 

\ 
There were t~o glacial advances into Illinois during the 

Wisconsinan Stage (Fig.11). Glacial deposits were limited to 

northern Illinois with large quantities of wind-blown silt, called 

loess,· deposited over much of the rest of the state. The two 

advances were separated by an interval of soil formation which 

produced the Farmdale Soil. Radiocarbon dating.indicates the 

retreat of glaciers from Illinois about 12,000 years ago. The 

Modern Soil has been developed on the surficial glacial deposits from 

that time to th~ present. 

Soils 

Soil formation is characterized by a number of processes, 

which, over a period of time, tend to develop three soil zones 

or horizons. Organic material accumulates in the upper zone or 

A horizon and the parent material is broken down by weathering, 

forming soluble minerals and collodial suspensions which are 

leached from the A horizon and moved to or through the underlying 

zone, the B horizon. Clay minerals and iron and manganese commonly 

are transported downward and deposited in the B horizon. The B 

horizon also is characterized by increasing color segregation or 

mottling due to alternating wet and dry conditions. The organic A 

horizon often is considered the zone of depletion while the B horizon 

is the zone of accumulation. 

Carbonates are leached from the~ and B horizons and usually 

carried downward in the pore water into the groundwater system. In 

some cases, carbonate minerals accu~ulate or precipitate from the pore 

water at the top of the lowest horizon, the C horizon which is com~o~ly 

called tne parent ~a~erial. 
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Figure 11. Glacial advances in Illino~s 
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The preglacial bedrock surface in Illinois varies in age from 

Pennsylvanian to Cambrian. All sites studied are 

underlain by Pennsylvanian age rocks consisting predominately of 

shale interbedded with thin sandstone, limestone, and coal layers. 

Sites A, B, and Care located in south-central Illinois in 

relatively flat and featureless drift plains underlain by till 

sheets of Kansan and Illinoian age, Illinoian water-laid deposits, 

and Wisconsin loess and silts ,. (see figure 9). Site Dis located in 

north-central Illinois on the flood plain of the Illinois River 

and is underlain by recent alluvial materials over Wisconsinan 

glacial outwash (see figure 9). The stratigraphy of all four sites 

is described in detail in the following case history sections. 
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Sectior: 2:!'.: 

Case Histories 

Site A 

Site A is a secondary zinc sr:elter loce.teu in south-central 

Illinois. ~he plant started operations between 1865 and 1890, 

initially processed zinc ore_ and v:as converted to a secondary 

zinc smelting facility in about 1915. Wastes from the sMelting 

operations during the first 85 years were principally heavy 

metals-rich cinders, and ashes. During the early years large 

quantities of cinders were used as road fill or surfacing for 

secondary roads and farm lanes in the plant area. The re~ainder 

was ~sed as fill material around the plant buildings and as 

surfacing over the property. As a result of these disposal 

practices, there now is a 1- to 10-foot thick layer ot netals

rich cinders covering about 12 acres of the plant property. 

In compliance with air pollution control regulations, a 

scrubber was installed on the plant stack in 1970. Prior to 

that ti~e, wind-blown ash, rich in zinc and other heavy metals, 

was deposited on the plant site and on the 

surrounding ·far~land. This source of pollution has now been 

·wc1s te1v 2.t er from the scruu':.)er is u:_sposed of in a. 

seepace pit constructed on the cinder materials that form the 

present day land surf'o.ce. ~:;evern.l huncirec to~s of hir-t zi~c 

content s ludze have 2.c cu:i ula.teu fror:-1 the :':'t:c ue i-.t c lea.nine of 

th :.. s l) it a. n d are L e i r:. r: r cpl"' J c e s J e C. for ::-~ :.. n c re c c: very . ~: c s t 0 f 

tr1e ·da.ter f::·or. L.e pit infiltrates into tl:e p;rounc1 unclerlyin,:: 
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Prior to t l 1 e stud ~1 
, it was felt that Ero u nd ·water 

pollution _rr:i[;_ht Le cccurrin[ fro1~~ t1·1::--·ee _possible sources: 1) t::e 

lar6 e volume of soliu ,\·aste 1:mter::2.ls (cinders and stored junk 

waiting to be processed; 2) the hifhly ~ineralized liouid ~astes 

froL the Gtack scru'ubers; 3) . the '1iincl-blo·dn ash fron the sr.:elter 

furnace prior to installation of the scrubbers. 

Table 3 illustrates the che~ical prope~ties of these waste 

IT'a.terials at Site A. 

Because of the long period of operation of this facility and 

the various sources and forms of pollution likely to be present, 

this site was selected for detailed study. Maxi~u~ tine, effort, 

and money was devoted to the study of this site to develop the 

study □ethodolocy and optimize its application to other sites. 

A tot al of 49 ·wells at 36 locations were completed at Site A. 

Core sarples ,,ere taken at each of these locations and at an 

additional 23 sites (see Figure 12). ~otal uell and core s·arr..pling 

footages are about 1309 and 1454 feet respectively. 

Geology 

'11 he £lacial materials at this site range in t~nickness fron~ about 

55 feet on the east to about 75 feet on the west. ~he straticraphic 

units recognized are essentially uniforn in character and thicl:~ess 

:=·nd c.enera.ll;r flat l:rinc across t1-:2 f; i ts ('?5-9:ure · .J. r·!"_i:• elev:::.ti : n 

of the t c d ro c 1-:: surface dips fro fft_ 1~ Lt~ feet a.l1 o v e s e ,3. 1 eve l on the 

e2st to L132 feet nn the i.•rest . 

..,c'::i_tc:8 from sel_Pcte,.:; b~ori·nr:•;'C' ·!:1 __ ·('. P -i-clurlc(i· ~t the e _, .c> .L, ,..., ·~ .LJ , - • - u. _ • ~ ... - - ~ 1 1 , .... :: o. . J. nu o .L l, n e 01 r., e 

A discussion. A tabulation of data ffom all sites is avail~ble 

fror:1 IJ.S:1 .I.S. nineralorical 

inforrntion for e22h unit. ~ br i e~ descrintion of e2ch str~ti-
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Table 3. Chemical analyses of waste materials - Site A ~~ 
.~ 

( iJ 
., 

Cinder Stock piled S 1 u r ry from Supernatant liquid 
·~ 

fill dried sludge from disposal pit from disposal ' ; 

disposal pit sample pit sample ' ! 
j 
l 

{ 

Si02 29.8 % .42 z .28 % 

Ti0
2 

.52 % .01 % 

Ali°3 
10.4 % 1.28 % 2.01 % 

Fc
2
o

3 
9.53 z 1.01 % .88 % 

HgO .92 % .29 % .08 % 

CaO 3.68 % .25 % • 15 % 

r-Jaz° .54 % .08 % .07 % 

K
2
0 .91 % .20 % • tlt % ~ 

p 2°s .21 % .006 % 

Total s 1.22 c,. 
~ 1. 14 % 1.03 % 

V205 .007 % .. 0006 % .0004 % 

ZnO 16.4 % 68.3 % 71.8 % 
C Pb0

2 
6.2 % 9.lt % 4.6 %· 

Cd 5.6 mg/1 1 Bo· mg/1 114 mg/1 75 mg/1 

Cu 1010 mg/1 1079 mg/1 829 mg/1 .23 mg/1 

Ni 56 mg/I 160 mg/1 118 mg/1 3.3 mg/1 

Hn 498 mg/1 198 mg/1 202 mg/1 

Hg • 19 mg/1 2.0 mg/1 1.6 mg/1 

As 46 mg/1 90 . mg/1 75 mg/1 

Sb 160 mg/1 38 mg/1 

Se 3.3 mg/1 26 mg/1 

Pb 15&3 mg/1 

Zn 26,000 :ng/1 
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UNIT 
AVE?.fa.SE AI/ER/-3E CLhY CARBON.; TE 

STAGE TEXTURE MINERALOGY (<2µ) MINERALOGY ( <2µ) 

( 4-59-37) M 84.5% 
PEORIA LOESS I 11% LEACHED 10 samples 

8 samples 
WISCONSINAN 

(20-47-33) M 85% 
ROXANA SILT I gc.,1 LEACHED 9 samples 

,a 

7 sa.111pl es 

BERRY CLAY (33-31-36) M 77% 
SANGAMON IAN 

MEMBER- SAND INCREASES I 13% LEACHED 
GLASFORD TOWARD BASE 

FORMATION 13 samples 13 samples 

HAGARSTOWN 
(46-33-21) M 30% 

MEMBER- I 51% LEACHED 
GLASFORD VARIABLE 

· FORMATION 3 scmpl es 3 samples 

ILLINOIAN M 45% 
INCREASES CONTAINS (31-40-29) 

GLASFORD SANDIER 
HITH DEPTH CARBONATES 

FORMATION ~IEAR TOP 
I 40% MAY BE 

TILL 79 samples DECREASES LEACHED 
WITH DEPTH AT TOP 
51 sample? 

LIERLE CLAY M 45% 

YARMOUTH IAN MEMBER- (24-41-35) I 37% LEACHE-0 
BANNER 8 samples VARIABLE 

FORMATION 6 samples 

(25-44-31) M 16% CONTAINS 
BANNER SANDIER I 557~ CARBONATES 

KANSAN F0Ri'-1ATION NEAR TOP VARIABLE MAY BE 
TILL- 40 samples 31 samples LEACHED 

AT TOP 

tlO 
M 3¾ 

PENNSYL VAN I.llJI BmlD I ,E LE.~.C!--1:'.::l 
SYSTEi·l FO~t-,1,:~\TIO'l iJ! FO?~ .r.,.;, 10:.; :2_ s ? .. ;-~ ~es 

(4-59-37) = Average percentage of sand, silt, and clay excluding gravel. 

M 64% = Average percentage of mont,orillonitic (expand~ble) minerals 
in clay fraction (<2J). · 

I 11~ = Average perc2n~age of illite in clay fractio~. 

s:'atle l!. ':1extural anc r.:ineralorical data for 
stratifraphic ~nits - f~te ~ 
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Wisconsinan Stage 

· A) Peoria Loess (4-6 feet thick) - Brownish-gray clayey silt. Sand content 

averages 4 percent. Montmorillonit£c(expandable)clay minerals 

average 84.5 percent, illite averages 11 percent. Consists of wind-

blown deposits during and following Woodfordian glaciation beyond the limits 

of Woodfordian glaciation (Wedron Formation). The Modern Soil profile has 

developed in the Peoria Loess as evidenced by abundant organic material, 

iron stains, and absence of carbonates. 

B) Roxana Silt (0-5 feet thick) - Dark brown clayey silt. Average sand content 

20 percent, may be as high as 34 percent. Similar to the Peoria Loess in 

clay mineral content. Distinguished from the overlyin~ Peoria Loess by color 

and greater sand content. Consists of wind-blown deposits mixed with under

lying material. Contains Farmdale Soil and probably part of the Modern Soil 

profile; it is leached and contains iron stains and organic material. 

Sangamonian Stage 

Glasford Formation 

C) Berry Clay· Member (3-5 feet thick) - Dark gray sandy silty clay with a trace 

of gravel; distinguished from the overlying Roxana Silt by color and/or tex

ture. Sand and gravel content increases toward the base. Clay mineral co~o-

sition similar to the Peoria and Roxana. Conside~ed an accretion-gley deposit 

produced by slow accumulation of predominantly fine-grained sediments in 

poorly drained areas. Development of the Sangamon Soil in the Berry Clay is 

evidenced by abundant organic material, iron stains and absence of carbonates. 

Illinoian Stage 

D) Hagarstown Member (1-2 feet thick) - Silty sand with some gravel. Clay 

mineral compostion similar to underlying till, illite averages 51 percent and 

montrnorillonitic clay minerals aver2ge 30 percent. Sand content variable, ~2.y 02 L ~ 
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to 50 percent. In some borings, less sandy and hard to distinguish from the 

underlying Illinoian till. Variability of the Hagarstown and the similar 

clay mineral composition to the underlying till . suggest an ablation origin 

related to the melting of the glacier which deposited the underlying till. 

Typically leached and iron-stained, indicating that the Sangamon Soil extends 

through this unit. 

E) Glasford Till Member (20-43 feet ·thick) - Gray to dark gray sandy and silty 

glacial till. Contains carbonates except where Sangamon Soil extends into 

the uppermost portion. Illite over 50 percent of the clay fraction near the 

top of the unit and decreases with ·depth. Montmorillonitic clay content 

increases with depth. Sand content averages 35 percent near the top, 

decreases to less than 30 percent near the base. Lenses of dark olive-brown 

leached clay are locally present, apparently sheared up from the underlying 

Lierle Clay (see fig. 9). Discontinuous lenses of sand and silt also are 

present. 

Yarmouthian State 

Banner Formation 

F) Lierle Clay Member (0-4 feet thick) - Dark olive-brown silty clay. Sand con-

tent averages 24 percent. Clay mineral composition is variable. An accretion 

gley, contains Yarmouthian Soil; leached and iron stained. 

Kansas Stage 

G) Banner Formation Till (10-29 feet thick) - Gray to pinkish gray sandy silty clay 

till with some gravel. Carbonates are present except locally at the top. A 

higher illite content and lower rnontmorillonitic clay content than Glasford Form

ation Till (E). Montmorillonitic clay minerals average 16 percent and illite 55 

percent of the clay fraction. Average sand content 25 percent as compared to 31 

percent in the Glasford Till. Shale fragments and discontinuous sand and 
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silt lenses are present. YarMouth Soil has developed into the 

till. I~vidence of soil f'orn:ation ex~ends 1,•;ell into the till., 

( · suggesting a long period of soil formation or intense weatherinr. 

( 

Pennsylvanian Systec 

Bond Formation - Bedrock consisting of green shale containin~ 

abundant mica. 

HiGh kaolinite and illite content and low rnontmorillonitic 

clay content. Bedrock is leached. No textural data. 

At Site A, four soils are recognized in the glacial drift. 

In addition to the Modern Soil which has developed in the Peoria 

Loess and Roxana Silt, the Farmdale Soil has developed on the 

Roxana Silt, the Sangamon Soil on the Berry Clay and underlying 

Illinoian deposits, and the Yarmouth Soil on Kansan sediments. 

Inasmuch as the upper four units are relatively thin and con

tain three soil profiles, the glacial drift is leached to a depth 

of 12 to 15 feet. The zone of leaching typically extends into 

the Hagarstown or Glasford Formation Till. 

Resistivity Survey 

An electrical earth resistivity survey was conducted at Site 

A by the Illinois State Geological Survey on October 21 and 22, 

1974. The location of the 35 resistivity stations is shown on 

figure 14. The Wenner configuration was used in the study with 

a-spacings for electrodes at regular intervals ranging from 2 feet 

to 100 feet at a majority of stations. The apparent re sis ti vi ty 

values at a-spacings of 2, 5, and 30 feet at each station are 

shown on fi~ure 14~ The 2 foot a-spacinc was not used on the line 

of traverse iE:rnecliate ly north of the railroad. !11 he a spacilrb .fa 
& 

- v..al~..... Ee s i st iv it y r.,e as u re n c n: s 1.d thin the i rmne di at e vi c i nit y of 
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tne site 1.·rerc not possible .due to the extens i v2 cinder fill arJ.cl 

presence of conductors such is electric . lines, fences and rail-

road tracks. ~ 

Apparent resistivity □easurerents at the 30 foot a-spacinr 

a~e sho-. r:i on figure 14. s:.1he res is ti vi ties at this a-spacinr: ranre 

fron 15-30 onm-ffeters ·with 2.n a ve race: value of 22. 7 ohm-r;~eters. 

The apparent resistivity values neasured at larger a-spacings are 

sinilar to those measured at 30 feet. Fron an overall view, the 

resistivity values were uniformly low and indicate that the general 

region of the site is underlain by fine-grained materials. Thick, 

permeable zones of sand and gravel were not detected. Extensive 

lateral or vertical migration of significant quantities of conta~in

ated ground water through the fine-grained sediments is unlikely. 

However, the electrical earth resistivity methods cannot reliably 

detect thin, shallow,silty sand lenses which may locally be pathways 

for the slow, lateral ffioveraent of sreall quantities of contaminated 

ground water. The study of cores from borings at Site A show that 

a thin, silty sand (Hagarstovm Member of Glasford Formation) does 

occur locally at depths less than 15 feet. 

Anonalously low, shallow resistivity values (measured at a

spacing of 2 feet and 5 feet) north to northeast of the snelter and 

south of the site, appear to define a re~ion of contamiriation 

app2.2e~1tly f ror~ d epo::;-Lt i on of ~:inC:.-l1l.o:,-r::1 r :ate::.'."ials., or posslt l y ±'rorr 

durpinr of material on the surface. The ceneral re~ion of low sur-

~ace resistivities is indicated on firure 14c 

:-'t 2.tj_on no. 34 is locatec: in the so:J.th,,:estern ra.rt of tr.e s~uo.:r 

2 rea in the floodplain of the sra ll streaD ~ hich received ru~off 
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readin~s for a-sracin~ o~ 2 feet ~~u 5 ~ect Qt ~~is st2.tior. nay 

be due to presence of contar:-.inants at 2. sh2.llo~1 de})th deposited 

along the strea~. 

"1- Station no. 26 is located in cir.der fill sout~-: of the scrubber 

waste pond. The resistivity instruEent would not read out reliable 

measurements at this station. 

At fifteen of the resistivity stations (shown on figure 14) 

analytical methods were used to reduce the apparent resistivity 

values to the true resistivities of the geologic materials present 

at different depths. The following values were determined for six 

of these stations. 

Depth Interval (ft) 
No. 1 0-2.2 

2.2-3.2 
3.2-7.6 

~ 7. 6-30 

No. ;i _ 

No. 16 

No. 25 

Ho. 28 

Ho. 31 

0-3 
3-5 
5-8 
8-34 

0-1.4 
1.4-2 

2-5 
5-55 

0-1.0 
1.0-2.2 
2.2-9 

9-37 

0-1. 6 
1.6-7.5 
7.5-60 

0-1.8 
1. 8-4. 8 
Li.8-32 

Thickness (ft) 
2.2 
1.0 
4.4 

22.4 

3 
2 
3 

26 

1.4 
o.6 
3 

50 

1 
1.2 
6.8 

26 

1. 6 
C::: 0 
..) . ~' 

52.5 

1. 8 
3 

27.2 

True Resistivity(ohm-m) 
43 
22 

8 
29 

12 
9 

15 
30 

105 
32 

8 
32 

12 
19 
10 
30 

21 
1 7 
27 

97 
11 
25 

The shallow, hi~h resistivity values are caused by the low 

conductance of unsaturated Eeolocic naterials. 7hi s shal lm;, 

resistivity layer is absent at st2.~ions located in the rerion of 
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suspected surface contamination. 

The extremely low resistivity values ~hich occur in the dep~h 

interval of approximately 3 to 8 feet are due to clayey geologic 

~aterials which are saturated TTith water of naturally high Mineral con~ent. 

7his low resistivity zone occurs across the entire area and can~Jt 

be related to poor quality ground water from the industrial site. 

The low resi~tivity zone correlates with the Berry Clay Member of 

the Glasford Formation which is present in this depth interval. 

The low resistivity zone is underlain by geologic materials 

with true resistivities ranging from 25-32 ohm-meters. These uni

form low values indicate clayey fine-grained sediments are present. 

Hydrology 

Based on the geologic description of this site, it is quite 

~- obvious that there is no significant aquifer present· in the imrned

iate vicinity of the plant site. The Hagerstovm f/iember, a thin 

(1 to 2 feet thick) continuous silty sandy zone appears to be the 

only permeable zone that could allow for significant lateral 

groundwater movement away from the site. To develop even a domestic 

water supply from this sand unit probably would require the construc

tion of two or more large-diameter bored wells. 

To determine the hydrologic characteristics of this unit a 

pumping test using 3 observation uells was conducted at Hell site 

S-2 on August 12, 1975. Well S-2S was punped for a period of 3 

hours at rates from .180 to .111 ~allons rer ~i~ute. Observation 

wells 1, 2, and 3 were located 7.2, 14.8 and 23.o feet north of 

the punped 1re 11, respect j_ ve ly. A 11 drcrwclo•:in da.t a. were adj 1.1s ted 4co 

the .f'in2.l !)u;.1pinc rate ( .111 f,pr.;_) for analysis pur9oses. 
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Adjustec"i. cir:ie-drcu:ao·vm aat2: f·)r cbservatj_on i-'•tells l and 2 

( 1.-.rere plotted on log-loc graqh paper (see fir. 15 a e: b). J\.c.3.ju~ted 

distance-dra.1:dm-:n data for observ2.tion ·wells l, 2, 2.nd 3 at 180 

r_inutes also v;ere plot tecl on lor:-log r;raph :ria.per ( see fi['"ure 15c). 

~hes~ curves ~ere ratchcd to the nonleaky artesian fornula prese~ted 

by \Talton (17): 

§ = (114.60/T) W(u) 

where: 
00 -u 

W(u) =Jue /udu 

and u = 2693 r 2 S/Tt 

s = drawdown in observation well, in ft. 

Q = discharge, in ~pm 
. ' 

T = coefficient of transmissivity, in gpd/ft. 

r = distance from observation well to pumped well., in ft. 

S = coefficient of storage, fraction 
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( t = time after pumping started, i~ min 

The average computed coeficients of transmissivity, permeability, 

and storage are 285 gpd ft., 190 gpd ft 1 ·, and .00128, respectively. 

Deviations between the early adjusted drawdown data and the type 

curve is probably due to the effect of removing stored water from the 

casing of pumped well. For this reason, heavy emphasis was placed on 

matching recovery data and late pumpage data to the type curve. 

Water level hydrographs for all shallow wells at Site A are 

presented in figure 16~ Also included are graphs of precipitation 

and the zinc plant water consumption for the period of record. The 

hydrographs generally can be divided into three categories: 1) upland 

type wells responding principally to precipitation, 2) those located 

in lowland areas and responsive to precipitation, and 3) those re-

<( · sponging more to the liquid disposal activity at the ·plant site. 

The upland type wells responding principally to precipitation are 

best characterized by the hydrographs for wells SCH-1S, S-4S, 

S-5S, S-7S, S-21, and S-29. Wells in lowland areas but responsive 

to precipitation are best illustrated by · the hydrographs for·wells 

S-16, S-19, S-20, and S-23. The hydrographs for wells S-2S, 

S-10S, S-12, and S-18 best illustrate water levels of wells responsive 

to the disposal activity of the plant. Maximum and minimum water levels 

for all shallo 0,v wells are summarized in rrable 5. 

Water table contour maps were drawn for each round of water 

level measurements made. Figures 17 A and B for I,!arch 1976 and 

November 1975 illustrate the high and lo~ ~ater table configurations 

respectively. In both instances there is a water table mound beneath 

the plant site and movement of ~ater is in all directions away from 

~~ ~ pla~t camnlex . T~ ~ r~Jati~el~ high pe~meability of tte fil~ 

- 9~-
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( 
materials at the plant site, its topographic setting (higher than 

the surrounding land), and the liquid disposal activity of the 

plant all contribute to the development of this recharge mound. 

Water level hydrographs for all deep wells at Site A are 

presented in figure 18. It should be noted that water levels in 

wells S-5D, S-6D, S-7D, and S-8D took approximately 15 months to 

stabilize. This was due to the relative impermeable nature of the 

materials these wells were completed in. Wells S-lD, S-2D, S-3D, 

S-4D, and S-9D were completed in sandier units and therefore were 

reflecting stabilized water levels within 1 or 2 months. Due to the 

slow recovery rates of some deep wells, they were not sampled monthly 

as were the shallow wells. The dots in figure 18 indicate when 

samples were collected. The decline in water levels after sampling 

is obvious in data from wells finished in the less permeable units. 

Maximum and minimum water levels for all deep wells are summarized 

in table 6 .-

Due to the problem of not having stabalized water levels in some 

of the deep wells for the period of record, monthly piezometric 

surface maps were not drawn. An estimated piezometric surface maps 

for deep wells is presented in figure 19. In general, water levels 

in the deep wells are higher than those in the shallow wells in-

dicating a probable upward movement of water within the glacial 

drift sequence. In the immediate pla~t area, ~here the 

/'"\ --:::J-



( Table 5. Range of water level :'lucuations in shallow wells - Site A 

Low High 
Well LSD Depth MSL Date Depth MSL Date Flucuation 
no. below below 

land(ft) land(ft) 

1-s 507.08 2.05 505.03 11-18-75 .73 506.35 3-20-75 1.32 
2-s 507.83 6.10 501.73 7-13-76 4.15 503.68 1-9-75 1.95 
3-s 505.60 2. 80 502.80 10- 1-76 .22 505.38 3-20-75 2.58 
4-s 506-87 4.64 502.23 10- 1-76 1.51 505.36 5-20-75 3.13 
5-s 507.07 4. 32 502.75 11-18-75 1.31 505.76 3- 2-76 3.01 
6-s 510.51 9.43 501.08 10- 1-76 2.97 507.54 4-8-76 6.46 
7-s 506.78 5.63 501.15 10- 1-76 2.36 504.42 3-2-76 3.27 
8-s 506.13 2.75 503. 38 7-29-76 2.38 504.75 3-2-76 . .37 
9-s 504.39 3.84 500.55 10- 1-76 1.78 502.61 4-8-76 2.06 

10-s 504.16 1.34 502.82 8-12-75 .23 503.93 7-22-75 1.11 
11 507.82 6.99 500.83 10- 1-76 4.51 503. 31 4-8-76 2.48 
12 508.87 5.52 503. 35 7-13-76 4.05 504.82 7-22-75 1.47 
13 507.00 3.29 503.71 11-18-75 2.25 504.75 7-22-75 1.04 

14-s 504.45 2.79 501.66 10- 1-76 .88 503.57 7-22-75 1.91 
15-s 508.92 4.89 504.03 10- 1-76 2.13 506.79 7-22-75 2.76 
16 505.81 3. 30 502.51 10- 1-76 1.53 504.28 4-8-76 1.77 
17 505.89 2.89 503.00 10- 1-76 1.47 504.42 3-2-76 1.42 

/ 18 510.14 5.30 504.84 · 7-13-76 3.22 506.92 7-22-75 2.08 
( 19 506.24 3.35 502.89 10- 1-76 1.38 504. 86. 3-2-76 1.97 

20 504.98 2.21 502.77 10- 1-76 1.28 503.70 3-2-76 .93 
21 509.04 7-93 501.11 10- 1-76 5.02 504.02 4-8-76 2.91 
22 503.50 4.19 499-31 10- 1-76 1.54 501.96 3-2-76 2.65 
23 502.64 2.60 500.04 10- 1-76 1.31 501.33 9-24-75 1.29 
24 500.79 3.13 497.66 10- 1-76 .20 500.59 9-24-75 2.93 
25 500.37 3.61 496.76 10- 1-76 .11 500.26 3-2-76 3.50 
26 499. 30 4.40 494.90 10- 1-76 .61 498.69 3-2-76 3.79 
27 505.29 3.54 501. 75 10- 1-76 1.31 503. 98 3-2-76 2.23 
28 503.82 3.05 500.77 10- 1-76 .22 503.60 4-8-76 2.83 
29 505.59 5.12 500.47 10- 1-76 1.23 504.36 4-8-76 3.89 
30 500.65 3.54 497.11 10- 1-76 .15 500.50 3-2-76 3.39 
31 499-54 3.90 495.64 10- 1-76 1.10 498.44 4-8-76 2.80 
32 498.44 3.32 495.12 10- 1-76 .13 498.31 4-8-76 3.19 
33 497-92 .3.83 494.09 10- 1-76 .36 497.56 4-8-76 3.47 
36 503. 47 4.13 499-34 9- 9-76 1.15 502.32 7-29-76 2.98 

CHI-s 486.00 7.49 1+78. 51 10- 1-76 1. 95 48~1. G4 5-20-75 r- r-~ 
J,:)j 
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Table 6. Range of water level flucuations in deep wells - Site A 

Low High 
Well LSD Depth IV'.tSL Date Depth MSL Date Flucuation 
no. below below 

land(ft) land(ft) 

1-D 507.08 3.11 503.97 11-18-76 .87 506.21 5-20-76 2.24 
2-D 507.83 4.50 503.33 1- 9-75 2.87 504.96 3- 2-76 1.63 
3-D 505.60 3.98 501.62 1- 9-75 1.92 503.68 5-20-76 2.06 
4-D 506.87 25.21 481.66 5-20-75 4.12 502.75 7-20-75 21.09* 
5-D 507.07 59.40 447.67 5-20-75 7.61 499.46 9- 9-76 51.79* 
6-D 510.51 56.75 453.76 6-18-76 10.96 499.55 9- 9-76 45.79* 
7-D 506.78 43.22 463.56 7-22-75 3.60 503.18 9- 9-76 39.62* 
8-D 506.13 26.72 479.41 8-13-75 1.58 504.55 6- 8-76 25.14* 
9-D 504.39 . 8.70 495.69 11-18-75 + .41 504.80 3- 2-76 9.11 

CHI-D 486.00 9.56 476.44 10- 1-76 6.61 479.39 5-20-75 2.95 

*Water levels not stabalized 
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shallow water levels are mounded, the movement of water in the 

shallow deposits probably is downward and horizontally while water 

in the deeper units probably is moving upward and horizontally. 

Using Darcy's equation v = PI where: 

v = apparent or bulk velocity 

P = permeability 

I= hydraulic gradient 

an average apparent rate of groundwater movement in the shallow 

deposits was calculated for the immediate plant area. The average 

rates of groundwater movement from the mounded area in March 1976 

and November 1975 where 0.17 and 0.19 ft/day respectively. The 

actual or effective velocity is described by Hantush (19) as the 

apparent volume divided by the effective porosity of the soil or 

aquifer. The effective porosity is the portion of pore space in 

a saturated permeable material in which flow of water takes place. 

Not all of the pore space of a mterial filled with water is open 

for flow, since part of the voids are filled with water that is 

held in place by molecular and surface water tension forces. 

The porosity of the aquifer materials (Hagerstown Formation) at 

Site A where measured to 0.32. Based on data preiented by Todd (20), 

an effective porosity or specific yield of 0.10 was ~ssumed. 
C-1 X/u -V G.A.,.../-k...-.. 

Using this value, effective velocities o f 1 .7 and 1.9 ft/day~~ 

620 to 690 ft/year were calculated for the mounded area of the 

plant. 

These unexpected high rates of movement can be explained by 

the relatively steep hydraulic gradients developed beneath the plant 

complex. Similar calculations in areas removed from the influence 



( 
_-;-

..5- X' ,re, ,::::,,,,__ /.&---- c... 

of the rec,:r(a1..,ge mound resulted in average effective velocities 
✓· 

of 0.15 to 0.40 ft/day or 55 to 145 feet per year. 

A soil temperature survey was conducted at Site A by the 

Illinois State Geological Survey on April 16 and 17, 1975. 

The 58 stations occupied in this survey are shown on 

figure 20. Temperature measurements were made in degrees Fahrenheit 

at a depth of 70 centimeters below land surface. Lines of equal 

temperature on a contour interval of one degree Fehrenheit are 

shown. A halo of high temperature was measured surrounding the 

smelter. The direction of shallow ground-water flow away from 

the smelter may be interpreted from lateral changes in the 

soil temperatures. Inferred lines of ground-water flow are shown 

on figure 20. Flow appears to be west to southwest, east to south

east and north from the site. The ground-water flow to the north 

discharges in the low ground immediately north of the railroad. 

The temperature survey indicates very little ground-water flow 

to the south of the site. Flow in this directions is restricted by 

the low swale just south of the plant property. 

The shallow flow system interpreted from soil temperature 

measurements is similar to the potentiometric surface map of the 

shallow ground-water flow system constructed fro~ water level 

measurements in shallow piezometers at this site 

(see figure 17). 
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Chemical data 

Aside fror::proviuin0 data for deta.ilea. geolor::ic description, 

cher.:cial analysj_s of the core saEtpl2s \·~ere conducted to define: 

(1) the vertical and horizontal migration patterns of chenical pollut-

a.nts through the soil; and 2) the residual cher::ical buildup in soils 

in the vicinity of the pollution source~ Results of chemical analysis 

conducted on soil core samples from site A are tabulated in Appendix 

C. ·Preliminary analyses of core samples ·during the early stages of 

the study indicated that four elements (zone, cadmium, copper, and 

lead) were most likely to be carried into the soils and groundwater 

system beneath the plant property. As a result these elements were 

selected for routine analytical analyses. 

Results of chemical analysis of core samples from the Site A 

control hole located approximately 3 miles south-south west of the 

plant, and saCTples from unaffected soil horizons beneath the plant 

property suggest that background concentrations for the 4 elements 

tested should be about 20 to 50 mg/1 for zinc, .04 to 1.5 mg/1 for 

cadmium, 10 to 30 mg/1 for copper, and 10 to 40 rr.g/1 for lead. There 

appears to be no significant chemical variation with depth or between 

geologic unit boundaries. Some zinc levels in isolated Pleistocene 

soils were higher. 

To outline the limits of migration of these metals beneath the 

plant and Give an indication of the effectiveness of the soils in re

taining these reetals, a series of cross sections showing zinc concen

trations of the soil were prepared. The west to east cross sections 

are shown in ficure 21. On the north side of the railroad trac k s 

rather scall quantities of zinc were found in the upper 3 to 5 feet 

of the soil profile (see 1-1 2.~1d 2-2). i~ost of the zinc introducted 

into this area probably was wind blown , "-- ~ 

QUSv ana ashes from the plant 
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zinc in the soil occurred iLnecli2.tely bE:r1eat n -c.;·:ie plant property 

(see 3-3', 4-4', 5-5', and 6~6'). Two principal sources of pollu-

tion, the cinders co~ering the plant property and the scrubber waste 

water, have resulted in large quantities of zinc moving into the 

soil profile. The effect of the scrubber ~.-as te -r::a.t er di schar~e 

is obvious in cross section 4-4'. Beneath well S-12 the depth 

of penetration (to the 100 mg/1 boundary) is approximately 28 feet. 

However, it is interesting to note that lateral Qigration due to 

this activity has still been very limited. It also is worth 

noting that no significant lateral mi~ration has taken place beyond 

the two drainage ditches bounding the plant on the west and east. 

Further south, beyond the limits of the. cinder covered port ion of 

the plant property, very limited zinc penetration has occurred 

(see 7-7' and 8-8'). 

The north-south cross sections shown in figure 22 also in

dicate that significant residual soil zinc concentrations are 

limited to the immediate area beneath the plant property. 

Similar cross sections illustrating the buildup of cadmium, 

copper, and lead were prepared for this site. The general shapes 

of these cross sections are similar to those for zinc. The depth 

of penetration of cadmium is slightly less than that of zinc but 

considerably greater than th~t of copper and lead. FiGure 23 

shmrs the seneral bu.=-:.lc.up of cadni u1:: i l'i t:he ssil for ti:-i.:::> cro3s 

sections throuch the plant property. 

Ficures 24 and 25 illustrate the s2re t~o cross sections 
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for copper and lead, respectively. The very shallow depths of penetr2-

( · tion of these eler.,ents substar:tiates results of laboratory studies by 

Frost and Griffin (2) indicating the rel~tive i~□obility of these 

ffietals. In general it was found that the areas of greatest penetration 

of the LI elements traces, occurred lJeneath the scrubber H2.ste ,,rater pit 

where a significant source of the metals, the scrubber waste water, 

is present, and the recharge into the soil system is greatest. 

In other areas removed from the pit the presence of the cinders 

becomes the dominant factor with lowland areas were ponded water 

accumulated secondary. 

In addition to the direct percolation of metals rich water, 

at the plant site, a significant amount of metals rich surface 

water is running off the plant property and percolating into the 

stream beds draining the plant to the southwest and southeast. An 

accumulation of metals-rich cinder type sediments in the stream bed 

was noted. The retention of metals from the percolating water by 

the soil beneath the stream' beds is illustrated in figure 26. From 

figure 26 it can be seen that the concentration of metals retained 

and depth of penetration decreases as the distance away from the 

plant site increases. The exact location of core sampling t·rith re

spect to the centerline of the stream bed can account for significant 

variations in the recorded chemical constituents in the soil. Where 

possible, core sampling should be taken right in the center or 

botto~ of the stream bed to obtain comparable results fro□ hole to 

hole. 

7he mecnan~sms retaining the netals in the soil profile at site 

:\ :9rec1or;1inantl:r are catirm exchan=e and precipitation of insolub=..e 

r-:etal comr,01..md3 as a result of 9E ch2.nr;c. Cation exchange canaci":.y 
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data generated indicate little variation in the retention capabil

ities of the upper geologic units, the silts, clays and tills. 

Therefore, as metals-rich water percolates downward through the 

soil profile the metals are exchanged preferentially in reverse 

order of their mobility. 

Cation exchange capacities of soils measured at Site A range 

from about 4 to 10 meg/100 gram with the larger values occurring in 

the shallower soils. If zinc were transferred onto the available 

exchange sites of the soil, cation exchange could account for 

soil zinc concentrations up to about 3500 mg/1. This value could be 

higher according to some soil specialist as the measured C.E.C. 

may be lower than the original capacity of the soil. Some researchers 

maintain that the soil becomes "poisoned" in the presence of 

pollutants and true C.E.C. values can not be measured. 

Aside from that possibility, three other factors can be used 

to explain the difference between the very high soil zinc concentrations 

shown in the upper part of the soil profiles and the values attributable 

to cation exchange: 

1) Some of the very high values obtain for the surface and near 

surface samples actually are chemical results of cinder fill samples; 

2) Immediately beneath the cinder fill, fine grained sedimen~s 

from the cinders have been illuviated into the underlying soil 

also resulting in high zinc values of those samples; and 

3) Soluble and insoluble salts of zinc and the other metals may 

be temporarily stored in the aerated zone·waitin~ for eventual 

migration downward with later recharge events. This also results i~ 

-ll;-



As the cation exchange capacity of the soil is exhausted and 

sufficient depth is reached to eliminate the three factors just 

noted, the metals buildup in the soil slowly continues to advance 

deeper into the soil profile. As this process occurs, calcium and 

magnesium are released into the water from the soil and the pH of the 

soil is lowered. When a depth is reached where the soil has not 

been leached, the pH increases, resulting in the formation of 

zinc precipitates, and a sharp break or decrease in soil zinc content. 

The alteration of soil pH in the upper geologic units was enhanced 

by the character of the infiltrating fluid. Samples of water collected 

after percolating through the cinder fill materials forming the 

sides of the disposal pit had measured pH values near 5. It can 

G be assumed that the same pH was experienced by water filtering 

downward through the cinder fill covering the plant surface. It 

is suspected that sulphur contained in the cinders was dissolved 

to form a weak sulfuric acid thus creating the low pH and increasing 

the mobility of the zinc. 

The conclusion pertaining to the mechanism of zinc and other 

metals fixation drawn from this field study are in agreement with the 

results of recent laboratory studies by Frost and Griffin (2). They 

conclude that increased removal of metals frc1n solution oc~urs 

"with increasing pH values and with increasing concentrations of 

the heavy metal in solution". 

Representative adsorption isotherms for Zn, Cu, and Cd developed 

by Frost and Griffin (2) are sho~~ in Figure 27. A marked increase 



in adsorption occurred for all V1ree ions as the pr increased. ':.1he 

( curves for Zr,. o.dsorption sho1;1 8. shD.rp · incre2.se in gradient at atout 

250 mg/1 at pE G. 75 and 7. 0, respectively. Sir:-.ilarly, the pH 7 

curve for Cu adsorption had a sh2.rp gradient increase at about 20 r.-,g/1, 

as dj_d ::Le CC curves at a.bout 1m r-·. :-/1 '1.ncl 5 r:;c/1 a~ pli6. 5 and 7. 0, 

respectively. A sharp chanEe 1n :Eradient in an adso~ption isother□ 

generally is viewed as initiation of precipitation. 

Adsorption isotherms obtained for pure montmorillonite clays, 

at pH 5.0, developed by Frost and Griffin (2) is presented in 

Figure28. Curve A illustrates the amount of Cd, Zn, or Cu adsorbed 

by montmorillonite from pure Cd(N03)2, Zn(N03).2, or Cu(N03) 2 solu

tions that were adjusted to pH 5.0. Curve B illustrates the data 

obtained when using landfill leachate. r1axi~urn adsorption occurred 

in the pure Cd (NO 3) 2, Zn (NO 3) 2, or Cu (lJO 3) 2 solutions, whereas 

( adsorption in the leachate was nuch lower because of competition by 

orfap.iC:_s and other metals in solution, and organic complexing of 

the metals. The field situations discussed in this paper lie sane

where between these extremes, and probably closer to the pure solu

tion than the leachate. In Griffins (21) studies □ontmorillonite 

adsorbed approxi□ately 5 tiMes ~ore metals than other clays under 

similar conditions. It has already been noted that the soils at 

Site A are Rontnorillonite rich. 

Precipitation also is an irportant ~echanisr for heavy-~cta l 

re~oval fron solutions as is indica~ed by the ~eroval of Cu, Zn, 

27. 

7 __ 
1 

r. - 2. b , 
l _.,.~ - - ._, ) 

Calculations - based on 
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I 

7r(nr.~ '12 sol1ibil;tv ;~ est·i1-;-:::i.t;::i{ tn l ,P• 20.'.J r..,r~/1 Zn, and.at 1DE 6.t=: 
~ - .. '-....1 - ·" - ... - - - -'- t.} . _._ ~ . - ... ,_ - " - .; ....... .-/ ... _ -

~irilar calculat~ons of solubility product ·for Cu(OE)2 <cu(OH) = 

. - -10 2 
1.6 x 1n J) predicted that prccipiiation should be initiated at 

approxir..a~ely 2 nc/1 at pE 7 anci 20G r::i.rjl Cu at 9:r: 6. 

Calculations of the solubility product of Cd (KCd(bI~)
2 

= 

6.5 x 10-15 ) indicated that Cd~OH) 2 is nuch more soluble than 

either Zn(OH) 2 or Cu(OII) 2. Hm·Jever, the curves in Ficure 25 are 

consistent v-ii th a mechanism of CdCO 3 formation :(KCdCO 3 = 5 .1 x 10-12 ) 

will precipitate at Cd concentrations between 3 and .29 mg/1 at pH 7 

and between 29 and 290 mg/1 Cd at pH 6.5. 

Close examination of the data at site A indicate that the con

centrations of zinc in the soil are highest in soils with a pH less 

than 6.5. Soil pH values as low as 3.4 were recorded and increased 

with depth to normal values around 7 to 8. Therefore, at low pH 

values, adsorption or cation exchange is the mechanism of heavy 

metal attenuation. The metals are adsorbed by the clays from solu

tion as the liquid moves through the subsurface. As the pH increases, 

heavy metals not adsorbed by cation exchange are precipitated, thereby 

-reducing concentrations of heavy metals in solution. _ Thus, pH con

trols the naximum concentration possible in solutions. 
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Results of chemical analysis of water samples collected from 

wells at site A are presented in table 7. All wells finished at . 

the bedrock surface (S-lD through S-9D) produced water containing 

less than 0.5 ~g/1 zinc. The few isolated samples indicating higher 

zinc contents were determined not to be representative. 

The zinc content of water collected from the shallow wells tapping 

the Hagarstown sand unit are illustrated in figures 29A.and B. 

Figure 29A illustrating data for samples collected August 13, 1975 

represents the minimum extent of shallow groundwater pollution and 

figure 29B illustrating data for samples collected September 9, 1976 

represents the maximum extent of pollution. Due to the problems of 

not using a satisfactory sampling procedure and the unsuccessful 

attempt to detect well seal failures, further analysis of the water 

quality data generated probably is not worth while. As indicated earlier, 

the sampling procedure used in this study could account for as 

much as 40 to 80 percent of the fluctuations noted between sampling 

periods. 

To better define the _quality of water in an affected and 

unaffected area, water samples were collected from wells S-3S and S-6S 

for total mineral analysis.· The results of these analysis and 

analysis of a water sample from the shall~w control hole well 

indicate general agreement for S-6S (the unaffected area well) and 

SCHl-S. Increases in mineral constituents in the affected area 

well (S-3S) are obvious (see table 8). 
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( Table 7. Water quality data - site A 

1975 1976 
3-20 5-1 6-18 7-22 8-13 9-24 3-2 4-8 6-8 7-13 7-29 9-9 

1-S 18. 15. 1.3 1. 8 
1-D .58 .51 <.5 <.5 
2-S 4.3 1.4 7.6 <.5 2. <-5 11 <.5 5.7 
2-D .016 .15 · <.5 <.5 
3-S 790. 660. 736 628 662 662. 720. 602.3 240. 476. 300. 
3-D .017 . 72 <. 5 25.8 .98 <.5 
4-s 8.4 <.5 <.5 <.5 <.5 1.4 10.3 <.5 
4-D 3-7 <. 5. <.5 <.5 <.5 
5-S <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 3.7 
5-S <.5 <.5 <.5 <.5 
6-S <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 
6-D <.5 <.5 <.5 <.5 <.5 
7-S <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 
7-D <.5 <.5 <.5 < . .5 <.5 
8-S <.5 <.5 <.5 <.5 ~-5 <.5 <.5 <.5 
8-D <.5 <.5 <.5 
9-S <.5 <.5 <.5 <.5 <-5 <.5 <.5 <.5 
9-D <.5 <.5 <. 5. <.5 <.5 

10-S 207 293 350 50.3 363. 447. 196. 
10-D 1.74 42. 224. 9.4 
11 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 
12 14"780 12:,700 15"700 4000 12"476 15"300 15"600 21"580 15"600 
13 6.2 10.9 16.9 33.8 500 <.5 <.5 <.5 156 
14-s <.5 <.5 <.5 <.5 <.5 3.2 <.5 <.5 4.2 
14-D <.5 <.5 <.5 <.5 <.5 <.5 4.8 
15-S <.5 20.5 <.5 <.5 10.6 2.0 50. 198. 18. 
15-D 162. 144. 143. 12.9 110. 212. 87. 
16 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 <.5 
17 <.5 <.5 . <.5 <.5 <.5 <.5 <.5 <.5 <.5 
18 571. 566. 610. 353.7 585. 850. 170. 758. 342. 
19 <.5 135. .88 8.2 <.5 <.5 7.2 9.6 
20 <.5 8.7 <.5 <.5 <.5 <.5 <.5 <.5 
21 <.5 <.5 <.5 5.6 12. <.5 
22 <.5 <.5 <.5 <.5 <.5 <.5 <.5 
23 308. 11.2 56.2 10.1 43. 103. 105. 
24 <.5 <.5 <.5 <.5 <.5 
25 <.5 .5 <.5 <.5 <,: <.5 
26 <.5 .5 <.5 <.5 <.5 < ' .J <.5 
27 4.9 .5 <.5 <.5 <.5 13.1 <.5 
28 <.5 .5 <.5 <.5 <.5 <.5 <.5 
29 <.5 .5 <.5 <.5 <.5 <.5 <.5 
30 <.5 .5 <.5 <.5 <.5 <.5 < ~ ., 
31 <.5 .5 <.5 <.5 <.5 <.5 <.5 
32- <.5 .5 <.5 <.5 <.5 <.5 <.5 
33 <.5 ,5 <.5 <.5 <.5 <.5 <.5 
36 <.5 <.5 <.5 
37 <.5 <.5 

CH-IS .5 <.5 3.1 <.5 <.5 < ' .J 
CE-10 .5 <.5 

-122-



( 

(. 

EXPUWAT 10.'I 

c O CORE HOLE 
5 0 l.'cLL 

SCALE: OF FEET 0 -

~o 

• s29 

a 

I 
I 
t 
I 
I 

. I 
I 
S28 , . 
I 
I 
I 

f 
I 

I 

EXPLANATION N 
c O COF.E HOLE j 

S27 

• 

S O \./:LL r 
SCALE OF FEET 

~o 

• S29 

b 

I 

I 
I 
t 
I 
I 
I 
I 
S28 ,. 
I 
I 
I 
f 
I 

r:• • 

c12 
0 

. :.,1...nc 

S7 

• 

S7 
@ 

S19 

• 

sa 
• 

C20 
0 

Sl7 

• 
ZINC, mg/J 

Au.;usr 13. 1975 

l ,~ --.J...C.:j-

ss 
0 

ClJ 
0 

s20 

• 

C6 
0 

ClJ 
0 

:·.'e 1 ls 

s :1 
0 

Cl4 
0 

S9 

• 

Cl9 
0 

CI,: 
0 

I 
I 

J 

SJ,; 
0 

S9 
e 

C23 
0 

s21 
0 

I 
I 
I 
f 
I 
I 
I 
I 
( 
I 

' 
S3,: 
0 

C23 
0 

s21 

• 

S35 
0 

s:~ 
ii> ! 

t 

S35 
0 

s23 

s22 

• 



I 

' 

rlablc 8 Selected total mineral analyses data - Site A 

Iron(total) 
Manganese 
Calciurr. 
I1agnesiun 
Strontiur.1 
Sodium 
Potassium 
Ammonium 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Lithium 
Nickel 
Zinc 
Phosphate 

(filt) 
Phosphate 

(unfilt) 
Silica 
Fluoride 
Boron 
Nitrate 
Chloride 
Sulfate 
Alkalinity 
Hardness 

Fe 
Mn 
Ca 
I·-1s 
Sr 
Na 
K 
NH4 
Ba 
Cd 
Cr 
Cu 
Pb 
Li 
Ni 
Zn 
P04 

Si02 
F 
B 
N03 
Cl 
S04 

(as CaCO 3) 
(as CaC03) 

SCEl-S 

ng/1 

2.3 
.14 

9 6. 11 
38.3 

.27 
75.4 
1.0 
0.1 

<0.1 
.oo 
.oo· 
.oo 

<.05 
.01 

<.05 
.oo 

0.1 

0.5 
15.8 

0.3 
o.o 
0.5 
6 

140.1 
404 
398 

r.i.e/1 

4.81 
3.15 

.01 
3.28 

.03 

.01 

.01 

.17 
2.91 
8.08 
7.96 

Total Dissolved I!inerals 615 
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S-6S 

4. 7 
.44 

33.5 
13.7 

.oe 
81.9 
o.6 
o.o 

<0.1 
.oo 
.oo 
.oo 

<.05 
.oo 

<.05 
. 04 

0.1 

o.4 
13.2 
0.3 
0.1 

. 1. 2 
20 

120.1 
166 
140 

394 

1. 67 
1.13 

3.56 
.02 
.oo 

.02 

.56 
2.50 
3.32 
2.80 

S-3S 

o.o 
21. 01 

240'0 
893 

5.25 
389 
367 
156 

<0.1 
1.19 

.01 

.04 
<.05 

.15 
2.8 

750 

o.o 

o.o 
33.1 
o.o 
0.5 

223 
8300 

564.o 
40 

9660 

13802 

r..e/1 

119.76 
73.L4 

.12 
1C.92 

9.39 
8.64 

.02 

.10 
22.95 

3.59 
234.06 
11.73 

.80 
193.20 



The data from S-3S was as expected and substantiates the 

( solubility product calculations. The zinc concentration (750 mg/1) 

and pH (6.5) are in excellent agreement with the solubility of zinc 

hydroxide (800 mg/1 at 6.5 pH). 

These conclusions are borne out by the water quality data as 

well as the data from the soil cores. For example, the zinc con

centration in piezometer 535 is 750 mg/1 approximately the solubility 

of zinc hydroxide calculated at pH 6.5. 

Evidence of cation ion exchange also is shown by the high concen

trations of calcium (2400 mg/1) and magnesium (893 mg/1) present in 

this sample. The cation exchange positions in soils in this region 

of Illinois principally are filled with calcium and lesser amount~of 

magnesium. Grim (22) indicates that zinc is higher in the montmorillonite 

exchange seri.es than Ca and Mg., and thus will replace these ions on the 

( ) clay structure. According to Griffin ( 21), this process releases 

calcium and magnesium to the environment even when these are not part 

of the ori~inal waste stream. 

Because of this phenomena., it is recommended that total mineral 

analysis be conducted on water samples from monitoring wells where ~ 

cation exchange is likely to occur. Increases in one or more-bf these 

constituents (calcium or mag~esium) could be an early warning of the 

eventual appearance of the more toxic metals. However, to properly 

interpret a series of samples the problem associated witn collec~ing 

comparative samples must be solved. 

In addition to the groundwater po1lutio~ study at this site. Dr. 

Bill Edwards of the Illinois State :Iatu~al Eistory Survey conducted a 

prelimjnary study of the surface soils and vegetation species surrounding 

the sit e . Results of his work are ~rese~ted i ,_ ~~~?ndix S. ~he findings 
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Levels of zinc in su:cf2.ce soils vj·ere high near the , 

\( smelter a.t Si tc A and tended to decrc2.se v.'i th distance from the 

smelter.. Statistical modeling indice.ted the.t zinc is signifi

cantly conserved in soil organic r.r1atter. Consist£:.ntly high levels 

of zinc \Yere detected in alluvi2.l outv1ash soils high in organic 

matter tor considerable distances below the smelter. The · 

· · · ·conclusion ·was dravm that erosion jOf surface soils high in zinc 

serves as a transport . mec_hai."'1.ism in _ the dispersion of zinc a:way 

from the smelter. The distribution, density, and productivity 
.. 

of wild plants and the planting of agricultural crops in the. 

vicinity of the .smelter were significantly related to the zinc 

status of surface soils~· Chemical analyses of ·plants indicated: 

( 1) that the zinc status of plants reflects, at least in par_t, .· 

the zinc status of their environ.rnents, (2) that different plants, 

even those grov~ing in close association, evidenced qui t _e . -

different levels of zinc,·· and _(3) that d_ifferent parts of plants 
. .. - . 

concentrate zinc at different rates.·. ·_Although statistical 

·'i· •./', .-'.·-· __ -.· .(· analyses ha:ve no~ _bee~·')·9m;i~ted,· a.ll observations that .:~ea; ··on ·_·. 
. . . . . _. . . . ' ~ . . . . -. . .... ~ . : . . . . : . . ... 

;\:(_::--:: -: . > _. ·:_·_:findings of previo~sly ·reported r~s~arch .on zinc-plant relation-.: . _-·r' ,: . . 

{::: ,· • . , ~~i1s ar~: in: · g~ner8.i · aeie~rrieri~ · ni ;~ i~e earlier findi~gs. ·. · The · -. ·· · 
.. : .;. ·-_;. _:. _:· .-· . .. ·. ··.-.. •-lj" • . _:.: : ';• - . ..,. .• : . ·. _ •" • · - ~ • I - ~ .. _~ 

·._hy.pothesis _i~ ~d.vanced ·th~t amino acids· may be in-r'olved in. th-~ 
. . . .. ·. a.c 2u2ul2:tion of zinc . in pl2!1.ts 2 .6e.i:::1.st a conce::-i..tr2.tion g"!'2.dient 

. . 
w:ith zinc in the soil solution, in the transport of zinc in the 

P. 1r--nt ,:ind mi· o:i--i.1-l, al~o relate to conseTi\rP+1· on o"'""l. zinc i· n soil 
C.,_ ' CJ, .L & J.. 0 ._.. V 

organic matter. 
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Summary 

The results of soil coring and water sampling of wells at Site A 

have defined the migration patterns of toxic metals from this site 

into the ground and shallow ground~ater system. Cation exchange 

and precipitation of metals compounds as a result of the change 

in pH of the infiltrating fluid are the principal attenuating 

mechanisms influencing the metals movement. · 

The geologic setting at Site A has demonstrated the ability 

to contain high concentrations of toxic metals over an extended 

length of time. The desirability of this type of geology for 

disposal of similar types of pollutants has been clearly demonstrated. 

The successful application of soil coring and water sampling 

from wells has proven the value of these techniques as research 

tools. The complimentary data generated from each technique are 

necessary to fully understand the fate of toxic metals migration. 
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SITE A S-12 L.S. = 503.57, En g i r~ :: e t i n g · D a ta Grain Size 

No. Depth of Unit Grcphic I.' Gs Void Dry II 

/WA Sample Description Log P.a ti o D2n Gvl Sd St C1 
o.:i{ (ft) % #/ft J ¼ }~ °'' 

,., 
,= "/; 

FILL I l. t:. ➔ 

1 1.5-2. 0 '1· !,.l ?ti 
2 3-5-4.o 0 47 10 43 PEORIA LOESS l · 3 5.0-5.5 . 

72 25 0 3 4 6.0-6.5 5 42 29 29 . 
5 7-5-8.o ROXANA SILT\ - . 
6 8.0-8.5 ( 3~:-~J-~_2 )_I 1 37 30 33 
7 9.5-10.0 
8 10.6-11. 3 2 30 35 35 
9 11.5-12.0 BER.RY. _c_LAX l 1 29 34 37 

10 12.0-12.5 · ( ~4.~~~ ~3_5 )_I 1 · 30 44 26 
11 13-5-14.o· 5.3 - 3 43 15 42 
12 14.0-14.5 HAGARSTOWNI 3 31 34 35 
13 14.5-15.0 1 41 33 26 MEMBER I 14 15.0-15-5 7.4 
15 15.5-16.0 (36-34-3□) I 

~ -
16 16.0-16.5 4 34 36 30 
17 16.5-17.0 3 . 48 32 30 
18 11.0-17.5 GLASFORD I 5 28 32 40 . 
19 18.0-18.5 

FORMATION I \ / 
,.,, -

20 19.2-19.8 I ......., I' 6 32 39 29 
21 20.5-21.0 rrLL \ \ \ / 
22 21.5-22.ff (3 □-38-32) / I -- - 9 28 44 28 .:_.,; 23 23.0-23.5 / I \ -- -
24 23.5-24.o I'\/ - 1 12 52 36 
25 26.0-26.5 ' \. .,,,.,-

.. 

,. 

---------· - - ----·· ··-·· ·-·-·· - ·-· -··-·-··-··-- ---· ··-- ·--··-·····-·--···· . ·---··-·--·------
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S-12\ 

No. 

1 
2 
3 
Li 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

DI M 

Cl 
/:J 

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

~ 

X-Ray Data 

I C-K 
Cl 
h 

Cl 
h 

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

: 

Cal Dol Zn 
cts/ cts/ 
sec sec mg/1 

- - 57:,000 
- - 9,500 
- - -
- - 4:,700 
- - l/ :,600 
- - -
- - 7.,800 
- - -
- - 8.,900 
- - -
·- - 6.,2oq 
- - -
- - -
- - 7,400 - - 3;700 
- - ..... 

- - -
- - -
- - 1,200. 
- - · -
- - 190. 
- - -
- - 290. 
- - -
- - 150. 

\ 

-137-

Che;:-1i ca 1 Data 

Cd Cu Pb pH c:--r C.1.., 

neg/ 
r,g/1 rng/1 mg/1 100] 

2:1 -r • 17. 14. - -
36. 18. 42. - -- - - - -
- - - - -
15. 43. 55. - -
- - - - -
- - - - -- - - - -
32. 11. 14. - -
- - - - -
- - - 4.-8 2.9 
- - - - -
- - - - -
31. 15. 19. 4.9 3.7 
29. 14. 7.9 - -
- - - - -
- - - - -
- - - - -
12. 17. 12 .. - -
- - - - -
1.6 17. 9.6 - -
- - - - -
1.8 15. 7.6 - -
- - -· - -
1.3 14. 10. - -

: ... 
. . 

; 

.. 
: 
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Site B 

Site B also is a secondary zinc smelter located in south

central Illinois. As at Site A, this was a primary smelting 

operation processing zinc ore from about 1904 until 1962. It 

was then converted to a secondary smelting operation and currently 

is reprocessing selected scrap metals. 0astes from this smelter 

during the early years of operation were the same type of metals

rich ashes and cinders as at Site A. An area of approximately 

38 acres at the plant site is covered with from 1 to 15 feet of 

these metals rich cinders. 

In compliance with air pollution regulations, this industry 

installed an electric precipitator on their stacks in 1968. The 

precipitated particles are immediately recycled into the smelting 

process. 

The suspected sources for groundwater pollution at this site 

were essentially the cinder fill material and stored ·scrap or junk 

on the plant property. Since this site is so similar to Site A, 

only a minimum amount of time and effort was spent in studying it. 

Therefore, a basic grid of 9 locations (22 wells) was established 

to form a basis for study. An additional 6 locations and wells 

eventually were constructed to permit more detailed metals 

migration definition (see figure 30). Total well and coring 

footages are about 1010 and 785 feet respectively. 
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The clacial drift at this site ranees in thickness from 40 to 

( 65 feet, beco~ing thicker where the drift fills a northwest-southeast 

G 

trentlinG bedrock valley, (ficures 31 A&E) T~e elevation of the Penn

sylvani a n oedroct ranres from [i:reater than lllO :;:eet above sect level 

in the sou.thi;Jest and northeast portions of tr.e site to less than 390 

feet in the valley to the northwest. rl111e stratigraphic uni ts are 

continuous across the site and tend to drape over the bedrock sur

face, gently dipping toward the valley (figures 32 & 33). Data from 

selected borings are included at the end of this site discussion. A 

complete tabulation of all data from all sites is available from 

N.T.I.S. Table 9 summarizes the textural and nineralogical informa

tion for each unit. A brief description of each stratigraphic unit 

folloNs: 

Wisconsinan Stage 

A) Peoria Loess (0-5 feet thick) - r1assive, brown, clayey silt. Sand 

content is low. Expandable clay minerals make up over 80 percent 

of the clay fraction. Modern Soil developed in the Peoria; organic 

material and iron stains are common. This unit is leached. 

B) Roxana Silt (3-8 feet thick) - Brownish-cray sandy silt. Sand con

tent increases from about 18 percent at the top to about 28 percent 

at the base. Clay mineralogy similar to the overlying Peoria. The 

buried Farmdale Soil has developed in the Roxana which is leached 

and contains some organic material and abundant iron stai~s. 

Sa.ngarion St ace 

GlaGford Formation 

C) 0err:' Cla~r r.Ienber ( 3-5 · feet thick) - Brm·misb-gra:;1 and yellou-trm·:n 

mottled sandy silty ~lay with so~e ~~avel. Sandier than the Roxana 

f l t.Cl r·:ay contain up ,to :SO percent sand.. Clay· nineralo[2:y is s::..rr,i2.ar 
. . 

:. ~_, t,c ~.~1 ~.:~~e i.-._~r:~-,~-~·t {J.·~-C~_ ::,::j:.:1~:2.. CC)Y--1~; ~::r·:r ~i;:~ .3.:j_ ;::_,~r~.r>ct:.o~-~~J.e:- c:e ;: c. s=.t-J 

r , • ., r. ::,.,.,·i eo;. c~;:.nc-::ir~1on ::...;'oil i···•:_; r1evcloo~cl i n the Be1,-r~1,· i· t i· s -1.ear._hea, 
- l 1. ,_ ....... '-"- .J.. -· , I.....,,' '\..-1.. J, .1 (_.I,_,_, t ~ l. '-· -'- '-I J: ._. ' . - ..., --

~ _., G: • s t a i n e u , r:1. o t t 1 e d , and contains so r-c organic materin.l. 
-144-



STAGE UNIT AVERAGE AVERfa.G:: CLAY CAR3CJ:ri.TE 
TEXTURE M INERP·.LOGY (<2~) i·\ r ·:~R.il.LOGY ( <2~) 

(5-63-32) 
M 64% 

PEORIA LOESS I 24.5:~ LU.CHED 28 samples 8 samples 
lHSCONS INAN 

(16-57-27) M 80% 
ROXANA SILT 20 samples I 12% LEP.CHED 

-9 samples 

BERRY CLAY (33-35-32) M 85% 
MEMBER- I 10% 

SANGAMON IAN GLASFORD VARIABLE VARIABLE LEACHED 

FORMATION 19 samples 19 samples 

HAGARSTO\·IN (41.5-29.5-29) M 72% 
MEMBtR- VARIABLE I 18% LEACHED 

GLASFORD 12 samples 9 samples 
FORMATIOtl 

ILLINOIAN 
CONTAINS 

GLASFORD (39-38-23) 
M 35% CARBONATES 

FORMATION ! '46% MAY BE 
TILL 35 samples 39 samples LEACHED 

AT TOP 

LI ERLE CLAY M 58% 
YARMOUTH IAN MEMBER- (21-37-42) I 24% LEACHED 

BANNER 3 samples 3 samples 
FORi·lATIOM 

(29-42-29) M 19% 
Oxidized: I 56% CONTAINS 

BANNER (30-41-28) M (Ox.) 22% CARBONATES 
KANSAN FORMATION I (Ox.) 59% MAY BE 

TILL Unoxidized: M (Unox.) 15% LEACHED 
(28-43-29) I (Unox.) 52% AT TOP 

· 115 samples 102 samples 
M 45% 

NEBRASKAN (?) ENION (7-54-39) I 26.5% LEACHED 
FORMATION 51 samples VARIABLE 

45 samples 

(2.5-48-49.5) 
M 11% 

PENNSYLVA:HAN MODESTO I 61 ~; LEACHED 
SYSTE!-1 FOR,'-!.; TI Gr-i 14 s2,nples liJ s 3.n10 ! es 

(5-63-32) = Average percentage of sand, si1t, and clay excluding gr avel. 

M 64% = Average percentage of montmorillonitic (exp~n~able) ~i nera1s 
in clay fraction (<2~). 

I 24.5% = Average percentage of illite in clay fraction . 

7 I,~ 
---....!.J-
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Illinoian Sta6e 

. 
D) Hagarstown Herrtber (1-3 feet thick) - Thin, yellowish-brown silty sand to 

sandy till. App~ars uniform in each boring but is variable in character 

from one boring to another, much more so than at Site A. In some borings, 

it is difficult to distinguish from the underlying Glasford Formation Till. 

Sand content varies from ho]e to hole, but is typically over 30 percent 

and is similar to the underlying till. The percentage of expandable clay 

minerals is much higher than at Site A, whereas i,llite content is lower. 

This unit is leached and iron stained reflecting the development of the 

Sangamon Soil. The lithologic variability of this unit indicates an ablation 

origin related to the deposition of the underlying till even though not 

mineralogically similar. 

E) Glasford Formation Till (0-10 feet thick) - Borwnish-gray to sandy silt till. 

Sand content typically over 30 percent. Illite content much higher and ex

pandable clay content much lower than the overlying units •. As at Site A, 

carbonates are present althouth the top of the till may be leached. Included 

in the till are sand lenses and sand coatings in joints. The till is thinner 

and more uniform in character than at Site A, and may represent only one 

glacial episode. 

Yarmouthian Stage 

Banner Formation 

F) Lierle Clay Member (0-3 feet thick) - Thin, discontinuous brown to green 

sandy silty clay with a trace of gravel. X-ray data shows the Lierle to 

contain a high percentage of expandables and a relatively low percentage of 

illite. It is l e ~ched and the Yarmouth Soil is developed in this unit. An 

accretion gley. 



( 

I 
\ 

Kansan Stage 

. 
G) Banner Formation Till (13-32 feet thick) - Oxidized brown sandy silt till 

H) 

over a lower, unoxidized, gray-brown clayey silt till. The ~ntire till 

unit contains carbonates but the upper portion has · been oxidized by the 

development of the Yarmouth Soil. Illite content is high and expandable 

clay content is low throughout the till unit (see Table]). Texturally a~d 

mineralogically the till is fairly homogenous, although the oxidized till 

i~ slightly sandier with a greater proportion of exp~ndables and illite 

than the unoxidized till (see Table9). Composition of the till appears to 

relate to the material it rests on in each boring, suggesting local incor

poration. Till thickness ranges from 13 to 32 feet. The upper, oxidized 

zone is 7 to 18 feet thick, while the lower, unoxidized portion varies in 

thickness from Oto 22 feet. 

Nebraskan Stage · -

Enion Formation (0-22 feet thick) - Dark olive-brown to brown and gray silts 

and clays of varying thickness. Thickness of this deposit appears to be 

related to the bedrock valley beneath the site (Fig.34). Sand content is 

generally less than 10 percent. Expandable clay minerals are typically 

more abundant than illite, but the mineralogy varies from hole to hole. 

The sequence is leached with localized mottling and iron stains at the top 

of the unit reflecting soil formation. 

This interval appears to rgpresent post Pennsylvanian, pre Kansan quiet

water sedimentation. The absence of carbonates suggests a long period of 

soil formation prior to invasion of Kansan glaciers. The unit is therefore 

assigned to the Enion Formation of Nebraskan age. 

Pennsylvanian System 

l~desto Formation - Bedrock consisting of greenish-gray shale with abundant mica. 

!_·:=3_t'1 iJ lir:;.i_ted becq1Jse drilling \-.. .. as ust1a1J.y terrn-i.nated at the top of bedrock. 

-1:°)l-
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( Available information suggests little montmorillonite and 

abundant illite (Table 9). The shale is leached and fine

grained, with very little sand. 

Five soil profiles were identified in the glacial record at 

Site B. In addition to the four soils found at Site A - Yarmouth, 

Sangamon, Farmdale, and Modern - the Afton Soil is developed in the 

Enion Formation. 

Inasmuch as the upper four units are thin and contain three 

soil profiles, the glac~al drift is leached from the surface to 

a depth of 10 to 22 feet. The zone .of leaching typically 

extends into the Hagarstown or Glasford Formation Till. 



Hydrology 

Based on the geologic description of Site B, the only aquifer 

of significance at this site is the Hagerstown r.i.ember, a 1 to 3 

foot thick sand unit. This unit occurs at depths from 6 to 10 feet 

and offers the only significant permeable zone that could allow for 

lateral groundwater movement away from the site. 

Due to the similarity of geologic units at Sites A and B, no 

pumping test was conducted at Site B. The coefficient of trans

missibility of the sand unit was assumed to be the same as at Site 

A, 285 gpd/ft. This results in an average coefficient of perme

ability of about 145 gpd/ft. 

Water level hydrographs for all shallow wells at Site Bare 

presented in figure 35. Also included is· a graph of precipitation 

, 1 for the period of record. The hydrographs for wells B-1S, B-2S, 

B-6S, B-7S, B-8s, B-9S, and the two control holes indicate that 

these upland wells particularly are responsive to precipitation. 

Wells B-3S, B-4S, an~ B-5S· located along the creek draining the 

plant site are in lowland settings and therefore suboect to less 

variation in water levels. Maximum and minimum water levels for 

the shallow wells are summarized in table 10. 

Water table contour maps weri drawn for each round of water 

level measurecents made. Figure 36 A and B for Narch 1975 and 

October 1976 illustrate the high and low water .table configurations 

respectively. In both instances the principal direction -of ground

water movement is to the west a~d north. This coincides with the 

surface drainage patterns established by the land surface topography. 
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I Table 10. Pange of Water Level Flucu_ations i..1t Shallow Wells - Site B 
\ 

Low Hig_h 
Well No. LSD I'epth MSL Date Depth MSL Date Flucuation 

Below Below 
Land (ft) I~nd (ft) 

1-S 457.36 6.16 451.20 10-1-76 0.99 356.37 3-19-75 5.17 

2-S 459.38 9.41 449.97 10-1-76 2.01 457.37 3-19-75 7.40 

3-S 449.93 3.49 446.44 7-30-76 1.56 448.37 9-9-76 1.93 

4-s 446.59 3.06 443.53 10-1-76 1.90 444.69 4-23-75 1.16 

5-S 447.55 6.50 441.05 7-30-76 5.44 . 442.11 3-19-75 1.06 

6-S 455.83 7.65 448.18 10-1-76 1.21 454.62 3-19-75 6.44 

7-S 455-54 5.70 449.84 10-1-76 2.12 453.42 3-19-75 3.58 

8-S 457.88 6.81 451.07 10-1-76 0.20 457.68 3-19-75 6.61 

9-S 455.67 9.15 446.52 10-1-76 2.91 452.76 5-1-75 6.24 

I 10 440.27 3.08 437.19 7-30-76 0.98 439.29 3-·2-76 2.10 

11 438.79 4.10 434.69 7-30-76 0.13 438.66 4-6-76 3-97 

14 452.07 9.95 442.12 10-1-76 9.16 442.91 7-13-76 0.79 

15 ·448. 42 6.16 442.26 10-1-76 5.79 442.63 6-8-76 0.37 

16 446.30 4.78 441.52 7-30-76 3.86 442.44 9-9-76 0.92 

17 444.77 5.35 439.42 7-13-76 4.44 440.33 6-8-76 0.91 

CHl-S 452.00 10. 34 441. 66 10-1-76 3.26 448-74 4-23-76 7.08 

CH2-S 445.00 12.09 432.91 7-30-76 6.36 438.64 5-1-76 5-73 

-l57--: 



( 
Water level hydrographs for all deep wells at Site Bare 

presented in figure 35. There are two complicating factors that 

should be kept in mind when looking at the deep well water levels. 

The lack of stabilization of water levels with time was an apparent 

problem in Wells B-3D, B-4D, B-7D; and B-9D. Wells B-3D thru 13-8D were 

constructed using the multi~well technique (placement of several 

wells of different depths in one bore hole) discussed earlier. 

Observations of water levels with time and the response of shallow 

water levels while pumping deep wells indicate that the seals be-

tween well screens in Wells B-6 and B-8 were leaking. The water 

levels measured in the deep wells were therefore more representative 

of shallow water levels. Maximum and mini.mum water levels of the 

deep wells are summarized in table 11. 

However, an estimated piezometric surfac~ map for the deep 

wells is presented in figure 37. In general, water levels in the 

deep wells are lower than those in the shallow wells indicating a 

probable downward movement of water within the drift section. 

Applying Darcy's equation as at Site A, an average apparent 

rate of groundwater movement in the shallow deposits for October 

and March are 0.10 and 0.20 ft/day, respectively. Usin~ the same 

effective porosity or specific yield as at Site A, effective 

velocities of 1.0 to 2.0 ft/day or about 365 to 730 ft/year were 

calculated. These velocities also are fairly high due to the steep 

hydraulic gradients present in the shallow drift materials. 

-15 c•-
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Table 11. Range of Water Level Flucuations in Deep Wells - Site B 

Low High 
Well No. LSD Depth MSL Date Depth MSL Date Flucuation 

Below Below 
Land(ft) Land(ft) 

1-D 457.36 11.70 445.66 10-1-76 10.31 447.05 5-20-75 1.39 

2-D 459.38 22.54 436.84 2-13-75 8.98 450.40 3-19-75 13. 56 * 

3-D 449.93 34.20 415.73 2-13-75 4.29 445.64 7-30-76 29.91* 

4-D 446.59 11.83 434.76 4-23-75 2.93 443.66 3-2-76 8.90 

5-D 447.55 6.06 441.49 7-29-75 4.79 442.76 3-19-75 1.27 

6-D 455.83 7-55 448.28 10-1-75 1.41 4S4.40 i-1g-1s 6.12** 

7-D 455-54 52.71 402.83 2-13-76 4.34 451.20 6-8-76 48.17* 

8-D 457.88 8.05 449.83 4-23-75 1.07 456.81 4.:..6-76 6.98** 

I, 9-D 455.67 28.23 427.44 5-1-75 5.69 449.98 3-2-76 22.54* 
I 

CHl-D 452.00 12.65 439 .. 35 10-1-76 6.14 445.86 5-1-75 6.51 

CH2-D 445.00 14.19 430.81 4-23-75 11.25 433-75 3-2-76 2.94 

*Water levels not stabilized. 

**Leakage between shallow and deep wells noted. 

--.Lc.~C.-
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A soil ter::nerature survev a.t Site B \·ras conducted by the 

Illinois State Geological Survey on July 11, 1975. 

The 50 stations occupied in this survey are shown on figure 

38. Temperature measurements could not be r.:ade in much .of the 

western part of the area because of a thick cover of cinders on 

the land surface. 1l1emperature measureri1ents were made in degrees 

Fahrenheit at a depth of 70 centimeters below land surface. Lines 

of equal temperature on a contour interval of two degrees Fahrenheit 

are shown on figure 38. High temperatures were r.i.easured in the 

vicinity of the buildings. Based on the variation in soil temper

atures across the area, the interpreted direction of groundwater 

flow is northward for the eastern part of the area and north to 

northwestward for the western part of the area. This compares 

favorable ~1i th the directions of groundwater flow determined from 

water level data (see figure 34). 

The ground in the eastern part of the area is covered by veg

etation and solar heating effects appear to be uniform. The land 

surface in this area slopes to the north. The increase in soil 
0 .. 0 

temperatures from 72 F south of th~ railroad tracks to 76 F north 

of the highway is apparently caused by the transport of heat north

ward by ground·water flowing downslope in the-shallow ground-water 

flm·,1 system. 

Vegetation 1,ias mainly absent in t:1e ·weste::'n part of th-~ site. 

Land surface cover in this area ranged from bare ~round to various 

thicknesses of cinders and other refuse. The variation in the 

solar heating of this area Llakes soil tenperature measurements 

unreliable for interpretation of shallow ~round-water flow. 

-2.Gl-
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r.esull:s of' a.11 cher::ico.l a.r,2.lys:Ls . concluct2c1 on sc:_l core sc-•.r:.pl-2::-; 

fro! ~; :. t e D &.re tat u 1 at e cl in i\. pp end ix C . · B-2 .. s c d on. tl-~ e e ,~ :n er i enc e r-: 2.i. ne d 

at Site A zinc deterr.inations were ~nde for all holes and nulti-~ler1ent 

analysis 1.·:ere run for only those hciles d·_ere hir-h zinc levels i::ere 

( .. ·,:_ ("; t p C'. .,__v· n r l ( "f). _ c:: 7 l 1 7 r: 1 G . r, ~.., r·• l '7 , 
_ _ _ 1.:.- \.A. \ .1....· • .J , - t , - ..,.l , · '. <:-.~!'-..I I I • 

D2.ta from the 2 control holes loec~ted al:;out l 1/2 r 0 iles southi:·;est 

of the site and unaffected parts of the cores it site 3 indicate that 

bac}:cround concentrations for zinc range frorr. 20 to 50 r.g/1, cad~iUQ 

from <.02 to .20 cg/1, copper from 5 to 20 nL/1, and lead from 7 to 

20 n:r;/1. S:hese values are very cor.iparable uith those found at site A 

and as at site A there was little variation in background levels with 

depth. 

To outline the limits of migration of zinc beneath this site a 

series of cross section showing zinc concentrations in the soil were 

developed. Figures 39 and 40 illustrate the east-west and north-south 

cross sections through the plant property respectively. Penetration of 

zinc into the soil profile is limited to those areas overlain by cinder 

fill. The depth of penetration varies from the near surface in the 

northeast portion of tl1e plant property to a maxi~um of about 15 feet in 

the vicinity of E-5. In an effort to delineate the horizontal liwits 

of zinc penetration around B-5, four core holes and wells were constructed 

surrounding it. Based on the results from these core holes it appears 

very likely that B-5 is an anoDoly. Fro~ conversation with the plant 

□anacer, it tras learned that B-5 is located Dt the site of an old 

entrance to the plant property. Over tl1e course o~ the last 30 year~ 

several types of disruptive construction t~,r :rc 2.cti vi ties have ta:(en 

areo. !"'lant en~ran.ce ro2.c T.-ro.s closed 2r~d ~iil:.nfs 

\JC re inst a.l leu 2.lo n~- tr:e hi ''"111;:o.y to s u:9port 2.n ext ens ior.. o~ the 

-163-
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An east-west water main also was installed across the old road

way and according to the plant manager metals-rich cinders were 

used as fill and introduced into the ground to a depth of about 10 feet. 

Aside from the anomalous area around B-5, the maximum depth 

of zinc penetration on the plant property was about 11 feet. As 

at Site A no significant lateral migration of zinc was detected 

beyond the limits of the plant property. Site B has greater surface 

relief than Site A and is drained considerably better. As a result, 

there is less recharge occurring through the cinder fill and thus 

less migration of metals-rich water into the soil. However, there 

is more metals-rich surface water runoff resulting in higher soil 

zinc concentrations in the soils beneath the creek bed draining the 

plant property to the north (see figure 42) • . In figure 41, the 

( zinc penetration profile between B-17 and B-10 have purposely not 

been connected. B-17 is located on the stream bank about 30 feet 

from the stream bed and as discussed before is not representative 

of zinc concentrations that would be expected in the soils directly 

beneath the creek. The differences in values at B-17 as opposed 

to B-10 and B-11 illustrate the limited horizontal migration of 

zinc away from the creek valley. 

No cross sections are presented indicating the degree of 

migration . and soil retention for cadmium, copper, and lead for 

Site B. By inspection, it is obvious that the same general rela

tionships exist between these reetals and zinc as at Site A. 

Sinilarly, the same mechanisms controlling the ~ovement of the 

metals within the soil profile at Site A also are acting at this 

site. 
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Results of chemical analysis of water samples collected fro~ 

wells at Site Bare presented in table 12. All wells finished at 

the bedrock surface (B-lD through B-9D) produced water containing 

less than 0.5 mg/1 zinc. One sample from well B-6D contained 

7.8 mg/1 zinc but probably was not a representative sample. 

Aside from a few nonrepresentative zinc contents ranging from 

1.6 to 10 mg/1 for water from the shallow wells, only one well, 

B-5S, consistantly produced water having any significant zinc con

centrations. The initial two samples having 110 and 140 mg/1 zinc 

concentrations still could have been reflecting the effects of 

pollutants introduced during the drilling process. The remaining 

samples varied from .66 to 45.5 mg/1 zinc and probably were a re

sult of varying sampling procedures. · No total mineral analysis 

were run on water samples collected at Site B. Table 13 gives 

results-of total mineral analyses from the shallow and deep control 

hole wells. 



( Table 12. Hater quality data - Site B 

1975 1976 
2-13 3-19 6-18 7-21 8-11 11-18 3-2 4-6 6-8 7-13 7-30 9-9 

1-S -39 .11 <.l <.5 <.5 <.2 <.5 <.5 .25 10. <.5 < .5 
1-M .25 .007 <.l <.5 
1-D .019 <.7 <.5 <.5 <.2 <.5 <.5 
2-S .056 .034 <.4 <.5 <.5 <.2 <.5 2.7 <.5 <.5 <.5 <.5 
2-D .013 .019 0.7 <.5 <.5 <.2 <.5 <.5 
3-S .044 <.3 <.5 <.5 <.2 <.5 < . 5 <.5 <.5 <.5 <.5 
3-D .018 <.4 <.5 <.5 <.5 <.5 
4-S .020 <.l <.5 <.5 <.2 <.5 <.5 <.5 <.5 <.5 <.5 
4-D .017 <.3 <.5 <.5 <.5 <.5 
5-S 110. 140. 29.5 27.1 8.4 8.0 .66 32.5 6.1 11.5 41.6 45-5 
5-D .16 .041 <.l <.5 29.2 0.4 <.5 <.5 
6-S 1.1 .047 <.l <.5 <.5 <.2 <.5 <.5 <.5 <.5 <-5 <.5 
6-M .25 .089 <.l <.5 3.6 
6-D .23 .023 <.l <.5 <.5 <.5 7.8 <.5 
7-S .17 <.l <.5 <.5 <.2 <.5 <.5 <.5 <.5 <-5 <.5 
7-M .039 <.l <.5 <.5 
7-D .011 <.l <.5 <.5 <.5 <.5 
8-S . 019 <.5 <.5 <.5 0.2 <.5 4 . <.5 <.5 <-5 <.5 
8-M .21 <.l <.5 

Cc 
8-D <.5 
9-S .012 <.l <.5 <.5 1.1 <.5 3- <.5 <.5 <.5 <.5 
9-D .01 <.l <.5 <.5 <.5 <.5 

10 1.6 <.5 3. <.5 <.5 <-5 <.5 
11 4.7 <.5 <.5 <.5 <.5 <-5 <.5 
14 <.5 <.5 <-5 <.5 
15 <.5 <.5 <-5 <.5 
16 2.2 <.5 <-5 <.5 
17 <.5 <.5 <.5 <.5 

CHl-S <.5 <.5 0.5 <.5 <.5 <.5 <.5 <.5 
CHl-D <.5 <.5 0.7 <.5 <.5 
CH2-S <.5 <.5 0.3 <.5 <.5 <.5 <.5 <.5 <.5 
CH2-D <.5 <.5 0.3 <.5 <.5 

-16:) -
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Table 13. Selected Total M..::_---_:::ral Analysis Data - Site B 

mg/1 me/1 mg/1 me/1 

Iron ( total) Fe 90 1.7 
Manganese Mn 3.80 .07 
Calcium Ca 12.0 3.59 80.0 3-99 
Magnesium Mg 24.9 2.05 33.2 2.73 
Strontium Sr .36 .01 .13 
Scxlium Na 169. 7.35 60.2 2.62 
Potassium K 2.0 .05 O.l~ .01 
Ammonium 1'.lH,.. 0.7 .04 tr tr 
Barium Ba 0.3 <0.1 
Cadmium Cd .oo .00 
Chromiurn Cr .00 .00 
Copper Cu .00 .00 
Lead Pb <.05 <.05 
Lithium Li .01 .00 
Nickel Ni <.05 <.05 
Zinc Zn .00 .00 
Phosphate (filt) PO,.. 0.0 0.0 

( u..ri.filt) PO,.. 3.4 0.1 
Silica Si02 16.6 20.2 
Fluoride F 0.9 0.4 
Boron B 0.2 0.0 
Nitrate N03 0.3 tr 18.2 .29 
C'nloride Cl 130 3.67 10 .28 
Sulfate so,.. 8.6 .18 149.3 3.11 
Alkalinity (as CaCe3) 460 9.20 286 5.72 
Hardness (as CaC03) 282 5.64 336 6.72 

Total Dissolved M:in9rals 543 



{ 
Summary 

The results of work conducted at Site A are directly applicable 

to the understanding of metals migration at this site. Cation 

exchange and precipitation are the principal attenuating mechanisms. 

The geology is similar and therefore desirable for this type of 

waste disposal activity. The topography of this site is steeper 

resulting in better drainage and less downward migration of the 

metals. 

The ability to define the migration patterns of the metals 

with fewer core holes and peizometers attest to the similarity of 

the sites and knowledge gained at Site A. 



. 
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Site C 

Site C is a petroleum base-chlorinated hydrocarbon plant 

producing pesticides, adhesives, resins, and other associated 

products. It is located in east-central Illinois and has been in 

operation sine~ the late 1930's. Wastes from the plant principally 

are in liquid form and are stored in surface pits or lagoons. 

Since September 1965, a deep disposal well has been used to 

dispose of most of the-waste generated (injection averages about 

400,000 gallons per day). Prior to that time, waste discharges into 

drainage ditches and a nearby stream were common. 

Waste water from the plant varies in mineral content daily and 

ranges from 11,140 to 27,479 mg/1 sod um hydroxide, 78,980 to 149,500 

(( mg/1 sodium chloride, and 111,600 to 209,500 mg/1 total dissolved 

minerals. No organic analyses Qf the waste water are available. The 

concentrations given above periodically are diluted with surface 

runoff water from the plant property that is required to be retained, 

treat~d, and disposed of along with the process waste water. 

According to verbal reports from farmers in the area of the 

plant, occurrences of gross polluticin have been experienced in the past, 

primarily in the form of surface water pollution. Evidence of 

contaminated surface water flow from the plant into nearby fields 

is present as portions of some fields remain sterile. Also, a 

few animal deaths and frequent fish kills in nearby streams 

reportedly have occurred in the pa3t due to pollution from the plant. 

The frequency of such occurrences has been reduced dramatic~lly 

since the deep disposal ~ells ~ent into operation in 1965. 

-1~~-
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As noted.earlier in this report, permission to core test and 

install monitoring wells on plant property at Site C was denied 

by the industrial officers. Due to the completely different 

nature of the potential pollution source and total cooperation 

offered by owners of surrounding farm lands an abbreviated study 

was undertaken at this site. Although scientifically limited in 

tracing the migration of pollutants thru the soil, the experience 

gained in sampling for this type of pollutant have justified the 

time and money spent at this site. 

A total of 8 wells at 8 locations were completed around Site C. 

Core samples~including bedrock core samples at 3 of the eight sites, 

also were taken (see figure 42). Total well and core sampling 

footages are about 186 and 342 feet, respectively. 
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Geoloc~r 

~he rlaci~l drift at site C varies ~ro~ 6 ·to 38 feet thick, 

becorninc thicker to the west (ficure 43A). The iapid thickeninc to 

the uest is related to the bedrock surface vrhich ci.roI')s off c1uickly 

a. t the vr est e rn e c.i. f e of tree site ( fj_ f u re 4 3 B ) . 1:2 he bed r o cl: e le vat i or: 

slopes fror 624 feet above sea level on the east to 576 feet on the 

west. S:he stratir;ra.phic units are r,enerally fla~ lyir:.:., but va:-i~r 

considerably in thickness across the site. Figure 44 is an east-~est 

cross section which illustrates the relationship between the bedrock 

surface and the glacial materials. Data from selected borings are 

included at the end of this site discussion. A complete tabulation 

of data is available from N.T.I.S. A description of each of strati

graphic unit follows: 

Wisconsinan Stage 

A) Peoria Loess (2-6 feet thick) - Brownish-gray organic silt. Sand 

content averages 14 percent, but varies from 5 to 24 percent. 

Montmorillonite averages 45 percent and illite 34 percent of clay min

eral fraction. Consists of wind-blown deposits during and following 

Woodfordi~n glaciation. Evidence of Modern Soil includes iron and 

manganese stains, organic material, and absence of carQonates. 

B) Roxana Silt (0-3 feet) - Dark brown silt. In some places it . is 

hard to distinguish from the overlying Peoria Loess or underlying 

Berry Clay. Sand content averages 20 percent but i.s variable. No 

mineralogical data is avail2.ble. Consists of ~·rir .. d-blo1.·-::1 depos:..:;s 

nixed with the underlying Lla t~rial. Contains Farr.:dale Soi 1 and the 

lower portion of the r1odern Soil. It is leached and contains iron 

stains 2.nci orc;anic natcria.l. 

San~amonian Stag~ 

Glasfo~C Forsation 

(') ... , , ~0-4 feet Brm-r:'.!ish rray. silty · cls_y ~·ri th 

-le;'.;-
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v~~ria'u le. :.o r.~tnera.locic al dat 8. is available. Cons ioered an 

accretion gley depos.it. Con,.;ain3 the Sanr~2r:or: Soil, is 

leached and conta.ins organic r:.nterial ar.d :..:'.:'en and r.:an f anese 

staj_ns. not tling increases wi ~h depth ~nc~j_ eating st:'.'.'OD£ 

Illinoian Sta.cc 

D) Glasford Till Member (0-21 feet) - Dark gray to yello~ish-brown 

sandy glacial till with so~e cravel. Sand content sorrewhat 

variable but averages 35 percent. Mineralogical data indicate 

average nontmorillonite content of 13 percent and average 

illite content of 59 percent. Evidence of the SanfaCTon Soil is 

present. It is leached and mottled at the top; iron stains are 

abundant, especially along joints. Carbonates are present with 

depth. Some interbedded silts and sands. Lowe~ portion dark 

gray to olive brown sandy till; contains carbonates, pebbles, 

and fragments of Lierle Clay and bedrock. 

Yarmouthian Stage 

Banner Formation 

E) Lierle Clay Member (0-11 feet) - Gray to olive gray silty clay. 

Contains rock fragments and some thin stratification. Texture 

variable. Montnorillonite averages 25 percent and illite 28 

percent of clay fr a cti on. Evidence of Yarnouthian Soil in-

eludes iron stains and absence of carbonates. 

Pennsylvanian System 

I.attoon formation - Bearock consisting of fine-grained micaceous 

sanostone and siltstone. :,-::>~:e sbe.1c loca.11>: present. I ,edrock 



( 
Hydrology 

Based on the geologic description of this site, there is no 

significant aquifer in the glacial materials above bedrock. How

ever, there is a sandstone unit in the upper Pennsylvanian age 

rocks that is used locally as a source for srr.all domestic type 

water supplies. In addition, there appeared to be a relatively 

permeable zone at the drift-bedrock interface at most locations. 

Lateral movement of water in this zone and the underlying sandstone 

unit appeared most likely. 

To explore the possible conveyance of pollutants at the drift

bedrock interface 5 wells were finished just above the rock. Water 

level hydrographs for these wells, the shallow control hole, and 

precipitation data are presented in figure 45. All wells appeared 

( to be very responsive to fluctuations in precipitatiqn. 

Water table contour maps were drawn for each round of water 

level measurements made. Figures 46 A and B illustrate the ·high 

and low water table config\l,rations for March 1976 and October 1976 

respectively. In both instances the direction of groundwater move

ment in the shallow drift is to the west. 

Two wells, M3-D and M-7 were completed in the deeper lying 

sandstone units. Water level hydrographs for these wells and the 

deep control hole well also are shown in figure 45. The general 

shape of these hydrographs are very similar to those for the 

shallow wells suggesting that they probably are hydraulically inter

connected. Maximum and minimum water levels for all wells at Site C 

are summarized in table 14. 
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D 

Due to the limited extent of investigatio~s at site C no 

attempts were·made conduct a pumpi~g test or de~er~ine rates of 

groundwater movement. 
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Table 14. Water L.evel Fluctuations in All Hells - Site C 

Low Hig_h 
Well No. L.S.D. Depth MSL Date Deptn l\'ISL Date Fluctuation 

Below Belm: 
Land (ft) Land ( ft) 

1-S 627.78 8.88 618.90 10-1-76 4.76 623.02 6-lt-75 4.12 

2-S 615.30 5.34 609.96 10-27-76 0.98 614.32 3-12-76 4.36 

3-S 611.26 6.82 604.44 10-27-76 1.88 609.38 3-12-76 4.94 

3-D 611.26 5.79 605.47 10-27-76 0.71 610.55 2-12-76 5.08 · 

4-S 614.78 5.38 609.40 10-27-76 -0.24 615.02 3-12-76 5.62 

5-S 615.87 4.78 611.09 9-10-76 1.21 614.66 3-12-76 3-57 

7-D 608.76 3.03 605.73 10-27-76 -1.00 609.76 3-12-76 4.03 

CHl-S 615.00 8.57 606.43 9-10-76 4.37 610.63 6-17-75 4.20 

( CHl-D 615.00 16.79 598.2110-27-76 12.50 602.50 6-17-76 4.29 
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Chemical Data 

Organic analysis of waste water from the aerated la~oon on 

the plant property were conducted by the Illinois Environmental 

Protection Agency. The three primary compounds they detected in 

the waste were benzene hexachloride, heptachlor, and heptachlor 

expoxide. Specific research was conducted for these compounds in 

the core and water samples analyzed by the Natural History Survey 

and Environmental Research Laboratories. No evidence of these or 

any other chlorinated hydrocarbon compounds was found. 

The presence of dieldrin and various forms of chlordane were 

detected in surface samples at M-3 and M-4. Both sites are in 

cultivated fields and the detected compounds were found only in the 

upper 18 inches. It is quite possible that the presence of these 

compounds is due to agricultural applications and should not be 

attributed to pollution from the chemical plant. 

Results of inorganic analysis of water samples at Site Care 

presented in table 15. Total mineral and chloride concentrations 

presented in the table indicate that wells M-2 (950 mg/1 TDS), M-3S 

( 1328 mg/1 TDS), and M-4 ( 5188 mg/1 TDS ). appear to be affected by 

the highly mineralized waste water at the plant. Wells M-1 (108 mg/1 TDS), 
-

f.1-3D (653 mg/1 TDS), r.I-5(403 mg/1 TDS), and f.i-7 (290 r.:g/1 'TDS) 

apparently are not affected. 

Due to the lack of access to the plant property no further work 

was carried out at this site o ~
1he lini ted d2.ta f::;enerated is not 

aceot...ate to define tlie lir .. its of n:irrat Lor~ of' pollutants fron t!'le 

plant site. lioi·;ever, definite evidence of inorganic :qollut2.1";ts ,:ere 

dc-.,ectcd in ,.,1,lter sa.mples f'rcm \·:ell s v.JCs"t: of the plant the direc':;ion 
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~AL IVIINERAL ANALYSIS DATA - SITE C (cont.) 

.. 'c.:11 No. M-4 M-5 M-7 MCHl-S MCHl-D 

.o.te 10-3-75 6-2-76 10-3-75 6-2-76 . 6-2-76 6-2-76 6-2-76 
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J':!·:.u .J~':c:inese Mn 14.10 3.20 1.13 .00 .00 .00 .04 
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f\..) ,., 
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1+1osphatc ( lmf'Jlt) PO4 0.0 0.0 0.1 0.0 0.0 0.1 0.0 
. ,i.1.Lco. SiO2 8.7 7.7 10.1 6.8 7.8 11.9 2.5 
s'J.uoride F 0.2 0.1 0.2 0.2 0.1 0.2 0.2 
Uoron B 0.1 0.0 0.1 0.1 0.1 0.1 0.1 
: /ltrate NO3 1.6 o.6 .01 1.3 .02 0.0 .oo 0.0 .00 0.2 .00 O.Lt .01 
-Chloride Cl 3025. 85.31 2650 74.73 19 .54 12 .34 9 .25 16 • l.+5 14 -39 
:Sulfate SO4 31.6 .66 29.8 .62 48.8 1.02 46.5 -97 36.4 .76 65.6 1.36 78.0 1.62 
Alkalinity (as CaCO 3 )208 4.16 132 2.64 302 6.04 282 5.64 228 4.56 228 4.56 191-t · 3.88 
Hardness (as CaCO3) 3480 69.60 2990 59. 80 308 6.16 276 5.52 188 3. 76 19·2 3.84 168 3.36 

'I1otal Dissolved 5188 4203 403 380 290 360 340 
~~Unerals 



( 
also were noted in fields west of the plant. It appears that the 

glacial materials are retarding the migration of the organic 

pollutants while the more mobile inorganic pollutants are migrating 

through the soil materials. No evidence of either type of pollutant 

was detected in water or core samples from the underlying bedrock 

aquifer. 
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Results 

The study conducted at this site did not permit defining the 

limits of hydrocarbon migration into the soil. Had access to the 

plant property been granted, a better understanding of the inter

action between the soils and hydrocarbon compounds could have been 

accomplished. 

The experience gained in core sampling for hydrocarbon type 

pollutants should be of value to other studies of this type. Also, 

the difficulty experienced in trying to identify possible hydro

carbon compounds in the laboratory and show that they are in fact a 

result of disposal activities and not naturally occurring compounds 

in the soil should be noted. This problem alone should be reason 

enough .to not conduct studies unless access to the pollution source 

can be obtained. Had that been the case in this study, direct com

parison of peaks on the gas chromatograph could ·have been made and 

indentification of those compounds would have been simpler. 

While no evidence of organic pollutant movement was detected, 

information is not sufficient to show to what extent soils have 

retained the organic pollutants. 
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Site D 

Site Dis secondary zinc s~elter located in north-cent~al 

Illinois. It was a primary smeltinc facility from 1906 until 

1971 when it was converted to secondary sCTelting_operitions. Wastes 

from the plant principally have been in the forn of metals-rich 

cinders as at Sites A and B. There currently is a 40 foot high 

pile of cinders covering about 12 acres in the southeast portion of 

the plant property. A 1 to 5 foot thick layer of cinders also cover 

the re~aining 90 acres of the plant complex. 

This site was selected because it lies along the Illinois River 

in an alluvial sand and gravel setting. It also is coP1patp.ble with 

Sites A and B with regard to the pollution source (zinc) and period 

of operation. A limited number of core holes and wells ·were constructed 

at this site. A total of 7 core holes and 14 wells ijt the 7 sites 

were constructed (see figure 47). Total well ~nd coring footages are 

about 347 and 185 feet respectively. 
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Geology 

The stratiBraphic u~its at 3ite D differ carkedly fro□ those 

at the other locations. Site Dis situated on a low level outwash 

terrace at the edge of the Illinois River floodplain. The outwash 

(Henry Formation) varies in character and thickness across the site. 

At the eastern edge of the property, the Eenry For~ation is over

lain by predominately swamp deposits (Grayslake Peat·). Figure 48 

is a cross-section which illustrates the nature of the deposits at 

the site. Date for selected borings are included at the end of this i 

site discussion. A complete tabulation of data for all sites 

is available through N. T. I. S. No textural or mineralogical 

analyses were run of the samples collected at this 

location. Bedrock was not encountered in any of the borings, 

so the exact thickness of the unconsolidated sediments is unknown. 

However, available data suggest that the unconsolidated materials 

f are· 50 to 100 feet thick, and thinning eastward. The stratigraphy 

developed during this investigation corresponds with previous work 

in the area by Willman (23).- A brief description of the stratigraphic 

units follows: 

Holocene Stage 

A) Grayslake Peat ( 0-20 feet thick) ·_ Recent accur.mlation of peat, 

marl, and muck locally interbedded with silt and silty sand. 

Light gray to dark cray to black in color; organic material 

including wood fragments is abundant. Contains carbonates except 

at the surface. Represents accumulation of or~anic ~aterial in a 

i:·1et, !)Oorly drained environr::.ent. Silt loan at the base 0verl~·in ;-

the henry Forr.iatj_on r:1ay represent tra.nsition frora alluvial to 

si:-1ar1py environn·ent. 
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Wisconsinan Stage 

( B) Henry For~ation (3-38 feet thicl~) - In~e rbedded clay, silt, 

sand, and gravel. Predo~inantly silt and clay in upper 

portion (see figure 48); probably contains slopewash fro~ 

adjacent bluffs, especially the western part of site. Con

siderable variation in texture vertically and laterally 

(iee figure 48). Typically becomes c?arser with depth; sand 

and gravel predominant. Contains carbonates except where 

leached at the surface. Deposited by meltwaters from the 

Wisconsinan glaciers carrying sediment down the Illinois River 

Valley. Contains poorly developed Modern Soil; has probably 

been disturbed by man's activity. It is at. the surface in 

the western portion of Site D and underlies Unit A in the 

eastern part of the site. 
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( Hydrology 

Based on the geologic description of this site, it is obvious 

that there is a thick permeable sand and gravel deposit associated 

with the Illinois River lowlands. Two wells owned by the industry 

are capable of· yielding in excess of 500 gallons per minute each. 

To determine the hydraulic characteristics of this aquifer a 

pumping test using 1 observation well (D-4D) was conducted on 

August 31, 1976. To allow for a larger pumping rate during the 

test, an 8-inch diameter well (T.W.l) was constructed 8 feet east 

of D-4D. The well was 32 feet deep and equipped with 10 feet of 

7 slot (0.007 inch) wire wound screen. The well penetrated the 

top 10 feet of the aquifer. 

The well was pumped at a constant rate of 30 gallons per 

( minute for a period of 135 minutes and allowed to recover for a 

period of 80 minutes. Water level measurements or drawdown data for 

T. W .1 and D-4D are presented in figure 49 ·• 

Analysis of these data were complicated due to the following: 

1) the low pumping rate relative to the well diameter (effects of 

stored water in the casing); 2) most theoretical solutions for 

type curves require the assumption that flow is uniform . through 

all sections of the well screen. Under ordinary circumstances this 

assumption is not critical, but • in this case cannot be accepted · 

due to the closeness of the observation well; and 3) the production 

well (T.W.l) is partially penetrating at only 17.2 percent and this 

low a percentage does not appear in tables of well functions 

found in the literature. 

To solve for the above situation, type curves were generated 

.c-o::c:J of 3. c 0:'1.p u t er p r e;~':.:--:. 
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Figure 47. Pumping test data for well T.W.l - Site D 
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( given by Prickett and Lonnquist (24) was used. Their program 

was modified to operate in a vertical cross section with radial 

symmetry about the center of the production well. The program 

also was transformed to yield a nondimensional well function. The 

well function for nonleaky aquifers, W(u) used at site A is an 

example of a mathematically generated type curve. The well 
r 

function generated in this case is termed W(u,m, y) since the 

drawdown also is a function of the ratios of observation well 

distance to the aquifer thickness (r/m) and the production well 
L 

screen length to the aquifer thickness (m ). 

Figures 49 A&B show the resulting type curve analyses for the 

pumped well and observation well, respectively. Since the effective 

radius of the pumped well is unknown, results of analysis from 

the pumped well data are considered only an approximation. The 

accepted computed coefficients of transmissivity, permeability, 

and storage coefficient are 127,000 gpd/ft, 2,190 gpd/ft 2
, and 

.094, respectively. 

The computed storage coefficient is unexpectedly high. 

This could be due to some leakage from materials overlying the 

defined aquifer. Another possible explanation is the presence of 

the cinder pile next to the pumping test site. Lowering of water 

levels due to pum.page may allow additional compact .ion of the 

aquifer materials under the weight of the cinder pile and an 

apparently higher storage coefficient value would result. 

In an effort to detect any possible shallow groundwater 

pollution at this site, a series of wells were constructed about 

5 to 10 feet below the water table surface and another series of wells 

were installed about 10 to 15 feet· below that. Water level h,rdrograph s 
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for the shallow and deep wells are presented in figure 50 . . 

( Water table contour maps were drawn for each round of water 

level measuremehts made. Figures 51 A and B illustrate the high and 

low water table configurations for June 1976 and October 1976, 

respectively. The general direction of groundwater movement is to 

the south toward the back water lake, and the Illinois River. 

Water levels in the deeper wells varied in response to 

precipitation in a fashion similar to the shallow wells. At wells 

D-1 and D-2 the vertical movement of water in the drift materials 

is downward. At all other sites~ those closer to the river, the 

direction of vertical movement is upward. Maximum and minimum -

water levels for all wells at site D are summarized in table 16 . 

To determine the average apparent rate of groundwater movement 

Darcy's equation was applied as at site A. The average rates of 

movement for June and October 1976 were 4.60 and 3.54 ft/day, 

respectively. Based of data presented by Todd ( 20 ), an 

effective porosity or specific yield of .20 was assumed for the 

aquifer materials. Using this value, effective velocities of 

23 and 18 ft/day were calculated. These relatively high rates 

of groundwater movement were to be expected in a permeable sand 

and gravel aquifer of this type . 
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Figure 50. Water level hydrographs for all wells - Site D 
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TABLE 16 

RANGE OF WATER IBVEL FLUCTUATIONS IN ALL WELLS - SITED 

Low High 
I:epth Depth 
Below Below ?luctu-

Well No. L.S.D. Land(ft.) MSL DATE Land(ft.) MSL Date ation 

1-S 490.98 18.54 472.44 10-26-76 14.56 476.42 6-1-76 3.98 

1-D 491.04 26.95 464.09 9-29-76 22.20 468.84 7-8-76 4.75 

2-S 478. 92 14.81 464.11 9-29-76 13.-32 465.60 6-1~76 1.49 

2-D 478.76 14.91 463.85 9-29-76 13.02 464.74 6-1-76 1.89 

3-S 469.58 7-35 462.23 8-24-76 5.68 463.90 6-1-76 1.67 

3-D 469.88 7.90 461.98 9-29-76 6.92 462.96 6-1-76· 0.98 

4-S 464.82 3.50 461.32 9-29-76 3.02 461. 80 6-1-76 o.48 

4-D 464.66 - 2.29 462.37 9-29-76 1.41 463.15 6-1-76 0.78 

5-S 473.56 0.08 473.48 6-1-76 -0.35 473.91 7-8-76 o.43 

5-D 473.65 -0.19 473.84 10-26-76 -0.79 474.44 6-1-76 0.60 

6-S 456.29 2.04 454.25 7-8-76 · 1.00 455.29 6-1-76 1.04 

6-D 456.37 -0.03 456.40 8-25-76 -0.49 456.86 10-26-76 o.46 

7-S 467.29 14.98 452.31 10-26-76 14.67 452.62 7-8-76 0.31 

7-D 467.08 5.74 461.34 8-25-76 5.08 462.00 10-26-76 0.66 
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A so i l tenperature surv~l was nacte at Site Don April 14 and 

21, 1976. The location of the 44 stations is s~o ~n on figure 52. 

All temperature readings were corrected to the April 14 data. ~he 

soil temperatures were measured at a depth of 70 . cm. and corrected 

for depth to the water table ty methods [iven in Cart~right (1974). 

Line of equal t~mperature on a contour interval 9f two degrees 

Fahrenheit are shown on figure 52. High soil temperatures ,-,ere 

measured surrounding the complex of industrial buildings. High 

soil temperatures were also measured in low ground south of the 

high mound of cinders, and are caused by ground-water discharee. 

At the season of the year when the soil temperature measurements 

were made, a warm anomaly is expected in areas of ground-water dis

charge. Ground-water discharge in the vicinity of the cinder pile 

may be receiving contributions from the regional flow system as well 

as from ground water locally mounded in the cinder pile. Ground

water discharge from the cinder pile may be highly contaminated. 

Inferred direction of ground-water flow for the study area 

interpreted from the soil temperature is southward toward the lake. 

This also agrees favorably with the direction of groundwater determined 

from water level data (see figure 51). . ' 
I • 
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Chemical Data 

Aside fron providing data for geologic interpretation, 

chemical analyses of the core samples were conducted to define the 

migration characteristics of the suspected pollutants through the 

sandy soil and the effectiveness of these soils to retain the 

metal pollutants. Results of all chemical analysis conducted o~ 

the soil cor_e samples are tabulated in Appendix C. As at sites A 

and B four elements, zinc, cadmium, copper, and lead routinely 

were determined. 

No control hole was constructed at this site due to the limited 

time and money available. However, data from the lower segments 

of all holes at this site suggests that the background concentrations 

found in the control holes at sites A and B also are valid at this 

site. Zinc concentrations in the lower portions of the seven core 

holes ranged from about 13 to 75 mg/1, cadmium from <0.6 to .90 mg/1, 

copper from about 10 to 25 mg/1, and lead from .<4. 0 to 9 0 mg/1. 

The number and location of core holes at this site were not 

adequate to define the limits of horizontal migration of the metals 

in the soil. However," the vertical nigration patterns are very 

similar to those encountered at sites A and B. 

Holes D-1, D-2, and D-3 are located on relatively upl~nd 

portions of the plant ·conplex. Zinc concentrations in excess of 

10,000 ng/1 were present in the cinJer fill naterial at the skrface. 

Below the fill, zinc concentrations generally decrease downward 

through the soil profile in which carbonates have been leached. 

Cation exchange is the major mechanism of attenuation in this in-

terval. 
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Below the zone of leaching, carbonates are present, and pH 

is presumed to be about 7 to 8. The increase in soil pH causes 

precipitation to be an important factor in attenuation and is re

flected by an increase in zinc concentrations. Examination of the 

core samples indicates accumulations of zinc carbonate in samples 

·with extrcrr.ely hi [ :1 zinc levels. 

The clays present in the fine-grained surfical geologic 

material is responsible for a rapid decrease in zinc concentrations 

just below the cinder fill material, just as at sites A and B. 

However, the Henry Formation becomes coarse grained with depth, and 

appears to be less effective in attenuating zinc move~ent by cation 

exchange. However, the zinc concentrations drop off quickly to 

background levels below a depth of 16 to 17 feet due to the combined 

action of cation exchange and precipitation. 

Holes D-4, D-5, and D-7 also are similar to each other. At. 

each of these locations the fill materials are underlain by the 

Grayslake Peat and migration into these highly organic materials 

is minimal. Information for hole D-4 indicates that in addition 

to cation exchange, soil pH also is a major factor contributing to 

attenuation. Hole D-6 is a· lowland swampy area with the Grayslak:e 

Peat at the surface and extending to a depth of about 19 feet. The 

repeat~d inundation of this location with high metal content sur

face water has resulted in zinc migration to a depth of about 6 

feet into the peat. In other studies conducted by the State Wa~er 

Survey, analysis of the lake botto~ sediments south of the plant 

indicate that large quantities of heavy metals have left the 

plant site by surface water mechanisrrs (see table 17). Results 

of that study indicate that surface water inundated D-6 periodically 
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Sample No. 

LDP 

LDP 

t 
LDP 

r, 
[\ LDP \() 

I 

LDP 

L' 

Table 17. Trace Elements Cencentration (mg/1) 

In Bottom Sediment From the back 

Water Lake South of Site D. 

Depth (inches) Pb Zn Cd Cu 

0-3 141 5000 52 128 

3-6 ·119 5000 34 119 

6-9 183 4100 104 130 

9-12 211 3400 116 109 

12-15 42 348 6 47 

,---..... 

-..... 

..-..... 
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had hi~h metal contents. In addition the retals conte~t of the 

lakebottom sediments can be co~pared ~ith the stream bottom sed

i~ents at Sites A and B. 

Vertical ~i~ration of cadrniu~ at each location was very similar 

to that of zinc. Copper and lead above assu~ed background levels 

~ere limited to the fill materials indicatinE little or no 

vertical migration of these metals into the underlying soils. 

The mechanis□s retaining the metals in the soil profile at 

this site are the same as at Sites A and B. Since no cation ex

change capacities were determined for core samples at this site, 

no comparisons can be made concerning the relative effectiveness 

of the sandy soils versus the clays, silts, and tills. Results of 

many laboratory studies suggest that the sandy soils would be 

less effective as an exchange material, although, it would be very 

difficult to substantiate these results from the data collected in 

this study. However, there does appear to be obvious evidence of 

the high exchange capability of the organic materials at this site. 

Results of chemical analyses of water samples collected from 

wells at Site Dare presented in table 18. All deep wells, those 

finished 15 to 20 feet into the aquifer, produced water contairiing 

less than 0.5 mg/1 zinc. Wells D-1S and D-4S produced water con

taining from <0~6 to 16.6 mg/1 zinc and <0.5 to 69,5 mg/1 zinc re-

spectively. As discussed earlier, a large portion of this la~ie 

variation in zinc content Qay be a ~esult of our sanpling nrotocol. 

I~ &ddition the close proxiDity of D-~S to the cinder pile and the 

probable resulting hichly mineral~zed ~ater may heve a~fected the 

well seal. If the first sahple (6-1-76) had been affected by the 

c:.rillinE_r, process, the .well .. seal f'a.i1ure theory ·.-:ou:i._d explain the 

r~3ult3 of the reGaininr samples. 



Hater Zn Analysis 
S.1 a.bu 1 at ions 

Table lo. Fater Quality clc t Ci - Site D. 

Site D 

·1976 
6-1 7-B 7-27 8-25 

1S 0.3 13. 16.6 2.7 

lD <.5 <.5 <.5 <.5 

2S <" 5 <.5 <.5 <.5 

2D <.5 <. 5' <.5 <.5 

3S <.5 <.5 <.5 <.5 

3D <.5 <.5 <.5 <.5 

4s 69.5 <.5 4.6 12.1 

4D <.5 <.5 <.5 <.5 

5s <.5 <.5 < .· 5 <.5 

5D <.5 <.5 <.5 

6s <.5 <.5 <.5 <.5 

6D <.5 <.5 <.5 <.5 

7S 

7D 0.3 <.5 <.5 
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Results 

The work conducted at this site was limited in scope but provided 

a basic understanding of metals migration in this type of environment. 

The site was selected because it is a sandy environment that poses 

core sampling problems not encountered at the other sites and the 

effectiveness of sandy soils to retain metals is reportedly low. 

The core sampling problems (heaving-sand, grain size segregation) 

associate with the geologic environment hindered the collection of 

good continuous core samples. Instead, samples collected from the 

sandy intervals were somewhat segregated with the fines on top and coarser 

materials below. 

The relatively shallow penetration depth of metals concentrations 

was somewhat surprising. The silty surface materials overlying the 

sand aquifer and highly organic peat deposits appear to be retaining 

significant quantities of the metals pollutants. The fact that no 

large amounts of zinc were found in the aquifer indicates that it . . 

has either not entered the aquifer or is entering it at such a slow 

rate compared to the regional flow system that it is undetectable. 

Sufficient data was not generated· to indicate that this type of 

geology is desirable for waste disposal activities of this type. It 

still appears to be somewhat suspect· for these types of pollutants 

and probably not desirable at all for more mobile types of polutants. 



( Section X 

Applicability of Methodologies 

Geologic suitability 

In addition to the drilling at sites A, B, C, and D, more in

formation was desired to provide a better understanding of the 

regional Pleistocene stratigraphy in the study areas and the general 

suitabiligy of coring as a monitoring technique. Therefore, 

four additional borings for stratigraphic control were made. The 

locations of these stratigraphic control holes (sites E, F, G, and H) 

are shown on Figure 9. Sites E, F, G, and Hare presented in tables 

19-22. 

The information obtained from the stratigraphic control borings 

indicates that, in general, the units encountered at sites A, B, and C 

( are fairly continuous across south-central Illinois. Typically, 

Wisconsinan loess overlies Illinoian and Kansan tills and related 

depostis. In addition to the Modern Soil, at least three buried 

soils are identified in the study areas~ 

At sites F and H, a thick sequence of water-laid sediments overlies 

the Glasford Formation Till. This interval, termed the Pearl 

Formation, consists of a few feet of fine-grained sediments at the 

top, several feet of sandy materials, and a thick silt at the base. 

This unit is thought to represent water-laid deposits following and 

probably related to the last episode of Illinoian glaciation. The 

Sangamon Soil is developed in the upper portion of the Pearl Formation. 

The time interval represented by the Pearl Formation may be at least 

partially .equivalent to the time represented by the Berry Clay and 

Hagarstown Members of the 3lasforj Formation at sites A and B. 

r'""\ ... . ~, -..--)-~V"1-.. • 
._. ·- - ---b 

¼2re not identified in any other bo~ings. ·Th e Glasford Formation 1111 is 

~nderlain by 17 feet 
Petersburg Silt. 

of predominantly 
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,_ . -. . . 
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34 52.7-53.0 - -- 3 25 42 33 1.65 12 62½ 25½ 29 18 
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57 68.5-69.0 - // \ 3 26 46 28 .78 19 43½ 3T~ N.D. !J.D. 
58 70. 5-71.0 ----l 0 4 38 58 1.03 20½ 4B1~ 31 10 ~ 

I ? 
59 71.5-72.0 I 0 5 46 49 1.18 27 46½ 26½ 9 13 --60 73-5-74.0 t----~ 0 0 38 62 1.39 29½ 4'71~ 23 43 30 
61 74. 5-75.0 HARKNESS SILT! 

-==i 0 0 37 63 1.61 3S1~ 4S1~ 19 48 35 - I 62 77-5-78.0. (3--~8-59) \ · --~ 0 0 34 66 1.54 34½ 4S1~ 20 -49 30 - ' 63 79-5-80 .0 --- 0 6 37 57 1.51 . 18½ 56½ 25 54 29 - ; 

64 81.5-82.0 .0 0 34 66 1.57 14½ 60 2S1'2 65 49 ' ---. 
65 83.5-84.0 - 0 1 36 63 1.58 is 5'71~ 24½ 47 35 - """'. 

66 85.5-86.0 ---- 0 5 38 57 1.89 l '71~ 61 21½ 60 48 .. -
67 87.5-88.0 - 0 7 39 54 1.54 18 57 25 61 43 
68 89.5-90.0 PENNSYLVANIAN Vll/1 0 22 45 33 1.21 27 47 26. 41 42 
69 90.5-91.0 ·sE □Roct_ I 0 37 21 42 1.27 27 48 25 46 26 
70 91.5-92.0 0 48 30 22 .96 26 44 30 ? ? 
71 92· .. 0-92.5 5 39 43 18 .70 T-7. 4 '717. 45 10 5 : 
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SITE G L.S. = 510 Grain Size ~ 
:1 X-Rc1y Data 0 

~ 

No. Depth of Unit Graphic I DI M I C-K Cal Dol Sample Description Log Gvl Sd St Cl 
cts/ cts/ 

(c) (ft) % % Cl C • Cl Cl c: h ,:; 

~ h h /') sec sec - ..... ·; 2 z . 
1 0.5-0.8 . ~ 1 5 68 ?...., N.D. -) < - ~r - - - - !\I .D. 
2 1.5-2.0 0 1 54 Ji- 72½ 19½ 8 N.D. 

LOESS'. -
1

' 

1 
-= 

,J - ?,J .D. 
3 2. 5-3. O PEORIA - - - - - 76 1&'2 J½ N.D. ·~ D r,;. I • 

4 3-5-4.0 (2-60-38 )1 ---- 0 1 58 Ln - 77 16½ 6½ N.D. ,~ D ---- -- ,..:... l'J • • 

5 4.5-5.0 rr 21 14 N.D. N.D. ►.. - - - - - - OJ 
6 5-5-6.0 - 66 21 13 N.D. N.D. --- - - - - -
7 6.5-7.0 - - - - - - 61½ 22½ 16 N.D. N.D. -8 7-5-8.0 0 10 61 29 - 54 27. 19 N.D. N.D. ; 

9 8.5-9.0 ROXANA SIL TJ t~ 0 13 57 30 - 51 28½ 20½ N.D. N.D. 
10 9.0-9.5 (11-59--30)! 0 11 55 34 - 4T"72 32 201"'2 N. D. N.D. 
11 11.5-12.0 

~~t 
7 25 32 43 - - - - N.D. N.D. 

12 13.5-14~0 l I ,. 2 31 36 33 - 33½ 44 22½ N .D. N.D. 
13 15.5-16.0 GLASFORD! / I .2 33 38 29 - - - - N.D. N.D. 
14 16.5-17.0 F08MATION / ,- 3 32 38 30 - 9½ 63 2T1"'2 N .D. 11 
15 17.5-18.0 . _TILL/ 1/ I I I 4 32 35 33 - 6½ 62½ 31 N.D. 10 '--' / . 16 18.5-19.0 (31.5-36.5-32} 1' \ ,- -..,.1 4 35 35 30 - 4½ 68"'"72· 27. 19 20 
17 19.5-20.0 ~ L 1 ' 6 34 36 30 - 10 69 21 13 19 
18 20.5-21.0 l l ~ 7 30 44 26 10 69 21 27 17 - -- -
19 22.0-22.5 ~ - - - - - - - - T-"'2 ..72½ 20 25 24 

PENNSYLVANIANi v; II SANDSTONE} 
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SITE H L.S. = 670 Grain Size ] 
X-Ray Data _J 

No. Depth of Unit Graphic I DI M I C-K Cal Dol Sample Description Log Gvl Sd St Cl 

I cts/ cts/ ' / (ft) c,/ Cl C.I 
~~ 

C,I 0/ Cl sec sec /J ;, /;, I::, lo /:) 

1 0.5-1.0 PEORIA LOE~S; [=~ ) 1 8 64 28 - - - - - -2 1.5-2.0 (10-54-36 )I ._ 1 7 58 35 - - - - - -
3 2. 5-3.0 I -. 1 15 40 45 2.2 85½ 11 3½ - -4 4.0-4.5 ROXAN,l\ SILT, -=-r--+-- 1 6 62 32 1.2 7T½ 14½ 8 - -

4.5-5.0 - 5 34 39 27 70½ 18½ 11 5 ---- - 1.15 - ----6 6.5-7.0 --- - 5 Lio 35 25 - 76½- 13½ 10 - -PEARLI ---7 8.5-9.0 ---- 25 36 37 27 - 79 12 9 - -8 10.5-11.0 FQRM):\TIONJ - • • • 0. 10 61 10 29 - 2~~ 46 · 24½ : ·.c • :' • - -
9 12.5-13.0 8 · 69 13 18 1.4 19~ 54 26½ ~ 

: • • 0. - -C , () • • 

10 14.5-15.0 ---- 29 61 17 22 3.0 l3 71 16 ' - -----11 32.5-33.0· -- 1 19 69 12 1.77 10½ 65 24½ · 27 30 12 34.5-35.0 
,. ........ . / 1 8 45 33 22 2.7 I/,--) 12 71 17 27 32 : 

13 35-5-36.0 GLASFORD I 11 43 36 21 2.0 J-3½ 65 21½ 32 21 
14 36.5-37.0 FORMATION I __ 11 -.... ~ 12 56 28 16 2.2 13 66 21 30 27 : 

15 37-5-38.0 TILL\ / \ / ~ ·9 50 31 19 2.2 12 67 21 30 . 29 ; 

16 40.5-41.0 ( 4 4-31-19 )\ ,1_,l) 16 69 22 9 2.0 11½ 66½ 22 26 : 
30 : 

17 42.0-42.5 ,/ \ _.,; ! 10 49 40 11 .2.125 8 70 20 30 . 27. 18 44.5-45.0 I '-: 10 18 55 27 2.18 20 61 19 24 20 
19 45.5-46.0 \ / ' , \ 9 · 23 50 27 2.34 22½ .60½ 17 18 16 20 47.0-47.5 .. Ill/I 37 · 15 39 46 - 32 55 13 136 12 
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~exturally, this unit v2ries fro~ a cilty clay to silt to sand. 

( ~he retersbur~ Silt is thou~ht to reoresent proglacial sedirentation 

in advance of the earliest Illinoian glaciation. 

Similarly, the Glasford For~ation Till at site Fis underlain 

by a thick silt interval. ~his ur~i t, terr::ed the Harkness Silt 

Member of the Banner Formation is fairly uniforr.1 in texture and 

mineralogy. It also is thought to represent proglacial sedimentation 

prior to Kansan glaciation. 

Deposits of Kansan age have been identified at all locations 

except sites D and G. The presence of Kansan till and related 

deposits at site F, near the southern boundary of Illinoian glaciation, 

would seem to suggest that Kansan glaciation was nearly as extensive 

as Illinoian glaciation. 



7he original intent in const~~c~i~[ :hese additional 

( stratigraphic borings i::ras to deterr-:ine \•;ha.t portions of Illinois 

would be si~ilar in their cap2bilities to retain1ng pollutants 

as Here Sites A, B, and C. ':2hese bo:rinr:s ,-;ere corrpleted before 

the study at Site D was started. The data collected indicates 

that ~e were successful in selectinc areas of sinilar feologic 

development and they probably would react to the disposal of 

waste in manners similar to -that at Sites A, B, and C. This 

suggests that there may be as much as 1/5 of the State of Illinois 

that could be suitable as disposal areas of similar types of 

wastes. 

However, the study at site D, an assu~ed poor geologic re

gime for dis.posal of the sane type of waste, suggests that even the 

sandy soil regime did a respectable job in retainlng the netals. 

t This probably was a combined result of the silty sur·face materials, 

silty sand, and large amount of iron oxide present at this site. 

The experience gained at the four study sites and strati

graphic holes indicates that soil coring can be a very helpful 

research tool in any type of geology. IIowever, proper geologic 

interpretation and a competant understandin~ of soil che~istry is 

necessary to make use of this technique. Without the expertise 

of a geologist and soil chenist the ~erits o~ collected soil cores 

are very litited. 



Use of Coring Technique in Courts 

Our experience in courts is very limited. All problems dealing with 

earth materials, and the water contained in these materials, do not have clear

cut resolutions. Instead, they frequently are a matter of degree. Our limited 

experience in court suggests that, to a large extent, the skill of the attorneys 

in dealing with scientific matters (especially earth science) has been the over

riding factor in the outcome. 

Nevertheless, we feel that the approach used in this study is scientifically 

sound, and should withstand tests in court. There are, however, two drawbacks to 

this technique which may present some problems. First, this is a new method, and 

there is a general lack of background data essential for comparative purposes. 

Second, being a new method there is the lack of previous experience and court tests; 

"standard" techniques hold up much better in court. 



( 

Cost Analysis 

One of the goals of this project was to develop effective 

investigative and monitoring techniques for detecting and evaluating 

the extent of ground water pollution from surface toxic waste 

disposal activities. In addressing this issue, the effectiveness 

and the costs of investigative and monitoring techniques must be 

considered. The following information indicates the costs of the 

two principle techniques employed in the project; 1) collecting 

core samples for analysis, and 2) installing peizometers for 

collecting water samples. 

At site A, approximately 1454 linear feet of core sample from 

59 different locations was completed at a cost of about $9835. The 

cost breakdown per hole is given in table 21 - . It should 

( be noted that the footage charges at the top of this ·table were 

established by contract in November, 1974. As the project and 

coring continued into the summer of 1976, an agreement was made 

with drilling contractor to pay on a hourly basis for additional 

work (see holes S34-S37 and C24 and C25). The average cost per 

foot for these holes was $5.39, or slightly below the minimum 

contract footage charge. 

At site B, approximately 785 linear feet of core sample from 

18 different locations was completed at a cost of about $4618. ?he 

cost breakdown per hole is given in table 24. As a site A, 

holes B14-Bl7 were drilled in the summer of 1976 and payed for on 

an hourly basis. The average cost per foot of these holes was 

$4.22, again lower than the total average of $6.33 per foot. 

At site C, due the nature of the pollutants being studied a~d 
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TABLE,~~- CORING AND S . .JJv'iPLING COSTS (SITE A) 

( 
~otal footage charged 

to unit price per foot 7otal Total Average Cost 
No. $5.50 $6.50 _$7 .50 $8.50 $9.50 cost footage pe·r foot 

S-1 21.9 26.8 11.0 4.8 $467.36 64.5 $7.25 
S-2 25.7 8.1 25.7 432.33 59-5 ·7. 25 
S-3 11.2 19.0 29.5 14.4 585.43 74.1 · 7 .90 
S-4 22.0 22.0 16.0 9.0 469.69 69.0 6.81 
S-5 23.5 23.5 13.0 2.0 406.-08 62.0 6.54 
s-6 20.5 25.5 14.o 8.0 459.54 68.0 6.75 
S-7 30.0 15.0 15.0 11.0 475.78 71.0 6.70 
S-8 15.0 15.0 35.0 452.46 65.0 6.96 
S-9 13.0 17.0 27.5 398.21 57.5 6.93 
S-10 10.0 3.0 84·. 46 13.0 6.49 
S-11 12.5 78.33 12.5 6.26 
S-12 15.0 1.5 104.89 16.5 6.36 
S-13 15.0 93.99 15.0 6.27 
S-14 17.0 2.0 121.04 19.0 6.37 
S-15 18.7 116.64 18.7 6.24 
S-16 12.5 3.0 100.12 15.5 6.46 
S-17 13.0 4.5 114.15 17.5 6.52 
S-18 14.0 5.0 120.99 19.0 6.37 
S-19 12.5 75.34 12.5 6.03 
S-20 14.0 85.04 14.0 6.07 
S-21 15.0 92.46 15.0 6.16 
S-22 10.0 60.75 10.0 6.08 
S-23 10.0 60.75 10.0 6.08 
S-24 10.0 59-95 10.0 6.00 
S-25 11.5 69.37 11.5 6.03 
S-26 11.0 65.48 11.0 5-95 
S-27 15.0 89.01 15.0 5.93 
S-28 10.0 61.13 to.a 6.11 
S-29 17.5 102.38 17.5 5.85 
S-30 12.5 74.11 12.5 5-93 
S-31 12.5 75.64 12.5 6.05 
S-32 15.0 91.31 .15.0 6.09 
S-33 14.5 86.64 14.5 5.98 
S-34 @$40/hr 3-3 hr 136.95 23.0 5-95 
S-35 2.8 hr 115.88 18.0 6.44 
S-36 2.4 hr ]..01. 17 21J. Q ll , 22 
S-37 2.4 hr 101.17 24 .o 4.22 
C-1 15.0 2.5 132.96 17.5 7.6J 
C-2 16.3 122.71 16.3 7.53 
C-3 12.5 2.5 117.29 15.0 7.82 
C-4 15.0 114.79 15.0 7.65 
C-5 15.0 114.79 15.0 7.65 
C-6 15.0 2.5 132.96 15.0 2.36 
C-7 12.5 99.13 12.5 7,93 
C- 8 16.5 124.19 16.5 ,..., ~-, 

I• _, j 

C- 9 20.0 146.12 20.0 7. 3·J 
C-10 15.9 117.83 15.9 7,tj_ 
C- 12 17.0 2..23.88 17.0 7.20 
,. - ~ n .:. : ~~ :_~ • !:)~ 13. L: ._,-_:__~: 

I 1 - -
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Table Coring and Sarrpling Costs (Site A) - cont. 

( 
C-14 14.5 111.37 14.5 7.68 
C-15 19.0 134.49 19.0 7.08 
C-16 lLI. 0 2.5 124.77 16.5 7,56 
C-19 15.0 112.88 15.0 7.53 
C-20 15.0 112.63 15.0 7.51 
C-21 17.5 127.43 17-5 7.28 
C-23 15.5 116.10 15.5 7.49 
C-24 @$40/hr 3-5 hr 145.39 25.0 5.82 
C-25 3.7 hr 153.81 27.0 5.70 
SCH-1 23.5 24.5 34.8 558.69 82.8 6.74 

Total 9b35.07 1454.2 6.76 

( 



TABLE 2 4 CORING AND SP111PLING COSS:S (SITE B) 
t 
\ 

Total footage charged 
to u..~it price per foot Total Total _:._·1er2.ge Cost 

No. $5.50 $6.50 $7.50 $8.50 $9.50 cost· footage oer· foot 

B-1 14.0 16.0 30.4 t 455.34 60.4 'fJ ,..... c:-r" 
{ • .)0 

B-2 18.0 18.0 16.5 339.75 52.5 6.47 
B-3 12.0 18.0 10.7 263.25 40.7 6.47 
B-4 14.0 31.1 15.0 391. 65 60.1 6.52 
B-5 11.0 21.0 20.3 349.25 52.3 6.68 
B-6 14.o 16.0 13.0 278.50 43.0 6.48 
B-7 11.5 29.5 25.0 442.50 66.o 6.70 
B-8 19.0 23.0 13.0 351.50 55.0 6.39 
B-9 15.0 15.0 16.0 309.19 · 46.o 6.72 
B-10 12.1 73.14 12.1 6.04 
B-11 9.5 57 .. 42 9.5 6.04 
B-12 9-5 57.42 9.5 6.04 
B-14 @$40/hr 2.4 hr 101.17 24.0 4.22 
B-15 2.4 hr 101.17 24.0 4.22 
B-16 2.5 hr 105.-39 25.0 4.22 
B-17 2.5 hr 105.39 25.0 4.22 
BC-tl-1 16.0 20.5 15.0 333.75 51.5 6.48 
BCH-2 15.0 18.0 39.5 501.88 72.5 6.92 

Totals 4 6 Y( • 6 6 7 2 9 • 1 6. J3 · 



during the coring process, all work was paid for on an hourly basis. 

( Holes Ml-M5 were drilled in the summer of 1975 at $40 per hour. 

Holes M6-M8 were drilled in the summer of 1976 and the local union 

insisted on having a local operator present. This resulted in an 

hourly charge of $62 per hour. A total of approximately 324 linear 

feet of core sample from 9 different locations was completed at a 

cost of about $5190 (see table 25). The average cost per foot at 

this site was $16.01. 

At site D the coring and well installations were done by the 

principle investigator and 2 employees of the Illinois State 

Geological Survey using a trailer mounted Mobile B30S drilling 

rig. To obtain comparable cost numbers, the salary and travel 

expenses of the principal investigator were not included in cost 

calculations. His expenses are not included in the costs . at sites 

A and B. The work at site D took 2 weeks or 10 working days to 

complete. Two-thirds of this time can be charged against coring. 

The costs of coring was calculated as follows: 

Salaries: 

2 men@ $60/day each x 6 2/3 days= $800 

Per diem: 

2 men@ $15/day each x 6 2/3 days= 200 

Lodging: 

2 men@ $15/night each x 5 1/3 nts = 160 

Sub total 

s2mple bottles 

Total 

$1160 

70 

$1230 



TABLE 25. CORING AND SAJVIPLING COSTS ( SITE C) 

Tot2.l Total Avera6e Cost 
No. Hours @$40/hr cost footage per foot 

M-1 3. 0 hou:r·s 124.21 9,5 13.07 
M-2 13.0 hours 526.51 16.0 32,91 
l.'f.l-3 8.0 hours 326.13 27.0 12.08 
M-4 4.0 hours 167.66 16.5 10.16 
M-5 3-5 hours 148.04 16.5 8.97 
M-6 18.8 hours* 1163.14 71.0 16.38 
M-7 15.2 hours* 945.26 57.7 16.38 
M-8 16.9 hours* 1048.47 64.o 16.33 
MCHI 17.5 hours 741.36 46.0 16.11 
Totals 5190.78 324.2 16.01 

*hourly rate $62 

( 



A total of about 128 linear feet of core sample was collected 

at 7 different locations for approximately $1230 or $9.57 per foot. 

The higher footage cost for site Das compared with the costs at 

sites A and B probably are the result of 3 factors combined. 

1) The drilling rig used was just barely adequate for the task 

and the work progressed somewhat slowly. 2) The 3 man crew had 

never worked together before and some time was lost at the initial 

stage due to becoming familiar with the rig and each other, and 

3) The sandy nature of this site and particularly the sand 

heaving up into the augers presented problems not encountered at 

the other sites. This also resulted in lost time. 

The cost of routine sample coring, using a professional 

drilling crew, as at sites A and B probably can be considered 

representative of 1974 costs. In planning future work, adjusting 

the $6 .. 50 to $7. 00 per foot price to current dollars would appear 

reasonable. In instances where special problems are present, 

such as at site C, cost projections would be very difficult. 

The costs associated with constructing peizometers at the four 

sites also need to be considered to make any comparative studies. 

At site A 49 wells totaling about 1309 feet in depth were constructed 

for a total cost of about $6182 or an average cost of $4.72 per 

foot (see table 26 ). At site 3 32 wells totaling about 1010 

feet in depth were constructed for a total cost of about $5824 or 

an average cost of $5. 77 per foot ( see table 27 ) . At site C 9 

wells totaling about 186 feet in depth were constructed for about 

$1885 or $10.11 per foot (see table 28 ) At site D 14 wells 

totaling 336 feet in depth were co~structed for about $790 or 

32.35 per foot. 

The average ccs: per foo: at sites A and B probably are rrost 



TABLE ') 
c....C. OJSERVATION WELL n.:STALL:Ci.TIOl'I ·coSTS (SITE A) 

Cost 

Total 
labor Labor Cost 

v; e 11 Total time Materials at '1.1otal ?e r 
number foota[;e (hrs) Well Punning $40/hr for Vie lls Foo t 

S1-S,M,D 110 21.5 173.80 70.66 860.00 1104.06 10.04 
S2-S ,f'li,D 116 10.75 148.38 71. 86 430.00 650.24 5.61 
S3-S,M,D 108 17.0 ·134.72 68.26 680.00 882.98 b.lo 
S4-S,D 86 4.0 61.53 32.71 160.00 254.24 2.96 
S5-S,D 77.5 3.0 61.92 30.25 120.00 212.17 2.74 
S6-S,D 82 4.5 63.08 31.99 180.00 275.07 3.35 
S7-S,D 92 Li • 5 60.57 20.53 180.00 261.10 2.84 
S8 80.5 4 61.43 33.07 160.00 254.50 3.16 
S9 75 4.5 56 .. 64 29.52 180.00 266.16 3.55 
S10 13.5 2.0 12.52 7.66 80.00 100.18 7.42 
S11 13.5 .75 12.52 7.66 30.00 50.18 3.72 
S12 18.0 .75 15.49 8.96 30.00 54.45 3.03 
S13 16.5 .75 14.50 8.53 30.00 53.03 3.21 
S14-S,D _28. 5 2.25 38.03 15.74 90.00 143.77 5.04 
S15-S,D 30.5 1.5 27.35 15.71 60.00 103.06 3.38 

( S16 17.0 1.0 14.83 8.67 40.00 63.50 3.74 
S17 15.0 1.0 25.18 8.87 40.00 74.05 4.94 
S18 16.0 1.0 25.84 9.16 40.00 75.00 4.69 
S19 12.3 1 12.50 7. 60 40.00 60.10 4.89 
S20 13.5 2 13.51 8.09 80.00 101.60 . 7. 53 
S21 15 1 14.50 8.53 40.00 63.03 4 • 20 I 

S22 10 1 11.20 7.08 40.00 58.28 5.83 
S23 10 1 10.87 6.93 40.00 57.80 5.78 
S24 10 1 10.87 6.93 40.00 57.80 5. 7 8 . 
S25 11.5 1 11.86 1.37 40.00 59.23 5.15 
S26 11 1 11.53 7.21 40.00 51. 7 5 4,70 
S27 15 1 14.17 8.38 40.00 62.55 4.17 
S28 10 1 10.87 6.92 40.00 57.79 5.78 
S29 17.5 1 15.82 9.11 40.00 64.93 3.71 
S30 12.5 1 12.52 7.66 40.00 60.18 ½. En 
S31 12.5 1 12.52 7.66 40.00 60.18 4.bl 
S32 15 l 14.17 8~3 8 4J.OO 62.55 ~.1 7 
S33 14.5 1 13.84 8.24 . 40.00 62.08 4.28 
S36 11 1 71. 72 14.46 40.00 126.18 11. 47 
s~7 

..) ' 12 1 71. 72 14.46 40.00 126.18 10. 52 
SCnI-S,D 100 6.o 89.17 36.92 240.00 366.09 3. 6t 

Totals 1308.8 104 .· 25 1371.12 6In .21 4170.00 6182.33 L. 72 
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TA3LE 2-/ 
I • 

OBSERVATIOH \•:ELL nrnS:ALLAri1IO~-J COS?S (SITE B) 

Cost 

':2otal 
labor Labor Cost 

\·.'ell ':i:otal time Materials at Total Per 
number footage (hrs) Well Pumping $40/hr for wells root 

Bl-S,H,D 118 17.0 159.84 72.75 680.00 912.59 7.73 
B2-S,D 67 7.5 84.76 27.20 300.00 411.96 6.15 
B3-S,D 61 4.o 113.57 25.49 160.00 299.06 4.90 
B4-S,D 78 10.0 129.02 30.39 400.00 559.41 7,17 
B5-:-S,D 57 1.0 113.56 24.30 280.00 417.86 7.33 
B6-S,M,D 88 8.5 130.19 37.17 340.00 507.36 5,77 
B7-S,M,D 133 8.75 196.61 50.82 350.00 597.43 4.49 
B8 C' 1\,. D 112 7.0 148.19 44.28 280.00 472.47 4.22 -o ,J.' .. , 

B9-S,D 58 4.0 44.60 23.66 160.00 228.26 3~ 94 
Bl0 14 12.39 4.84 17.23 1.23 
Ell 11 9.73 3.81 13.54 1. 23 
Bl4 15 1 71.72 14.46 40.00 126.18 8.41 
Bl5 14 1 ·71.72 14.46 40.00 126.18 9.01 

Q 
Bl6 13 1 71.72 14.46 40.00 126.18 9.71 
Bl7 12.5 1 71.72 14.46 40.00 126.18 10.09 
BCHI-S,D 67 7-75 125.83 27.24 310.00 463.07 6~91 
BCH2-S,D 91 8.0 68.50 30.98 320.00 419.48. 4.61 

Totals 1009.5 93.5 1623.67 460.77 3740.00 5824.44 5.77 



1.2 JL6LE 

Cost 

'Total 
labor Labor Sc..:;~ 

Well r11otal time :·,:a t eri 2.l s at Total Fr2~ 

number footage (hrs) Well Pur.1.ping $12.50/hr for \•Jells 7-0+-... - v__.v 

Ml 10 5.0 102.49 8.30 62.50 110". 79 11.0 8 
M2 20 5.0 115.19 15.80 62.50 130.99 6.55 
M3-S,D 50 10.0 238.28 36.70 125.00 274.98 5.50 
114 17.5 5.0 110.82 13.33 62.50 124.15 7.09 
M5 17.5 5.0 110.82 13.33 62.50 124.15 7.09 
M7 55 5 90.20 39.25 174.00* 303.45 5.52 
MCHI-S,D 17.5 10.0 264.06 52.11 125.00 316.17 18.07 ~ 

Totals 186.5 45 1031.86 178.82 674.00 1884.68 10.11 

* 3/hr @ $50/hr 
2/hr @ 7.50 X 1. 6/hr 



representative of 1974 costs for constructing small-diameter (2-inch) 

PVC peizometers. The higher cost per· foot at site C is a result 

of using black iron pipe, requiring more time to put together and 

install, and the extreme precautions carried out during installation. 

The apparent low costs at site D may be the result of underestimating 

the time involved in installation. More likely, the sandy nature 

of the materials at this site made well installations simpler. In 

planning for future projects adjusting the $5.00 to $6.00 cost 

per foot to current dollars would appear reasonable. 

In attempting to evaluate the relative merits of soil sampling 

versus well installation and water sampling, you also should 

consider the costs of analytical work and the results obtained. 

During the course of this study the analysis of soil samples for 

the 4 elements of interest, zinc, cadmium, copper, and lead, 

ran about $12.00. If a single element assay was made it ran about 

$7.00. Analysis of water samples for the same 4 elements using 

electric analytical techniques ran about $7.00. Single element 

assays ran about $5.00. 

Using the cost figures generated in this study some comparisons 

can be made. Assume that a 30 foot deep core and well is constructed. 

The cost of coring would be about $7.00/ft ~x 30 feet or $210. If 

analysis were made for every other 0.5 foot segment a total of 30 

samples at $7.00 each for the four elements would cost about $210. 

The 30 foot deep well at $6.00/ft would cost about~l80. If water 

samples were collected monthly for one year and analyzed for th~ 

4 elements of interest, the analytical work would cost a~out $84. 

The total costs of coring and analysis would be about $420 versus 

$264 for a well and o~e year of s~~pling and analysis. 
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Depending on the type of waste to be disposed · or or 2onitored, 

( soil sampling may prove to be more effective even though more 

costly. If a research type project is being conducted, coring 

would prove to be most useful. The coring and analysis of the core 

samples give a better understanding of the phenomena that are 

taking place in the soil. However, due to the costs, · coring may 

not be practical as a routine monitoring technique. 

Based on the results of this study we recommend: 

1) Coring and soil analysis be used in research type projects or 

when the toxicity of a waste product warrants the additional 

expenditure. 

2) A limited number of core holes and soil sampling would be 

adviseable to evaluate a proposed disposal site. A better under

standingof the soils interaction with the waste product _is gained. 

Geologic interpretation of the core samples also provides better 

information for design and location of monitoring wells. 

3) Routine monitoring of most disposal sites should be accomplished 

using wells located and designed based on preliminary coring 

analysis. Periodic coring and soil analysis may be worthwhile to 

substantiate original soil effectiveness assumptions. 
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r IiJTERDISCIPLI}TARY "SVALUATIO~; 

The oriRinal proposal for this project indicated that the 

study would be an interdisciplina~y effort. Technolo r ies fro n the 

fields of ~round~ater hydrology, ~eology, afrono~y, chemistry, and 

geophysics were to be employed. In addition, as the project 

progressed, infrared areal photography was flown in hopes that it 

could be used as a tool in tracing groundwater pollution. All 

of these disciplines were employed during the course of the study. 

However, the extent to which all of them were applied to the prin

cipal goals of the study falls short of a true nultidisciplinary 

study in the opinion of the principal investigator. 

Aside from the areal photography and the botanical and plant 

pathology work conducted by Dr. Edwards, the remaini~g work is 

directly related to goals of the study. However, it is not likely 

that very many persons would consider groundwater hydrology and 

geology as two independent disciplines. The geophysical efforts 

also clearly are tools for or types of geologic study. 

The other discipline mentioned in the proposal is chemistry. 

Although a separate discipline, chemistry traditionally has been 

a supportive discipline in studies of this type. ~he goal of the 

orisinal prop osal to put to s ether a Harkin ~ r.ml t j_disciplinar:r study 

croup was not obtained. Instead, a central c~re consisting of a 

hydrologist, geologists, and a cherist developed and contributed 

~ost toward the stated objective of the projec~. 

A study of interdisciplinary research i3 being conducted at 

the University of ~ashinston. · Preli~ina ry fi~d~~ ~s of that study 

1::--esented b;r 1'2.r, ::Je\·:eJ.l., and 2.azt er.::- ( 25) see:::--i to describe the develop-
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nent and fate of the multidisciplinary approach in this study. 

The developnent of a ~ulti-disciplinary vroup usually is 

the result of: 

• l\. charisrr.atic leader: I:e/she has the.ability to attract 

and persuade others to join. 

· Senior leader: Team members join because they feel they 

can gain prestige or knowledge from a recognized leader. 

• A common enemy: A group faces common problems such as 

lack of recognition or resources, and feels that together 

they can solve these dilemmas. / 

· A common subject or client: Needs of client or subject 

overwhelm personal differences and a group comes together 

on a common problem. 

In each of these cases, a driving force exists that can 

temporarily hold a team together until adequate communication 

and understanding develop to form a permanent bond for the 

group. 

In the case of a strong leader, a group may be formed from 

the force of submission rather than positive interdisciplinary 

cooperation. These groups generally result in faster group 

cohesion, but do not guarantee interdisciplinary group produc-

tivity. 7he common enerr.y or targ;et approach seer.is to be tl:.e 

~ost productive since a common concern can dominate individual 

differences. 

The problens associated with interdiciplinary studies al□ost 

always are people problems. Personal prejudices and bigotry, both 

on a personal and discipline basis, often are tao strong to overcore. 



not necessarily every discipline results in jealousies among tea~ 

members. The "inequitable" distribution of rese2.rch funds in the 

eyes of supportive or less do~inant disciplines 21s0 creates 

problerr.s. 

Probably the greatest one single stumblin~ block to success

ful interdisciplinary research is communication. Each discipline 

has developed its own sophisticated jargon to a state that a novice 

cannot understan9 the nomenclature much less the concepts. Hhen 
r·-~ 

scientist from several disciplines attempt to discuss a topic, it 

may take up to a year for individuals from different disciplines to 

gain sufficient command of each others jargon to conduct meaningful 

dialogue. 

Constructive communication requires a long period of inter

change that seems scientifically unproductive. Individuals that 

master an encounter with one discipline seem more effective in the 

next encounter with another discipline. There seems to be an j_n

crease in tolerance and patience as more interdisciplinary exper

ience is obtained. On the other hand, individuals who are committed 

to academic specialization have grave difficulties participating in 

interdisciplinary efforts. Disciplines the~selves may inherently 

have some intolerance of bther discipJines; in fact, segments within 

the sarie discipline may claim superiority, excellence, or intellectual 

distinction over others. 

Based on the exDerience r,ained in this study, three ceneral 

recornmendations are rnade concerninr, interdisciplinary research: 

1) The domina~t roles of the aopropriate disciplines and 

lesser roles of others should b~ understood clearly by 

~c~ters o~ all disciplines before an a~reerent to enter 

,. --~ ....) .. _-



into a croup effort is ~ade. 

2) Each discipline should take an active part in the planning 

and budgeting of a project to ~ininize future conflicts 

and nisunderstandin[s. 

3) If successful teams or groups have been formed, the 

likelyhood of future success is much greater than 11ith 

new formed groups. They. should therefore be given 

greater consideration by funding agencies if economic 

use of research funds are desired. 
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---------------------------------~---------- ··~------

6 June 1975 

State Water Survey 
P. 0. Box 232 
Urbana, Illinois 61801 

Attention: Mr. Bill Walker 

SUBJECT: Bentonite 

Dear Mr. Walker: 

In the field verification sttidy of hazardous material migration and resultant 
groundwater pollution the need for an -effective monitoring system is an impor
tant requirement. The data collection of groundwater samples from piczometer
tube observation wells, at various depths, is one 1nethod being used to quan
titatively evalute the rate of movement and migration of hazardous chemicals 

( through earth materials. · 
\ \ 

The use of observation wells to evaluate the horizontal or vertical movement 
of hazardous waste from a disposal site requires well placed monitoring stations. 

-
11 Each observation well must. be screened opposite that layer under observation 
apd isolated from all others with casin& and cement grout or bentonite, from 
the top of .the screen to land surface.'' This isolation of.the screen, insures 
that the sa~ple water taken is representative of the groundwater at that depth. 
If the screen is not well packed,. surface water _or groundwater from the above 
soil stratas may migrate down the casing of the observation well rendering the 
results erroneous. 

An improperly packed observation.well can be caused by the bentonite not swell
ing properly or, bre~king down with time. Bentonite swell~ to approximately 
13-15 times its original dry volume when hydrated uith fresh water. Ho~·.rcver, 
th~ unique swellin~ of benton.i.Lc Cc'.=:rl b~ rcl.al:dcd an~ revcr.se:d. 

When benlonite is introduced into water lhal l1as a lotal hnrdness level great
er thnn 450 ppm il begins lo loose its efficient svclling char~cteristics. 
Bcntonile looses (r;·:o rc Lhan SOX) its .swelling propcrtjc_s '.Jl1cn introduced into a 
conla:ninatcd envjromJent that has a dissol\•cd salt contenl or heavy cet.al ion 
conlenl greater than 1000 ppm. 

Conlinued .......... . 

PHOi'-.':: 312/5:l:>CJ 1;DJ TV·/>: 910-22:-;-073£> TELEX 7?.:\--113 

AMEniC;\f·! COLLOID COi/1~•,u)iY/[i1G0 SUi+l'.~LD co~1:::-c/S:ZO<::.::, ILL!rWIS. GCCJi"6 _J 
·----------- ------------ . 
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Water Sample Analysis 

The industrial waste sample from San~oval, Illinois was tested for the amount 
of dissolved solids, conductivity, and free swell. The results are as follows: 

Project No. 5642, Sandoval, Illinois 
1. Total dissolved solids 
2. Conductivity 
3. Free swell 
4. Loss of free swell 

Recommendation 

125,000 ppm 
Over 1,000 micro rnhos 
2 
95.5% 

Because of the high contamination of the sample liquidj we recommend that no 
natural sodium bentonite-be used as a screen pack. Natural bentonite, when 
introduced into this type of contaminated environment, will not provide the proper 
seal within the observation well. 

Contaminated Waters 

Natural sodium bentonite can be used as a well-pack when the groundwater has ·a 
total hardness level lower than 450 ppm and a dissolved salt content or heavy 
metal c~nlent lower than ~,000 ppm. 

If a monitoring well is packed with natural sodium bentonite and the total hard
ness and contaminant level of the groundwater is greater than the amount speci
fied above, natural sodium bentonite will not swell to its maximum efficiency. 
In fact, it will eventually start to degrade and shrink in size loosing what
ever. pack was initially there~ 

When soluble contaminants exist in the groundwater in quantities geater th~n 
1000 ppm, the ions from the corit.:J.minants will decrease the s,,;elli11g character
istics of natural sodium bentonitcs. What happens is dissolved salt ions with 
a strong positive ch2rge is attr.:J.ctccl to the negatively c:harz.ed bentonitc•. 
This phenonorna effecls a breakdown by short circuiting the sw2ll. characteristics 
of the beutonite particle. 

Volclay Saline Seal-100 is a n3tural sodium bentonitc that hQs been specially 
trecitcd t.o make it. ir.1;r1une to nttack, by \·:A. tc.r solvable ch2micnls. The addi
tives Lhat rnRke Saline Seal-JOU resistant to chemical breJkdown are propritnry 
in nalure (currently pending palcnl approval). 

Cont inucd .......... . 
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Volclay Saline Seal-100 can be effectively used to impound highly contaminated 
indus~rial waste. An important design ~riteria for a successful seal using 
Saline Seal is to prehydrate and thoroughly saturate the Saline Seal with fresh 
water prior to the introduction of contaminated waste. 

This can be effectively done when Volclay Saline Seal is applied as a soil ad
mixture in an open environment; such as an open lagoon. However, in using Saline 
Seal slurry as an observation well-pack the main problem is a technical one. 
The main problem is how to mechanically place Saline Seal slurry between the 
outside wall of the observation well and the surrounding soil surface. 

The Volclay Saline Seal 100 slurry will not degrade when introduced into the 
Sandoval, Illinois observation wells: However, the technical requirements of 
providing a tight observation well-pack by the slurry method can be questioned. 
There is no sure method 6f providing a good seal within an observation well by 
the slurry method. 

In a non-conlaminated environment dry bentonite pellets can be dropped down the 
observation wall. Once in contact with fresh water the bentoni~e swells many 
times its original dry volume providing a good observation well-pack. 

This is not the case when dry bentonite is dropped down an observation well lo
cated in a highly contaminated environment; such as the one found at Sandoval, 
Illinois. Here, the groundwater is saturated with highly contaminated waste. 
Using dry natural sodium bentonite or ·dry Saline Seal-100 in such a contaminated 
environment would not provide the desired observation well-pack. 

Alternatives 

When using natural sodium bentonite or Saline Seal-100 to pack and seal obser
rvation wells around a hazardous waste disposal site, four basic criterias sl1ould 
be considered. 

1. The type of contarninnled ~1sle being disposed of . . 
2 . The con cc n t r al. ion of the cont a. .n in a t e cl was le-: . 

3. The locnt ion of lhe observc1Lj on wells in refercance to the disp·osal 
site. 

4. The porosity of the soil and the lenglh of Lime the hazardous wasle 
has saturated lhat soil. 

Conti nu eel .......... . 

L _______ _ 
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Ideally the observation wells should be placed in a noncontaminated environ
ment; prior to the disposal of the hazardous waste. We would then recommend the 
use of Volclay Saline Seal-100 as the observation well-pack. The Saline Seal 
could be applied in a dry form and hydration could occur without hinderance 
from groundwater contaminants. The observation well would be properly scaled 
with a contaminant resistant bentonite that would not breakdown when strong 
contaminants are introduced. Groundwater samples gathered from such an obser
vation well would represent the desired isolated layer. 

Respectfully, _ 

, 7 . i 1/1]~ ?li ,,vv! - 1/ Wv~ 
Hark Bertane 
fill1erican Colloid Company 

MB/slc 



r APPE1JDIX B 

-272-



' 
1 

APPEND:IX B 

. (Preliminary Draft) 
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Relationships Between Vegetation and ·Zinc 

in Surface Soils* 

by 

Wm. R. Edwards 

Illinois State Natural History Survey 

Urbana, Illinois 

Marc:i 1977 

-273-



Abstract: Levels of zinc in su::-:2.c e soils v,ere high ne2.r the 

smelter at Site A and tended to decrease ~ith distance fro~ the 

smelter. Statistical nodeling i:nd.i22.ted that zinc is signifi

ca~tly conserved in soil organic matter. Consistently high levels 

of zinc were detected in alluvie.l outwash soils high in organic 

matter for considerable distances below the smelter. The 

conclusion was drawn that erosion~of surface soils high in zinc 

serves as a transport mechanisr.i in the dispersion of zinc away 

from the smelter. The distribution, density, and productivity 

of wild plants and the ·growing -of . agricultural crops in the 

vicinity of the smelter were significantly related to the zinc 

status of surface s·oils .. 
J 

Chemical analyses of plants indicated · 

( 1) that the zinc status of plants reflects, at least in part ·, 

the zinc status of their environments, (2) that different plants, 

even those growing in close association, eviden?ed 

different levels of zinc, and (3) that different parts of plants 

concentrate zinc at different rates. Although statistical 

analyses have not been .completed, all observations that bear on 

findings of previously reported research on zinc-plant relation

ships are in general agreement with the earlier findings. The 

hypothesis is advanced tha~ amino acids may be involved in the 

a.ccumul2.tion of zinc in pl2.nts 2.g2.inst 2 concentr2~tion gr2.c.ient 

with zinc in the soil solution, in the transport of zinc in the 

.plant, and in 

organic; matter. 

conservation of zinc in soil 



Frontispiece 
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tree; foreground mixed Panicum dichotosiflorum with 
some Amaranthus hybridus; dense A. hybridus around 
tree, taller individuals nearer tree; clump of 
Asparagus officinalis on left side of tree. 

Fig.14. Transition. Zone I in foreground dominated by Amaranttus 
hybridus and Panicum dichotomiflorum. Zone II in mid
ground; tall clumps in left center are Andropogon 
gerardi and Sorghastrum nutans; light gray area is 
Agrostis hyemalis; dark grass behind the Agrostis is 
Andropogon virginicus. 

-2/ )-
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Fig.15. Zone II. Foreground dense stand of stunted Amaranth~s 
hybridus~ Panicum dichotomiflorum, Agrostis hyemalis, 
and scattered Apocynum cannabinun; clumps of Andropogo~ 
gerardi in foreground;!• virginicus in background. 

Fig.16. Close-up of tallgrass prairie zone showing inter
spersion of Amaranthus hybridus. 

Fig.17. Zone III. Sorghastrum nutans and Andropogon gerardi 
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INTRODUCTION 

On 21 July 1974 a research grant was tendered the Illinois 

State Water Survey, through the University of Illinois, at 

Urbana, by the U.S. Environmental Protection Agency (USEPA 

No. R 8032 16-01-2). The title of said grant was "Field Verifi

cation of Industrial Hazardous Material Migration from Land 

Disposal Sites". The original principal investigator for the 

grant was Mr. William H. Walker and the completion date was 

specified as 21 January 1977. 

"The primary purpose of this study was _to develop 

effective investigative and monitoring techniques for 

detecting and quantitatively evaluating the extent of 

groundwater pollution from surface toxic waste disposal 

activities. The study also was designed to f-ield 

verify the effectiveness of glaciated region soils and 

associated surface deposits in retaining specific hazard

ous chemicals. 

"Special emphases were placed on defining: 1) the 

vertical and horizontal migration patterns of chemical 

pollutants through the soil and shallow aquifer systems: 

2) the residual chemical buildup in soils in the vicinity 

of pollution sources and their long-term potential for 

localized groundwater pollution. In accomplishing the~e 

goals, an understanding was developed for the practical 

aspects of core drilling, soil sampling, piezometer 

installation and callecting water samples. 
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' 'In addition to the principal purposes of this study, 

an evaluation of the merits and proble□ s associated wit~ 

multi-disciplinary studies was made'' (James Gibb 1977, 

personal communication). 

Of primary concern was the migration and extent of pollution 

of ground and surface waters by zinc at smelter sites. In an 

attempt to broaden the ecological perspective of the possible 

consequences of zinc pollution at smelter sites, limited funds 

were made available from the grant for collection of preliminary 

data to be examined for possible indications that patterns of 

distribution, size, abundance, and productivity of the plants 

occurring in the vicinity of zinc smelters reflect the zinc 

status of their environment. It should be emphasized that under 

this grant the work on vegetation was entirely preliminary in 

nature and in no way definitive. 

In all, migration of zinc and extent of pollution of surface 

and groundwaters by zinc were studied at four smelter sites in 

Illinois. Of necessity, field work on the vegetation portion 

of the project was limited to one site but a second zinc 

smelter was visited by this writer several times during the 

course of field work. The two sites were outwardly similar. 

The vegetative study was conducted at a smelter, Site A, 

located in south-central Illinois. The exact location of Site A 

and the name of the corporatio~ operating the smelter will 

remain unspecified in accordance with provisions set fort~ in 

the grant. 

-2~2-
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OBJECTIVES OF THE VEGETATIVE STUDY 

1. To prepare generalized maps of the vegetation in fields 

within about 800 m of the zinc smelter on Site A. 

2. To determine whether different plant species reflected 

the zinc status of their environments in terms of: 

a. Where they occurred 

b. Levels of zinc found in their tissues 

3. To relate observations made on zinc-vegetation relation

ships at Site A to previous investigations of zinc and 

to accepted concepts of plant ecology. 
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CONCEPT OF THE VEGETATIVE STUDY 

Even the most casual observer is struck by the impoveris~ed 

and stressed appearance of vegetation near old zinc smelters. 

The vegetation there is highly patterned and suggests adverse 

long-term responses associated with smelting operations. 

The primary purpose of the vegetative work at Site A was 

to prepare a series of vegetative maps that would describe and 

record the locations of the various plant communities that are 

responsible for the unique appearance of the area. This 

objective was based on the concept that plants occur in commun

ities that have definable boundaries in time and space and 

express some characteristic species composition, uniformity of 

structure, and semblance of social organization. 

In practice however, it is possible to recognize the 

existence of communities in only the broadest possible context. 

The problem is that in most instances changes in vegetation 

result primarily from relatively gradual changes in the frequency, 

dispersion, size, and dominance of different species. Therefore, 

attempting to define plant communities becomes a largely 

arbitrary and relatively meaningless process .. 

Alternative to the concept of the plant community is the 

view that plants are neither distrubuted as communities nor 

distributed at random in space or time, either as species or as 

individuals. In the latter view, vegetation reflects a combin

ation of variations in the environment and the history of events 

that have conditioned the particular site. Vegetation is viewed 

as a continuum in which plants tend to occur along an ~-dimensional 

set of environ~ental gradients dependent o~ t~eir access t~ 

~. 
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respect to other plants of the sa~e and of other species. 

The utili~y of the continuum concept is not only that it 

better expresses how plants are dispersed b~t that it also 

provides the basis for complex environmental analyses, modeling 

of ecological systems, and the identification and description 

of limiting factors. 

The second purpose of the vegetative study was to make a 

preliminary assessment of zinc as a variable factor (dimension) 

affecting the status of different species of plants on Site A. 

Of primary concern was how such parameters as the abundance 

(occurrence) and site (productivity) of different species related 

to the zinc status of the soil and of the plants themselves. 

It was recognized that responses to levels of zinc would be to 

some degree obscured by the status of other elements and ions 

and to factors relating to past disturbance, succession, and 

competition. 

The ideal study would have involved an extensive series of 

detailed chemical analyses of soils and vegetation for 15-20 

elements plus measurement of as many other environmental and 

plant parameters as possible over an extensive sample of points. 

These data would then have been subjected to multivariate or 

discriminate function analyses. The scope and cost of such 

an appraisal ~ere beyond the resources of the overall project. 

As a result, it was necessary to limit this phase of the study 

to the zinc status of dominant plants a~d of the surface soils 

on which they ~-:-2re growing for a sample ·of points arbitrarily 

selected in tt0 more charac~eristic habitats o~ the study area. 

s~rface soils ~~re also sa~p~ed ~or zinc alo~g ~te major ~ater-

~ I 1 .-: \
,..:) V -',...A.fj 
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BACKGROUND 

Environmental Distribution of Zinc 

Traces of zinc are found throughout the environment. Nine o~ 

twelve isotopes of zinc are known; the isotopes 64, 66, 67, 68, 

and 70 are stable; zinc is often used in tracing experiments 

(Prasad 1966). The origin of zinc in the soil is thought to be 

99.5 percent from degradation of igneous and shale rocks during 

soil formation and 0.5 percent from rapid neutron capture (Bowen 

1966). Zinc comprises 70 ppm of igneous rocks, where it is 

associated with sulfides in the mineral sphalerite or zinc bende 

(Sauchelli 1969); it also comprises approximately 95 ppm of 

shales depending on their organic content, 16 ppm of sandstones, 

20 ppm of limestones, and 40 ppm of coal (Bowen 1966). Zinc is 

associated with the micaceous and chlorite components.-in shale 

(Wedepohl 1972). Dry soil ranges from 10 to 300 ppm zinc, whereas 

undried samples contain 0.1 to 0.3 ppm (Bowen 1966). Van Reen 

(in Prasad 1966) reported 15 ppm Zn in water to be the threshold 

of taste. Bowen wrote that river and sea water both have an 

· average 0.01 ppm zinc and that air contains less than 0.07 µg/m 3 

(5.4 x 10-5 ppm). Dust accumulating on surface areas was found 

to deposit 24 mg/m2 of zinc per year (Hewitt 1966). 

Most of the zinc in soils occurs in p~imary minerals and in 

clays formed secondarily from parent materials (Bowen 1966). Viets 

( in Prasad 1966) states that the upper· soil horizons contain 

more zinc than do subsoils. Studies by.Hibbard (1940) demon-

strated zinc accumulation in the upper horizons of forest soils. 

He rt~a .. .rnn~d that absorption of zi.:1~ .frort subsoils by 

:-·11~ ·.,,~. a.nu sutsequ2nt· fixation o:· ~::.. r: •; b} topsoils from 

'"l 
-C:v...;-
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Fertilizers contain zjnc - in the following amounts: rock 

phosphate, 50-1000 ppm, superphosphate; 50-1000 ppm, and 

potassium salts, 0-10 ppm (Tenny and Stanley 1971). The 

commercial rearing of livestock results in large quantities 

of manure that contain significant amounts of zinc. Benenati 

(1974) reported that 81.9 percent of the zinc ingested by 

animals was excreted in their feces. 

Major sources of zinc pollution are zinc smelting 

operations and zinc mine wastes. Strojan's (1975) investigation 

of zinc distribution in a forest soil community revealed 

26,000 ppm zinc in the organic litter layer at al-km distance 

from the smelter. In a similar study in Oklahoma, zinc 

ranged from 2,680 to 26,150 ppm in the top 15 cm of soil within 

1-krnof the smelter (Benenati 1974). Zinc tip waste materials 

were reported by Weston et al. (in Goodman et al. 1965) to 

contain up to 6 percent (60,000 ppm) zinc. 



;-~ i nc-.P l 2. r1 t l-(e Jat i en :31·:i pf-; 

Lptake by Plants 

Zlnc forr1.s chelates \dtb cysteine, l.'..Dr.2 A, sluconic ac i c:., sl?cir.~, 

J:~ercapt 02.ce-c i c acid, and 1:-icrcapt oc thyl o.ri;:w, the }·:D==:1 f't-Z~ ccmp l e): 

beinr- the rr:os t ::; ~ab le. 1:;hc uptake of' zinc b y plants is ir.fl uenceci ty 

con cent rat ions of other nut r i en t s in the s o i 1 , p E , 2. n d the or;· a~ i c 

matter content of the soil. Plants utilize chelated forms of zinc 

(Viets in Prasad 1966) -- Zn0, zn3 (Po 4)
2

, Znco 3 , and Znso4 (Boawn 

et al. 1960). 

Youngdahl (1975) found that a high concentration of phosphorus 

in water cultures increased the zinc found in the ethanol-soluble 

fraction of the cell walls. Thus, phosphate-induced binding of zinc 

to cell walls may reduce zinc available for transport to the upper . 

plant and cause zinc deficiency. In contract, low concentrations of 

phosphorus increased zinc concentrations in all plan~.parts (Faurisi 

1974). Similarly, low zinc levels increased phosphorus in all plant 

parts. Faurisi found that the influence of phosphorus on zinc uptake 

0 0 was operable at 20/15 C and 30/25 C.but that a high zinc concen-

tration decreased phosphorus: concentrations only at the warmer tempera

ture. 

Zinc uptake is lowered by high phosphate levels in the soil. 

Viets (in Prasad 1966) reported that phosphate preceipitates zinc as 

z~
3 

(Po 4) and thus re~ders ii unavilable to the pla~t. 

Sauchelli (1969) stated that the presence cf nitrates; chlorides, 

a! l d SU 1 fat e B i n ~ J:' 2 a S e ci t i H:! 2. Va i lab :i. l i t y O f' S O i 1 Z i n 2 0 3 a r {:: S U l t · O f 

the solulJle cor.ipounds forr;·:eci • . In corr:p2.riso~1 to other r.:et2.l nutrients, 

i30i·rcn ( 1~1Gl) fo:1nci the f'ollo~·ri.q; r.:iner2.l uptake affir.i ties in 1,:ale: 

- ~ C,. 
V ...... . t.._ -

. ' . ions aecrease z~~c 
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The a□ount of organic niatte~ an~ clay i~ snil is posi~ively 

related to the uptake of zinc (Fouston 1974). Zinc is thou[;h~ to 

be chelateci to or6 2.nic r:--.2.tter, oc .:;upyinf; tLree sites in the b·1rr,ic 

a ,., i· (:i r10 1 p ..-, ll 7 c. ( -, ':l )'"'I u·l 11 ~ f ,· ..., ~ , 'Y) (i r..; T' ,, ., (. 1 r., r· t: 1 n Ur: i:~ '): . (""\ - • ~ ·n 
\..., _._. ...... ,:_..._.. ,_\.... ~ ... (-.s.!. l C.r (...... l •. '- LJ , .... .. u ... .L.'.J .i...;; _,/, .,. . ..._ 1 •• - ~ - 1966, Fr2.s 2d 

Before bein~ 2.vailable to the plant, zinc r..ust ce le2.cted fror;: hur.1us 

and clay materials under ac~dic conditions. 

Thorne (1957), Boawn et al. (1960), Bowen (1966), and Viets 

(in Prasad 1966) reported that availability of zinc to plants was 

opti□al at ph 5 or lower. As pH decreases from reduction of soil 

organic matter and subsequent release of organic acids (Kee and 

Bloomfield 1962, Bowen 1966), zinc becones more available. 

Zinc uptake decreases substantially when lime is applied to the 

soil (Bowen 1966, Viets in Prasad 1966, Sauchelli 1969). -Wehrenberg 

( (1956) cited evidence of zinc exchanging with calcium in carbonate 

rocks. Furthermore, Viets (in Prasad 1966) reported precipitation 

of zinc as the hydroxide, carbonate, phosphate, and calcium or 

magnesium zincates at pH 6 or higher. 

Few correlations apparently exist between the zinc content of 

soil and the zinc status of plants growing on it (Viets in Prasad 

1966, Onochie 1970). HoHever, Schuenerr:an (1971!) found that zinc 

concentrations and zinc uptake in plants increased with soil con-

centrations of zinc, except in soils of lowest organic con~c~t . 

Boa·,m et al. ( 19 6 0) reported the sa1~1e but ob Gei"·v2d that each a.d.di tional 

j_ncrE:r-:c-nt of zinc in fertilizer had a sr.-:all_e::., effect onzinc unta1J:. 

fr-• ,- :..:c;-•C;-· i•r_.J•.)-_•1 o•r, ,:,-v-, ,7t·~,· ,_., .. ,:; [";!.---,l(~>Y><'V•r,e\ 
\. ~' t- e ... J v l . • ... . 1 - , .. ) "'~ .:... \..., J- v J ct! • u J_ (-' ...a- .., ;. cl;. : ,.... ; • 

~-~ ~'- ~ .. • ..... ~·- ._: " ' .. ~.-- ..... .. -; 2.1. C; ~- · .. :: -~ 
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/ 2.nd inc 1·ca::.;e0 orcan:.c riiatter. 
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Doth plant leaves and roots ~ay absorL zinc in water-soluble 

or exchanceable for~s (Bowen 1966, Sauchelli 1969). That zinc is 

transported via a carrier mecha~is~ is supported by the few 

naturally chelated derivatives that have been found in plant sap 

(Bowen 1966). Bowen's data on zinc uptake by kale de□onstrated a 

large concentration gradient between zinc in soil solution (0.02 ppm) and 

zinc in kale leaves (0.2 ppm). 

Absorption of nutrients occurs through unicellular root hairs 

located behind the [jrowing root tip (Bowen 1966, Viets in Prasad 

1966). Zinc ions may diffuse intracellularly but the xylem appears 

the main region of transport. Isarangkur~s (1974) work displayed 

greater absorption of zinc by younger corn leaves than by older 

leaves. 

Concentrations in Plant Tissues 

Although zinc is found throughout the plant (Sauchelli 1969), 

hieher concentrations are found in the meristematic regions (Brad-

shaw et al. in Goodman et al. 1965. Bowen ( 1966) observed that zinc 

content of roots sli£;htly exceeded that in shoots. Sauchelli (196 9) fouDd 

that zinc content decreases from roots to shoots, to leaves, and 

to fruits. However., Isaranf:kura (1974), Hhen a.pplyin[ zinc t2 the 

foliage and roots of two varieties of corn froffi emergence to anthesis, 

found the hicbest acoun~ of zinc accumulated in the shoots (6 Gf/ 

plant). ~eportea zinc concentrated in seeds 

in· su.ffic1ent ar:aount s to nrcduc:e small seedlinr:s. Ton1to seeds 

uricier ncrt ,a1 r;_;_t:'lent -~ 0 ~1· ,- " ·: ;, p Cl, ~ G 7"1 "') Y"'1 
. - .., 1..,, C"-' _.__ .&. .:. ...... ,,,,1 ,.1--.., ,!_ l I ~ zinc 'i•ihereas these 
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:, a,ris i ( 19 7 1i) cier .. ons t :cat ed that t oc2. to and 01..,ar.re :rui ts ~nc re as r: 

in dry weicht in response to increased zinc 6oncentrations in 

cultural solutions (1.0 to ·5.o µm). 

PhysioloGical Function in Plants 

~)he pr:i.ncipal ph;i/s2-ological function of zinc is to ca:alyze 

certain enzy11atic activity. Of primary ioportance is the ~ssoci

ation of zinc with the enzyme tryptophan desmolase in converting 

tryptophan to auxin (indolacetic acid) (Tsui 1948, Spector 1956, 

Ort en in Prasad 1966). A second major role of zinc is in the forr:1a

tion of the zinc prosthetic group for carbonic anhydrase, which is 

responsible for the degradation of bicarbonate (Thorne 1957, 

Prasad 1966). 

Investigations have suggested zinc's role in additional enzynatic 

reactions. For instance, zinc may be required by tr~ose phosphatase 

in splitting 1,6-diphosphofrudose in gylcolysis (Kai Li in Prasad 1966). 

Youngdahl (1975) reported that in corn the concentration of zinc in 

hydroponic cultures was correlated with the activity of the enzytes 

ribonuclease and acidphosphatase. Wegner and Romano (1963) analyzed 

the stimulatory effect of zinc on RNA synthesis (in Rhizopus nigricans) 

and postulated that increased RIJAeynthesis and activity were caused 

by the increased synthesis of purines, _ pyri~idines, and nucleotides, 

or b :l increased stability of tr..e RlLI:! .. D.olecule. In ~he fur.-us 

As~er[ illus nir".cr, zinc may be a co-fa.ct or fer c-M·:P in tr.e reculation 

· 8 ~ d G e v e lop n en t o f c it r j_ c a e i ci f e rr~.e n t at i on C.: o 1 c~ l J 7 l~ ) • -.- o l d f u ~ t her· 

c 0ncludci that a capacity for citric acid accuru:ation cou ld have 

evolvec, b e cau s e o f iG a'cility to solu.b:.:1_.ize :::inc and other r.ete.ls 

oxicl~tion , :..::-
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su~0tion of sucars, ir1creases the source of energy for the ~reduction 

of ci1lorophyll, aids in th::: forr:1atJon o~ auxins, and pronotes ·water 

2.bsorpi.,j_on (2'auci1clli 19C9). 

Zinc requirements depend on both the size and species of the 

organism. Quantities of zinc required from nutrient solutions 

(wg/1, ppm) for several groups of bacteria and plants are: bacteria, 

0.1; fungi, 0.2-2.0; green alga~, 0,0005-0.06; and angiosperns, 0.02 

(Bowen 1966). Viets et al. (1961) reported that, for good yield, 

field crops required from 0.1 to 0.25 pounds of zinc per acre. 

Zinc Deficiency in Plants 

Although zinc deficiency may be found locally throughout the 

world, Australia, New Zealand, Central and South Africa, Brazil, 

and western Europe display it most notably (Bowen 1966, Viets in .. 

Prasad 1966). With increased crop productions, zinc deficiency has 

been reported in 32 states of the U. s; (Viets in Prasad 1966, Sauchelli 

1969). The importance of zinc in sprays and fertilizers has only 

been recognized since 1931 (Sauchelli 1969}. 

Zinc deficiency prevails on neutral to basic soils, on acid 

leacheu soils 2.nG on strongl~/ 8...:!idic peat soils C'/iets in Prasai:5. 

1966). ~arely are tlefi~iencies r.anifested on either podzolic or black 

prairie soj_ls. Viets alEo concluded that zinc deficiency is i:-_ore 

pr,~vo.1J.n1_; in cl:!.r;:ates of hirh l:_1-ht in~.:er..si~y and elevated tc!7":per'atu:1e. 

In ~.·a..r-::~ clir:2.tes, blue and ultraviolet light r,·_2.y destroy auxin (Viets 

·:.~. ~-ra_;~~'--- l.:J6C). .J\nother c:ontritutor to zinc aefi~iency, · accord:_n[~ 

.. - ~ •• "r :. - \ : :. • • J~ l ..._.' 
I I . ' 
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the arr.ounc of' zinc bounu.. tc eel: ·,:2.lls. Suc:-1 c :~nc..inf, r .. ay ~cd:.J.ce 

zinc transport to the upper plant and . ·thereb:-/ c2.use 2. deficiency. 

LoaT::n et al. ( 19 t O) f' ound tho.t execs s pl·10sp:1a ~ e saus eJ deficiency 

by for~ing the insoluble precipitate zn
3 

{F0~)
2

• A~other inducerent 

of zinc deficiency is a s~all root system resultinG from inadequate 

soil nitrozen (Viets in Prasad 19G6). 'liets ( 19Gl) 1,·1rote that the 

immobility of zinc in soil requires roots to grow toward it, and 

also mentioned that increased salinity, lack of soil aeration, . lack 

of soil water, poor availability of other nutrients, nematodes, 

root pathogens, and pesticides contributed to deficiency. 

Visible. symptoms of zinc deficiency are attributed in most 

instances to the lack of auxin. Interveinal chlorosis of leaves 

also occurs (Spector 1956, Bowen 1966, Viets in Prasad 1966, Sauchelli 

1969). Spector reported that in monocots chlorosis of upper leaves 

appears first whereas in dicots the lower leaves are first affected. 

Failure of internode elongation due to lack of auxin results in 

stunting and rosetting. Due to a delay in the life-cycle completion, 

reproduction is impaired (Hewitt 1966, Viets in Prasad 1966., Under-· 

wood 1971). 

Detailed investigations by Thorne (1957) and Underi·rood (1971) 

linked zinc deficiency to reduced carbohydrate Metabolism in both 

fungi and hi~her plants. Isarangkura (1974) found zinc-deficient 

corn leaves to have carbon dioxide assi~ilation rates o f 7 to 32 

ng/ct~2/leaf/hr, ~hereas normal corn leaves had rates of 47 mg/dm2/ 

leaf /hr. Concentrations of reducin~:;-2.ncl-total sucar 1/:ere also re-

:.::. :.J.ced for the zinc-Lie fic.i2r.t corn p:ant. A cy tc l o~i cal 8xar-~n2.t ic:1. 

of zinc~deflcient plants l)y ~horne (1957) revealed swall tu~ors on 
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.... "" ~.J l l C.. 1 ... ) ...L • .. C.: 1 '-" 0 , _. CA. - ..J- lA.. • J" t..i.. , __ V t.:.: ·- .l. i:.✓ ;,.:,) t..., c. - 0 _J_ .. l lea.ve s and bu.els, 

anci the: lac~\. o:' merister:- atic activi ty in roots 2.rid car::biuiil. 

3en3i"civ=Lt:;1 to ~ilJ.C vari es ar-.onG ple.nts. Good ir.dicators of 

defici c ~t ccnu itions are . .,_ 
ClvrUS fruit trees, corn, beans, and 

onio:-is (Viets ct al. 19~1~, ·viets in Prasad 1966). ':2he sensitivity 

of the funsus Aspergillus niger to zinc is sufficient to be used 

in bioassays of zinc availability in soil (Viets in Prasad 1966). 

Zinc 

Toxicitv and Tolerance in Plants 

Zinc toxicity is rare~and found only near zinc mines (Under

wood 1971). Camp (1974) reported 0.06 mg/1 (6 ppm) zinc as toxic 

to the alga Selenastrum capricornutum. 

Zinc toxicity is exemplified by retarded or inhibited growth 

(Camp 1974, Faurisi 1974). Ambler (1969) reported excess zinc to 

induce iron chlorosis. The toxicity to Selenastrum caoricornutum 

was greater at 29° than at 24° or 19°c (Camp 1974). Furthermore, 

using light and dark bottles, Camp (1974) found zinc toxicity to 

affect photosynethesis but not respiration. The mechanism of toxic 

action is corapetitive interference with other catalytic metals and 

complexation with reactive groups of enzymes (Bouen 1966, Kai Li 

in Prasad 1966). The corr:tination of zinc 1•iit:h essential r:-(et2.boli-ces 

~2.y also induce toxic effects (Bowen 1966). 

Lie:r~enciti ( 197 4) studied. tile zinc conte1it ct -;,•rheat adjacent to 

ar: J1:lo.hor.a .;; : .. elter. r:i.•i~c averace zinc conter:c of the i;heat (ppr.: 

clry ·1·rei~ht) 1·Ias invers9ly related to the distance fron the sr.i.elter 

2na directly -r~latcd to the soil content of zinc. The leve: of 



to 19. 4 ppr;~ found in norr::.s.l t·:he2t. 

Denenat~s investiration of an ad~acent pasture showed that 

vegetative variety and diversity decreased ~ith closeness to the 

smelter. The height of alfalfa (I!edicato sativa) was negatively 

correlated ~ith zinc content of the soil. Pasture plants in-

creased in zinc content over the growinc season. Forbs was found 

to contain higher metallic concentrations than the native grasses 

(AndropoBan scooarius, Panicum virgatum, and Sorghastrum nutans). 

Benenati prepared a diagram modeling zinc influx in a bermuda 

pasture system over the next 1,000 years. Bradshaw et al. (in 

Goodman et al. 1965) found the grass Agrostis tenuis growing on 

waste from old zinc mines. An investigation using Zn showed an 

accumulation of zinc in all root meristematic regions. Bradshaw 

1965 et al; speculated that zinc may be rendered innocuous by com-

{ plexation with other compounds. 

Zinc tips (dumps of wastes from zinc mining and smeltering 

operations) in Britain's Swansea Valley were studied by Weston 

et al. ( in Goodman et al. 1965), where up to 6 percent (60,000 ppm) 

zinc was recorded. Along protected slopes, Bryum was capable of 

growing on zinc tip soils. Agrostis, IIolcus, and Molinia were found 

growing along the waterline of a slag-contaminated pond. Soil 

enrichrr.ent of the tips using ITPK fertilizer, lime} and se\•;a2;e s1ud6 e 

resulted in ir!\proved plant crm·ith., although plants remained small 

and chlorotic. In experierents in wjich cellulose filrr ~as buried 

in untreateJ tip soils for 10 ~ee!·s only a fe0 fun~al hyphae developed 

suciestinp~ reduced microbal rlct~ vi ty in hi 2:h zioc soil environments. 

Althoufh metallic tolerance is r~ot 



1:':et 2.llic t olerar,.ce is lJnked to sever2.l c.er..e ~-;; in Ac :::os tis t enui;:; 

and one ccne in Pest u.c a ovina. ·Funci 2.re also to l':: re.:n.t. . 
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Zinc-Animal Relations 

Uptake by Animals 

Zinc uptake is accomplished by primitive aniDals via ciffusio~ 

of aqueous zinc through outer membranes. Multicellular invsrtebra t es 

may absorb ionic zinc through a permeable integument or through the 

gut. Within the body of invertebrates, the ions are absorbed by 

Malpighian tubules. In warm blooded vertebrates obtain zinc 

principally via ingestion. Uptake of zinc is accomplished 

through permeable skins in amphibians and through gills in fish 

(Bowen 1966). Zinc ions are absorbed through the gut of verte

brates. In man the duodenum is the main area of absorption 

(Underwood 1971). Pearson et al. (1966) found that zinc was 

accumulated by the intestinal mucosa against a concentration 

( gradient. However, zinc movement was slow from the mucosa to the 

inner fluids. 

Various factors apparently influence the absorption of zinc 

through the gut. Stake (1974) observed that under conditions of 

lactation in ruminants absorptive ability of the intestine for 

zinc was increased. Stake's work supported the concept of zinc 

regulation at the tissue level and that levels of zinc in tissues 

were closely correlated with protein deposition. Similarly, 

vitamin D intake indirectly increases z~nc absorption by increasing 

skeletal growth and calcification (Underwood 1971). Phytate, 

zinc to form nonabsorbable zinc-phytate in ~he di~estive tr~ct thus 

limiting zinc absorption ·in the gut. (Obe~lsas et al. in 

~ ' 1 ,,.. ,,..,,..) u r ..... s::::. --1 ,.., o b 
.I. ct '--'- -- ./ • High concentrations of calci~m and copper in t he gut 

. , .. ~-- ·:::-
' - ) 
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1971). Inhibition of absorption of zinc by nitrogen and cyanide 

under in-vitro conditions was reported by Pe3.rso::i et al. (in Prasad 

1966). However, excess cupric ions and 2,4-dintrophenol had no 

effect on zinc uptake in Pearson's studies. 

In man, less than 5 percent of ingested zinc is absorbed by 

the gut and the remainder is largely eliminated in the feces 

(Spector 1956, Bowen 1966, Underwood 1971). Benenati reported 

that pasture animals absorbed 19.1 percent and excreted 81.9 percent 

of the zinc they injected. Spector (1956) reported 100 µg/kg body 

weight of zinc lost daily through human feces and 18 µg/g body weight 

lost in the urine; Underwood (1971) found that 1.15 + 0.30 µg/g 

zinc was lost through perspiration. In acute cases of porphyria, 

lead poisoning, and rheumatic fever, increased levels of urinary 

zinc are observed. The zinc is excreted as the zinc-coproporphyrin 

l) complex and is thought to function in increasing water solubility 

and excretion of porphyrins (Orten in Prasad 1966). 

After entering the bloodstream, zinc is most rapidly accumulated 

in the pancreas, spleen, liver, and kidney (Spencer et al~ in Prasad 

1966). Underwood (1971) ~eported zinc to be up slowly and firmly 

bound by the skeletal and central nervous systems. Zinc in hair 

and feathers is also unavailable as a tissue reserve (Strain and 

Pories in Prasad 1966). Tissue reserves of zinc are in the pancreas, 

spleen, liver, kidney~ muscles, and red blood cells (Spencer et al. 

in Prasad 1966, Underwood 1971). 

Studies of fetal metabolism have shown a rapid transport of 

zinc across the placenta. Pregnant mice, when injected with labeled 

zinc 2 hours before birth, produced offspri~g with labeled zinc 

incorporated in their livers a~d bones (Underwood 1971). 
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( Concentrations 

In humans the choroid is the tissue highest in zi~c, according 

to Underwood (1971), although its function there is unknown 

(Table 1). Underwood further reported that zinc is presen~ in 

significant amounts in male sex organs and secretions. He suggested 

that 5 percent of this zinc exists in conjunction with carbonic 

anhydrase. High accumulations of zinc are found in snake venom 

(Bowen 1966, Underwood 1971). 

Hair and feathers indicate the status of zinc in mammals and 

birds (Strain and Pories in Prasad 1966, Hanson 1976). Analysis of 

human hair revealed higher zinc levels in women's hair than men's 

and a seasonal variation of zinc levels in the hair of men. Low 

levels of zinc in hair were observed in humans with arteriosclerosis 

() (Strain and Pories in Prasad 1966, Underwood 1971). Underwood (1971) 

concluded that zinc may be involved in the repair of arterial walls. 

Physiological Functions in Animals 

Zinc functions as catalyst for various enzymes. Specifically, 

carbonic anhydrase requires a ~inc prosthetic group. Keilen and 

Mann (1940) isolated and purified carbonic anhydrase containing 0.33 

percent zinc. Other metaloenzymes requiring zinc include alcohol 

dehydrogenase (ADH), lactate dehydrogenase (LDH), ~al2te d e ~ydrogense 

(MDH), lactate-cytochrome-c-reductase, glyceraldehyde-3 phosphate 

dehydrogenase, alkaline phosphatase, carboxypeptidase, neutral 

protease, and aldolase (Spector 1956, Kai Li in Prasad 1966, 

Underwood 1971). Another function of zinc reported by Underwood 

(1971) is the control of ribnn11clease activity at the cellular level. 



The association of zinc with enzymes makes it pertinent to 

( metabolism, and thus to nutrition, reproduction, and growt~. 

Although Orten (in Prasad 1966) indicated the role of zinc in the 

endocrine system to be unknown, Haumont and McLean, in the same 

text, suggested it acted with the enzymes and hormones of bone 

calcification. Underwood (1971) reported similar actions for 

zinc. Orten (in Prasad 1966) reported the association of zinc 

and the hormones adrenocorticotropin, glucagon, and insulin. 

Active insulin levels are regulated by zinc, according to Voisin 

(1959). Primary and secondary sex characteristics of males are 

dependent on adequate amounts of zinc (Prasad 1966). Prasad's 

study of zinc deficiency in Middle East males showed improved 

growth and gonadal development and the appearance of secondary 

sex characteristics after zinc supplementation. 

(( Studies of man and other animals by Pories and Strain (in 

Prasad 1966) demonstrated the importance of ·zinc in promoting healing of 

wounds. Persons with burns showed decreased zinc levels in the hair, 

substantiating the need of the element at the healing sites. Similar 

data on zinc levels in hair exist for subjects with arteriosclerosis. 

Wendt et al. (in Prasad 1966) claimed that ingestion of alcohol 

caused the liberation of zinc and various apoenzymes from the human 

myocardium. Studies suggested an altered cellular metabolism of the 

heart upon repeated alcohol consumption. The regulation of zinc 

levels by the liver is also affected by alcohol. Alcoholic cirrhosis 

is characterized by a low serum level of zinc and increased urina~y 

zinc (Prasad 1966). 
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Zinc Deficiency In Animals 

The normal zinc intake for a 70 kg man is 10-15 mg/day; 

deficient levels may be 3-4 mg/day. For a 0.3-kg rat, 0.02-0.0~ Gg 

is a normal daily intake, while 0.016 mg is a deficient amount 

(Bowen 1966). 

Zinc deficiency has been diagnosed in man and other vertebrates. 

Prasad (1966) studied Egyptians exhibiting dwarfism, hypogonadism, 

and iron-deficient anemia. He attributed these symptoms to the lack 

of zinc. Underwood (1971) reported retardation of human growth 

accompanied by depressed appetite and impared nutrient utilization 

as a result of inadequate dietary zinc. Bone growth in particular 

is hindered. Hyperkeratinization (keratogenesis) of the epithelial 

cells occurs under zinc insufficiency. As a result, skin follicles 

degenerate; birds show poor feathering and dermatitis•; mammals 

display sparse hair coverings; fibers of sheep wool are crimpless, 

thin, and loose; horns are spongy and hemorrhagic (Luecke in Prasad 

1966, Underwood 1971); and wounds heal slowly (Pories and Strain 

in Prasad 1966, Underwood 1971). Underwood reported that the 

learning behavior of rats declined under conditions of inadequate 

dietary zinc. Sexual and reproductive functions are particularly 

sensitive to inadequate levels of zinc. Lack of zinc hinders 

sexual development of males and disrupts spermatogenesis. Un de r~ood 

(1971) reported the need of zinc in sperm maturation and in survival 

in germinal epithelium. Female rats subjected to severe zinc 

deficiency in the diet often displayed infertility or had difficult 

births with extreme bleeding (Underwood 1971). Avian eggs with low 

levels of zinc show reduced hatchability and embryonic abnormalities 
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Examination of tissues from zinc-deficient organisms indicate 

the impaired synthesis of prote~ns and 0ucleic acids and impairec 

carbohydrate metabolism. Underwood (1971) also reported that hormone 

production and activities decreased as a consequence of zinc deficiency. 

Parzyck's (1974) research on pregnant rats fed a zinc-deficient 

diet revealed susceptibility to toxic effects of cadmium. The 

mechanism, as proposed by Leber (1974), is the competition between 

zinc and cadmium for amino acid substrates. 

Zinc Toxicity in Animals · 

Van Reen (in Prasad 1966) concluded that more than 0.25 percent 

zinc in the diet was toxic. He also reported that inhalation of dusts 

and f~mes high in zinc and contact of zinc or zinc salts with the 

skin caused adverse reactions. Bowen (1966) showed 50 mg of zinc 

per day to be toxic and 150 mg to be lethal to a 0.3-kg rat. 

Toxic levels of zinc depress animal growth (Bowen 1966, Van Reen 

in Prasad 1966, Underwood 1971). Zinc induces anemia by interference 

with iron (Underwood 1971). In ruminants, Underwood (1971) reported 

high zinc levels to be detrimental to microorganism. Excess zinc 

in the rumen delays physiological action of insulin (Voisin 1959) 

and prolongs hypoglycemia (Underwood 1971). The activity of insulin 

may be reduced by the binding of zinc to th~t hormone (Cunningham 

1951). The mechanism of zinc toxicity is competitive interference 

with other metallic activators and complexation with hormones and 

reactive groups of substrates (Bowen 1966). 

Dietary levels of minerals and vitamins affect the relative 

toxicity of zinc. Thawley's (1975) investigation on rats showed 

that zinc t~xici t y (0~5 percent _ of diet) increased when dietary 
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when levels of vitamin D increased to excess (50,000 IU/kg of feed). 

FurtherQore, zinc and lead interacted to alleviate the toxic effects 

of zinc. Zinc and cadmium acted to reduce blood hemoglobin and 

copper levels in the liver and kidney (Thawley 1975). 

Toxicity of zinc in a forest soil community adjacent to a 

Pennsylvania zinc smelter was reported by Strojan (1975). Areas 

1, 6, and 40 km from the plant site were studied, the 40-km areas 

served as a control. The 1-km area contained 26,000 ppm zinc in 

the second organic litter (A2 ) layer. Both the 1-km and 6-km 

areas exhibited lowered microarthropod diversity and numbers; the 

Oribatid mites decreased the most, Collembola the least. Pitfall 

traps revealed that for the macroarthropods, beetles decreased 

the most. Soil respiration, as indicated by carbon dioxide 

evolution, was significantly lower near the smelter .. Decomposition 

rates of leaf fall, as judged from litter bags, were also lower 

near the smelter. Strojan concluded that high zinc levels retarded 

decomposition and mineral recycling by decreasing the animal 

populations in the soil. 

Similarly, Benenati (1974) assessed the effects of an Oklahoma 

zinc smelter over a 7-mile radius. Decreased productivity, altered 

floristic composition, and lowered species diversity were evident. 

Collections of forage and water contained enough zinc and other 

metals to be detrimental to livestock. 

METHODS 

Tne Study Area 

The study area at Site A was limited primarily to fields 

i.·ri.thiri 600-SiJ0 m of the zj_nc srnelt2r. Fields were defined by the 



lanes, the railroad, fences, interspersion of agricultural crops 3 

and other human activities. 

Fields were classed as nagriculturaln--those currently being 

farmed-- or "successional"-- those not being farmed. The latter 

showed numerous effects of past farming or pasturing but were 

dominated by "wild" plants as opposed to planted crops of cereal 

grains, row crops, and forage plants that dominated the agricultural 

fields. 

In general, land less than 300-500 m from Site A is so eroded 

and impoverished or "poisoned", or both, that it is no longer farmed 

on a regular basis and in most instances was characterized as succes

sional. Fields more than about 800 m from the smelter complex 

appeared normally productive, or nearly so, for crops such as corn 

(Zea mays), soybeans (Glycine max), wheat (Triticum aestivum), 

and grain sorghum (Sorghum vulgare). Several fields 300-500 m from 

the smelter show apparently unsuccessful attempts at cropping over 

the last 1-3 years. 

Because the land near the smelter has little or no present value 

for agriculture, several fields have been used for dumping refuse 

and rubble. There is also an old automotive junkyard and salvage 

operation on about 10 acres just southwest of the plant. 

Although fields at Site A dominated by wild plants have been 

termed successional, their vegetative pattern is considerably differ

ent from that characteristic of abandoned agricultural land in 

south-central Illinois. Successional patterns evident near Site A 

will be described later in this report. 
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Cover Mapping 

Maps of the vegetation at Site A were prepared using aerial 

infra-red photographs to delineate patterns of aspect dominance 

within individual fields. Vegetative pattern was described on the 

basis of observations made in the individual fields with the use of 

the aerial photos for reference. Nomenclature follows Jones (1963). 

Identifications of plant specimens were referenced against type 

specimens in the herbarium of the Illinois Natural History Survey, 

Urbana. The identifications of several questionable specimens 

were verified by Dr. Robert A. Evers, former curator of the herbarium, 

now retired. 

Sampling 

In theory, an experiment is designed to provide~ sample · 

t adequate to test some chosen hypothesis. Normally, the design 

involves a form of random or stratified random sampling. In 

typical practice, however, the entire study, including the hypothesis, 

is reduced to accommodate the funds available. The vegetative study 

reported here was no exception. 

The number of dominant vegetative types was large, and their 

spatial distribution such that any truly random sampling of soils 

and vegetation did not appear practical. The limited time available 

for sampling made it impractical to undertake any extensive series 

of complex chemical analyses of soils and plant tissues. 

Sampling proceeded on the basis of a quasi-stratification by 

injividual fields. Within fields, sampling zones were selected 

a rbitrarily on the basis of- dominant vegetation. Important species 



of plants were identified in each field and at least one sample was 

taken to include each important species in each field. If a 

particular species was dominant over relatively large areas or 

diverse parts of a field, as many as 5-6 samples were taken at 

distant or representative, or both, points over the field. 

The number of samples taken in a field was largely a function 

of the number of dominant species and unique vegetative situations 

apparent in that field. The number of samples of a given species 

depended on the number of fields in which it occupied a relatively 

conspicuous position and on its qistribution within these fields. 

Common species were sampled both as dominants and on the basis of 

their occurrence in samples dominated by other species. Although 

the selection of sites for sampling was arbitrary, common species 

were sampled under a considerable range of conditions occurring 

over the study area. 

For the majority of herbaceous species encountered in successional 

fields, a sample consisted of all living, rooted green pla~ts 

occurring within five quadrats 25 x 25 min size within a relatively 

uniform stand dominated by some particular species. In most instances· 

of sampling, annual plants were pulled from the soil, were separated 

by species and counted, and their numbers were recorded by species. 

After counting, ·loose dirt was shaken from roots and the plants 

were placed one species per sample in paper bags. All bags were 

labeled as to site, field, sample numbers, species of plant, numbers 

of plants, and date. 

In the case of the larger ~eedy forbs, perennial grasses, and 

woody plants, sampling consisted □erely of the collection of about 

l kg ~f leaf and stem materials. Th~se too were placed in labeled 
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After collection, the bagged plant materials were dried for 

0 5-8 days at about 50 Cina forced-air oven and then stored in 

large (approximately 75 x 100 cm) sealed ~lastic bags to which 

napthalene crystals had been added as a larvicide. 

The problem of obtaining estimates of productivity and mean 

sizes for the samples containing kn6wn numberB of annual plants 

was complicated by adherence of soil to the plant roots. The 

procedure used was to weigh the bags containing the dried plant 

materials to obtain gross weights. Plants were removed and the empty 

bags were weighed. After 3-10 g of the plant material from each 

sample had been saved for chemical analysis, the remainder was 

ashed and the resulting substance, principally soil materials, 

was weighed. The net dry weight of plant material for each species 

for each sample was then estimated as gross weight of bag and 

contents, minus weight of the bag, and minus weight of soil material 

remaining after ashing. Any loss of weight through plant ash wa~ 

considered a negligible bias that would be relatively constant 

among samples for a species and proportionate to the amount of 

plant material for that species in the sample~ 

The 2 to 10-g samples of plant tissues were finely chopped 

in a "Waring Blender" and stored in polyethylene 1:)ags for future 

chemical analysis. 

Surface soils were sampled from within each quadrat after 

plant materials had been removed. Soil samples typically consisted 

of about nine cores, 5 cm deep and 2.5 cm in diameter, removed 

with a soil sampling probe f~om each of the five quatrats that 

csmprised a sample. Reference soils for samples of woody vegetation 

an-::1 ~~rennjal •>'S.sses and forbs ':ieY'e obt2.tned in close proxj_mity 

t0 t~e i~div1~~al plants samplej an~ within Khat ~as considered 
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their probable rooting zones. After collection, soil samples were 

placed in a forced-air oven where they were dried f6r 5-8 days 

at 50° C. Soil materials were collected and stored in plastic 

containers and covered with polyethylene lids. 

After drying, soil samples were hand-ground, sieved through a 

20-rnesh (841-µm opening) screen, tumbled for 20-30 minutes to 

assure thorough mixing, returned to their original containers, 

and sealed for future chemical analysis. Materials not passing 

through the screen were discarded. 

Chemical Analyses 

Plant tissue and soil samples were analyzed for zinc by the 

Environmental Research Analytical Laboratory, University of Illinois, 

Urbana, under the supervision of Dr. A. M. Hartley. The pH of soil 

( samples was determined under the author's supervisiori in a laboratory 

of the Section of Wildlife Research, Illinois Natural History Survey, 

Urbana, according to the procedure of Peech (1965). 

Statistical Analyses 

Multivariate and discriminant function analyses were performed 

by digital computer facilities of the University of Illinois, Urbana. 

Two-factor regression and correlation analyses were performed by 

hand using computer facilities of the Illinois Natural History 

Survey. 



Zinc i~ Surface Soilu 

~evcls of zinc in sampl~s of su~face soils collected i~ ~he 

vicini-r .. y o:f t:12 s:.:elter at Site" ranf;ed as i:i~;r:. c~s 7 SJCQ0 ppri--

nearly~ percent zinc (Fig. ·1). In rcnAr2l, levels of zinc i~ 

uplanu surface soils were high near the s~elter and decreas ed 

with distance from the sme.J.ter. · Levels of zinc in soil samples 

collected beyond the apparent influence of the smelter were in the 

range of 25-80 ppm (Table 2). Two upland soil samples taken approx

iMately 2 kn north of the smelter contained 160 and 200 ppm zinc. 

Two samples taken about 6.8 km northeast of the smelter contained 

27 and 28 ppm zinc. The levels of zinc in upland surface soils at 

Site A were in keeping with levels of zinc in surface soils reported 

by other workers (Strejan 1975, Benenati 1974, Weston et al. in 

Goodman et al, 1965). 

Consistently high levels of zinc were detected in alluvial 

soils high in organic matter sampled in outwash areas near the 

smelter and on floodplains al~ng the small intermittent streams 

that drain surface water from the site (Fig. 1). Relatively high 

levels of zinc were detected in alluvial deposits for a considerable 

distance downstream from the smelter (Table 3). 

'11 he levels of zinc in upland surface soil samples fror:1 Site A 

~ere examined as depenCent variables in a nultiple correlations 

program model, tii th ( 1} distance of the sar.1ple location fror. the 

sr-:elter, (2) sar.-.ple pE, and (3) percent soil or·;-anic :r..2tter os 

~ndepe~i ~nt variables. Data ·fro~ 1·29 soil s e~p:es ~ere includet 

in the analysis. Although the r:-.ultiple correlation coefficient 

~as hiGhly significant 

;' __ -~,._.·:_~_~ .... , :_·._;_., ,·,,-.:·'.-· • . _r __ ·,~_) _ _ =- ,·._·_,, • ·~,-~,:~_ ',1.. ~:."'""!.- ... \·- ,~ '"lo-" 1,-.),. .... .,l.~; ,....;.. ... r-. i,~ ,-\(''j 
• • - - - - - - l. _ l,_1 •• :_ . .. \ _, - ' -..J .1 ! J C ~, • . .,• · ...... ,J -~ •J 

.'...:.:. -.J 

le 'le ls in uplam.:. 
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surface soi1.s at Site 1,,_ 1·ras 2.~.-: :-;~~~:t::.1.} fo:r· :. n the threc-eler·.ent 

~odel. Thus, the pattern of zinc dist~ibution at Site A is clearlj 

not a siriple function of distarice, alt-holiG~n distance was inciica-cec.1 _ 

as one significant factor. 

The analysis indicated that the level of zinc was signifi

cantly associated with the level of soil organic □atter. Zinc ~as 

also significantly associated with pH~ This finding may derive from 

an association between pH and soil organic matter relating to the 

exchange capacity of the organic matter and its ability to hold 

cations. 

The conclusion drawn from the preceding observations and 

analysis is that zinc is significantly conserved in surface soils 

by soil organic matter. Bowen (1966) was of the opinion that 

most zinc in soils occurs in primary minerals and in clays derived 

from parent materials. Viets (in Prasad 1966) concluded that the 

upper soil horizons hold more zinc than do subsoils. Hibbard 

(1940) early demonstrated the accumulation of zinc in the upper 

horizons of forest soils and reasoned that it derived from decaying 

organic matter. Strejan (1975) found high levels (26,000 ppn zinc) 

in the organic litter layer of a forest soil 1 km from a smelter. 

Corollary to the conclusion that zinc is conserved in soil 

organic matter is the hypothesis that the erosion of surface soils, 

WI'..ich results in a "loss" of or0anic r.iat~e:r, 1-•Tould e f::'ec t a t:'2.ns-

oort and dispersion of zinc ai.Iay from the snelter site. J\t Site A 

rost erosion is the result of the irpact of rain on b2re soil and 

subsequent transport of suspended soil narticles by surface 112tsr. 

The accumulition of zinc in hich orcanic alluvial soils near, and 

particularly downstream fron the snelter supports the hypotheses of 
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The patt.:rn of' ~inc surf ~ -:! ~ soilS observed at Site A 

leaves little doubt that the snelt~r ha.s- teen a. locally siEnif-

icant ~ource of zinc pollution. I~ f~rt~er ap~ears th~t zinc 

re le 2. s e lt Ly SL8lter tC:nds to Le ccr1centra. ~ed a.nd cons er-1ed ::..-r1 

the o r ,-::i.ni c fi,act ion of surf ace so~- ls. Al t~1ouch z .:i nc cor9le:<ec: 

t,;i th orc anic L2.tter and t;ith cla:r r. i ncrals is relatively ir,u:-.obile, 

there has been movement of complexed zinc away from the s□elter 

as a consequence of erosion and run-off of surface water. Con

sidering the residual levels of zinc in the surface soils at Site 

A, additional downstream movement of zinc can be expected with each 

rain that is sufficient to put exposed soil in suspension,· causing 

erosion and run-off of suspended material. 

Vegetative Zones 

Surfaces at Site A were broadly classed as area~ of erosion 
(j" 
• (uplands) and areas of alluvial deposition (lowlands). The upland 

soils near the smelter are severely eroded into the "B" horizon. 

The degree of erosion on comparable slopes tends to decrease with 

distance from the smelter. 

Previously, it was pointed out that vegetative zones and 

communities are not clearly defined. However, some generalizations 

relative to pattern appear warranted by the distribution of plants 

growin[ in relation to the zinc smelter at Site A. 

The dornincnt snecies at Site A are those characteristic of 

r.1any creeled, disturbed, lmr-fertility situatic~s j_n south-central 

Illinois. However, their pattern a nd spatial relations appear 

uni0_ue. I -,-, e f .;:, C C .._ Ve r• p .._ a t" ..; 0 'Y"1 ::1 .._ r i· -'-- r., I\ s . l r- re Cl s .._ ~ ".l r.1 0 d 1· J:l i· ro at i' 0.,.,., 
• 11 J.. ' L, , t ~ L, • ..:.. l l ,, L, 0 i., c · h L ,~_,r:, c: .._ L, .:,. c~ . • . .L _ v • 1 of 

a 3c~e;o:~....:_ary successionc~l sere in vfr:ich c.ista.l!ce fror, the s1-:-'.elter 

...... ,,, ... r - .. 
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of the flora of Site i\ and conparatle _n·earby habit2.ts. Hov1ever, 

Table 4 presents 2. list of pl3.nts compiled by the author.·_ rio.n?, 

i - · t 11 · · ' r · '"'· -L- • • ,..,. , , • cu-c:; no a , sp0cieG 1c...: .. erh,l.l1c2.L-ions ~·:ere verlileG uy comparison 

¼ith s~eci@ens on file in tte herbariun of the Illinois State _ 

l:atural Li story Survey, Urbana. Al ti"1ough many of the more comnon 

plants of the area are included, this list is far fro~ complete. 

However, it does give a general picture 6f the flora of the region. 

Zone O: Bare Ground 

Near the smelter and particularly in areas of alluvial outwash 

are areas essentially devoid of rooted emergent ve~etation (Fig. 3). 

Such areas were classed as Zone O. 

Zone I: Amaranthus-Panicum 

Vegetation on upland sites near the smelter is very sparse. 

Extensive spots are bare or nearly so. Plant species diversity 

in Zone I is low and is characterized by the weedy annual grass 

Panicum dichotomiflorum and the weedy annual forb Anaranthus 

hybridus. P. dichotoniflorum tends to colonize area~ of com

pletely bare soil whereas A. hybridus tends to establish in tiny 

spots where bits of organic debris have collected. 

The first, or Amaranthus-Panicum, zone is characterized by 

Jenee populations of tiny individuals :if th .. ~ t;,;o dor,inant 3p.:;,:;i2 s 

( Pi r:-·s - -1r...::.. • Li-8) • Densities in excess of 5,000 plants per m2 were 

cocmon in Zone I near ti·1e smelter. In such situations quaclr2.ts 

often contained no indivjd~als c~ tall and fe~ quadr2.ts 

cont2.ined any inuividua~s Lore tt~n 28 c~ tall. r r oductivity in 

I 2 . ,, .. r. ......, .L •,....,, ..! 'l 

V ~. .. -

321 

~,. ~ ... I 
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hytriclus .enc; P. dic·hotor i f l or-,__tr: increc-:.s :::-c:, al t 1--c· .. wh bot h re:-- a:tr,e~ 

stunteci j_n cor-:·-~arison v.r i t h size . of sir:1il 2. r i n cii victuals observed 

awa~i frorr. Sl te A. Increases in s i ze anci. c roduc~i vi t:, were 

accompanied by decreases in density. 

Solanum carolinense and Apocvnum cannabinun represent the only 

other genera represented with any si~nificant frequency in the 

Amaranthus-Panicum zone. 

At Site A the Amaranthus-Panicura zone was present and occupied 

the same Leneral area all three summers when the vecetation was 

examined (1974-76). This distribution is in definite contrast to 

the successional status typical of A. hybridus and P. dichotomiflorum 

on uplands away from Site A where those species ten~ to colonize on 

bare ·soil after disturbanc£:-; and in corn (Zea mays) and soybean 

(Glycine wax) fields. In disturbed sites,~- hybridus typically 

occurs the first growing season after disturbance. Dominance by P. 

dichotomiflorum is also greatest during the first year but tends to 

be present in greatly reduced nunbers for 2-3 additional years (\-!~. 

R. Edwards, unpublished data). 

The general pattern of A. hybridus and P. dichoto~iflorum 

suGgests that their zone of doninance at Site A l.Jill p::-otab:y per-

sist for some time. 

Zons ~a: Spartina Flats 

rworl~- d! ... aineu s~:iots of recently deposited. al~:..~•::_ur.1 ccntair:irw con-
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1.2lley tena to occur 0~1 othen·:ise b :: :-·e 2.reas or ·2.s a transition be-

t 1::een bare f: rouLa and the ve;~cta.t:.o ri c ;: Zon e I r:ear the sr'elter and 

alone t11c ciraina ~e~nys in Zones== 2~d ~ I~ f~rther froM the s~elter. 

In such situations standinf~ water is r:,-,esent durj_ng most of the 

s9rin3 ano for periods of 3-10 da:_;s af~er r:'lOdera.te to hec:~v:1 rains. 

Soils tend to stay v1et or damp for extended periods. Much of the 

distribution of Spartinaappears to relate primarily to alluvial 

soils and to drainage. ~hese soils tend to have a salty taste. 

In a few spots where water stands for more prolonged periods 

one finds occasional small clumps of Typha latifolia associated 

with the Soartina. Except for an occasional Ar.aranthus, Spartina 

stands tend to be monospecific. 

Zone II: Amaranthus-Panicum-Agrostis-"Plusn 

Starting perhaps 80 m from the smelter in areas slightly less 

eroded and having slightly less surface drainage, the weedy annual 

grass Agrostis hyemalis is detected in increasing -numbers and forms 

what amounts to a second zone-~the Amaranthus-Panicum-Agrostis 

zone (Figs. 9-10). In Zone II the rush Juncus tenuis is common 

along furrows, paths and wheel traces where the soil is compacted 

and where water tends to stand after a rain. Also to be found in 

Zone II, principally in poorly drained spots, are colonies of Qoss 

(Polytrichium spp.) that are 5-25 ~ or larzer in diameter. 

As with the A~aranthus and P~nicu□, the abundance, ·size, and 

productivity of A~rostis tend to i ncrease with distance fro~ the 

s_r-:clter, but i~ too tern.ls to Le s:-.allero 2.nd .1.ess p:·oductive than 

·.:nen fou~·1ci :_;1 habitats 2:.:ay f'ro!7 S:..te l .. 



'l'he are2. dor:.ir:2.ted . by !::._. hve::--.a.lis_ -2.ppeared essentially the 

clo: :-' ina!'lc c: of J._. h:: bridu~, P. c.ichoto-

rdflorur: ) and!~. _1:::::::-;1alis ~~ill prorab]y persist for a cons2.derable 

number of years in ~he absence of further phy3~cal disturbance. 

In south-central Illinois A. hyenalis is a characteristic 

dominant on poorly drained low-fertility soils during second and 

third. seasons·after abandonment, following cropping for corn or 

soybeans. It is usually present in reduced numbers for several 

additional years. In many respects, it replaces P. dichotomiflorum 

in the sere. The pattern of A. hyemalis on Site A suggests that of 

a replacement, but here the pattern is a replacement in space as 

opposed to its usual position as a replaceDent in a time sere of 

secondary succession. 

The extent of erosion in Zone II is demonstrated by the presence 

of numerous □ounds (Figs. 11-13). Where roots have inhibited soil 

erosion, trees and deep-rooted perennial herbs persist on ~ounds 

rising 25-35 cm above the adjacent soil. 

Scattered through Zone II is an assortment of perennial herbs 

and woody plants that probably represent relics of the corilmuni ty 

that gave way to t i1e one now dominated Ly A. hybridus, P. dichotonifloruD, 

On the n~arly level upland ~ortions of Zone II one finds 

scattered clumps ~: ~ndrono r nn pcr~rdi ~nd SorFhastrus nutans (Pigs. 

li}ely that they : ·spresent relics cf the prairie that originally 

.-r·"' .._) !) . _. • ) 
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of t :r. c s e thorny specie s s u c :~ e s U-· i 10 2. v y pa[~ tu r i nf; o ,; er an ext en rJ. c: ci 

Altr1ouch no trees v:ere a.r:.ec:, f'ror t l".1cir a~;n-:;A.rance it is 

p:cobable that they 1Jere cs tab li s:1ed prior to, or· re lat i Ve ly :Joon 

after, the sr.1eltinc of zinc was initiated. s:1he ir.Ipression one 

gains in viewing the erosion and vegetation in Zones I and II is 

that present conditions reflect a combination of toxic effects of 

zinc and prolonged overgrazing. 

Other tree species present in Zone II included Sassafras 

albidum, Pooulus deltoides, Quercus irnbricaria, and Diosoyros 

virginiana. Other flowering plants observed in Zone II included 

Xanthium commune, Asclepias tuberosa (specimen was a particularly 

vibrant, deep orange in color), Verbena hastata, Baptisia 

leucantha, Solanum carolinense, Asclenias hirtella, Apocynum 

cannabinum, Festuca elatior, Agrostis alba, Rubus flagellaris, 

Asparagus officinalis, and Vitis spp. One area of tight soils 

is being extensively invaded by Campsis radicans. 

Zone I II: Tallgrasses 

Zone III is dominated by the nat1ve perennial grasses 

Androposon virginicus, ~. r:erardi, a.nd Sorp;hastrun nutans. Of 

these, S. nutans is far Ptore abundant and extersively distrit ·..1ted 

( T:' .• , .. ] r: ) . - lt: • _..._, • 

~- virGinicu3 appeared to occ~~y a sor2~~at transit~onnl 

!.tt.•~1 :t __ ~ r_Jfi ~1Pt-.~.-.:r")py~i '7 onf-1 ·iJ- ,--. i"". , : Q1 '~,_-..... , ~.L-~'"'·r~ .... ~~ r ..,., ... f-..-.:r7 .. .,, • .. 11o··e\rer 
: - -- ·- - - ' • • - - ~ ..... - - • LJ ••• :. _;_ • c...:_ • ! u . r..;. • - '- ' - 0 l, (,,. 1 ! .. , :::, ,_, L :::. • • ! U. ,.., c.:~ • :-:; ' - ' I • • ' 
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the past 3~S year= (see descript~on of Zone V), an~ the role of h. 

v 2- r ,f-- in i c l.u::; in coLrnm_ity c.evelo~r..cnt ~-ras in v.:eeping i-1ith its t;-/pical 

role in old field succession. The appearance of sites where A. 

virginicus was successional su~gested higher fertility and less 

erosion than where it held a transitional position between Zone II 

and S. nutans. The latter position very probably related to some 

environ□ental gradient as opposed to a tiDe sere. 

Sorghastrum nutans occurred extensively in dense mixed stands 

with A. virginicus, in dense stands alone, in open mixed stands 

with A. gerardi, and in scattered clur.ips. Fairly dense stands of 

tallgrasses including S. nutans did not, however occur closer than 

( about 250 m from the smelter. The best stands of §_. nutans began 

about 400 m fror;1 the sr11elter. The closest individual clumps of 

S. nutans were perhaps 150 m from the smelter. 

The closest individual clumps ot A. gerardi were about 100 m 

from the s□elter, with the better stands perhaps 400 m away. A. 

gerardi tended to occur primarily in scattered clumps and mixed 

open stands withs. nutans. It tends to occupy rrore rnesic sites 

than s. nutans but less wet sites than Spartina pectinata. It is 

orobable that A. ~ererdi was to a de r ree limited in its distri-
~ - ~------
bution and atu~dance by the so~~what draughty n~ture of the area 

soils. 

r_,_
1Le tall[ra~s zone located so:.1tl'11.·rcs t of ·the sne1ter· sur,r:;orts 

prob2.bly tLe Les'c an:~ 1~.ost extensi·:e r el i c stand o.f S. nu.tans in 

T•• - - ...... ~~ • ,, ... ~ ~ -· ' "-

... ·.,. ""\ . ~ 
•._...:. ..... -.·• :·~s 

. . ... 
~: :_; ~- j · l :_t 1_~ :_; , r .. :.. :.:.i C :)- :--~,: (' ~( .. 
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( -;- ~ r• 1 •. ) 
\ ~ ~l_, • - { • r_• 11 ere is no re 2.ci y c- x ,_'\ J. 2.n ~ t j_ on for the lac 1: of f o :-· b s in 

/ Zone III. ?erha~s the lack of forbs in the t2.llcrass zone relates 
t.. 

\. 

to a lone his tor;:; of heavy £raz=--r~c and freoue:1·t burninh, but otr1er 

areas ir. the re::;i0n have s:,i.f fcr(:-d :..,oth a.nci. exhibit far r;re2.ter 

diversity. 'The railroad, \ihicl1 !1c::.s se s through ~:i te A, is fren;11:::1~ l;: 

t~rned and supports nucerous prairie forbs in relatively close 

proximity to the snelter. 

Zone IV: S;iamp 

Just northeast of the smelter is a swampy area dominated by 

buttonbush (Cephalanthus occidentalis). This area appears to have 

derived from the partial blocking of an old watercourse by the 

railway. Limited channelization of this watercourse was effected 

in late 1974 or early 1975 in the vicinity of the smelter both 

north and south of the railroad. Channelization resulted in exten

sive destruction of buttonbush and drainage of the swamp. This 

habitat will change narkedly in the next several years. 

Zone V: Wooded Waterways 

This zone is comprised of vegetation associated with the water

course that passes immediately east of the smelter. The woody vege

tation of Zone Vis dominated by Populus deltoides, Salix nigra, 

Quercus nalustris, Platanus occidentalis, and Ul~us americana. On 

bctter-drair1ed sites one finds c:u.ercus ir.lb:1~c2.:c-ia.,~. 2.lb2., ?ru~::...s 

spp., Gleditsia triacanthos, Sassafras albidur, Dio~~yros vi~ri~~1~a, 

:'::-iataeG:JS spp., :.2.lus spp., Sar..bJ.c.J.s c2.n2.ciensis, Eubus ~Pr . ., ?~-:·.:2_ 

:·"'~·-,,~ \'"_2 
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soil type, and drainace, support herbaceous plants discussed for 

Zones I, Ia, II, III, and VI, pl~s Cuscuta spp. 

Zone VI: Recently Distur~ed 

Veretation i L the zones I t-hrou s h V :cef'lcct, in neut in-

stances, responses to fcctors that have operated over an extended 

period of years •. The result is that vegetative patterns in those 

zones suggest a relatively high degree of temporal stability. In 

contrast to such stable-appearing situations is the vegetation in 

areas where soils l1ave recently been disturbed in unsuccessful 

attempts at farninr.;. '11he later situations have been designated 

as Zone VI. In ~eneral, Zone VI situations occur at least 350 m 

fror.i the smelter in places where erosion has been compartively light. 

Common plants observed inZone VI included Amaranthus hybridus, 

Panicum dichotomiflorum, Agrostis hyemalis, Andronogon virginicus, 

Eupatorium serotinum, Ambrosia artemisiifolia, Verbena hastata, 

Juncus tenuis, Solcnum carolinense, Trifolium pratense, and Bidens 

corona ta. 

The basic veGetative pattern observed in Zone VI was a succes

sional conversion of annuals to a Euoatoriurn-dominated connunity on 

better sites and to Andropogon vir~inicus on the interEediate sites. 

Zone II vecetatio~ occupies the poorest • L sil,es 

probably per3ist for fairly 1 r,c;- · o....,.: de n.c, Q. l c, p -.... .L ..L O u \J J. 

in Zone VI and ~rill 

A. arte~isiifolia 

r,;as a.n j_r. port ant 2.nnual on t :ne better sites ::. n 19 '! 5 but ~!a:=; r~re2. t ly 

reduced i r: 19 7 G • 

~ ic~ato~ifloru□ ~ 



T .,., 7 (! 7 ,' 
...!._!J.. - .• • i 

~ere [enerally 1·scucea in size, productivity, a~d density_ in Zone 

r.:ost fert-Lle portior:s o f Z or. e ' .-I I 

~onineted by red clover ( r· ' -, 7 .P l ..: · 1 -., ~ -.,-, t C' , ) ,.., .,,... ,.... Y'" · +- 7 - r c. c, ,.- o • _ 1 _,_ i o .~ ..L 1_..i. (l J.. a "' ~ n .::.i e c. :o ~-) a..... :-:: n v .J.. .., s ,_ ~ u ....... c. in 

7 o 7 L1 _ _,, I r • . ~ssoci etet ~erts i~ 1975 included A~trosia, fra~ant~~3, 

Xanthium, Bidens, Agrostis, Panicum,·and Juncus. These species 

were much reduced in riumbers in 1976, when they tended to be re

placed by Eupatoriurn, Ericeron annuus, E. stri[osus, ~.ca~2densis, 

Solidago spp., and Lactuca. Agrostis, too, was more prevalent in 

1976. This pattern is nore or less typical of early secondary 

succession in south-central Illinois. 

Zone VII: Railroad Right-of-Way 

The railroad right-of-v-ray passing east-west irr.mediately north 

U of the smelter defines Zone VII. I3eyonc.1 about 100 m from the 

smelter, vegetation is dominated by a diverse admixture of native 

prairie forbs, grasses, and Eurasian weeds. In wet sites nearer 

the plant, Spartina tends to dominate mesic areas of alluvial soils. 

No atter..pt was made to compile a comprehensive listinp: · of_ species 

present along the right-of-way over the growing season. Eowever, 

the follm,;ing plants are cor.tmon and characteristic ai:·ray from the 

s~elter in .Zone VII: Anaranthus, Amorpha canescens, Arctium ninus, 

Asclepias tubcrosa, Aspara~us, Aster novae-anpl~ae, Ba,ti~ia leucantha, 

C 2.s s ia. fas c ic '.l lat a, Cus cut a, D ios nyros virfinj_.s na, Er:':-: r L::--1. :vuc c j_ fo 1:. ur·:, 

Geranium maculatum, Eelianthus vrossescrratus, Lactuca, Les pcdeza 
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subasper2., !· v~_r;:inica, r~
1ripsaicG.1.• dac~yloic~es, ancl Yucca f i 2.2.r·,en-

tosa. In fact, ~ost of the species lis tecl in ' -::i .D l O 4 D 7 ' • s n ur-7 e .,..., -0' ' c.• ..t.. C -'- -' ;.. -L '--" J. .. ,. J. -1.V 

others, probauly occur alone:: the :rlr;ht-of-1:2.y -.-:ithin 1-2 riles of' 

the sr~elter. 

Zone VIII: Cropland 

Principal agricultural crops grown in the fields surrounding 

the smelter included wheat, red clover, soybeans, sorghum, and 

corn in that approximate sequence of proximity to the snelter. In 

general, wheat was being planted in fields having higher levels of 

zinc in surface soils than were the other crops. This pattern of 

crops very probably reflected past successes and failures of local 

farmers in growing those crops on the zinc-polluted soils near the 

smelter. 

Cropping success was obviously not uniform with respect to 

the distance from the smelter in those wheat and soybean fields 

nearest the smelter. Stands of wheat and soybeans nearest the 

smelter tended to be sparse and stunted. Yields were virtually nil 

in spots and harvest was not even attempted in such situations. 

Parts of several fields suggested recent abandonment after unsuccess

ful attenpts at cropping. Soil tests revealed consistently higher 

levels of zinc in places where stands were thin and pl2~ts stunt ed 

than in parts of the same fields ~here the densities and sizes of 

crons looked more norni2l. Critical leve :s for zinc a.ppea.red to be 

about 1,200 I)pr.. for wheat, a little less _L..., 0 Y' C" ,...., u 'c· Cl :::i n s r:. 0 n ') r.,.,...., . f' '"' ..., 
• • .- 1i.") Vt.. ,_ C... ... ~ ' U V ): .,._.'.!•:· .1.. \_I.:... 

sorcnur:., anci a little less fo!' C'J:-1!;.. 



signific.::rntly riel2.teC:t t.o crop prcci1..:.ct:Lo~1 fo:::-i 2.~ least 500 anci 

con3titute- 2 tcGt, it is possible ~h~t ~:assi?e applications of lire 

ano. fertilizers in conne8tion Hi th 2. prof:raL of c:ro~:;inr; for2.se 

plants to restore soil organic ~atter might, in ti~e, reclaim for 

crop production some of the polluted and impoverished land near the 

smelter at Site A. ~he key would see~ to be to restore hi[h levels 

of organic matter. Sweet clover (f!elilotus officinalies) and the 

tall native prairie grasses would be worth trying in such a program. 

The general pattern of upland vegetation at Site A is for the 

so-called "colonizine;" plants typical of earl~, secondary succession 

on low-fertility sites in south-central Illinois to annually domin~ 

ate areas ,,here concentrations of zinc are relativel~ high and levels 

( of pH and organic matter are relatively low in surface soils. Plants 

typical of later stages of the sere tend to occupy areas lower in 

zinc but higher in pH and organic matter. This pattern of plants 

leads to the hypothesis that plants are distributed in both space 

and time along complex dynamic environmental gradients. 

Plants occurring on moist alluvial soils and other nesic sites 

renerally appeared more tolerant of high concentrations of zinc 

~han did the plants typlcal of drier upland sites. No":able e::2.r:p=._cs 

observed at Site A incluC.e Spartina pectina.ta, Ponulus deltoides, 

Cenhalanthus occidentalis, Tynha latifolia, ~2l~x ~i~ra, c ~~psis 

radic2_ns, o.nu 1\pocvnui;r cannabinur:--.. It is possib2-e that :..,actors 

D.:::,sociateci 1·:it.h the [encrally hi,·:, levels of so:Ll orp:anic r..atte:c and 

oit of t:-1e -r;:esic sites ::-.if~h~ so;.:er:o·.: offset tl·:e potentiall:l tox=Lc 

;• '"\ ),-, 
' .L 

-.:_,~;.l-

and concentra~e · 



zinc, ana ~ wide variety a~ other e le~c~~s, ov9r periods .... 
0~ 

evolution2..ry tine or[~anisr:.s assoc::.ated ·v';ith high or6anic alluvial 

soils have been sufficiently exposed to evolve relitive tolerance 

to hic)1 levels of zin~ and, pre:;u.:-:-:ar-Jly, otter ele::-.ents a.s -;•;ell. 

Heeds of Corn, Sorp.;hun, and Sovbe2.n Fields 
\; 

rJ.
111e vrce d populations · of corn and soybean fields near the 

s~elter appeared to be largely a function of soil moisture con

ditions plus the success of weed control in the individual field. 

Some fields were essentially "clean"; others viere fairly weedy. 

Common weeds of corn, sorghum (Sorghum vulgare), and soybean fields 

at Site A include: Amaranthus hydridus, Ambrosia artemisiifolia, 

Asclepias syriaca, Ipomoea hederacea, Xanthium commune, Solanum 

carolinense, Panicum dichotomiflorum, and Digitaria (2 species). 

Because of the nature of chemical weed control, weedy grasses tended 

to be more prevalent in corn and sorghum and weedy fbrbs to be more 

abundant in soybeans. 

Weeds of Wheat Fields 

Weeds tended to be more prevalent in wheat (Triticum aestivum) 

than in row crops, probably because chemical weed control is not 

practical in wheat fields as it is in row crops. Common weedy forbs 

of wheat fields at Site A include: Ambrosia artemisiifolia, 

Arnaranthus hybridus, Cirsium vulgare, and Di~itarin spp._ Frequently 

alba, and Phleum pratense. f-'!elilotus spr1. ofter:. appeared as a volur.-:-

teer in 1.·rhcat fields. In are2.;:; clcser to 2ite t .. ;·There soils 1,-.re:"e 

less conc~.ucive to 1·:heat 2.nc:. tr10 f .:-i r .~--re r-r ,::sses 2.nc~ legur.,es, one :~i~::-.s 

~~aranthus tytr~dus, 

- _)Jc: -



The previously discus :::;el r ,~ lat ion::;hip s of the le"'J~ ls of z1:1c, 

pr:, anu. orcanie; r.;nttcr in surface c; c iL~ a:::; they relate ::... to c~is-

tance fro~ the sDelter, and the occurrence of vegetative and land

use zones as they appeared to relate to distance fro~ the smelter, 

lead to the hypothesis that zinc, pH, and organic matter were 

sibnificant in land use and in community development at Site A. 

This hypothesis was tested by discriminate function analysis using 

zinc, pH, and organic matter as discri~inating parameters. Classes 

were based on the vegetative type or land use at the various sarr.ple 

locations. Classes included (1) bare ground, (2) Amaranthus hybridus 

( or Panicum dichotomiflorum, or both, (3) A. hybridu& or r. dichotomi

florum, or both, with Agrostis hyemalis, ( 4) perennial tallgrasses, 

(5) plants associated with alluvial deposits, and (6) cropland. 

Data for 128 sample locations were used in this analysis. 

The preliminary discriminate function analysis revealed that 

levels of zinc, organic matter,· and pH ~ere all significantly associ

ated with vegetative pattern and land use at Site A •. The nature of 

the separation of the six variatles alon~ the three gradients is 

3uggested in ~able 5. Unfortunately, this aspect of ~he a~alys~s 

had not been co~pleted in ti~e for inclusion in this report tut will 

be inclucieu in the fin.al draft -:;f the r. .anuscript beir:.~ prep2red o:n. 

'ci.is stuc1y. 

oft : .... r•: .,J' •,.. T~ 



i r:i. t 11 e i r as soc lat e d s u r r" ace soi ls ha v c not b e en · 2. c co r.1 pl i shed . L '.) ~ r -

1 ever, inspection of tabulated_ data s~;~ests some interestinr poss~-
'-

b 

bilities. 

In ceneral, size and productivi~y appeared inversely relatet 

to density and also to the levels of zinc. ~hese relationships 

inuicate the increasing significance of coLlpetition to population 

regulation as physical factors beco~e less limiting. ~he pheno~enon 

of density being inversely related to fertility was previously ob

served during the author's study of fertility in relation to secondary 

succession (Edwards 1975). The observation at Site A appeared to 

support the contention of the previous study that plants are dis

tributed along environmental gradients (occupy "realized niches") 

on the basis of competition with other plants having access to those 

gradients. 

Benenati (1974) reported that the height of alfalfa (Medicago 

sativa) was inversely related to soil zinc. He also observed that 

on his study area in Oklahoma, plant species diversity increased 

with distance from the smelter~ Although species diversity tended 

to increase with distance at Site A, the species composition in the 

tallgrass zone was restricted primarily to three species--Sorghastrurn 

nutans, Andropogon gerardi, and Arnaranthus hybridus, with Spartina 

pectinata along the floodplain. Presureably, ~- hybridus was filling 

the forb niche in that prairie grassland because of hiEh levels of 

soil zinc. Although prairie forts ·:1ere cor.r..on and aiverse in suit-

able ha'ui t2.ts a\;ay .fror:1 the sr:1el ter at Site I'-, they i.·:ere la.r 0ely 

rE: s tric ted to the railroad richt-o::·-Hay o~! the s L.lci::,,• are 2., ·::he~e 

rcr.n2.n ts oc c;-1 ~ 

- : #" :_,_ ·; ::.: .:. ~:. e - . 
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Zinc in Plant Tissues 

Four different types of che~ical analyses of plants were per-

forr:.ed: (1) total plan~s, (2) ~tcvef~rol~::'!d parts, (3) leaves and 

[reen twics, and (4) grains (seeds). To a large degree the tissues 

analyzed depended on the size of the species of plant analyzed. 

Scall plants, re[a rdless of spe~ies, were anal~Zed in total. The 

larger, more deeply rooted annuals and perennials ha.d only· their 

aboveground parts analyzed. Only leaves and fireen twigs of woody 

plants were analyzed whereas only grain was analyzed for the wheat 

and feed grains .. 

Although the statistical analyses are incomplete and prelimin

ary, several distinct patterns appear to be energin~ relative to the 

differences in the levels of zinc in tissues of different species of 

plants and to the diffe~ences of zinc in soil samples (Tables 6-13). 

Several types of differences in the levels of ztnc in plants 

were considered: (1) levels of zinc in individual plants of ·the 

various species as they relate to levels ·of zinc in surface soils 

and to distance from the smelter, (2) differences in levels of zinc 

anong different species of plants, and (3) differences in levels of 

zinc in different parts of plants. 

One of the disappointing aspects of the study was that funds 

did not permit assays of soils and plant tissues for elements other 

than zinc. riuch could have bee:1 le2.rned from su ch a n a lyses. 

;Jot surprisingly, the levels of zinc in plant tissues ten~ed to 

reflect the levels of zi~c in t~e surface soils in which they were 

growinc. ~his relationship was clearly de□o~strated by rerression 

analysis of tne log of the level of zinc in grain samples (Table 13) 

·with the level i~ associ2.te.J soil sar..;:<:: .. es :'or both :i.=heat (!'._
11 

= o.92Lt) 

( - r. or, --) 2.nd soylJear.::; .r,- - 1.., • .,.c..b • 
- l . 

Ec:,~•;evc r, tl:.e 2.s soci2.tion for sor'[hu:::·: 
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- • --r r 1·: o, . .., consi~erably ~eaker. This ~ssociation between 

sorchun and zinc 2 ay have been due to the limited ran~e of variation 

of soil zinc for t he sorc;hum sar~ples. ;Jot eno:..:gh samples of corn 

were availaLle to test. The correlation of plant zinc with soil 

zinc is sur;gcste :.·. for other species but the 8:rain sa:raf}les offere:d 

the best possibillties for preli~inary testinc. 

The observation that the level of zinc in wheat is directly. 

related to the levels of zinc in soils and· inversely related to 

distance from the smelter at Site A was sinilar to that reported by 

Benenati (1974) for wheat grown near a smelter in Oklahoma. 

In the present study, the levels of zinc in wheat ran as high 

as 550 ppm. The highest was approximately 10-15 times the level of 

zinc in samples of wheat from control points (Table 13). This ratio 

was considerably greater than was observed by Benenati (1974), who 

t reported that wheat growing near a smelter in Oklahoma contained 5 

times the zinc of normal wheat. Benenati (1974) reported zinc in 

normal wheat to be in the range of 18.3-19.4 ppm whereas control 

samples of °\'Iheat obtained in southcentral Illinois were in the general 

range of 28 to 44 ppm. Hhether the samples from the two states are 

really different is not known; however, Illinois soils and wheat 

may, in general, contain more zinc than Oklahona soils and wheat. 

As was reported earlier, different species of plants tended to 

be associated with different levels of soil zinc. As one night ex-

pect, different species of plants appeared to exhibit different·levels 

of zinc in their ·t issue s ( Tab le s 6-13 ) . 11~ he s e difference s undo u b t e d 1 y 

reflected, in part, the aiffere~t zinc status of their environcents. 

Lo~·,cver, p1ant s t.:: J. °t teneeci to occur tocether, such as Araranthu3 

h:vbric.us a.nd P2.n:. ··_;_ r.1 cic:-iotor:-.iflorun, appeared .to concentrate z.1..nc 



of those species collect ea. fror. the sa.r~e s2.r-:plinr points. 

011e ~easure of the tiifferenc e s in rates of accu~ulation of 

of the recresston coefficient (~-- = 0. 550) for the rel2ticr:::ih=--:'.:1 

bet·, :ce11 the loc of zinc in surf3ce soil sr.r-l1les (~) u:. th th~~ :or 

of zinc in t"l1e grains (~) of uheat. This relationship was quite 
-· 

different (!16 0.01 = 2.88) from that shown by the respective 

regression coefficient (b 1 = 0.252) for soybeans. The regression -s 

coefficient for sorghum (bs 2 = 0. 269) did not, hm-1ever, differ fror:1 

that for soybeans. The above observations lead to the hypothesis 

that different rates of accumulation of zinc were sorehow associated 

with relative zinc tolerances of different plant species. 

In contrast to the generally high levels of zinc in the leaves 

( and green twigs of Populus and Salix were the relativ~ly low levels 

of zinc in the leaves and stems of Cephalanthus occidentalis, 

Canpsis radicans, and in the leaves of the perennial prairie grasses, 

particularly Spartina. These relatively low levels were associated 

with the high levels 6f soil zinc (Table 10, 12). 

Although the preliminary analyses strongly suggested species

related d~fferences in the rates of accumulation of zinc, it was also 

clear that assays of samples of tissue from total plants consistently 

ra.;-i far ;1i[.;her in zinc th2.n a:::;32.ys of' sc:-:.7.:ples th-:::.t consistec~ :Jtll/ o f 

leaves and sterr:.s, and for the sa.rnles of grain ('::able 6). Sar..!)les of 

leaves and green twifS ~ere also hifh in zinc fe r Po~ulus deltoides 

2.r.J Sali;~ nicra (~:At.les 6, 12). '_':,-_us., for p2.o.nts se.r:"pled on :r·:e 

stu~y area at Site A, zinc appeared to have been concentrated: at 

a.ir'f'c:..,,.,cnt rates in different p2rt:3 oftbe pJan-c s . . 
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cucnce or zinc in soil narticle·s and dust adhering tti the plants) 

in 1976 a series of plant sanples was collected and cently ·washed 

in distilled· •.-iater prior to ch~r:ical analysis. The results of the 

2nalyses in 1976 were in close 2.[reri~ent with the findin~s in 1975. 

The data obtained on this study are in agree□ent with those 

of Sauchelli (1969), uho found zinc throu6 hout the plant; of Brad

shaw et al. (in Goodman et al. 1965), who found higher concentrations 

of zinc in meristematic tissues; ahd of Bowen (1966), who observed 

zinc content of roots to slightly exceed that for shoots. Isarangkura 

(1974) found greater absorption of zinc by younger than by older 

leaves of corn. 

Thus, it appears that zinc tends to be concentrated in the 

primary growth zones of plants--areas where proteins are being 

synthesized at high rates. 

The three annuals that tended to occupy the highest zinc soils 

and to have the highest levels of zinc in their tissues (Amaranthus 

hybridus, Panicum dichotomiflorum, and Agrostis hvernalis) frequently 

evidenced higher levels of zinc than their respective associated 

soils (Tables 7-9). The higher levels of zinc in plants than in the 

soils imply that those plants have a significant capacity to concen

trate and hold zinc against a concentration gradient. Bowen (1966) 

reported a steep gradient betweeri zinc in soil solution, 0.02 ppn, 

A possible explanation of the phenoreenon of zinc being concen-

trated in growth areas of roots and shoots o~ plants is that, in 

livinc -plants, zinc complexes ~ith ari~o acids, which serve 2s carriers. 

~he ctserved hif~h levels of zinc associated with soil orc anic matter 

would be a locical consequence of accunulation of zinc by pla~t roots. 

r::2.t te::· is J_' i Y..t c.:. L~; p::_.J.1.t roo:.s--~"~:r~)O.::,JS ciurir.,... rrotcir. synthc~is • 
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(1976) ~eportec 2 ,1<.l r ie t~, of -c::lenents 

the proteins of feathers of tluc Qnd s~ow Geese (Anser Caerulescens) 

and that _the levels of such el2cents reflect their availabili~y i~ 

the individuals' respective cnviron~ents. 

If the previous hypothesis of zinc fixation durins synthesis 

of proteins is correct, bm7 docs one e:rn lcdr. cii f ferent ial le'Te ls 

of zinc in the above~round parts of diffe~ent plants? The logical 

rationale is that we sampled different tissues of the different 

species and that the tissues sampled were at different stages of 

growth and development. Thus, their levels of proteins were different, 

or that different plants synthesize proteins at different rates, in 

different anounts, or of a different type,or a combination of these 

factors. This phenominon offers intriguing possibilities for 

future re-search. 
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DISCUSSION 

In general, levels of zinc in surface soils and the degree of 

erosion both decrease with distance from the smelter at Site A. 

Plant cornmunities at Site A tend to have lm•r species diversity, but 

diversity tends to increase with distance from the smelter. Pro

ductivity also tends to increase with distance from the smelter. 

Communities nearest the smelter are dominated by species that colonize 

disturbed sites of low fertility in south-central Illinois. CoITLmunities 

occurring at successively greater distances from the smelter are domin

ated by plants normally associated with successively later stages in 

secondary successional series typical for south-central Illinois. The 

level of zinc in surface soil samples was significantly related to the 

plant species that were growing on the samples. 

The conclusion is drawn that there have been serious long-term 

effects from zinc smelting on the soils and vegetation at Site A. 

High levels of zinc have probably led to decreased productivity and 

altered composition of plant species. As a consequence, the 

community apparently became increasingly vulnerable to overgrazing, 

erosion, and loss of nutrients -- the result being a cycle of increasing 

impoverishment. 

The occurrence of different plant species in relation to levels 

of zinc in surface soils plus the differen~ levels of zinc in th2 

tissues of different plants indicates that different plants have 

different tolerances for zinc and different capacities to accumulate 

zinc. 

Observations made at Site A are in agreement with Weston et al. 



(in Goodman et al. 1965) who reported Agrostis t~nuis and Bryum 

on zinc tip soils in Britain. Fertilization of those zinc tip soils 

resulted in improved plant growth although the plants remained small 

and chlorotic. Bradshaw et al. (in Goodman et al. 1965) found metal 

tolerance to be a genetic characteristic of Agrostis t2nuis and Festuca 

ovina. The importance of Agrbstis (!. ·hyemalis) at Site A has been 

detailed. Festuca elatior has shown promise in attempts to reclaim an 

area northwest of the smelter for use as a village park. Thus, the 

vegetative pattern at Site A suggests a combination of zinc and fertility 

gradients in relation to differential zinc tolerance of species having 

access to those gradients. 

Zinc tolerance is very probably a genetic characteristic of the 

individual plant species. Bradshaw (in Goodman et al. 1965) reported 

metallic tolerance to be linked to several different genes in Agrostis 

tenuis and to one gene in Festuca dvina. Different species of both 

these genera were common in relative proximity to the smelter at Site 

A, suggesting that relative tolerance exists above the species 

level - at least in those two genera. 

The vegetative pattern suggests that at Site A successional 

species occupy positions in space relative to some complex system of 

environmental gradients as opposed to their normal position in a time 

sequence of vegetational development. 

In effect, zinc pollution has induced negative succession. 

If zinc is still accumulating, the process of negative succession 

will presumably continue and be evident at progressively greater 

distances from the smelter. If the amount of zinc in the enviro~ment 

is holding at a relatively constant l eve 1 as a result of rrne 1.•r 11 zinc 
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emissions being controlled at the snelter and "old" zinc being con

served in clay and organic matter, the p~esen~ pattern of vegetation 

may persist with relatively minor change. If ~he zinc is bei~g 

vectored away from the site faster than it is accumulating, succession 

would be expected to proceed in a nore typical fashion. It is obvious 

at Site A that the zinc status of soils and vegetation are mutually · 

dependent. 

Observations at Site A and elsewhere make it clear that there 

are physical and chemical bases involved in plant succession and the 

development of vegetation. Moreover, events that induce succession 

are not inevitably undirectional ~ and thus succession is not inevitably 

undirectional has Gleason (1926) pointed out so many years ago. 

In recent years the concept of distribution of plants along 

environmental gradients has achieved general acceptance by ecologists 

(Whitaker 1951, 1953, 1957; Curtis and McIntosh 1951; Curtis 1955; 

1959). This may be the first time, however, that succession has been 

directly linked to gradients. 

In a previous study of the roles of soil fertility and competition 

in secondary successibn in south-central Illinois (Edwards 1975), this 

writer concluded that plants are distributed in relation to environ

mental gradients on the basis of competition. The plant species 

observed at, and in close proximity to, Site A make it clea~ t~at a 

diverse array of species have potential access to the study area. The 

number of species having access to a given place or zone is undo~bt-

edly far greater than the number of species actually present. This 

implies that some form of exclusio~ may be in operation. 
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At the higher levels of soil zinc where only colonizing species 

exist, their presence or absence may well reflect direct effects 

on such species as Panicum dichotomiflorum and Amaranthus hydridus. 

This condition is no doubt greatly complicated by erosion and the 

resulting low fertility. As zinc decreases and fertility increases, 

colonizing species are replaced by other species. Size-density 

relationships indicate that replacement occurs on the basis of compe

tition. This statement, of course, is hypothesis, not fact. How

ever, it is a hypothesis that can and should be tested in a controlled · 

environment. 

At distances greater than about 400 m from the smelter, soils 

support crops typical of the region. Although no attempt was made 

to estimate crop yields, it appeared that beyond 600 yards crop pro

duction was in the normal range. However, at distances less than 

about 400 m, wheat and so~beans were definitely reduced in size, 

density, and yield. Neither corn nor sorghum was planted less than 

about 500 m from the smelter in 1975 when most of our field study was 

done. 

One consequence of zinc-related impoverishment at Site A has 

been an almost complete loss of value of the land for agricultural 

production within about 400 m of the smelter. As typical of "worthless" 

land, much of the area now serves as a junkyard and a place to dump 

rubble and trash. 

A tract of approximately 20 acres near the smelter has been 

acquired for a village park. This tract has been seeded to fescue 

(Festuca elatior) with fair initial success of establishment, 

although near the smelter the stand is thin and a sod appears slow in 

~crmin~. Although a park is defit~tely a Llove in the right directio~, 

~~ch o f ~he seejeJ trac~ ~111 p~ ~b~bly t~ slo~ ~o develop a sod 
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sufficiently strong to support the level of use typical of village 

parks. 

Management of lands subject to zinc pollution in the vicinity of 

smelters is a problem. Alth6ugh the problem was not attacked direct

ly on this study, several observations made at Site A have potential 

significance for managing these lands. 

Because zinc is concentrated and conserved in soil organic 

matter, there is probably no efficient method of removing zinc from 

the soil. Cropping can remove some zinc annually but, in a 4-5 month 

growing season, zinc from air-borne emissions will in many places 

concentrate faster than it can be removed by cropping. Beyond that, 

extensive areas near smelters are already too toxic for growing 

agricultural crops. The obvious approach to controlling zinc 

pollution is to try to contain zinc emissions at their source. 

Plants of moist environments appear better adapted to high 

levels of zinc in surface soils than plants from more xeric habitats. 

In general, plants from moist environments should be tried first 

in attempts to revegetate zinc-polluted areas. Those native plant 

species that currently demonstrate the best rates of survival at 

a given site should obviously be tried first. It is unfortunate 

that much of the upland area surrounding smelters may be too dry to 

support moist-site vegetation. 

A second attribute that might be associated with zinc tolerance 

is salt tolerance. Salt-tolerant plants should be evaluated as 

possible species to use in reclai~ing zinc-polluted areas. Deep 

rootedness is probably a third desirable characteristic of plants 

for use in reclamation of zinc-polluted areas. 
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In appraising the flora availa~le for use in reclamation of 

land polluted by zinc, one is impressed by ~he potential range of 

adaptations and tolerances of prairie plants. Drought and moisture 

tolerances, deep rootedness, and salt tolerance are all character

istics of prairie flora. Any experimental reclamation should 

feature prairie plants that appear to possess natural adaptations to 

particular site conditions. 

Extreme erosion of surface soils ·may constitute a major factor 

in retarding reestablishment of vegetation in zinc-polluted areas. 

In geologically "old" soils the basic difficulty is loss of nutrients 

contained in organic matter in the surface soils that has been 

removed through erosion. Natural development of vegetation must 

proceed on the basis of building up nutrient-conserving organic 

matter in the soil. The problem is how to rebuild soil organic 

matter rapidly. One obvious experimental approach is to incorporate 

sewage sludge into the upper 10- to 20-cm soil layer and then seed 

a variety of what appear to be site-adapted plants selected from 

our native prairie flora. 

It should be recognized that many plants growing in high zinc 

soils are probably under considerable stress and cannot tolerate 

much additional stress and disturbance from such factors as grazing 

or trampling. M2n's use of areas subjected to heavy zinc p~lliltio~ 

should probably be minimal. A further value of using natural 

vegetation to reclaim pollution-ravaged areas is the resultant 

benefit to wildlife where su6h areas are left relatively undisturbei. 

Because of the extreme long-term effects of zinc · pollution 

apparent in the immediate vicini t y of smelters, plus the di f ficulties 

l ~her~nt in reclai□i n ; such area 2 , a sanitary landfill migh~ be a 

J~3i~anl ~ pr~r2claQa~i0~ U3e o~ a z inc p~llu t ed site. 



During landfilling, zinc in surface soils would be redistributed 

at relatively low concentrations through a deep profile. By con

taining furt~er pollution at the smelter, surface reclamation should 

proceed at rates near normal for comparable landfill sites. Estab

lishing sanitary landfills at smelter sites would help to minimize 

the loss of agricultural land to landfills. 

Thus, zinc-polluted areas could accommodate several consecutive 

uses - sanitary landfills, disposal of sewage sludge by soil 

incorporation, and ultimately the development of wildlife habitat. 

Another way to detoxify soil environments high in zinc might 

be to saturate them with an element of similar valance, such as 

calcium, by heavy application of agricultural limestone. However, 

a probable adverse consequence of heavy liming of zinc-degraded 

soils would be reduced availability of phosphorus to plants. 

~ Phosphorus is typically in critical short supply in the soils of 

south-central Illinois, particularly heavily eroded soil, and could 

quickly become even more limiting to plant growth after liming unless 

phosphate fertilizers were also added. Phosphate fertilizers tend 

1 to be high in cadmium (Friberg et al.· 1971). M thus the stage could 

be set for a second level of toxification. (High levels of cadmium 

also occur in sewage sludge). 

The conservation of zinc in surface soils and zinc-plant 

relationships observed at Site A represent phenomena that undoubtedly 

are not peculiar to zinc. Soil organic matter has long been recog

nized as a reservoir for a wide variety of elements. Research is 

increasingly demonstrating that heavy metals typically occur at 

e levated levels in surface soils in associa~i • n with humic sub-

stances, that heavy metals '.? n ter 3.nd accl}m1J.la~- e in nl ant 1" 1"'0 +-' s 
- ~ - .L - · 1 u - ~ V ., and· 
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(Friberg et al. 1971, Friberg and Vostal 1972, Allaway and Javies 

1971, Bagle and Doss 1967, Rolf and Haney :975, Alberts et al. 1974, 

Shocklette 1965, Gish and Christenson 1973, Ruhling and Tyler 1968, 

Dedolph et al. 1970, Lagerwerff and Specht 1970). These and.other 

studies indicate high levels of heavy metals in soils and plants in 

the vicinities of mines, smelters, and other point sources. 

Differential rates of tolerance and accumulation by plants are 

noted for a variety of heavy metals in the above and other studies. 

Because elements such as zinc, cadmium, mercury, and lead 

behave much the same way in soil-plant systems, one would expect the 

principles of managing soils for toxic levels of one problem metal 

to be generally applicable to problem areas where other metals are 

involved. Experimental approaches suggested here for managing 

areas polluted by zinc should be applicable to the development of 

experimental management programs for areas around mines and smelters 

adversely affected by toxic accumulations of other metals. The 

general concept of zinc management presented here is potentially 

suited to managing for a variety of pollutants. 

In reviewing the literature covering research on zinc and other 

heavy metals as environmental pollutants, one is surprised at the 

relatively little attention that has been paid natural accumulations 

of problem elements in organic matter, and also with clays, and how 

such elements are exchanged and concentrated in plants as steps ir

the cycling of those elements through natural systems. Resear8h o~ 

heavy metals in natural systems is particularly appropriate to an~ 

decisions as to what normal or safe limits of heavy metals □ig~~ be. 

Soil-plant-metal relationships constitute an area of research that 

~arrants considerab le attention. 
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Suggestions on Study Design 

The lack of funds to accomplish the objectives desired by 

this investigator was a primary problem on the vegetative phase of 

the overall study. Those objectives proved considerably broader 

than those of Mr. William H. Wal~er, the original principal 

investigator for USEPA No. R 8032 16-01-2. Mr. Walker's purpose 

was to obtain a cover map of the study area that would define and 

describe the different vegetative and land-use zones. 

Although the primary objective of the overall project was to 

study zinc in relation to groundwater, it was unfortunate that no 

plant ecologist was consulted during the design phase. The study 

site offers almost unlimited possibilities for the study of both 

basic ecological relationships among plants and of the effects of 

zinc pollution on the development and dynamics of plant communities. 

The_ key elements in such studies are chemistry and systems modeling 

by computer--both are expensive, particularly the large numbers of 

chemical analyses of soils and plant tissues. 

The·study site is an exceptional place to obtain real date for 

the development of systems models. One cannot stress strongly 

enough the potential value of funding basic ecological research on 

1 the vegetation at Site A! More samples are needed M for 

more species, more sites, and mo~e chemical a~ ~ly ses of ~~~ s 

potentially significant elements. There is an immediate need for 

funds to complete the statistical analyses of the available data. 

This report deals with analyses of data fron pooled samples. 

It is now clear that in ant future work, samples should not be 

pooled but be discrete with respect to che~ical parameters of 

:· o i l s am';) le s t a k ~ '1 at the s i t e s C ~ i r1 di vi dual s la :1 t s . 
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Hypotheses derived from statistical modeling of field data 

should be tested experimentally under contro l led environme~tal 

conditions in the laboratory, greenhouse, or environmental chamber. 

Although it may be possible to structure ecological studies 

of the type that can and should be undertaken in the future at 

Site A in 3-year projects, it should be recognized that the 

potential for such research is so broad that it should not be 

attempted in a single 3-year study. Funding agencies should be 

prepared to think in terms of supporting a series of consecutive 

projects the nature of which would be dictated, at least in part, 

by the findings of preceding projects. Agencies should also 

think in terms of simultaneously supporting several complementary 

projects. It should also be recognized that research agencies 

such as the Natural History Survey have very limited financial 

resources available to support independent research of this type. 
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Tilb Jc 1. '< ) nc in ppm in se lee ted an ima I tissues, fluids, a .. _ ce 1 lul ar Components, 

Ti S~U..; 

Ki GnC y (m.un-~Ti-S 1 i an) 

Huse l e (n~-m,n l i an) 

H~ i r (111.:1rrm.a 1 i un) 

Li v c r ( m.:;rrma 1 I u n) 

He:? rt (rnunrn.a l i an) 

Lur~g (r::.31nr.a 1 i an) 

8 rn i n ( m .. -:1.rn113 l itrn) 

Skin ~rr:2.m11.a 1 inn) 

Fe21th:Jrs 

Blcod (crustace.un) 

81 ood (' . .:::.m todc) 

2 lcod ( 1 nsec t) 

Blood (human) 

P 1 .J sn~::J 

Red cells 

Nuclei 

Zn, pr ... m 

210 

180 

170 

130 

110 

62 

46 

13 

8-}LH) 

605 

9 

11 

605 

l .6 

12.3 

3-140 (-nt::3) 

Additional Comnents 

Zinc is concentrated in the cortex. 

In red muscles, zinc ts concentrated in myofibrils 
and the nuclei fraction. · 

More zinc is found In the epidermis than in the dermts. 

Zinc is associated with serum ~lbumin and globulins 

Zinc is nssocJated with carbo~id anhydrasa. 809 X 106 

·atoms Zn per redblood cell. White blood cells and 
platelets also cont~in zinc. 

Table 1.- continued. 
) 

Reference 

Bm•J~n 1966, Undc l'"h'OOd 1971 

Bov.-cn 1966, Unde n-.ood 1971 

Bowen 1966 

8m,,1en 1966 

80W3n 1966 

Bowen 1966 

Bowen 1966 

Bm·,en 1966, Undc n..;ood 1971 

Strnin & Porics J1! Pr~s 2d 19E 

80\\ren 1966 

Bowen 1966 

Bo·v·ien 1966 

Bowen 1966 

80\tCn ]966, Unden-.ood 1971 

Bov,ien 1966, Underwood 1971 

Bo'n'Cn 1966 



I 
l.U 
\_j ! 
~\.) 

I 

ri-, 

T.:ib k 1~ L."'on ti nucd - page 2o 

Nuc t Ctr r DNl\ 

Mitochondria 

Mi! k 

S en~(, 11 ( 1 s t fr w c t i on ) 

95 (flt:Z l) 

39 (n=l) 

3-5 

2930 

~ 

Colostrium contains 3-5 times the aroount of zinc 
as mi 1 k. 

The zinc content is calculated on a dry weight basts. 
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Bowen 1966 

B0~1ven l 96 6 

~ -

Em•:en 1966, Pi cc i uno 1974 

Underwood 1971 
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(.. ~, ,, / 380 49 6400 NE lhO 5270 ?.2L1• 1500 ·sw 
6r-) 150 350 66000 N'tJ 144 Li-90 ')'"I? 

,·.) - 590~):J r-\"', T 

.'.)'/\} 
I . 

t. • I 7 "') "') /) 2 10000 N 145 290 108 150:JO E \ r 
, L ) . •J 

,, ,., 
,.:)-..J' ') 7 'J 1+5 16000 NE 147 560 235 /+600 S\\f 

90 n,j ,-,, 
,,: ~ )U '?27 1900 SW 160 4'?.0 238 78000 C'I··• 

u:'I 

C)? 190 60 15000 NE 161 Li-20 ?.75 6100 t! 

107 10d5 210 6500 SW 168 490 2?.8 12000 ( .. , ., 
0 '!'~ 

lOd 950 ?.17 8300 SW 189 3565 105 '?500 c~ !I' 
,Jl.l 

, ,, 

-,, R.:.1ng0 from smeltc"r to sample point in meters; bearing from smelter; zinc in ppm. 



( 

Acalynha rhomboide a 

0,_. virginica · 

A •. saccharinum 

Achillea millefoliu□ 

Agrostis alba 

~- hyemalis 

Alliur.i vineale 

Alopecurus carolinianus 

Alnus serrulata 

Anaranthus hybridus 

Ambrosia artemisiifolia 

A. bidenta.ta 

A~orpha canescens 

Andropogon gerardi 

A. scoparius 

A. virginicus 

Apocynum cannabinum 

Arctium minus 

Aristida dichoto~a 

A. lonrespica 

Acclcpias hirtella 

/~ . inc~ 2. r n at a 

-~ . s ~' r i a. c a 

!·. , \"•::rt i Ci J.12. t .::~ 

Aster navae-a~gliae 

A. pilosua 

Av ena f2.t ua 

Baptisia leucantha 

Bellis perennis 

Betula nigra 

Bidens spp. 

Brassica nigra 

Bromus com~utatus 

B. secalinus 

B. tectorum 

Campanula americana 

Carr.psis radicans 

Ca.psella bursa-pastoris 

Cardamine arenicola 

Carex spp. 

Cary a spp. 

Cassia fasciculata 

Catalpa bignonioides 

Celtis occidentalis 

Cephalanthus occidentalis 

Chenopcdiu□ altu~ 

C i rs i u. ::: 2. r v en s e 

C. vulva.re 

-3:5-



( 

Corn us f lo~·ida 

C. racer.·0::.,2. 

Croton r.:011 2.n t:10 ;::: 7rn us 

Crotonopsis elliptica 

Cuscuta spp. 

Cvnerus spp. 

Datura stramonium 

Daucus carota 

Desmodium spp. 

Dianthus arreeria 

Digitaria ischaemun 

D. sanguinalis 

Diodea teres 

Diospyros virginiana 

Dodecatheon media 

Echinochloa crus5alli 

Eleocharis spp. 

Eoilobium angustifolium 

Eouisetum arvense 

~. Eyeo.ale 

Ercchtitcs hieracifolia 

canac.le nGis 

_, • 3 t l ~ ~ c ... .,1 r ~ LJ ~j 

t· __ :-,_:·-··~•-"1. - ,·~-~··•_').:J.:-"' .... , 

Pe s t iJ c. a. e J. 2_ ::. _j_ o 1., 

Fra ~aria v i rciniana 

Praxinus l anceblata 

G ercH! i u r:--: r..acu.12..t 1.J.r:-. 

Geur.1 c a n a dense 

G. vernum 

Gleditsia triacanthos 

Glycine nax 

Gnaphilium purpureun 

Helianthemum bicknellii 

IIelianthus grosseserratus 

Heliopsis helianthoides 

Hordeum jubatura 

H. mutilum 

H. pusillum 

Hypericum drum.mondii 

H. perforatum 

Ipomoea hederacea 

I. pandurata 

Juglans nigra 

Juncus tenuis 

J. torreyi 

Juniperus virriniana 

l~uhni ci eun at orioici.e s 

LactLlca canadensis 

L, scariol,? 

!. ., e ~::., i d i u r: cl e n $ i r l o 1, u. r.: 

----~ "'-') - ... , .. ,·1. ~~---
·., . t. - .. - - . • ✓- ••• 



LD striata. 

L. stinulacea 

Llatr i s c1 ::3nera 

1_. ovcnostachva 

Lithosper□um arvense 

L. canescens 

Lonicera janonica 

Ludwi~ia alternifolia 

f.Iaclura pomifera 

Malus spp. 

Malva neglecta 

Nedicago lupulina 

M. sativa 

Melilotus alba 

M. officinalis 

Nikania scandens 

Mirabilis nvctaginea 

Monarda fistulosa 

norus alba 

Oenothera biennis 

O. Dilosella 

Oxa.l:is cd llenii 

v. strict a 

=--an i c u r:-, u. i c} 1 o t or .. i :--1 o .:"' ur,-, 

Pas ~inaca s ativa 

Petalost2r Ll.r.. p:.-~r~yJreu~ 

Phleur:1 :0ra.te~3e 

Phlox pilos a 

Phr&.[mi t es c or:r::.uni s 

Physalis spp. 

Phy to lace a ar:1e ri cana. 

Planta0o aristata 

P. pusilla 

P. rugelii 

Platanus occidentalis 

Paa annua 

P. compressa 

P. pratensis 

Polygala sanguinea. 

Polygonum ~viculare 

P. pensylvanica 

P. persicaria 

Populus alba 

P. deltoides 

Portulaca oleracea 

Pote~tilla s i ~~ l ex 



( 

~:.c s a c2.roli1j_C!. 

I·' LI t~ us 2. J_ l e f l 1 e ~-! j_ e r: E3 .i s 

:?.. • f la~e l la.rj_ ~, 

R. occidentalis 

Rudbeckia hirta 

Ruellia hur:iilis 

Rumex acetosella 

R. altissir.us 

H. crispus 

Salix nic,ra 

Sambucus canadensis 

Saponaria officinalis 

Sassafras albidun 

Scirpus _spp. 

Scutellaria latifolia 

Senecio plattensis 

Setaria faberi 

s. viridis 

Silphiu□ lacineatur:: 

S. per f o liat L,: . 

~. tey,e"t1inthi~a.ce ur:. 

• •• I • .,...._ : ~ •• , ) ! 

~1 -i r ~~ el. l .... 

::' • ~-, e r · n :,-i ::-: 7 ·i _ s 

Sonchus aspera 

S. oleraceus 

Sorghastrum nutans 

Sorchun halepense 

S. vulgare 

Spartina pe~tinata 

Sporobolus heterolepis 

Stachys arenicola 

Stellaria media 

Strophostyles spp. 

Symphoricarpos orbiculatus 

~araxacu□ officinale 

Teucrium canadense 

~radescantia subaspera 

~- virginica 

7-ra~opo[ on dubius 

r,-:: 
. .l., 

:1'.. rer t=r·1s 

~r~ps~cuc dac~ y loides 



T...J. rubra 

Verter.2. hastata 

Vernonia missurica 

Veronica oere5rina 

Viburnun spp. 

viola papilonacea 

Vitis cinerea 

V. vulpina 

Xanthiun comr.1.une 

Yucca filamentosa 

-359-
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S:s.blc 5. Hanking of classes of vcgetati~ · type and lane. use vvi th respect to mean 
-x-

1 ev cl s of zinc 'I pH, and organic m2 .. t·ter in surface soils. 

Lam~: 1 ~;e or Vet;etation Class ppm Zinc pH 
-

Alluvial Outwash 19,130 (1) 6.07 (1) 

rore Uplancl 10,430 (2) 5.13 (6) 

P~inB.:r·nn thus--T)ani cum 5,340 (3) 5.67 (3) 

Ana ran thur:.- :.Pani cum-Agro st is 2,380 (5) 5.30 (5) 

r_r c' ]_ J .. ;. '. I' a~> o L· r; 3,030 (4) 5.65 ·(4) 

1,030 (6) 
-X-·Y-

Cropland 5. 94 ( 2) .. 

* Ranking~ ure in parentheses. 

** Undoubtedly reflects application of agricultural limestone. 

% om n 

7.9 (2) 21 

5.1 (6) 8 

6.9 (3) 30 

6.3 (4) 2·--_:) 

8.1 (1) 1 /~ 

5.6 (5) 30 

~) 



T-::-i'ule 6· Mean a.ncl ;?laxi:rr;.Ln relationshi.9s o:::." zinc in tissues and 

and agricultural 
plants collected in the~ cinity of Site 

Plant Species 

VJild Plants 

Spartina pectinata (a) 

Amaranthus hvbridus (b) 

Panicum dichotomiflorum 

Agrostis hyemalis (b) 

Andronogon virginicus 
1t Tt 

(a) 

(b) 

A. gerardi (a) 

Sorghastrum nutans (a) 

Eupatorium serotinu:n (a) 

Populus deltoides (c) 
,~ , .• ,,, i· . ' Ll 1 + -u' v , -. :j 1-:-) ·, " D r '= nb-'-. \., ~v l. Cl.L -Ll. v.__.. 

Triticum aestivun (d) 

Glycj_ne max (d) 

3or.irhum vul_ft,1re (cl) 

(b) 

4 

44 
42 

23 

7 

7 

4 

5 
6 

7 
9 

11 

c.> 
~ 

•rl 
-N 

3~ 
E;:j 
·rl (/) 
X m 
m -r1 
:g E-t 

51+0 

22000 

10000 

4900 
260 

1000 

220 

840 

1700 

4700 

550 
?20 

??J 

~ 
·rl 

0 
s:: 

•rl 
N 

~ s iJJ 
•rl rl 
>h-~ 
~~ 

660JO 
59000 

ldOOO 
3200 

15000 

2200 

1600 

7300 
2200 

7900 

62()-J 

190J 
80J 

s 
0 
~I 

4--; 

s:: 
·rl:: 
~ 

0 :: 
s:: 

·rl Q) 
N.µ 

·rl 
'XCI) 

330 

9260 

2500 

4900 

159 

631 

130 

390 
1270 
2740 

270 

130 

75 

267$0 

6320 

3150 

1400 

3300 

1227 
1120 

4740 
1310 

'21440 

0 
.µ 

(~I 
ffJ~ 

+-) .,.....; 
,...... ""' >-I....., 
,:rj('; 

r-1 
~'D 

(J) 

s::: .p 
•.-1 Cc 

•r-i 
Ov 
~ 0 

•rl i.I) 
N Jj 

< 
IX 

~ 
4-t ·,-l 
0 

0 
0 ~ 

·rl •rl 
.µN 
rd c::: Ix 

0.012 

1.466 

0.794 
2.275 
0.048 
0.515 

0.118 
0.082 

0.969 

0.123 

26?0 0.10~ 

860 0.155 

48-:J 0.157 

;;~ Zinc in ppm j (a.) tote.l _ plant ass.J.yed, (b) above(\round p2.rts ass::1yed, 

( ) l . -~ . , , ... ~, .,.... .;.. . .; ~- .... c , _ e ,'7 v e :::.i an o. 0 1 e e ~ 1 . ,..., Vi .i. t, ~;, 
1 / ; .) • , ans lU. see~ ns s ayeu. 



~ L~ 
'~ ',-..,.t f"..1 

~
1:-'Lle ·,. L~vcls c C zinc in Amaranthus hybridus and as::,ociated ~oil sar.1ple::-i (1?) · f.co:ri 

~i~P and a neJrby control (~).* 

f ':2issue Seil II ~_Tis_sue Soil _II Tissue .Soil 

l l?OJO 560 75 14000 5300 143 1?000 l~Qr) 

? 10000 3200 77 4900 7800 144 22000 59000 

6 11+00 11000 78 20000 2100 146 13000 .1600 

9 1?000 8JO 79 6500 7800 153 4900 3500 

l? 910J 19~10 81 13000 9100 157 20000 3300 

I 
1·") 

) lJOJO 12000 . , 82 11000 5500 159 670 17JO 
UJ l(, ?OJO 31Uu0 91 1600 2~00 168 ?UO 1~)000 U\ 
!\) 
I 30 17000 ?Cr:JO 97 1200 22000 170 17000 l.'+00 

35 300() 5500 101 3900 1100 180 ?'700 lJOO 

38 '?.lOJO ?50 104 1900 2100 181 . 7000 9:JO 

~;Ii 1:;000 l+(K)O 125 9100 1300 18~ 1?00 (>00 

:;5 l'/00~) l()UO 129 16000 1700 181+ 680·J I, 1.10 

(i':' J(100 6~> JO 130 16000 6?00 .186 '7600 0 --'cn 
--:r, /, :~Y):J 6c'. ·.X) .ll1.l 3000 .930 U~7 li 1 OO•J 1r n ,·, 
I '. _> .. J __ , 

,...,""\ )500 13C' JO 14.2 1300 · 2000 177c 94 ')7 I ·, . .,,, 

;;: Zinc in ppm. 



tt,;;.~~~J~ ""~.,. ·~ .. 

) 

0\ 
w 

I 

-0 ~ -~~ 
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To. ble ~. Levels of zinc in the weedy grass Panicum dichotomiflorum and associated soil 

1 ( 
,, ) . A-, , ... ; 

c; ::1 '"""D ~ ,~ _ _._ ✓• from ".:'lite · ~, .. · 
,_ ,...._ 11 J. - ,.; 0 1{ . CJ • 

:• Tif~sue Su-Ll II Tissue Soil .//. Tisf,UP C" • ., 

I 7/' . ...,0_1 :. 

? 1,)000 3--:rJo 79 ?400 7800 129 16()0 l70J 
) , " ...... ·'"' l. ·_-;UJ 5 (~00 31 1900 9100 . ll1-l L~J :;~ JJC; 

l5 ??·JO 2 J_C)O 82 6?0 5500 142 2300 ?000 

19 1600 llD0 88 690 1000 149 ?.JOO 1300 

31 700 1_-:;00 93 650 910 15L1- 1900 1?1''"1 

5L:. ?.500 l.i.()J0 94 380 1600 157 5700 JJU:) 

55 1100 1c~oo 95 300 1200 158 3300 3600 

6?. 1500 6~ :JQ 96 800 900 170 2500 11+0~) 

66 J./+00 2d00 99 1000 2200 172 2.900 6J()C) 

72 Li-dOO 6000 101 360 llQ0 180 7100 1300 

73 4?00 18CJ00 104 300 2100 181 1700 9d0 

74 3000 1-::'. .J0 109 3500 1400 185 4?00 600Q 

75 /+2.00 5JOO 119 550 733 186 5500 ?.2JJ 

78 ~70·'J 2100 125 1500 1300 137 3808 1500 

.. ,. 7. . ·,- ,_inc J. n ppm . 



Table 9, Levels of zinc in L~e ~eedy ~rass A~rostjs hvemalis 

and associated soil sa~,les ' _,.. , . ) 
0

\ ii fror:i Slte 

1L Tissue Soil .,'1 .Tissue Soil 1t it 

1 2600 560 119 2300 733 
2 4600 3200 125 2800 1300 

9 2500 800 129 4900 1700 

19 3700 1100 lh3 2800 1200 

25 13000 1400 146 290:) 1608 

3J 2608 2:J:JJ 149 330J 13:J-J 

55 4600 1600 154 20'J') 1?08 
,.. ~ 
)() 15:JJ 37JJ 159 J?C),J 170:J 
r).-). 
Q,:) 15J-J lY)O 1:3:) 31:J') 130J 

93 llJJ ;no 181 ?2.0J 93:J 
(U 94. 120J 160:J 18h 3808 li,08 

96 1008 900 

;!, Zinc in ppm. 

f .,. 
¼ . 

r:);._ 
~ ' ....... 

@ ;. 



Table /O. Levels of ~inc in ,.._ · r, V ' r ,r-j 1 C O ·r ·;10 ... , (;- .,., .--. c -- 0 S u'--' I:.; - ..L -·'-·- 1J. 0 J. .:;l • ..J;::,-._.. and as~3oc .i. eted 
• 1 c• ,-.~ , l ~ r ( .'.'. ~ t;O :L ocLts.l.._)_._ .__, o fl ; fro.-;1 Site ( C ) • ;;: 

S-Jecie3 
'/ 

Ti~-;~:;ue (' . , :,. Tisrsue Soil Tr 1.JOJ i_ ~-T 

virginicu5 21 120 ll1-:JO 38 
!;~:-.:~ 

And :copO£l;Ol1 1000 1000 
n tr 60 90 1100 93 540;;~:~ 910 
t! n- 92 100 15000 96 600;;~;:~ 900 
n n 131 100 1400 109 3 20:::~;:~ - 1400 
n 11 146 1$0 1600 141 73 o;:~;:, 980 
,r n 165 260 1400 143 s3 o;:~;:~ 1200 
tt n 167 260 1200 186 _.,..,, ... 400'',''' 2200 
ti tl 178c 11 27 

A. gerardi 8 220 1600 11 99 1500 
tt n 9 100 800 188 110 570 

Sorghastru.m nutans 23 130 3900 136 840 7300 
. Tt tr 59 130 7300 177 310 1200 

n n 106 530 4000 

Spartina 2ectinata 16 490 310-80 69 540 66000 
!?" n 35 190 5500 lli-7 90 4600 

A.ristid8 s ;JI). r-~ 
:,h) 6JJ 370:J 

I'~:-: .~3-t:.1.l ;_:: ~t 8 -1..~1. t. i o r 
l ,. ~ 2 .~;-:~)J -i .- , ....... -- ... 
..1-:.)) :)) .)J 

;;: Zinc in p_;>m. 

indi vlduals in. first seascm. of 

develop m '3 n t . A 11 other; ti s ~.,u e cm 3.1 y ~;es 1 i st e d in th i s table a:;: e · 

0 

e ,. 

of ' l ov.:.:t~r-ourd part3 of plDnts in sec:::n:-j or later year of cleveloy;-(~) 
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Table //. Levels of z,inc in sev-srol 

ated soil sa:n:ple s Cr/) fro:n Site r. 

(Zinc in ppm.) 

C' • onec i es 

Ambrosia artemisiifolia 
tt n 

n n 

Apocynum cannabinum 
ft n 

Asparagus officinalis 

Aster 2ilosus 

Cuscuta spp. 

Eupatorium serotinum 
TT tt 

Tr Tt 

n n 

n tt 

n 1t 

Verbena. hastata. 
1r rr 

TrLfo1 i um oratense 
1? ti 

ft TT 

.. . i.., 
I-,,. ' • 

..I.. ✓ ; ..... • _:. _i.l_.J... 

r,.cound pl:1nG ::)a.res o:nl.y. 

-366-

C·J~c~:::m r,-;e2dy forbs and associ-

a~d a nearby control (c)~ 

/ I 

Tis s ue Soil ir 

26 1000 160·:) 
109 1300 1400 
127 3100~:~ 1400 

16 540 31000 
72 200 6800 

4 2100 16000 

109· 1200 1400 

(I 
81 lli-0 (9100) 

· 60 1100 1100 

97 1200 1100 
103 1200 1100 

105 1100 940 
114 1300 2200 

127 1700 1400 

26 570 160-) 
132· 3JO 120J 

26c 7?0 160J 

1?3 290 lOJJ 

177 36 27 

() 



G 

Table /J,. Levels of z i_nc in leaves 

vIOody pL:.1nt species and associated 

S::>ecies 

. Campsis radicans 

Cephalanthus occidentalis 

Po2ulus deltoides 
n it 

n 1t 

n tt 

n 1t 

tt H 

n tt 

n tt 

Quercus palustris 

Salix nigra 

Sassafras. albidum 

~:: Zinc in p~:xn .. 

-367-

2.nd t. 1.-rit:s of ssveral co:rim::m 

s~il s~~~-..):~~ (4) ~rom Cite ~ _ ~ ,j J. _ :11 '-) -· v 

., 
Tisriue .... Soil ·1r 

126 180 4200 

80 210 16000 

28 2000 24000 

33 4700 79000 
61 3508 1600 

67 2400 6400 

92 2300 15000 

112 2200 39000 

122 3300 4500 

142 1500 2000 

138 190 1600 

18 1300 3100 

105 680 . 940 

e . 

0 



I 
1. • .0 
(J\ 

co 
I 

~ 

7.able /3. Le·vels of _zinc in wheat, soybean, grain sorgnum, corn, and associated soi 1 

s.:1:np le s ( 11) from S i.te A and nearby control areas ( c). ,;, 

;,•.ilIEAT SOYBEANS SORGHUM CORN 
,,,. 

Gra-in Soil 1i Grain Soil # Grain Soil Jt Grain ~ • ·1 
:p ,r -rr uOJ_l. 

~~-~ ------ --~------

?0 86 1200 22 120 1100 J6 J6 800 182 C:.? 600 / · 

39 2.70 1200 24 135 1000 37 69 280 183 5? 1100 

100 . 80 ?10 29 110 360 38 57 250 177c L:-0 ?7 
101+ 320 21or) 32 220 1900 39 38 440 

11+-S 170 3500 41 160 1200 43 220 540 
1c::n 

.,1V h?O 340~= 42 99 500 44 85 730 

151 550 6200 48 75 160 45 67 450 
,··~ ..... J? 6 ) 51 170 1000 49 56 200 ,)) C 

-~ Li. b . c 
.., ,) 
.JU 

r::. ,-; 
J ,f 53 120 560 50 40 550 

,-\ 5 () C hh (.. '] u_,1 ~-6c 63 28 52 50 310 
n ··: 
u/c 

r, ~ \ 
1'!__1 7 1) 177c 61+· 27 175 110 700· 

Lr? c 30 28 

:;: Zinc in ppm. 

~ ' 
A. ... ) .. 



I. 

Fig~ l. Levels of zinc J_Yl s8:::1ples of surf&ce soils plotted 

with respect to the smelter at Site A. 

-369-
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SCALE OF FEET 
500 1000 

1000 

Le ·,.rel of. zinc in sa: . .-r les of s1..;_rface soils plotted 
1·: ith r(.spect to tr.c 3r::cJ.ter at Site A. 
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Fig. 2. Najar vegetative zones present on the study erea at 

· 1 l e .cl-o ( "'., s·t /'. 

-3 '( l-
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Fig. 3. Zones O and I2~ Bar~ area of 2lluvial outwash ~ith 

occesional Apocynur~ cc::nn.r;~bi:-~1.1m; Sr.2:r·tin2. pectin2.t2. in 

background .. 



(( 

1.,,l. rr f 
.t· b• Zone I. Spa:cse star.:.cl of' stunt eel P2.nicum dichoto::1iflor-u211. 



( 

1,1 i" (J' c; 
l 0• _,, :ione l. hel2.tivel;y dc~1sc sts.ncl of Pa:nicurn 

dichotomj florur.:1. 



(C 

rO 

Zone I. Liiz E;c.1 st2.rnl of Amc.rs.n thus h"'rbriclus and. 

Panicw'1 oichotomiflo:r·uin (with e. fev,· seed heeds from ne2rby 

A~rostis hye□alis). 
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Z on c I. Dense ste.:nD of :; t1-:.n-c 1..:d. .l.r:1E?.rc:;nthus hybrid.us. 

(i 

-3'7.'1 -



FiG. F • Zone I. Medium sta~d of A~arsnthus hybridus. 

- 37-?.• -



Zone II. I;Ii:xed. sts.ncl of stunted P~:-::2r2r..thus hybrid.us, 

P l. C 1 Q.,7 c-~o· +o··;;~ fl o-rr,ur1 :-ind r, ,-.·-,.,-,o- c-·:...]· ~ h--,.., , ,...7 -i c .. en_ ·ltr: __ ,ll•U !.,_L ___ • 1. 1 c-- .:..:.;...,- .,l,_~ _L,r., .• r.;.. ...... _ • ...,. 



li11· r:· /() 
o• 

Zone II. Ihx cd :":jt End o:: Fe:~: c:1.1.~:~ clic~:..~tor'.1iflorura 



S2.rnbuc-i.rn c2nsd.l;nsis ancl J:.r.12.re:.---1-t:':lus hvbridus; 

spp. and nelus spp. in the b2.cl_:ero1x:1.d.. 

C 
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Appendix C 

~ield Dispersivity _ ~xpe~i□e~~ 

T. A. Prickett 

Illinois State Witer Survey 

Urbana, Illinois 

During th~ course of study at Site Dan 8-inch diameter test 

well was constructed and a pumping test run to determine the aquifer 

characteristics. This well and well D-4D provided an excellent 

opportunity to conduct a field dispersivity experiment. Although 

not directly applicable to this study, the development of field values 

of dispersivity is needed to understand the movement of other types 

of pollutants through the ground. 

According to Bear (1972) dispersion and diffussion is an 

irreversible process in which fluids mix with one another as flow 

takes place. In addition to inhomogeneity on the microscopic scale, 

there also may be inhomogeneity on a larger scale due to variations 

in hydraulic conductivity from one part of the flow regime to the 

next. This inhomogeneity adds to the dispersion process. Finally, 

if turbulent flow exits, which it probably does in the vicinity of 

pumped wells, additional mixing may·take place. 

Diffusion is the mixing process that ~akes place on a ~olecu~ar 

scale even in the absence of flow. Because molecular diffusion is 

ti2e d~pendent, its o?erall effect in transpor~ p~oc2sses is signifi- · . 

cant only at low ~low velocities. In cases ~here hi;t ~elocities are 

experienced su~h 3 S around a pumped 0ell diff ~sion c~~ be ~;nored. 
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An experiment was con5ucted to je~e~min2 ~he dispersity of t~2 

acuifer using chloride enhanced total dissolved ~ineral (TDM) conte~t 

as a tracer. As discussed in the text an 8-inch diameter test ~ell 

(~.W.l) was constructed 8 feet east of D-4D and a controlled pu~pi~g 

test vms run to determine aquifer characteristics. Immediately a:,,-cer 

the recovery portion of the pumping test, one thousand gallons, ~i:i 

TDM of 1,835 mg/1 was injected into T.W.l at an average rate of 83 

gprn by gravity drainage from a tank truck. An analysis of a water 

sample taken during the pumping test indicate that the resident 

groundwater TDM before injection was 749 mg/1. After injection was 

completed, well T.W.l was pumped at the rate of 30 gpm for 90 minutes. 

During this 9-0 minute pumping period, water samples were collected at 

regular intervals for TDM determiniations. The total length of 

pumping during this process was sufficient to purge all the injected 

water from the aquifer. A graph of TDM content of the pumped water 

expressed as a ratio of that of the injected water is given in Figure 1. 

The TDM content of the pumped water immediately begins to decline from 

the moment pumping commences. The primary reason the water initially 

does not come back at the injection concentration is the effects of 

dispersion. 

In the following analysis, all of the above processes which could 

cause a change in TDM content of the flowing fluid are considered to

gether as one mixing coefficient (dispe~sivity). 

The calculating of a dispersivity coefficie~t-is based on the 

rajially sy~netrical flow model developed by Prickett and Lon~quist 

(1971). This flow model provides head distribu~ions for the injectio~ 

p~~ping scheme by applying the hyj~aulic coe ffi ci2nts and pumped we!l 

~ f"" r, ··, ·•~ ' 1 • L -

c r .. ::: v e l o :::: i t ~--- d i s ~.:; r ::.. b u t :. on s .f' ,:1 :r-· t l""'i e :i n ,.; e c t ion - p u. ~: r i ~-. E.' s ch e r:1 e . Se co r: .j l 'J , 
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( 

a random-walk model) d c velop~d a~ ~j e ~a~~r Surve;l was used in 

co~junction with this flow □odel to t~ace the DoveGent of the inj~cted 

water as it flo~2 int~ the aqulfer, mixes ~ith :~e resident ground-

water and is pumped out. The random-wal~ nodel is a particle trac~~ 

wherein co~puter generated particles a~e m0ved from place to place 

according to the velocity distribution given by the flow model. 

random component of velocity is added to the flow model velocity 

distributions to account for diipersion. The magnitude of 

these random velocity components is directly proportional to the 

dispersivity coefficient. 

" rl 

The total scheme usi~g the marker particles is to generate a 

uniform number of particles entering the injection well during the 

period of injection, allowing particles · to move in response to the flow, 

and then count the particles as they are then removed from the 

pumped well in time. The time distribution of the number of 

particles removed during the pumping part of the test is directly 

related to the chemical content of the pumped water as shown in Figure 

The aquifer dispersivity is calculated by adjusting the random 

velocity components of the model so that the chemical concentration 

curve from the model matches that developed from the field sampling 

and analyses. 

Figure 1 illustrates the agreement between the computer 

model and field concentration curves for the oum~ing part of the test. 

An aquifer dispersivity of .080 feet was calculated. It should be 

men.tioned here that dispersi vi ty has a directional component 

dFpending o~ the direction of th9 ~low. ?or instance in two dimensio~al 

f' low, dispersion i3 great-=:,r in the direction of flow 2.nd less 

r··, .,,. ~ .,. :' 
• ... ~ . · ·· ·- t) 

. .... I' ... • 
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three dimensional flow and three dispers1vit[es involved. Adequate 

information is not available to assess the three dimensional situation 
Ci_.. 

involved in this experiment and the calculated dispersivity is~lumped 

parameter representing the combination of the true three-dimensional 

situation. 

In the course of adjusting the various coeffic(ents in the computer 

model, it became apparent that the calculated dispersivity coefficient 

was somewhat sensitive to changes in model coefficients~ Assumptions 

concerning porosity, hydraulic conductivity, injection rate, model 

generated heads and time-increment discretization effected the calculated 

dispersivity. Under the conditions of the experimental test, however, 

the calculated dispersivity is considered adequately defined. However, 

in future tests of this sort, it is suggested that a fully penetrating 

well be specified, that positive control be maintained on the injection 

rate, and that geologic data be available for the total thickness of the 

aquifer involved. 

Bear, Jacob. Dynamics of fluids in porous media. American Elsevier 

Pub l i sh i n g Co . , l n c . , New Yo r k , New York , 1 9 7 2 • 7 6 4 pp . 

Prickett, T.A. and C.G. Lonnquist. Selected Digital Computer Techniques 

For Aquifer Evaluation. Bui let in 55, I llfnois State Water Survey, 

Urbana, Illinois, 1971. 62 pp. 
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Abbreviations and Symbols 

moisture content Cal calcite 

specific gravity Dol dolorr.ite 

gravel cts/sec counts per sec 

sand Zn zinc 

silt Cd cadr.1iurn 

clay Cu copper 

diffraction index Pd lead 

montmorilloni.te CEC cation exchange 

illite N.D. not detectable 

Chlorite-Kaolinite 

Soil developed 

Sand 

Silt 

Clay or accretion gley 

Till 

bedrock 
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SITE A S-1 L.S. = 507.08 1 Engineering Data Grain Size I 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % 0 1 % Jo 

1 0-1.0 
2 1. 0-2. 0 
3 2.0-2.5 0 2 63 35 PEORIA\ 4 2.5-3.0 ~ 

LQ~-~~j 5 3.0-3.5 31.8 2.66 .78 93 
6 3.5-4.0 ( ?-_5~-39) j 1 4 49 47 
7 4.0-4.5 1 4 59 37 
8 5.0-5.5 0 3 60 37 
9 5.5-6.0 

10 6.0-6.5 3 34 40 26 
11 6.5-7.0 ROXANA\ 
12 7.0-7.5 SILT\ 0 10 55 35 
13 7.5-8.0 ( 20-49-31 )I 14 8.0-8.5 0 15 53 32 
15 8.5-9.0 -
16 9.0-9.5 0 25 29 46 
17 9-5-10.0 
18 10.0-10.5 BERRY CLAY I 1 24 29 47 
19 10. 5-11. 0 

(28-28-44)1 
25.5 2.66 .69 98 

20 11.0-11.5 1 23 28 49 
21 11. 5-12. 0 
22 12.0-12.5 - 1 40 27 33 
23 12.8--13.3 HAGARSTOWN 1 51 31 18 .. 24 14.0-14.5 2 34 34 32 

, .. 25 14.5-15.0 
26 15.2-15.7 -- ' ' 

7 36 34 30 
·- 27 15. 7-16. 2 5 35 37 28 
~.:i 28 16.2-16.7 .,,, 'I -~- 29 16.7-17.2 I - 6 35 34 31 J'l"P.-. 

~~-- . 30 11.2-17.7 ,I_: 
~> . 31 17-7-18.2 

I ' I 
:... 6 34 36 30 

.; .. 32 18.2-18.7 
r.· 

18.7-19.2 -- I 16 ~(::- 33 30 37 33 :~:. 
34 19.2-19.7 ... ~ ' / I ~ ✓ • 35 19.7-20.2 13.4 . -

/ '✓' 36 20.5-21.0 
_GL.ASFORD I 

13 31 38 31 
37 21. 0-21. 5 . \ 3 23 37 40 
38 22.0-22.5 

FORMATiON I /\ - '\. 3 31 42 27 
39 23.2-23-7 I - 3 32 38 30 
40 24.0-24.5 - ~I~Lj_ . / - \ 4 31 38 31 
41 24.5-25.0 (30-41-2~) I ---- 2.2.3 2.70 -33 126 --- -
42 25.0-25-5 ---- 1 14 53 33 ---:.:-. ---

~; 43 26.3-26.8 '\ / \ - - 4 28 42 30 
44 26.8--27~3 - 12.3 2.70 .33 126 - ~ 

45 27-3-27.8 I ' -\ - 1 19 48 33 
46 28.3-28.8 I - 6 29 40 31 
47 29.0-29.5 ' -- 5 29 40 31 
48 30.3-30.8 /\ ' 3 31 37 32 
119 31. 3--31. 8 \/_, \ 5 33 37 30 
50 31. 8--32. 3 

/ \ I 51 32. 3- 32. 8 • • e • • • • • e. • - 7 53 27 20 
52 32.8-33.1 

. .. . . . . ... 
• • e • • • • • • • 

\ I \ 
·-

-2 -



S-1 I 
I X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 25.,000 - - 16,000 - -
2 - - - - - - 22,000 - - 93. - -
3 1.10 801"2 12 r1"2 N.D. N.D. 2,300 - - 16. - -
4 - - - - - - 2.,200 - - 21. - -
5 - - - - - - - - - - - -
6 1.75 82½ 12½ 5 N.D. N.D. 470 - - 14. - -
7· 1.82 88½ 8½ 3 N.D. N.D. - - - - - -- 8 1.44 92 · ?~ 21-~ N.D. N.D. 94 16. - - -- - - -
9 - - - - - - 42 - - , 12. - -

10 1.29 91 6 3 N.D. N.D. 38 - - 13. - -
11 - - - - - - 44 - - 7.9 - -
12 1.33 91 6 3 N.D. N.D. 44 - - 7.4 - -
13 - - - - - - 57 - - 10. - -
14 1.22 90 &~ 3½ N.D. N.D. 53 - - ·9.8 - -
15 - - - - - - 110 - - 17. - -
16 1.24 89½ 7 3½ N.D. N.D. , 55 - - 9.9 7.4 10.0 
17 - - - - - - 55 - - 15. - -
18 1.24 88½ '?~ 4 N.D. N.D. 84 - - 16. - -
19 - - - - - - - - - - - -
20 1.35 86½ 9 4½ N.D. N.D. 53 - - 12. - -
21 - - - - - - 62 - - 9.8 - -
22 1.42 84 11 5 N.D. N.D. 240 - - 14. - -
23 1.90 38 4?'2 16 N.D. N.D. 220 - - 8.4 6.0 4.5 
24 - 23½ 5'?~ 19 10 15 52 - - 11. - -
25 - - - - - - 47 - - 8.9 - -
26 1.94 26 55 19 25 20 - - - - - -
27 2.12 40 45½ 14½ 36 21 43 - - 8.3 - -
28 - - - - - - 37 - - 7.8 - -
29 2.42 31½ 53½ 15 24 25 47 - - 9.8 - -
30 - - - - - - 55 - - 10. - -
31 1.50 24 521-~ 23½ 37 23 6~ - - 9.8 - ·. -
32 - - - - - - 53 - - 8.8 - -
33 1.22 21 51 28 27 18 45 - - 9-3 - .. -
34 - - - - - - 56 - - 9-7 - -. 
35 - - - - - - 42 - - 8.6 - -
36 1.21 31 44 24½ 32 27 - - - - - -
37 -93 7ry-'2 14½ 10 N.D. N.D. - - - - - -
38 1.21 53½ 30 16½ 37 29 - - - - - -
39 1.26 42 38 20 40 23 46 - - 10. - -
40 1.07 29 44 27 27 25 - - - - - -
41 - - - - - - - - - - - -

. 42 .75 70 16 14 N.D. N.D. - - - - - -
43 1.17 42½ 36½ 21 31 37 38 - - 11. - -
44 - - - - - - - - - - - -
45 1.00 50 30 20 26 20 - - - - - -
46 1.13 40 38 22 23 30 - - - - - -
47 1.04 43 34½ 221'2 24 29 36 - - 11. - -
48 1.21 32 44 24 26 36 - - - - - -
49 1.27 gi"2 59½ 31 40 N.D. 48 - - 11. - -
50 - - - - - - 46 - - 11. - -
51 - - - - - - 28 - - 7.0 - -
52 - - - - - - 36 - - 8.4 - -. 



SITE A S-1 L.S. = 507.08 1 Engineering Data Grain Size 

rfo. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % O' 
~ % 

53 33.1-33.6 \ / \.-,, - - - - 3 34 37 29 I \ 
54 34.1~34. 6 :-:.:. ---=-~- - - - - 0 19 42 39 
55 35.1-35.6 . . . . 

0 19 35 46 ~-=--=---;-_c - - - -
56 36.1-36.6 I \ - - - - 0 18 38 44 
57 37.0-37.5 GLASFORD\ \ / l - - - - 3 20 46 34 
58 38.0-38.5 

F0~\1ATION I / \ - - - - - 5 27 47 26 
59 39.0-39.5 

'I I - - - - 7 27 45 28 
60 39-5-40.0 -TILL\ -- -- - - - - - - - -
61 40.0-40~5 / \ \ - - - - 2 26 48 26 
62 41.0-41.5 \/ 12.8 2.70 -39 121 - - - -
63 42.3-42.8 - 2 24 46 30 - - - -
64 43. 3-43. 8 /I,/ - - - - 1 27 47 26 
65 44.3-~4.8 - - - - 1 19 55 26 
66 45.5-46.o ,.,,,, \ 15.5 2.70 -39 121 - - - -
67 46.0-46.3 ·1 \ - - - - - .- - - -
68 46.3-46.8 I 4 28 58 14 - - - -
69 48.1-48.6 LIERLE I !f.1 - - - - 5 28 47 25 
70 48.6-49.1 CLAY! - - - - 2 27 45 34 
71 49.1-49.6 (21-40-39)1 - - - - 1 20 36 44 
72 50.1-50.6 - - - - - - - -
73 51.2-51. 7 ( { ( - - - - 2 28 34 38 
74 52. 2-52. 7 \ / '\ - - - - 4 29 41 30 
75 53. 2-53- 7 I \ I 1 - - - - 4 29 40 31 
76 54.2-54.7 - - - - 3 29 43 28 
77 54. 7-55-2 '\ I / - - - - - - - -
78 55. 2-55. 7 BANNER\ I \ 

.._ \ - - - :_ 14 28 46 26 
79 56. 2-56. 7 FORMATION I ' - - - - 5 31 47 22 
80 56.7-57.2 

TILL\ \ l - - - - - - - ---81 57-2-57-7 / / - - - - 5 29 46 25 
82 58.0-58.5 

(27-43-::30) \ 
,, 

{ 18.0 2.70 .49 113 10 36 41 23 
83 58.5-59.0 ---- - - - - - - - -
84 59.0-59-5 --- 0 6 37 57 ---- - - - -
85 59.5-60.0 --- 4 

' I -- / 
- - - - 32 35 33 

86 61. 7-62.2 / - - - - 2 2~ 41 37 
87 62.2-62.7 I \ '_I - - - - 8 21 44 35 
88 62.9-63.4 - - - - 2 21 45 34 
89 66.o - BEDROCK\ V/////1 - - - - - - - -
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S-1 '. X-Ray Data Chemical Data 

No. DI M I C-K Cal Do1 Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

53 1.25 41 38½ 201~ 17 22 40 - - 11. - -
54 . 85 75½ 13½ 11 N.D. N.D. - - - - - -
55 . 86 82½ 10 7½ N.D. N.D. - - - - - -
56 . 71 Bo 10½ 9½ N.D . N.D. 20 - - 18. - -
57 .. 91 64½ 20½ 15 18 19 - - - - - -
58 -99 45½ 32½ 22 11 31 - - - - - -

- 59 1.16 50½ 31½ 18 12 30 - - - - - -
60 - - - - - - 46 - - 17. - -
61 .96 48½ 301-'2 21 16 24 - - - - - -
62 - - - - - - - - - - - -
63 .98 35 39 26 10 21 42 - - 14 .. - -
64 .. 93 56½ 25'--'2 18 N.D. N.D. - - - - - -
65 .94 7'2?-~ 16 11½ N.D. N.D. - - - - - -
66 - - - - - - - - - - - -
67 - - - - - - 34 - - 14.- - -
68 1.19 40 38½ 21½ 24 N.D. 34 .12 - 11. 
69 1.27 39½ 3g1'2 21 18 25 34 .20 - 13. - -
70 .99 61½ 23 15'--'2 N.D. 24 - - - - - -
71 .90 81 11 8 N.D. N.D. 24 .20 - 24. - -
72 - - - - - - 24 .20 - 16. - -
73 1.37 21 53 26 20 20 62 . 20 - 15 . - -
74 1.47 18 56 26 46 21 - - - - - -
75 1.56 16 59 25 44 .. 19 58 .10 - 12. - -
76 1.46 18 56½ 25'-~ 51 20 54 .20 - 11. - -
77 - - - - - 'l 52 .22 - 11. - -,_-

78 1.62 1'2?-~ 62 25½ 43 13 50 - - 12. - -
79 1.43 6 64 30 62 22 44 - - 11. - -
$0 - - - - - - 33 .20 - 7.4 - -
81 1.38 13½ 58½ 28 61 22 - - - - - -
82 1.42 14½ 58½ 2r~ 24 10 - - - - - -
83 - - - - - - 64 - - 15. - -
84 1.60 10 63½ 2&~ 76 19 70 - - 109 - -
85 1.63 8 65½ 26½ 84 31 20 3. 

.• - - - -
86 1.07 14 53 33 37 20 58 - - 13. - -
87 _. 1.06 11½ 54½ 34 43 19 - - - - - -
88 .98 12½ 52 35'-~ 30 19 32 - - 7. - -
89 .50 3 41½ 5S1'2 17 13 130 - - 30. - -

-
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SITE A S-3 L.S . ~ 505.60 1 
Engineering Data Grain Size 

No. Depth of Unit Graphic W Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % 

1 0.5-1.0 
2 1.4-:-1. 7 
3 1. 7-2.2 
4 2.2-2. 7 
5 2.7-3.2 

PEORIA I 
LOESS I 

( 4-:_sa-3a) I 
6 3-7-

4
4·

2
8 ROXANA! 7 4-3- '· - SILT I 8 4.8-5.3 

9 5-3-5-9 (12-57-31 
10 6.4-6.9 BERRY/ 
11 7.7-8.2 CLAY 

i~ . 1~: tia ~ 6 '---(_34_-_3_3-_3_3_ )I ~ ':--~~ 
14 10.6-11.1 
15 11.1-11.6 8.2 2.70 .47 
16 11. 6-12 .1 -----------,i_ ------,~"-----, ---1 

17 12.6-13.1 / / ' 
18 13.6-14.1 - \ 
19 14.6-15.1 ' I ·\ ,,,, -
20 15 .1-15. 6 '-.. / , /, 
21 15 .6-16.1 '- / / .,,,,, 
22 16.5-17.0 ..._.., \ - -
23 17- 5-18.0 ~ \/ ..._:- L2.:_ 4 2. ~O* .33 
24 18.5-19. o , /, 

~~ ~f t~n \- I / .:::: L3~ 4 2. 7o* . 35 
27 21.5-22.0 / /' \ 
28 23. 7-24. 2 _(fL/iSFORD l ) I /, 
29 24. 7-25.2 FORMATIO~_\ _, / _ \. / 
30 25. 2-25. 7 TILL I . _ \ _ \ / 
31 26.0-26.5 
32 28. 1-29.2 (3o-4o-3Q) l : .\-:, / ' -
33 29.7-30.2 D·:.•.••. -
4 • • • 

3 30. 2-30 . 7 .-. -... -. ·. : -. . . 
35 30. 7-31. 2 •;. • .-.-.-. 
36 32.3-33.1 .-.. --.-:.-:.·: 
37 33-7-34.2 , / .,,,,,. · -
38 34. 2-34. 8 ., , ""' 

4 '/ / / 39 3 .8-35.3 
40 35.LI-35.9 ' \ \ 
41 36. 0-36. 5 \ / / ._: 9 .6 2. 70* . 28 
42 36.7-37.2 \ /, - -
43 37. 7-38 .. 2 ,- , / ~ ;_ 
44 38. 7-39.2 / /' \ 
45 39-7-40.2 
46 4o. 7-41.2 ) I /, - -
47 41.7-42.2 / _ \. / 
48 42.7-43.2 r - \ - - -
49 43.5-44.o \ - - / -,1.3 2.70* .33 
50 44.2-1-!4.7 .\ / /' - -
51 44. 7-45.·2 1---L-I-ER--L-E_\ _1r--'~ ,-:--~ ---.~- .--,,r-;.J -

CLAY 1 ~-~-:+1 
-10-

#/ft 3 % % % % 

0 

0 
3 

1 
1 
2 
2 
1 
1 
2 

114 ...; 

127 

125 

3 
3 
3 
5 

4 
5 

4 
5 

4 
6 
4· 

4 
3 
6 
3 
1 
3 
5 

3 
3 

131 -

127 

3 
7 
3 
3 
2 
2 
4 

2 
5 

3 55 

4 61 
11 59 

12 56 
8 57 

26 40 
39 30 
41 29 
36 29 
44 30 

33 35 
31 37 
31 38 
33 37 

33 36 
33 37 

32 38 
30 37 

32 36 
32 36 
33 37 

33 40 
30 40 
55 2'5 
63 19 
72 14 
55 28 
32 38 

30 42 
32 39 

26 40 
33 39 
34 39 
30 45 
22 50 
20 54 
32 40 

22 46 
33 39 

42 

35 
30 

32 
35 
34 
31 
30 
35 
26 

32 
32 
31 
30 

31 
30 

30 
33 

32 
32 
30 

27 
30 
20 
18 
15 
17 
30 

28 
29 

34 
28 
27 
25 
28 
26 
28 

32 
28 



S-3i X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - [15,000 - - - - -
2 - - - - - - 2,800 8.o 71. 250. - -
3 - - - - - - - - - - - -
4 - - - - - - 2,700 - - - - -
5 1.5 86 10 4 N.D. N.D. - - - - - -
6 0.7 88 6 6 N.D. N.D. - - - - - -
7 - - - - N.D. N.D. 1,700 4.8 27. 23. - -
8 0.9 93 4· 3 N.D. N.D. 1,200 - - - - -
9 1.6 86 10 4 N.D. N.D. 1,200 3.6 21. 20. - -

10 1.2 86 9 5 N.D. N.D. 580 - - - - -
11 0.9 79 12 9 N.D. N.D. 324 - - - - -
12 o.8 65 19 16 N.D. N.D. 490 - - - - -
13 0.8 78 12 10 N.D. N.D. 620 0.8 27. 22. - -
14 1.9 29 52 19 N.D. N.D. - - - - - -
15 - - - - - - - - - - - -
16 2.1 25 57 18 11 22 600 - - - - -
17 2.0 30 52 18 13 29 410 2.3 34. 24. - -
18 1.9 28 53 19 15 35 - - - - ;_ -
19 1.2 27 47 26 29 22 - - - - - -
20 - - - - - - 37. . 12 28. 23 . - -
21 1.2 22 49 29 20 34 - - - - - -
22 1.2 23 49 28 34 29 - - - - - -
23 - - - - - - - - - - - -
24 1.1 25 46 29 31 21 - - - - - -
25 1.1 18 50 32 30 25 - - - - - -
26 - - - - - - - - - - - -
27 1.2 19 51 30 36 30 - - . - - - -
28 1.1 19 50 31 36 25 - - - - - -
29 1.1 23 47 30 42 20 - - - - - -
30 - - - - - - 40 - - - - -
31 1.2 27 47 26 34 24 - - - - - -
32_ 1.0 38 37 25 22 14 - - - - - -, 

33 0.9 33 39 28 30 32 - - - - - -
- 34 1.2 30 45 25 31 24 - - - - - -

35 1.4 28 48 24 28 24 - - - - - -
36 1.3 27 48 25 30 31 26. - - - - -
37 1.3 20 53 27 21 22 - - - - - -
38 - - - - - - 27. - - - - -
39 1.1 24 48 28 21 22 -. - - - - -
40 1.2 26 48 26 24 31 - - - - - -
41 - - - - - - 33. - - - - -

. 42 1.0 12 53 35 24 N.p. - - - - - -
43 1.1 28 45 27 23 23 - - - - - -
44 1.4 29 48 23 30 16 17. - - - - -
45 1.4 30 47 23 22 26 - - - - - -
46 Ll · 28 45 27 17 23 - - - - - -
47 1.1 25 47 28 29 26 48. - - - - -
48 1.2 31 44 25 32 21 - - - - - -
1,9 - - - - - - - - - - - -
50 1.1 45 34 2J._. 27 26 - - - - - -
:::>l 1. 4 13 59 28 35 21 - - - - - -

-11-



SITE A S-3 L.S. = 505.601 Engineering Data Grain Size · 

No. Deoth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % 0/ % % lo 

52 45.7-46.2 LIERLE CLAYI lli~~ - - - - 2 17 52 31 
53 46.2-:-46.7 :7 .9 2.70* .52 111 - - - -
54 46.7-47.2 ,,,,,,, I .:_, - - - - 1 19 39 42 
55 47.7-48.2 \ - I - - - - 1 25 47 28 
56 49.7-50.2 '/ .,,.. - - - - 5 28 42 30 
57 50.5-50.9 - I '\ 11.7 2.70* .33 127 - - - -
58 50.9-51.4 ' 1 / \ - - - 9 30 41 29 
59 51. 7-52. 2 --- 5 28 41 31 I'\\ - - - -
60 52·. 7-53. 2 - - - - 4 29 43 28 

/ ' 61 53-7-54.2 ...,,,_, - - - - 3 28 46 26 
62 54.7-55.2. ' --, \ - - - - - 4 31 44 25 
63 55. 7-56. 2 ---- - - - - 1 5 68 27 

BANNER\ ---64 56.7-57.2 ---- 14.2 2.70* .35 125 - - - ----65 57-7-58.2 FQRMATION I .__ --- 7 21 45 34 ,~ " - - - -
66 58.7-59.2 TILLJ \ - - - - 3 21 47 32 
67 59.2-59-7 

(24~45-_31) I ' 'I \.,...., - - - - - - -
68 59-7-60.2 ' ./ !...3. 7 , 2. 70* . 39 122 - - - -
69 60. 7-61. 2 

.,, 
[...' /, ' 2 22 44 34 '"-'/ I:,;, - - - -

70 61. 7-62. 2 - - - - 3 21 45 34 
71 62.7-63.3 "' '""-.. \ 5 21 45 34 / \/ ~ - - -
72 63.3-63.8 \ - ....... ~4.4 2.70* .35 125 - - - -
73 63.8-64.3 ~,/,,,,.- - - - - 2 20 48 32 
74 64.8-65.3 ,-,/~ - - - - 2 22 44 34 
75 65.8-66.3 / /\. \ - - - - 3 21 44 35 
76 66.5-67.0 

/ ' / ,. - - - - 3 19 45 36 
77 67.0-67.5 .--· I ' l4.8 2.70* .37 123 - - - -
78 67.7-68.2 /- '/ - - - 2 19 55 26 
79 68.6-69.1 \-\ - - - - 14 17 47 36 
80 69.7-70.2 - - / - - - - 4 18 56 26 
81 73.1-73.6 v_\ / /' - - - - - - - -
82 73.6-74.o BE9ROCK\ I I I//, - ,:_ - - - - - -

, 

~ 

*Est~te 
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S-31 X-Ray Data Chemical Data l 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 
-

52 0.9 45 32 23 14 10 - - - - - -
53 - - - - - - - - - - - -
54 1.4 21 53 26 N.D. N.D. - - - - - -
55 1.5 28 50 22· N.D. N.p. - - - - - -
56 1.4 14 58 38 61 - - - - - - -
57 - - - - - - - - - - - -
58 - - - - 47 - - - - - - -
59 - - -· - 47 - - - - - - -
60 - - - - 52 - - - - - - -
61 - - - - 52 - - - - - - -
62 - - - - 55 - - - - - - -
63 - - - - 20 - - - - - - -
64 - - - - - - - - - - - -
65 - - - - 33 - - - - - - -
66 - - - - 36 - - - - - •. - -
67 - - - - - - 59. - - - - -
68 - - - - - - - - - - - -
69 - - - - - - - - - - - -
70 - - - - - - - - - - - -
71 - - - - - - 57. - - - - -
72 - - - - - - - - - - - -
73 1.4 17 56 27 28 19 - - - - - -
74 - - - - - - - - - - - -
75 1. 4 20 54 26 30 15 - - - - - -
76 1.0 10 53 · 37 N.D. N.D. - - - - - -
77 - - - - - - - - - - - -
78 1.0 14 52 34 30 ·22 - - - - - -
79 0.9 11 52 37 18 15 45. - - - - -
80 1.0 15 51 34 20 16 - - - - - -
81 0.8 8 50 42 N.D. 20 - - - - - -
82 0.5 3 Y3 54 N.D. N.D. - - - - - -

,• 

-
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SITE A S-4 L.S. = 506.871 - . Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #./ft 3 of % ot % n -;o 

1 0-0.5 0 6 71 23 
2 0.5-1.0 

PEORIA/ 1 7 71 22 
3 1.5-2.0 LOESS 0 3 55 42 
4 2.0-2.5 

cs-6J~3_4) I 0 2 50 48 
5 3.5-4.0 1 1 54 45 
6 4.0-4.5 0 9 64 27 
7 4.5-5.01 0 10 64 26 
8 5.5-6.0 0 17 58 25 
9 6.o-6.5 

ROXANA! 
1 17 57 26 

10 6.5-7.0 1 15 57 28 
11 7.0-7.5 sTCTT 0 35 34 31 
12 8.5-9.0 J28-43-2~J I 0 41 22 37 
13 9.0-9.5 1 39 27 34 
14 9.5-10.0 0 32 34 34 
15 10.0-10.5 2 31 37 32 
16 10.5-11. 0 1 32 35 33 
17 11.0-11.5 

~_ERR-( CLAY_\ 
6 35 46 19 

18 11. 5-12. 0 2 33 34 33 
19 12.0-12.5 ( 3i ~40-2Ji)_\ 3 30 45 25 
20 12.5-13.0 1 31 40 29 
21 13. 0-13-5 2 31 59 10 
22 13.5-14.o 1 32 35 33 
23 11.J.0-14.5 . . . . . .. 6 9 56 25 HAGARST_9i~ I -
24 

. . . .... 15.0-15.5 . . . . . . - 9 25 53 22 
':·• 25 15.s-16.0 /-\ /.,, - 3 25 53 22 -

26 16.0-16.5 - \ ·:__ \ - 5 34 38 28 
.. 'I;,, 

27 18.0-18.5 , -- ',, 41 28 -~· 5 31 ;.,r"' 

;x 28 18.5-19.0 , I / 3 33 39 28 
~,; 29 19.0-19.5 ~\'I , 6 43 34 23 i:~· 30 20. 5-21. 0 -- 13.0 3 34 38 28 ..:-=-

\ I l ' ,~ 
31 21. 5-22. 0 3 40 32 28 ti \' I -32 22.0-22.5 I ,.,.., ......._ I 3 38 34 28 

f~~~. . 33 22.5-23.0 - \ 4 60 13 27 
.~.! 34 24.0-24.5 'I \....., - 4 33· 40 27 ~-: 35 24. 5-25. 0 '/ ./ 5 29 42 29 r 

GLASFORD I ?-;: 36 25.0-25.5 " ' 9 29 45 26 
- 37 25-5-:26.o FORMATION\ '/ , ,,, 7 29 43 28 .. 

38 26.0-26.5 TILL I ' ....... \ - 5 32 43 25 
39 26.5-27.0 (32-42:26)\ 

/ \/ .,- 2 29 44 27 \ - ...... 40 27.0-27.5 \ / ,,,,- 6 33 44 23 
.41 28.0-28.5 ,--, / ~ - 3 35 39 26 
42 28.5-29.0 6 31 411 25 
43 29.0-29.5 / /' \ 5 29 1+2 29 
44 29-5-30.0 ~I/' - 4 27 4·4 29 
45 30.0-30.5 /- '/ 4 34 39 27 
46 30. 5- 31. O l - \ 5.-7 7 · 30 45 25 
47 31.0-31.5 - - / 5 30 45 25 
48 32. 5-33.0 r\ / /' 5 32 43 ,-.,:--- c.:) 

49 33.0-33-5 1\- / 
3 32 42 26 

50 33-5-34. o ,_\ _3.8 6 ~2 1-m 28 
51 34.0-34.5 \ / / 4 37 39 24 
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S-4 j X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mgil mg/1 mg/1 100g 

1 - - - - - - 270. . 46 5.2 18 . - -
2 - - - - - - - - - - - -
3 - - - - - - - - - - - -
4 - - - - - - - - - - - -
5 - - - - - - - - - - - -
6 - - - - - - 40. .36 12. 11. - -
7 - - - - - - - - - - - -
8 - - - - - - 27. - - - - -
9 - - - - - - - - - - - -

10 - - - - - - - - - - - -
11 - - - - - - 13. <.12 9.8 9.7 - -
12 - - - - - - - - - - - -
13 - - - - - - - - - - - -
14 - - - - - - 10. - - - - -
15 - - - - - - - - - - - -
16 - - - - - - - - - - - -
17 - - - - - - - - - - - -
18 - - - - - - 46. - - - - -
19 - - - - - - - - - - - -
20 - - - - - - - - - - - -
21 - - - - - - 53. - - - - -
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - 43. - - - - -
26 - - - - - - - - - - - -
27 - - - - - - - - - .- - -
28 - - - - - - - - - - - -
29 - - - - - - - - - - - -
30 - - - - - - - - - - - -
31 - - - - - - - - - - - -, 
32 - - - - - - - - - - - -
33 - - - - - - - - - - - -
34 - - - - - - - - - - - -
35 - - - - - - - - - - - -
36 - · - - - - - - - - - - -
37 - - - - - - - - - - - -
38 - - - - - - - - - - - -
39 - - - - - - - - - - - -
40 ~ - - - - - - - - - - - -
41 - - - - - - - - - - - -
·42 - - - - - - - - - - - -
43 - - - - - - - - - - - -
l-l4 - - - - - - - - - - - -
45 - - - - - - - - - - - -
46 - - - - - - - - - - - -
47 - - - - - - - - - - - -
48 - - - - - - - - - - - -
49 - - - - - - - - - - - -
50 - - - - - - - - - - - -
r-:>l - - - - - - - - - - - -
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SITE A S-4 L.S. = 506.87 ! Engineering Data Grain Size 

No. Depth of Unit Graphic W Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 
(ft) 

52 35.5-36.0 
53 36.Q-36.5 
54 36.5-37.0 
55 37-0-37-5 
56 37.5-38.0 
57 38.0-38.5 
58 38.5-39.0 
59 40.0-40.5 
60 40.5-41.0 
61 41.0-41.5 
62 41. 5-42. o · 
63 42.0-42.5 
64 42.5-43.0 
65 43.0-43.5 
66 43.7-44.o 
67 44.0-44.5 
68 44.5-45.0 
69 45.0-45.5 
70 47.0-47-5 
71 51. 0-51. 5 
72 51. 5-52. 0 
73 52.0-52.5 
74 53-5-54.o 
75 54.0-54.5 
76 54.5-55.0 
77 56.0-56.6 
78 57.5-58.0 
79 58.0-58.5 
80 58.5-59.0 
81 59.0-59-5 
82 59-5-60.0 
83 60.5-61.0 
84 61.0-61.5 
85 61.5-62.0 
86 63.0-63.5 
87 63.5-64.o 
88 64.0~64.5 
89 64.5-65.0 
90 65.0-65.5 
91 65.5-66.o 
92 66.0-66.5 
93 66.5-67.0 
94 67.0-67.5 
95 67.5-68:o 
96 68.0-68.5 

GLASFORD I 
FORMATION I 

TILLj 

BAt~NERl 
FORMATIONl 

fill l 
(20-45-33)! 

BEDROCK 1 
I 

% #/ft 3 % % % % 

/_._-\ - -
I\ . .... __ = = 
\/ /\ - -
/\'-- - -
\ \JI 14.7 -

._ .,,., I '\ - -
I ' 1__ - -

.,./ .,,, - -
' \ -- - -
I \ // - -
/\I\ - -,,,, -...... - -

/ \ \ - -
\ / - 12.6 -

/\/I I = = 
\/ ,,... - -
I \ ._/ \ 13.2 -

\ / -
/ _ ,1 -

....... I -
\,, \ /14.2 -. . . . . . 
·•:-;--:--;-:• -

-16-

- 5 
- 8 
- 3 
- 3 
- 5 
- 5 
- 3 
- 4 
- 5 
- 11 
- 3 
- 3 
- 5 
- 2 
- 2 
- 5 
- 4 
- 5 
- 3 
- 4 
- 6 
- 6 
- 4 
- 3 
- 2 
- 3 
- 6 
- 6 
- r 
- 2 
- 1 
- 1 
- 2 
- 2 
- 3 
- 3 
- 3 
- 2 
- 3 
- 2 
- 3 
- 1 
- 5 
- 2 
- 4 

32 
31 
32 
32 
31 
32 
32 
32 
31 
31 
33 
32 
32 
30 
32 
31 
32 
31 
32 
31 
31 
33 
30 
30 
29 
38 
36 
33 
16 
20 
17 
11 
27 
24 . 
21 
22 
21 
-22 
22 
22 
21 
21 
20 
19 
19 

41 27 
42 27 
42 26 
43 25 
42 27 
41 27 
43 25 
42 26 
43 26 
41 28 
41 26 
40 28 
41 27 
45 25 
40 28 
42 27 
40 28 
42 27 
40 28 
42 27 
41 28 
40 27 
42 28 
44 26 
42 29 
41 21 
39 25 
40 27 
55 29 
52 ·28 
55 28 
61 28 
41 32 
45 31 
44 35 
45 33 
45 34 
46 32 
44 34 
46 32 
45 34 
45 34 
48 32 
51 30 
48 33 



S-4\ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

52 - - - - - - - - - - - -
53 - - - - - - - - - - - -
54 - - - - - - - - - - - -
55 - - - - - - - - - - - -
56 - - - - - - - - - - - -
57 - - - - - - - - - - - -
58 - - - - - - - - - - - -
59 - - - - - - - - - - - --
60 - - - - - - - - - - - -
61 - - - - - - - - - - - -
62 - - - :,_ - - - - - - - -
63 - - - - - - - - - - - -
64 - - - - - - - - - - - -
65 - - - - - - - - - - - -
66 - - - - - - - - - - - -
67 - - - - - - - - - - - -
68 - - - - - - - - - - - -
69 - - - - - - - - - - - -
70 - - - - - - - - - - - -
71 · - - - - - - - - - - - -
72 - - - - - - - - - ' - - -
73 - - - - - - - - - - - -
74 - - - - - - - - - - - -
75 - - - - - - - - - - - -
76 - - - - - - - 1 - - - - -
77 - - - - - - - - - - - -
78 - - - - - - - - - - - -
79 - - - - - - - - - - - -
So - - - - - - - - - - - -
81 - - - - - - - - - - - -
82 - - - - - - - - - - - -
83 - - - - - - - - - - - -
84 - - - - - - - - - - - , -
85 - - - - - - - - - - - -
86 - - - - - - - - - - - -
87 - - - - - - - - - - - -
88 - - - - - - - - - - - -
89 - - - - - - - - - - - -
90 - - - - - - - - - - - -
91 - -: - - - - - - - - - -
92 - - - - - - - - - - - -
93 - - - - - - - - - - - -
94 - - - - - - - - - - - -
95 - - I - - - - -- - - - -
96 - - - - - - - - - - - -

} : 
( 

' .I : 

) i 
·, 

•. 
,' 

_, 

I 
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SITE A S-5 L.S. = 507.07 Eng-..neering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % 0/ % /0 

1 1.0-1.5 2 8 71 21 
PEORIA I 2 L5-2. o 0 3 63 34 LOESSl 3 2.0-2.5 0 4 54 }~2 

4 3.5-4.0 cs-61-_34) I 0 5 60 35 
5 4.0-4.5 5.7 0 5 59 36 
6 4.5-5.0 

_139_x~.N_A\ 
0 14 57 29 

7 5.5-6.0 2 17 52 31 
8 6~0-6.5 SILT __ I 0 15 52 33 
9 6.5-7.0 (17-:-53-~0)\ 1 17 54 29 

10 7.0-7.5 1 23 52 25 
11 7-5-8.o 0 32 36 31 
12 8.0-8.5 1 28 38 34 
13 8.5-9.0 1 31 35 34 
14 9.0-9.5 2 30 31 39 
15 9.5-10.0 l 31 36 33 
16 10.0-10.5 1 12 53 35 
17 10.5-11.0 3 32 35 33 
18 11.0-11.5 2 34 31 35 
19 11. 5-12. 0 1 40 35 25 
20 12.0-12.5 3 41 34 25 
21 13.0-13.5 HAGARSTOWN! 8 55 28 17 
22 13.5-14.o MEt•1BER I 3 49 35 16 
23 14.0-14.5 c 47-32-21) I . 

0 .. 1 8 45 34 21 I-. 

24 14.5-15.0 3 44 33 23 
25 15.0-15.5 2 53 30 17 
26 15-5-16.0 _l_,,/ \ 6 42 33 25 
27 16.0-16.5 I\,-- - 4 41 38 21 
28 16.5-17.0 'J ,·/,,. 3 32 46 22 
29 18.0-18.5 / 3 33 39 28 
30 18.5-19.0 I\\ I\ 4 34 41 25 
31 19.0-19.5 _,- I ._ 3 34 40 26 
32 20.0-20.5 -.. -/ 13.0 22 29 4·4 27 
33 20. 5-21. 0 / \ \ 5 32 41 27 / 
34 21. 0-21. 5 '\ -- \ 3 32 41 27 
35 21.5-22. 0 GL/l.SFORD I /,,, - 8 31 39 30 
36 ·22.0-22.5 FORM.i\T ION I \ / ""'/ 5 28 43 29 
37 22.5-23.0 -,1 I 1 ......_ '\ ' 4 33 40 27 
38 23.0-23.5 I - -- \ 

I\ / 4 34 38 28 
39 23-5-24. 0 (31-41-28)1 \ / \ / 4 29 40 31 
40 24.0-24.5 ...... ' ,2.5 . - 5 31 43 26 
41 24.5-25.0 /\"'I\ 5 32 41 27 
42 25.5-26.0 - , _ _..., - 5 31 42 27 
43 26.0-26.5 / \ I 7 31 44 25 
44 26.5-27.0 \ - 5 31 41 28 

'I \ 45 27.0-27.5 ,.- .,,. 7 35 39 ·26 
46 29.0-29.5 /} '-,' - 4 33 40 27 
47 29.5-30.0 '/ \ / - 3 28 43 29 
1J n 3'J.o-30.5 \ -- I 1-...... C .6 5 27 42 31 0 

49 30. 5-31. O / \ / I 2 23 49 28 
50 . 31. "-31. 5 ? 29 l.!.~· ........ 

.._ - c: 
\/I...._/' 

.) 

46 r-7 31. 5-32. O - 4 25 29 :)_!_ 
f \ • 
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s-sl X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - - - - - - -
2 - - - - - - - - - - - -
3 - - - - - - 130. <.12 19. 20. - -
4 - - - - - - - - - - - -
5 - - - - - - 63. .26 19. 15. 
6 - - - - - - - - - - - -
7 - - - - - - - - - - - -
8 - - - - - - 20. <.12 14. 13. - -
9 - - - - - - - - - - - -

10 - - - - - - - - - - - -
11 - - - - ·- - - --: - - - -
12 - - - - - - 17. - - - - -
13 - - - - - - - - - - - -
14 - - - - - - - - - - - -
15 - - - - - - - - - - - -
16 - - - - - - 28. - - - - -
17 - - - - - - - - - - - -
18 - - - - - - - - - - - -
19 - - - - - - - - - - - -
20 - - - - - - 48. - - - - -
21 - - - - - - - - - - - -
22 - - - - - - - - - - - -
23 - - - - - - 40. - - - - -
24 - - - - - - - - - - - -
25 - - - - - - - I - - - - -
26 - - - - - - - - - - - -
27 - - - - - - 11. - - - - -
28 - - - - - - - - - - - -
29 - - - - - - 51. - - - - -
30 - - - - - - - - - - - -
31 - - - - - - - - - - - -
32 - - - - - - - - - - - -

J 

33 - - - - - - - - - - - -
34 - - - - - - - - - - - -
35 - - - - - - - - - - - -
36 - - - - - - - - - - - -
37 - - - - - - - - - - - -
38 - - - - - - - - - - - -
39 - - - - - - - - - - - -

~ 

40 - - - - - - - - - - - -
41 - - - - - - - - - - - -
'42 - - - - - - - - - - - -
43 - - - - - - - - - - - -
44 - - - - - - - - - - - -
45 - - - - - - - - - - - -
46 - - - - - - - - - - - -

C 47 - - - - - - - - - - - -
l1 8 - - - - - - - - - - - -
~9 - - - - - - - - - - - -
50 - - - - - - - - - - - -
51 - - - - - - - - - - - -
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SITE A S-5 L.S. = 507.07 Engineeri ng Data Grain Size 

No. Depth of Unit Graphic \·! Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) of #/ft 3 % OI % h ~ 

52 31. 5-32.0 GLASFORD I 
4-,_.,..., ,, 

4 25 46 29 
53 32.5-33.0 / " "-/, 4 30 43 27 FORMATION I I I J 54 33.0-33-5 

TILL I - ' - - 3 29 42 29 
55 33.5-34.0 I/'' - 3 25 47 28 
56 34.5-35.0 \ 'J / 21.3 3 19 51 30 - 1 
57 35.0-35-5 0 17 53 30 
58 35-5-36.o l 13 58 29 
59 36.0-36.5 0 9 58 33 
60 36.5-37.0 0 10 56 34 
61 37.0-37.5 0 9 60 31 
62 37-5-38.o · LIERLE! 0 9 58 33 
63 38.0-38.5 0 10 56 32 
64 38.5-39.0 CLAY I 0 6 63 31 
65 39.0-39.5 c12-s2-36) I 0 6 64 30 
66 39-5-40.0 1 13 53 34 
67 40.0-40.5 0 8 61 31 
68 40.5-41.0 0 13 53 34 
69 41.0-41.5 0 19 48 33 
70 41. 5-42. 0 1 2 61 37 
71 42.0-42.5 2 20 36 44 
72 42.5-43-0. 1 19 35 46 
73 43.0-43.5 1 19 35 46 
74 43.5-44.o 1 24 37 39 
75 44.0-44.5 \ / / \ 3 28 42 30 
76 44.5-45.0 / , ......... -- 4 27 41 32 
77 45.0-45.5 \ \II - 15 26 43 31 
78 45.5-46.o ._.,...,,,1, 4 27 41 32 
79 ! 46. 0-46.5 I '- 1 __ 3 27 41 32 
80 47.0-47.5 

/ /' .;_ 3 29 40 31 
81 47.5-48.o '\ -- - 6 28 41 31 
82 48.0-48.5 BANNER! I\ // - 4 27 42 31 
83 48. 5-L19. 0 FORMATION I / \ ,\ 3 28 4·2 30 
84 49.0-49.5 TILL \ 3 26 42 32 
85 50.0-50.5 ~ / -... 2.0 2 30 41 29 
86 50.5-51.0 (25-45-30)1 \ / ~\ 3 29 42 29 
87 51.0-51.5 3 30 42 ,.....o 

/\ / I - co 
88 51.5-52.0 3 30 44 26 
89 52.0-52-5 \ / ' .... 5 29 43 28 
90 52.5-53-0 I \ -/ \ 2 29 45 26 
91 53-0-53-5 ---- 3 15 65 20 ----92 54.0-54.5 --- 1 19 · 46 ~:--- _,.J 
93 54. 5-55-. O I ' \ ·.,, \ 3.0 4 19 53 23 
94 56.0-56.2 .._-, 'I 2 21 45 34 
95 56.5-57.0 3 21 46 33 
96 57.0-57.5 \ l '\ / - 4 20 46 34 
97 57-5-58.o -. / I \ 6 17 50 33 

C 
93 58 0 i=P? I\"/ - 3 20 46 34 
99 

• -_,JU• - 1 

2.8 59-7-60.2 ,,_..,.,,., ..-
I I \ I 

Bi: DROCK 11///J 
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S-5\ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ rr:eg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

52 - - - - - - - - - - - -
53 - - - - - - - - - - - -
54 - - - - - - - - - - - -
55 - - - - - - - - - - - -
56 - - - - - - - - - - - -
57 - - - - - - - - - - - -
58 - - - - - - - - - - - -

- 59 - - - - - - - - - - - -
60 - - - - - - - - - - - -
61 - - - - - - - - - - - -
62 - ~ - - - - - - - - - -
63 - .- - - - - - - - - - -
64 - - - - - - - - - - - -
65 - - - - - - - - - - - -
66 - - - - - - - - - - - -
67 - - - - - - - - - - - -
68 - - - - - - - - - - - -
69 - - - - - - - - - - - -
70 - - - - - - - - - - - -
71 - - - - - - - - - - - -
72 - - - - - - - - - - - -
73 - - - - - - - - - - - -
74 - - - - - - - - - - - -
75 - - - - - - - - - - - -
76 - - - - - - - - - - - -
77 - - - - - - - - - - - -
78 - - - - - - - - - - - - -
79 - - - - - - - - - - - -
80 - - - - - - - - - - - -
81 - -- - - - - - - - - - -
82 - - - - - - - - - - - -
83 - - - - - - - - - - - -
84 - - - - - - - - - - - J -
85 - - - - - - - - - - - -
86 - - - - - - - - - - - -
87 - - - - - - - - - - - -
88 - - - - .... - - - - - - -
89 - - - - - - - - - - - -
90 - - - - - - - - - - - -
91 - - - - - - - - - - - -
92 - - - - - - - - ·- - - -
93 - - - - - - - - - - - -
94 - - - - - - - - - - - -
95 - - - - - - - - - - - -
96 - - - - - - - - - - - -
97 - - - - - - - - - - - -
98 - - - - - - - - - - - -
99 - - - - - - - - - - - -
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SITE A S-6 L.S. = 510.51 Engine2 ·ing Data Grain Size 

No. Depth of Unit Graphi c 
Log 

Gs Void Dry 
Sample Description 

(ft) 

1 0.5-1.0 
2 1.0-1.5 
3 1.5-2.0 
4 2.0-2.5 

PEORIA !! 
LOESS 

( 5-59-36 ) ! 

5 3.5-4.o I 
6 4. 0-4 . 5 ~SO_XIAL_T~_' Al. 
7 4.5-5.0 

% 

8 5.5-6.0 c17 _56-2n l _. 24.4 
9 6. 0-6. 5 i,.....' -----+--=,~.....--,-----t 

10 6.5-7.0 
11 7.0-7.5 BERRY\ 
12 8. 5-9. 0 CLAY I 
13 9.0-9.5 
14 10.0-10.5 (33-40-27) I 20.9 
15 10. 5-11. 0 i-------.~~---+.....-4 

16 ll. 0-ll. 5 HAGARSTOWN \ • 
17 11. 5-12. 0 l-------J=::1...:::::=j=::c~ 
18 12.0-12.5 ·_,.'/ ._ \ 
19 13.0-13.5 .._ - / -
20 11-L 5-15. 0 / \ \ 
21 15. 0-15 . 6 , \ :_. \ 16 .1 
22 16.5-17.0 \ 
23 18· 5-l9 · o GLASFORD\ ,,.. I '__ / ll. 8 
24 21. 0- 21.5 FORMATION I \ / \ 
25 25. 0-25.5 \ I \ /' 11.2 
26 28. 5-29. o TILL \ \ 
27 30.5-31.0 (31-41 -28) \ / ...._ / 11.4 
28 33.0-33.5 / \"' / \' 
29 36.5-37.0 I -- - -
30 38. 0-38. 5 - - / :!.4 .1 ~ 
31 40.5-41.0 / \ I\ 14. 7 
32 41.0-41.5 ,1.....--, 
3 3 44. 5-45 . o i--------+--"-r-T~ -_,.,..,/c-1 

34 45. o-45 .5 rz ~'. -
35 49.0-49.5 .7l \ '( 7 ll 7 
36 54.2-54.5 \ -- / ,--15:0 

BANNER! / 37 56. 0-56. 5 / \ / 
38 56. 5-57 .0 · FORMATION\ \. / ......_-, _ 
39 60. 0-60.5 TILL\ l / \ / \ 16.5 
40 61. 0-61. 5 (23-43-34 )! ._ ,;, '\ 
41 6 4 . 5-65 . 0 / / '- ,--/) 12 . 2 
4 2 6 5. C-65 . 5 - ' .-
43 65. 5-66.0 I / .. , i-----------------_,._..--

BED~OCK\ 

-22-

Ratio Den Gvl Sd St 

#/ft 3 % % % 

3 
1 
0 
0 
1 
2 

1 
1 
3 

0 

3 
6 
0 
3 

6 

4 

3 

16 

5 
3 

3 
3 
3 

3 
4 

7 

4 
3 

7 72 
3 61 
O 47 
9 57 

17 56 
19 56 

17 56 
15 57 
33 45 

25 48 

42 27 
38 31 
4 35 

35 37 

31 38 

36 39 

36 40 

31 41 

31 44 
28 45 

29 45 
24 44 
32 38 

·23 1~4 
20 42 

22 44 

22 43 
21 43 

Cl 

21 
36 
53 
34 
27 
25 

27 
28 
22 

27 

31 
31 
61 
28 

31 

35 

24 

28 

25 
27 

26 
32 
30 

34 

35 
36 



S-6\ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - - - - - - -
2 - - - - - - 740 .54 13. 23. 
3 - - - - - - -- - - - - -
4 - - - - - - - - - - - -
5 - - - - - - 30. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 74. .28 18. 19. - -
8 - - - - - - - - - - - -
9 - - - - - - - - - - - -

10 - - - - - - - - - - - -
11 - - - - - - 38. .18 9.6 12. - -
12 - - - - - - - - - - - -
13 - - - - - - 2-8. - - - - -
14 - - - - - - - - - - - -
15 - - - - - - - - - - - -
16 - - - - - - 58. - - - - -
17 - - - - - - - - - - - -
18 - - - - - - - - - - - -
19 - - - - - - 50. - - - - -
20 - - - - - - - - - - - -
21 - - - - - - 51. - - - - -
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - - - - - - -
26 - - - - - - - - - - - -
27 - - - - - - - - - - - -
28 - - - - - - - - - - - -
29 - - - - - - - - - - - -
30 - - - - - - - - - - - -
31 - - - - - - - - - - - -
32 - - - - - - - - - - - -
33 

, - - - - - - - - - - - -
34 - - - - - - - - - - - -
35 - - - - - - - - - - - -
36 - - - - - - - - - - - -
37 - - - - - - - - - - - -
-,n - - - - -.)0 - - - - - - -
39 - - - - - - - - - - - --40 - - - - - - - - - - - -
41 - - - -- - - - - - - - -
42 - - - - - - - - - - - -
43 - - - - - - - - - - - -

-
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SITE A S-7 L.S. = 506.78 1 Engineeri ng Data Gr ain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Descr iption Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % % 

1 0. 5-1. 0 2 8 67 25 
2 1.0-1.5 _PEORIA\ 3 8 66 26 
3 1.5-2. 0 -

LOESS I 4 2.0-2.5 1 6 56 38 
5 2.5-3.0 (9-59-3?) I ·-
6 4.o-4.5 1 10 53 37 
7 4.5-5.0 2 15 50 35 
8 5.0-5.5 
9 5.5-6.0 

10 6.0-6.5 1 13 48 39 
11 8.0-8.5 
12 8.5-9 .. 0 1 26 36 38 
13 10.0-10.5 1 25 36 39 
14 10. 5-11. 0 
15 11.0-11.5 2- 37 36 27 
16 11.5-12. 0 
17 12.0-12.5 
18 13-5-14 .. 0 3 33 37 30 
19 15.5-16.0 GLAS.FORD I 20 16.5-17.0 5 29 42 29 
21 18.5-19.0 FORMATION l 4 29 45 26 
22· 21.0-21..5 ~fC~] 4 23 47 30 
23 21.5-22.0 

(30-38-32)1 
1 5 52 43 

24 22.5-23 .. 0 
25'. 23.0-23.5 --- 1 19 37 34 ---
26 24.0-24 .. 5 ---- 15.7 ---
27 25.5-26.0 -- 17 39 15 46 ..::::-✓- -. I -
28 28.0-28.5 / \ /' - 3 31 39 30 
29·. 31. 5-32. 0 ,1_' // 3 .. 1 
30 = . 35. 0-35. 5 / \ .,,..,, 13.0 
31· 37-5-38.0 1' 20.9 
32' 38. 0-38.5 \ /. \ 2 31 40 29 
33 40.5-41.0 210' ~ - 2 26 43 31 
3~ 43.0-43.5 ' \ ~ f 1 · 21 37 42 
35 46.0-46.5 15.5 
36 46.5-47.0 I\\ I~ 2 28 39 33 
37 48. 5-1~9. O 13.4 
38 49 .. 0-49. 5 BANi1JER l ~ I -- 5 28 40 32 "'- -; 
39 52.5-53.0 FORMATION l / \ \ 4 28 44 28 
40 54.5-55.0 TILL I / 14.8 
41 56.5-57.0 ' \ -- \ 1 21 34 45 
42 58.5-59.0 t23-4s-32) I /1'' 13.1 
43 61.5-62.0 \/"'I 3 22 34 44 
44 65.5-66.o '- \' 14. ll 
45 66.0-66.5 I \ / 7 20 45 35 
46 68.o-68.5 \ / \ / 1 21 45 34 
47 69.2-69.5 / ....... ' 13.0 \.._I\ 1m 69.5-70.0 I - 4 21 45 34 
49 70.0-70.5 - _--, . 3 20 43 37 

BE DROCK! 

-24-
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S-7 
. 

X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - .. - - - - - - - - - - -
2 - - - - - - - - - - - -
3 - · - - - - - 150. <.12 13. 20. - -
4 - - - - - - - - - - - -
5 - - - - - - 38. <.12 16. 20. - -
6 - - - - - - - - - - - -
7 - - - - - - - - - - - -
8 - - - - - - - - - - - -
9 - - - - - - 19. <.12 14. 13. - -

10 - - - - - - - - - - - -
11 - - - - - - 15. - - - - -
12 - - - - - - - - - - - -
13 - - - - - - 35. - - - - -
14 - - - - - - - - - - - -
15 - - - - - - 60. - - - - -
16 - - - - - - 89. - - - - -
17 - - - - - - 57. - - - - -
18 - - - - - - -54. - - - - -
19 - - - - - - 45. - - - - -
20 - - - - - - - - - - - -
21 - - - - - - - - - - - -
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - - - - - - -
26 - - - - - - - - - - - -
27 - - - - - - - - - - - -
28 - - - - - - - - - - - -
29 - - - - - - - - - - - -
30 - - - - ..,.. - - - - - - -
31 - - - - - - - - - - - -
32 - - - - - - - - - - - -, 

33 - - - - - - - - - - - -
34 - - - - - - - - - - - -
35 - - - - - - - - - - - -
36 - - - - - - - - - - - -
37 - - - - - - - - - - - -
38 - - - - - - - - - - - -
39 - - - - - - - J - - - - -. 
40 - - - - - - - - - - - -
41 - - - - - - - - - - - -
42 - - - - - - - - - - - -
43 - - - - - - - - - - - -
44 - - - - - - - - - - - -
45 - - - - - - - - - - - -
46 - - - - - - - - - - - -
47 - - - - - - - - - - - -
1~ 8 - - - - - - - - - - - -
/1 (.J -:..., - - - - - - - - - - - -

-25-
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SITE A S-8 L.S . = 506.13 \ Enginee--ing Data Grain Size 

No. Depth of Unit Graphic W Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % % 

1 1.0-1.5 
2 _l_. 5-2. 0 
3 2.0-2.5 
4 3.0-3.5 
5 3.5-4.0 
6 4.0-4.5 
7 4.5-5-0 
8 5.0-5.5 
9 6.0-6.5 

10 7.0-7.5 
11 7.5-8.0 
12 8. 0-8. 5 
13 8.5-9.0 
14 9.0-9.5 
15 9.5-10.0 
16 10.0-10.5 

PEORIA\ 
LOESS \ 

(9-52-39) I 

B-ERRY CLAY I 
c21-4s-34) I ,~-, 

HAGARSTOWNI ,~•-
MEMBER! ~---, 

(36-31-33)\ ·--
17 11.0-11.5 19.7 

1-------''r-r"----i~-"1 
18 11.5-12.0 l' 
19 13.0-13.5 \ ~\ 
20 14. 0-14 . 5 / , / ......_ 12. 7 -
21 14. 5-15. o / ,- / 12.1 
22 15. 0-15. 5 \ / \ / 
23 15.5-16.0 ...._ 
24 16.5-17.0 , / \ 11.8 
25 22. 0-22. 5 GLASFORD I I / \ -
26 24.5-25.0 FORMATION 1 -.... / 

27 25. 0-25. 5 TILL r \- / \ 14 .5 
28 29.0-29.5 ....._ \ / _,.,,-
29 33.0-33.5 (30-41-29) j 1 \ / -
30 34. 0-34. 5 \ \ I 13. 4 
31 38. 0-38. 5 I/ ... 
32 4 40 5 • • • • • • 0 0 . 0- . : • , • • ". 13. 
33 42.0-42.5 // '/\ 
34 43.5-44.o 
35 44.5-45.0 
36 46.0-46.5 
37 49.0-49.5 
38 LI 9. 5-50. 0 
39 50.0-50.5 
40 51.0-51.5 

-.41 52. 0-52. 5 
42 54.0-54.5 
4 3 55. 0-55-5 
44 56.0-56.5 
45 59.0-59-5 
46 60.0-60.5 
Lf 7 6 2. 0-62. 5 
1.J8 61-t. C'-64. 5 
49 64.5-65.0 

BANNER I 
FORMATION I 

TILL I 
(25-43~32) I 

BEDROCK! 

3 8 45 47 

1 11 53 36 

1 9 54 37 
o 9 54 37 
1 19 48 33 

1 25 43 32 
1 29 39 32 
0 11 51 38 

41 26 28 46 
2 33 31 36 
3 34 32 34 

1 43 29 28 
6 43 34 23 

5 33 40 27 
4 32 40 28 

12 33 39 28 

16 29 40 31 
5 31 41 28 
3 34 34 32 
2 27 43 30 
5 32 38 30 

3 26 35 39 

4 14 57 29 
5 31 53 16 
1 24 63. 13 

4 31 39 30 
2 22 64 14 
2 :- . 26 39 35 

4 33 36 31 

3 31 38 31 

14 22 49 29 

6 23 43 34 

5 22 47 31 
\ 



S-8! X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 77. 1.1 11. 18. - -
2 - - - - - - - - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 71. .42 21. 20. - -
5 - - - - - - - - - - - -
6 - - - - - - - - - - - -
7 - - - - - - - - - - - -
8 - - - - - - 28. . 30 12. 12 . - -
9 - - - - - - - - - - - -

10 - -; - - - - - - - - - -
11 - - - - - - 420. . 72 12 . 19. - -
12 - - - - - - - - - - - -
13· - - - - - - - - - - - -
14 - - - - - - - - - - - -
15 - - - - - - 55. - - - - -

I 

16 - - - - - - ~ - ....; - - -
17 - - - - - - - - - - - -
18 - - - - - - 41.- - - - - -
19 - - - - - - 50. - - - - -
20 - - - - - - - - - - - -
21 - - - - - - - - - - - -
22 - - - - - - 54. - - - - . -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - - - - - - -
26 - - - - - - - - - - - -
27 - - - - - - - - - - - -
28 - - - - - - - - - - - - -
29 - - - - - - - - - - - -
30 - - - - - - - - - - - .-

31 - - - - - - - - - - - -
32 - - - - - - - - - - - , ...., 

33 - - - - - - - - - - - ~ 

34 - - - - - - - - - - - -
35 - - - - - - - - - - - -
36 - - - - - - - - .... - - -
37 - - - - - - - - .:... - - -
38 -. - - - - - - - - - - -
39 - - - - - - - - - - - -
40 - - - - - - - - - - - -
41 - - - - - - - - - - - -
1~2 - - - - - - - - - - - -
43 - - - - - - - - - - - -
'➔ 4 - - - - - - - - - - - -
45 - - - - - - - - - - - -
116 - - - - - - - - - - - -
47 - - - - - - - - - - - -
110 · :u - - - - - - - - - - - -
1-19 - - - - - - - - - - - -
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SITE A S-11 L.S. = 507.82\ Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % % 

1 2.0-2.5 PEORIA LOESS! 
2 4.0-4.5 22.6 
3 6.o-6.5 ROXANA SILT 11. . • 19. 5 
4 8.0-8.5 

J BERRY CLAY! 5 9.5-10.0 
6 12.0-12.5 HAGARS_TOWN ! 

S-11 \ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % Of 
lo sec sec mg/1 rng/1 mg/1 rng/1 100g 

1 - - - - - - 130. . 12 16 . 16. - -
2 - - - - - - 44. . 28 15. 14 . - -
3 - - - - - - 15. <.12 8.4 9.5 - -
4 - - - - - - 18. - - - - -
5 - - - - - - 28. - - - - -
6 - - - - - - 56. - - - - -

-



SITE A S-12 L.S. = 503.57 Engineering Data Grain Size 

No. Depth of Unit Graphic vJ Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 
(ft) % #/ft 3 % % Cl o t 

f:; / ::, 

1 1. 5-2. 0 FILL l JJ d ~ 
&I -? 4 

2 3-5-4.0 . 28.5 0 47 10 43 PEORIA LOESS \ • . 
3 5.0-5.5 . - 0 3 72 25 
4 6.0-6.5 5 42 29 29 
5 7-5-8.0 ROXANA SILT 1 
6 8.0-8.5 (37-31-32)1 1 37 30 33 
7 9-5-10.0 . - ·- -- -

8 10.6-11. 3 2 30 35 35 
9 11.5-12.0 BER~X C_LAv_ I 1 29 34 37 

10 12.0-12.5 
< 34-Jt-3s) I 1 30 44 26 

11 13.5-14.o 5.3 -. 43 15 42 .) 

12 14.0-14.5 HAGARSTOWNI 3 31 34 35 
13 14.5-15.0 1 41 33 26 MEMBER I 14 15.0-15-5 

(36-34-30) I 7.4 
15 15.5-16.0 
16 16.0-16.5 4 34 36 30 
17 16.5-17.0 3 48 32 30 
18 11.0-17.5 GLASFORD\ 5 28 32 40 
19 18.0-18.5 FORMATION I \ / ' / -
20 19.2-19.8 I '- I' - 6 32 39 29 
21 20. 5-21. 0 TILL I \ \ / 
22 21. 5-22 .o (3o-3s-32) I I -- - - 9 28 44 28 
23 23.0-23.5 / I \ 
24 23.5-24.o I '\ / - 1 12 52 36 
25 26 .. 0-26.5 ' \. ,,-

-34-



S-12 · X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 57,000 24. 17. 14. - -
2 - - - - - - 9,500 36. 18. 42. - -
3 - - - - - - - - - - - -
4 - - - - - - 4,700 - - - - -
5 - - - - - - 4,600 15. 43. 55. - -
6 - - - - - - - - - - - -
7 - - - - - - 7,800 - - - - -
8 - - - - - - - - - - - -
9 - - - - - - 8,900 32. 11. 14. - -

10 - - - - - - - - - - - -
11 - - - - - - 6,200 - - - 4.-8 2.9 
12 - - - - - - - - - - - -
13 - - - - - - - - - - - -
14 - - - - - - 7_.400 31. 15. 19. 4.9 3.7 
15 - - - - - - 3.,700 29. 14. 7.9 - -
16 - - - - - - - - - - - -
17 - - - - - - - - - - - -
18 - - - - - - - - - - - -
19 - - - - - - 1,200. 12. 17. 12. - -
20 - - - - - - - - - - - -
21 - - - - - - 190. 1.6 17. 9.6 - -
22 - - - - - - - - - - - -
23 - - - - - - 290. 1.8 15. 7.6 - -
24 - - - - - - - - - - - -
25 - - - - - - 150. 1.3 14. 10. - -

, 

-
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SITE A S-13 L.S. = 507.00 , Engineering Data Grain Size 

No. Depth of Unit Graphic w· Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % % 

1 5.5-6.0 
PEORIA LOESS I 

2 7.5-8.0 ROXANA SILT\ 
3 9.0-9.5 ~ -
4 10. 5-11. 0 
5 11.0-11.5 BERRY CLAY/ ,-

6 11.5-12.0 
7 12.5-13.0 
8 13.0-13.5 • I 

9 14.5-15~0 HAGA RS TOWN l . 
10 16.5-11.0 . GLASFORD/ '\/ / --- 15.5 

FORMATION I I \ I/\ 
.TIL'C"\ 

-3€-



S-13 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % ,sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 2700. 4.1 16. 22. - -
2 - - - - - - 200. 1.22 14. 18. - - -
3 - - - - - - 770. - - - - -
4 - - - - - - 1100. - - - - -
5 - - - - - - 1600. 3.26 11. 14. - -
6 - - - - - - 1300. - - - - -
7 - - - - - - - - - - - -
8 - - - . - - - 44. . 40 13. 16 • - -
9 - - - - - - 43. ~ - - - -

10 - - - - - - 77. - - - - -

I 

; 

-

. 
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SITE A S-14 L.S. = 

No. Depth of 
Sample 

(ft) 

1 2.0-2.5 
2 3.5-4.0 
3 4.0-4.5 
4 4.5-5.0 
5 5.0-5.5 
6 5.5-6.0 
7 6.o-6.5 
8 8.0-8.5 
9 10.0-10.5 

Unit 
Description 

FILL! 

PEORIA LOESSI 

ROXANA s fl TI 

504.45 ! 

Graphic 
Log 

. 

10 10. 5-ll. 0 t------~~~...;:::;;:;.,t 

11 13.0-13.5· 
12 ·13.5-14.o 
13 14.0-14.5 
14 14.5-15.0 
15 15.0-15.5 
16 16.0-16.5 

HAGARSTOWNI 
MEMBER\ 

Engineering Data 

w Gs Void Dry 
Ratio Den Gvl 

% #/ft 3 % 

20 
1 

1 
1 

.....; 

17 11.0-17.5 _____ .__._.---I_,_ 

18 18. 0-18. 5 GLASF_ ORD I \ / _ \ Y 18. 5 
19 18.5-19.0 ..:::....i I\ ' -FORMATION~-----

TIL_L! 

S-14\ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb 
cts/ cts/ 

% % 0/ 
7o sec sec mg/1 mg/1 mg/1 mg/1 

l - - - - - - 140.,000. 7.8 5600. 6500. 
2 - - - - - - 15.,000. 1.3 31. 24. 
3 - - - - - - - - - -
4 - - - - - - - - - -
,- - - - - - - 400. .36 32. 27. '.) 

6 - - - - - - - - - -
7 - - - - - - 18. <.06 7.8 8.1 
8 - - - - - - 49. - - -
9 - - - - - - - - - -

10 - - - - - - 62. .12 12. 18. 
11 - - - - - - 73. - - -
12 - - - - - - - - - -
13 - - - - - - 130. .10 8.8 11. 
14 - - - - - - - - - -
15 - - - - - - 59. - - -
16 - - - - - - 49. - - -
17 - - - - - - 81. - - -
18 - - - - - - - - - -
19 - - - - - - 60. - - -

-

- -- - -

Grain Size 

Sd St Cl 
% % % 

33 51 16 
7 49 44 

14 51 35 
37 30 33 

pH CEC 
meg/ 
100g 

- -
- -
- -
..:.. -
- -
- -
- -
- -
- -
- -
- -
- -
- -
7.2 1.6 
- -
- -
- -
- -
- -



SITE A S-15 L.S. = 508.92 \ Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % E/.ct3 
II I % % % % 

1 l.~2.0 
FILL\ 

2 3.0-3.5 PEORIA LOESS I 
3 5.5-6.0 
4 6.5-7.0 
5 7.5-8.0 ROXANA SILTJ 
6 8.5-9.0 
7 9.5-10.0 
8 11. 0-11.5 
9 11.5-12.0 BERRY CLAY\ -

' 10 12.0-12.5. - -~A~D\ 
11 12.5-13.0 
12 13.0-13.5 HAGARSTO~~/ 
13 13.5-14.0 MEMBER\ 
14 15-5-16.0 -
15 16.0-16.5 
16 17-5-18.0 GLASFORD.I 
17 18.5-19.0 FORMATION\ 

TILL! 

S-15\ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 rng/1 mg/1 mg/1 100g 

1 - - - - - - 1700. 12. 400. 310. 
2 - - - - - - 600. 1.6 13. 98. - -
3 - - - - - - 1100. 6.o 11. 13. - -
4 - - - - - - - - - - - -
5 - - - - - - 590. .76 11. 1? 

..1..<-. - -
6 - - - - - - - - - - - -
7 - - - - - - 36. .10 9.8 13. - -
8 - - - - - - - - - - - -
9 - - - - - - 79. - - - - -

10 - - - - - - 100. - - - - -
11 - - - - - - 2500. - - - - -
12 - - - - - - 2700. - - - - -
13 - - - - - - - - - - - -
14 - - - - - - 2700. 4. 2 . 16. 10. - -
15 - - - - - - - - - - - -
16 - - - - - - 150. 2.5 19. 12. - -
17 - - - - - - - - - - - -

- -



SITE A S-16 L.S. = 505.81 ! Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 
(ft) % #/ft 3 % % % % 

1 1.0-1.5 PEORIA I 29.0 
2 1.5-2.0 LOESS\ 
3 3.0-3.5 
4 3.5-4.0 27.2 
5 4.5-5.0 

I 

6 7.5-8.0 ROXANA SILT! 
. 

7 8.5-9.0 
8 9.5-10.0 
9 11.0-11.5 

10 11.5-12.0 BERRY CLAY I 
11 13.0-13.5· 
12 13.5-14.o 25.7 
13 15.0-15.5 

HAGARSTOWNI 14 16.0-16.5 • 20. 3 

s-16I I X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - - - - - - -
2 - - - - - - 250. . 14 13. 14 . - -
3 - - - - - - 28. <.12 12. 11. - -
4 - - - - - - - - - - - -
5 - - - - - - 2700. . 82 26 . 63. - -
6 - - - - - - 27. - - - - -
7 - - - - - - - - - - - -
8 - - - - - - 280. .44 20. 20. - -
9 - - - - - - - - - - - -

10 - - - - - - 17. - - - - -
11 - - - - - - . 29. . 20 11. ·10 . - -
12 - - - - - - - - - - - -
13 - - - - - - 53. - - - - -
14 - - - - - - - - - - - -



# 

SITE A S-17 L.S. = 505.89 Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

( ft) % #/ft 3 % % % % 

1 1.5-2.0 PEORIA LOESS l 
2 2.0-2.5 
3 3.5-4.0 ROXANA SILTi 4 4.o-4.5 
5 5.5-6.0 
6 6.o-6.5 

BERRY CLAY! 7 8.0-8.5 
8 8.5-9.0 
9 10.0-10.5 

10 11.5-12.0. 
11 12.0-12.5 

HAGARSTOWN I 12 13.5-14.o 5-3 
13 14.0-14.5 MEMBER{ 
14 16.0-16.5 GLASFORD \ / _,_,. ,-/ - -

FORMATION\ 
TILL! 

·, 

-44- ,. 



S-17 , X-Ray Data Chemical Data 

ffo. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % OI sec sec mg/1 mg/1 mg/1 mg/1 100g lo 

1 - - - - - - - - - - - -
2 - - - - - - 1200. 1.0 35 60. - -
-3 - - - - - - - - - - - -
4 - - - - - - 330. . 32 26 • 36. - -
5 - - - - - - 10. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 20. .18 8.1 16. - -
8 - - - - - - - - - - - -
9 - - - - - - 36. - - - - -

10 - - - - - - 46. - - - - -
11 - - - - - - - - - - - -
12 - - - - - - - - - - - -
13 - - - - - - 41. - - - - -
14 - - - - - - 46. - - - - -

-

" 

-4~-



SITE P. S-18 L.S. = 510.14\ Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % E/ ,.t3 
" T % % % % 

1 4.o-4.5 
2 ~-5-5.0 

PEORIA LOESS\ 
1 8 62 30 

3 5.0-5.5 
4 5-5-6.o 
5 7.0-7.5 
6 7-5-8.0 
7 8.0-8.5 1 6 56 38 
8 9.0-9.5 1 26 35 39 
9 9.5-10.0 

10 10.0-10.5 · -
_ROXANA SILTl 

. 
4 8 56 36 11 11.0-11.5 . . 

12 11. 5-12.0 3 24 31 45 
13 12.5-13.0 
14 13.5-14.o 1 20 38 42 
15 14.0-14.5 2 52 29 19 
16 14.5-15.0 BERRY CLAYI 1 27 27 46 
17 15.0-15.5 
18 15.5-16.0 
19 16.0-16.5 HAGARSTOWN\ 4 55 30 15 
20 16.5-17.0 MEMBER\ 13 51 27 22 
21 17.5-18.0 

·, 

-46-



S-18, X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/l mg/1 100g 

1 - - - - - - 7900. 29. 32. 270. - -
2 - - - - - - - - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 7300. - - - - -
5 - - - - - - 5800. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - - - - - - --8 - - - - - - - - - - - -
9 - - - - - - 3400. 6.0 9.6 9.8 - -

10 - - - - - - - - - - - -
11 - - - - - - - - - - - -
12 - - - - - - 4100. 7.1 11. 14. - -
13 - - - - - - - - - - - -
14 - - - - - - 3800. - - - - -
15 - - - - - - - - - - - -
16 - - - - - - - - - - - -
17 - - - - - - - - - - - -
18 - - - - - - 4100. - - - 5.2 5.9 
19 - - - - - - - - - - - -
20 - - - - - - - - - - - -
21 - - - - - - 100. 1.9 12. 10. 7.6 3.4 

-



SITE A S-22 L.S. = 503.50 '. Engineering Data Grain Size 

No. Depth of Unit Graphic vJ Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % .!!./.Ct3 Ti I % % % % 

1 1.0-1.5 PEORIA Lo~ssl 
2 2.0-2.5 
3 3.5-4.0 
4 4.5-5.0 ROXANA SILT! 
5 5.5-6.0 
6 6.5-7.0 BERRY ~~AYI 
7 7.5-8.0 
8 8.5-9.0 HAGARSTOHN I 
9 9.5-10.0 

I 

S-22\ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ rneg/ 

% C-1 % mg/1 ,~ sec sec rng/1 mg/1 mg/1 100g 

1 - - - - - - 11.,000. - - - - -
2 - - - - - - 330. - - - - -
3 - - - - - - 9.,600. - - - - -
4 - - - - - - 61. - - - - -
5 - - - - - - 3.,800. - - - - -
6 - - - - - - 36. - - - - -
7 - - - - - - 150. - - - - -
8 - - - - - - 50. - - - - -
9 - - - - - - 57. - - - - -

. 



SITE A S-23 L.S. = 502.64 : Engineering Data Grain Size 

No. Depth of Unit Graphic H Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % C ' 
h 

1 1.5-2.0 ALLUVIUM\ q$~tf:. - - - - - - - -
2 3.5-4.0 • Q •••• : - - - - - - - -

ROXANA SILT! 
J . , .. \· 3 4.5-5.0 . ~ 24.1 - - - - - - -..... 

4 6.0-6.5 BERRY CLAY I .-=-t-.±:-.:.. ~ 17.1 - - - - - - -
5 7.5-8.0 ~- HAGARSTOWN I •\•~·.(.· - - - - - - - -
6 9.0-9.5 GLASFORD I \ l _..- \ ...._ 21.7 - - - - - - -
7 9.5-10.0 _FORMATION / ...... '--, - - - - - - -

TILL I 

-

S-23\ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 12.,000. - - - - -
2 - - - - - - 8,900. - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 59. - - - - -
5 - - - - - - 62. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 49. - - - - -

-



SITE A S-24 L.S. = 500.79 Engineering Data Grain Size 

No. Depth of Unit Graphic \~ Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % 0/ 0: 
/ : h 

1.5-2.0 PEORIA LOESS i n=t 1 - - - - - - - -
3.5-4.0 

I -) '\ 2 I I - - - - - - - -
3 4.o-4.5 ROXANA SILT i 

( f :4 13.8 - - - - -: ~:-\-· .. - -
4 5.5-6.0 BERRY CLAY I' - - - - - - -
5 7.0-7.5 HAGARSTOHN i •I• t--\-;-. - . - - - - - - - - -
6 9.0-9.5 GLASFORDJ \. ....... \ / 12.3 - - - - - - -
7 9-5-10.0 _ FQRf11ATION ! /\ -,, ...... - - - - - - -

TILL! -

s-24 1 
I X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ rneg/ 

01 
1~ % % sec sec mg/1 mg/1 mg/1 mg/l 100g 

1 - - - - - - 6500. - - - - -
2 - - - - - - 300. - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 190. - - - - -
5 - - - - - - 94. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 55- - - - - -

.. 



SITE A S-25 L.S. = 500.37 Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) 01 #/ft 3 Cl % % Of 7, h lo 

•/. ,½ 
l 1. 5-2. 0 . ( . . . 27.5 ALLUVIUM, - - - - - - -
2 2.5-3.0 :i :s: - - - - - - -
3 4.5-5.0 . . . . . .. ---- - - - - - - -
4 6.5-7.0 

ROXANA SILT, ~-+:r-- - - - - - - - -
5 8.0-8.5 \ . - - - - - - - -
6 8.5-9.0 & BERRY CLAY; ·t f 23.8 - - - - - - - - - -- - -
7 9.0-9.5 . . . 

~ -.- - - - - - - -
8 9.5-10.0 - HAGARSTOWN! . . .... . -- ... - - - - - - - -
9 10. 5-11. 0 GLASFORD! '\.I//..._ - - - - - - - -

- FORMATION! _,,, __ ' 
. TILL/ 

S-25 1 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% OI % sec sec mg/1 rng/1 mg/1 mg/l 100g lo 

1 - - - - - - - - - - - -
2 - - - - - - 5600. - - - - -
3 - - - - - - 5100. - - - - --
4 - - - - - - 46. - - - - -. 

5 - - - - - - 1100. - - - - -. 

6 - - - - - - 220. - - - - -
7 - - - - - - 34. - - - - -. 
8 - - - - - - 43. - - - - -
9 - - - - - - 44. - - - - -

I 



SITE A S-26 L.S. = 499. 30\ Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Lo_g Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % O. ' 
~ % 

1 1.5-2.0 2EPRIA LOESS.I 2 3.5-4.0 23.3 
3 4.0-4.5 
4 6.5-7.0 
5 · 8. 5-9. 0 -~~RBY_· CLA '(\ 
6 9.0-9.5 
7 10.5-11.0 HAGA RS TOWN I 

c-
- ·-· ~-... ~. (., 

S-261 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/l mg/l mg/1 100g 

1 - - - - - - 1700. - - - - -
2 - - - - - - - - - - - -
3 - - - - - - 4400. - - - - -
4 - - - - - - 130. - - - - -
5 - - - - - - - - - - - -
6 - - - - - - 46. - - - - -
7 - - - - - - 43. - - - - -



SITE A S-27 L.S. = 505.29! En gi neeri ng Data Grain Size 

i~o. Depth of Unit Graphic H Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % O,' % /0 

1 4.5-5.0 
PEORIA LOESS\ 2 5.5-6.0 -

3 6.5-7.0 AND' -- _I 
4 8.5-9.0 8_0XAN~ SIL Tl 
5 9.0-9.5 
6 9.5-10.0 
7 10.0-10.5 
8 10. 5-11. 0 -~~RRY -CL}lyj 
9 12.5-13.0 

10 14.0-14.~ 

?,. ' 
-•...;-~-



S-271 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dal Zn Cd Cu Pb pH CEC 
cts/ cts/ rneg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 26 - - - - -
2 - - - - - - - - - - - -
3 - - - - - - 19 - - - - -
4 - - - - - - - - - - - -
5 - - - - - - 100. - - - - -
6 - - - - - - 85. - - - - -
7 - - - - - - 12. - - - - -
8 - - - - - - 85. - - - - -
9 - - - - - - 86. - - - - -

10 - - - - - - - - - - - -

~ 

-c5-



No. 

1 
2 
3 
4· 
5 
6 
7 

SITE A S-28 L.S. = 503.82 Engineering Data Grain Size 

Depth of 
Sample 
(ft) 

1.5-2.0 
3.5-3.8 
4.a-4.s 
5-5-6.o 
7.5-8.0 
9.0-9.5 
9.5-10.0 

Unit 
Description 

Graphic 
Log 

PEORIA LOESSI / -f-

Of 
h 

. ANDj \) -\- -
ROXANA SILT\ ~/ /-

24
-_ 

4 

-~·~ -
. . . 

BER~Y CLAY! ..:._ ;:=_ :::: . . . 
.- -;-. . 21.2 

HAGARSTOWNl :_.. • . -~ -

-66-

Void 
Ratio 

Dry 
Den Gvl Sd 

#/ft 3 % % 

St 

% 

Cl 

% 



S-28J 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 160. - - - - -., 
2 - - - - - - - - - - - -
3. - - - - - - 300. - - - - -
4 - - - - - - 58. - - - - -
5 - - - - - - 84. · - - - - -
6 - -:- - - - - - - - - - -
7 - - - - - - 54. - - - - -

.. 

-67-



SITE A S-29 L.S. = 505.59 Engineerir.g 03.~a Grain Size 

tJo. Depth of Unit Graphic vJ Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % .u I ,..t 3 % % 0/ Cl 
;r T lo h 

f +-I 

1 6.5-7.0 r--\-
,- - - - - - - - -PEORIA LOESS1 -~ 2 8.5-9.0 ' 19.2 - - - - - - -

3 9.0-9.5 J 
7 +- - - - - - - - -.. 

4 11.0-11.5 I .-;.- - - - - - - - -±-5 12.5-13.0 BERRY CLAY\ I• - - - - - - - -
p • 2c 6 13.5-14.o ., . . 18.2 - - - - - - --, 

7 14.5-15.0 HAG.l\RSTOHN! ·.'\ ·. :J+ - - - - - - - -
8 16.5-17.0 MEMBIRi 

. . . . 
14.1 • I • • • - - - - - - -- ill ... -

.• 

. 

-68-



S-29: 
X-Ray Data -Chemical Data 

No. DI M I C-K Ca1 Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 67. - - - - -
2 - - - - - - - - - - - -
3 - - - - - - 120. - - - - -
4 - - - - - - 63. - - - - -
5 - - - - - - 47. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 59. - - - - -
8 - - - - - - - - - - - -

. . 

-69-



SITE A S-30 L.S. = 500.65 C" • • '--ng1 neeri ng Data Grain Size 

No. Depth of Unit Grap hic \~ Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) Cl !:ljfd ':,/ % % ct 
/ :J ,, l, /;) lo 

FILL \ 6l O 'f-Tv 
1 5.0-5.5 ,.,, ~ 13 t,, - - - - - - - -
2 6.0-6.5 Jf - - - - - - - -
3 6.5-7.0 PEORIA LOESS, 27.2 - - - - - - -
4 8. 0-8. 5 - - - - - - -
5 9.5-10.0 _ROXANA SILT1 :~. 1•· 79.9 - - - - - - -

• •I 6 10.0-10.5 
ANDI •f-:- - - - - - - -

7 11.5-12.0 • I • • • 18.5 - - - -~-,. - - - -
8 12.0-12.5 BERRY CLAY\ ~ - - - - - - -• \ • ! 

S-30 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/l 100g 

1 - - - - - - 17.,000. - - - - -
2 - - - - - - 1,300. - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 2,100. - - - - -

• 5 - - - - - - - - - - - -
6 - - - - - - 120. - - - - -
7 - - - - - - - - - - - -
8 - - - - - - 52. - - - - -

: -- - - -



SITE A S-31 L.S. = 499.54 engineering Data Grain Size 

No. Depth of Unit Graphic 
Sample Description Log 

H Gs Void Dry 
Ratio Den Gvl Sd St Cl 

(ft) :/ #/ft 3 o/ 0/ O,' % JO JO r., ,~ 

1 1.5-2.0 PEORIA LOESS! 2 3.5-4.o 
3 4.0-4.5 25.1 
4 4.5-5.0 ROXANA SILT! • 
5 6.5-7.0 
6 8.5-9 .. 0 
7 9.5-10.0 ~ERRY CLAY/ 
8 11. 5-12. 0 

, 
I ; 

S-31 1 
X-Ray Data I Chemical Data l 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 rng/1 mg/1 100g 

1 - - - - - - 2.,000. - - - - -
2 - - - - - - 4.,000. - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 850. - - - - -
5 - - - - - - 120. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 73. - - - - -
8 - - - - - - 77- - - - - -

- - - -



SITE A S-32 L.S. = 498.44 Engineering Data Grain Size 

No. Depth of Unit Graphic 
Sample Description Log 

vJ Gs Void Dry 
Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % 01 
7, 

Of 
/:; 

1 1.5-2.0 
2 3.5-4.0 PEORI~ LOESS 1 

3 4.0-4.5 --
4 4.5-5.0 
5 6.5-7.o ROXANA SIL~ 
6 8.5-9.0 -- ANDI • 
7 9.0-9.5 · BERRY CLAY\ •-c;..__ 
8 11.5-12.0 - · _:;..._.,i..._ 

9 13. 5-14. 0 GLASFORD i 
10 ·14.5-15.0 FORMATION! 

TILL~~---+------.. 

S-32 : 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

Of C)I % rng/1 lo /o sec sec mg/1 mg/l mg/1 100g 

1 - - - - - - 2100. - - - - -
2 - - - - - - - - - - - -
3 - - - - - - 540. - - - - -
4 - - - - - - 460. - - - - -
5 - - - - - - 250. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 520. - - - - -
8 - - - - - - 61. - - - - -
9 - - - - - - 64. - - - - -

10 - - - - - - - - - - - -

-- -



., 

SITE A S-33 L.S. = 497.92 Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % OI 
h % 

PEORIA LOESSi 
1 1.5-2.0 
2 3.5-4.0 ROX AN~ SIL Ti 
3 4.0-4.5 30.3 
4 4.5-5.0 
5 6.0-6.5 
6 7.0-7.5 BERRY CLAY! 
7 8.5-9.0 
8 9.5-10.0 
9 11.0-11.5 

10 12.0-12.5 HAGARSTOWN: 
11 12.5-13.0 GLASFORD\ I \I)/ 17.7 
12 14.0-14.5 FORMATION\ '' ' TILL! 

S-33 . 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec rng/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 11.,000. - - - - -
2 - - - - - - 4.,500. - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 120. - - - - -
5 - - - - - - 77. - - - - -
6 - 33. - - - - - - - - - - -
7 - - - - - - - - - - - -
8 - - - - - - 56. - - - - -
9 - - - - - - - - - - - -

10 - - - - - - 62. - - - - -
11 - - - - - - - - - - - -
12 - - - - - - 46. - - - - -

----



SITE A S-34 L.S. = 503.69 Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 ol r,/ OI 0/ 
lo lo "lo /:I 

c! ,. 

1 0.0-0.5 FILL I tj ~ rt-
(1. .. ~ :. 2 2.5-3.0 -

3 4.5-5.0 PEORIA LOESS 2 13 61 26 
4 5.0-5.5 ANDi 0 3 76 21 
5 7.0-7.5 ROXANA SILT\ 2 19 45 36 
6 7.5-8.0 

BERRY CLAY\ 
1 27 40 33 

7 9.0-9.5 2· 39 33 28 
8 10. 5-11. 0 (34-34-32~ 

9 ll.0-11.5 4 35 32 33 
10 11-5-12.0 GLASFORD 3 37 36 27 
11 14. 0-14. 5· FORMATION \ 6 35 34 31 
12 17.0-17.5 TILL! 

1 7 32 42 26 
13 19.0-19.5 (35-37-28 ), , ... I .._ 

S-34 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dal Zn Cd Cu Pb pH CEC 

cts/ cts/ meg/ 
Qf % % sec sec mg/1 mg/1 mg/1 mg/1 100g 
lo 

20,000. 34. 28000. 25000. - -
1 - - - - - -

24,000. 85. 16000. 11000. - -
2 - - - - - -

- - - - - -
3 - - - - - -
4 - - - - - -- - - - - -

110. . 13 46. 15 . - -
5 - - - - - -
.,.. - - - - - -
0 - - - - - -

- - - - - -
7 - - - - - -

32. . 12 38 . 4.0 - -
8 - - - - - -

- - - - - -
f"I - - - - - --::; - - - - - -

10 - - - - - -
27. .27 41. 2.2 

11 - - - - - -
- - - - - -

12 - - - - - -
30. <D.L. 36. 7.2 - -

13 - - - - - -



SITE A S-35 L. S. = 506.36 Engineering Data Grain Size 

No. Depth of Unit Graphic 'I! Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 
(ft) c;/ E/:t3 C,' ~ % % ID II I /j /:, 

ALLUVIUM\ . } . t · 
1 0.0-0.5 : . . . . ·. : - - - - - - - -. . . . . 
2 3.0-3.5 PEORIA LOESS I { ~ - - - . - - - - -
3 6.0-:-6.5 ROXANA SILT. t--;--:s• --.----f:::J - - - - - - - -
4 9.0-9.5 BERRY CLAY1 L. • ;J_---.-.:.:f.: ·-:-: - - - - - - - -
5 12.0-12.5 GLASFORD I 

.... x;, \ - - - - - - - -
6 15.0-15.5 FORMATION I J '- I - - - - - - - --r_IlU 

I 

S-35 \ X-Ray Data Chef"i"li ca 1 Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% <:,I 
/:) 7~ sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 130-J. 2.1 650. 490. - -
2 - - - - - - 8.8 . 14 36 . 8.3 - -
3 - - - - - - 14. <D.L 31. 6.7 - -
4 - - - - - - 25. " 35. 6.0 - -
5 - - - - - - 72. . 24 42 . 22. - -
6 - - - - - - 28. .41 30. 4.6 - -

---- --



SITE A S-36 L.S. = 503.47 Engineering Data Grain Size 

No. Depth of Unit Graphic H Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 
(ft) ~, 

#/ft 3 % % % % ,, 
LOESS! 

1--+-f-, 
1 0.0-0.3 PEORIA 1=-++ - - - - - - - -
2 3.0-3.5 - I l -;' - - - - - - - -
3 6.o-6.5 ROXANA & BERRY~·::::-- - - - - - - - -
4 10. 5-11.0 HAGARSTOWNI • ·1 •••• \ •• - - - - - - - -. . . . . 
5 14.0-14.5 GLASFORD I / \ I 

""' 
- - - - - - - -

6 18.5-19.0 FORMATION I ./ / \ • i - - - - - - - -
-TILL/ 

-

,; ., 
,· , 

/ 

-22-



S-36 X-Ray Data Cher:-iical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 92. . 33 47 . 26. - -
2 - - - - - - 14. .05 27. 9.9 - -
3 - - - - - - 50. <D.L. 2i. 7.1 - -
4 - 13. rt 31. <D.L. - -- - - - -
5 - - - - - - 110. .42 33. 7.5 - -
6 - - - - - - 36. <D.L. 45. 6.6 - -
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SITE A S-37 L.S. = 503. 56 i Engineering Data I Grain Size 

No. Depth of Unit Graphic \·J Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) o/ #/ft 3 % cJ % % 1:J lo 

PEORIA LOESS', '\ ~ 1 o. 5-1. 0 I 
0 16 52 32 (17-= so-33)1 - I -V, - - - -

2 1.5-2.0 1-/ 1 19 48 33 I - - - -
3 3.5-4.o ROXANA SIL Tl ~.,. ~ - - - - 2 24 39 37 
4 5.5-6.0 ~~~· - - - - 0 21 42 37 
5 6.0-6.5 BERRY CLAY-I -~ - - ·- - - - - -

( 23-41-36 )\ --6 6.5-7.0 . . 2 25 40 35 - - - - - -
7 7.0-7.5 -<-}- - - - - 1 24 41 35 
8 9.0-9.5 HAGARSTm~N, ~.--+,- - - - - 6 51 31 18 
9 13.0-13.5 GLASFORDJ 

,, I - - - - 8 33 38 29 
15.5-16.0 -- 4 40 27 10 FORMATION\ 

,,, 
/ ' 

- - - - 33 
11 16.0-16.5 · TILL! ,\ ..- - - - - - - - -
12 18.5-19.0 (32-39-29)1 I \ // - - - - 4 33 41 26 
13 19.0-19.5 / \ ,, - - - - - - - -
14 23.5-24.o - - - - - - 5 29 38 33 

I 

-fl.(-



S-37 X-Ray Data Chemical Data 

No. DI "·' 1·1 I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ rneg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

l - - - - - - - - - - - -
2 - - - - - - 180. . 64 140. 64 . - -
3 - - - - - - - - - - - -
4 - -- - - - - - - - - - -
5 - - - - - - 24. <D.L. 39. 6.9 - -
6 - - - - - - - - - - - -
7 - - - - - - - - - - - -
8 - - - - - - 22. <D.L. 47. 3.9 - -
9 - - - - - - 42. .20 40. 11. - -

10 - - - - - - - - - - - -
11 - - - - - - 39. <D.L. 59. 5-9 - -
12 - - - - - - - - - - - -
13 - - - - - - 30. . 18 45 . 6.0 
14 - - - - - - - - - - - -
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SITE A C-2 L.S. = 509.06 , Engineering Data Grain Size 

No. Depth of Unit Graphic \·1 Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) Cl #/ft 3 % % % % f.J 

1 0.0-0.5 
2 1.0-1.5 1 8 65 27 
3 2.0-2.5 PEORIA\ 
4 3.0-3.5 LOESSI 1 4 49 47 
5 4.0-4.5 ANDI 22.9 
6 4.5-5.0 ROXANA\ 
7 5.5-6.0 SILT! 0 5 59 36 
8 6.5-7.0 
9 8.0-8.5 

10 8.5-9.0 2 19 48 33 
11 9.0-9.5 
12 10.5-ll.O 
13 . 11.0-11.5 21.1 1 18 41 41 
14 11. 5-12. 0 
15 12.3-12.8 
16 12.8-13.3 

BERRY CLAY! 0 19 49 32 
17 13.3-13.8 
18 14.3-14.8 
19 14.8-15.3 GLASFORD I ,,,1- - 2 40 34 26 
20 15-3-15.8 FORMATION! 

/ _ ,.,,_ - 3 42 29 29 
21 15.8-16.3 TILL! / \ \ <.1 s ~s 4~ ?2 

C-2 . X-Ray Data Chemical Data 

No. DI M I C-K Cal Dal Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% Of % sec sec mg/1 mg/1 mg/1 mg/1 100g h 

1 - - - - - - 7800. 3.7 1100. 2500. - -
2 - - - - - - 630. 1.2 6.5 25. - -
3 - - - - - - 1400. - - - - -
4 - - - - - - 1400. - - - - -
5 - - - - - - - - - - - -
6 - - - - - - 1600. .74 16. 13. - -
7 - - - - - - 1600. - - - - -
8 - - - - - - 1800. - - - - -
9 - - - - - - 1400. .68 13. 15. - -

10 - - - - - - - - - - - -
11 - - - - - - 940. - - - 5.6 6.5 
12 - - - - - - 930. .46 11. 12. 6.1 5.4 
13 - - - - - - - - - - - -
14 - - - - - - 540. - - - - -
15 - - - - - - 240. - - - 6.0 5.4 
16 - - - - - - - - - - - -
17 - - - - - - 220. <.08 11. 11. - -
18 - - - - - - /'"\'7 '") :;; { .., . <.08 12. 11. 6.3 5.9 
"I() - - - - - - - - - - - -
-✓ 

20 - - - - - - 4~ <.12 16. 14. - -~· 
21 - - - - - - - - - - - -



( - ., 

SITE A C-3 L.S. = 508.14 

ho. Depth of Unit Graphic 
Sample Description Log 

(ft) 

1 1.0-1.5 
2 3.0--3.5 
3 4.0-4.5 
4 4.5-5-0 
5 6.0--6.5 
6 8.0-8.5 
7 9.0-9.5 

FILLi 

PEORIA LOESS\ 

8 10. 5--11. 0 -----...---~--'--1 
9 13.0-13.5 

10 13.5--14.0 

C-3 1 
X-Ray Data 

No. DI M I C-K Cal Dol 
cts/ cts/ 

% % % sec sec 

1 - - - - - -
2 - - - - - -
3 - - - - - -
4 - - - - - -
5 - - - - - -
6 - - - - - -
7 - - - - - -
8 - - - - - -
9 - - - - - -

10 - - - - - -

Engineering Data Grain Size · 

vJ Gs Void Dry 
Ratio Den Gvl Sd St Cl 

% #/ft 3 % % % % 

29.7 

Chemical Data 

Zn Cd Cu Pb pH CEC 
meg/ 

mg/1 mg/1 mg/1 mg/1 100g 

1600. - - - - -
1400. - - - - -

- - - - - -- · 
340. - - - - -
420. - - - - -
870. - - - - -
710. - - - - -
61. - - - - -
48. - - - - -
- - - - - -



SITE A C-4 L.S. = 507.60 Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % .!l/ -t 3 % 0/ % % ;r T /0 

1 l_.0-1.5 15 23 46 31 
2 1.5-2.0 
...., 2.0-2.5 PEORIA LOESS O· -6 75 19 :) 

4 3.0-3.5 
5 4.5-5.0 0 5 46 49 
6 5-0-5.5 0 9 66 25 
7 5.5-6.0 0 12 55 33 
8 6.5-7-0 
9 8.5-9.0 

10 9.0-9.5 
11 10.5-11.0 ~ 

12 12.5-13.0 
13 14.0-14.5 

C-4' X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 
-

1 - 39~0. - - - - -- - - - -
2 - - - - - - -- - - - -
3 - - - - - - - -- - - -
4 - 860. - - - - -- - - - -
5 - - - - - - -- - - - -
6 - - - - - - -- - - - -
7 - - - - - - -- - - - -
8 - 69. - - - - -- - - - -
9 - 85. - - - - -- - - - -

10 - - - - - - - -- - - -
11 - - 40. - - - - -- - - -
12 - 50. - - - - -- - - - -
13 - - 48. - - - - -- - - -
14 - - - - - - -- - - - -

- --- - -



SITE A C-5 L.S. = 507.80 Engine2ring Data Grain Size 

No. Depth of Unit Graphic ~,J Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % 0/ % /0 

1 0.5-1.0 
2 2.0-2.5 0 4 69 27 
3 2.5-3.0 
4 3.5-4.0 PEORIA LOESSi 0 1 48 51 
5 4.0-4.5 ANDI 28.0 
6 6.0-6.5 

ROXANA SILT i 
. 0 4 58 38 

7 6.5-7.0 0 11 59 30 
8 8.0-8.5 
9 8.5-9.0 

10 9.0-9.5 
11 9.5-10.0 0 5 55 Lio 
12 10.5-11.0 
13 11.0-11. 5 l 30 33 37 
14 11.5-12.0 

BERRY CLAY! 15 12.0-12.5 
16 13.0-13.5 
17 13.5-14.o ~ h_Aj _t_G RD: 3 29 33 38 
18 14.0-14.5 FORMATION/ 3 27 45 28 
19 14.5-15.0 TILL' 13 37 33 30 



C-5 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ m2g/ 

% OI % sec sec mg/1 mg/1 mg/1 mg/1 100g /o 

1 - - - - - - 64,000. 45. 4,100. 4,100. - -
2 - - - - - - - - - - - -
3 - - - - - - 2,800. - - - - -
4 - - - - - - 830. . so 28. 17 . - -
5 - - - - - - - - - - - -
6 - - - - - - 27. 1.0 12. 12. - -
7 - - - - - - - - - - 6.9 5.9 
8 - - - - - - 390. - - - - -
9 - - - - - - - - - - 6.5 5.4 

10 - - - - - - 270. - - - - -
11 - - - - - - - - - - 6.1 6.8 
12 - - - - - - 500. 12. 11. 16. - -
13 - - - - - - - - - - - -
14 - - - - - - 2,000. 22. 10. 13. - -
15 - - - - - - - - - - 5-5 5.1 
16 - - - - - - - - - - - -
17 - - - - - - 4,300. - - - - -
18 - - - - - - 4,300. 26. 14. 14. 5.6 3.4 
19 - - - - - - - - - - - -

-
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SITE A C-6 L.S. = 508.06 Engineering Data Grain Size 

r~o. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 OI DI % % lo lo 

FILL .,.., ...... ~. 
1 0. 5-1. 0 ~ :) fl 1S -
2 3.0-3.5 PEORIA i 1 20 55 25 
3 3-5-4.0 23.9 1 4 77 19 LOESS I 4 5.5-6.0 
5 6.0-6.5 0 32 44 24 
6 7.5-8.0 
7 8.5-9.0 
8 9.0-9.5 3 22 43 35 
9 10.5-11.0 1 29 31 40 

10 11.0-11.5 
11 12.0-12.5 2 32 33 35 
12 13.0-13.5 BERRY CLAY\ 13 13.5-14.0 2 28 39 33 
14 14.0-14.5 23.3 
15 15.5-16.0 
16 17.5-18.0 

C-6 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dal Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% Cl Cl sec sec mg/1 mg/1 mg/1 mg/1 100g /:) ,~ 

l - - - - - - 35>000 43. 1000. 2000. - -
2 - - - - - - 9>000 40. 72. 260. - -
3 - - - - - - - - - - - -
4 - - - - - - 3:400. - - - - -
5 - - - - - - - - - - - -
6 - - - - - - 6>300. 18. 22. 110. - -
7 - - - - - - 7>000. - - - - -
8 - - - - - - - - - - - -
9 - - - - - - - - - - - -

10 - - - - - - 710. 3.7 7.0 13. 5-3 5.6 
11 - - - - - - 98. . 12 8.5 19 . 6.3 7.1 
12 - - - - - - 160. - - - - -
13 - - - - - - - - - - - -
14 - - - - - - - - - - - -
15 - - - - - - 62. <.08 6.8 9.5 - -
16 - - - - - - 53. - - - - -

- -



SITE A C-7 L.S. = 506.99 Engineering Data Grain 5..: -~ 
I --

No. Depth of Unit Graphic yJ Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % E/.ct3 % Cl C/ ct 
•. I ,, r.J ,~ 

__ FILL\ r;. [;, t>i!. 
1 1.0-1.5 d er} CK t. .,, - - - - - - - -
2 3.0-3.5 PEORIA LOESS! ~~ - - - - - - - -
3 3-5-4.o - - - - - - - -
4 5.5-6.0 ROXANA SILTI~~ 

26.3 - - - - - - -
5 6.0-6.5 • , 'f.-;- - - - - - - -
6 7.5-8.0 ' - - - - - - -
7 8.5-9.0 ~~ 26.0 - - - - - - -BERRY CLAY\ 

~ . . . 
8 9.5-10.0 - -... - ·- . - - - - - - --· ·-· .·· 9 11.5-12.0 -· ·- -_,.!_)•_ 28.5 - - - - - - -HAGARSTOWN I . ., -: . . . ·r.-:--10 12.0-12.5 - - - - - - -. . .. - - .. 
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i 
C-7 / l I 

X-R3_y D2 ta Chernice.1 D::ta 
I 

No. DI M I c-~( Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ m2g/ 

"' C/ 01 5cr sec mg/ l rng/1 mg/1 r-19/l 100g 1/:, /'J 7:, '- '--

1 'ooo. 3? R ,- 130. - . V •? 
2 
3 
4 
5 770. 
6 740. .38 11. 13. 
7 
8 860. 
9 

10 72. <.08 14. 14. 
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SITE A C-8 L.S. = 505.85 Engineering Data Grain Size 

No. Depth of Unit Graphic H Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 OI % % % lo 

1 1.5-2.0 FILL 
2 2.0-2.5 0 9 66 25 
3 2.5-3.0 PEORIA , 0 4 52 44 
4 3.0-3.5 LOESSI 0 7 57 36 
5 3.5-4.o 1 8 58 34 
6 4.0-4.5 
7 4.5-5.0 4 11 62 27 
8 5.0-5.5 0 12 61 27 
9 5.5-6.0 ROXANA SILT I 0 14 56 30 

10 6.0-6.5 0 10 58 32 
11 6.5-7.0 0 14 59 27 
12 7.0-7.5 1 17 55 28 
13 8.0-8.5 0 24 36 40 
14 8.5-9.0 1 24 36 40 
15 9.0-9.5 
16 9.5-10.0 

BERRY CLAY\ 
1 27 35 38 

17 11.0-11.5 1 25 33 42 
18 11.5-12.0 1 26 38 36 
19 12.0-12.5 1 28 32 40 
20 12.5-13.0 3 29 36 35 
21 13.0-13.5 2 29 34 37 
22 13.5-14.o 3 32 36 32 
23 14.0-14.5 HAGARSTOWNI 
24 14.5-15.0 MEMBER! I 

2 32 35 33 
25 15.0-15.5 5 31 39 30 
26 15.5-16.0 5-9 
27 16.5-16.6 GLASFORD\ '/ 1 _/'\I 4 32 38 30 

FORMATION 
TILL! 
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C-8 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

l - - - - - - t22opoo. 11. 2300. 13,000. - -
2 - - - - - - - - - - - -

14,000. 4.5 18. Bo. -3 - - - - - - - -
4 - - - - - - - - - - -, 

5 - - - - - - ...:. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - - - - - - -
8 - - - - - - - - - - - -
9 - - - - - - - - - - - -

10 - - - - - - - - - - - -
11 - - - - - - - - - - - -
12 - - - - - - - - - - - -
13 - - - - - - - - - - - -
14 - - - - - - - - - - - -
15 - - - - - - - - - - - -
16 - - - - - - - - - - - -
17 - - - - - - - - - - - -
18 - - - - - - - - - - - -
19 - - - - - - - - - - - -
20 - - - - - - - - - - - -
21 - - - - - - - - - - - -
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - 160. - - - - -
26 - - - - - - - - - - - -
27 - - - - - - - - - - - -

- . 

, . 

-
-

0 
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SITE A C-9 L.S. = 507.87 Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 
(ft) % #/ft 3 % % % % 

4- ~ .. 
1 0.5-1. 0 FILL! .t Pl 4 -
2 3.0-3.5 c, 9~b'1 28 31 36 33 
3 6.5-7.0 PEORIA LOESS 24.6 
4 7.0-7.5 
5 7.5-8.0 1 40 40 20 
6 8.0-8.5 1 31 46 23 
7 8.5-9.0 

ROXANA SILT 1 29 47 24 
8 9.0-9.5 1 29 45 26 
9 9.5-10.0 ANDI 1 30 33 '37 

10 10.5-11.0 BERRY CLAY! 11 11. 0-11.5 · 1 30 34 36 
12 11.5-12 .o 3 31 32 37 
13 12.0-12.5 0 27 40 33 
14 13.5-14.o 1 31 39 30 
15 14.0-14.5 1 31 39 30 
16 14.5-15.0 -;-

17 15.5-16.0 2 29 34 37 
18 16.0-16.5 HAGARsrmml 

") 33 31 36 .J 

19 16.5-17.0 1 33 33 34 MEMBER I 20 17.0-17.5 2 32 33 35 
21 11.5-18.0 

GLASFORD\ 
'\.I..- I 5 30 36 34 

22 18.0-18.5 ' ..,.... '..., I - 2 30 37 33 
23 ·18. 5-19. 0 FORMATION\ / "\ - 3 28 44 28 l _.. l / 
24 19.0-19.5 TILL\ _,,, \ ' 13.3 
25 19.5-20.0 ~-;/;-, 7 33 39 28 
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'-- t 

• 1-, 
C-9 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/l mg/1 100g 

1 - - - - - - .L50,000. 34. 5100. 23000 . - -
2 - - - - - - 840,000. 86. 1600. 20000. - -
3 - - - - - - - - - - - -
4 - - - - - - 13,000. 6.0 l.J. ') •'-. 200. - -
5 - - - - - - - - - - - -
6 - - - - - - 240 . . 22 10. 9.1 - -
7 - - - - - - - - - - - -
8 - - - - - - 160. - - - - -
9 - - - - - - - - - - - -

10 - - - - - - - - - - - -
11 - - - - - - 66. <.08 11. 14. - -
12 . - - - - - - - - - - - -
13 - - - - - - 99. - - - 6.2 5-9 
14 - - - - - - 500. - - - - -
15 - - - - - - - - - - - -
16 - - - - - - - - - - - -
17 - - - - - - 1100. . 62 22. 66 . 6.3 5.4 
18 - - - - - - - - - - - -
19 - - - - - - 190. .36 15. 23. - -
20 - - - - - - - - - - - -
21 - - - - - - - - - - - -
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - - - - - - -

. 
-
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SITE A C-10 L.S. = 505.07 Engineering Data , Grain Size 

No. Depth of Unit Graphic 
Sample Description Log 

(ft) 

l 1.0-1.5 
2 1.5-2.0 
3 2.0-2.5 
4 3- 5-4. o 
5 4.0-4.5 
6 4.5-5.0 
7 5.0-5.5 
8 5.5-6.0 
9 6. 0-6. 5 

10 6.5-7.0 
11 7.0-7.5 
12 8.0-8.5 
13 8.5-9.0 
14 9.0-9.5 
15 9.5-10.0 
16 10.5-11.0 
17 11.0-11.5 

PEORIA 
LOESS 

ROXANA SILTj 
AND; 

BERRY CLAY!" 

HAGARSTOWNi 
t~EMBER I 

% 

23.6 

21.6 

18 11. 5-12 . 0 1--------+-,-;:r.---+-~·-20. 6 
19 12. 0-12. 5 \ / t ✓, -

20 13-5-14 .0 GLASFORD\ / \ - / '-;'° 21. 5 
21 14. 0-14.5 FQRM,lffION\ ; 1 '- I - -
22 14 . 5-15. 0 TILL I \ .: t , \ 
23 15. 0-15. 5 .,,_ / -
24 5 6 ,1 ,- , , 

l . 5-1 . 0 1------~-----1 

-l04-

Gs Void Dry 
Ratio Den Gvl Sd St Cl 

#/ft 3 % % % % 

1 
1 

1 
1 
1 
1 

0 
1 
0 

2 
2 
6 
2 

2 

3 
6 
4 
4 

1•4 66 
12 64 

10 46 
5 49 

12 56 
12 55 

23 44 
34 31 
23 42 

37 30 
37 29 
42 32 
37 29 

30 35 

33 33 
31 36 
33 38 
33 36 

20 
24 

44 
46 
32 
33 

33 
35 
35 

33 
34 
26 
34 

35 

34 
33 
29 
31 



C-10 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

'!' % % sec sec mg/1 mg/1 mg/1 mg/1 100g /0 

1 - - - - - - - - - - - -
2 - - - - - - 2.,600. 1.4 4.8 31. 4.12 -
3 - - - - - - 1,400. <.08 18. 42. 4.20 
4 - - - - - - - - - - - -
5 - - - - - - 110. - - - 630 .... 
6 - - - - - - - - - - - -
7 - - - - - - 180. - - - 5.80 -
8 - - - - - - - - - - - -
9 - - - - - - - - - - - -

10 - - - - - - 720. .62 15. 15. 5.45 -
11 - - - - - - - - - - - -
12 - - - - - - 230. - - - 6.25 -
13 - - - - - - - - - - - -
14 - - - - - - 1100. . 24 1~ . 20. 5.20 -

I 

5.6 5.4 15 - - - - - - - - - -
16 - - - - - - 850. - - - 5.22 2.5 
17 - - - - - - 1900 . . 52 14. 16. 5.10 -
18 - - - - - - - - - - - -
19 - - - - - - 850. - - - 5.05 -
20 - - - - - - - - - - - -
21 - - - - - - 780. . 36 23. 14 . 5.60 -

C 
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -

- --

. 
-

-105-
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SITE A C-12 L.S. = 505.66 Engin2ering Data Grain Size 

r~o. Depth of Unit Gr2phi c w Gs Void Dry 

Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % E/.ct 3 
II I % % % % 

1 1.0-1.5 -
2 1.5-2.0 PEORIA LOESS 24.2 -
3 3.0-3.5 
4 · 4.o-4.5 27.3 
5 4.5-5.0 
6 5.5-6.0 
7 6.5-7.0 
8 8.o-8.5 
9 9.0-9.5 

10 9.5-10.0 
11 10.5-11. 
12 11.5-12.0 
13 12.0-12.5 
14 13.0-13.5 
15 14.0-14.5 HAGARSTOHN, ...:. 

16 15.5-16.0 GLASFORD - -
17 16.5-17.0 FORMATION/ 
18 17.0-17.5 TILL! 

~- tL 

C-12 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/l 100g 

1 - - - - - - 440. - - - - -
2 - - - - - - - - - - - -
3 - - - - - - 40. - - - - -
4 - - - - - - - - - - - -
5 - - - - - - 350. - - - - -
6 - - - - - - 10. - - - - -
7 - - - - - - - - - - - -
8 - - - - - - 31. - - - - -
9 - - - - - - - - - - - -

10 - - - - - - 470. - - - - -
11 - - - - - - Bo. - - - - -
12 - - - - - - - - - - - -
13 - - - - - - 100. - - - - -
14 - - - - - - 50. - - - - -
15 - - - - - - - - - - - -
16 - - - - - - 60. - - - - -
17 - - - - - - - - - - - -
18 - - - - - - 86. - - - - -
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SITE P., C-13 L.S. = 

No. Depth of Unit 
Sample Description 

(ft) 

1 0.5-1.0 
PEORIA LOESSI 2 1. 5-2. 0 

3 3.5-4.o 
4 4.0-4.5 
5 6.0-6.5 ROXANA SIL Tj 
6 6.5-7.0 
7 8.0-8.5 
8 9.0-9.5 
9 10.0-10.5 

10 11.5-12.0 
11 12.0-12.5· 

C-13 
X-Ray Data 

No. DI M I C-K 
Cf 
/0 % % 

1 - - - -
2 - - - -
3 - - - -
4 - - - -
5 - - - -
6 - - - -
7 - - - -
8 - - - -
9 - - - -

10 - - - -
11 - - - -

506. 62 . Engineering Data 

Graphic 
Log 

Cal Dol 

H 

% 

28.0 

23.9 

Gs 

Zn 
cts/ cts/ 
sec sec mg/1 

- - 98. 
- - -
- - 28. 
- - -
- - 33. 
- - -
- - 34. 
- - -
- - 36. 
- - -
- - 50. 

Void Dry 
Ratio Den Gvl 

EI "t 3 ,, T % 

Chemical Data 

Cd Cu Pb 

mg/1 mg/1 mg/1 

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

Grain Size 

Sd St Cl 

% % % 

pH CEC 
meg/ 
100g 

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

.. 
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SITE A C-14 L.S. = 508.68 Engineering Data Grain Size 

No. Depth of Unit Graphic \~ Gs Void Dry 
Sample Descr iption Log Ratio Den Gvl Sd St Cl 

(ft) OI .!.! ;:~ 3 % % OI % /; iT I 1.. k; 

1 1.0-1.5 PEORIA LOESS! 
2 1.5-2.0 ANDI 
3 2.5-3.0 ROXANA SILT\ 
4 4.o-4.5 
5 5.0-5.5 
6 6.5-7.0 
7 8.0-8.5 
8 9.0-9.5 _ BERRY ~~A~ 
9 10.0-10.5 

10 11.5-12.0 
11 13. 0-13. 5· GLASFORD I /\ /I 

FORMATION I 
TILL~ \; ' 

C-14 I 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 1900. - - - - -
2 - - - - - - 1800. - - - - -
3 21. -- --- - - - - - - - - -
4 - - - - - - 50. - - - - -
5 - - - - - - 16. - - - - -
6 - - - - - - 19. - - - - -
7 - - - - - - 26. - - - - -
8 - - - - - - 17. - - - - - • 
9 - - - - - - 48. - - - ·- -

10 - - - - - - 62. - - - - -
11 - - - - - - 48. - - - - -

~-



SITE A C-15 L .S. = 508. 72 

No. Depth of Unit Graphic 
Sample Description Log 

(ft) 

1 3.5-4.o 
2 4.5-5.0 
3 6.0-6.5 
4 7.0-7.5 
5 8.0-8.5 
6 9.0-9.5 

FILL\ 

7 9.5-10.0 i-------1--"---I--"-~~ 

8 10.5-ll.O BERRY CL~Yj 
9 12.0-12.5 I------~~=-:::~ 

lO 14 -D-14 · 5 GLASFORD! 
11 lS.5-l6.o· FORMATION/ 
12 17. 0-17. 5 -TILL! 
13 18.0-18.5 i---------if---"'_...._ ........ 

. -- - IS 

-----
C-15 

X-R2.y Data 

tlo. DI M I C-K Cal Dol 
cts/ cts/ 

t' 
7:> 

OI 
h % sec sec 

1 - - - - - -
2 - - - - - -
3 - - - - - -
4 - - - - - -
5 - - .- - - -
6 - - - - - -
7 - - - - - -
8 - - - - - -
9 - - - - - -

10 - - - - - -
11 - - - - - -
12 - - - - - -
13 - - - - - -

Engineering Data Grain Size 

Gs Void Dry 
Ratio Den Gvl Sd St Cl 

,., 
i. .u I:. 3 c.J (J/ OI c:, t 

1 I l,. 
,., /:J ~ l:J 

Chemical D3t2 

Zn Cd Cu Pb pH CEC 
rr:e g/ 

r;ig/1 mg/1 mg/1 mg/1 100g 

63,000 83 2200. 9500. - -
80,000. - - - - -

2,800. 5-7 17. 27. - --
5.,100. - - - - -
2,200. - - - - -
2.,100. - - - - -
6,700. 26. 120. 540. - -

730. - - - - -
2,500. 4.6 33. 79. - -

230. - - - - -
240. .26 17. 48. - -

1,400. 4.2 29. 110. - -
82. 1.1 21. 19. - -



SITE A C-15 L.S. = 507.24 Engineering Data Grain Size 

No. Depth of Unit Graphic \·J Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % % 

1 0.0-0.5 
~~/l~ A 

FILL\ '£~• 
2 1.0-1.5 ~ e,4/1. -
3 2.0-?.5 b 84~ 35 58 23 19 
4 2.5-3.0 0 6 60 34 
5 3.0-3.5 0 2 64 34 
6 3.5-4.p PEORIA I 
7 4.0-4.5 1 14 53 33 LOESSI 8 4.5-5.0 0 18 54 28 
9 6.5-7.0 2 18 54 28 

10 7.0-7.5 1 19 53 28 
11 7.5-8.0 3 30 46 24 
12 8.0-8.5 2 38 42 20 
13 8.5-9.0 
14 9.0-9.5 ROXANA SILT/ 0 4 63 33 
15 9.5-10.0 

ANDI 1 22 41 37 
16 10.0-10.5 1 20 52 28 
17 10.5-11. 0 BERRY CLAY\ 1 29 36 35 
18 11.0-11.5 
19 11. 5-12. 0 3 27 37 36 
20 12.0-12.5 2 30 35 35 
21 12.5-13.0 1 34 35 31 
22 13.0-13.5 HAGARSTOWNI 1 36 36 28 
23 13.5-14.o 

MEMBER I 1 44 35 21 
24 14.0-14.5 3 46 35 19 
25 14.5-15.0 4 69 20 11 
26 15.0-15.5 5 65 21 14 
27 16.0-16.5 . GU\SFORD L '✓ I/\.,"'\ - 11 39 39 22 

FORMATION 
TILL! 
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C-16 X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 rng/1 mg/1 mg/1 100g 

1 - - - - - - -420 ,000. 42. 3700. 8000. - -
2 - - - - - - 14.,ooo. - - - - -
3 - - - - - - 20.,000. 9- 380. 1200. - -
4 - - - - - - - - - - - -
5 - - - - - - 140. - - - - -
6 - - - - - - - - - - - -
7 - - - - - - Bo. - - - - -
8 - - - - - - - - - - - -
9 - - - - - - 27. - - - - -

10 - - - - - - - - - - - -
11 - - - - - - 25. - - - - -
12 - - - - - - - - - - - -
13 - - - - - - - - - - - -
14 - - - - - - 20. - - - - -
15 - - - - - - - - - - - -
16 - - - - - - 140. - - - 7.4 4.9 
17 - - - - - - - - - - - -
18 - - - - - - - - - - - -
19 - - - - - - 33. - - - - -
20 - - - - - - - - - - - -
21 - - - - - - 42. - - - - -
22 - - - - - - - - - - - -
23 - - - - - - 120. - - - - -
24 - - - - - - - - - - - -
25 - - - - - - 31. - - - - -
26 - - - - - - - - - - - -
27 - - - - - - -- - - - - -

- -
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SITE A C-19 L.S. = 504.37 Engineering Data Grain Si2e 

;~o. Depth of Unit Graphic vJ Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 
(ft) % E/f' 3 % % % 0/ 

" t /;J 

1 0.5-1.0 
2 3.5-4.o 
3 4.5-5.0 22.5 
4 6.0-6.5 
5 7.0-7.5 23.7 -
6 8.5-9.0 
7 9.0-9.5 

BERRY ~LAY! 22.3 -
8 10.5-11.0 
9 11.0-11.5 

10 11.5-12.0 
11 13.0-13.5 · GLASFORDi - - :-
12 14.0-14.5 F08MATION I 15.4 -
13 14.5-15.0 nLL! 

C-19 ; 
X-Ray Data I Chemical 03.ta 

No. DI M I C-K Cal Dol Zn Cd . Cu Pb pH CEC 
cts/ cts/ meg/ 

0/ % % sec sec mg/1 mg/1 mg/1 mg/1 100g ,~ 

1 - - - - - - 10']0. - - - - -
2 - - - - - - 1200. - - - - -
3 - - - - - - 20. - - - -- -
4 - - - - - - 69. - - - - -
5 - - - - - - 27. - - - - -
6 - - - - - - 42. - - - - -
7 - - - - - - - - - - - --
8 - - -· - - - 180. - - - - -
9 - - - - - - 470. - - - - -

10 - - - - - - 53. - - - - -
11 - - - - - - 150. - - - - -
12 - - - - - - - - - - - -
13 ..... - - - - 52. - - - - --



SITE A C-20 L.S. = 505.53 Engineering Data Grain Size 

No. Depth of 
Sample 

(ft) 

1 1.0-1.5 
2 3.5-4.o 
3 5.5-6.0 
4 6.5-7.0 
5 8.0-8.5 
6 8.5-9.0 
7 9.0-9.5 
8 10.5-11. 0 

Unit 
Description 

Gr"aphi c 
Log 

Gs 

% 

!-+- ,£-
PEORIA LOESS, - I -+-- -

-· I ' -
•I•~ 

' l..2.I! -;---,.- - -
ROXANNAiSILTII-;--:\;::-~ 20 _2 _ 

AND1 ~~- I • -; 
BERRY\ CLAY! 1.---3/-..!-.~ - -~·± 22.7 -

~·~ - -
- • J -.- I ----. - -

9 12.0-12.5 GLASF_ORD\ 
10 13. 5-14. o __iQ_RMA.TI_ON \ 

TIL_l 

i -...\1 \'/ -
'.\.,\/ -

Void 
Ratio 

Dry 
Den Gvl Sd 

# I ft 3 % % 

St 

% 

Cl 

% 



C-20 
X-Ray Data Cher.Ji cal Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ rr1eg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 290. - - - - -
2 - - - - - - 25. - - - - -
3 - - - - - - 2400. - - - - -
4 - - - - - - 15. - - - - -
5 - - - - - - 390. - - - - -
6 - - - - - - 23. - - - - -
7 - - - - - - 36. - - - - -
8 - - - - - - 78. - - - - -
9 - - - - - - 65. - - - - -

10 - - - - - - 59. - - - - -

-119-



SITE A C-21 L.S. = 506.43 Engineering Data Grain Size 

No. Depth of Unit Graphic vJ Gs Void Dry 
Sample Des cri p_ti on Log Ratio Den Gv1 Sd St Cl 

(ft) % #/ft 3 % % % % 

1 1.0-1.5 PEORIA LOESS 

2 3.0-3.5 -
3 5.5-6.0 ROXANNA' SILT! 

. 
4 6.o-6.5 . 22.6 

AND7 . 
5 7.0-7.5 ___ , . . . 

BERRY_ CLAY/ . . .. . . 
6 9.0-9.5 
7 9.5-10.0 20.7 -
8 11.0-11.5 HAGARSTOWNi 
9 11.5-12.0 27.7 

10 13.0-13.5 
GLASFORRJ . ll 14.5-15.0 

12 15.0-15.5 FORMATION\ 16.8 
13 15.5-16.0 TILL] 
14 16.5-17.0 

C-21 1 

X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 2900. - - - - -
2 - - - - - - 45. - - - - --
3 - - - - - - 100. - - - - -
4 - - - - - - 25. - - - - -
5 - - - - - - 15. - - - - -
6' - - - - - - 25. - - - - -
7 - - - - - - - - - - - -
8 - - - . - - - 26. - - - - -
9 - - - - - - - - - - - -

10 - - - - - - 81. - - - - -
11 - - - - - - 49. - - - - -
12 - - - - - - - - - - - -
13 - - - - - - 48. - - - - -
14 - - - - - - 47. - - - - -

0 

-



SITE B B-i L.S. = 457.36 Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % % 

1 1. 5-2. 0 PEORIA LOESSI 0 5 67 28 
(5-63~32] . 2 3.5-4.0 .78 94 

3 4.0-4.5 1 4 59 37 
4 5.9-6.4 0 14 57 29 
5 6.4-6.9 

ROXANNA SILTl 6 6.9-7-4 
. . 

1 19 52 29 
(16.:::58-28 )\ 

. 
7 7.4-7-9 - ·---·-·· 
8 8.o-8.4 0 16 57 27 
9 8. 4-8. 9 25.0 2.67 .64 . 102 

10 9.1-9.6 1 26 43 31 
11 10.1-10-6 BERRY CLAY\· 1 31 36 33 
12 10.6-11.1 J3f-38~32 )\ 
13 11.1-11. 6 -I. 1 37 30 33 
14 12.0-12.5 0 27 44 29 
15 13.0-13-5 HAGARSTOWN\ 13 38 24 38 
16 13.5-14.o (37-27-36} .49 112 
17 15.0-15.5 4 35 31 34 
18 15-7-16.2 / \ -/ \ - 3 32 40 28 
19 17.0-17.5 GLASFORD\ / \ I 2 30 42 28 
20 18.1-18.6 FORMATION I ' ' ......... 10.7 2.70 .28 131 -
21 18.6-19.1 _TJ~lJ 1 ...... / \ - - 5 34 37 29 
22 20.0-20.5 (34-38-28) \ ,,,.,,,.. 3 33 40 27 
23 21.1-21. 6 \-- \ ' - 4 33 39 28 
24 22.1-22.6 4 41 34 25 
25 23.1-23.2 LIERLE CLAYI - - I 

7 27 40 33 -
26 23.2-23.7 / \ '-/ ,'1 1 19 39 42 
27 24.0-24.5 5 28 39 33 
28 25.0-25.5 I ...- I 6 27 42 31 - - I -
29 26.0-26.5 BANNER\ / \ i - - 2 28 41 31 
30 28.4-28.9 FORMATION\ I \ 10.2 2.67 . 30 128 3 28 41 31 
31 29.0-29-5 -TILL I ' .,.,. \ ,..i 4 36 40 24 
32 30.0-30.5 (34-41-25)1 /} '-,, 5 31 40 29 
33 31.0-31.5 '/ \ / 10.4 2.67 .28 130 6 34 43 23 
34 32.0-32.5 \ -- / 1 - 6 33 42 25 
".:;!r- 33.1-33.6 / \ / I - 7 36 42 22 _,J 

36 34.0-34.5 - - 3 39 42 19 
37 ::6.1-36.6 ( ox id i zed ) I '\/1'1 - 5 50 35 15 
38 38.0-38.5 --- _t l__.:_J 7 38 42 20 
39 39.0-39-5 (unoxidized)\ / I ..._ - - 3 23 44 33 
40 39-9-40.4 (25-44-31 )I / I ,- 16.2 2.67 .43 117 
41 41.0-41.5 \. ( I\ - - 3 28 43 29 
42 42.0-42.5 0 7 59 34 
43 43.0-43.5 0 9 63 28 
44 43. 6-44. o 

ENIOffl · 
18.8 2.66 .45 115 

45 44.1-44.6 IA -;_- _, . I 0 10 60 30 
46 45.1-45.6 FOR ,At IONl 0 6 48 46 
47 46.0-46.5 (7-59~34 )I 0 6 48 46 
48 46.6-46.8 
49 46.8-47.3 ~ 20.7 2.66 -54 108 
50 I;o . C'-48. 5 

~R~ - 0 8 59 33 
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B-11 
X-Ray Data Chemical Data I 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

OL % C' sec sec mg/1 mg/l mg/1 mg/1 100g ,o 7o 

1 1.65 48 37 15 N.D. N.D. - - - - - -
2 - - - - - - - - - - - -
3 1.7 8.3 12 5 N.D. N.D. 680. - - - - -
4 1.06 81 11. 5 7.5 N.D. N.D. 370 - - - - -
5 - - - - - - 50 - - - - -
6 0.75 81 10 9 N.D. N.D. - - - - - -
7 - - - - - - 370 - - - - -
8 L .12 79.5 13 7.5 N.D. N.D. - - - - - -
9 - - - - - - - - - - - -

10 . 85 81 10.5 8.5 N.D. N.D. 250 - - - - -
11 .81 79 11.5 9-5 N.D. N.D. 20 .08 - 7.6 - -
12 - - - - - - 30 - - - - -
13 1.14 75-5 15.5 9 N.D. N.D. - - - - - -
14 .88 80 11. 5 8.5 N.D. N.D. 52 - - - - -
15 1.55 75 17.5 7-5 18 - 21 - - - - -
16 - - - - - - - - - - - -
17 1.55 70 21 9 N.D. N.D. - - - - - -
18 1.67 47.5 37.5 15 .7 21 - - - - - -
19 1.08 38.5 38 23.5 24 27 - - - - - -
20 - - - - - - - - - - - -
21 -95 26 43.5 30.5 18 14 - - - - - -
22 1.40 33 45. 5 21.5 14 17 - - - - - -
23 1.04 27.5 44 28.5 22 . 21 - - - - - -
24 .94 19.5 47. 33.5 11 15 - - - - - -
25 1. 45 19 55-5 25.5 35 ·14 - - - - - -
26 .89 64 20.5 15.5 N.D. N.D. - - - - - -
27 1.7 17.5 59-5 23 49 23 - - - - - -
28 1.8 10.5 65 22.5 20 9 - - - - - -
29 2.4 26.5 57.5 16 41 15 - - - - - -
30 2.2 19 62.5 18.5 34 16 - - - - - -
3i 3.3 21 66.5 13.5 36 20 -:- - - - - -
32 2.9 19 65.5 15.5 46 21 56. .20 - 11. - : -
33 2.6 16 67 17 39 19 - - - - - -
34 2.8 16 67-5 16.5 35 16 - - - - - -
35 2.4 17.5 64.5 18 51 21 - - - - - -
36 3~.1 10.5 74.5 16 38 20 - - - - - -
37 2.2 14.5 65.5 20 38 35 - - - - - -
38 ··. 2. 4 10.5 70.5 19 45 27 - - - - - -
39 1. 55 20 56 24 25 10 - - - - - -
40 - - - - - - - - - - - -
41 . 97 31.5 40.5 28 N.D . N.D. - - - - - -
42 .62 64 17.5 18.5 N.D. N.D. - - - - - -
43 .63 68.5 15.5 16 N.D. N.D. - - - - - -
44 - - - - - - - - - - - -
45 .49 65.5 14.5 20 N.D. N.D. - - - - - -
46 .46 67 13.5 19.5 N.D. N.D. - - - - - -
47 .60 66 16 18 N.D. N.D. - - - - - -
48 - - - - - - 24. - - - - -
49 - - - - - - - - - - - -
50 .59 72.5 13 14.5 K.D. N.D. - - - - - -
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SITE A S-2 L.S. = 507.831 Engineering Data Grain Size 

No. Depth of Unit Graphic 
Sample Description Log 

I.I 
" Gs Void Dry 

Ratio Den Gvl Sd St Cl 
(ft) 

1 0.5-1.0 
2 1.0...:.1. 5 
3 1.7-2.2 
4 2.7-3~2 
5 3- 2-3. 7 

PEQR_I_~1 
LOESS _ 

(6~@_-}4)\ 

6 3-7-4.2 
7 4.2-4.7 
8 4.7-5.2 
9 S.8-6.3 -ROXANA! 

10 1.3-1 .6 -- srLr r 
li.. . 7 ! 7-8. 2 ::c~4~~0:~~ JI 
12 9.1-9.6 
13 9-7-10.2 BERRY! 
14 10. 7-11. 2 · CLAY j 

Cl 
,'J 

15 11.3-11.8 _1~7-31~~~~, 
16 12.4-12.7 
17 12. 7-13. 2 1------1~~--+--i 

18 . 13. 2-13. 7 _HA_@_ftFisrbwfff 
19 13. 7-14. 2 .t---------l--+---'r----.ar-t-

20 14.7-15.2 
21 15.7-16.2 
22 16. 2-16. 7 
23 17-7-18.2 
24 18.2-18.7 
25 18.7-19.2 
26 19.5-20 .. 0 
27 20.1-20 .. 6 
28 20.6-21.1 
29 21. 7-22.2 
30 22.7-23.2 
31 23.7-24.2 
32 24.2-24.7 
33 24.7-25.2 
34 -25.2-25-7 

· 35 25. 7-26. 2 
36 26.7-27.2 
37 27.7-28.2 · 
39 29.5-30.0 
39 3L 5-32. 0 
40 32.7-33.2 
.41 33. 7-34. 2 
42 34.2-3L1.7 
43 34.7-35.2 
lt4 35. 2-35. 7 
45 36.2-36.7 
46 36.9-37.4 
47 37-7-38.2 
1-;8 38.7-39.2 
1,9 39, 3-39. 7 
5J 3J,7--~8.2 
'.) ~ 42. 0- ~'.2.5 

GIAsf=oRDl 
. ··F-ORMATIO~f/ 
. ..... TI_LLI 

_(29-49-31 fl 

\/\I 

I\/\ 
"--· I ' 
/ \ "/ 
\/ \ / -3~5 2.70 .39 - ' 
\ J . \ = --// \ I 
\ .,,.,-, , J 15.8 2 .. 10* .45 

I \ 
1

1 

\ / ~ 1.6.7 2.70* .41 
I \ -

\ \ / .,,... 

~I- I \ -
I\ ~ 

\ / - 6 • 8 2 . 7 0 * . . l~ 3 
-r-..,:_---: "'-;- It -

_:_, _. ·-· . -· ·-· . -

-12c-

f/&t3 ~ ~ ~ ~ 
" I /,J h ,, ;? 

122 

117 

119 

1 

0 
1 

1 

1 
1 

2 
2 
1 
2 

ld 

3 

4 
7 
5 

4 

5 
3 

3. 
4 
3 
3 

4 

5 
8 

3 
3 
5 
5 

3 
113 -

3 
1 
1 

1L~ 

1 
4. 

7 71 20 

4 57 39 
6 56 38 

5 57 38 

17 52 31 
19 44 37 

30 33 37 
31 30 39 
28 36 36 
33 31 36 
39 29 32 

51 27 22 

44 38 18 
37 37 26 
41 33 26 

35 36 29 

30 1-15 25 
32 40 28 
...; -
28 -43 .29 
28 39 33 
35 37 28 
30 39 31 

, 

30 41 

30 4·0 
27 42 

30 33 
26 38 
29 40 
29 41 

30 38 

27 42 
22 La 
20 40 

29 

30 
31 

32 

31 
37 
40 

33 37 · 30 

13 L19 33 
29 41 3,J 



n 1 
0-.1. SITE 8 8-1 L.S. == 457.36 Engineering Data Grain Size 

No. Depth of Unit Graphic vJ Gs Void Dry 
Sample D9scription Log Ratio Den Gvl Sd St Cl 

(ft) (JI #/ft 3 % OI C'I % k lo /0 

51 49.0-49.5 0 16 53 31 
52 50.0-50.5 EN ION\ 0 2 72 26 
53 51.0-51.5 0 3 74 23 
54 56 .. 0-56.5 FORMATION! 2 5 61 34 I 

55 57.0-57.5 3 5 61 34 
56 59.0-59.5 2 7 - 63 30 
57 59.8-60.4 1 8 61 31 
58 60.4-60.9 BEDROCK] 

-128-



S-21 X-Ray Data Chenical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pW CEC I, 

cts/ cts/ r.129/ 
% C' % sec sec mg/1 Mg/1 rilg/1 mg/1 lOOj 7:; 

1 - - - - - - - - - 46. - -
2 - - - - - - 16,000 - 19. 20. - -
3 1.4 82 12 6 N.D. N.D. - - - - - -
Lt 1.6 84 11 5 N.D. 21 - - - - 6.3 9.2 
5 - - - - - - 71 .24 35. 34. - -
6 .1.5 81 13 6 N.D. 15 - - - - - -
7 - - - - - - - . . - - - - -·a .1.2 82 11 · 7 N.D. N.D. - - - - - -
9 1.1 81 12 . 7 . N.D. N.D. 670 . . 46 26 . 35. - -

10 - - - - - - 430. N.S. 23. 24. - -
11 1.2 87 8 5 -N.D. N.D. - - - - - -
12 1.4 ·83 11 6 · N.D. N.D. 500. 20. 22. 31. - -
13 1.1 75 15 10 N.D. · N.D. - - - - - -
14 0.9 77 13 10 N.D. 18 - - - - - -
15 2.1 65 26 9 N.D. 16 320. 7.8 B.o 8.o - -
16 - - - - - - -350. - - - - -
17 1.8 57 31 12 N.D. 10 - - - - - -
18 - - - - - - 270. 5.0 27. 21. - -
19 2.1 25 56 19 N.D. N.D. - - - - - -
20 2.4 27 57 16 N.D. ... 25 - - - - - -
21 · 2.1 29 54 17 26 .15· 1100. 1.6 330. 200. 7.4 7.4 .,.. 

r 
22 - - - - - - - - - - 7.5 5.4 -
23 1.4 22 53 25 25 18 - - - - - -
2~ - - -· - - - 45. .18 24. · 20. 7.4 6.5 
25 1.3 43 38 19 19 14 - - - - - -
29 1.3 45 36 19 ·. 16 14 - - - - - -
27 - - - . - - - - - - - - -
28 1.1 .50 31 19 27. 15 - - .. - - - -
29 · 1.3 53 31 -16 15 20 37. .14 27. 26 .. · - -
30 1.3 51 32 17 19 .17 - - - - - -
31 1.0 51 29 20 13 17 - - - - - - · 
32 - - - ·- - - - - - - - -
33 1.4 43 38 19 22 18 ·; - - - - - -
34 - - - - - - 120. .12 37. 35. 7.5 5.9 
35 1.2 47 34 19 15 15 - - - - - -
36 1.2 52 30 18 30 N.D. - - - - - -
37 - - - - -- - - - - - - -
33 1.1 50 31 19 17 7 /' _o 36. ~o.4 12. 9. 8 - -
39 1.0 55 r,t'" 19 15 16 .::::o - - - - - -
40 1.2 46 34 20 18 N.D. - - - - - -
_41 1.1 45 35 20 17 11 - - - - - -
42 - - - - - - 33. ,.__,_ 04 . 26. 39. - -
43 1.3 49 33 18 21 18 - - - - - -
lt4 - - - - - - - - - - - -
45 1.1 51 31 18 '22 15 - - - - - -
46 0.9 . 76 14 10 12 N.D. 39. .16 21. 25. - -
47 1.1 80 12 8 15 16 - - - - - -
48 1.2 31 44 25 30 19 - - - - - -
49 - - - - - - 47, . 22 27. 23 . - -
5] 1.0 57 26 17 l' 20 - - - - - -_,_ r --J 
r~-; l .l 37 ~,-, 

2Li ~ ("\ ,., ., 
.,: l. : ,,, - - - - - - -.,; - - _,_,, -...) 

. 

-1 29 -
----- -- - -----------·- -· - . - ·-·-·--·------- -·- - ... 



L·- i 

B-11 X-Ray De.ta Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

0/ % C/ sec sec mg/1 mg/1 mg/1 mg/1 100g h I') 

51 . 52 68 14 18.5 N.D. N.D . - - - - - -
52 .65 66.5 16.5 17 N.D. N.D. - - - - - -
53 .66 66 19.5 19.5 N.D. N.D. - - - - - -
54 -53 64.5 15.5 20 N.D. N.D. - - - - - -
55 -55 68.5 14 17.5 N.D. N.D. - - - - - -
56 ·. 61 68.5 15 16.5 N.D. N.D. - - - - - -
57 -57 63 17 20 N.D. N.D. 98. .16 - 18. - -
58 1.6 11 62.5 26.5 N.D. N.D. - - - - - -

. 
: 

-

-129 -



SITE B B-2 L.S. = 459.38 Engineering Data Grain Size 

No. Depth of Unit Graphic 
Log 

w Gs Void Dry 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

Sample Description Ratio Den Gvl Sd 
(ft) 

0.5-1.0 
1.5-2.0 
3.0-3.5 
3-5-4.0 
4.6-5.1 
5.1-5.6 
6.1-6.6 
7.2-7.7 
8.0-8.5 

PEQ~IA LOES~ 
( 4-62-34 )l 

BERRY -CLAY! 
( 3 2:.. 3 6-3 ?)J 

10. 0-10. 5,__ ___ --:--...;..--+----+----4 

11. 2-11. 7 HAGARSTOWNl. 
12.0-12.5.___..(_46_-_1_9-_3_5..._-· 1-+--t-__.;_-_---+~ ...... ~ 
13. 2-13. 7 Ll....:... • · 

% 

14 0 14 5 • •\. . . . 
.- . /I i -

14. 8-15. 3 GLASFORD/ I I ,- -
16 5 17 ( \] 

• - • 0 FORMATION I , \. / / : -
17.5-18.0 TILLl . - , - · 
18. 0-18. 5 ( 35~39-26 )I ( ' / l -
19. 0-19. 5 1/ ......_ '- ~ -

\ \. ,.- -,; 20.0-20. 5 { I 1 -

2.70 .59 

2.66 .56 

21. 0-21. 4 ,_/ , / /_\J 
21.4-21.9 .l 9.1 2.70 .30 
22.0-22.51-------,-+.-..=-.--• /_\ ___ /.-+· 

23. 0-23. 5 LIERLE CLAY! 
25. 0-25. 5 ~( _2 2_-_3 5_-_43__,_) '--1--~~;....:;.•---1 

25. 8-26. 3 _ /.."_},.I 5.1 2. 70 . 41 
27 . 0-

21 . 5 -BANNE-RI / \ '/ 29. 0-29. 5 I . \ 
32.0-32.5 FORMATION/ , ~ \ _ 
33.0-33-5 (26-42-32)/ //, -, : -
34.2-34. 7 , / \ .,,,.. 
35-1-35- 6 ( . d - )I \ ..._ ox, ized I -- 11 37.0-37-5 · 
42.0-42.5 
43.0-43.5 
45.0-45.5 
45.6-46.1 
46.1-46.6 
47.0--47.5 
49.0-49.5 
50.0-50. 5 
51.0-51.4 
52.0-52.5 

EN ION I 
FORMATION ! 
(8-54-38)1' 

-------~--.--
BEDROCK\ 

-130-

#/ft 3 % % 

104 

107. 

106 

130 

120 

1 7 
0 2 
0 - 2 

2 19 

1 21 __ 

2 26 
4 38 
3 46 ~ 

17 46 
24 60 
l 18 
7 28 
4 34 
3 30 
8 39 
7 42 
6 35 
5 37 

5 34 
2 21 
5 22 

4 31 
5 27 
5 26 
8 24 
3 22 
3 26 
8 23 
O 3 
0 6 
O 7 

2 9 
1 10 
1 12 
0 1 
0 1 
0 2 

St 
0 1 
7o 

71 
53 
62 

56 

53 

41 
32 
22 
15 
16 
57 
40 
38 
53 
38 
36 
41 
38 

40 
34 
37 

38 
46 
40 
42 
45 
42 
43 
61 
55 
54 

54 
50 
50 
50 
49 
37 

Cl 

22 
45 
36 

25 

26 

33 
30 
32 
39 
24 
25 
32 
28 
17 
23 
22 
24 
25 

26 
45 
41 

31 
27 
34 
34 
33 
32 
34 
36 
39 
39 

37 
40 
38 
l.lo 

•.,I 

50 
61 



.~: . ·- . . 
-'~ ... . : 

. . . - . . ,. 

SITE A S-2 L.S. = 507.83\ 

No. Depth of Unit 
Sample Description 

(ft) 

Graphic 
Log 

% 

En g i ri e 2 r i n g D 3 t (! Grain Size 

Gs Void Dry 
Ratio Den Gvl Sd St Cl 

2.70 .49 

#/ft 3 
;~ % 'l ,, ,.. ., 

;) 

3 27 40 33· 
121 -

113 

130 

5 31 43 26 
2 24 39 37 
2 25 38 37 

2 26 41 33 · 

4 25 44 31 
4 30 41 29 
8 32 Lil 27 
O 36 45 19 
1 21 52 27 
3 21 44 35 . 

2 . .18 47 34 
4 22 44 ·34 
4 22 45 33 

123 -

4 22 44 34 

*2stimate 

. . --------------



8-2 , 
I X-Ray Data Chemical Data \ 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 1.65 48 37 15 N.D. N.D. - - - - - -
2 1.65 75 18 7 N.D. N.D. 48. - - - - -
3 1.6 78.5 15 6.5 N.D. N.D. 40. - - - - -
4 - - - - - - - - - - - -
5 l .2 82 11.5 6.5 N.D. N.D. 25. - - - - -
6 - - - - - - 23. - - - - -
7 1.0 81.5 11 7.5 N.D. N.D. 18. - - - - -
8 - - - - - - - - - - - -
9 .68 87 6.5 6 .. 5 N.D. N.D. - - - - - -

10 1.0 85 9 6 N.D. N.D. 12 - - - - -
11 1.07 61 23.5 15.5 N.D. N.D. - - - - - -
12 1.3 55 29 16 N.D. N.D. - - - - - -
13 1.9 33 47 20 N.D. N.D. 70. - - - - -
14 3.9 24.5 64.5 11 N.D. N.D. - - - - - -
15 1.4 22 52.5 25.5 10 68 - - - - 7.4 5.4 
16 1.7 31 49.5 19.5 11 29 - - - - - -
17 1.1 9.5 57 33.5 19 38 - - - - - -
18 1.4 22 52.5 25.5 17 26 36. - - - - -
19 1.5 Z3 53.5 23.5 21 21 - - - - - -
20 1.8 27 53 20 23 26 - - - - - -
21 2 .25 36·. 5 49 14.5 19 18 - - - - - -
22 - - - - - - - - - - - -
23 1.3 36 42.5 21.5 20 24 - - - - - -
24 0.7 60 21 19 N.D. N.D. - - - - - -
25 1.06 50 30.5 19-5 N.D. 12 - - - - - -
26 - - - - - - - - - - - -
27 2.9 11 72.5 16.5 41 16 - - - - - -
28 5.0 13.5 76 10.5 40 22 - - - - - -
29 2.4 17 65 18 37 14 - - - - - -
30 2.2 24 58.5 17.5 29 15 - - - - - -
31 1.4 22.5 52 25.5 30 6 - - - - - -
32 1.85 17 61 22 33 17 62. - - - - -
33 1.5 26.5 50.5 33 22 13 - - - - - -
34 .54 49.5 22.5 28 11 N.D .. - - - - - -- - -
35 .53 38 27 35 N.D. N.D. - - - - - -
36 -55 51 22 27 N.D. N.D. - - - - - -
37 .42 52.5 18.5 29 N.D. N.D. - - - - - -
38 . 52 54 20 26 N.D . N.D. 26 - - - - -
39 .64 46 26 27 9 N.D. - - - - - -
40 .52 34.5 29 36.5 N.D. 10 - - - - - -
41 1.35 18 55 27 N.D. N.D. - - - - - -
42 2.0 7.5 70 23 N .D. N.D. 120 - - - - -
43 4.1. 6 81 13 11 10 - - - - - -
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S-2\ X-Ray Data Che ii1 i c2. l Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH ccr I- I.., 

cts/ cts/ IT:eg/ 
OI 01 "' sec sec mg/1 ng/1 mg/l ii!g/1 10:Jg l:, h 1~ 

52 o.8 82 9 9 N.D. 12 420. - - - - -
53 - - - - - - - - - - - -
54 1.6 49 36 15 34 28 - - . - - 7.6 4.9 
55 1.4 43 39 18 16 30 - - - - - -
56 1.6 60 28 12 N.D. 15 260. .24 83. 130. 7.5 5.4 
57 - - - - - - - - - - - -
58 1.7 28 51 21 N.D .. 18 - - - - - -

, 59 - - - - - - 58. . 08 43 . 32. - -
60 1.4 31 47 22 30 28 - - - - - -
61 1.4 21 54 25 34 . 24 - - - - - -
62 1.8 25 54 21 ·61 25 41. .28 29. 19. - -
63 1.6 . 24 53 23 33 18 57. .06 10. 8.0 - -

! 64 - - - - - - - - - - - -
65 1.2 21 ?l 28 33 11 - - - - - -
66 - - - - - - - - . ..,. - . - -
67 - - - . - - - ,76. <.04 18. 11. - -
68 1.3 20 52 28 37 20 - - - - - -
69 1.1 18 51 31 !16 · 22 - - - - - -
70 1.3 19 53 28 50 22 - - - - - -
71 - - - - - - - - - - - -.. 
72 - - - - - - ,79. ._42 36 .. 32. - -,;·-. ·73 1.2 17 52 31 29 20 - - - -. - -

-
. . 

: 

.. 

·~ 

. . 

-

• ' 

-j_Jl-



SITE A S-9 L.S. = 504.39 : 1=" ci :::.or.:)"\,.., -n_; n---- 1 .. :-3 D2.t2. Grain Size 

No. Depth of Unit Graphic L' Gs Void Dry II 

Sample Description Log Ratio Den Gvl Sd St Ci 

(ft) Cl "/.-I ., Cl C/ ct Cl 
/; f= T t - /:) r, /;, /-;,, 

PEORIA; ,'.1 0.0-0.5 :-

2 1.0-1.5 LOESS I 1 12 59 29 
3 1.5-2.0 -(11-sB-31) I 24.9 
4 2.0-2.5 1 11 59 33 
5 2.5-3.0 

·ROXANA\ 
. 

6 3.5-4.0 1 18 38 44 SILT &. BERRv°I 
. 

. . .. 7 4.0-4.5 . 
... .• .. ~ 

_ , 8 4.5-5.0 . -- ----ciAv 1· - 0 19 55 26 . : .. ·~ .. 

9 6.0-6.5 1 28 37 35 
10 6.5-7 .. 0 15.8 1 34 29 37 
11 ··a-·o·· a 5 - 1 31 31 38 "- ! ►· - .•· . -
12 8.5-9.0 -
13 9.5-10.0 \ 2 38 27 · 35 
14 10 .. 5-11.0 /. 1 51 23 26 
15 11.0-11.5 I.-- 28 .. 2 _; 

16 12.0-12.5 I 3 40 35 25 / . \ -
17 12.5-13.0 GLASF9R~f / - 3 40 40 . 20 
18 13.5-13.8 

FORMATION\ ? \ y \ - -
19 14.5-15 .. 0 / \ I 11.0 

.. 20 16.0-16.5 TILL I ,, ......_ ll.O -·-· 21 18 .. 5-19.0 (35-34-3i) I 3 34 39 27 I" ./ \ -.. re 22 22.5-23.0 ·\' I/ 6 34 39 27 
23 24.5-25.0 ,-- \ ' 14.8 
24 26.5-27 .. 0 

\/\/ 5 33 39 28· 
25 32.0-32.5 8.8 - 7 38 33 29 .... .. 26 34 .. 0-34 .. 5 /_ ~ 13.2 -•·,:,·. \-. I.,,_, ·: . ..::.::~. :--:' ... . 27 35,.5-36.0 4 36 37 27 . . •:· .. 

\/\\1 28 37-5-38.0 12.9 -- -
:-[:~: . .: .. ~ .. . -~ 29 39-5-40.0 '/~ ~I~ J . 33 37 30 
:;:·;- ·:-- · .•. -: 30 41.0-41 .. 5. - . . - 6 · 33 38 29 -

: : 31 41.5-42.0 \ / .,,,, \ - 3 25 39 36 
•( .. 32- 42.0-42.5 /\' -- 15.7 - -

33 42.5-43.0 BAN~iER. I \ \II . 11 30 42 · 28 .. _ ·-
.' FORMATION I 34 49.3-49.5 -----1 , : 1 3-5 . 35 50. 5--51. 0 TILL I I , I : 4 30 45 21 

36 51..5-52.0 (31-45-24 )j / -- ' 3 38 44 18 
37 54.0-54.5 \ / '; 15. 0 -'-' __. 
33 54.5-55.G / :a, ~ .. • •• - 0 . 33 s·:i .-.- -, 

l 

BEORoc9 



S-9\ X-Ray Deta Chei7i c2. l Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ m2g/ 

% Co/ c/ sec sec mg/1 li1g/l r.1g/l mg/1 100g 1:i ,,, 

1 - - - - - - 1100. 2.0 19. 3'1 -r • - -
2 - - - - - - - - - - - --
3 - - - - - - - - - - - -
4 - - - - - - - - - - 6.0 5.9 
5 - -- - - - - 1600. 2.4 21. 31. - -
6 - - - - - - 23. <.12 12. 12. - -
7 - - - - - - - - - - - -
8 - - - - - - - - - - - -
9 - - - - - - - - - - - -

10 - - - - - - - 38. <.12 11. 16. - -
11 - - - - - - - ~ - - - -
12 - - - - - - ll6. - - - - -
13 - - - - - - - - - - - -
14 - ---: - - - ~ - - - - - -
15 - - - - - - 60. - - - .. -- -. -
16 - - - - - - -- - - - - -
17 - - - - - - 39. - - - - -
18 - - - - - - 50. - - - - -
19 - - - - - - - - - - - -
20 - - - - - - - - - - - -

.21 - - - - - - - - - - - -! 
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - ·. - - -
25 - - - - - - - - - - - --· 
26 - - - - - - - - - - - -
27 - - - - - - - - - - - -
28 - - - - - - - - - - - -·, 

29 - - - - - - - - - - ·- -
30 - - - - - - - ·- - - - -
31 - - - - - - - - - - - -
32 - - - - - - - - - - - -:, 

33 - - - - - - - - - - - -
34 - - - - - - - - - - - -
35 ' - - - - - - - - - - - -
36 - - - - - - - - - - - -
37 - - - - - - - - - - - -
38 - - - - - - - - - - - -

-

_____ ,._i-· g--·ffiCiilllt7tll<l>!1fJlt,Hrtflt....,,:,- :::i.,:;!;:llll'l-~-Seec...-.:,•...,..- -o;-· ___ ,,_p:qnp;-_ ... ..,_,_•'f:lal-ow,._ ______ ,._._,_..;a.,.or.r-c,,_....,__.---..... ___ -• "ra ....,..lil!tts: algQU.,_~-~ tsi!dil~ 
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.. ~ .. . 

(. 

SITE A S-10 L.S. = 504.16 l Engin~ering Data Grain Siz2 

No. Depth of Unit 
Sample Description 

(ft) 

1 0.5-1.0 
2 1.5-2.0 
3 2.0-2.5 
4 3.0-3-5 
5 4.5-5.0 
6 5.0-5.7 
7 6.0-6.5 

- 8 7.0-7.5 
9 9.0-9.5 

10 9.5-10.0 
11 10.0-10.5· 

FILL I 

BERRY CLAY\ 
· (24~35-40) \ 

Graphic 
Log 

I;/ 

22.0 

12 10.7-11.5 6.3 
13 11. 5-12. 0 t---------l':----1---t-"r--t 

14 12.5-13.0 

·~ =--=--· -. . . . . . 
. . . . . . 

Gs 

15 13-5-14.0 
16 15-5-16.0 
17 16.0-16.5 
18 17.5-18.0 
19 18.0-18.5 
20 19-5-20.0 
21 20.0-20.5 
22 20.5-21.0 
23 24.5-25.0 

GLASFORDf 
FORMATION I 

TILL\ 

( 34-43-23) \ 
:,.i·,·,,· = ·= .. . . -... -·- -

24 25.0-25.5 , .,,,- \ / -
25 25.5-26.0 
26 . 30. 5-31. O I \ -- l ' -
27 33. 5-34. O '- \ / ....- \ 

t--------l!---------t 

-. . . ,, .. 

- J. 31~ -

Void Dry 
Ratio Den Gvl Sd St 

.:..!/ "'J.. 3 Cl ,;- TL. /J % 
,., 
/J 

0 15 51 

1 16 61 
0 21 36 
0 23 37 

1 29 35 

5 33 39 
6 33 . 41 

3 28 43 
1 59 25 

o 47 . 44 
0 16 72 

5 43 34 
3 15 47 

Cl 

% 

34 

23 · 
43 
40 

36 

28 
26 

29 
16 

9 
12 

23 
38 



SITE B 8-4 L.S . = 446 . 59 En ginee ring Data Grain Size 

No. Depth of Uni t Graphic ~·J Gs Void Dry 
Sample Descrip tion Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % % 

I 

1 0.5-0.7 I 

ROXANNA SIL Tj 
i . 

2 0. 7-1. 2 L • 0 13 65 22 
3 1.2-1.7 (lf-59-30) . 
4 1. 7-2. 2 0 8 56 36 
5 2.5-3.0 0 12 57 31 
6 3.1-3.6 

BERRY CLAY\ 
1 16 50 34 

7 3.6-4.1 1 22 39 39 
8 5.5-6.1 (24--4(f~36 )\ 2 26 39 35 
9 6.6-7.1 5 32 33 35 

10 7.7-8.0 -HAGARSTOWN I 
11 8.0-8.5 1 36 29 35 
12 9.1-9.6 /. '-': x -~ - 6 50 33 17 
13 9.6-9.7 GLASFORD! 

t I e / • 

\"-
14 10.0-10.5 FO Ri\1ATION I \ _.. \' - 4 54 27 19 
15 10. 7-11. 1 TILL[ \/\/ 3 47 32 21 
16 (49-3?-19}\ -
17 ll.5-l2c 0 I - ..._ 4 47 34 19 \-. /. _,,,. 18 12.0-12.5 7 38 38 24 
19 13.0-13.5 ~y \ \_;' - 1 24 40 36 
20 14.3-14.9 1 28 37 35 
21 15.0-15.5 BANNER! // \ / 3 29 38 33 
22 16.0-16.5 FORMATION\ ,~ 0, 4 26 40 34 
23 17.0-17.6 TILL! -'i 5 27 39 34 
24 18.0-18.5 (29~39-32)1 'I;,,..' 3 31 41 28 
25 19.1-19.6 10 29 41 30 
26 20.0-20.5 (oxfdiz-ed) I I I \ \ 5 29 42 29 
2T 21.0-21.5 -- ,\/ 4 31 41 28 
28 21.9-22. 3 --- \ ~ / \ 6 36 35 29 
29 23.0-23.5 ., I - 5 33 44 23 
30 24.3-24.8 (u~oxi di zed )I -- 7 31 42 27 

/ /' 31 25.0-25.5 '\ -- 11 30 45 25 
32 26.0-26.5 / \ // 4 28 47 25 
33 27.0-27.5 / \ ,, . 5 37 4·2 21 
34 28.0-28.5 4 38 41 21 
35 28.6-29.1 ~ / " -\ \ \ 36 29.1-29.6 /_ 6 39 40 21 
37 31.0-31.5 /\ --_,,, I - 5 37 42 21 
38 32.0-32.5 (29-43-28)\ 4 22 46 32 
39 32.6-33.1 \./ ' 40 33-1-33.6 I\-/\ - 2 20 46 34 
.41 36.0-36.5 I \ / 3 33 35 32 
42 36.8-37.3 - 2 19 46 35 
43 38.0-38.5 --.-I 'I 3 33 42 25 
44 39.0-39.4 \ .. ·I . . 0 62 19 19 
45 39. 4-39. 9 . . . . . . . \ . 46 40.0-40.5 

/\'-.-; - 3 14 47 39 
47 41.0-41.5 3 18 53 29 
48 42.0-42.5 'I__.,,' 1 14 L ry 39 

I \ \ I .\ I 
49 42.E--43.3 - 2 19 46 35 
50 44.0-44.5 q.1ro~~ i , :? J.. 2 5,J ---.o 

1-, I -. ___ 1_._j _. 

1--1 
- -· _)~ 

•7 45.C-45.5 Fr"•" r,-T n~~ , 10 17 ~3 L!n :::>...1... urViA I _\.- 1 / --t ,U 
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s-101 X-R3.y Data Ch~rnical Data 

No. DI M I C-K Cal DJl Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 0/ % % sec sor mg/1 rn;/ l mg/l mg/1 100g t:, ........ 

1 - - - - - - 80,000 39. 6 80,J 9,200 5.65 -., 
2 - - - - - - 840. 4.1 14. 18 .. 6.75 -
3 - - - - - - - - - - - -
4 - - - - - - 400. 1.2 17. 16. 6.89 -
5 - - - - - - 680. 4.5 lLI. 13. 6.15 -
6 - - - - - - Lmo. 2.9 10. 12. 6.10 -
7 - - - - - - 680. 5.8 9.4 14. 5.95 -- a 800. 2.4 5.6 10. 5.52 - - - - - - -
9 - - - - - - 1200. 3.0 8.2 ·:19. 5-55 5.9 

10 - - - - - - 1800. - - - 5.30 -
11 - - - - ·- - 2000. 3.8. 44. 60. 5.80 5.9 
12 - - - - - - - )500 - - - 5.38 -
13 - - - - - - 1600 2.4 18. 10. 5.48 2.8 
14 - - - - - - 200. 1.0 16. 12. 7.55 ., 3.1 
15 - - - - - - - - - - - -
16 - - - - - - 41 • • 28 13. 5.9 - _\ 

17 - - - - - - - - - - - -
18 - - - - - - - - - - - -
19 - - - - - - 91. 1.8 14. 8.o - -
20 - - - ~ - - - - - - - -
21 - - - - - - -· - - - - - .. 
22 - - - - - - 21. .21 11. 6,.6 - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - 21. .12 7.4 2.8 - -
26 - - - - - - 41. .15 11. 10.0 - -
27 - - - - - - 43. .08 · 14. 12.0 - -

.. 
~ .. 

: 
. . 

. . 

trt·· ... .. 
.. ·; 

[~:::···· -· .. 
.. 

'.-:,:. 

-

.. 
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B-4 I 
t X-Ray D= t:: Chemiccl Data 

I 

No. DI M I C-K Ce. l Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

r;;/ O' c; sec sec · mg/1 mg/1 mg/1 mg/l 100g /:, /:, /:J 

l - - - - - - n,ooo - - - - -
2 - - - - - - 2,800 - - - - -
3 - - - - - - 1,400 - - - - -
4 1.03 86 8_.5 5.5. N.D. N.D. - - - - - -
5 1.12 91.5 5-5 3 N.D. N.D. - - - - - -
6 1.17 -93 4.5 2.5 N.D. N.D. 32 - - - - -
7 1.20 93.5 4 2.5 N.D. N.D. - -· - - - -
8 1.19 92.5 5 2.5 N.D. N.D. 38 - - - - -
9 1.15 93 4.5 2.5 N.D. N.D. - - - - - -

10 - - - - - - 64 - - - - -
11 1.85 85.5 10.5 4 N.D. N.D. - - - - - -
12 3.0 50 41 9 N.D. N.D. 30 - - - - -
13 - - - - - - 33 - - - - -
14 2.5 39 48 13 N.D. N.D. - - - - - -
15 1.8 33 48.5 18.5 N.D. 24 30 - - - - -
16 - - - - - - - - - - 7.7 4.5 
17 2.4 43.5 44 12.5 N.D. 19 39 - - - 7.6 11.0 
18 1.9 41.5 43.5 15 13 37 40 - - - - -
19 1.1 23 48 29 N.D. 16 - - - - - -
20 1.2 29.5 45.5 25 N.D. N.D. 60 - - - - -
21 1.9 20.5 59 20.5 27 15 - - - - - -
22 2.0 21 59 20 40 14 - - - - . - -
23 2.0 25 56 19 36 13 54 - - - - -
24 2.6 28.5 57 14.5 29 21 - - - - - -
25 2.2 24.5 58 17.5 45 15 70 - - - - -
26 2.05 22 59 19 35 17 - - - - - -
27 1.95 25.5 55-5 19 39 12 - - - - - -
28 1.7 23 55 22 38 13 42 - - - - -
29 1.7 15.5 61 23.5 37 17 - - - - - -
30 1.7 14 61.5 24.5 41 16 54 - - - - -
31 1.6 14 60.5 25.5 37 13 - - - - - -
32 1.5 12.5 61 26.5 35 11 - - - - - -
33 1.7 7.5 66.5 26 43 12 - - - - - -
34 1.5 9 63 28 45 13 - - - - - -..,,- - - 30 -.)'.) - - - - - - - -
36 1.65 7.5 66 26.5 37 12 - - - - - -
37 1.5 " o½ ·23 42 11 0 - - - - - -
38 -93 17 48 35 19 11 - - - - - -
39 - - - - - - 60 - - - - -
40 .90 14 49 37 25 23 - - - - - -
41 -93 7 54 39 15 N.D. - - - - - -
42 .71 8 47 45 16 N.D. 58 - - - - -
43 .67 10 45 45 9 N.D. - - - - - -
44 .74 12 46 42 N.D. N.D. - - - - - -
45 - - - - - - 54 - - - - -
46 .69 13 44 43 · N.D. N.D. - - - - - -
47 . 70 12 45 43 N.D. N.D. - - - - - -
48 .-,- 20 42 38 N.D. :N .D. -• I J - - - - -
49 .68 23 . 39 38 N.D. N.D. 68 - - - - -
50 . 71 22 40 33 N.D. :: . V. - - - - - -
r-7 7("\ 22 40 38 N.D. 1J.:C. - - - -?- . '-' - -
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SITE A C-1 L.S. = 506.63 : Engineering Data Grain Siz~ 

No. Depth of Unit Graphic \·1 Gs Void Dry q~ Sample D~scription Log R3.tio Den Gvl Sd St Cl 
(ft) OI f/fd % cl cl C/ h ., L /:) h /J 

FILL\ Qt;ri;,..,~i 

1 0.0-0.5 Q 'O 8 ..;;~ 

2 1.0-1.5 1 12 63 23 
3 1. 5-2. 0 PEORIA\ 0 4 60 36 
4 2.0-2.3 LOESS ! 5 3.5-4.0 
6 . 4. O-l~. 5 20.7 
7 4.5-5.0 1 18 49 33 -
8 5.5-6.0 
9 6.0-6.5 ROXANA SILT I 2 22 45 ·33 

10 6.5-7.0 
11 8.0-8.5 . 
12 8.5-9.0 1 33 39 28 
13· 9.0-9.5 BERRY CLAY! 2 36 30 34 
14 11.5-12. 0 1 32 32 36 · 
15 13.0-13.5 12 36 38 26 
16 14.0-14.5 GLASFORD\ 
17 15.0-15.5 FORMATION I 12 37 32 31 
18 15.5-16.0 -
19 16.0-16.5 TILL! 2 34 39 37 
20 11.0-17.5 

(f 

... 
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SITE B B-4 L.S. = 446.59 Engineering Data Grain Siz~ 

No. Depth of Unit Graphic \·! Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % E/~t3 ,, I % % % % 

52 45.6-46.1 
53 46.1-46.6 1 5 47 48 
54 47.2-47.7 1 8 47 45 
55 48.o-48.5 0 2 47 51 
56 49.1-49.4 2 14 42 39 
57 5c.o-50.s _EN ION I 1 7 51 42 
58 51.0-51.5 FOPJ\1ATION I 2 6 45 49 
59 52.0-52.5 (7-s-3-:40 )I 0 1 70 29 
60 53. 0-53. 5 0 2 69 29 
61 54.0-54.5 0 5 64 31 
62 54.5-55.0 0 8 58 34 
63 55-0-55-5 0 8 58 34 
64 56.0-56.5 1 11 53 36 
65 56.6-57.1 
66 57.1-57.6 0 7 57 36 
67 58.0-58.5 0 8 64 28 
68 58.6-59.1 
69 59.0-59-5 0 2 29 69 
70 59.6-60.1 

BEDROCK I 

--, 
-.ljO-



B-4 \ X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % Of 
/0 sec sec mg/l mg/1 mg/1 mg/1 100g 

52 - - - - - - 40 - - - - -
53 .65 27 35 38 N.D. N.D. - - - - - -
54 -77 40 32 28 N.D. N.D. - - - - - -
55 1.23 9 59 32 N.D. N.D. - - - - - -
56 .68 40 30 30 N.D. N.D. - - - - - -
57 .63 37-5 30.5 32 N.D. N.D. - - - - - -
58 -59 33.5 31 35-5 N.D. N.D. - - - - - -
59 .78 36 34 30 N.D. N.D. 36 - - - - -
60 .77 36 34 30 N.D. N.D. - - - - - -
61 .58 35 30 35 N.D. N.D. - - - - - -
62 - - - - - - 42 - - - - -
63 .64 28 35-5 36.5 N.D. N.D. 42 - - - - -
64 .80 - - - - - - - - - - -
65 - - - - - - 60 - - - - -
66 - 33.5 35-5 31 N.D. N.D. - - - - - -
67 - 34.5 33 22.5 N.D. N.D. - - - - - -
68 - - - - - - 130 - - - - -
69 1. 60 29 50 21 N.D. N.D. - - - - - -
70 - - - - - - 38 - - - - -

, 
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C-1 : X-Ray Data Ch-2,11i cal Data 

No. DI i-1 I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ n:eg/ 

c,/ % % sec sec mg/1 rng/1 r.:g/1 mg/1 100g h 

1 - - - - - - 650JO. 8.o 7900. 4700. - -"" 

2 - - - - - - ~508. - - - - -
3 - - - - - - - - - - - -
4 - - - - - - ~_,600. - - - - :.... 

5 - - - - - - 8.,600. 1.1 18. Ll4. - -
6 - - - - - - - - - - .... -
7 - - - - - - [L _,400. - - - - -
8 - - - - - - t2,000. - - - - -
9 - - - - - - - - - - - -10 - - - - - - 1,800. · - - - - -

11 - - - - - - tl.,800. 1.6 67. 55. - -
12 - - - - - - - - - - - -
13 - - - - - - tL, 300. - - - - -14 - - - - - - 1,Hoo~ - - - - -
15 - - - - - - 1,700. 3.6 15. 12. - -16 - - - - - - 1,800. - - - 6.7 4.5 
17 - - - - - - 240., .24 26. 21. 7.5 4,5 
18 - - - - - - - - - - - -
19 - - - - - - 84. - - - - -20 - - - - - - 40. <.08 10. 9·.6 7.6 3.2 

f : 

.. 

-

. 
.• 

·-

-13?-
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f 

SITE A SCH-1 L.S. = 487 , 

No. Depth of Unit 
Sample Description 

(ft) 

1 2.0-2.5 
2 3.5-4.o 
3 4.5-5.0 
4 6.0-6.5 
5 7.5-7.7 
6 8.0-8.5 
7 9.0-9.5 
8 10 .. 7-11.0 
9 ll.0-11.5 

10 13.0-13.2 
1113.5-14.0 
12 14.0-14 .. 2 
13.15.2-15.5 
14 16.8--17.3 
15 17 .. 5-18.0 
16 21.0-21.5 
17 23.0-23.5 
18 23.5-24.o 
19 25 .. 5-26.0 
20 28.2-28.5 
21 30.0--30 .. 5 
22 33.5-33.8 
23 3.4.8--35.3 
24 37-3-37.8 
25 38.3-38.7 
26 39-3-39.8 
27 40. 7-41. O 
28 42.3-42.8 
29 44.7-45.0 
30 47.8-48.3 
31 48.7-49.0 
32 50.8-51.1 
33 52.5-52.8 
34 53.5-54.o 
35 54.5-54.8 
36 56.0-56.5 
37 56.5-56.8 
33 53.0-58.5 
39 58.5-58.8 
40 60.5-61.0 
41 62.5-63.0 
42 63.0-63.5 
43 66.5-67.0 
44 69.0-69.5 
45 71.9-72.2 
46 72.5-73.0 
47 73. 9-7L~. 2 
48 74.5-75.0 
L.9 77 0 77 ~ I ' t - • _) 

so 73.0- 7.J .s 
51 3·J . 7- J! .. Cl 

PEORIA : 
LOESS : 

ROXANA 
SILT ; 

BERRY CLAY i 

GLASFORD\ 
FORMATION I 

TILL\ 

LIERLE ·cLAYj 

B,l\NNER\ 
Fo ')q,i"T"'ro~' I r \i' t:, 1 n 

1 

TILL i . 

Graphic 
Log 

" / ./ \ 
/ - -' \ - I 
/ "\ - / 
' I _. 

/ ' \ ,/ / 
....... // \ 

....... --
/ / _) 

__.,.' / / \ 
\ ~ ' .,.,, /, 

...... '-/ 
/ ' -.,..,, \ I ' \-, 
'/ 

I '\ 
' l / \ --/' \ -- -
/ ,\ 
_.,' I - I 
\ -- \ -

;" / \-/ 

. . . . . . 
I - / -" \ -- .......... 

\ / I I \ 
\ - . 

\ ........ -
\ .......- I -........ 
/ -\ I 
1->, ·-,1 

I . I 
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Gs 

Grain Size 

Void Dry 
R2. ti o Den G11l Sd 

i/ft3 ct 
. , ' - /0 

0 4 
0 4 
0 14 

0 16 

2 3 
2 28 

2 35 

2 36 
3 33 

3 . 33 
22 31 

t:I 
,:; 

5 33 . 

5 31 
4 30 
6 33 

4 30 

8 36 

3· 31 · 

6 24 
3~ 24 
0 14 

1 21 

1 20 

0 23 
1 25 
l 74 

l 82 

4 23 

4 23 

4 23 

St 

% 

51 
59 
52 

57 

61 
40 

36 

33 
39 

41 
37 

42 

42 
42 
42 

40 

41 

C1 

27 

36 
32 

29 

31 
28 

26 
32 

25 

27 
28 
25 

30 

28 

28 

45 - 31 
46 30 
54 32 

38 41 

38 42 

39 
38 
8 

11 

44 

33 
37 
18 

7 

- .-., ....... 

-r:) . :;~ 



SCH-1 · 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24~ 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
L[3 

49 
SJ 

X-R2y Data 

DI M I C-K 

½ 

Cal 
cts/ 
sec 

Dol 
cts/ 
sec 

I 

Zn 

18. 
25. 

17. 

17. 

20. 

34. 

40. 

43. 
32. 

35-

26. 
17. 

30. 

-35-

36. 

13. 

12. 

lS. 

24. 

37. 
17. 
23. 

48. 

43. 
I -

I 
-2. ,_i l-

Ch2:-1i cal Data 

Cd 

r.i g/l 

Cu 

rrg/i 

18. 
26. 

.04 - 14. 

.62 

27. 

24. 

20. 

27. 

1.5 · .23. 
.20 21. 

22. 

.32 . 32. 

~.o4· 12 

<.04 12 .. 

<.04 7.6 

?:1 • _-r 

.05 
~.o4 

.4J 

l¼. 

14. 
11. 
5.1 

21. 

Pb pH 

mg/1 

38. 7.6 

18. 7. 5 

27 .· -

22. 

21. 

22. 

18. 
17. 

18. 

46. 

9.8 

12 .. 

6.9 

- a -

8.8 

17. 

10. 
3. 

3.2 

22. 

10. 

CEC 
n~g/ 
l~J~ 

L~. 5 
,.... ,,. 
J.O 

2.5 

---------- -·--· ----· . ----·· --···· - -------



SITE B 8-6 L.S. = 455.83. Engineering Data Grain Size 
,._ 

No. Depth of nit Graphic \·J Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) 01 #/ ft 2 c/ r,I Cl ;,; 7, /0 lo ,, 

1 1. 0-1. 5 PEORI8 LOE~~ 0 6 71 23 
2 2.0-2.5 1 3 66 31 
3 3.0-3.5 (4-64-32) 1 1 4 62 34 
4 4.0-4.5 1 3 58 39 
5 . 4.5-5.0 
6 6.0-6.5 2 17 54 29 
7 7.0-7.5 ROX . .l\NNA SILT I 
8 7.5-8.0 ANDI 1 18 53 29 
9 8.0-8.4 BERRYiLAYI 1 21 56 23 

10 8.4-8.9 (24-47 -29) r 1 22 47 30 
11 8.9-9.4 2 26 43 31 
12 10.0-10.5 1 31 40 29 
13 10.5-11. 0 23.6 
14 11.0-11.5 1 30 39 31 
15 12.0-12.5 4 48 25 27 HAGARSTOWNI 
16 13.2-13.7 c 42-30-2a )I 
17 14.0-14.5 3 35 35 30 . 
18 14.5-15.0 --<r, - 5 34 47 19 
19 15.0-15-5 4 34 45 21 
20 16.0-16.5 / \ 6 36 · 42 22 
21 17.0-17.5 GLASFORD! I ....... - 7 40 43 17 
22 18.0-18.5 FORMATION I 1, - I 7 48 40 12 
23 19.0-19.4 iYtI\ / \ 7 38 39 23 \ / \ I 24 19.4-19.9 c 3 7--:.4 2 - 21 ) \ 

..._ 9.1 
25 20.0-20.5 ' /\ - 6 36 41 23 
26 21.0-21.5 I/-....\/ - 10 41 37 22 
27 22.0-22.5 4 33 42 25 
28 23.0-23.5 . - ./ \. - 7 31 44 25 
29 23.8-24.3 ._ // \ 4.7 
30 24.3-24.8 I \ ' -- - 4 28 41 31 
31 26.1-26.6 ,1....,..,1 ..... - 8 23 41 36 
32 27.0-27.5 I \ \I\ 3 23 43 34 
33 28.0-28.5 _,. I .._\ 3 25 4·2 33 
34 28.5-29.0 12 21 42 37 
35 29.0-29.5 BANNER{ ""'-1 5 22 46 32 / \ \ 36 30.0-30.5 FORMATio'N! / 5 23 43 34 
37 30. 9-31.4 TI~[\ ' \ -- \ .3.2 5 23 43 34 
38 32.0-32.5 ..,.- I -....... \ - 25 43 -,_~ 

(23-44-33) i :,) ; ... 
...;...I 

39 33.0-33.5 \ / --1 8 26 43 31 
40 34.1-34.6 

(oxidized)! 
,,.. ..._ '\ ' 16.7 5 24 43 33 

41 35.0-35-5 I \ / 19 22 38 ~o 
42 35.6-36.0 \ / \ / 

43 36.0-36.5 '- ..... 5 23 50 27 /\.._I \ -
44 37,0-37-5 3 24 44 32 
45 38.0-38.5 - I---/ - 4 28 41 31 
46 39,0-39-5 /\ / 3 21 47 ~? 

\ ...,1-

47 l.!Q.0-40.5 5 20 46 ... !.l 
'\ ...- \ - .) ' 

48 40. 6-41. 1 . - / ,,.. .1 
49 42.1-42.6 BEDROCK! / 11 

- 2 2 32 66 
50 42.7-43.2 - 7 25 48 27 
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C. 
-·--..----------------.,...--------------------, 

r~o. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
., I"' 
.LO 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

I 39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

DI 

1.2 
1.4 
1.3 
1.4 

1.3 

0.8 
0.7 
0.9 
o.8 
o.6 

0.9 
1.0 

1.5 
1.6 
1.6 
2.6 
1.8 
2.3 
1.8 

L5 
1.1 
1.1 
1.0 

1.3 
1.8 
2.4 
2.5 
2.3 
2.4 
2.3 
2.1 
1.7 
1.8 
1.7 
1 .. 3 

1.3 
1.4 
1.4 
1.4 
0.9 

1.6 
1. 6 

M 

OI 
/::, 

X-Ray Dat2 

l C-K 

0/ 
/ :J % 

Cal 
cts/ 
sec 

Dol 
cts/ 
sec 

45.5 37 17.5 N.b. N.D. 
64 24 12 N.D. 20 
72 16 8 N.D. 14 

85.5 9.5 5 N. D. 10 

82 10 8 N.D. N.D. 
82.5 9 8-5 N .. D .. 15 
83.5 9-5 7 15 9 
86 7.5 6.5 N.D. N.D. 
84 .. 5 7.5 8 N.D. N.D. 

83.5 9.5 7 
79-5 12 .. 5 8 

N.D. N.D. 
N.D. 20 

71.5 19.5 9 9 
35 45.5 19.5 N.D. 
30.5 49 20.5 11 
43.5 45 11.5 21 
33.5 48.5 18 29 
41.5 .46 12.5 40 
34.5 48 17.5 26 

43.5 39 17.5 29 
33 41 26 21 
46.5 33-5 20 27 
52 29 19 13 

19.5 53.5 27 41 
21 57.5 21.5 33 
24 59-5 16.5 33 
20 63.5 16.5 15 
26.5 57- 16.5 34 
23 54 .. 5 22.5 27 
25.5 58 16.5 29 
26 56 17 .5 25 
25 54 21 42 
21 57.5 21.5 36 
18 58.5 23.5 28 
28 47.5 24.5 35 

26 49 25 21 
26 50 24 19 
24.5 50.5 25 25 
27.5 49 23.5 21 
22 45 33 23 

8.5 64.5 27 N.D. 
7 65 28 10 

9 
N.D. 
31 
35 
64 
55 
30 

30 
37 
32 
18 

15 
26 
12 
15 
16 
21 
19 
10 
7r -:J 
22 
10 
10 

12 
10 
N.D. 
15 
15 

7 ..... _.) 

I': .D. 

Zn 

mg/1 

~6,ooo 

440 

24 

74 

84 

66 

56 

-143-

Cherni ca 1 Data 

Cd 

mg/1 

Cu 

mg/1 

Pb 

mg/1 

pH 

7.6 

CEC 
m2g/ 
100g 



SITE B 8-7 L.S. = 455.54 Engi nee ri ng Data Grain Size 

No. Depth of Unit Graphi c \·J Gs \' oi d Dry 
Sample Description Log Rat i o Den Gvl Sd St Cl 
(ft) Cl :11 -t 3 % % C' OI 

I~ a T lo /:) 

1 0. 5-1.0 FILL I 
2 2. 5-3.0 30.3 
3 3.0-3.5 

ROXANNA SILT! -4 3.5-4.o 
5 6.7-7.2 ANDI 
6 7. 2-7- 7 BER.RY CLAY\ 1 24 46 30 
7 1.1-8.2 
8 8.2-8.6 
9 14.6-15.1 22.2 

10 15.6-16.1 HAGARSTOWN I 
11 16.1-16.6 3 54 20 26 
12 17.0-17.5 GLASFORD I . ·---

5 41 28 31 
13 18.1-18.6 FORMATION/ \ / / \ -
14 19.0-19.5 TILL_\ / \' -- 2 30 40 30 
15 20.1-20.6 (36:.34-30)\ \ \ I I 23.6 -
16 21. 8-22. 3 ..... , 1,, 1 21 54 25 
17 23.9-24.4 15.3 - 4 26 43 31 
18 28.0-28.5 ' -- 9 26 43 29 

/ /' 19 29. 6-30.1 ~-- -
20 30.1-30 .6 J:.._;;;?:T 12.9 - 0 9 61 30 
21 32.0-32.5 BANNER I / \ ,, 17 35 42 25 
22 34. 4-34. 9 FORMATION! .,,- / -... 15.1 -
23 36.0-36.5 TILL\ - \ \ \ 4 25 42 33 
24 38.6-39.1 (29-39-32)\ /_ 16.8 -
25 40.0-40.5 /\ /I - 2 14 46 40 
26 40.6-41.1 16.8 -
27 41.6-42.1 \/ '., -
28 44.0-44.5 I\-/\ - 1 14 43 43 
29 44.6-45.0 I . \ ( . 23.7 -
30 45.1-45.6 -. . ... 
31 47.0-47.5 . . 0 55 25 20 .. :, ·/. 32 49.0-49.5 - 1 18 45 37 
33 49.6-50.1 I - ,; 23.0 -
34 51. 5-52. O 

-.._ I 
1 8 50 42 

35 54.8-55.3 22.2 - 0 18 ll4 38 
36 56.3-56.8 EiilOff! 18.5 -
37 56.8-57.3 FORM.£\TION\ 0 6 62 ~? 

...1-

38 57-3-57.8 03-49-38 )l 39 59.0-59-5 1 9 49 42 
40 63.0-63.5 2 15 53 32 
41 63.9-64.4 3 18 39 43 
42 64.4-64.9 21.2 - 2 2 55 43 
43 64.9-65.4 BEDROCK! 

-144-
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B-7 , 
X-Ray Data Chemical Data 

rlo. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

% % % sec sec mg/l mg/1 mg/l mg/1 100g 

1 - - - - - - i6~ooo - - - - -
2 - - - - - - - - - - - -
3 - - - - - - 1,200 - - - - -
4 - - - - - - 14 - - - - -
5 - - - - - - 25 - - - - -
6 - - - - - - 29 - - - - -
7 - - - - - - 36 - - - - -
8 - - - - - - 74 - - - - -
9 - - - - - - 85 - - - - -

10 - - - - - - 31 - - - - -
11 - - - - - - 65 - - - - -
12 - - - - - - - - - - - -
13. - - - - - - 36 - - - - -
14 - - - - - - - - - - - -
15 - - - - - - - - - - - -
16 - - - - - - 68 - - - - -
17 - - - - - - - - - - - -
18 - - - - - - - - - - - -
19 - - - - - - 60 - - - - -
20 - - - - - - - - - - - -
21 - - - - - - - - - - - -
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - - - - - - -
26 - - - - - - - - - - - -
27 - - - - - - 49 - - - - -
28 - - - - - - - - - - - -
29 - - - - - - - - - - - -
30 - - - - - - 63 - - - - -
31 - - - - - - - - - - - -
32 - - - - - - - - - - . - -
33 - - - - - - - - - - - -
34 - - - - - - - - - - - - -
35 - - - - - - - - - - - -
36 - - - - - - - - - - - -
37 - - - - - - - - - - - -
33 - - - - - - 27 - - - - -
39 - - - - - - - - - - - -
40 - - - - - - - - - - - -
41 - - - - - - - - - - - -
42 - - - - - - 65 - - - - -
43 - - - - - - - - - - - -

-145-



SITE B B-9 L.S. = 455.67 Engineering Data Grain Size 

No. Depth of Unit Graphic \·J Gs ' oi d Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % E./ ,..t 3 % Cl % % I, T lo 

1 1.0-1.5 1 5 67 28 PEORIA LOESS! 
2 2.0-2.5 (6-52-42)! 
3 2.5-3.0 1 3 56 41 
4 3.8-4.3 2 11 32 57 
5 4.8-5.0 - - -
6 5.0-5.5 '· 1 16 52 32 ROXANA SILT I 
7 6.2-6.5 AND 1 8 6.5-7.0 BERRY CLAYI 1 19 51 30 
9 7.2-8.2 

(25-42.:..33)1 - - -
10 8.2-8.7 - - -
11 9.0-9.5 l 40 23 37 
12 10.0-10.5 1 54 20 26 
13 11.0-11.5 HAGARSTOHN\ - - -
14 12.2-12.7 (61-16-23) I 15 13.2-13.7 1 90 2 8 
16 14.0-14.5 3 39 25 36 
17 14.5-15.0 GLASFORD\ 7 42 38 20 
18 17.0-17.5 FORMATION! 

';""-/ 
4 37 39 24 

19 19.0-19-5 TI[[\ 7 36 40 24 
20 21.0-21.5 (37-40-23)\· 

/ '" 3 34 41 25 
21 22.0-22.5 _- BANNER!_ 11' 11 , 

- 3 24 38 38 
22 25.0-25-5 FORMATION I '/ \ / 

8 30 40 30 
23 29.0-29.5 TI[[I 

\ -- / , ...... - 7 24 42 34 
24 33-0-33-5 T23--42-3s) I 3 22 45 33 
25 34.0-34.5 / \ / I - 3 14 47 39 - -26 35-0-35-5 0 7 47 46 
27 36.0-36.5 2 4 45 51 
28 37-0-37-5 BEDROCK\ 2 2 49 49 
29 38.0-38.5 (3-49-48) l 2 3 49 48 
30 40.0-40.5 1 2 52 46 
31 42.0-42.5 0 2 51 47 

-1~0-



B-9 i 
I X-Ray Data Chernic:ll Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 

C cts/ cts/ meg/ 
0/ % % sec sec mg/1 mg/1 mg/1 mg/1 100g /0 

1 - - - - - - 60 - - - - -
2 - - - - - - 36 - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 29 - - - - -
5 - - - - - - 27 - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 15 - - - - -
8 - - - - - - - - - - - -
9 - - - - - - 12 - - - - -

10 - - - - - - 11 - - - - -
11 - - - - - - - - - - - -
12 - - - - - - 21 - - - - -
13 - - - - - - 16 - - - - -
14 - - - - - - 18 - - - - -
15 - - - - - - 20 - - - - -
16 - - - - - - 40 - - - - -
17 - - - ' - - - - - - - --
18 - - - - - - - - - - - -
19 - - - - - - - - - - - -
20 - - - - - - - - - - - -
21 - - - - - - - - - - - -
22 - - - - - - - - - - - -
23 - - - - - - - - - - - -
24 - - - - - - - - - - - -
25 - - - - - - - - - - - -
26 - - ..; - - - - - - - - -
27 - - - - - - - - - - - -
28 - - - - - - - - - - - -
29 - - - - - - - - - - - -
30 - - - - - - - - - - - -
31 - - - - - - - - - - - -

.• 

-1~:!_-
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SITE B B-10 L.S. = 440.27 

No. Depth of Unit Graphic 
Sample Description Log 

(ft) 

1 0.0-0.5 
2 0.5-1.0 
3 1.0-1.5 
4 1.5-2.0 
5 4.8-5.3 
6 5-3-5.8 
7 5.8-6.3 
8 6.3-6.8 
9 6.8-7.3 

10 7-3-7.8 
11 7.8-8.3 
12 8.3-8.8 
13 8.8-9.3 
14 9-3-9.8 

FILL I 

PEDRI~\ LOESS\ 

ROXANNA SILT !,1--
ANDl 

BERRY ~CLAY\ 

15 10.6-11.1 ---- -----

Cl 
I: 

Engineering Data Grain Size 

Gs Void Dry 
Ratio Den Gvl Sd St Cl 

#/ft 3 % % % 

6 1 1 11 6 GLASFORD, / \ ' / 1 1 • - • FORMAT.ION\ / '\ /, -
17 11.6-12.1 TILLJ 

B-101 
I 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

DI M 

,:ii 

h 

X-Ray Data 

I C-K Cal 
cts/ 

% % sec 

Dol 
cts/ 
so-..... i... 

Zn 

mg/1 

l~~gg 
~20JJ 
i 7080 
f300J 

86J8 
L;Boo 
2300 
130 

41 
51 
57 
58 
rr 
OD 

280 
60 
74 

Chemical Data 

Cd· Cu Pb pH CEC 
meg/ 

mg/1 mg/1 mg/1 100g 



.. 
!.., 

SITE B B-11 L.S. = 438.79 Engineering D:1ta Grain Size 

No. Depth of 
Sample 

(ft) 

1 0.0-0.5 
2 0 -5-1.0 
3 1.0-1.5 
4 1.5-2.0 
5 2.0-2.5 
6 2.5-3-0 
7 3.0-3.5 
8 3-5-4.o 
9 4.0-4.5 

10 4 .. 5-4.7 
11 5.0-5.5 
12 5.5-6 .. 0 
13 6.0-6.5 
14 6.5-7.0 
15 7.0-7.3 
16 7-5-8.o 
17 8.0-8.5 
18 8.5-9.0 

8-11\ 

No. DI 

1 - -
2 - -
3 - -
4 - -
5 - -
6 - -
7 - -
8 - -
9 - -

10 - -
11 - -
12 - -
13 - -
14 - -
15 - -
16 - -
17 - -
18 - -

- - -

M 

% 

Unit 
Description 

FILL\ 

Graphic 
Log 

Cl ,~ 
I ~ f-: Ila -
a,b~ -

~~,. -
PS), s. -

C. A ~s, -
~~\ -
~~. 
c., g, It- -

.e,?). . e?.j = 
~t»Jd_~ -

Gs 

PEORIA LOESSl ~ ~ = 
~ . f- -

ROXANNA SILT! • ,.. • -
ANU ~ ~ -\ _,_ 

BERRY CLAY I $: = 

X-Ray Data 

I C-K Cal Dol Zn 
cts/ cts/ 

% % sec sec mg/1 

- - - - 33,000 
- - - - 28,000 
- - - - 20,000 
- - - - 27,000 
- - - - 35.,000 
- - - - 26,000 
- - - - 19.,000 
- - - - 18,000 
- - - - 19.,000 
- - - - 10,000 
- - - - 3,800 
- - - - 960 
- - - - 760 
- - - - 80 
- - - - 34 
- - - - 61 
- - - - 76 
- - - - 55 

Dry Void 
Ratio Den Gvl Sd 

=/T-,.. 3 r:' ,. l. h 

Chemical Data 

Cd Cu Pb pH 

mg/l mg/1 mg/l 

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

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

St Cl 

% 

CEC 
meg/ 
100g 

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



SITE B B-12 L.S. = 447.55 

No. Depth of 
Sample 

(ft) 

1 2.5-3.0 
2 3.0-3.5 
3 3.5-4.o 
4 4.o-4.5 
5 4.5-5.0 
6 5.0-5.5 
7 5.5-6.0 
8 6.0-6.5 
9 6.5-6.8 

10 7.5-8.0 
11 8.0-8.5 
12 8.5-8.7 
13 8.7-9.2 
14 9.2-9.5 

8-12 I 
No. DI 

1 - -
2 - -
3 - -
4 - -
5 - -
6 - -
7 ~ -
8 - -
9 - -

10 - -
. 11 - -

12 - -
13 - -
14 - -

- -

M 

% 

I 

Unit Graphic 
Description Log 

ROXANNA SILT! 
- -- - __ J 

BERRY CLAY 

X-Ray Data 

I C-K Cal Dol 
cts/ cts/ 

% % sec sec 

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

Engineering Data Grain Size 

w Gs Void Dry 
Ratio Den Gvl Sd St Cl 

% #/ft 3 % % OI 
lo % 

Chemical Data 

Zn Cd Cu Pb pH CEC 
meg/ 

mg/1 mg/1 mg/1 mg/l 100g 

2,100 - - - - .... 
3-5.00 - - - - -
1.,800 - - - - -
1:,400 - - - - -
1,100 - - - - -

960 - - - - -
1.,000 - - - - -
2.,200 - - - - -
3.,700 - - - - -
4~200 - - - - -
2.,800 - - - - -

670 - - - - -
220 - - - - -

3.,300 - - - - -



,/ 

. J 4-

SITE B B-14 L.S. = 452.07 

No. Depth of 
Sample 

(ft) 

Unit 
Description 

Graphic 
Log 

w 

% 

1 0.0-0.5 
2 2.0-2.5 
3 3.0-3.5 
4 4.5-5.0 
5 5.2-6.0 
6 7.2-7.7 
7 9.4-9.7 

FILL\ A~~41'~ _ 

PEORIA LOESS ~ ~ -
BERRY CLAY; "~ ._£ -_
(34-32-34 )! -r 

8 10.0-10.4 GLASFORD/ 
9 lO. 4-10 -8 FORM}HIONl 

10 10. 8-11. 2 TI LLJ 
ll ll. 2-ll. 7 -(32--50-:-18)\ 
12 14.2-14.7 

/ ' I -:-.~\.~. -. . . .. / -
':. ·/. '.. . -. . . . . .. . . . . 
• • • r • • • -

13 16. 2-16. 7 BANNER\ /) \ /<°"/ 
14 18.2-18.7 FORMATION! ) ~ 
15 18.7-19.2 TILil .. --;:., •• 
16 21.4-21.9 (28-40-32)\ ·\•~::;·\;· 
17 23. 9-24. 4 t-------1----~ 

B-14, 
X-Ray Data 

No. DI M I C-K Cal Dal 
cts/ cts/ 

% Cl 
l:J 

Of 
/u sec sec 

1 - - - - - -
2 - - - - - -
3 - - - - - -
4 - - - - - -
5 - - - - - -
6 - - - - - -
7 - - - - - -
8 - - - - - -
9 - - - - - -

10 - - - - - -
11 - - - - - -
12 - - - - - -
13 / - - - - - -
14 - - - - - -
15 - - - - - -
16 - - - - - -
17 - - - - - -

- -
-

Engineering Data Grain Size 

Gs 

Zn 

mg/1 

81:,000 
-

2.,400 
-
-
28 
-
80 
-
-
29 
21 
-
-
36 
36 
-

Void 
Ratio 

Dry 
Den Gvl Sd -St 

#/ft 3 % % ct 
lo 

1 25 40 
1 33 36 
4 36 · 26 
1 32 35 

3 5 82 

5 28 57 
7 36 43 

1 17 37 
3 31 42 

5 36 42 

Chemical Octa 

Cd Cu D' ,0 pH 

mg/1 mg/l mg/1 

13 4.,60J 34,000 -
- - - -
2.4 53 29 -
- - - -
- - - -
0.10 50 10 -
- - - -
0.24 33 58 -
- - - -
- - - -
0.08 18 18 -
<D.L. 14 8.6 -
- - - -
- - - -
0.05 22 ·1 .8 -
<D.L. 22 8.1 -
- - - -

Cl 

% 

35 
31 
38 
33 

13 

15 
21 

46 
27 

22 

CEC 
meg/ 
100g 

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



SITE B B-15 L.S. = 448.42 Engineering Data Grain Size 
I 

No. Depth of Unit Graphic \~ Gs Voi-d Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) Cf ~I,.. 3 % % % C' 
/:; -;-; rt h 

PEO~IA LOESSJ ~-/-
54 28 1 3.0-3.5 I,_ - - 0 18 , I - -

2 6.6-7.1 ROXANNAl -r-• ',- - - - - 1 32 27 41 ·~ . 
3 7.1-7.6 AND BERRY! ~-:r; - - - - 1 40 28 32 
4 7.6-8.1 HAGARSTOWN I --=-( • . • - - - - - -- -. . (. 
5 8.1-8.6 MEMBER\ T.4 - - - - 5 46 30 24 
6 8.6-9.1 ( 44-29-27 )l - - - - 7 45 29 26 

11.1-11.6 GLASFORD\ . . .. . . 
7 50 33 17 7 . . . . ' - - - -

8 12.8-13.5 FORMATION! 
.(J\1~ - - - - 4 35 38 27 

9 13-5-14.0 TILL! - - - - 5 33 42 25 
10 14.5-15.0 (39-3s-:23 )I . . . . .. - - - -. . . . . - - - -
11 17.5-18.0· BANNER TILU I~\.( - - - - 11 25 41 34 
12 22.5-23.0 (29-39-32 )i. - - - - 5 33 37 30 

B-15 I X-Ray Data Chemical Data 

rfo. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ rr.e g/ 

% % tY 
lo sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - l:,200 2.5 23 29 - -
2 - - - - - - - - - - - -
3 - - - - - - - - - - - -
4 - - - - - - 37 0.40 22 9.2 - -
5 - - - - - - - - - - - -
6 - - - - - - - - - - - -
7 - - - - - - 22 0.08 14 6.8 - -
8 - - - - - - - - - - - -
9 - - - - - - - - - - - -· -

10 - - .- - - - 24 0.19 16 7.6 - -
11 - - - - - - 45 1.9 23 8.4 - -
12 - - - - - - 51 0.21 19 11 - --

- . 



SITE B B-16 L.S. = 446.30 Engineering Data Grain Size 

No. Depth of Unit. Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) 0/ :l:/.Ct3 % % % % /() " I 

PEORIA LOESS\ 
1 0.0-0.5 1 27 49 24 
2 2.0-2.5 BERRY! CLAY\ 1 31 45 24 
3 3.0-3.7 -T 5 42 31 27 (37-38-25)! 
4 3.7-4.3 . I -
5 5.5-6.0 HA GARS TOW Ni 3 61 14 25 
6 6.7-7-5 GLASFORD! ~ 38 36 26 
7 8.0-8.5 _EQBM8IJON I 5 41 37 22 
8 11.5-12.0 TILL [- - 7 40 35 25 
9 12.0-12.5 ( 40-36-24 )i 15 22 25 53 

10 16.0-16.5 BANNER\ I I ········/ 11 18.0-18.5· FORMATION\ 
12 20.5-21.0 TILLl ,/ I' - 6 33 38 29 - \ -13 21.5-22.0 (28-34-38 )I //' / 14 24.5-25.0 ·- I \ \ 8 30 39 31 

f:;-- }G 

B-16 
I X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

C-1 
/:) % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - - - - - - -
2 - - - - - - 66 0.08 20 18 - -
3 - - - - - - - - - - - -
4 - - 29 0.05 15 8.8 - - -- - - -
5 - - - - - - 32 0.05 13 7.7 - -
6 - - - - - - - - - - - -
7 - - - - - - 29 < D.L. 15 8.8 - -
8 - - - - - - - - - - - -
9 58 < D.L 25 13 -

- - - - - - - -
10 - - - - - - 51 0.21 20 9.4 - -
11 - - - - - - 27 0.08 16 7.2 - -
12 - - - - - - - - - - - -
13 - - - - - - 46 0.18 24 9-7 - -
14 - - - - - - - - - - - ....:. 

- -



SITE B B-17 L.S. = 444.77 Engineering Data Grain Si ze 
. ~ 

No. Dep th of Unit Graphic \•J Gs Vo i d Dry 
Sample Description Log Rat i o Den Gvl Sd St Cl 

(ft) % #/ ft 3 % Cf 0/ C ' 
flj rw /: 

1 1.0-1.5 PE~RIA LOES~\ 4 20 49 31 
2 2.0-2.5 
J 3.0-3.7 5 24 50 26 

ROXANNA s IL Tl 4 3.7-4 .. 3 
5 5-5-6 .. 0 
6 6.0-6.7 BERRY CLAY I 2 18 50 32 
7 8.1-8.8 9 41 35 24 
8 10.0-10.5 H.L\GARSTOWN 
9 10.5-11.0 GLAS.FORD I _,,,, I - 1 19 37 44 

10 13.5-14.o FORMATION) / I ,-
11 16.0-16.5 TILL I 't I' - 3 29 39 32 
12 17-5-18.0 ' / 

c2s-41-:34) I - ,- -
13 19.0-19.5 r .. I I 4 28 46 26 
14 19-5-20.0 BANNER\ "/ _,: '- l 2 20 55 25 
15 20.0-20.5 FO-RMATI ON ! 1' ~ ~ - _4 27 53 20 l 1 16 21.5-22.0 TILL! ,I ....... ,/ 4 25 43 32 
17 23.5-24.o (24-48-28) I 5 24 42 34 

V 

B-17 ! 

' X-Ray Data Chemical Data 

No. · DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ m29/ 

Cf ::1 4' sec sec mg/1 mg/1 mg/1 mg/1 100g ,;; /:J ::J 

-
1 - - - - - - - - - - - -
2 - - - - - - 550 0.08 1 ,-

-? 13 - -
3 - - - - - - - - - - - -
4 - - - - - - 33 0.08 15 12 - -
5- - - - - - - 580 <D.L 46 65 - -
6 - - - - - - - - - - - -
7 - - - - - - - - - - - -
8 - - - - - - 21 0.08 9.2 5.0 - -
9 - - - - - - - - - - - -

10 - - - - - - 46 0.08 18 8.7 - -
11 - - - - - - - - - - - -
12 - - - - - - 48 0.23 19 7.0 - -
13 - - - - - - - ·- - - - -
14 - - - - - - - - - - - -
15 - - - - - - - - - - - -
16 - - - - - - - - - - - -
17 - - - - - - 45 0.05 18 7-9 - -

, 

- . -



SITE B BCrl-1 L.S. = 452 Enginee;-ing Data Grain Si ze 

f.Jo. Dep th of Unit Graphic 1,,J Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % = I .i:t 3 OI ot OI % " I /J /:, h 

1 1.0-1.5 0 4 80 7r _Q 

2 2.0-2.5 P~ORIA LOESS\ - 0 2 67 31 
3 3.0-3.5 0 2 68 30 . (3-_65-32 )\ 
4 4.0-4.5 1 1 53 46 
5 4.8-5.3 1 5 58 37 
6 5.5-6.0 1 5 63 32 
7 6.5-7.0 ROXANNA SIL Tl 0 14 58 28 
8 7.5-8.0 ·-ns-ss-2i)\ .. 1 14 58 28 
9 8.5-9~0 1 16 58 26 

10 9.0-9.5 
BERRY CLAY\_ 

0 11 58 31 
11 10. 0-10. 5. 2 30 43 27 
12 11.2-11. 7 ( 25..:4~~33)! 1 28 37 35 
13 12.0-12.5 1 31 30 39 
14 13.0-13.5 2 36 40 24 
15 13-5-14.0 3 41 31 28 
16 14.0-14.5 HAGARSTOWNi 2 18 49 33 
17 15.0-15.5 MEMBER ! 2 86 3 11 
18 15.5-16.0 --- - 0 6 37 57 
19 16.0-16.5 --- 0 8 52 Bo --- -
20 18.0-18.5 o I c lo...., 14 34 39 27 
21 20.0-20.5 ...... / \ /; 4 32 42 26 
22 21. 3-21.8 GLASFORQj \ ...._ / ,1 - 6 35 39 26 
23 22.0-22.5 FORMATION / / \ / ~ 5 37 28 25 - ~ 24 23.0-23.5 TILL ! '/I' / l - 4 38 37 25 
25 24.0-24.5 ( 34-39~27 )\ ._ I •. ...l l 8 30 40 . 30 
26 24.9-25.4 . , , 5 33 39 28 
27 26.0-26.5 j/, (' '-/; - 4 34 39 27 
28 21.0-27.5 : ' I I 8 35 35 30 - - · 29 28.0-28.5 J-/ I 6 30 40 30 
30 30.0-30.5 

LI~RL~_ CLAY I ~~~ 
- 1 22 36 42 

31 31.0-31.5 2 30 34 36 
32 31.5-32.0 ( 31-32-37 )I 4 48 16 36 -i:-- - 43 34 33 32.5-33.0 - - 0 23 
34 33.0-33.5 \ / / \ - 7 53 30 17 
35 34.0-34.5 / \' -- 6 35 41 24 
36 35.0-35-5 \ \ I I · 11 35 41 24 
37 36.0-36.5 I 

5 41 38 .__,,I '- 21 
38 37-0-37-5 I, l 5 Li? 40 17 •..) 

39 38.0-38.5 BANNERi / -- . 20 31 45 24 
40 39-5-40.0 FORt-1.ATION ! • \ • /. ·\. ! 18 42 36 22 . . . . 
41 40. 5-41. O TILL/ 

. ·. . . . 10 68 15 17 . .. . 
42 41. 5-42. O 

. . . . . · 
(38-41-21 )l 5 42 39 19 

43 42.5-43.0 , 1 \ / - 5 35 45 20 
44 43.0-43.5 

~I\. 10 - 5 33 41 26 
45 44.0-44.5 5 41 39 20 
l.J,,.. 45.0-45.5 1 61 24 15 .b .. . . -. . . . 
47 ~6.0-46.5 . . . . . 1 66 -8 26 
48 47.0-47.5 

. . . . . 2 75 14 11 . . . . . 
49 48.0-48.5 - . 

. . . • • 0 • - 44 24 68 8 
50 48.5-49.0 

.. . . ~ . 
94 ·1 . . 0 5 ,. ·~ _. _. -· ·~ 

;;7 50.0-50.5 i.., • ev•-~-· - Ll9 39 32 29 ........... 

3ED ROCt~. J~/// I 1i 
i 
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\ · 

SITE B B-3 L.S. = 449.93 Er:; i ; ee, i ,.. ; 02. t-~ Gr2.in Siz~ 

ifo. Depth of Unit Graphic ,,, Gs '.'o d Dry rl 
F Sample Description Log P,5. t o Gen Gvl Sd St C1 \ , 
-( 

(ft) =/.,=t3 Cl c;__ % ,: ,., 
/; , , I 1J h ;J 

1 2.4-2.9 
2 2.9-3.4 1 6 69 25 
3 3-9-4.4 0 20 60 20 
4 5.0-5.5 L~ 24 48 23 
5 6.0-6.5 1 16 Lt8 

....,,. 
JJ 

6 7.4-7.9 
7 7.9-8.4 

BERRY CLP.YI 1 45 25 30 s· 8.4-8.9 .49 112 - -
9 9-9-10.4 (4~-26-27) 1 48 27 25 

10 10.4-10.9 
11 10 .. 9-11. 4 1 49 27 24 
12 11. 6-12.1 HAGARSTOWNI - -
13 12.1-12.6 ( 47-34-19 }l 15 ·47 34 19 -
14 13.0-13.5 ,\ I "'\ / - 7 50 33 17. 
15 14 .. 0-14.5 GLASFORD\ ....._ 

5 40 46 14 
16 14.5-15.1 FORMATION I / \ / \ - -
17 15.1-15.6 -TILL\ ·/ \ I - 14 . 47 37 16 
18 17.1-17.6 c 42-3s-20) I ', ......... . - 8 36 38 26 I,./\ 19 18.1-18.6 \ -....... I _..,- 7· 37 38 25 
20 19.1-19.5 7 43 35 22 
21 20.1-20.6 ,-- \' - 5 27 47 26 

·(r 22 22.0-22.5 /\/ - . - 3 25 41 34 
23 22.9-23.0 BAN~~R\ l/- - 25 38 38 24 ( 24 24.2-24.7 - ........ 3 29 39 32 FOPJ~ATIONI \-. I.,-25 25.0-25.5 ftUJ \I\ \ I 

- 4 32 40 28 
26 26.1-26.6 

·c 3f-4"f ~2a )! :.... 8 35 38 27 
27 26,9-27.4 '✓,, - 5 37 40 23 
28 29.2-29.6 (_oxfdi~ed) I ~-,\I - 11 25 48 27 
29 31.0-31.5 , > . - - 18 34 -42 24 
30 31.7-32.1 / \ \ 
31 32 .. 1-32. 6 (unoxidized)\ \/_ - -2 24 43 33 
32 33-1-33.6 /\ /I 6 2l 43 36 
33 34.1-34.3 ·, 

\/ - -
34 35.0-35-5 

,.,, 
3 21 47 32 

(21-45 .:.34 )\ --· 35 36.0-36.5 I\ / \ 2 23 44 ·33 
36 37.0-37-5 \ / 2 19 47 34 
37 37-7-38.l I - , ; ., :, 38.1-33.6 -.... I "' ,...? •, ~ -.)J 

\ '\ / 
.) ~_; -i-J .... .., 

39 39.1-39.6 1 5 18 46 3 40 40.0-40.5 - _,, I \ 2 21 45 3 
BEDROCK! 



SITED D-2 L.S. = 478.92 

No. Depth of Uni t 
Samp le Descrip ti on 

(ft) 

1 0.0-2.0 
2 2 .. 6-3.3 
3 4.5-5.0 
4 7.0-8.0 
5 8.5-9.0 
6 10.5-11.0 
7 12.5-13.0 
8 14.0-16.0 
9 17.5-19.5 

10 20.0-22.0 
11 22.0-23.5 
12 24.0-26.0 

FILL I 

HENRY! 
FORMATION I 

Graphi c 
Log 

-~~ -l. ~ .. I •• . . . . . . . . . . . . . -...... 
• • e • u • • . . .. 

% 

·--.. . . . ... -.-.-.-. . .o-o:- -
• D • o. o•. • !' -

En gi nee ring Dei ta Grain Size 

Gs \'oi d Dry 
Rati o Den Gvl Sd St Cl 

#/ft 3 % % % 



D-2 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg / 

% % % sec sec mg/1 rng/1 mg/1 mg/1 100g 

1 - - - - - - 1r1 0 113. 3700. 15.,000. b4.,0 0. - -2 -: - - - - - t20.,ooo. 35. 4200. 16.,000. - -
3 - - - - - - 3.,600. 34. 17. 76. - -
4 - - - - - - 1.,200. 8.5 11. <4 - -
5 - - - - - - 1.,800. 7.8 29. <4 .... -
6 - - - - - - 1.,700. 4.9 21. <4 - -
7 - - - - - - tl.3.,000. 14. 19. <4 - -8 - - - . - - - 1.,300. 2.9 25. 67 - -
9 - - - - - - . 55. <.6 20 • <4 - -

10 - - - - - - 590. <.6 16. 45,. - -
11 - - - - - - 71. <.6 7.7 <4 - -
12 - - - - - - 93. < .. 6 9.4 <4 - -

. . 

, 

0 
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SITE D 0-3 L.S. = 469.58 Engineering Data Grain Size ' 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) OI 
7:i #/ft 3 % % % 01 

7., 

1 0.0-0.8 FILL: ~ ~«& - - - - - - - -
2 2.0-2.8 

I ~ '~l>~tt - - - - - - - -
4.5-5.0 ' -f-3 f---4 - - - - - - - -

4 6.5-7-0 · .. ~t - - - - - - - -
5 8.5-9.0 .o • "· • - - - - - - - -
6 10.5-11.0 HENRY\ - - - - - - - --- -
7 12. 5-13.0 FORMATION/ · · - -~, - - - - - - - -
8 13. 5-14 .o - -· . - - - - - - - -- --9 15.5-16.0 - :r- - - - - - - - -

10 17.0-18.8 
. . ,, 

• p • • • - - - - - - - -o • • • o '• 
11 19. 0-20. 2 · 'o• .o.;o. - - - - - - - -. . 
12 21. 0-22.6 • • •o • • • o. - - - - - - - -

' 

I 

I 
i 
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D-3 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

OI 
lo % % sec sec mg/1 mg/1 mg/1 mg/1 100g 

1 - - - - - - 50.,000. 54. 5.,300.20.,000. - -
2 - - - - - - 1.2.,000. 23. 2.,700.24,ooo. - -
3 - - - - - - 3,100. 16. 14. 24. - -
4 - - - - - - 3.,500. 19. 17. 90. - -
5 - - - - - - 3,600. 16. 11. 21. - -
6 - - - - - - 2,300. 3.7 17. 68. - -
7 - - - - - - 1,600. .86 22. 27. - -
8 - - - - - - 2.,700. 2.4 23. 21. - -
9 - - - - - - 1.,600. 2.1 22. 38. - -

10 - - - - - - 640. . 76 9. 42 . - -
11 - - - - - - 700. <.6 8.4 17. - -
12 - - - - - - 290. <.6 6.8 <4. - -

-197-



SITE D 0-5 L.S. = 473.56 Engineering Data Grain Size 

No. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 % % % ct 
h 

1 2.0-2.5 FILL \ f tJ,. ti, 0 ...,(I ~ 
t,:;11 fj ;.> - - - - - - - -

2 5-5-6.o GRAYSLAKE! 'J/ '-JI - - - - - - - -
3 7-5-7-9 PEAT\ -- - - - - - - -- - -
4 11.5-11.9 HENRY I . . . •__,S!_ 

" • 0 • . . - - - - - - - -
5 13.5-14.o FORM,l\TION! -.• • 9.--;--;- - - - -- - - -

. 
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-
L,-5 

X-Ray Data Chemical Data 

No. DI f,j I C-~~ Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

01 % Cl sec sec mg/1 mg/l mg/1 mg/l 100g /o h 

1 - - - - - - 11~000. 43. 660. 1000. - -
2 - - - - - - 120. <.6 19. <4. - -
3_ - - - - - - 82. <.6 18. 21. - -
4 - - - - - - 200. 1.1 14. 8.3 - -
5 - - - - - - 180 . . 22 · 24. 34. - -

-201-



SITE D 0-7 L.S. = 467.29 Engineering 02.:a Grain Size 

fJo. Depth of Unit Graphic w Gs Void Dry 
Sample Description Log Rati o De n Gvl Sd St Cl 

(ft) % #/ ft 3 % % % % 

" 
1 0.5-1.0 ~'ff~s,~ - - - - - - - -
2 4.5-5.0 FILL tb 6-1) ,· ~ -» - - - - - - - -
3 6.5-7.0 ~ C?' ~ - - - - - - - -
4 12.5-13.0 1,~;~\~ - - - - - - - -
5 14.5-15.0 - - - - - - - -
6 18.5-19.0 \Y - - - - - - - -
7 20.5-21.0 GRAYSL~KE\ -.....v w - - - - - - - -
8 22.5-23.0 PEATJ - - - - - - - -
9 24.5-25.0 _'¥ '¥ - - - - - - - -

10 26.5-27.0 --- - - - - - - - -
HENRY FM.I . . . .. " . 11 28.5-29.0 · • • 0 I) • • - - - - - - - -

I 
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0-7 
X-Ray Data Chemical Data 

No. DI M I C-K Cal Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ meg/ 

C' % 0/ sec sec mg/1 mg/1 mg/1 mg/l 100g lo ,~ 

l· - - - - - - 32.,000. <.6 720. 3.,300. - -
2 - - - - - - 24.,ooo. 120~ 560. 1.,200. :... -
3 - - - - - - 18.,000. 71. 700. 2.,600. - -
4 - - - - - - 21.,000. 120. 170. 960. - -
5 - - - - - - B9.,000. 300. 220. 1.,200. - -
6 - - - - - - 24 .. 2.2 .92 9.0 - -
7 - - - - - - 9.1 <.6 .20 <4. - -
8 - - - - - - 24. <.6 1.9 <4. - -
9 - - - - - - 56. <.6 8.8 16. - -

10 - - - - - - 2,900. <.6 19. 74. - -
11 - - - - - - · - <.6 18 .. <4. - -

. ' 

. 
·-
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.. ~ .. 

SITE.D. D..-1 L.S. = 490.98 
~ ( . 

ifo. Depth of Unit 
Sample Description 

(ft) 

1 0.5-1.0 
2 2.8-3.5 
3 4.o-4.5 
4 6.0-6.5 
5 7.5-8.0 
6 9.5-10.0 
7 11. 7-12. 3 
8 13.5-14.o 
9 15.7-16.3 

10 18.5-19.0 
11 20. 5-21. 0 · 
12 22.5-23.0 
13 24.0-2~-5 
14 26.5-27.0 
15 28.6-29.3 
16 30.5-31.0 
17 32.0-34.0 
18 34.0-36.0 
19 36.0-38.0 

FILL/ 

HENRYj 
FORMATION! 

Graphic 
Log 

\·I 

,, 
/J 

11--- -
--- ---1 
-- ---- -~;; ·o... • • -
• • · o •0•• -. " . . .-- . . . . -.... -• . . . ., . . -. . . .. .. . . . . . •--· -. . . . . . . . . . . -. . ... . . . . -. . . .~ 
-,,- ___._ ----- -~·----.. . . . . . . -·-:. . . . . -. . . . . -. . .. 

• "'. _°o• -

-- 2 3 .J-

Grain Size 

Gs Void Dry 
Ratio Den Gvl Sd St Cl 

.;;/.c ... 3 cf 
;; I l, n C' 

/J i, 



-- - ~ 

0-1 ,..,. . - X•- R:iy Date. Ch2;-;:i c2 l 02:ta 

No;. DI l . 1 I C-f( Cal DJl Zn Cd Cu Pb ol-i c~c 1'1 
I,, 

rt cts/ cts/ tieg/ Cl Cl ½ sec sec r;-;g / l r·~;1 rr:g/l fi1g/1 iOOg h h i,'~ • 

1 3.,J):J. Hl1 3.,200 37.,0JQ -'..J,. 
2 l.,50J. 13. 17. 24. -
3 5.,000. 51. 11. 26. -
4 2.,000. 

,..,, 18. 33. -1-· 
5 7.,100. 33. 18. 12. -
6 3.,70·J. 10 .. 11. 14. -
7 5.,000. 1.9 11. 3.9 
8 6.,000. <.6 · 10. 6.3 
9 360. <.6 16. .52 .. 

10 43. <.6 11. -4. 9 
11 57. <.6 16. 7. 7. 
12 -: 22. <.6 7 .. 3 <4 
13. 13. <.6 5 .. 2 11 
14 17. <.6 6. <4. 
15 46 . . 72 17 .. 17. -
16 49 .. 1..5 20 .. 9 .. 
17 - 37:.. 1..1 14. 15. · -
18 - 45 . . 36 9.4 28 
19 .37. .9 9.3 17. -



. --.,; 
I 1,,.-

~64.82 SITE D D-4" L.S. = Engireering 03t -::. Grein Size 

No. Depth of Unit Graphic \,! Gs 'lo d Dry 
Sample Des c r i pt i on. Log Rat 0 Den Gvl Sd St Cl 

(ft) 5~ #/ft 3 ¾ 
,., t:/ C' ;1:, /) /:, 

~ ... t, ? 
1 0.0-2.0 FILL/ 

"l)f. oi."-) 74 ti - - - - - - - -5~ A.,0-. 
2 2.0-3.0 () . 'ti - - - - - - - -
3 1!. 6-5. 3 (µ' .;r/31 - - - - - - - -
4 6.5-7.0 ~;i - - - - - - - -
5 8.6-9.3 GRAYSLAKE I ...y ~ - - - - - - - -
6 10.6-11.3 . PEA,.-·\ \JI. ""-l/ - - - - - - - -
7 12.6-13.3 ~ · .. ,·:. - - - - - - - -
8 14.5-15.0 '-:-, ,- - - - - - - - -

16.5-17.0 HENRY FM.I . \ ..... 
9 - ·-- - - - - - - - -

. -

._;, 

: 

I 
I 
I 
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.--~:-. r 
-.c·.• r 

.. 
.. -· - ,. 

0-4, 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

or t-l 

<'/ n 

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

-

X-R2y D~t2 

I C-~( Cal 
cts/ 

., t i sec ~, 
h . ) 

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

' • 

I C' . l n2:: :l C2. O~t:1 

DJl Zn Cd Cu Pb pU CtC ;1 

cts/ meg/ s l),- ,..,a; l rg/1 r:9/l mg/1 10:Jg -'-' 1.1.., 

- 29 ,OJ,J . . 82. 3.,500. LJ40. 6.75 -
....:. Q_S .,OJ:J. 85. 2.,2:J0.68DJ, 6.50 -
- 7.,70J.14oo. 2>400.16000. 6.25 -- 1.,6~0. 22. 50. 150 .. 5.-45 -- 49. <.6 1.1 11. 7 .-52 -- 34., <.6 2.8 8.2 7 .-45 .... 
- 46. <.6 11. 9.6 6.75 -- 33. <.6 11.- 5.5 T.20 -- - <.6 13. <.4 ·7 ~57 -

.. 

: 

. . 
·-

,,. 
-c:3 o-



,-,,. 

;\(.'.'·• ~-. 
' . 

f(: __ •• _._ 
!/:·/•' 
f~ : .:. · .. ·. . . 

,·· -
. ~ . 

' . 

r 

SITED D-6 L.S. = 456.29 , 

No. Depth of Unit 
Sample Description 

(ft) 

1 0.5--1.0 
2 2.5-3-0 
3 L!. 5-5. 0 
4 6.5-7.0 
5 8.5-9.0 
6 10.5-11.0 
7 12.5-13.0 
8 14.5-15.0 
9 16.5-17.0 

GRAYSLAKE\ 
PEAT I 

I 

Graphic 
Log 

----Y '1/ 
w 

..j/ -.JI' 
\V 

w w 
\V 

'-Y ~ 
\V 

....v ...,y 

\ I ,·, 

C 
/: 

--- -
10 18. 5-19 ~ 0 i--------+---:-:=-~-:::~ 
11 20.0-22.0 . HENRY\ -D·-.·-. ~-:-'-~ -
12 22.0-24.o FORMATION/ · ." "" ·~. ~o _ 

- 237-

R2.t e De n Gvl 

=/ft 3 
;~ 

Grain Size 

Sd 
Cf 
/; 

St 
,:/ 
/; 

Cl 

--- ..... -------------~------------------------------



0-6 ' 
X-Ray Data l 

I C ;-; ~ ;-· 1 C 3 l D::ta 

No. DI M I C-K Cal Dol Zn r· , Cu Pb pH r- :- r-,_,'J ,._,c_ \., 

cts/ cts/ ii:~g/ 
Cl OI ct sec sec mg/1 r:g / 1 , 1/l mg/1 10 1:g /J h /) 

1 - - - - - - '.26:JG. 27. 90. 250. - -
2 - - - - - - llOO . . 11. 9.5 56. - -. 

3 - - - - - - 1200. 16. 28 .. 92. - -
4 - - - - - - 6. 1.G .. 56 <4. ... -
5 - - - - - - 110. l.Cl 2.2 7.3 .... -
6 - - - - - - 62. <.6 7.6 12 .. .... -
7 - - - - - - 87. <.6 19. 16. -- -
8 - - - - - - 14. <.6 L.2 3.9 - -
9 - - - - - - 18. <.6 3.5 11.. .... -

10 - - - - - - 64. <.6 18. 6~7 - -
11 - - - - - - 150. <.6 16. 20. ...... ... 
12 ....., - - - - - 30-•. .<.6 8.6 _4. - -

-· 

-

. .. 

-2 3 f.,_ 



SITE C Vi-1 L.S. = 627.78 Engineering Data Grain Size 

iJo. Depth of Unit Graphic 1~ Gs Void . Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 
(ft) C' #/ft 3 % % % /. ,~ 

P_EO~IA LOESSI ~~ 1 o. 8-1. 0 - - - - 2 14 r? 24 (19-59-22 )\ o_ 
2 2.0-2.2 ' \ - - - - 5 23 56 21 
3 3.0-3.2 BERRY CLAY\ i$ - - - - 5 25 50 25 
4 4.0-4.2 - - - - 6 27 48 25 
5 5.0-5.2 ( 2s-49-26 )l - - - - 4 25 48 27 
6 6.0-6.2 --· ~ - - - - 6 23 51 26 
7 7.0-1.2 BEDROCK\ V/;1/ - - - - 15 60 22 18 
8 8. 0-8. 2 ( 47--3}~i2)\ - - - - 3 35 37 28 
9 8. 3-8.5 - - - - 6 47 34 19 

.. 

-172-



B-3/ X-R.::y D2td I Cr.e:-:1i c.: l D:.ta 

No. DI M I C-K Cal 081 Zn Cd Cu Pb p'' ccr i7 L. V 

cts/ cts/ r.~~g/ C'I CJ O' 

r.g/ 1 ~: g/ 1 /:, /::, 7J sec sec :·,2/ i mg/l lC~;1 

1 - - - - - - 2:J - - - - -
2 - - - - - - 2SJ - - - - -
3 - - - - - - L >J - - - - -
4 1.19 77-5 111.5 8 N.D. N.D. t::') 

.,I- - - - - -
5 1.11 85.5 9 5-5 N.D. 15 -,·. 

.)-: - - - - -
6 - - - - - - 170 - - - - -
7 1.15 93.5 4 2.5 N .D. N.D. 22 - - - 7.0 8.4 
8 - - - - - - - - - - - -
9 1.30 93 4.5 2.5 li 111 26 - - - 6.9 7.7 

10 - - - - - - 40 - - - - -
11 1.22 93 4.5 2.5 10 ·n 28 - - - - -
12 - - - - - - 29 - - - - -
13 1.88 70 22 8 N.D. 26 - - - - - -
14 1.45 24 52 24 N.D. 38 38. - - - - -
15 1.58 24 53.5 22.5 8 33 - - - - - -: 
16 - - - - - - 19 - - - - -
17 1.55 25.5 52 22.5 15 25 - - - - - -
18 1.25 37 41 22 23 21 34 - - - - -
19 1.45 40 41 19 16 21 - - - - - -
20 1.57 38 43.5 18.5 18 25 - - - - - -
21 1.35 18 55 27 28 10 60 - - - - -

( 
'( 

22 1.75 18.5 59 22.5 30 14 - - - - - -
23 .67 10 45 45 14 13 56 - - ...: - -
24 3 .. 2 25 62 13 28 15 52 - - - - -
25 4.1 22 67 11 30 20 - - - . - - -
26 2.9 22.5 63 14.5 38 13 - - - - - -
27 2.5 18 65.5 17.5 37 30 44 - - - - -
28 1.8 17 60.5 22.5 21 16 44 - - - - ·-
29 2.1 7 71 22 40 5 - - - - - -
30 - - ·- - - - 56 - - - - -
31 1.1 16.5 52 31.5 40 12 - - .;... - - -
32 .92 17.5 48 34.-5 19 13 - - - - - -
33 160 > - - - - - - - - - - -
34 .94 19 47 33.5 24 N.D. - - - - - -
35 LO 14 52 34 15 N.D. - - - - - -
36 .85 12 49.5 38.5 19 10 - - - - - -
37 - - - - - - 52 - - - - -
33 .96 12.5 51.5 36 35 10 - - - - - -
39 . 84 16 43 37 27 18 - - - - - -
40 .85 11.5 50 39 21 16 - - - - - -

-1 '/ 3-



SITE C M-2 L.S. = 615.30 Engineering Data Grain Size 

r~o. Depth of Unit Graphic i·J Gs Void Dry 
Sample Description Log Ratio Den Gvl Sd St Cl 

(ft) % =:/.rt 3 % % GI CJ 
II I /.J /0 

1 1.3-1.5 P~ORIA ~OESS\ _ 0 5 56 39 
2 2.3-2.5 (5-5~-40)1 0 4 48 48 
3 3-5-3-7 0 5 61 34 
4 4.8-5.0 ROXANNA SILTi 0 19 36 45 
5 5-5-5-7 ANDI 0 12 51 37 
6 6.3-6.5 BERRY CLAYI 0 19 44 37 

7.8-8.0 (~7-4}~~-o)! 1 19 42 39 7 
8 8. 8-9. o 1 29 34 37 
9 10.5-10.7 GLASFORD I 1 26 32 42 

10 11.3-11.5 FORMATION I 4 29 35 36 
11 12.0-12.2 Ili.kl --- 0 36 29 35 
12 13.0-13.2 ( 34-3~-33 )I 4 43 32 25 
13 13.8-14.o 4 26 46 28 
14 14.4-14.6 - 4 47 28 25 ,, . 
15 15.5-15.8 BEDROCKI 0 7 61 32 
16 16.5-16.8 (7-63-30) I -·---- 1 7 65 28 

-174-
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SITE B 8-5 L.S. = 447.ss: 

tlo. Depth of Unit 
Sample Description 

(ft) 

1 0-0.5 
2. 0.5-1.0 
3 1.0-1.5 
4 2.0-2.5 
5 2.5-3.0 
6 3.0-3 .. 5 
7 3. 5-4.o· 
8. 4.0-4 .. 5 
9 4.5-5 .. 0 

10 5 .. 0-5.5 
11 5.5-5 .. 6 
12 6.0-6.5 
13 6.5-7.0 
14 7.0-7.5 
15 . 7 .. 5-8.0 
16 8.0-8.5 
17 8.5-9.0 
18 9 .. 0-9.4 
19 9-5-10.0 
20 . 10.0-10.5 

BERRv° CLAY\ 
c 3 s-3a-21 )I 

Graphic 
Log 

21. 10. 6-11.. 1 .,.__ ___ --l;--t-~---=-"r----1 

22 11.. 1-11. 6 . HAGARSTOWN°\ 
23 11. 6-11. 8 1-------..------r---; 

I.! 
II 

r/ 

/? 

24 11. 8-12 .. 3 _G_LEi$.EQFo· 1
1 

. ~, 

1
, '- -

25 12.3-12.8 FORMATION , 
26 13.5-14 .. o · · trqJ / I I,, 
27 14.1-14.6 -· ---- / ' ' / / 
28 14. 6-15 .1 ..,__.(

3
_
7
_-:_~

9
_:_

24
_. }_t=.":::.\.~~-· _,_,,---t 

29 16.1-16.6 
30 _16 .. 6-17.1 
31 17.1-17.6 
32 17.6-18 .. 1 
33 18.1-18.6 
34 18.6-19.1 
35 19.1-19.6 
36 20.3-20.8 
37 20. 8-21. 3 
3-3 21. 3-21. 8 
39 21. 8-22. 3 
40 22. L(-22 .9 
41 2 2 . 9-2 3 . l[ 
lf2 23.4-23.9 
43 23. 9-2ll. 4 
44 24.5-2:5."0 
L[5 25.0-25.5 
46 2s.s-26.o 
47 26.0-26.3 
1-;8 26.3-26.8 
L;9 26. 8-27. 3 
::; _• 27 . > 27. ~ 

GLASFORD\ 
FORMATION\ 

. TILL! 
(31-40-29)[ 

F r,· n i r ~ ~ r ' r' r; n 3 ~ :i - I:; . - - J I~ u L.U 

Gs Void Dry 

Grain Size 

Ratio Den Gvl Sd St 

-.. -

:... 

-. 

ct 
/:, 

0 3 79 
O 5 77 
0 2 76 
1 · 12 70 
1 12 66 
J. 10 65 
1 12 59 
2 12 64 
1 . 15 60 
2 23 48 
1 · 27 43 

13 . : 53 26 

2 13 61 
7 . 46 28 
3 40 32 

11 32 38_ 
)-3 55 23 

7 40 38 
11 35 39 

2· ·17 36 
- -
3 24 -36 

29 ·48 2s 
5 31 "39 
5 29 41 
4 32 · · 42 

5 . 32 42 

5 
L~ 

4 

12 

7 

33 
25 

38 

33 
50 

37 

35 

Cl 
0/ ,:, 

18 
18 
22 
18 
22 
25 
29 
24 
25 

· 29 
30 
21 

26 
26 
28 
30 
22 

22 
26 

47 

40 

24 
30 
30 
r,/'" ~o 

26 

29 
25 

24 

22 

')7 -- ' 
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B-51 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 · 
32 
33 
34 
35 
36 
37 
38 
39 
40 
L~l 
42 
43 
44 
L;5 
46 

DI M 

% 

I C-K 

;:, 
C/ 
/J 

Cal 
cts/ 
sec 

Dol 
cts/ 
sec 

1.3 - - - - -
1.5 - - - - -
1.4 61.5 36.5 12 N.D. N.D. 
l.3 67 22 11 N.D. ·N.D. 
1.35-80 13.5 6.5 N.D. 15 
1.6 75 17.5 7-5 N.D. N.D. 

l.3 63 24 
1.16 83 11 
1.27 86.5 9 
l.5 81 13 
l.3 79 14 -

13 N .D. N.D. 
6 N.D. N.D. 
4.5 N.D. N.D. 
6 N.D. N.D. 
7 N.D. N.D. 

2.1 39 
2.7 41 

46.5 14.5 25 
37 12 19 

31 
29 

1.7 37 

1.97 21 

45 18 N.D. N.D. 

59 20 N.D. N.D. 

2.1 18 
2.8 23 
3.5 26 

3.2 28 

3.6 28 
2.76 34 

62 20 
62 15 
62 12 

22 
31 
50 
36 

59.5 12.5 50 

60.5 11.5 40 
53 13 36 

2.85 33.5 54 12.5 32 

3.2 23.5 63.5 13 17 

4.8 13.5 75 10.5 23 

12 
17 
16 
18 

16 

19 
11 

12 

22 

12 

Z)"\ ,, 

L12r, o 
2200 
1200 

520 
320 
350 
340 
440 
720 

680 
1700 
1800 
2600 

1900 
1800 
2200 

1600 
2200 

840 
79 

400 
76 
88 

51 

47 

Ch27iicel Data 

. Cd Cu 

ng/l 

Pb 

mg/l 

pH 

5.8 2,200 2,000 4.80 
12 270 210 5.20 
19 260 140 4.45 
2.2 100 480 4.40 
1.3 82 390 4.50 
.94 58 240 4.15 
.96 48 84 4.00 
.04 39 16 3.90 
1.7 7.7 6.9 3.65 

1.6 9.6 
3.0 18 
3.6 9.6 
6.4 13 

7.2 15 
4.o 8.9 
2.6 13. 

9-3 3.82 
19 4.20 
11. .4.50 
23 5.45 

27 5.25 
12. 5.48 
12. 5- 40 

5.6 18. 33. 5.80 
3.2 13. 14. 5.75 

2.1 8.1 10 7-B5 
.10 18 16 7.65 

.78 9.6 
<.04 24 
<.OY 23 

:.02 15 

.22 41 

. ;_.') J. ~- . 

10 7.47 
·15 7.30 
15 7.30 
- 7.30 
- 7.80 
- 7.90 
- 7.95 
- 7 .92 
9.5 7-97 
- · 7.97 
- 8.10 

31 

7 1 
~-L • 

7-?5 
7.97 

7-. 90 
7.90 
7.85 
7,85 

8.00 
8.03 
8.01 
8.o-3 
8. 03 
7 . :)~1 

·; 

CEC 
r.129/ 
l OJ.; 
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SITE B 8-5 L.S. - 447.55! Grain Size 

No. Depth of Unit Graphic 
Sample Description Log 

Gs \'oi d 0(y 

(ft) 

52 28.0-28.5 
53 28.6-29.1 
54 29.1-29.6 
55 29.6-30.1 

\/~ I 
• 14. 0 

. . . 
56 30.1-30.6 . 
57 30.6-31.1 BANNER! •• 
58 31. 1-31. 6 FORMATION\ • • • _ 
59 31. 6-32 .1 . ~i rLL r·· . \ \ :t · , 12. s 
60 32.1-32 .. 4 (35-33-32)1 ...._ .,,,,. -
61 33. 0-33. 5 · · · · \ / \ / -
62 33. 5-34. O · / / \. / 
63 34.0-34.5 -- \, 
64 34.5-35.0 '\ / ✓ 
65 35. 0-35. 5 -- ' 
66 35. 5-36. o , I /;_I-. 
67 36. 0-36. 4 / / \ \ -
68 36.5-37.0 \/ --- ' 69 37. 0-37 .. 5 \ ,,, / \ 
70 37. 5-38. O r-------lr-=--~-l 
71 38.0-38.5 1.1 -
72 38.6-39.1 

· 73 39.1-39.6 
74 39.6-40.1 

.75 40.1-40.6 
76 40. 6-41. 1 

- 77 41.1-41.6 
. 78 41. 7-42. 2 
79 42.2-42.7 
80 42.7-43.2 
81 43.2-43.7 
82 43.7-44.2 
83 44.2-44.7 
84 44.7-45.2 
85 45.2-45.7 
86 46.2-46.4 
87 "46.4-46.9 
88 46.9-47.4 
8] 47.l~~47.9 

EtLI_9~_J 
FORMATION I 
U-4s-_4s) I 

90 4 7. 9-48. 4 i-------!-'-r-~--,.....~ 

91 48.4-48.9 
92 L~8. 9-L~9. 4 
9 3 4 9 . lt-4 9 . 8 
9 l4 4 9 . 8-50 . 3 
95 so.3-50:s 
95 50. 8-51. 3 
97 51. 3-51. 8 
93 51. 8-52. 3 

BEDROCK\ 
(2-49-49) ; 

! 
i 

- 17 0 -

. Ratio Den Gvl Sd St Cl 
: I ~ .j.. ';) C ' c: C. 
P T t.. - h /; n ,: 

3 

17 

20 

16 

24 

lJr.J 

43 

47 

33 

29 26 

25 27 

27 26 

5 23 36 41 

4 21 45 34 

ll 31 38 31 

5 20 45 35 

4 20 J.q 33 

6 24 38 38 
- -
2 5 47 47 
- - - -
1 10 .. 46 44-

6 8 49 43 

6 10 52 38 
..:. 

25 18 51 31. 

0 
1 
0 
0 

.... 
u 
0 

0 

4 
·5 
6 
7 

4 
.4 39 

2 ,...1 ::,.., 

40 
48 
49 
49 

0 2 49 · ~9 



B-5/ X- R::1y Datct C!~e-i c3 l C~:a 

No. DI I·' I C-K Cal Dol Zn Cd Cu I Pb 'I pH c~c 
cts/ cts/ I r..29/ 

% Cl % rng/1 ri:~/ 1 /:J sec sec r1g/l I n·g/1 102;; 

52 2.1 18.5 62 19.5 28 12 - - - - - -
53 - - - - - - - - - - - -
54 1.05 17 51 32 15 N.D. - - - - 8.08 -

. 55 - - - - - - - - - - 8.08 -
56 1.03 10.5 54.5 35 15 21 61. .08 270 33 8.06 -
57 - - - - - - - - - - 7.92 -
58 0.9 13 51 36 N .D. N.D. - - - - 8.10 -
59 - - - - - · - - - - - - -
60 - - - - - - - - - - 7.65 -
61 1.07 2µ . 45 28 34 15 - - - - 7.70 -
62 - - - - - - - - - - 7.65 -
63 0.9 20.5 45 34.5 24 N.D .. - - - - 7.50 -
64 - - - - - - 60 .12 15 13 7.00 -
65 o.8 15 "46- 39 20 N.D. - - - . - 7.60 -
66 - - - - - - - - - - 7.69 -. . 
67 o.6 20 39 41 24 12 - - - - 7-75 -
68 - - - - - - - - - - 7.78 -
69 0.7 18.5 41 · 40.5 N.D. N.D. - ...,.. - - 7-75 -
70 -:- - - - - - - - - - 7.80 -
71 0.9 14.5 50 36 N.D. N.D. - - - - - -
72 - - - - - - 86 .40 24 21 7.70 -
73 0.7 23 40 37 N.D. N.D. - · - - -· 7.70 -
74 - - - - - - - - - - 7.25 -
75 0 .. 5 26.5 30 44 N.D. N .. D. - - - - 7 .60 . -- -76 - - - - - - - - - - 7.70 -
77 0.5 26.5 29 .. 5 44 N.D. N.D. - - - - 7.35 -
78 - - - - - - - -· - - 7.55 -
79 0.5 30.5 30.5 39 N.D. N~D .. - - - - 7.60 -
80 - - - - - - 61 .68 38 71 7.52 -
81 - - - - - - - - - - 7.55 -
82 - - - - - - - - - - - -
83 - - - - - - - - - - 7.80 .. -
84 0.6 46 25 29 N.D. N.D. - - - - 7.20 -
85 o.6 41 26.5 32.5 N.D. N.D. - - - - 7.70 -
86 0.5 36 25.5 38 N.D. N.D. - - - - 7~90 -

-87 0.5 46 24 30 N.D. N.D .. - - - - ·7.63 -
83 ':),. 

< .0'.2 :=- , ,. 7.:J - - - - - - _;O I!....!, -·-.,I -
89 0.5 46 23.5 3L5 l'J .D. N.D. - - - _. 6. 72 -
90 0.5 38.5 25.5 36 N.D. N.D. ,..., ,- .,.. - - - - I. JO -
91 - - - - - - - - - - - -
92 0.7 16 42 42 N.D. E.D. - - - - 7.72 -
93 - - - - - - - - - - 7.83 -
0 11 1.0 16 49 35 II .D. 3,J - - - - - -.,I L; 

95 - - - - - - 12J .12 2J _j 8. ·J8 -
9G 1.2 11 58 31 N.D. ,, D 8 ro !\~ • • - - - - •'-'/ -
97 - - - - - - - - - - 8.10 -
o? 1.7 9 /"r ~.,.. N.D. a. :c. - - 8. O,J -..; •.J OJ C:0 - -

---·---------------- -- - - . ·-··---· -----~-
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s-s I SITE B B-8 L.S. = 457.88· 

no. Depth of Unit Graphic 
Log 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

· 23 

Sample Description 

(ft) 

0.5-1.0 
1.0-1.5 
1.5-2.0 
2.0-2.5 
2.5-3.0 
3.0-3.5 
3-5-3-7 
4.0-L~.5 
5.0-5.5 
6.0-6.5 
6.5-7.0 
7.0-7.5 
8.6-9.1 
9.1-9.6 

10.2-10.7 
10. 7-11.2 
12.0-12.5 
12.5-13.0 
13.0-13.4 
14.2-14.7 
14.7-15.2 

PEORIA LOESS\ 
(?_-_6l:37J1 

RO_XANNA :SJL T\ 
ANDI 

BERRY CLAY\ 
(13-52-35)\ 

17.0-17.5 i------1;=:-;,t:===;t:-::::1 
18• 2-

18 • 7 HAGARSTO_l;!N \ 

11 
1'1 

24 
25 
26 

19.0-19.5 -(37_ -39-24)1 
19.5-20.0 5-7 
20.0-20.5 +------,f-----1---------t 

27 
28 
29 
30 
31 

·32 
33 
34 
35 
36 
37 
38 
39 

21.0-21.5 
22.0-22.5 
23.5-24.o 
24.0-24.5 
26.2-26.7 
26.7-27.2 
27.2-27.7 
27.7-28.2 
28.6-29.1 
29.1-29.6 
29.6-30.1 
30. 5-31.0 
31.0-31.5 

40 31.5-32. 0 
41 32.0-32.5 
42 32.5-33.0 
L! 3 3 3 -0-3 3 . 5 
L[4 35~ 0-35. 5 
45 36.0-36.5 
46 38.1-38.6 
L[ 7 33 . 1-39 . 6 

BANNER I 
F O R~·tl\ TIO Ni 
.. ~DI~I. 

( 3o-42-2s) I 

l-i8 L;Q. O-llQ. 5 
1---------ic--;-"-.,,__ -~_.::;:-~---1j 119 41. O-L;l. 5 -

EiH1J'-l l J, 5:) 42.3-42.B ----· --- .-~ __ :l-5.8 1• I f ;J ?..>'..C\T I l' i : 
../- < ) " •:::-- ~ 3 • :) r / '- I - i -

l~-----J -c -7 
-17 c-

.~~- -- - •-• T -• .. ••••-- ••~•-••• -•- • -•• 

Gs 

Grein Siz2 

\lo d Dry 
R2t o Den Gvl Sd St Cl 

--

.;.; I.:: -4- 3 ,: 
- / I l, /:, 

Ci 

" 
C/ 
,; 

1 20 53 27 

1 2 68 30 

1 2 51 47 

-2 1 65 34 

0 0 72 28 

1 7 61 32 

O 10 55 35 

1 12 ·51 ( 37 · 

2 26 . 36 38 
1 8 57 · 35 
8 38 34 28 
5 37 31 24 

5 37 42 21 
3 · 33 40 27 

5 30 40 30 

3 34 44 22 

3 

:, 
.) 

0 
1 
0 

21 

23 

39 
53 
10 

C · 3 

37 
?7 
-I 
} , ,,. 
-rO 

- .-., 
) ..) 

:n 
..J-

----------



8-8\ 
>:-R:!~l O:i T rl Cr.2 -:; i c.~ l ~3ta 

~ 
No. DI M I C-f( Cal D:il z,--. Cd Cu Pb pH c•r 1, C. I.., 

' 
cts/ cts/ G~g/ C/ O·' ::/ 

r.:9/' l r.:;/ l r;;g/1 rng/1 /? /j /j sec sec 10,::g 

1 
2 480 L~ .25 
3 230 -: 4.10 
4 -: 

5 230 3.97 
6 
7 69 5.13 
8 
9 6 .. 00 

10 
11 - - 44 6 .. 20 

· 12 .-. 15 ·6 .. 31 
13 91 
14 
15 21 
16 150 
17 -: 
18 32 -
19 
20 43 6.60 
21 - - - -y . . 
22 - - · 
23 40 8.02 
24 -
25 - - -
26 - -
27 .. 
28 59 .. - : 8.03 
29 . . 

30 - -
31 8.01 
32 8.08 

. . 33 - - - 8.10 ·-

34 - 8 .. 01 
· 35 7.95 
36 7 .93 -
_)...., 

.) { 
-:i C• - 7.95 ..JU 

39 ,... air 
( • ;/""r 

Lio 8.0J 
L[l 81 7.94 
Li? 1.so r_ 

43 7.99 
L111 i-r 

45 
!?::.. 

46 
47 70 8.35 ~ -·.,/ 

43 
L1 -:: 
,;:r . 

I 
! - · 

~7 
J.i. 

-17 9-
----·--- -__. ___ ·- --· ....... - _,,_ 



B-8 SITE B 8-8 L.S. - 457.88 ; En g i :~ 2 2 ·:-, i r, ] :s ~?. Grc!in Size I 
I 

ffo. Depth of Unit Gr2phic \·! Gs \!') C Cr'y I 
Sample Description Log ~2t r f'l - h Gvl Sd St r i I V '-':::: I ' -1 

I (ft) er . ::!/ft 2 r : ·:: -. h i, i, 1; ,:) 

~ ~) (r-
52 44.4-44.9 -I - - - - - - -
53 45.0-45.5 EN ION 1 ~\ ! - - - 0 )1 56 40 

FORl·1ATION \ 
., 

54 46. 0-Li6. 5 2Ll .0 - - - - - - -
55 49.0-49.5 (5:5-3-_42) \ - - - 1 5 58 37 
56 52.0-52.5 -+-r- - - 0 4 52 ~4 

~~ 
-

57 53.0-53.5 - - - - - - -
58 54.0-54.5 + -'?0.7 - - - - - - -

B~DROCK/ V/fll 

; 

! 
I I 

-lbC- · 



-.·r·- . ,:: 
;,!,•· 

'\,; . ' 

8-8; 

r-Jo. 

52 
53 
54 
55 
56 
57 
58 

DI 

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

X-Ray Dat3 

M I C-}~ 

C/ C,/ c/ 
/'.) /J /) 

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

: 

·----··-- ~ ··•·- ... ·-·-··········- .. -·- - ---=· =::-:== 

Cal 
cts/ 
sec 

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

Cr,e-:~ i cal D3.ta 

DJl Zn Cd Cu Pb pH err 
~\.., 

cts/ r,;~;/ 
sec ri'~/, r:; j/1 mg/1 mg/1 1c:,~ I~ I 

14 - - - 7.70 -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
76 - - - 7.50 -
- - - - - -

.. 

·• 

~ 

.. 



/ 

' f 

SITE B BCH-2 L.S. ~ 445 

No. Depth of 
Sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(ft) 

1.0-1.5 
1.5-2.0 
2.0-2.5 
2.9-3-3 
3. 7-4.o 
4.3-4.8 
5.1-5.3 
6.2-6.5 
7-3-7-5 
7.7-8.2 
8.2-8.7 
8.7-9 .. 0 
9.0-9.2 

11.2-11.5 

Unit 
Description 

PEORIA. LOESSir 
ANDI 

ROXANA SILT\ 
(5-62-33)1 

. • - I 

BE-~Ry _ c~-AY \ 
(44-25-31)( 

Gr2phi c 
Log 

'' ,. 

11 
12 
13 
14 
15 
16 

12.1-12.3 t-------+-..Q...-----~ 

17 
18 
19 
20 
21 
22 
23 
24 
25 
~6 
27 
28 
29 
30 
31 
32· 
33 

. 34 
35 
36 
37 

13.0-13.5 
13.8-14.1 
14.8-15.3 
16.0-16.3 
16.5-17.0 
18.5-19.0 
20.5-21.0 
22.5-23 .. 0 
24.3-24.8 
2: . :•-25. 3 
Z J-27.3 
28.0-28.5 
29-7-30.0 
30. 7-31.0 
31.5-31. 8 
32.0-32.5 
33-5-33.8 
3~-8-35.8 
36.0-36 .. 5 
38.7-39.0 
40.0-40.5 
1.~o. 7-41.0 

33 41.5-~l.8 
39 43.5-43.8 
L~O 45. 5-45 .8 
41 47.5-47.8 
Lt2 50. 5--50. 7 
L~ 3 51. 4-51. 7 
1~4 53.4-53-7 

GLASFOR□ I
FOFU~ATION I 
. TILL l 

(3I~44-23 )! 

BANNER\ 
FORMATION\ 

-TIL~ [ 
( ,..., -:, t -. ·-3 0 ) : l.J-,/ - I ' 

/ '\ __ , -
/ ' \ -. I ... -..; 

~5 55.4-55.7 -\- --f- -
4s s1.s-s1.s ~E -
47 59-5-59.8 Ef'HON; -::z::._~ 
L+8 61. 5-51. 8 FORM,C\TION \ ~--)= _ 
1r'J 53.S-63.6 (5-62-33),' :-~ !___ 
[::"'J ~:-:: 'J ~ -::: c:, . __ ,._\.._ -
_J ~ CJ • ..J - '-,.J. -...... .__f_ -l-

:.-;·. > C /. -:: l · . · r·--f ,' i :, 

I Ji::D~<GCC'. r-1 ITT/ I -
-lo.2-

G; \'o d 
Rc.t o 

· -Gr 2. i n S i z e · 

Dry 
O~n Gvl Sd. St Cl 

ct 
(, 

O 3 73 2~ 

O 5 57 38 

l 8 55 37 

3 45 34 21 
3 39 28 33 

3 56 
11 45 

2 ·. 38 

8 26 
5 35 
5 35 

6 33 

· 3 35 

3 32 
1 20 

1 20 
1· 25 
9 26 

4 31 
5 31 
5 
5 25 

3 2~ 
1, 

' l; 
4 
4 
3 
3 
8 
0 
0 
0 
o· 
0 
0 

,,. 
0 

16 
17 
15 
~ 
7 
4 
4 
~ 
l; 
j 

12 32 
26 29 
31 31 

46 28 
39 26 
39 26 

42 25 

41 24 

43 25 
38 42 

38 42 
40 35 
44 30 

43 26 
42 27 

43 32 

45 31 

53 

33 
29 
~7 
...J-

~9 



BCH-2 
X-R::y D2ta I I Ch ~-·~ c:: l C·a -:a 

No. DI f.1 I C V Cal Dol Zn Cd r1, Pb pH rrr -1, ..,_, 
v!:.v 

cts/ cts/ ~29/ ,, • I C'/ r:~g/ i r"';/ i /:> ,:J /:) sec sec :.]/1 f1lg/l 10-J; 

1 - - - - - - - - - - 5-7 3 C • .,I 

2 - - - - - - 19 <.02 9.7 12 4.6 4.1 
3 - - - - - - - - - - 5.2 7.1 
4 - - - - - - - - - - 6.1 5.0 
5 - - - - - - 19 <.02 9,9 12 - -
6 - - - - - - - - - - 6.2 3,9 
7 - - - - - - - - - - 6.3 5.1 
8 - - - - - - 11 <.02 5.0 6.8 - -
9 - - - - - - - - - - - -

10 - - - - - - - - - - 6.4 7.1 
11 - - - - - - - - - - 6.5 3-9 
12 - - - - - - 14 < .02 6.6 8.2 - -: 

13 - - - - - - - - - - - -
14 - - - - - - 14 <.02 7-5 7.7 - -
15 - - - - - - - - - - - -
16 - - - - - - 38 • 11i 13 8.9 - -
17 - - - - - - - - - - - -
18 - - - - - - 32 .08 11 7.5 - -
19 -· - - - - - - - - - - -
20 - - - - - - 38 < .. 02 12 8.3 - -
21 - - - - - - 24 .06 8 .. 7 7.1 - -
22 - - - - - - 32 .06 11 10 - -
23 - - - - - - - - - - - -
24 - - - - - - 46 .04 14 11 - -
25 - - - - - - - - - - - -
26 - - - - - - - - - - - -
27 - - - - - - 46 .lll 19 12 - -
28 - - - - - - - - - - -:- -
29 - - - - - - - - - - - -
30 - - - - - - - - - - - -
31 - - - - - - 44 .20 11 1.2 - -
32 - - - - - - - - - - - -
33 - - - - - - - - - - - .• -
34 - - - - - - - 40 .06 15 8.9 - -
35 - - - - - - - - - - - -
7]1"' 
.Jo - - - - - - 46 .08 22 11 - -
37 - - - - - - - - - - - -~---. -j5 - - - - - - - - - - -
39 - - - - - - - - - - - -
Lio - - - - - - - - - - - -
41 - - - - - - - - - - - -
42 - - - - - - - - - - - -
lt-.:i - - - - - - - - - - - -'_1 

l.i! - - - - - - - - - - - -,1 

115 - - - - - - - - - - - -
46 - - - - - - - - - - - -
~7 - - - - - - - - - - - -
42 - - - - - - - - - - - -
l! C.. . ./ - - - - - - - - - - - --.... - - - ·- - - - - - - - -_, 

-· I ·-
j 

-lo3-
•..o...r ■ · • ._-- 2: ' .. x ....... - -- ----··- .... .. .... _._____ __ 5 - •-·-. ···- ---i:'Jl•',..'Wal.-,.:- .. .,-·-•· .,_ -- -· - .,_ ·-----~-- -- ~~---·.,..,....._,............,._,..· ··1-.,..~~~~.,..J;!~::::i.½~\~;:~ ...... -;_,..,;.J. ~~~ 



SITE B BC :-1 -2 L.S. = !~~5 l I E r~ g i ri -:: e r i r1 g 02t2 Grain Size 

No. Depth of Ur1i t Graphic 1,1 Gs Vo d Dry It 

Sample Description Log Rat 0 D2n Gvl Sd s,!. ·~ Cl 
(ft) /; ··1 ~. ◄ 7~ :/ : == TC- 7, ,;. ; 

52 69.5-69.8 B~DROO~\ V/;/; - - - - 0 8 45 I .-, 

- I 
L! ! 

53 71.0-71.3 - - - - 1 4 35 6~ 

·-

-

-· 

I 
i 

I I I 
- ~-~I• ~ -



SCH-2 
X-Ray Data Cnst11 c:2. l D~ta 

No. DI M I C-f( C3 l Dol Zn (,:i Cu Pb pW CEC ({ ,, 
cts/ cts/ E~~g/ 

O' o/ C' r.~g/ i r:19/l ~-;1/l riig/1 10:Jg lJ /J /J sec sec 

52 
53 



SITE C M-4 L.S. = 614.78 Engi neer ing na ta Grain Size 

rlo. Dep t h of Unit Graphic ,., 
11 Gs Void Dry 

Sampl e Description Log Ratio Den Gvl Sd St Cl 
(ft) % #/ft 3 (!,I % ol C,' l;, /o ::; 

1 0.0-0.5 25 27 51 22 
2 o. 5-1. 0 2 13 58 29 
3 1.0-1.5 1 16 56 28 
4 1.5-2.0 2 17 56 27 
5 3.0-3.5 1 9 58 33 
6 3.5-4.0 1 7 43 50 
7 4.o-4.s 1 13 57 30 
8 5.0-5.5 1 11 59 30 
9 ·5.5-6.0 1 20 42 38 

10 6.o-6.5 ~O_X~NN~_ SIL~ - 2 21 40 39 
11 6.5-7.0 (17-45-38)/ 0 27 36 37 
12 7.0-7.5 1 18 44 38 
13 7.5-8.0 0 13 49 38 
14 8.0-8.5 BERRY CLAY! 1 18 40 42 
15 8.5-9-0 (20-40-40) 1 22 40 38 
16 9.0-9.5 1 4 57 39 
17 10.0-10.5 5 27 37 36 
18 10.5-11.0 GLASFORD\ 4 39 28 33 
19 12.0-12.5 FORMATION\ 3 45 27 28 
20 12.5-13.0 TILLI . 4 45 24 31 
21 13.0-13.5 ( 42-30-2a )I 7 42 33 25 
22 13.9-14.3 4 45 30 25 
23 14.3-14.7 6 44 30 26 
24 14.7-15.1 10 44 30 26 
25 15.1-15.5 2 43 37 20 

BEDROCK\ 

-178-



• I 

SITE C M- 5 L.S. = 615.87 1 Engineering Data Grain Size 

ifo. Depth of Uni t Graphic w Gs Void Dry 
Sample Descr i ption Log Ratio Den Gvl Sd St Cl 

(ft) % #/ft 3 0/ % O,' OI 
/0 /0 h 

1 o. 0-0.5 1 9 61 30 
2 o. 5-1. 0 PEORIA LOESSj - 0 7 62 31 
3 1.0-1.5 ANDl 1 6 56 38 

I 

4 1.5-2.0 ROXANNA SILT/ - 1 4 73 23 
5 2.0-2.5 0 4 73 23 (5-64-31 )l 
6 4.0-4.5 0 2 52 46 
7 4.5-5.0 0 2 70 28 
8 5.0-5.5 0 1 66 33 
9 5-5-6.0 0 20 43 37 

10 6.0-6.5 1 26 37 37 
11 6.5-7.0 0 24 37 39 
12 7.0-7.5 0 23 39 38 
13 7-5-8.0 0 18 40 42 
14 8.0-8.5 0 25 37 38 
15 8.5-9.0 ·l 23 34 43 
16 9.0-9.5 GLASFORD I 2 3 55 42 
17 9.5-10.0 FORMATION\ 0 19 42 39 
18 10.0-10.5 TILL\ 1 18 37 45 
19 10.5-11.0 

(36-34-30)\ 1 27 52 21 
20 11.0-11.5 1 13 49 38 
21 11.5-12.0 1 30 28 42 
22 12.0-12.5 1 33 31 36 
23 12.5-13.0 5 27 33 40 
24 13.0-13.5 I\--/\ - 2 44 26 30 
25 13.5-14.0 2 44 17 39 
26 14.0-14.5 I \ / 2 46 26 28 -
27 14.5-15.0 - '\ 7 46 28 26 ....... I 
28 15.0-15.5 

\ I '- \ / - 6 42 33 25 
29 15.5-16.0 - 5 49 24 27 

-180-



SITE C M-8 L.S. = 614.49 

l~o. Depth of Unit 
Sample Description 

(ft) 

1 0.0-0.5 
2 0.5-1.0 
3 1.0-1.5 
4 1.5-2.0 
5 2.0-2.5 
6 4.0-4.5 
7 4.5-5.0 
8 6.0-6.5 
9 6.5-7.0 

10 7.0-7.5 
11 8.5-9.0 
12 9.0-9.5 
13 9.5-10.0 
14 10.0-10.5 
15 ·10. 5-11. 0 

BERRY CLAYI 
(34-31~35)\ 

Graphic 
Log 

16 11.0-11.5 -------------

vJ 

% 

17 11.5-12.0 / \ / / j -
18 12. 0-12. 5 / \ I\ : -
19 12. 5-13.0 .,,.,, -...: -
20 13. 0-13. 5 GLASFORD j / \ \ l -
21 13. 5-13. 8 FORMATION I \ /· - ! 
22 13. 8-14.0 · TILL\ / \ / I i -
23 17.5-18.0 . ·---·• I 

24 21.5-22.0 (37~34-:29)\ \ / ') _ 
25 23.5-24.0 / \ ;~ \! 
26 27.5-28.0 1-----1------..------1 

27 30. 0-30. 5 LIERLE CLAY! 
28 3 3. 5-34 . o 1----"_ll_-_6_4-_2_5 "-'--! --t--,---r-"---r--,i---r-t 

s·~oRocK 1 

Engineering Data Grain Size 

Gs Void Dry 
Ratio Den Gvl Sd St 

.!.!;~· 3 0% IT I l, ~ ' % OI 
7:; 

1 12 64 
1 12 64 
0 10 61 
1 8 62 
o 7 56 
o 6 57 
3 9 62 
0 20 46 
1 27 36 
2 31 · 34 
1 30 34 
2 34 35 
0 30 32 
1 33 31 
·7 37 26 
5 38 29 
4 48 23 
4 50 25 
1 41 35 
2 43 32 
4 47 28 
3 44 31 
3 25 39 
1 28 42 
2 26 40 
2 20 45 
0 13 62 
o 9 66 

-186-

Cl 
c; 
J: 

24 
24 
29 
30 
37 
37 
29 
34 
37 
35 
36 
31 
38 
36 
37 
33 
29 
25 
24 
25 
25 
25 
36 
30 
34 
35 
25 
25 



SITE C i-·~-3 L.S. = 611.26 Enji n2er'i ri~ D,:i ~,: Grain S~ z.~ 

No. Depth of Unit Graphic u Gs 1/.Jid Dry ll 

f~ Sample Description Log Ratio Den Gvi Sd St Ci 'if 
\ 

(ft) ;,~ :..: I,...._ 3 Cl '/ <: ' c; ~: T L. /:J ,, /: /~ 

1· 0.0-0.5 0 11 63 ?' .... :> 
2 o. 5-1. 0 1 11 64 25 
3 1.0-1.5 1 18 48 34 
4 1.5-2.0 0 1 69 30 
5 2.0-2.5 0 22 43 35 
6 5 .. 5-6.0 ROXANNA SILll . 0 12 64 24 
7 6.0-6.5 (15-53-32)1 1 19 41 L!O 

,., 8 6.5-7.0 2 27 29 44 .... ~: - . 

9 7 .. 0-7.5 0 34 30 36 
10 7-5-8.o 

GLASFORD! 
0 35 26 39 · · 

11 8.0-8.5 5 6 61 33 
12 8. 5-8.9 FORMATION I 4 36 · 35 29 
13 8.9-9.4 TILL/ . 2 41 33 26 
14 9.4-9.9 (41-2_9-30 )\ 2 46 25 29 
15 9-9-10.4 ·5 44 29 27 
16 10.4-10.5 4 38 38 24 
17 10 .. 5-11.0 4 42 33 25 
18 11.0-11.5 7 42 33 25 
19 11.5-12.0 5 42 31 27 
20 12.0-12.5 3 43 3i 26 
21 13.0-13.5 3 40 28 32 

f; 22 13.5-14.o 9 31 41 28 
.. :: 23 15.0-15.5 5 32 38 30 

24 15.5-16.0 BEDROCK/ 0 31 44 25 
25 16.0-16.5 _ (20-53-~7) ( 1 7 62 31 .. 
26 16.5-17.0 0 17 56 27 --:: ,- - . 

.., _. 27 - 17.0-17.5 -. 0 16 56 28 
·~ 28 19.0-19.5 0 0 78 22 - . 

.. :_r --
; . . 
; .. , 

I 
-20 3-



f~ 

' 

M-3 :, 

No. 

1 
· 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

DI 

X-Ray D::l ta. 

M I C-f( 

c: c,- "' lo 7~ /J 

Ch2r.1i Cc. l Da t~ 

Cal DJ l Zn Cd Cu Pb pW 'CEC •I 

cts/ cts/ meg/ 
rng/i .ng/1 . rng/1 sec sec mg/l 100g 

-· 

,_ 

------------ -----.. --- .. 



.. = (7 

SITE C M-7 L.S. = 603 .7 6. 

No. Depth of Unit Graphic 
Sample Description Log 

(ft) 

1 0.5-1.0 
2 1.0-1.5 
3 1.5-2.0 
4 2.0-2.5 
5 3.8-4.3 
6 4.3-4.8 
7 4.8-5.0 
8 5 . .5-6.0 
9 6.0-6.5 

PEORIA LOESS1 ~ 
(24-49-27 ): . -

10 6.5-7.0 
11 7.0-7.5 
12 7.5-7.8 
13 8.0-8.5 
14 8.5-9-0 
15 9.0-9.5 
16 9.5-10.0 
17 10.0-10.5 
18 10.5-11.0 
19 11.0-11.5 
20 11.5-12.0 
21 12.0-12.5 
22 12.5-13.0 
23 13.0-13.5 
24 13.5-14.o 
25 l 4.0-i4•5 GLASFORD\ 
26 14· 5-l5.o- FORMATION/ 

• . . -. . ... . . . . . .. 
. . . . . .. . . . .. . . 

--.-- -
_._......__. 
---2r 15. 0-15~ 5 r'rl.T\-

28 15.5-16.0 _ -· _ 
29 16. 0-16.5 (29-45-25)1 -- •• j -- \ 

·-
30 16.5-17.0 ) \ / ~ 
31 17. 0-17 .. 5 , / , f /. . -
32 17 • 5-18 • Q ./ - I -

8 \ .,,.,.,. ' 33 1 . 0-18. 5 \ J . 
34 18. 8-19. o i \ /: 
35 19 . 0-19. 5 / - . __. I -: 
36 19 . 5-20. o I \ : -
37 20. 0-:20. 5 ,\ ....__"' / 
33 2.J.5-21.:' / \ / \ 
39 21.0-21.5 / \ J 
40 21.5-22.0 , \ ..___ " 
41 22.0-22.5 / / \ 
·42 22.5-23.0 ,~I/ 
L13 23.0-23.5 I\-::- \ " -
4ll 23. 5-24. 0 ,,,, 
45 24.0-24.5 , \ / _\ ~ -

. 4 6 2 4 . 5-25 . 0 1---------+'~--' ,---i 

1-~7 25. 0-25. 5 -_r-: ~ -

~~ ~~:~=~~:~ LIERLE CLA £_· .:'\-_·: 
50 26. 5-27.0 (?, _ ~A _?~\ ~ _)_ 
:> !.. 2 7 . C- 2 ?" • 5 \ - -- - ~ - ., I _._I. ..:_ __ / _, ; 

1
-.:_J:-;-_:_ -= I _, __ \ ·-

I •'J r, c -
- c_ u J-

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

En~i .-s2ri ng 02. t::. 

Gs voi 
D '. ,,a tl 

.-

,. 
... 

0 21 
1 21 
1· 26 
3 ?lt 
1 26 
1 22 
?. · 19 

15 35 
5 31 
8 40 
3 37 
lJ 43 
3 44 

. 8 43 
6 -·7 
4 46 

15 47 
9 33 
1 44 
0 23 
1· 13 
1 26 

· O 22 
0 15 
2 33 
1· 24 
0 12 

4· 22 
3. 29 
3 31 
2 27 
3 2 
1. 23 
2 18 
1 22 
2 18 
? ? l 
5 lo 
3 21 
2 ?O 
2 21 

· 2 16 
0 18 
l 16 
2 19 
0 10 
0 12 
0 0 
0 9 
0 j 

S I 

,t ,l 

59 ?.O 
41 32 
50 2~ 
46 30 
44 30 
57 ?l. 
lll liQ 
25 lW 
46 23 
25 35 
33 30 
31 26 
31 25 
30 21 

·67 26 
28 26 
33 20 
37 30 
42 14 
63 111 
73 . 11f 
64 10 

·68 10 
119 36 
50 17 
52 24 
63 25 

54 
.-44 

41 
.45 
67 
49 
46 
39 
45 
it-:i 

) 

Lt j 
~2 
41 
41 
!~7 
lt2 

45 
4£; 
,. ? 
J -
55 
6? 
54 
-
J-- . 

211 
27 
28 
28 
31 
28 
36 
39 
37 
:;-5 
·"11~ :;---; 

37 
39 
3S 
37 
IiCJ 

39 
37 
3-~ 
~< 
..J .J 
~-: 
jC 
'., 

_)' 

l. -~ 

~j 



' .-
f ,' ,, _., -

. . . . : 
.. 

f; 
- . -( 

- ·· · .. 

M-7; 
I 

No. 

1 
2 
3 
4 
5 
6 
7 
8 

·9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 -
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 

·. 41 
42 
43 
4L! 
45 
46 
47 
43 
l.!o 
'_) 

. - .... 
,, I 
_,,,/ -1' 

51 

DI M 

Cl 
/'.J 

- -
- -
- 41½ 

1.03 42 
1.23 53 

.88 76 
1.18 73 
1.21 79 
1.67 77½ 
4.1 22 
3.5 17 
3.9 14 
4 .. 2 14½ 
4 .. 7 lLi½ 
4.o 15½ 
3 .. 75 13 
4 .. o 1S1~ 
3.7 . 12½ 
1.4 14 
1.87 1S1"'2 
2.8 18 
1.33 11 
2.16 20 
1.73 12 
1.86 25 
2.03 lg1~ 
1.33 16 
1.45 6½ 
1.24 ·. 8 
1.06 8 
1.03 g1-'2 
1.04 7 

.96 8½ 

.88 T--!2 

.92 9½ 
.83 8 
alt a 

•__.J ' ...I 

.88 8k 2 

.84 10 

. 82 11 
• 8Li 11½ 
.80 11 
.86 11 
.85 11 
. 79 1L~ 
. 88 14 
.40 21½ 
. 35 17 
.33 2l~ 

I ~ r I 

' . -- "' ,,,.,,,. _ . 

X-R3y 02. t~ 

I C-K 
c· % h 

- -
- -

37 21½ 
35 23 
301'2 16½ 
13½ 101-'2 
17½ 9k 2 -

13½ 7½ 
. 16 6½ 

67 11 
70 13 
73½ 12½ 
74 11½ 
75 101-'2 
72½ 12 
74 13 
72½ 12 
74 13½ 
58½ 2T---!2 
62 22½ 
66 16 
59 29½ 
61 19· 
63½ 24½ 
56 19 
60½ 20 
56 28 
64 29-1 

·- 60 32 
56½ 35'~ 
55 39-1 
56½ 36½ 
52 39½ 
52½ 40 
S?k -2 38 
51 41 
53½ 37½ 
52 ~ ..... -

.Y.7"'2 
50 40 
49 LIO 
49½ 39 
Li9 40 
50 39 
50 -:>O 

.),,./ 

l; ,g 38 
L·o 
'.; 37 

29 49½ 
,,... n, ,- J,;· 
co~ J,~ 
28. Li .'::! 

rv 
~ - . . - ·· 

21 43 

Cal 
cts/ 
sec 

N.D. 
N.D. 
N.D. 
N.D. 
N .. D; 
N.D. 
N.D .. 
N .. D. 
N.D. 
N.D. 
N.D. 
12 
17 
11 
30 
34 
44 
37 
24 
26 
29 
23 
26 
31 
36 
43 
37 
32 
26 
24 
31 
19 
12 
19 
10 
N.D. 
11 
21 
N.D. 
N .D. 
N.D. 
23 
N.D. 
N.D. 
N.D. 
N.D. 
J,J,, D. 
16 
N.D. 
- .. ·r. ,:..) . 

I r) 
-- . ) 

1""1 • .., 

v-; <:: t:-": 1 C-?. i Oat~ 

Dol Zn- Cd Cu Pb pH Ct:C 
cts/ r.2g/ r i:":g/1 sec ri:g,, I r,:g/l 11'.g/ 1 lC:]; 

N.D. - - - - - -
N.D. - - - - - -
N.D. - - - - - -
N.D. - - - - - -
N.D. - - - - - -
N.D. - - - - - -
N.D. - - - - - -
N.D .. - - - - - -
N.D. - - - - - -
N.D .. - - - - - -
N .. D. - ·- - - - -
35 - : - - - -
42 - - .- - - -
l.J6 - - - - - -
42 - - - - - -
38 - - - -:- - -
30 - - - - - -
22 - -- - - -- -
21 - - - - - -
17 - - - - - -
27 - . - - - - -
10 - - - - - -
16 - - - - - -
19 - - - - - -
20 - - - - - -
14 - - - - - -
24 - .- - - - -
14 - - - - - -. ' 
9· - - .. - - - - : 

15 - -. - - - -
15 - - - - . - -
15 - - - - - -

9 -- - - - - - -
13 - - - - - -
16 - - · - - - -
N.D. - - - - - -
1· ...:..:) - - - - - -
N.D . - - - - - -
N.D. - - - - - -
N.D. - - - - - -
N.D. - - - - - -
11 - - - - - -
~i 11 
1', • LJ. - - - - - -
IJ.D. - - - - - -
N.D . - - - - - -
11 - - - - - -
-N .. D .. - - - - - -
10 - - - - - -
N.D. - - - - - -

-
-. .; I' -
~ . .. _ ... 
I·~: • D. 
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f.i-7, SITE C i•:- 7 L. S. = 608.76 Engi r,-3eri ng Da t2. Gr2i :--1 Si z~ · 

Uo. D2pth of Unit Grcphic !,,! Gs Void Ory 
t~ Sample Description Log R3tio D2n Gvl Sd St Cl 
t'( (ft) Cl - E/~+ 3 C·/ cl c: ;-; h . t i.,.. /) /J l, 

52 27.5-28.0 0 3 62 35 
53 28.0-28.5 0 20 50 3') 
54 28.5-29.0 0 26 47 27 
55 29.0-29.5 0 23 48 29 
56 29.5-30.0 0 19 54 27 
57 30.0-30.5 0 ·2 67 31 
58 30.5-31.0 0 16 50 34 
59 31.0-31.5 0 10 59 31 
60 31. 5-32 .. 0 LI~~-~~--CLAYI 0 ~l 66 33 
61 32.0-32.5 - 0 2 74 24 
62 32.5-33.0 · 0 29 52 19 
63 33.0-33-5 0 28 ~8 24 
64 33.5-34.o 0 28 50 22 
65 34.0-34.5 - 0 0 76 24 
66 34.5-35.0 -0 31 44 25 
67 35.0-35.5 0 19 57 . 24 , 
68 35.5-36.0 0 28 45 27 
69 36.0-36.5 ___ BEDROCK_} 3 33 35 32 
70 36.5-37.0 

(24_-~27-49 )! 1 32 25 43 
71 37.0-37,.5 2 16 30 54 

r 

i~---
·, 
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M-7; V_D;ii, 
I\ ,,,_':...J D?. t~ Ch2~:-; i ca 1 Data 

No. DI M I C-K Ca. l Dol Zn Cd Cu Pb pH CEC 
cts/ cts/ 1Tt2g/ 

C/ ., C ' r1~g/ l r:19/l /; ,'J 7:: sec sor- r,ig/1 r.ig/1 lOJg -'--

52 . 33 34½ 22 43½ N.D. N.D . - - - - - - , 

53 .47 28½ 2912 42 N.D. N.D. - - - - - -
54 . 39 26½ 27 46½ N.D. N.D . - - - - - -
55 .36 29 25 L16 N.D. 15 - - - - - · -
56 .29 40½ 18 41½ N .. D. N.D. - - - - - -
57 .30 40½ 18 41½ N.D. N.D. - - - - - -
58 .43 34½ 2S1~ 40 N.D. N.D. - - - - - -
59 .36 4()1~ 21- 38½ N.D. N.D. - - - - - -
60 .42 36 24½ 3gi~ N.D. N.D. - - - - - -
61 • 3L1 26 25 49 N.D. N.D. - - - - - -
62 .45 12 3S1--:2 52½ .N.D. N.D. - - - - . - -
63 .495 14½ 36 49½ N.D. N.D. - - - - - -
64 .41 17 32 51 N.D~ N.D. - - - - - -
65 .41 26 28 46 N.D. N.D. - - - - - -
66 . 39 13½ 31½ 55 N.D. N.D. - - - - - -
67 .35 12 301~ 57½ N.D. N.D. - - - - - -
68 .49 6 40 54 N.D. N.D. - - - - - -
69 .44 B½ 36½ 55 N.D. N.D. - - - - - -
70 .63 14½ 41½ 44 N.D. N.D. - - - - - -
71 .67 5-1~ . 4T-'2 47 N.D. N.D. - - - - - -

f .. 
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SITE C MCH L.S. = 615 i 

No. Depth of Unit Graphic 
Log Sample Description 

(ft) 

1 o.o-o.4 
2 o.4-0.9 
3 0.9-1. 4 
4 1.4-1.9 
5 1.9-2.2 
6 3.2-3.7 
7 3-7-4.2 
8 4.2-4.7 
9 4.7-5.0 

10 5.7-6.2 
11 6.2.6.7 
12 6.1-1.2 . 
13 8.2-8. 7 
14 8.7-9.2 

PEORIA LOESS! 
(12~5i~30 )! . ·--

ROXANNA SIL Tl _, __ _ 
-_ (13-53-34 )t 

BERRY CLA~ 
c2a-39-33 >l 

\·! 

Cl 
/J 

15· 9- 7-10. 0 .,..._ ___ ---1~---i.----1 

16 10.3-10.8 
17 10.8-11.3 
18 11.3-11.8 
19 11.8-12 .. 3 
20 12.3-12.5 
21 12.6-13.1 
22 13.1-13.6 
23 13.6-14.1 
24 14.1-14.6 
25 14.6-15.0 
26 15 .. 0-15.5 
27 15.5-16 .. 0 
28 16.5-17.0 
29 17.0-17.5 
30 . 17. 5-18. 0 
31 18.5-19.0 
32. 19.0-19.5 
33 ·19.5-20.0 
34 20.0-20.5 
35 21. 0-21. 5 
36 22.0-22 .. 5 
37 · 23.0-23.5 
38 24.0---24.5 
39 25.0-25.5 
40 29.0-29.5 
41 29.5-30.0 
.42 31. 5-32 .o 
Li3 32. 0-32 .5 
44 33-5-34.o 
45 34.0-34.5 
46 36.0-36.5 
47 37.0-37-5 
48 38.0-38.5 
49 39. 0-39. 5 
50 39.5-40.0 
5'... t J. . s- 'n . s 

.. • .· . . -• p• • 0 • • .. ., . . 
·1~/ -
. • • • . o· . -, . . .. 
• •o. • •o• -

/_·;~ 
"'" I 
\ \ / -
\' 

- / I \ 
. / \ '\ -;, 
'\]./\.,, 
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Enginserin,;i Dat~ Gr:!in Size 

Gs Void Dry 
Ratio Den Gvl Sd St Cl 

#/ft 3 % % % Cl 
h 

22 15 55 3J 
0 13 62 25 
0 10 62 28 

O 9 54 37 

O 13 53 34 . - -' 

1 22 47 31 
1 30 41 29 
1 27 36 37 
3 · 35 30 35 .· 
t 29 43 28 

3 38 30 32 
1 39 32 29 

2 47 · 27 26 

8 32 37 31 

J 

8 35 -36 29 

8 32 
5 35 

6 37 
4 23 
7 46 
4 61 

13 66 
3 35 

~7 
~I 

37 

38 
l.!.o 

• .,I 

28 
25 
17 
39 

25 
23 
25 
lLl 
17 
26 



... ~-
MCHi X-R2y D~ta I Che :-:--ri c21 D2ta 

No. DI M I C-K Cal D-:> 1 Zn Cd Cu Pb pH cc:c 
cts/ cts/ i.'ieg/ o/ Cl 7; mg/1 1-10/1 /:, h sec SP,.. Gg/1 ng/1 lOiJg ---- • ,J 

1 1.11 20 50 30 N.D. N.D. - - - - - -
2 1.1 19½ 50 302"2 N.D. N.D. - - - - - -
3 1.3 36 42½ 21½ N.D. N.D. - - - - - -
4 1.38 56 2g1-~ 14½ N.D. N.D. - - - - - -
5 - 51 31 l8 N.D. N.D. - - - - - -
6 1.4 72½ 18½ 9 N.D. N.D. - - - ' - - -
7 1.5 701~ 20 .· q-'2 N.D .. N.D .. - - - - - -
8 1.3 7'51'2 16 ·. 8½ N .. D. · N.D. - - - - - -

.. 9 1.1 65 22 13 N.D .. N.D. - ..,_ - - - -', .. ·. 10 1.3 65 23 12 N.D .. N.D. - - - - - - ... 
~ 

11 1.07 67½ 20 12½ N .. D. N.D. - - - - ·- -
l2 l.17 . N.D. N.D .. 

. . - - - - - - - - -
13 . 82 N.D. N.D. . . - - - - .- - - : - - .. 

14 . N.D. N.D. 
~ - - - - - - - - - -

15 ·- ,-- - - N.D. N.D. - - - -·· . -·- .. -
16 2.2 31½ 52½ 16 N.D. N.D. - - - -- -
17 .93 41 34½ 24½ N.D. N.D. - .. . .. .. ·. - - - - -
18 1.7 44 ¼01~ 1~'2 N.D. N.D .. - - - - .. - -
19 · 5.1 31½ - 601~ 8 N.D. N.D. - .. -- - .... -
20 4.6 -22½ 6'71~ 10 N.D. N.D .. - · - - - - -. . 
21. 6.o lT-'2 72 . 101'2 N.D. N.D. - - - - ~ - .. .. 

:'. _ _.. -~ . . 

.· .·. ,, 
,, 

. . 
22 4.5 1S:C'2 73 11½ N.D. N.D. ·. - - - -- - .. -. . .. 
23 4.25 16 73½ 101'2 43 31 - - - -·- - -
24 4.8 1S1~ 72½. 12 13 25 - . - - - - --
25 · 4.o 15 74½ 101'2 68 28 - - - - ·- -
26 4.7 l5 74½ 10½ 54 14 - - - - - - ... 
27 · ·5.4 14 76½ --91 43 14 - - - - .. - - . . 

_: ~ 

~- · ....... 
.. 28 3-7 10 76 14 52 23 - - - - - - ., 

29 2.5 6½ 74 lg1~ 75 33 
. .. - - - ·• ·- - ·- . . 

2 .. 65 75'7. 58 
.. 30 S1-1 19 N.D. - - - - . . - .. - . . 

t? .. -.·. . 31 1.89 S1-1 70 24½ 64 20 - - - - . . -. - -. . 
32 2.11 S1-1 72 22½ 60 .29 . - - - - - - . .. 

-
. .:· ... ~ - . 

.. .. 

33 1.67 4 6S1-1 2'71'2 48 21 . .. - - - - - -
34 1.75 6½ 67½ 26 53 27 ·- : - - - - - -

::- . 35 1.53 T-7. 64½ 28 41 12 - - - - - -.. . ,. 36 1.61 4½ 6T7?. 28 48 22 - - - - - -
I•• 37 1.55 S1-1 -66 28½ 33 23 - - - - - -

33 1.63 4k 2 6T~ 2T~ 56 20 - - - - - -
39 1. L~9 r 65 2-:..1 L!8 21 -0 ../ - . - - - -
40 1.46 6 64½ 2g1"2 51 20 - - - - - -
41 1.61 S1-1 67 2r-"2 38 16 - - - - - -
42 1.47 8½ 63 28½ 30 13 - - - - - -
43 1.26 ~'2 59 3F~ 25 12 - - - - - -
44 1.43 101-1 61 28½ 21 12 - - - - - -
45 1.46 10. 62 28 28 1 ,.. - - - - - -__ o 
46 1.54 12 62 26 22 13 - - - - - -
47 1. 67 0 65 26 50 19 - - - - - -..I 

48 1. !~5 8 6' ' 28 60 ?l1 - - - -'-+ --r - -
49 1.52 7 64 28 4Lt 22· - - - - - -
50 1.18 7 rt"' 33~2 23 12 - - - - - -?:7?2 --, 

. '97 .'7 :i5 -:;:· ,......, 1-: •-, I I _1 - - - - - -✓ - _, ,._.. - -
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SITE C MCH L .S. = 61 s: Engin32rinj ·oat.:! Grain Size 

No. Depth of Unit Graphic ~·! Gs \'oid Dtj 
Sample Description Log Ratio Cen Gvl Sd St Cl 
(ft) ~/ .!.:. ;: .. 3 7; 7; C' ';I 

/; ;· I t. /: h 

GLASFORD 
1

1 

./ / 
41.5-42.0 \ " \ 36 38 

,... ., 52 / - - - - 2 co 
53 42.0-42.5 FORMATION\ . • - - - - - - - -. . 
54 42.5-43.0 TILL! 

. 
7 49 31 20 . . . - - - -- • . 

55 44.0~44.5 . 
• .,.!__.._._ - - - - 25 60 22 18 -. 

56 L~4 .5-45. 0 0 . . . . - - - - 0 66 15 19 . . . . . 
57 45.0-45.5 ·-- .. - - - - 0 70 15 15 . . . . . 
58 45.5-46.o .. •--;--; - - - - 0 67 18 15 . . . 
59 46.2-46.7 • . . . 0 _69 18 13 BANNER! . . - - - -• . . 
60 46.7-47.2 •-.-.-. • 0 0 87 13 . . - - - -
61 47 ,:7-48. 2 FORMATION I • . . •. · ... 0 ·60 24 16 . . - - - -
62 48.2-48.7 · (10-16-14 > 1- • . • . . . 0 ·10 14 16 . . .: - - - -. • 63 48.7-49.2 . .. . • 0 67 20 13 .... d • - - - -
64 49.2-49.7 

. . 
_"So 10 10 . • . • . - - - - 0 . 

65 49.7-50.2 ... e . 74 15 11 . . • - - - - o · . • 
66 50.2-50.7 . . . . . -0 . . 73 14 13 • • . . . - - - -
67 50. 7-51. 2 • . . . . . - - - - - - - -• • • . . 
68 51. 7-52.2 

., 
• - • - . - - - - - - - - -

~i ~ ' 

r··- F a : . . 
. . 

.. 

J 

-

, 

/ '- . .: . . . 
·., .... 

i l i 
I 
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! • 

MCH ; X-Ray Data Ch2~ical 03ta 

No. DI M I C-K Cal Dol Zn Cd C·J Pb pH c~r i...w 

cts/ cts/ rneg/ 
O! ,, ,, 

sec sec 1-::g/7 r.19/i rg/1 i:;•~/1 10:J~ h /:) 1:, 

52 .98 10 53½ 36½ 21 12 - - - - - -
53 1 .. 01 7 56 37 21 11 - - - - - -
54 1.10 7½ 57½ 35 17 15 - - - - - -
55 1.24 8½ 59½ 32 34 10 - - - - - -
56 .61 5 45½ 49½ 14 12 - - - - - -
57 .. 22 2 24½ 73½ 8 11 - - - - - -
58 - - - - - - - - - - - -
59 - - - - - - - - - - - -
60 - - - - - - - - - - - -
61 - - - - - - - - - - - -

\._ 
62 .23 "2½ 25 72½ 8 7 - - - - - -
63 N.D. ~~ 31 66½ N.D. N.D. - - - - - -
64 - - - - - - - - - - - -
65 • 21 l½ 23½ 75 N.D . N.D. - - - - - -
66 - - - - - - - - - - . - -
67 .40 6 35 59 N.D. N.D. . . 

-: - - - - -
68 .18 2 21 77 N .. D. N.D. - - - - - -

.. C 
.. 

,. 

: 

.. 

-212-

--- --- - - --


	MS_Gibb_JP_1pt1
	MS_Gibb_JP_1pt2



