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INTRODUCTION 

Statement of Problem 

The surface mining of Iowa and other Midwestern coals has 

left many regions scarred with a topography of barren ridges 

and shallow acid ponds. Acid generated on these surfaces and 

stored in these ponds flushes into .streams and can infiltrate 

alluvial,. glacial~ and bedrock materials causing detrimental 

chemical changes· in surface and grouri.d water supplies (Nes.sler 

and Bachmann, 1977; Pietz, Petersenand Lue-Hing,.·l974). 

Recent emphasis in coai stripmini~g is toward r~clamation. 

of lands as they are disturbed by· the mining process. The 
. . . 

process ·of reclamation proceeds first with the removal and 

segregation of different overburden or spoil types from the 

mining c~t~ •. Through segr~gation, acid producing (pyritic). 

overburden can be. stored separately from oxidized or nonacid 

overburden materials. This separation· .prevents the contamina­

tion of.nonacid overburden by pyritic.overburden and its 

oxidation products •· The most common acid .. producing over­

burdens are .pyritic bedrock materials which include shales, 

siltstones, mudstones, claystones, and sandstones. Common 

oxidized and nonacid producing earth materiai's incl~de top-

r.· soils, loess,· glacial till~, .alluvium, and often limestones • 
. ;. 

The second step in the reclamation of mining spoil is the 

burial of the acid producing constituents below oxidized or 
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nonacid overburden materials.. Pyritic materials are placed 

in the bottom.of mining cuts and then covered by.nonacid, 

oxidized and topsoil overburden {Grim and Hall, 1972). 

The burial.and·surface exposure time of acid overburden. 
. . . 

materials are critical elements of-reclamatic;n •. The-burial 

of acid overburden, after short. periods·of surface exposure, 

prevents extreme oxidation of very fine sized pyri"te _{framboi.:.. 

dal) by iron an.d sulfur· oxidizing bacteria · (Thioha·cillus 

ferrooxidans and Thiobacillus thiooxidans) and atmospheric 

oxygen . (Smith, 1973)! · The oxidation products of pyrite are 

sulfuric_acid (H2S()4), ferric (Fe+++)and fer~ous (Fe++) iron~ 

and metals occurring inminor sulfide minerals .(marcasite 

Fes2 , sphalerite ZnS, ~dgalena PbS).· These chemical speci~s, 

as well as · .. metals from minerals made more soluble by· acid 

conditions ·(calcium and magnesium from calcite~ dolomite,. and 

gypsum), are l~rgeiy prevented from o~cu~ring. and infiltrating 

into ground water by proper reclamation activities. 

The production of an acid condition is not the only 

hydrogeolo.gic. disruption that may accompany coal· surface 

i. mining. Other .prC?blenis '"include: 1) temporary or permanent 

lowering of water levels in wells near the mine site due to 
•. . ·' 

drawdown caused by· seepage,. pump age, or evaporation· from open 

mi.ne pit areas, 2) temporary_ or permanent loss of water levels 

in wells due to disturbance of aquifers in coal seams and 

·overburden strata, and 3) disturbance of horizontal and 

... -.. -- .... -.. -
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vertical permeabilities of overburden materials resulting in . 

a lowered water table down gradient from reclaimed mine pit 

areas (Groenwold, Moran, and Anderson, 1975). 

These problems have varying impacts in different coal 

producing regions. In the Upper Missouri River Basin and 

southwestern coal fields there is little problem with acid 

drainage_ because of low sulfur content in the coal overburden. 

High sodium content, on _the other hand, is commonly encoun~ 

tered. In these areas, problems also develop where mining 

removes thick subbiturninous coal and lignite seams that pro~ 

vide water for livestock and-irrigation. 

In Midwestern and Appalachian states the coals mined are 
. . 

not generally as_ thick, and the formation waters are not used 

extensively for water supply. These coal areas, however, are 

plagued by_ acid conditions associated_with moderate and high 

pyrite abundance. 

All areas of coal.surface mining will·be affected by 

permeability contrasts and temporary water losses due to.· 

mining and reclamation. The degree to which the~e problems 

occur will vary greatly, and will depend to a large extent on 

the hydrogeology and methods of mining and reclamation at each 

specific site. 

The Iowa Coal Project Demonstration Mine Nurnber.One has 

been set up as an area for the study.of a reclamation plan 

that possibly holds the answer to some of these· problems in 

'• ............ --.,..... ~ .. -··-. 

. ' 
' 
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Iowa and other parts of the midwestern and eastern United 

states. 

Purpose and Scope 

The Iowa Coal Project Demonstration Mine Number One, 

hereafter ICP#l, was initiated to study the economic feasi­

bility of surface mining and reciamation of Iowa's relatively 

small coal.deposits. Mining arid.reclamation were conducted 

using rippers and scrapers as the prime earthmoving equipment 

as opposed to the dragline excavators used previously in Iowa. 

A portion of the ICPil study·was designated to monitor 

environmental effects of coal surface.mining.and ·reclamation. 

One purpose of this program was the monitori~g of the hydro­

geologic impact· on :the study site and surrounding areas. A 

monitori~g network of· 29 groundwater piezometers and sampling 

tubes was placed between August 1975 and_April 1977.to 

accomplish this aim. The piezometers were used to gather 

water chemistry and wa~er table fluctuation data and relate 

it to the coal mining and reclamation occurring on the site. 

Additional hydrogeologic data pertaining t(> the saturated 

geologic materials of the _study site were obtained-from 

drilling log·s of 35 auger holes (29 of which were used as 

piezometer locations) and 26 coal exploration core holes. 

The purpose of this research is two fold. The first 

objective is to monitor the_ groundwater quality of the ICP#l 

~ · . . ; 
. '. 

' ., 
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site for alterations caused by acid effluent from mining cuts, 

highwalls and spoil storage areas. The second objective.is to 

measure piezometric decline and recovery in geologic materials 

in and around the mine during and after mining and reclama-

tion. 

Area of Study 

ICP#l is located on a 39 acre site about ten miles south 

west of Oskaloosa Iowa in Mahaska county. The.legal location 

of the .. site is: S. W. ~, of N. W. ~ 1 of Section 11, Township 

74N, Range 17W (Figure 1). ·. The site is located on the top and 

south facing slope of a generally northeast-southwest trending 

upland ridge. This upland.ridge forms the divide between Coal 

Creek to the south of ICP#l and North Coal Creek located 

approximate~y one-half mile to the north. The relief of the 

) ridge is about 120 feet~ ICP#l is ·also located between two 

-~. 

other coal surface mines; .the abandoned Iowa: Coal Company 

·mine (ICO) to the north and the pres~ntly operati?g Star Coal 

Company mine to the west (Figure 1) • 

:-. , .. , .. -.. ""''" ~ - .. 
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" 
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Figure 1. Location of study area 
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PREVIOUS . WORK 

In recent years a controversy has developed over the 

methodology for the prevention of acid production from pyrite 

oxidation. ,'Lovering {1948) points out that at certain 'locali­

ties in Arizo~a; ·pyrite is oxidizin<J at depths of. 600 to 700 
. . 

feet below the surface. Shumate and Brant {1971) concluded 

from short duration leaching .experiments .that acid was not 

generated from pyrite buried under a few feet or more of soil. 

Collier, Pickering and Musser {1970) observed that .acid 

generating spoil may be buried as long as two years in cast 

spoil.before producing an acid effluent •. Smith (1973) noted 

that iron and sulfur oxidizing bacteria prosper at pH levels 

below 5. This suggests that if virgin spoil, i.e. acid.over-

burden that has not been allowed to oxidize s:Lgnifican~ly by 

bacteria or the atmosphere, is quickly buried and saturated 

by n~ar neutral groundwater the conditions would not favor 

the production of an acid groundwater. 

The study of. groundwater alterations due to surface 

mining began over· twenty years ago by members of the United 

States .Geological Survey in Kentucky (Collier, Whetstone and 

Musccr, 1964). This study, like more recent studies., con­

cerned itself with the hydrologic effects of surface mining. 

on a river drainage basin. The study found that it could take 

up to two years for acid to be generated in the cast spoils 

and move into the bedrock. ·Most other studies up until.l974 

., 
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dealt with similar problems and the effects of acid .drainage 

on surface stream waters. A large number·of papers dealt 

with the quality and hydraulics of groundwater flow from . 

underground coal mines (Ahmad, 1974}. 

Not until the early and mid 1970's did research. begin. to 

be published on mine spoil and its effect on. groundwater. 

These papers ·dealt almost exclusively with orphaned spoil. 

Pietz, Petersen, and Lue-Hing (1974) showed that groundwater 

in replaced orphaned spoil contained significantly higher 

sulfates, alkalinities, specific conductance, and dissolved 

metals and cations. To date no studies have beenfound which 

report, groundwater quality in spoils replaced simultaneously 

with progressive mining in acid spoil terrain,. 

In the last three years groundwater quality and hydro-

logic research in coal :tnining aL·t!as have literally exploded. 

The U.S. Geological Survey and the Bureau of Land Management 

are presently involved in several western coal studies in 

Colorado, Wyoming, Montana, North Dakota, Utah and New Mexico 

(Syvertsen, 1976). Unfortunately, these studies are in non-

acid coal areas and only one,. the Colorado study, has been 

completed. Preliminary data. from these studi.es ·indicate a 

much different. groundwater chemistry than that found at ICP#l. 

Van Voast, Hedges, arid McDermott (1976) indicate that cornrnQn 

groundwater levels of dissolved solids are between 3000 and 

4000 mg/1 for noncoal overburden and near 1000 mg/1 for coal 

• <. .,,, 
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seams. These authors also state that in addition to sulfate 

and bicarbonate, sodium is also a very ··significant constituent 

of western coal spoil waters. The pH values of groundwater 
. . ~ 

associated with western coal spoils are.rarely acidic and 

accordingly. have low metal contents. 

In the ea~tern coal areas of the United States the . 
. . . 

emphasis in past reclamation has been to reverse·the effects 

of previous mining. Major concerns for eastern coal reclama­

tion are the refilling and leveling of surface spoil to reduce 
. . . . 

infiltration and.decrease drainage from.underground coal mine 

works •. Other reclamation·activities·i~clude formation of 

recreation areas over old spoil sites, and neutralization of 

coalspoils with sewa.ge effluent. 

A literature search has not located any field data 

published in major geologic journals about the effects of 

coal surface l'nining and simultaneous spoil rec1amation on 

groundwater chemical composi ti6ns •. 

... ·.-' 
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GENERAL GEOLOGY OF THE ICP#l AREA 

The bedrock of the site consists of units from the 

pennsylvanian and Mis-sissippian Systems. Rocks of the 

Pennsylvanian are the undifferentiated·. Cherokee group of the 

Des Moines Series. The Cherokee group at the site is composed 

of 50 to 100 feet of: 1) dark gray to black.pyritic shales, 

2) dark to light gray pyritic siltstone and claystone, 

3) light gray and red-brown ferruginous medium to fine grained 
. . 

sandstones, 4) numerous thin high sulfur b.i tuminous coal seams 

(two seams mined at ICP#l), and 5) eliptical limestone concre­

tions (Figure 2). · The base of the Cherokee consists of a 

widely distributed green shale. This shale, the Cheltenham 

clay, is considered a residual soil developed on the under-

lying Mississippian rocks. (Branson~ 1962). 

The Mississippian or Saint Louis rocks which lie beneath 

the Cherokee group consist mostly of limestones.· These rocks 

outcrop at the surface at two regions along the Skunk and 

Des Moines Rivers near the study site~ The top of the Saint 

Louis contains numerous layers of thinly bedded limestone and 

interbedded marls. Lower in the section these rocks are 

replaced by interbedded sandstones and limestones;··"'and massive 

limestone bed~ (Bain, 1894). 

The surficial geology of the study site consists of four 

types of hydrogeologic materials. These materials include: 

< ~ ·~ ........ 

.l 

.~ 



Figure 2. 

·. :;·· 

Northwest-southeast cross section of Quaternary and Pennsylvanian strata 
at ICP#l 
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Quaternary alluvium, Kansan glacial drift, Wisconsin ioess, 

and the weathered bedrock surface.· 

The Quaternary ailuvium consists of gravels, sands,. 

silts, and clays deposited along South Coal Creek and in·small 

upland drainage ways.· The alluvium along South Coal Creek 

fOrmS point bar 1 Clay. plUg~·. terraCe 1 and OVerbank depOSitS 1 

while narrow interfingered wedg_e shaped silty deposits compose: 

alluvium in upland drainage ways (Figure 3). 

The Kansan glacial drift,_blanke:tin:g the uplands, is made 

up of about 20 feet· of.clay till interspersed with cohple to 

boulder sized erratics and a maximum of 15 feet of sands and 

gravels. The glaci~l sand and gravel deposit, as exposed in. 

the ICP#l nor.th highwall, is over 600 feet wide, and occurs 

to the west in the Star Coal Company mine. The deposit is 

about 5 feet thick at the northwest corner of the ICP#l mine, 

and about 3 feet thick at its eastern most extent where·it 

grade_s into a silty alluvial deposit below piezometers. M and 

Q (Figure 4) •. Near its center the sand and gravel layer 

thickens to 15 feet. The same sand and gravel body is exposed 

in the 600 foot wide south highwall of the Childress mine to. 

the north of ICP#l. The Childress exposure is about· 150 to 

200 feeL nu.rth of the ICP#l exp<?sure and appears ·t~_be of a 

uniform thickness. of about 10 feet. Small trough croacbeds 

less than two feet in width and one foot in depth constitute · 

~st of the_ glacial sands and_ gravels~ . The troughs indicate 

..... ··:- -.··-- .. ---,~---~·-r-~----...--~ 

! 
· .... ; 

.. :i 

. ···! 
. ! 

.. ..... , 
.. ; I 

. I 

·.- I 
.·'"I 
. : ~ l 

.:··1 
;_'.'} 
. i 

.; .. , 
. l 

-·=. i 

::· i 

i .. 

• ··-!" 



t 

l 

< 
' . 

Figure 3. Alluvial deposits of the Coal Creek flood plain 
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Figure 4. Cross section illustrating the.distribution of Quaternary surfical 
deposits over Pennsylvanian 
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a general southeastwardly flow direction. Other important 

features of the sand and_ gravel deposit include well indurated 

ferruginous red sands at the top and bottom. · The lower 

ferruginous sand contains large granitic erratics up to two 

feet in diameter. Three to five feet-above the basal contact 

of the sand and gravel body an-undulating limonitic· and 

conglomeritic zone occurs •. Within this zone are roughly 

spherical "hollow" limonite concretions. The centers of the 

concretions are filled with a fine white clayey sand composed 

of about 20 per~ent clay and 80 percent sand. 

Another surficial material, Wisconsin loess, has ·accumu­

lated over the Kansan till in thicknesses up to five feet on 

the study site.. The loess and the Kansan glacial drift domi­

nate the surficial geology of the central and north hill 

areas of the site. 

The last significant surficial material of the study area 

to be described is the wea~hered bedrock surface. This 

material consists of fragments of me-chanically and chemically 

weathered siltstone and shale overlying most -of the bedrock of 

the premining site. 
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METHOD OF INVESTIGATION . 

·.Piezometer Placement 

Twenty-nine piezometers were placed to study the dynamic; 

spacial, and chemical nature of the shallow groundwater body 

at.the ICP#l site during and after mining and reclamation 

(Figure 5). Six of the twentr-nine piezometers were used to. 

determine the .wab3r quality and rate of recharge of ground­

water into reclaimed portions of the mine. The remaining 

.twenty-three piezometers were used to.docliment th~ changes 

occurring in the groundwater in the alluvium, loess, and 

glacial.drift:compos.ing the. surficial.geologic m<;iterials of 

the site. The groundwater of the surficial geologic materials 

was preferentially monit.ored over that. of the upper bedrock 

for the following rcaaonc: 

1) The shallow. groundwater of the.area must be protected 

from possible damage caused by coal surface mining 

because the groundwater is a·major source for 

domestic and livestock w.ater supplies. 

2) The surficial geologic·deposits of the.rnine site have 

generally higher perrneabilities than do bedrock 

shales, siltstones, mudstones, and claystones. Thus 

the bulk of shallow groundwater movement occurs in 

the surficial or unconsolidated geologic materials. 
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Figure 5. Groundwater piezometer locations I 
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3) Surficial. geologic deposits transport groundwater at 

relatively higher rates than do the upper bedrock 

materials. Thus, the earliest detection.of contami-

nated groundwater can be attained by monitoring the 

shallow groundwater of the unconsolidated geologic 

materials~ · 

·--··4) Shallow .gr~undwate~ situated just below. the water. 

·table wili also be the first groundwater affected by 

the iniiltration.ofsurface water from spoil storage 

areas and a sediment.retention pond. 

The monitored site is located on a southeast facing hill. 
. . . . . . . . 

The surface wa·ter and shallow groundwater .drainage is also in 

a generally southeasterly direction.toward South Coal Creek, 

the local.grouridwater sink. Piezometers were placed at vari­

ous locations. and depths to intercept this southeasterly.flow 

of the shallow groundwater before1 during,. and after passage 

through the mine area •. The placement of piezometers at dif­

ferent 'depths aids in th~ investigation of hydraulic and 

chemical conditions that vary with increasing depth and dif­

ferent geo.logic strata (Figures 6 and 7) ... Each piezometer was 

packed with gravel .through the sampling interval, and back-. . . 

filled with bentonit~ to prevent leakage from shallower strata. 

Piezometers. located ·along the north side of the mine site 
. . 

intercept groundwater flowing into the active mining area from 

the local drainage divide to the north. These piezometers 
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Figure 6. Cross section through spoil cored terraces 

Figure 7 • Illustration of piezometer nesting through spoil 
cored terraces at the northeastern corner of 

:ICP#l. 
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qive an indication of the natural chemical species-and con­

centrations present in_ groundwater unaffected by mining. 

Piezometer~_on the. north· side of the· site also demonstrate 

the extent of dewatering of·the_ glacial drift caused by 

surface mining to the south. 

Piezometers located to the south of the site monitor 
. . . 

chemical and piezometric cnanges of the groundwater as· it 
. . . . 

flows near and is charged_ by infiltrating surface waters from 
. . . 

spoil storage piles, mining pits, and the sedimertt_retention 

pond. Monitoring of the sediment pond is especially important 

because of the increased surface· infiltration and groundwater 

mound associated with it. Piezometer$ placed in the shale 

spoil and silt_stone spoil cored terraces of the northeast side· 

of the mining site should detect possible deterioration of the 

groundwater in that area. The ~ource of water degradation in 

the previously mentioned_terraces would be related to the 

oxidation of the pyritic shale and siltstone spoil materials 

placed on the.previons. land surface well above the premining 

water table (Figures 6 and 7) •. The shale and siltstone Spoils 

were buried below nonacid overburden, but if they-oxidized to 

any extent the by-products of oxidation could contaminate 

underlying waters through surface water percolation. {lnfortu­

nately, from a monitoring standpoint, this ar-ea was once the 

location of a barnyard, and its water-quality shows some 

alteration from this use (F~gures 6 and 7). In addition to 
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piezometer monitori~g several a~ger and core hole logs from 

we site proved useful. Their locations appear in Figures 8 

and 9. 

·water Quality Analy~es 

Water quality samples were taken on a monthly basis from 

the piezometer. tubes after bailing and total or partial head 

recovery. Monthly sampling ·was ·found to be adequate for 
. . . 

groundwater monitoring because of its relatively slow flow 

rate. _Monthly sampli~g also allowed the piezometers ample . 

time to. :recover lost head caused by.bailing .and sampling. 

The chemical analyses were performed using .Hach DR-EL, 

pH, iron: and 2200 specific conductance field·testkits and 

units. During .the courseof the study chemical oxygen demands 

were analyzed by the Engineering Research Institute Laboratory, 

and trace. element scans we~e performed by Drs. V. Fassel ·and 

. R. Kniseleys' research groups of the Ames Laboratory. 

Specific chemical parameters under observation are listed 

in Table 1. The estimated accuracy of the above chemical 

parameters are listed in Table 2. The trace elements studied 

are listed in Table 3 •. 
··' 

Temperature and water depth were recorded at the time of 

Sampling. Other water level measurements were made before 

bailing the wells and two to three times a week by Dennis 
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Figure 9. Auger holes not used for piezometer locations 
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table 1. Chemical parameters under study 

chemical analysis 

specific conductance 

pH 
Chloride 

Alkalinity . 

sulfate 
Nitrate-nitrogen · 

Total iron 

Ferrous iron 

Chemical oxygen 
demand 

. . 

Total hardness· 

Calcium hardness · 

Manganese 

Units 

ppm NaCl 

-log [H+] 
mg/l.cl-

mg/1 CaCOj 
mg/ so

4
= · 

mg/1 N 

mg/1 Fe 

.. .lMethoda 

Specific conductivity meter 

Wide range pH 

Mercuric nit·rate titration 

Sulfuric ac.i;d titration 

Turbidimetri.1c method 

Cadmium reduction method 

Phenanthro1ine method 
mg/1 Fe++. · Phenanthro1ine method 

mg/1 02 ·Dichromate z:eflux 
b 

method 
mg/1' Caco3 EDTA titration 

mg/1 Caco3 EDTA titratj.'on 

mg/1 Mn++ Periodate method 

aHach modifications. 

bEngineering Research Institute Laboratory. 

Table 2. Estimated accuracy of clu:~nu.c~1 ana1yses (modified 
from Peckenpaugh, 1973) 

Analysis Range Accuracy 

Specific conductance .. 100-10000 + 10% 
Initial wat.er a -temper a ture· + .2~°C -pH + .1 
Alkalinity + 4 mg/1. 
Chloride + 2 mg/1 
Sulfate 0-100 + 10% 

100-300 + 15% 
300-1000 + 20%' 

1000-2.000 + 25% 
Nitrate + 1 mg/1 
Total and ferrous iron + 5% 
Total hardness 10-500 + 5 mg/1 

Calcium hardness 
500-1000 + 10 mg/1 -10-500 + 5 mg/1 

~·'nganese 
500-1000 + 10 mg/1 

+ 5% 
a 
Accuracy over entire range. 
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'i'able 3. Trace-elements studied 

Aluminum 
Antii:nony 
Arsenic 
Boron 
Barium 

·Beryllium 
Calcium 

. Chro.mi urn· 
Cobalt 
Copper 

Iron 
Magnesium 
Manganese 
Nickel 
Lead 
Selenium 
Tin 
·strontium 
Vanadium 
Zinc. 

Struck or a field assistant. Specific conductance, pH, total 
. . 

and_ferrous iron, and occasionaliy_sulfide were measured in 
. . .. . 

the field to avoid changes before analysis~ Lab analysis of 

samples was us~ally completed within a month after sampling, 

but occasionally two months elapsed. 

Water sampling was done with a PVC bailer •. The bailer 

was rinsed o~ce with di.stilled water and· twice with water 

from the well to be sampled prior to sample collection. 

Water samples were collected in polyethylene bottles after · 

one ririse with well. -water. The water samples were then capped 

and stored on ice until ret-urned to the laboratory. ·Trace . 

elements were collected.in a similar fashion except_ unused 

polyethylene bottles that had been acid leache~ for several 

days were used to hold the_samples. Trace element samples 

were also acid fixed.to under pH 2. Water quality samples 

were refrigerated at 10° Celsius from the time of sampling 

Wltil analysis • 
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Wells having adequate head conditions were bailed·on a 

monthly basis to insure a turnover of· the groundwater flowing 

into them. Bailing of the wells was done by removing most of 

the water (all but 6 inches) above the bottom of the piezom-

eter tube • 

Correlation Analysis 

Statistical correlations were performed using the 

Statistical Analysis System language to detect possible rela­

tionships between the monthly water quality parameters for a 
. . 

. . 

specific piezometer and relationships between rainfall, time, 

' and water depth between all piezometers (Barr, Goodnight, Sall, 

and Helwig, 1976). These correlations are.presented in 

Appendix E. Th~ correlation data are·presented in three 

parameters: r, p~ and n. The correlation coefficient (r) 

gives an estimate of the degree of relationship of two param­

eters~ Correlation coefficient values (r) approaching 1.0 

indicate a high degree of,estimated relationship, while values 

near 0.0 indicate little or no estimated relationship. The 

second parameter (p) is used to asc:::ertain the significance of 

the correlation coefficient (r) • Only p values less than on'e 

were considered meaningful. The percent significance. level is 

computed by subtracting the p value from 1.0 and multiplying 

this result by 100 •. The parameter n is the number of data 

?airs used to arrive at the listed correlation coefficient. 
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PREMINING WATER FLOW 

Premining Surface Water Flow 

The premining surface (Figure 10} as seen in Figure 11 

~as drained- by a series of dendritic water ways or small. 

basins. Figure 11 shows that four small basins are respon-

Aible for the majority of surface water drainage from the pre­

~ining ICP#l site to Coal Creek. An area near the previous 

towa Coal Company mine north of ICP#l was mined as an exten­

tion of ICP#l. This area was drained by parts of five small' 

drainage basins prior to mining. Three of these basins drain 

to North Coal Creek on the_ east and north, while two of the 

basins drain to the southeast across the initial·ICP#l site. 

't'hese last two drainages have been modified by road ditches 

that have been cut across them. 

·Premining Groundwater Flow 

Groundwater flow occurs between particles and in the 

)uints or fissures of the geologic material in the ICP#l area 

0 ~ both a regional and local scale. Figure 12 illustrates the 

t~lationship between local and regional flow for the ICP#l 

oroa. The Des Moines River acts as the regional groundwater 

o~n~ or discharge point while Coal Creek and North Coai Creek 

o:o 1 1 oca discharge points. 
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Figure 10. Premining topography 
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Figure 11. Small basins controlling prernining surface water 
drainage of the ICP#l site · 
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Figure 12. Comparison of local and regional groundwater flow 
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An in depth study of the regional groundwater impact of 

the ICP#l surface mine is beyond the scope of this research. 

nowever, it is believed.that regional impact from ICP#l mining 

vould be slight because of the low permeability of underlying 

sediments and the small area o.f regional groundwater recharge 

represented by the mine. 

study of the local shallow f,low regime of. the mine area 

~as chosen as the major concern. The local groundwater flow 

regime of the study site can be partitioned into flow through 

surficial deposits and the consolidated bedrock materials. 

The surfici.al materials generally have greater perrneabilities 

than do the consolidated materials of the area (with the 

exception of bedrock coal strata), and likewise transmit the 

largest portion of local groundwater flow. Coals are assumed 

to contribute little groundwater flow because they are.almost 

completely confined by siltstones, claystones and shales. 

Surficial deposits 

The unconsolidated surficial materials as previously 

~~ntioned consist of glacial and alluvial deposits as well as 

weathered bedrock debris arid eolian loess. The water flow 

through the loess occurs primarily only after rainfall and 

HnOWmelt because the loess is situated well above the water 

t~ble. Flow in this material is usually in an unsaturated 

condition. Occasional saturated flow may occur if water is 
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held up on the loess-till interface due to a high permeability 

contrast. The primary routes for water movement in the loess 

are large ·desiccation cracks that appear in the material during 

drying periods. These cracks open to widths of one to one and 

one half inch~ and reach depths of several feet. · During 

periods of high rainfall these may be closed by sedimentation, 

swelling, or slumping. As the desiccation cracks close inter~· 

particle flow becomes relatively more important than does the 

previously mentioned 11 fissure" flow. Interparticle· .flow .occurs 
. . . - . . . . . 

between the silt grains and clay particl~s through connected .... , 

pores. Pore flowage is also important. at depths where drying ·.: 

cracks do not develop. 

Most water flowing through the glacial till which lies 

below much of the loess is credited to fissure or joint-flow 

as in the loess ... The joints or. cracks in the till prob,ably 
. . . . . 

occur as "fossil" desiccation cracks •.. The joints were most 

·likely .developed. just after glacial deposition •. In plan view 

the joints of the till form irregular three.to six sided 

polygons ranging in size from four inches to two feet. · Some 

of the cracks alsq appear to be dead end, i.e., they do not 

intersect other cracks. In plan view the central opening of 
·' 

,·: 

the joints is not apparent, but an orange colored band from 

one to four inches wide marks their sinuous distribution. The 

color band may be an oxidation zone around the fracture or a 

fructure filling of oxidized material. In crossection the 
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joints appear_to be an eighth of an inch wide or iess. ·The 

wider joints are us.ually filled with a fine white sand, while 

the smaller openings have iron coatings on each side. In 

cross se~tion the joints are roughly vertical and very wavy. 

water may also flow through ·the pores in the till, but because 

of their small size and poor connection the flow is very slow. 

As a result of the small pore flow it .. is likely that most of 

the till flow characteristics are controlled by jointing. 

Other glacial materials at ICP#l that contribute to 

groundwater flow are the glacial sands and gravels which under-· 

lie till at the northwest corner of the· site (Figure 4) ~ The 

water flow thro~gh the sands and gravels is mostly between 

large interparticle pores. No joints are found as such in the 

sand and gravel deposits, but cross bedding foreset beds may 

have a similar effect. In the sand body,areas of higher matrix 

porosity and permeability may occur where coarse sands and 

gravels are mixed with finer sands at the base of planer and 

t' ' trou9h cross beds. Iron banding parallel to the trough cross 

beds is another evidence in favor of high matrix porosity in 

· ~- the sands. Several iron bands are often seen branching out 

from a common bedding plane and interfingering the ~?arser 

ldminations of trough cross beds. Near the top and bottom of 

the sand unit are areas of well cemented ferruginous sandstone. 

This may or may not indicate a once preferred zone of water 

~vement, but surely imposes a barrier at present. The 
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undulating conglomeritic and limonitic layer in the sands also 

~uld appear to retard vertical flow and may represent the 

prernining water table. No apparent seepage·was ever observed 

from the sands although they were very moist just under the 

surface below the conglomeritic zone. 

The alluvium, and glacial sands compose the greatest 

water flow regime of the site. The saturated alluvium along 

coal Creek consists of a series of VerY local and complex 

point bar, back swamp, clay plug, and low level terrace 

deposits. In upland· areas, alluvium may be_less than one foot·. 

thick while on the flood plain of Coal Creek it is commonly 

over 30 feet .thick. The_perrneability of the saturated 

alluvium is relatively high due to the interconnection of· 

point bar sand and gravel deposits, and the depth to water 

varies between ten and.fifteen feet. Unsaturated.portions of 

the alluvium near Coal Creek consist mostly. of overbank silt. 

and clay deposits. Unsaturated flow through·the shallow parts 

of the alluvium is· often by a combination of fissure flow and 

by flow between clay and silt particles. In the saturated 

zone most flow is through the coarser deposits such as sand 

and gravel which underlie. the southeast side of the .. ICP#l 

site (Figure 3). 

A material with transitional groundwater flow properties 

between the .unconsolidated and consoli.dated deposits i.s the 

weathered bedrock surface. In this material the natural 
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bedding planes have been enlarged by erosion or chemical break­

down. Often the bedrock surface is weathered and reworked by 

gravity to forrn_a colluvial deposit. This type of deposit is 

conunonly found at the flood plain-upland transition. The 

water flowing through these deposits is largely moving in 

fractures or bedding planes enlarged by weathering, and to a 

small extent through the pores of the more consolidated blocks 

or fragments of the weathered rock. 

consolidated bedrock 

The flow of groundwater through the consolidated bedrock 

is in general much less than that of the unconsolidated 

deposits. This is due to the low permeability typical of 

shales, siltstones, and claystones making up the majority of 

the shallow consolidated bedrock of the area. The flow 

through these rocks is very slow with the largest part of the 

flow along numerous bedding planes, cross beds, and" vertical 

joints. In the shales the bedding planes are separated by at 

most a few inches. Joints are commonly observed to be between 

one and three feet long and randomly intersect several bedding 

planes. The joints also appeared to have a major and a minor 

trend. These trends are approximately north 60° west and 

north 60°_ east for the major and minor sets, respectively. In 

~ddition to these joints there are several normal faults in 

the shales. These fractures show six to eight inches of dis­

pla,cP.ment and dip between 45 and 55 degrees to the east. 
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rhese fractures may also be present in the other bedrock 

lithologies, but surface weathering and slumping prevented 

inspection of them. The pores of shales,· claystones, and 

~iltstones are very small and poorly connected causing their 

low water flow rates. 

An exception to the low permeability of the bedrock is 

~0 coal that is found among the shales and other tight 

~ Mterials. The coals may be the most permeable of all geo-

logic materials at the mine site. Although the coals have 

relatively high permeabilities it is believed that they con­

tribute little to local groundwater flow because of near total. 

confinement by much less permeable siltstones, claystones, 

ohales and surficial clays. 

The premining water table for the ICP#l site (observed in 

the initial 15 auger holes and eight piezometers .placed in 

August, 1975) is as in Figure 13. From this figure it is 

4;,parent that. the water table is a subdued ·version of the 

~~tcs topography. The groundwater flow direction of the site 

4•'i'roximates that of the surface drainage. This flow direc­

~~on is roughly from the northwest to the southeast or gen­

c~~lly perpendicular to the water table elevation c9ntours 

q~ovn in Figure 13. The average gradient of the water table 

.~:~o appears to be near seven feet of head drop per 100 feet 

~ horizontal movement. 

. ! 



Figure 13 ~" Premining water table · 

1 
I 

I 

I 

····. 

Figure 14. Postmining water table,.summer 1977-
:, 

r ·, 

I· 
I l. 
I· 
I 
I 

' 

_>:~~ 



47. 

<i 

: ~-

.... 

rN 

0 200 400 
I -- --feet 



I
. 
. 
' 

. ; 

. i ., 

. ' 
. ·~ 

' '' 

·~ j 
'' 

·t 
I 

48 

WATER FLOW DURING MINING 

Surface Water Flow 

During mining at ICP#l surface water was diverted to 

either side of mining area to ·avoid frequent accumulations of 

precipitation runoff in the mine cuts.· Diversion trenches· 

were often cut just above. the high walls to accomplish this 

task. A drain tube was used to move excess water from the 

mine· cuts to the sediment pond after heavy rainfall. · 

. . 

·Groundwa-ter Flow · 

Coal surface mines as well, as other quarrying operations, 

assume characteristics of a large diam:~er well when extending· 

below the groundwater table or into aquifers. As these "wells" 

or mining cuts breach water bearing strata the water will begin. 

to move into the open excavation. The rate of this water move-

rnent is determined by the.amount of water "standing" above the 

water level in the excavation (recharge head), the level of 

water standing in the excavation (discharge head), the permea­

bility of the material releasing the water and the distance 

between the recharge and discharge heads. With time for a · 
·' 

stationary nune cut an equilibrium flow rate will establish a 

cone of depression around the mine. Once mining increases the 

cut size the potential for an even larger cone of depression 

occurs. In this way mines potentially influence water storage 
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~d flow in larger and larger areas. As to whether or not a 

r.!ne actually effects its potential·area of influence depends 

~~in on the permeabilities of the surrounding geologic 

.Mterials and their head and_gradient conditions. At ICP#l. 

~st of the-materials around the mining cuts are of types 

c~.3racterized by very low permeability. Because of these· low 

~rmeabilities it. is unlikely that the water systems of these 

o.aterials will be significantly dis.turbed outside the mined 

ucas. For the "_tight" materials it is most likeiy that.the 

runing process moves more rapidly into the upgradient strata 
··.. . 

. th4n does an advancing cone of depression ·caused by free 

.:!rainage. An exception to this. rule lies in the highly 

~rmeable coal seams. This exception will be discussed in a 

l4ter section. 

The initiation of mining at ICP#l· upset. bhe ·flow of 

1roundwater across the ICP#l.site. Temporary water table 

;~ductions of as much as 50 feet from the premining condition 

•:o estimated (Fiqures 13 and 14). The causes of the ground-

v•tcr flow disruption are the seepage and evaporation of water 

~ro~ highwalls, mine cut floors, and the spoiled material as 

n~ning cuts truncate groundwater flow paths. Figure. 15 

ec:~cm.atically represents this evapo~ation water loss and the 

·• '=<=ompanied water table drop at ICP# 1. 

As mentioned earlier the geologic materials making up 

highwalls and mine·cut floors are mostly low permeability 

., 

:~ . . 

. I 

.· ~ 
: li 

I 
~ 

1 

J 
: 

i 

t 
t 

I 



Figure .15. Schematic of groundwater ·loss induced .. by mining at ICP#l 



·, 

} .. 
~ 
~ 

! 
j 

i 
' i 
! 
j· 

; 
.. 

i· 

.. ~ ~ ·. , ·~ 

PIE Z. 

A 

'\ ----- ... \ 
COAL \ 
SEAMS 

. \ 

A 

ORIGINAL TOPOGRAPHY-­
WATER LEVEL--­
MINING LIMIT ·-·­

FILL BOUNDARIES ...... , 

SCALE: 
HORIZONTA_ 0~0 
VERTICAL Co 10 20 

-=-
(faat) 

- ... ,r 
;; .. · ... ___ .... EVADPORATION 

........... 
. .... . ... .... \ . 

\ 
\ WATER 

· \ LOSS t' _,.,.. I 
!m:oz!mm:mmmlil!i'.imlllll~a~&li:!J_~-~-~. _. _. /-, ,. / ___ -, 

......... _ _, 
A 

~. 

... _ 

A 

\ 
\ 
\ 
\ 

-, j 
- .... ...,..~·---., ........ ....... 

\ 

.. . ·. . . . . 

...,.. ·.-...~--.... ...,._..,. __ _,_-('., .... ,.._~,...~--·--------~----..,-~~...-.,..R.,« .. u"".-"';"ll~;\":O.i¢~~~~-i~:~.,..,..,;,o;;""I~~-'':;;;>;!J 0<".,•,~"-1i<;,;j>;J, .. ~.-~Sl~.-li~i.Wf"""~JiiZi~~-'~~~-~,;,;j::.w.?.>J;~~i!i.~,.'{~,~ ...... 'l\ .. ti\!!!WUJif:l!Ji\«fiM~J' 



·:~...,.;.~·"'· 

• 
·i ;, 
' ' ~· 

~ 

52 

rock types such as shales, claystones and siltstones. Tl'le 

coal seams are the only significant variation from this rule. 

The coals have relatively large permeabilities in comparison. 

These large coal permeabilities may be of little significance 

if coals are confined by shales, siltstones and ciaystones 

before mining. After mining opens a c.oal seam its large 

permeability would cause the majority of initial flow from the 

coal to be of water held in storage in· the coal itself. Flow 

would decline 'from the initial rat~ until the flow out of the 

coal seam rea~hes equilibrium with recharge from its sur-

roundings. Where the. recharge is from siltstones and shales 

the area of equilibrium recharge would be very large. 

Calculation of maximum seepage from evaporation data 

The mining cuts at ICP#l never accumulated a significant 

amount of water d~e to groundwater seepage. This indicates 

that the loss of. groundwater to seepage from saturated por­

tions of the mining cuts is less or at. most equal to the 

average groundwater evaporation ·from the saturated areas. 

Following.this premise a maximum groundwater seepage loss for 

the site can be generated with knowledge of the average 

saturated area of the mine exposed to evaporation, the average 

evaporation rate and the time over which the evaporation 

occurs. The area of the mine cuts can be estimated from 

•·igure 16. Figure . 16 shows the progression of the mining cuts 
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as well as the location of spoil stock piles and the sediment 

retention pond. Table 4 lists the duration of the ICP#l mining 

cuts, while Table 5 lists the estimated saturated area for mine 

cut floors and highwalls. From these tables it is found that 

the highwalls· and mine cut floors compose 18 i;iDd 82 per cent of 

the saturated mine areas respectively. The sa·turated highwall 

Table 4 .. Duration of ICP#l mining cuts 

Bottom 
seam 
cut 

1 

2 

3 

4 

5 

Top 
seam 
cut 

1 

2 

3 

4 

Opened 

9/1/75 

12/15/75 

5/15/76 ..... 

8/2/76 

2/15/77' 

7/15/76 

8/2/76 

8/15/76 

2/15/77 

Closed 

12/15/75 

5/15/76 

. 8/2/76 

2/15/77 

6/15/77 

8/15/76 

1/15/77 

2/15/77 

4/15/77 

Duration 
(days) 

106 

152 

79 

197(225)a 

120 

a 
One half the highwall length of mine cut 4 was open 

tlimultaneously with cut 5 for the period 2/15/77 to 3/15/77. 
b . 

Cuts 2 and 3 of the top seam were open simultaneously 
!or the period 8/15/76 to 2/15/77. 
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~able 5. Estimated saturated mine cut surfaces 

,.-tine 
cut 

Highwall 
length 

(ft} 

Average highwall 
saturated height 

(ft} . 

ab Saturated 
highwall 

area (f·t2) 

sottom seam 

lc 

ld 

2 

3' 

4 
4e 

5 

Toe 

1 

2 

3 

4 

1345 

1200 

1520 

1075 

1025 

500 

500 

seam 

550 

800 

650 

525 

11 

23 

26 

37 

44 

45 

45 

15 

. 15 

15 

15 

. 15000 

28000 

40000 

40000 

45000 

23000 

23000 

8000 

12000 

10000 

8000 

aHighwalls are assumed to be vertical. 

bRounded to nearest 1000 square feet. 

cBottom highwall of cut 1. 

d Top highwall of cut 1. 

a Saturated 
mine floor 
area (ft2) 

200000 

240000 

150000' 

140000 

40000 

48000 

43000 

56000 

73000 

67000 

e . 
Correction for over lap of mine cuts 4 and 5 of the 

bottom seam. 

height was calculated from the premining water table'con-

;. figuration as in Figure 13, and Figure 17 which shows the 
' 

l. 

estimated base of the mine spoil fill or the base of the 

highwalls in the mine cut areas. From Tables 4 and 5 an 
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Figure 17. Base of spoil fill and other disturbed areas 
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estimate of the average saturated surface area of mine cuts 

can be generated. This estimate is derived by multiplying the 

6 um of saturated highwall and floor area times their duration 

in days, and then summing across ·all mine cuts and dividing by 

667 (the estimated le~gth of time in days that mining cuts 

~reopen to_ groundwater seepage and evaporation at ICP#l). 

The average saturated surface area open to evaporation per day 

of mining a ICP#l is then 245,000 square feet. 

Next, ~n average evaporation value must be derived. 

~ohler, Nordenson and Baker (1959) find south-central Iowa 

to have an average annual class ·A pan evaporation of 50 inches 

vith ~ standard deviation of 5 inches. This value then yields 

~n average daily evaporation of 0.137 inches or 0.0114 feet. 

From the average daily evaporation and the average daily 

!Ui'ling cut size the "maximwu" aVt!:t:C:Lg-e daily seepage and 

avaporation.from the mine is calculated to be near 2800 ft 3 . 
. 3 

o! water per day or 1,863,000 ft · for the entire 667 days of 

~:.ning at ICP#l. .These values in gallons are 21,000 q.nd 

11,972,000 gallons for .daily and total ~ining periods respec-

'Uvoly. 

The previous seepage and evaporati~n illustrat~o,n was 

~~lculated following the assumption that reclaimed spoil faces 

~! the mining cuts contributed a negligible amount of water to 

c; ·.·.,;)()ration because of their undersaturated condition. 

;; : ':<jory ( 1977) shows that the shale spoil. on the site was at 
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less than one half water saturation. This fac~ is demonstrated 

b)' Gregory's volume moisture content data from before ·and after. 

4 series of infiltration tests. These data show a preinfiltra­

tion moisture content range of -about_lO to :,_6 percent, while 

the moisture content after a steady state runo:ff occurred · 

(assuming this implies saturation) was in a range of. 36" to 41 

percent by. volume. 

The evaporation illustration does not account for the 

Qcasonal variation of evaporation.. The ICP#l mine was open 

!or approximately two fall, winter, and spring seasons and only 

one swruner. This would indicate that the. "maximum" seepage and 

evaporation estimate would be a littl~ high. A .more accurate 

Average estimate WO\lld .be • 0099 inches per .. day based on seasonal· 

evaporation data for central Iowa (Ames) as listed in u.s. 

Department of Commerce (1950) .• 

The season weighted evaporation rate wou1d then reduce 

the previous estimated maximum seepage and evaporation by 

About 15 percent to 2400 ft3 per day and 1,618,000 ft 3 for. 667 

d4ys of mining. 

1\ season-mi.nli1g area weighted. seepage and eva.:Poration 

r4te may also be needed to determine the interaction of both 

ChAnging mine cut areas and chan<Jing seasonal evq..poration. ·. 

This weighted average system will be introduced in the follow­

_lnq refinement of groundwater seepage and evaporation. Monthly 

end daily adjusted evaporation estimates for I~Pil are as 

1 ~Bted in Table 6. 
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Table 6. Estimated monthly and daily evaporation (from u.s. 
Dept. Corronerce 1950; Kohler et al., 1959) 

p.tanth 

Jan~c 0.74 0.024 

reb.c 0.97 0.035 

c xar . 
d Apr. 

1.94 

5.10 

0.063 

0.170 

Month A B 

6.32 0.204 

d Jun. 7.45 0.248 

Jul.d 

d Aug. 

8.73 

7.23 

0.282 

0.233 

aMonthly amo~t in inches • 

bDaily amount in inches. 

Month A B 

d' 
Sept. 5.67 0.189 

d Oct. 3.80 0.123 

C· 
Nov. 

·o c . ec. 

1. 31 ' 0. 044 

0.74 0.024 

cWeighted values by comparison to Lakeside Missouri. 
values of November through March. 

d ' 
Average for Ames, Clarinda, and Iowa City, seven month 

record. 

Combining data of Tables 4, 5, 6, and 7 the "maximum" 

aeasonal-area adjusted seepage and evaporation for the ICP#l 

oite is 1,536,000 ft 3 for the 667 days of mining·or an average 

3 of 2300 ft per day. The seasonal adjusted evaporation 

t. ~~unts used in the previous calculation are listed in Table 

1 as follows: 
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Table 7. Seasonal adjusted evaporation 

sottom seam Evaporation Top seam Evaporation 
cut · inches/day. cut .inches/day 

1 .• 0105 1· .0258 

2 .··· . ~ 0080 2 .0114 

3 .0251. 3 .0089 

4 .-0099 4 .0084 

4a .• 0050 

5 .0146 

Calculation of maximum seepage from permeability and gradient 

!!!!timates 

Groundwater seepage· from the mine cuts has been approached 

ftom an evaporation limit standpoint.· It is also of interest 

to obtain a perspective of seepage as controlled by the perrne­

abilitfes and groundwater flow gradients at the ICP#l mine, 

but first some t:i.rnP.ly ohsP.rvations must be reviewed •. 

As previously pointed out the majority of saturated bed­

rock materials at ICP#l are characterized by low-permeability. 

8ccause of these low perrneabilities evaporation prevents the 

accumulation of any moisture on their surfaces. Coals provide 

" striking exception to the low· p~rrneabili ty rule •.. While coal 

Accounts for less than ten percent of the thickness of depo~-

1ts it probably has the greatest influence on groundwater flow 
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during mining. This influence is due to the high permeabil­

ities characterizing the coal seams. Most of the bedrock· 

:aterials at the ICP#l site are ·siltstones, claystones and 

shales whi~h commonly have hydraulic conductivity values .. 

between 0 •. 01 and 0. 00001 ft/day (Morris and Johnson, 1967) • · 

On the other hand coal commonly has a conductivity. range · 

between 0.1 and 500 ft/day (Taber, Fulton, DabbOU$, and Rezriik, 

1974). 

Numerous coal. seams· occurred in ·the strata at ICPil, but . 

only three of these.coal~ developed ·~ignificant seepages. Two 
of these coalswere mined, while the third was not. The two 

. . 

1\\ined seams occurred at elevations between.697 to.715 and 745 

to 760 with respective average thicknesses of about two and 

ona-half ·and five feet. The third coal was located near ele- . 

.. ~ vation 730 at· the west side of .the mine and had a thickness of 
,, . .~ .... 

. , about one and .one-half foot.· Of these three coals only the 

upper coal was positioned so that an estimated flow rate could · 

be obtained.. The .Visible. seepage rate was initially estimated 

4t about ten gallons per hour.from a one by fifty foot seepage 

face in August 1976. 
. . . . 

At the same time two other seepages .· 

occurred at the east and west end of the upper seam, but the 

COmbined flow of these two was only about half that·of the 

first. Near the end.of mining the visible. seepage from the 

upper irlned coal seam was significantly reduced to less than 

one gallon per hour at the west side of the upper coal seam. 
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A small pool of water (about ten square feet in surface area) 

vas maintained by a seepage below piezometer Q also. 

From the initial seepage of ten gallons per hour an esti-

mate can be made of the hydraulic conductivity of the coal 

from the Darcy flow equation: 

Q = KiA 

where: 

Q = volume of flow 

K = hydraulic conductivity 

i = flow gradient 

A = cross sectional flow area. 

By rearranging Equation 1 we get: 

K = Q/iA. 

(1) 

(2) 

Assuming the coal seam flow gradient equals the average 

water table slope and the seepage face is· fifty square feet, 
. 2 

the value of K will equal about 69 gallons/ft /day (9.2 ft/ 

day) if Q is ten gallons per hour •. This indicates that the 

coal seams are from one thousand to one million times as 

"permeable" as the other bedrock materials at .I"CP. From this 

example it can be seen that where coal seams outcrop-· from 

yery low permeability rocks the coal will provide an under 

drain effect and significantly increase the effective seep~ge 

f«ce of the surrounding low permeability strata. 
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To understand the extent of the influence of drainage 

crom,coals op~ned by rnini~g it is important. to understand the 

flOW gradients and head conditions that may prevail in the . 

coal seam before and after. it is opened by mining. Prior to 

rnning the water flow system of the coal seam w:ill. be in 

oquilibriumwith the surrounding siltstones, c1aystones,.and 

: .\ shales. The initial head conditions of the coal. seam would 

·, 
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~ 
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then be equal to.the average head of the·overlying saturated. 

Daterial. At ICP#l the bottom coal would then .have an approxi­

mate head of 740 msl. This premise follows from the assump­

tion that the. piezometric ·head in the · sil tstoners,, claystones~. 

and shales. can be approximated by the water tabl.:e surface. 
. . . .·· . . 

As the mining operation opens the coal the head conditions· 

in the coal wouldrapidly adjust to the level of the mine cut 

at about 700 msl. Water would drain quickly f:r:Gm the coal .·, 

relative to the low permeability overlying rocks. Rocks .above 

the coal would not be able to supply waters . to the coal as 
' 

rapidly as it would be capable of draining them .• · This could· 

lflean that a .large area of. coal would have a grea·tly decreas~d 

hoad from the prernining condition. The area of head decrease 

VOUld be determined by the permeability and f1o:W gradi.ent 
. '•' 

Ocross the low permeability rock:-coal contact relative to the 

COal's permeability and flow gradient to its seepage face at 

l the mine cut. · The relationship between the co.ail.:s and the 

overlying low permeability rock at ICP#l is shown in Figure 18 • 
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Figure 18. Relationship of ICP.#l coals to surrounding low permeability strata 
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In the case of both coals it should be noted that shales are 

the overlying strata.· 

Two models exist for the drainage of water from the coal 

fJCams at ICP#l. These two possibilities depend upon the 

topography of the coal seams. The first model as in Figure 19 

occurs when the unmined coal behind a highwall is at the same, 

or a higher elevation than the coal outcrop in.the mine cut 

(down dip seepage). In this case the vast majority of initial 

ncepage would be of water stored in the coal itself. The 

4~ount of seepage would then decrease.until a recharge equi­

librium had been set up with the overlying shale. The second 

:.1odel as in Figure 20 occurs where the coals behind the high­

walls are at a lower elevation than those at the mine cut out-

crop (up dip ·seepage). In this instance the coal contributes 

little of the water stored in it, but passes water only in 

response to the ·head drop between the ·overlying shales and the 

coal outcrop at the mine cut •. The rocks below the mining cuts 

~nd coal seams probably contribute only the water that has 

:Jcen stored due· to compression from the overlying premini:ny 

~:~ad. This amount of water would be very little since the .. 

WAter would not have been significantly compressed by the pre­

~ining head. A maximum of 60 feet of premining head would 

compress water only about 0.008 percent for water with a bulk 

~odulus of 310,000 (Shortley and Williams, 1971}. 
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Figure 19. Up dip coal seepage 

· F ~gure 2 0. Down dip coal seep~ge 
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The up and down dip seepage models represent a rather 

The complex situation when applied to the ICP#l coal seams. 

bOttom and top seams as shown in Figures 21 and 22 form very 

irregular surfaces.· Each seam undulates as much as 20 feet in 

the mining area. The upper coal may dip steeply west of ICP#l. 

It has also been described as fo~ming a split from the .lower 

coal. The juncture of this split was found in a mine cut at 

the Star Coal Company west of ICP#l (personal communication 

Lyle .Sendlein and John LernishiCP#l). 

The structure of the upper coal seam indicates that water 

would flow from its crest to the north and south into mining 

cuts operated by ICP#l. The upper coal would contribute down 

dip seepage to active mining cuts. The lower ICP#l coal 

presents a more complex picture. From the exposed coal and 

l.ts elevation in various core and auger holes it would appear 

to contribute only up dip seepage to the mine area. The 

observation that the bottom coal is mined at Star Coal Company 

1 SOO feet to the west at approximat.e l.y the same elevation 

010U1d indicate that the coal seam tends to undulate in a 

narrow elevation range. Assuming that this is true it is 

· ;Jossible to tabulate possible maximum gradients that·· could 

occur in the lower coal as it is opened to mining. These 

J ~radients are listed in Table 8~ These gradients were cal-

·~ 

• l· 

·~ 

culated under the assumption that the coal seams undulate no 

~ore than 20 feet above or below the seepage out9rop, and that 

.·'·1 
·_,I 
··~·I 

: I 
i 

.-.. . . ~ 
' . 

i ,. 



--·------- ·-· ~-~~ 

Figure 21. Bottom seam structure contour 
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Figure 22. Top seam structure contour 
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Maximum and minimum slopes (ft/ft) of ICP#l coal 
seams and associated water flow gradients 

oistance 
:".\nge (feet) 

0 

1-10 

10-100 

100-1000 

1000-2000 

Maximum and minimum 
coal seam slopea 

+0.059b 

+0.059b 

+0.059b 

+0.014 

aAverage over range. 

Maximum unconfined . a 
water flow gradient 

()() 

0.331 

0.086 

0.062 

0.015 

bHighest observed slope on the lower ICP#l coal seam. 

the flow gradients (in coal seams opened by mining) are 

controlled by their structure. 

Table 8 gives the gradients for the water in coal seams, 

hut gradients are still needed for the shales and siltstones 

aurrounding the coals. The average saturated thickness of 

::hale over the lower coal seam at' ICP#l is about 40 feet. It 

was also noted that joints from one to three feet long were 

'I cornmon in the shales. If it is assumed that the rnaJ· ori ty of 
:t 
f ~ertical head loss in the shale is due to joint flow, the 
+. 
c 

G,radient would be equal to the. head drop ~cro~s the shale-coal 

~nterface divided by the average joint length. If the average 

~e~d drop is taken to be 40, and the average distance over 
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-mich the head drops is 2 (the average joint length) , the 

9radient would be 20. 

The hydraulic conductivity of the shale bedrock around 

piezometer Sa was _measured by a bailing test. The results are 

tabulated.in Appendix F. The results show that the shale has 

An average conductivity of.· .001 ft/day. ·This ·value is two· 

orders of magnitude greater than the average camputed by Morris 

and Johnson (1967). This high conductivity may also reflect 

the shales proximity to ·siltstones below. This point is given 

oupport by ICP#l core hole data given by Sendle:in {1975) for 

9cologic strata below the lower coal. 

The distribution of the coal seams is also ,of interest in 

C4lculating mining seepage. The lower coal is known to exist 

in the Star mine 1500 feet west of ICPil and also below the 

lCO mine site. If it is assumed that elevation 720 of the 

ICPU area locates the lower coal seam it would have. an area 

of about 130 acres. This area is oniy the area that would 

contribute seepage to ICP#l. The western boundary used to 

1 c~lculate the coal area would be about 750 feet west of ICP#l. 
i 

~~is is due to the fact that the lower coal was not mined at 

$tar until one of the latest cuts was opened near Star coal 

c~any's western border _(Personal communication with Jim 

Hu~·ser, Star Coal co.) • It is assumed that drainage· will be 

c;)?roxima'tely divided equally betwe~n the Star Company's mine 

c·~ts and those of ICP#l. East of the divide line between 
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ICPil and Star the lower coal should be drained "only by ICP#l 

~ining. At ICP#l about .18 acres of the bottom seam has been 

ained. This ·would leave at a maximum, the remaining coal 

(having .recharge effects on . ICP# 1) to have an area of 112 

4cres. The initial extent of the upper seam was about 40 

4cres in recharge areas effeqting ICP#l. Of this seam a maxi­

=um of 15 acres remains to the north and northwest of ICP#l. 

Table 9 summarizes th~ geohydrologic.parameters discussed 

vhich lend to an evaluation of seepage during mining at ICP#l. 

table 9. Hydrogeol~gic summary 

hydraulic-conductivities (ft/day) -

coal: 10 

shale: 0.001 (to_O.OOOOl) 

average evaporation r~.te: . 0114. ft/day 

hydraulic gradients 

coal: • 331 to .• 015 

shale: 20 

coal seepage_face: 1 foot 

average highwall le~gth: 1500 feet 

average mine cut floor area: 201,000 ft 2 

average height of saturated highwall: 41 ft 
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From Table 9 a maximum average daily flow from the lower· 

coal seam (removable by evaporation) was ~alculatecf. . This 
.. 

!low is about 2300 ft 3 as seen earlier. This flow is equival-

cmt to about 1. 5 ft 3 of water flow from one cubic foot of 

coal seepage face. For the bottom coal which has a con-

ductivity of 10 ft/day this would give·a flow gradient through 

the coal of about 0.15 ft/ft~ 

At ICP#l the flow from coals in the highwall was never 

uniform.· Seepages were usually located near the depressions 

in the coal surface. The entire floor of the mine was never 

saturated after most of the coal had been removed. At most 

obout one third of the mine pit floor was saturated. ·This 

fact suggests that the flow into the mine pit was at most 

4bout 765 ft3/day. This would suggest a gradient flow of 

about .05. This is approximately equal to the gr&dient of the 

premining water table. 

If we assume .07 to be the average gradient for all the 

~terials in the highwall at ICP#l the average daily flows 

!rom the highwall would be as in Table 10 •. 

Table 10 illustrates the apparent lack of water seepage· 

!rom any highwall materials except the coal. The flow from 
·' 

the highwalls is also equal to about 38 percent of the maxi-

=.·- . . - 4 evaporat~on. from t:he mJ.ne. c~ts. 

In addition to seepage from the· highwalls there .is the 

i~ssibility of seepage up thro~gh the mine floors. Seepage 
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'Table 10. Average highwall daily seepage (flow gradient = 
• 07} 

Rock type 

coal 

c 
Shale 

Shaled 

Siltstone and 
claysto~ed 

. e 
Overburden 

Hydraulic 
conductivity Thickness 

(ft/day} 

10 l.Ob 

.001 15 

.00001 15 
... . ! 

~001 10 

.001 10 

aFlow for 1500 foot average highwall ·length. 

FlowLday 
(ft3) 

1050 

1.6 

0.02 

1.0 

1.0 

a 

bcoal seepage face (average coal thickness for upper and 
lower seam combined was 3.5 feet} time weighted. 

cShale with conductivity as tested at .ICP#l. 

dshale with conductivity after Morris and Johnson (1967} • 

eoxidized shale and till. 

up through the mine cut floor is probably very low because 

there can be only a very limited amount of head transfer 

through a level coal seam open to the mining cut. Any pres­

"ure or head added to the coal seam from the_overlying shales 

~Uld push water through the coal seam to the ~eepage face 

~fore it could transfer the head to the low permeability 

ntltstones and shales below the coals. As will be discussed 

Ln the next section the upper coal was dewatered north of 
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:cPtl by mining from 100 to 300 feet away. From this fact, 

!or seepage to move up from the mine floor it must have a 

•near by" source of head. At ICP#l the source of head is 

~sually water saturated shale overlying a coal bed. As seen 

.\t the mine the coal bed can be drained at least 100 feet from 

the mine. cut. This means that head transfer from the shale 

overlying the coal, to a shale or siltstone underlyfng the 

coal, must occur beyond 100 feet from the coal seepage face. 

rhus, if 20 feet of head is exerted across the coal into the 

underlying siltstones or shale to cause seepage 100 hundred 

feet away the flow gradient would be 0. 2. This would give a 

oaximum flow of 0.0002 cubic feet per square foot of the mine 

.I floor just in front of the highwall. Assuming that flow would· 
!! 

be parallel to the_ width of the mine cut · (135 ft) the average 

9radient across a mine cut would be 0~12 This would give a 

~~xirnum flow of 0.00012 cubic feet per square foot of mine 

floor (with 0.001 ft/day hydraulic conductivity). T~e total 

. ucepage from an average size mine cut floor at ICP#l (201,000 
2 . 

!t ) would only be about 24 cubic feet per day. This flow is 

~bout 100 times less than the flow that must occur to give an 

excess surface accumulation of seepage water relative to 

~verage evaporation. This mine floor seepage is also less 

than 2 percent of the previously calculated seepage flow from. 

the highwalls. 
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The water that moved through the ICP#l mining cuts during 

661 days of mining can be bette;r understood by dividing it- into 

!ive classes. These classes include: 

1. Surface runoff {primarily from areas upslope 

from mining cuts) 

2. Groundwater· flow through the mine floor and mine 

highwalls 

3. Precipitation intercepted by the mining cuts 

4. Evaporation from the mine floor and highwalls 

5. Drainage from the mine cut to the sediment.pond. 

The surface runoff that moyed into the mine cuts is esti­

~ated at 505,600. cubic feet. This value was derived by summing 

~11 precipitation falling on areas that drained to the mining 

cuts, and multiplying by 0.18. The multiplication factor was 

derived from data given by Walton {1970) for glaciated drainage 

~sins in Illinois. The factor is the average runoff divided 

by the total precipitation. 

The groundwater flow into the mine cuts has already been 

~atimated. It includes: 700,400 cubic feet of flow through the 

cQal seams, 2,400 cubic feet of flow through the siltstones and 

=hales overlying the coal, and 161000 cubic feet of seepage up 

through the mine floor for a total of 718,800 cubic f·eet. 

The precipitation intercepted by the mining cuts was calcu­

l3ted by summin9 the products of mine cut areas and the rainfall 

t~~t occurred ·while they were open. The derived estimate is 
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S64, 700 cubic feet of water. 

The ~vaporation from the mine cuts was previously estimated 

3 t a maximum (potential) value of 1,536,000 cubic feet. A more 

realistic value may be attained again from Walton (1970}. 

}(alton's data indicates that approximately 65 percent of rain­

!all on glacial drainage basins of Illinois is lost to evapora-

. tion. Assuming this estimate holds for.southern Iowa, the evap~ 

oration from water flowinginto the ICP#l mine cuts can· be 

calculated. The·amount of evaporation can then be broken down 

AS follows: 562,100 cubic feet from rainfall and 457,200 cubic 

feet from groundwater flow. It is also possible that as much as 

328,600 cubic feet of additional evaporation may have occurred 

!rom surfac·e runoff moving.· through the mine cuts. The total 

estimated evaporation is then 1,019,300 cubic feet if the 

surface runoff is ignored or 1,347,900 cubic feet including the 

.,vaporation from surface runof.f into the mining cuts. 

Estimates of drainage from the mine cuts to the sediment 

;:.::>nd can be made from the previous ·four classes. Water inflow 

~~to the mine cuts is eslirudted to be 2,089,100 cubic feet from 

r~infall interception, surface runoff and groundwater •. Since 

~he mining cuts did not accumulate significant amounts of water 

t~c outflow must equal the water infiow. Evaporation and drain­

.\gc constitute the major outflows, thus. the subtraction of 

<:vaporation from inflows (due to rainfall, surface runoff, and 

'i roundwater flow) will yield an estimate of 1, 069; 800 ft 3 . 
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~~amic piezometric effects of mining at ICPil 
. . 

The extent of dewatering of the. geologic strata at ICP#l 

~as observed in three piezometers above the north ,highwall of 
the mine •. These piezometers are·4a, M, and Q as located in 

Figures 4 and 5. Piezometer 4a has a· surface elevation of 

AbQUt 800 feet and extends to a depth of 43 feet. · ·4a is open 

·to sample from the upper coal between depths of 39 and 43 feet. 

Piezometer M has a surface elevation of about 772 and was 

drilled to a depth of 17 feet. M is open to sample water from 

4 silty sand· and gravel alluvial deposit •. The third piezom- . · · 
.. 

oter, Q, has a surface elevation of ·769 feetanq has a maxi-

c:um depth of 40 feet. Piezometer Q is open to collect ground-

~ater from its bottom 35 feet. Q's 35 foot sampling depth 

contains shales, siltstones, claystones, the 'upper coal, and 

the silty sands and gravels sampled in M. 

The strata monitored by these p.iezometers were .. not 

oignificantly.disturbed by mining .until May and June of·l976, 

~.owever no significant changes were observed until late in 

.:uly 1976. At this timt:! the. upper coal seam was opened for 

suning at a distance of' about 30.0 feet rrom. piezometer 4a 

(~ine cut 1 of the top coal seam in Figure 16). As the coal 

~46 removed the water level dropped eight tenths of one foot. 

ond leveled off at this head (759.8) until the end of September 

l976 (Figure 23). This leveling perhaps indicates a temporary 

recharge was received from the overlying sands and gravels. 
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Figure 23. Dynamic piezometric effects of surface mining at ICP#l 
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r~c leveling may have also been due to a new equilibriwn set 

~? as a result of mining. A similar but less obvious trend 
. . 

~AS also observed in piezometer Q. 

Late in September 1976 a north-south cut was excavated 

into the upper coal seam at the northwest corner of the site 

(~ine cut 2 of the top coal seam in Figure 16). This allowed 

- 3 second seepage face to form on the upper coal at a distance 

!rom piezometer 4a of again about 300. This activity was 

!ollowed by the complete loss of water in piezometer. 4a as 

chown in Figure 23. A small amount of water, however remained 

tweping from the coal _outcrop in cut 2. This was possibly due 

to flow from recharge areas to the northwest. 

Declining water levels in M and Q were also noticed at 

this time (September--:-November 1976). The water level in Q 

dropped from an elevation of 760.4 to about 750 feet (Figure 

23). The water level in M dropped also, but only about three 

feet. The wat~r level iri M leveled off at ·this time and never 

~nt significantly lower. Q, on the other hand, continued to 

lose hcu.d. Frmn eC:lL·ly November 1976 until mid-February of 

1977 Q lost an additional four feet due to mining as close as 

~on feet away. From mid-February until the fall of 1977 Q 

to9ained about seven .feet of head due to closure of the mining 

<:-..:ts dur1.'ng 1 t' f th 1 b h rec ama 1.on o e upper coa seam enc • The 

lo~s of the hole in which Q was placed show that the upper 

~~~l was located at a depth of 18.5 to 24.5 feet. The water 
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level depth record as shown in Figure 23 indicates that the 

coal was dewatered through four and one half to five feet of 

itS six feet thickness (assuming that the coal seam is the 

only significant charge to Q). 

Piezometers 4a and M remained unchanged through.the 

~ur:uner of 1977. It appears that the shales, sands and gravels 

near M and Q are recharging the coal seam. This is not the 

c4se near 4a. Apparently in the case of 4a, a larger de-

~atering impact was felt in this area due to mine cut 2 which 

substantially constricted an already narrow recharge path from 

the northwest through the upper coal. 

From June 1976 until February 1977 the water levels cor­

relate significantly (+.88). This is higher than their corre­

:,tion before and after mining (+. 65). · These piezometers ·also 

~rrelate with rainfall more strongly during mining than at 

Jther times. The correlations for M for the entire study 

.;:~riod and for the mining period are • 51 (Augyst 1975--August 

:977) and .73 (June 1976--March 1977) respectively. This 

1 .,.,riation may be explained by the loss of water storage in 

.\ c~closing sediments during mining. With less water held in 
·! 

~torage the addition of precipitation infiltration will change 

; ·~ter levels by a larger relative extent. Infiltration water 
·l 
' 

;:' 

"·:)·Jld be more quickly drained also. 

The results of water level monitoring north of ICP#l 

~:dicate that the coal seams are the only strata significantly 
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disturbed by.mining in upgradient areas, although some water 

toss must occur from all the strata. 

Another condition exists that may affect the piezometric 

head at the north of ICP#l. This is the drainage of the south 

tCO mining cut .!Figure 24). Approximately three feet of water 

vas drained from the ICC mining cut at the end of September 

1976. During this drainage the water surface in the ICC cut 

vas reduced from 753.5 to 750.5. No significant drainage 

occurred after this until the fall of 1977. The ICC cut is 

located 130 and 170 feet from piezometers Q and M respectively. 

rhe upper coal seam at the ICC cut is near the same elevation 

~a at piezometer Q. The top of the coal at piezometer Q is at 

750.5 .so that the drainage at the ICC cut to. this elevation 

~uld not have produced the loss of .five feet of head below 

t.his level. The drainage of the ICC pit could reduce the 

recharge of water to the top coal at Q and thus allow a 

eecpage face at ICP#l to drain the coal more effectively. It 

4ppear~ possible then that the affects of mining on the water 

~n the coal at Q are related to both ICP#l mining and drainage 

!:o~ the ICC mine cut. This is supported by the fact that Q 

tCJ<]ained only seven of the fourteen feet of "mining head loss" 

4!tcr reclamation. 

The "large" loss of water from the upper coal seam north 

c! the mine is largely due to the fact that they dip or slope 

~~to the mining area. Well 2a (Figures 5, 6 and 7) is located 
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Figure 24. ICO site before and after reclamation I 
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1
n a portion of what appears to be the lower coal seam. The 

coal at this location appears to be dipping or sloping away 

!rom the mined area in Figure 21. The water depths in well 2a 

have a correlation of -.51 with time over the period June 1976 

to August 1977. This would indicate that the piezometric head· 

decreased on the average with time for this area also. The 

piczometr.:i..chead in 2a dropped at most three and one half feet 

during mining, but the coal never came close to. being drained. 

ihe equilibrium piezometric head fluctuated between 13.5 and 

17 feet above the coal seam for the period June 1976 to August 

1977. 
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POST MINING WATER FLOW 

Surface Water Flow 

The post mining surface topography of the ICP#l site is 

nhown in Figure 25. The surface consists of four flat terraces 

separated by four relatively steep backslopes. The premining 

drainage ways have been eliminated in favor of a tile drainage 

system located at the foot of each terrace backslope. Surface 

vater is gravity drained from the terraces to tile inlets as 

uhown by arrows in Figure 25. After reaching the tiles the 

water is drained to South Coal Creek by an underdrain system 

as shown in Figure 2 5. 

Groundwater Flow 

Spoil character and water flow 

The· groundwater flow after mining at ICP#l will be 

t;overned by the unsaturated spoil replaced into the mining 

'• 
~ c~ts. Until the spoil material is saturated the groundwater 

{ 

' ~low through the oi te may LE::! retarded. Groundwater flow 

~~rough the ICP#l site after mining.will be rather chaotic in 

t~c areas filled with spoil. The spoil fill consists of 

~~vera! materials. They are pulverized and blocky shales and 

~~ltstones, sands and gravel, and som~ oxidized clays. 

The permeability of the replaced spoil will be governed 

~.·l the trade,..offs between increased porosity after mining and 
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Figure 25. ICP#l post mining .topography . 
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~~e premining fracture and joint flow. The spoil would p~rhaps 

tond to have a larger permeability than the original shale 

~cause of the increase of the fracture system through the 

Mterial. The "secondary" fracture system of the sp6il c6uld 

also be significantly closed by very fine particles associated . . . 

vi.th the coarser fragments. of bedrock and. by compaction during 

reclamation. Areas of higher poro~ity would also include por­

tions of the mine cuts filled with glacial sands and gravels 

~s well as the base of the spoil where coarse accumulations· of 

v4ste coal are located. The bedrock just below the coal may 

3lso have developed a larger porosity due to cracking after 

the shales were unloaded by overburden removal. Another case 

!or the increase of porosity in the bedrock below the spoil 

vould follow from the use of explosives to dislodge and break 

•? the coal duri~g mining. 

~i~il undersaturation 

As mentioned previously Gregory (1977) showed that the 

:;:·oil at ICP#l was from 60-75 percenL undersaturated. 'l'he 

~:~dorsaturated condition is derived partially from evaporation 

":--.<.1 partially from the swell of the overburden materials as 

•.::t:y are pulverized by the surface mining process. 

Gregory (1977) shows that the shale spoil of the ICP#l 

:~~e has an· effective porosity of about 40 percent. Part of 

porosity is due to that of the original shale and part 
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~ 35 been added by swell. For an average swell at ICP#l between 

tO and 15 percent (personal communication with Marty Briggs,· 

Aqricultural Engineeri~g, Iowa State Univer~ity) the original 

~!fective porosities would be 31 and 27 percent respectively. 
•' 

rrom these porosity values estimates can be derived for the 

average amount of water lost from the spoil during handling 

~~d the volume of water needed to resaturate the fill. 

Gregory (1977) reported the moisture content of the 

3tockpiled shale at ICP#l to range from about 10 to 16 percent 

!>)' volume. The difference between the moisture content of the 

o?Oil and the effective porosity of the original shale would 

then give an estimate of the water lost due to evaporation 

through the mining process. The moisture content of the 

opoils should be corrected for swell. The corrected spoil 

ru:nsture contents would then range f,rom 11 to 19 percent by 

'~lurne. The differences between. the estimated original shale's 

~!!cctive porosity and the corrected spoil moisture range.from 

e~ght to twenty percent. This range is then the unit loss of 

ncisture due to mining. 

If the previous moisture lost can be assumed over all the 

~~itially saturated. spoils we can calculate the volume of water 

;~~t due to spoiling of the overburden~ From Table 5 the total 

~~~urated bedrock at ICP#l that has been spoiled is about 

;~.749,000 cubic feet (approximately one million cubic yards). 

·::--.~n spoiled bedr~ck volume gives a water loss of 2,300,000 to 
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i,750,000 cubic feet of water. This water loss is 1.5 to 3.75 

t~tOOS the maximum possible seepage-evaporation rate of all the 

:cPtl mine cuts combined. 

It is also of interest to calculate the volume of water 

~oeded to resaturate the spoil fill~ For this calculation it 

vill be assumed that the equilibrium water table across the 

roclairned spoil is the same as across the original sediments. 

. It will also be assumed that the shale spoil is representative 

for all spoils backfilled into the mining cuts •. 

The water needed to resaturate the spoil material would 

oqual the difference between the total effective water porosity 

3Jld the spoils present· moisture content times the volume of 

ripoil to be resaturated. . The net moisture needed for resatura-

ti.on would be between 24 and 30 percent by volume, given an 

offective porosity of-40 percent and ·a moisture content range 

of 10 to 16 percent. Using the same saturated volume as pre­

·nously (28,749,000 ft 3 ) .·the water needed would be between 

6,900,000 ft 3 and 8,265,000 ft 3 • 

The previous examples show that the porosity of the shale 

't'Oil may be as much as 29 to 50 percent higher allowing for a 

fillch greater water storage potential. This storage potential 

~3s been given credit for recharging domestic and municipal 

'-.:\tcr supplies as well. as low flow augmentation of rivers 

i"gnew, 1966; Cederstrom, 1971; Deane, 1966; and Traux, 1965). 
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J.A!charge rates - As seen in the. pr.evious section the reclaimed spoil will 

~4~d a large quantity of water for resaturation. This water 
~ : . 

vill come from surface· infiltration and from fl.ow throl1gh the 

bedrock below. The recharge contribution of the bedrock will 

~ determined by the magnitude of di!"ference between the 

e~turated bedrock perrneabi-1-i-ties- -and -the uns-at-urated spoil per-

~Abilities. Assuming the spoil permeabilities are greater 

than or equal to the bedrock '·s we can estimate .a recharge~· 
. . 3 

rroviously it was concluded that a quantity of 1050. ft·. of 

· vAter would flow into the mine daily from a 1500 foot highwall, 

!or a combined upper and l~wer coal seepage face of about two 

!oot. The ICP#l mine cut has approximately 2000 and 1300 feet 

of highwall for the bottom and top coal respectively. If one 

!oot seepage faces are initially present on coals in the pres-
I 

o:'lt highwalls, the flows would be approximately the same. ·At 
. . 

4 rate of 1050 ft 3 per day it would take a minimum of· about 6 
. . 

rc~rs to resaturated the volume of unsaturated spoil present 

;t ICPtl. This assumes little contribution from the mine 

~loor. Groundwater recharge would probably be more controlled 

t·1 the permeability of _the spoil fill~ If this is the case a 

flt..;ch slower· recharge ·rate would occur. 

Surface infiltration would also contribute a recha~ge to 

: .. :i'tl spoils. Walton (1970) lists groundwater recharge. rates 

~i)r basins of central Illinois. These basins are characterized 
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bY glacial deposits and gentle to rugged topography as indi- · 

cated by stream gradients from 3.9 to 16.6 feet per mile. The 

coal creek·basin has a gradient of 10 feet per mile and is 

covered by glacial sediments also. Using these facts it 

appears that the ICP#l mine's groundwater recharge contribu-. 

tion could be estimated with Walton's data~ Walton (1970) 

lists a· range of recharge values from about 4 inches per year 

to 10 inches per year. For the average spoil thickness of 40 

feet at ICP#l there is between 9.6 and 12 cubic feet of un~ 

oaturated spoil for every square foot of surface area. This 

· indicates.then that if favorable spoil permeability exists,. 

;the spoil would be.resaturated in 12 to 36 years. 

Recharge to the rr~ne area of ICP#l has been observed in 

nix piezometers: Sa, Sb, Sc, 7a, 7b (Figure 5). Piezometer 

nest 5 indicates very little recharge to the spoil in this 

~rea. The base of the spoil fill near Sa and Sb is at 700 

!cet, while at Sc it is at 69S. The spoil fill was replaced 

~car Sa and Sb in January 1976. · The fill near. 5c was not 

1 1 ·~ rep aced until June 1976. The dates of fill replacement 
!i 

' : fthould give an approximate date for the beginning of recharge 

~usuming that it will essentially stop evaporation loses. 

rrom the time of spoil refill until August 1977 the spoil has 

~ecovered at most 2.75 and about 1.6 feet in Sa and Sc respec­

~~vely. The water level in Sb is still 3.S feet below the 

"t·:)ttom of the fill. These slow water level increases may 
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!ndicate that the water table in these areas have always.been 

lOW or that recharge to the down gradient side of the mine is 

. 't'Ory slow .. Piezometer Sa does not directly sample the .head of 

the spoil material, but that of the bedrock below. The head 

1ncrease in this well may. indicate recharge to the bedrock 

below the spoils or possibly a water .table adju?trnent to re­

loading the area with spoil after mining. The small rise may 

Also be only a seasonal trend. Piezometer Sb indicates that 

@VAporation may remove a considerable amount of water from the 

nine floor sediments. The low water level at Sb may also 

demonstrate the water flow toward lower piezometric head 

ucas near Sc where the water level is about two feet below 

that found at Sb. 

At piezometer nest 7 only one. of· the three piezometers 

chows any head increase above the base of the shale. 7c 

·ihowed this increase ~n about one foot of water level rise 

Above the base of the spoil by ·July 1977. The spoil was· 

replaced at 7c during May 1976. 7a and 7b as of July 1977 

fftttc l foot and 1.5 feet below the base of the shale fill. 

Tha spoil around 7a and 7b was replaced in October of 1975. 

The recharge at nests 5 and 7 may be slow because they 

tro at the down gradient side of the mine, or because of 

•!rainage to even lower areas of unsaturated filL. 
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)'.echarge areas 

. The recharge areas of ICP#l. can be broken into two cate-

~ries. The first. is the area which will contribute signifi­

cant recharge to ICP#l through surficial infiltration of rain­

t411. The second is the area that will contribute recharge to 

tCPil by groundwater flow through the bedrock and surficial 

qaologic deposits. , . 

The recharge area for rainfall infiltration at ICP#l 

. vould be primarily the terraces over the 25 acres of mine 

~poil at ICP#l (Figure 25)o. Areas outside the terraces may 

contribute infiltration recharge also but_ groundwater flow 

vould be an Intermediate step. 

The flat terraces should provide the maximum opportunity 

!or surface infiltration. .At ICP#l the terraces appear to be 

G4turated in.several places indicating their effectiveness to 

· hold water. The water saturating the terraces may be backing 

~P from a permeability drop between the oxidized overburden 

~nd the shale spoil below it. Another_possibility would be 

~he accumulation of water at the bottom depth of surface 

~rying cracks in the oxidized overburden. Assuming that the 

t cracks do not penetrate the oxidized overburden they could 
1 -~ .tlso cause a per~eability contrast between material containing 

· ~rying cracks and that n~t con~aining cracks. 

If recharge does significantly recharge spoil beneath the 

i;:<:.dized overburden it may be possible to. get springs forming 
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At the backs lopes of the terraces. This condition is apparent · 

·' ! "hen comparing the post mining surface with the premining water.· 

table as ;in_,~i_gu;-~~ .?.-.9.·· .. : 

Groundwater recharge to the mine appears to be less sig~ 

nificant than surface infiltration in terms of ~o~ume of flow. 

The primary contributors of groundwater flow to the ICP#l mine 

spoil are the unrnined portions of the coal seams. ~hese strata 

can conduct large amounts of flow_unless they are il.imited by 

very low permeability confining materials. The ~ower coal seam 

is unrnined in its· extent to the north and northea:sit of ICP#l. ·. 

To the west it is.unrnined until the west side of the Star Coal 

Co;npany mine. To the northwest the lower cqal is urunined 

north of the Star mine. The maximUm areal extent:. of portions 

of the lower coal seam that could contribute to groundwater 

flow at ICP#l is 112 acres. As discussed earlier this 

includes about one-half of.the coal between ICPt.ll. and Star and 

all of the coal to the north and northeast. The 100al to the 

northwest of ICP#l would probably drain away from ~CP#l due to 

its westerly slope (Figure 21). · ·The possil?le eld:<elnt of the 

lower. coal seam is shown by the heavy black line and heavy 

black dotted line in Figure 27. 

The recharge area covered_by the .upper coa1 seam mined at 
: .·· ': l' ····"'"', .:~·:::;,'·:·:~~':··~-:·:.~·:':•~ ...... :. . - -.-· ~----•. 

lCPii has an extent of only about lS acres _ma.xi.mmn{~s-'d.i~-· 

Played by the solid black portion of Figure 27. The upper 

coal seam to the northwest of ICP#l appears to bawe been 
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Comparison of post and premining surfaces 
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Figure 27. ICP#l groundwater recharge areas 
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removed by_ glacial or preglacial erosion at piezometer loca­

tion lOa (Figure 5) • . The upper coal also extends along the 

roads where it has not been removed by mining, and also occurs 

in a five acre area between ICP#l and its continu~tion lease 

r.ear the abandoned ICO mine. · A portion of this five acre area 

is also eroded away as evidenced by an exploration core hole. 

The glacial drift sands at the northwest corner of ICP#l' 

ue another possible recharge source. The sands are distrib­

uted in the same areas as the upper coal '(Figure 27). The 

sands are believed to be periodically .saturated and could then. 

contribute recharge to ICP#l. Figure 28 shows the position of 

the sands relative to the deposits at ICP#l. In some areas 

the shale between the upper coal and the sand has been eroded 

:~ay so that water may easily move ·from the sand to the coal. 

Figure 28 shows the possibility of a seepage·face developing 

4t the back of the top terrace if significant recharge to the 

sand and coal can occur. The need for a drainage tube in the 

depression on the ICO site is also obvious from the cross-

section in Figure 28. If water were allowed to accumulate in 

the depression it could also add to a seepage face at the back 

of the top ICP#l terrace. 

Other significant materials conducting flow to the un­

saturated spoil at ICP#l are the claystones, siltstones and 

Ghales. These materials are important because they confine 

the coals and control the waters moving through the coals. 
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Figure 28. ICO - ICP#l cross section 
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figure 29 illustrates the distribution of these materials 

(from ICP#l core hole logs) at the base of the mining cuts. 

As previously discussed these materials have contributed very 

little recharge to the down gradient side of the mine. 

The last significant material to help recharge the ICP#l 

spoils is the cast and scraper mining spoil of the St.ar and 

ICO mining sites. These areas are denoted by the diagonal 

shading in Figure 27. The spoil below the tipple at the Star 

Coal Company, 200 feet west of ICP#l, was saturated only six 

feet below the surface. This indicates an area of abundant 

. recharge water, except that it occurs too low on the topog-

raphy (elevation 730) to contribute to recharge through the 

upper coal. The water is also apparently separated from the. 

lower coal by shales. 

The maximum bedrock and surficial· deposit recharge to 

ICP#l is limited by natural and man made gradients in and near 

ICPil. Figure 30 shows the maximum recharge area if flow from 

the perimeter of the ICP#l spoils allow an equilibrium gradient 

to be set up. This. would represent the cone of depression 

!ormed by opposing gradients of .·07 ft/ft. 
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Figure 29. Distribution of low permeability bedrock and coals in the ICP#l mine 
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· ICP#l induced. gradients of .07 
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WATER QUALITY DURING MINING AND 

RECLAMATION.AT ICP#l 

Sources of Water Quality Alteration 

The primary purpose of monitoring the water quality of · 

ICPil is to detect possible groundwater quality changes that 

oould be correlated to surface mining arid reclamation. Of 

special interest is the quality of groundwater near surface 

charges of acidic waters. The unreclaimed mine cuts, acidic 

spoil storage areas and runoff and sedfment basins would be 

~e most likely of the acid charge locations. 

Changes in water quality will be .judged by differences 

between yearly means and correlation to a time scale estimating 

the days of mining previous to a gi veri sampling. Reference 

will also be made to water quality from sample sites out side 

the ICP#l area. 

The first location of mining impact on groundwater quality 

to be reviewed will be around the ICP#l sediment retention 

pond. But before this is studied in detail it is necessary to 

review the sources of ac.id mine waters occurring at ICP#l. 

Before mining the water chemistry of the site was controlled 

by equilibriums between carbon dioxide, water, carbonic acid, 

hydrogen ion and bicarbonate as in Figure 31. The source of 

C4rbon dio.xide is the atmosphere and bacterial action in soils 

(Sawyer and McCarty, 1967). With dissociation of carbonic 
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Figure 31. Dominant premining equilibrium 

Figure J2. Equilibrium shift due to mining 
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acid the hydrogen ion will establish an equilibrium with _carbo­

nates in the surface soil and bedrock (Sawyer and McCarty, 

1967). These two reactions give a water with calcium and 

bicarbonate as the primary dissolved species. 

Mining exposes materials often rich in iron sulfides. 

These materials react strongly with atmospheric oxygen as in 

Figure 32 to give an acidic sulfate water. The acid condi­

tions change the favored side of the carbon dioxide--bicarbo-

nate equilibrium and carbon dioxide is given up from the system. 

The dominant species in water that is effected by mining are 

then calcium, iron and sulfate. 

Spoil runoff 

At ICP#l the spoi~ed bedrock materials as well the high­

walls and 1lo6r of mini~g cuts serve as rea~tion s~tes for the 

oxidation of pyrite as in Figure 32. The oxidation of pyritic 

bedrock materials at ICP#l caused a large degradation of 

uurface waters of the ICP#l. site. Most of the surface water 

from the mine cuts and spoil storage areas was drained to the 

Aodiment pond as seen in Figure 16. 

The greatest impact to surface water quality at ICP#l was 

C4us_ed by drainage from a shale storage pile located just to 

tho north of the sediment pond. Analysis of water samples 

COllected by Gregory (1977) during artificial rainfall on the 

ohale pile illustrate the poor quality of the effluent (s~~ 
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plotted against time in F~gure 33. The data show very high 

1nitial concentrations of dissolved species, especially 

calcium, magnesium and sulfate. For rainfall of 3.4 inches 

·~r hour intensity the concentration of. dissolved species 
r 

~ecay rather rapidly after runoff b~gins~ The· rainfall 

intensity used by Gregory was nearly ten times the mean of the 

:edian class for ra~nfall measured at ICP#l as listed in Table. 

11 (personal communications with Mary:Briggs and Steve Colvin, 

Agricultural Engineering, Iowa State University). 

From Figure 33 it took about 3.5 minutes for runoff to 

occur from th~ shale under a rainfall intensity of 3. 4 inches/ 

hour. If a rainstorm of intensity .93 inches/hour (the 

average intensity by percent total .rainfall) fell on the shale 

pile it would take about 3.7 times. as long as in Gregory's 

atudy to reach the average runoff threshold time. This time 

vould be about 13 minutes. From this.it is apparent that for. 

the average intensity of rainfall experienced at ICP#l the 

runoff would be at a rate about 3.7 times lower· than Gregory's 

data show. This.also means that the high concentration of· 

dissolved species,in the.natural runoff from the shale pile 

vould decay at a slower rate, perhaps 3.7 times slower. At 

Any rate for a "long" term rainstorm the total amounts of dis­

llolved species removed from thepile would be about the same, 

48 Buming the concentrations of dissolved species had reached 
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Figure 33. 

,. ci 

Shale storage pile effluent with time for simulated rainfall of 
intensity 3.4 in/hr 
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Table 11. 

Rainfall 
intensity 

121 

ICP#l rainfall intensity distribution from August 
1975 to July 1977. · (From personal communication 
with Marty Briggs and Steve Colvin, Agricultural 

·Engineering, Iowa State University.) 

Percent of Rainfall Percent of 
total intensity total 

class (in/hr) rainfall class (in/hr) rainfall 

.oo- .01 18 1.50-2.00 4 

.10- .25 24 2.00-2.50 5 

.25- .so .lSa 2.50-3.50 5 

.50-1.00 13b 3.50-5.00 3 

1. 00-1.50 12 5.00-7.00 2 

aMedian class. 

bClass containing average intensity (weighted by percent 
total rainfall) • 

ils lower limits by the end of t~~ rainfall perio~. In other 

~ords the total dissolved material load for a one hour storm 

of 3.4 inches per hour intensity should roughly equal total 

· dissolved material load for a 3.7 hour storm of .93 inches per 

.hour intensity.· If this model holds, the time taken to reach 

the decay limit for runoff at a rainfall intensity of .93 

inches per hour would be about an hour and fifty minutes. 

This was computed by multiplying the 30 minuteo needed for 

Cregory's runoff (to approach its bottom dissolved constituent 

limit) by 3. 7. From the average rainfall intensity and from 
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we total rainfall recorded from th~ period August 1, 1975 

through July 31, 1977; the total hours of rainfall at ICP#l­

!or that period can be calculated. From Appendix C the total 

rainfall for the two year period of study is found to be.5S.82 

inches. ·This indicates that about 63 hours of rainfall oc­

curred at. ICP#l over two years. One hundred and fifteen rain-. 

fall events occurred at ICP#l between August 1975 and August 

1977 so .the average rainfall period would be one-half hour. 
. . 

Also the time needed for runoff (from average intensity rain-

fall at ICP#l) to reach the lower dissolved constituent limit 

is one hour and fifty minQtes •. From these last two observa-

; tions the runoff water from the shale.pile would then appear· 

to be significantly more concentrated than the lower dissolved 

constituent limit. 

Sediment pond. water quality 
. . . ' 

The sediment pond is located at the southeast corner of 

the mining site· (Figure 16) D · It is located in this position 

to best intercept the surface water flow across the ·site. The 

pond is situated on relatively high permeability alluvial sedi­

aents mantled by a silt and a clay layer. Depths· to· water 

near the sedimentpond ranged from 10 to 15 feet before it~ 

initial filling in.the fall of 1975. ·As water accumulated in 

the pond the groundwater piezometric surface rose a maximum of 

t~~ feet creating a groundwater mound •. This motind developed 
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3
rtesian conditions in Piezometer G at the east-central side 

of the pond. This condition was related to the very good 

£nterconnection between the pond and the sediments around G. 

fhe interconnection was due to a soil disturbance in that area 

caused by placing a tile or pipe from the pond to·a stock 

!lydrant near G. 

The water quality of the pond remained fairly constant 

from September 1975 and April .1976 (personal communication 

with Lavene Payne, Botany, Iowa State .University) •. Typical pH 

.. ·a lues ranged between 7 and 8. Other parameters that were 

studied also remained fairly constant for this period·. 

Alkalinity was low, typically between five.and ten milligrams 

~r liter as Caco3 ~ Sulfate and total hardness were below 

100 mg/1. Specific conductance was measured at about 100 as 

ppm NaCl, with total iron and chloride concentrations at .3 

And 2 mg/1 respectively. In lateApril 1976 after·about eight· 

conths of mining.the sediment pond bega~ to show the effects 

of acid drainage from the previously referenced shale storage 

pile to the north. It is estimated that between one-half and 
. 3 

one-third of the shale pile area of about 75,000 ft would 

drain into the sediment pond. Drainage from oxidized over­

burden piles also drained into the sediment pond but their 

1nitial effluent was about '6 to 60 times less mineralized than 

ahale spoil runoff as evidenced by water quality data from the 

Cregory (1977) study (see Appendix D6) • 
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From late April until late September and early October of 

1976 the pond was overcome by acid drainage from the shale 

storage area. Data from Table 12 indicated this change. 

Table 12. Sediment pond water quality change 

sample date 5/01/76 9/17/76 

pH- 6.1 <4.1 

Specific conductance 210 1500 

sulfate 160 1100 

Total iron 0.5 20 

Total hardness .. 210 1045 

The very acid conditions of the pond_caused the corrosion 

of the pond drainage pipe and complete drainage of the- sedi-

ment pond in July 1976. Attempts were made to reduce the 

acidity of the pond with lime treatments with significant 

success. ·The lime treatments also effected the iron concentra-·. 

tion of the sediment pond water. The total iron content of 

the pond dropped from an initial concentration of 20 mg/1 to 

6 mg/1 for the first. lime treatment and from 6 mg/1 to 2. 5 Ing/1 

after the second. One month after the treatments the total 

iron content was back up to 5 mg/1. The total iron never 

OXceeded 5.5 mg/1 according to monthly determinations_after 
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lime treatment. The pond contained a high manganese concen­

tration of about 10 mg/1 just prior to its drainage in April 

1977. 

Groundwater Quality 

The effects of mining on the groundwater surrounding the 

sediment pond are not nearly as blatant as those observed for 

the surface water in the pond. This is probably due to the 

precipitation and adsorption of the chemical pollutants at the 

bottom of the sediment pond. _Williams and Steinbergs (1962) 

found that sulfate could be adsorbed by clays with maximum 

absorption occurring at pH values between two and four. 

The causes of groundwater alteration from the sediment 

pond are a combination of at least two phenomena. The first 

is the infiltration of acid mine waters containing large con­

. centrations of acidity, sulfate, hardness and iron.. The 

second process· is the formation of soil reducing conditions as 

infiltrating water filled and forced air from the pores of the 

sediments near the sediment ~ond. The reducing conditions 

then should follow from the groundwater mound generated by.the 

ocdiment pond. Hesse (1971) states that water logged soils 

~~y cause formation of sulfides from sulfates and thus reduce 

eulfate contents. Hesse (1971) also states that the water 

lO<Jging of soils can increase divalent manganese concentrations. 

V4n Breeman and Brinkman (1976) add that flooding can cause pH 
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crops in alkaline soils as well as increased ferrous iron 

:.itrite, and alkalinity. The reactions which Van Breeman and 

srinkman (1976) use to illustrate the formation of alkalin­

itY following flooding are as follows: 

5CH2o (Organic Matter} + 4No3 - ~ 

{3) 

CH2o + 2Fe2o 3 + 7co2 + 3H2o ~ 

-4Fe +2 + 8HC0
3

_ {4) 

2CH2o + so-2 
4 ~ 2HC03_ + H2S (5) 

Effects similar to those previously discussed appear to 

have occurred from observation of yearly water quality averages 

as listed in Table 13. 

Groundwater quality near the sediment pond 

As suggested before_, the changes in the groundwater 

quality below the sediment pond are not as obvious as those 

observed for the surface water o-f the pond. P-iezometers Cl, 

C2, E and G sample from depths of 33, 22, 21 and 24 feet 

r<!·spectively. All of these piezometers show significant posi­

tive correlations between specific conductance and time. The 

respective coefficients ·for Cl, C2, E and G are 0. 84, 0. 90, 
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~able 13. Selected yearly water quality averages 

p1ezometer 

rear 

specific conductance 

pH 

Chloride 

Alkalinity 

sulfate 

rotal iron 

!otal hardness 

calcium hardness 

~lgnesium hardness 

a Average for 

b Average for 

year 

year 

Cl C2 

la 2b 1 2 

183-278 162-207 

7.6-7.6 7.5-7.1 

5-4.7 3-4.3 

197-250 185-202 

20- 48 4.6-3.4. 

3.6-6.6 2.1-7.6 

160-216 147-153 

109-135 107-104 

51- 81 40- 49 

8/75 to 7/76. 

8/76 to 7/77 

cData not included from 8/8/75. 

E 

1 2 

175-213 

7.3-7.1 

2.9-4.2 

184-187 

iic- 19 

5.1-9.7 

173-158 

130-110 

43- 48 

G. 

1 2 

175-219 

7.1-6.6 

4.1-4.9 

128-116 

68- 73 

4.8-6.7 

134-130 

98~100 

37-·31 

0.61 and 0.74. These indicate a .possible increase in dis­

nolved mineral species with time. The ranges for these 

increases are from 52 percent in piezometer Cl to 22 percent 

in piezometer E. Alkalinities show increases in piezometers 

Cl and C2, while G has a decrease and E remains nearly 

_constant. The total iron concentration of all the piezometers 

Clhpw some increase in iron. All wells but Cl show significant 

positive correlations with time for total iron concentration. 
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rhe pH values of all the piezometers but _Cl show decreases. 

rhese decreases of pH were accompanied by significant negative 

correlation coefficients of -.65, -.49 and -.62 for C2, E and 

G respectively. The wells all showed some increase in 

chloride after the sediment pond became acidic. This was also 

~ut the time that the chloride concentration of the pond 

~opped to zero. The chloride drop may be due to the com­

plexing of the chloride with iron·. 

The sulfate behavior of the piezometers around the sedi-:-

~ent pond vary widely.. Piezometers Cl and E show initial 

declines. in sulfate. At about the same time· as the sediment· 

pond became acid the sulfates in cl·and E began to increase 

and level off at constant levels. Piezometer G showed no 

trend in sulfate concel')tration while C2 shows a small decline. 

Trace element runs where conducted near the beginning of 

:li.ning (November 1975) and at the .end of mining· (June 1977). 

The trace el~ment analysis of wells around the sediment pond· 

show large relative.decreases in nearly all constituents 

~asured except for the common groundwater ions of calci urn and 

magnesium, and the less common manganese and cobalt. Manga­

nese concentrations show increases of ·72, 58 and 30 percent in 
... 

'tells C2, . E. and G respectively.· Manganese concentrations 

around the pond after mining range from 1.23 to .49 mg/1. 

In sununary the pfezometers around the pond have all been 

effected by in_creased specific conductance, total iron, and 
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chloride. Specific conductance increases in piezometers ~1 

and C2 are explained ·by increasing hardness and alkalinity. 

piezometers E and G show no relationships between their 

increased specific conductances and their other water quality 

parameters. Piezometer G is the only well near the pond which 

does not have alkalinity values greater than its hardness· This 

may indicate a neutralization of bicarbonate by acid mine 

water. Piezomet~r E may also be affected by acid drainage 

from the pond in.this way. 

From hydr()geologic information gathered during the place­

ment of piezometers some interesting light can be shed on the 

chemistry observed in the groundwater around the mine. From 

Figure 3 it can be seen that piezometer Cl penetrates to 

relatively low permeability gray clayey sands and the bedrock 

surface, while piezometer C2 penetrates to slightly more 

permeable gray sands and gray clays. At the east side of the 

sediment pond wells E and G penetrate very permeable sands and 

a gravel layer. The inferred relative permeabilities for the 

sediments sampled by sediment pond piezometers would then be 

Cl<C2<E<G. This would imply a faster infiltration rate for 

sediments sampled at the east side of the sediment pond in 

wells E and G. \'17ith these data in mind plus evidence listed 

i11 Tables 13 and 14 the chemistry of the groundwater in this· 

area become more clear. 
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Table 14. Ferrous-total iron relationship for ICP#l (averaged 
data from spring and summer of 1977) 

piezometer Location 

cl Flood plain 

c2 Flood plain 

E Flood plain 

G Flood plain 

s 2 Flood plain 

9a Flood plain 

'1' 
. . . . a 

·. Flood plain . 

la Transitional 

lb Transitional b. 

lc Transitional 

ld .Transitional 

2a Transitional 
2b . Transitional · 
.,_ 

Transitional £1,; 

2d Transitional· 
)a Transitional· 
0 Transitional 
K Upland· 
ICPil dug well Upl.and 
K Upland. 
0 ·Upla!ld 
7a · Reclaimed fill 
7c Reclaimed fill 
Sa Bedrock 

a . . :-. 
· Piezometer is partially 

bPiezometer.is partially 

Fe++ average Maximum sampling 
%. of Total Fe depth elevation 

17 670 

82 681 

82 ()80 

69 676 

59 691 

92. 687 

4 674 

7 694 

42 ·689 

-4 699 

B 697 

10 701 
•7 688 

14 701 

21 711. 
•7 713 

2· .. .. ~.:- .· 702 

1 709 

5. 712 

11 755 

3 . 729 

81 700 

85 702 

3S 690 

plugged. 

into bedrock. 
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As seen from Tables 13 and 14, and as previously men-

tioned, wells Cl and C2 exhibit increasing·specific conductiv­

ity, alkalinity, and hardness, while experiencing a decreasing 

pU. C2 has a high ferrous iron content while Cl does not. 

(The low ferrous "iron content of Cl is not believed representa- . 

tive of the sediments it samples. Water moves so slowly into 

this well that it would be easily oxidized.)· These suggest 

that Cl and C2 are sampling from groundwaters becoming more 

reduced. 
. . 

Piezometers E and G show decreasing pH values, with· 

increased iron. Sulfate, hardness, and alkalinity show nearly 

constant or reduced.values as seen in Table 13. Table 14 sug-

qests that E and G have high ferrous to .ferric ratios indi­

cating reducing conditions as in C2. This suggests that while 

piezometers Cl and C2 are subjected mostly to a reducing 

environment, piezometers E and G are subj~cted to a reducing 

environment with some influence caused by infiltrating acidic 

sediment pond water. The degree of effect by infiltrating 

Acid pond water_ appears to be correlated with the permeability 

of the sediments sampled by the piezometers. Piezometer G 

Appears to be effected the most because of a decreasing 

Alkalinity, slightly increased sulfate, and low pH. The low 

PU of G as well as the reduced alkalinity suggest that acidity 

related to.infiitrating mine water is present in the sample. 

the presence of acidity in piezometer E may also be reflected 
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~ the increase in specific conductance while alkalinity and 

:,Ardness show stable and decre.a~ed conc:entrations .respectively. 

,roundwater quality in the reclaimed fiil -
Another major area. of groundwater·quality. interest is the 

. . 

,poil-fill areas of the. reclaimed mine· cuts •. At ·ICP#l the. 

!ill water quality is being monitored at the present time by 

six piezometers. Unfortunately only three.of the wells have 

yielded enough water for. analysis, and one of the wells is 

actually a bedrock backround well. · The piezometers monitoring 

the fill areas include nests Sand 7. Welis.Sbi. Sc~ 7a,·7b 

&nd 7c are open to the base of the sha"re fill •. · Well Sa i·s. 

open in the bedrock just below the bedrock-shale fill contact. 

The water found.at the base of the fill is.highly 

runeralized in comparison to other areas of the mine site. 

· ·· Piezometers 7a and 7c were placed into this mineralized water 
. . . 

1n the first mine cut at ICP#l. The groundwater, below the 

!ill is much less mineralized than the fill. water •. ];)iezometer 
. . 

S4 penetrates into the bedrock to sample ground water from an 

elevation about 10 feet below the fill water sampled by· 7a and 
. . 

lc. Table lS shows periodic averages for. water quc:1lity param-: 

Oters from piezometers 7a and Sa as well as the variation.of 

Vater quality in the lower coal mine cuts. 

Piezometers Sa and 7a have very different water qualities 

except for alkalinity •. Piezometer 7a appears to be.much more 
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1able lS. Water quality comparisons for piezometers 7a and 
· Sa and. low.er. .I.CP.#.l. mine .cuts 

sample location Piezometer Sa 
la 2b 

Piezometer 7a 
1<::: 2d 

pH 7.3-7.3 

Chloride 7.4-S.4 

Alkalinity 435-481 

sulfate 103- 84 

Sitrate-Nitrogen 0.29-0.26 

Total iron 0.4-1.2 

Total hardness 216-204 

Specific 
conductance 4S2-536 

ainitial six month's average. 

bFinal six month's average. 

6.6-6.Se 

6.3-3.7 e 

e 473-437 . 

1220-1380£ 

0.66-0.55 

2.3-3.9 e 

1818-1618£ 

1859-1588e 

cinitial. four to five month's average. 

~inal four to five month's average. 

eFour month average. 

fF. th · l. ve mon · average. 

e 

Lower mine cut 

low-high 

4.0- 9.1 

0.5-22.S 

0.0-140 

310-1700 

0.88-19.0 

0.1-11.8 

240-1480 

410-1600 

similar to the highly mineralized mine cut waters from ranges 

qiven in Table lS. Specific conductances for 7a appear to be 

thr:-ee to four times those· found on the averag-e in 5d., wh.ilt:! 

hardness and sulfate are twelve to sixteen and seven to nine 

times higher respectively. This is contrasted·by alkalinities 
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of similar ranges. The water in 7a appears to be remnant acid. 

~ater from the mine cut' floor area· that has been nearly 

neutralized by the alkalinity of recharging waters from the 

consolidated bedrock below. It is also possible that recharg­

ing waters from the bedrock have dissolved pyrite oxidation 

products from formerly dry spoil. Another possibility is that 

~e mineralized water is effluent from a broken drainage tube 

used to drain an acid puddle on the surface of the reclaimed 

spoil. The location of this drainage tube is shown in Figure 

34. The remnant acid model appears to be the better beqause 

the water_ drained by the drainage tube was acid for at most 

only about three. months prior to the first sampling of pie­

:ometer 7a. This would only .allow a short period of time_ for 

~ater to flow about 200 feet in the tight shale spoil to pie-

:ometer 7a. 

The last major. area of water quality alteration is the · 

area of dewatering up gradient from the mine. The major.de­

vatering o~ sedimentsnorth_of.the mine occurred in the upper 

coal seam ~a. possibly _in the sand . body which was above the 

ooal. Three· piezometers 4~, M, and Q with respective depths 

of 42, 17 and 40 feet were used to study this dewatering. The 

Vater quality data .for. piezometer Q and M fluctuate rather 

radically •. These fluctuations appear to be related to precipi­

tation as shown by significant negative correlations with 

Precipitation. The parameters showingthese variations are 
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Figure 34. Potential enclave development at ICP#l 
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.,tJcalinity, sulfate, calcium.hardness and total hardness. The 

cause for the emphasized relationship between rainfall and 

water quality param~ters as well as depth to water can be seen 

!rom examining its topographic setting. M and Q are located 

at the base _of a semi-circular drainage. This waterway is 

·, dso blocked by a road just to the north of M that may slow 

·•···· 

~e surface drainage enough to increase infiltration. These 

piezometer's sensitivity to water level fluctuations.cause 

them to be good indicators of drainage by the mining occurring 

near them. Table 16 summarizes the increased concentrations 

observed as mining progressed. 

Piezometer Q is open to about 35 feet of siltstones, 

shale, the upper coal seam, and silty alluvial sands and 
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fable 16. Periodic averages for water quality parameters in 
piezometers M·and Q 

piezometer . 
.M Q 

-· la 2b lc 2d 

specific conductance. 283-353 200-449 

pH 7.3-3.0 7.3-7.4 

Chloride ... 5 -5.5 5.2-4.7 

Alkalinity·· 146-185 123-219 

sulfate . 167-167 84-194 

total iron . 0.63-1.31 0.75-0.35 

total hardness 320.;.377 "222-415 

Calcium hardness. 210-255 147-339 

a Average for year August 1975 to July 1976. 

bAverage for year August 1976 to July 1977. 
. . . . . 

cAverage for monthly s.amples between May 1976 .·and 
:iovernber 1976. 

d Average for monthly sample between January 1977 and 
July lf)77. · 

The head in. well o· should also reflect the piezometer 

h~ad of the coal seam better than any of the other strata 

because of the low permeability of materials below the upper 

COal, the lower perrneabili ty of the. sands . and gravels, . and the .:. 

tendency for the coal to drain any water higher than its base 

4 0 long as· it is· open to mining. · 
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The previous set of conditions were very well illustrated 

bY the water quality data contribut~d by Q. When the upper 

seam was opened by mining the water quality of Q was signifi­

cantly different from that ·observed after mining started. This 

difference can be seen between the averages listed in Table 16. 

The silty sands and. gravels probably contribute most of the 

vater to· Q and the coal because at M, the silty sands and 

qravels lie directly over the coal. 

A different sequence of events was observed in piezometer 

4a. This well (open to the upper coal and some shale above it} 

vas placed into the. coal. at a time after mining effects had 

begun. The water initially tested.was more similar to the 

=ineralized water of the sands and gravels. Just prior to the 

drying up of.the well the waterquality became noticeably 

better. This may have been due to a slower movement of the 

vater allowing the coal to better "treat" or remove impuritico 

fn>m the water. These changes are summarized in Table 17. 

A fina·l point can be made about the northeast side of the 

uite of spoil cored terraces built above the water table •. · The 

purpose of monitoring these terraces is to' detect .water 

quality changes due to infiltration of waters that may pick up 

oxidation products of pyrite abundant in some of the spoil 

~der the terraces. Monitoring was.also to detect water table 

COnfiguration changes due to an altered infiltration pattern 

caused by the ter~aces. No significant water quality or flow 
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table 17. Selected data from piezometer #4a 

7/16/76 8/11/76 9/12/76 

specific conductance 420 233 225 
, .. 

Chloride 8 7 5 

,,lkalini ty. 316 269 135 

Total hardness 380 300 155 

ealciwn hardness 265 215 60 

Non carbonate hardness 64 31 20 

Water depth 39.6 40.3 42.1 

sulfate 115' 69 82 

changes that could be attributed to mining were observed. The 

ahale cores of the terraces remained unsaturated after one 

year of placement as proven during piezometer placement 

drilling in March of 1977. A significant impact of another .. 

sort was detected. This was caused by the situation of·a farm· 

barnyard on the site previous to mining. ·High concentrations 

~f chloride, ·nitrate,' and manganese were observed at various 

vells in this location that are attributable to the barnyard 

environment. 
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&nclave development - It appears that the only areas of possible contamination 

plume development are areas where seepage can move out from 

~e reclaimed·mine cuts and from the base of the sediment pond. 

!0 date there appears to be only a limited resaturation in the 

first mine cut, and thus no significant amounts of highly 

runeralized water are moving out from this area. 

Three potential mineralized water.seepages from the first 

~ne cut to the alluvial sediments of Coal Creek ~re possible. 

These seepages are labeled 1, 2, and 4·in Figure 34. Two of 

these seepages (1 and 2) are located in premining waterways. 

the third (4) is located along a ruptured drainage . tube that 

had been used to remove water from the mine cuts. 

The sediment. pond is currently the origin o.:Jf a slightly · · 

tcidic plume as discussed previouslyo .This contamination 

plume may be extensively increased after burial of wet· sedi­

oonts deposited i'n the sediment retention pond. 'This is 

~cause of the significant quanti ties of iron suJUfates and 

1\ydroxides that characterize Lht:! sediments of the sediment 

.pond. After burial of these deposi t·s with organi·c rich top-_ 
·:.:~ \·:. ~ 

toil, reducing conditions inay begin in the very wet sediments. 

Tho reducing conditions could cause remobilizati.on of the iron 

Ln the sediments and reduce .the· iron sulfates to1 .iron sulfides. 

A.! tor the sediments dry, oxidation of the iron slillJI.fides may 

~4in occur and release· sulfuric acid. This cycl.e could be . 
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further complicated by frequent flooding of the flood plain 

sediments in the location of the sediment pond • 

. Comparison of ICP#l Groundwaters 
to Others of the Area 

Several sites outside the ICP#l mine that were sampled 

during the summer of 1977 (e.xcept Garden samples which were 

taken in the fall of 1975) are shown in Figure 35. These 

"ells were sampled to check the variability of groundwater 

quality outside the mine.. Six deep wells (200+ feet in depth) 

and five shallow wells (25 feet in depth) were sampled. The 

deeper wells were characterized by very mineralized waters. 

Their hardness ranged from 550 to 1480 mg/1 as caco3 • Alkalin-

ities ranged from 240 to 355 ..... ~ 11 
~U.'::f/ ..... as caco3 , while sulfates and. 

specific conduct·ances :ranged from 300 to 2700 and 1400 mg/1 to 

2800 as ppm NaCl :.t."espectively. In comparison to ICP#l the 

deep wells were similar to the mineralized water from the 

reclaimed mine cuts except for much higher chlorides in the 

range of 173 to 233 mg/1. 

The shallow wells compared more closely with the ICP#l 

piezometers outside the fill areas. For these·w~lls specific 

conductances ranged from 590 to 235 as ppm NaCl. . Alkalinities 

ranged from 110 to 320 mg/1 as Caco3 , sulfates and hardness 

range from 18 to 220 mg/1 and 117 to 490 mg/1 as caco3 respec­

tively. 
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SUMMARY AND CONCLUSIONS 

The groundwater effects of surface mining at ICP#l can be 

classified primarily as water quality and water qu~ntity effects. 

The water quantity effects of ICP#l surface mining are: 

1) The loss of groundwater saturation in spoil materials· 

that were initially removed from over the coal and 

later replaced; 

2) The dewatering of high permeability geologic strata 

up gradient of mining area; 

3) The increase in porosity and possibly perrneapility 

in refiiled spoil materials; 

4) The change in groundwater gradients in mined areas 

and near the sediment pond • 

. The water quality effects of ICP#l surface mining and reclama-

tion are: 

1} The generation of slightly mineralized enclaves near 

the sediment pond and spoil accumulations; 

2) The generation of thin zones of highly mineralized 

water near the base of reclaimed spoil probably due 

mostly to remnant acid mine water; 

3} Reduction of water quality in coal seams as a result 

of dewatering at the time of mining and subsequent 

oxidation of their pyrite content. 
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Most effects of water quantity loss in and around the 

;nine are not permanent. Recharge of geologic strata outside 

we ICPil site has _begun as indicated in piezometer Q. Un­

fortunately this recharge is being pirated from shallower_ 

strata, but the·shallow strata are more directly susceptible 

to infiltration from surface waters. The recharge of the 

reclaimed mine area and surrounding geologic strata will come 

from areas near _the mine that have not been di.sittirbed to a 

major extent by ·surface mining. ·. Coal spoil materials to· the . 

vest of ICP#l may also contribute valuable recha:rge. The 

primary recharge to groundwater_ ·at ICP#l may be due to· surface 

infiltration. Major groundwater recharge areas .around the 

ICP#l site include the undisturbed hills to the northwest, 

north, and northeast of the mine cut area~· The' ·;major ground-. 

water recharge conduits .are the unmined portions of the . coal 

seams and the sands and gravels of the. undistur~ed surrounding 

hillsides. Secondary recharge sources appear m be the bed­

rock in and below the highwalls of the reclaimed portion of 

the mine cuts.· 

Water quality disturbances of .the fringe ameas of 

reclaimed mine areas will be very slow in atten1I!lating because 

Of the slow groundwater flow through these materials. Areas 

of thicker spoil and larger potential water leve:ll increases 

Are believed to have better water qualitybecauseof dilution 

as larger quantities of water will return to the:se areas. 
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Adulterated groundwaters in high permeability areas such 

45 the flood plain alluvium will be more quickly attenuated 

than those in the mine spoil areas, but these enclaves also 

r-..ave the po_tential to effect ·much larger areas due to more 

rapid groundwater movement. At ICP#l a slightly mineralized 

enclave exists in the flood plain groundwaters to the south­

east and south of the sediment pond. The source of the enclave 

.is water infiltrating from the acid sediment retention pond. 

Reduced pH and alkalinity were observed in a very 

restricted area near the east side of the sediment pond. While 

large increases in alkalin:i,.ty and hardness were observed.to 

the south, it is ve~y doubtful-that the enclave produced by 

the sediment pond will have_ a significant effect on the ground-

vater environment because of the low level of mineralization. 

The mineralized ~reas of the mine pits, on the .other hand, may 

be sources of .groundwater alteration on a larger scale if. the 

contaminants can move through the shale bedrock or get flushed 

i.nto flood plain sediments. 
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RECOMMENDATIONS FOR FURTHER STUDY 

continued study is needed to establish attenuation rates 

and the shape of mineralized water enclaves introduced by acid · 

vater from the ICP#l sediment pond. Similar work is also 

needed to study the mineral.ization and the recharge of the 

groundwater in the spoil reclamation areas. These further 

8 tudies are needed to confirm the capabilities of rainfall 

infiltration and groundwater flow to provide recharge water to 

reclaimed fill. Mathematical modeling of groundwater and 

surface ~nfiltration would also give a much closer approxima-

tion of rates of water return to the mine spoils. 

Work should also be.done to determine saturated and un-

uaturated permeabilities of the spoil fill as well as the 

geologic materials surrounding the fill. These studies would 

h€'lp to plan possible mining in other. areas. 

More complete chemical analyses may also be needed to · 

confirm the elevated acidity of groundwater in the sediment 

?Ond area as well as possible remobilization of iron .sulfates 

And hydroxides deposited by the sediment pond. 
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APPENDIX A: WELL DEVELOPMENT 

AND SURFACE ELEVATIONS 
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~ ~able Al. · Well development and surface elevations 
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Sa XX .XX XX XX XX· 43.- '733. 0 
5b' XX. XX XX ·XX XX 40 738.7 
Sc XX 
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XlC >ex. 43' 739.·6 ·li 

XX XX 
7a XX XX XX XX XX 34 734.4 
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7b XX XX XX XX XX 

.. 30 733~5 . I 7c XX ~ XX XX XX 34 736.4 
Ba XX XX XX. XX XX 25 726~9 : .. 
9a . XX XX XX XX XX 25 711.6 
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APPENDIX B: WELL AND BORE HOLE LOGS 
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Table Bl. Well logs 

\iell Date 
no. placed 

Description of material 

Cl 

C2 

E 

G 

K 

0 

,,_ .... ··.-.-... <:" ..... 

8-6-75 

8-7-75 

Yellow-brown silt 
Gray clayey silty 
Yellow-gray sandy clay (9' water table) 
Gray sand 
Gray sandy silt 
Gray sand 

Yellow-brown silt (9' water table) 
Fine yellow clayey sand 
Gray sand gradually changes to 

gray clay 

8-8-75 Yellow-brown silt 
Brown sandy clay 

8-7-75 

Brown clayey sand ( 13 '· water table) 
Olive sand 
Gravel 
Olive sand 
Gray clay and shale 

Yellow-brown silt 
Sandy clay (11' water table) 
Olive sand and gravel 
Shale 

8-14-75 Clay fill (added February 1976) 
Yellow-brown gravel and sand 
Red-brown sand (27' water table) 
Yellow-brown sand 
Gray shale 

8-13-75 Brown. silt 
Yellow-brown silt and gravel 
Red-brown sand and some gravel 

(10' water table) 
Dark brown sand 
Dark gray sandy clay 
Gray shale 

3-3-76 Brown silty clay 
Sand and gravelly clay 
Gray and brown mottled clay 
Gray hard silty clay 

Depth 
(feet) 

0-5 
5-10 

10-15 
15-20• 
20-25 
25-33 

0-10 
. 10-14 

14-22 

0-5 
5-10 

10-15 
15-18 
18-19 
19-20 
20-20.5 

0-5 
5-20 

20-24 
24. 

o.:.1o 
10-15 
15-30 
30-35 
35 

0-3 
3-5 

5-15 
15 
15~17 
17 

0-2.5 
2.5-8.5 
8.5-13 
13-14.4 

. 'Mil:.> .......... 

' ' 
I • 

> I 
I 
E 
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rable Bl (Continued) 

well 
no. 

0 

T 

la 

lb 

lc 

Date 
placed 

3-3-76 

4-9-77 

Description of material 

(Continued) 

Depth 
(feet) 

Black hard shale 14.4-17.9 
Black to light gray sandy banded . 

siltstone 17.9-18.5 
Coal 18.5-24.5 

. Light gray siltstone 24.5-33.4 
:Light gray to buff claystone 33.4-40.9 

Black to dark brown silty clay 0-4 
Brownsilt with siltstone fragments 4-9 

.Medium brown silty clay · ·. · . 9-12 
Olive clay (15' water table). ·12-15 

·Olive clay with fine sand . . . · -15-25 
·Gray fine sandy claywith red weathered 

shale (well placed to 20 ') · 25-30 

8-12-75 Yellow-brown silt 0-10 · 
Brown clay (14' water table). 10-15 
Gray sandy· clay ··15-25 
Gray sand 25-33 

6-7-76 Black silty clay .. 0-1 
·1-5 
5-8 

Medium brown silty clay 
Gray-brown silty clay (moist at 8') 
Mediwn brown sandy clay (15' water 

table) · 
' Medium brown san¢! with gravel. 

2-28-77 .Black silty clay. 

2-28-77 

Medium brown silty clay 
.Gray-brown silty clay · . 
Medlum brown sandy clay (little auger· 

return and.22' water table)' · 
Gray·shale 

Black silty clay 
Medium brown clay (some black shale 

mixed in) 
Medium brown silty clay 
Medium brown sandy clay 

• ~ I 

'. 8-18. 
. 18-20 . 

0-l .. 
.. . 1_;9 . 

:· 9-14 

14-24 
. 24-25 

.· 0-1 

1-5 
.·. 5-10 

10-14.5 

i( ,, 
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Table Bl (Continued) 

Aell Date Description of material 
no. placed 

2a 6-8-76 · Medium: brown clay and black topsoil· 
Medium brown silty clay·· 
Light gray shale of siltstone 
Medium brown silty clay 
Light brown loess clayey silts (dry) 
Light gray .shale (dry) (siltstone?) 
Red shale or siltstone · · 
Gray and red shale of siltstone 
Gray calcareous shale or siltstone 

(Hard drilling) 
Red shale or siltstone 
Light to medium gray shale or silt­

stone (coal blossum on bit when 
retrieved) · 

2b 2-28-77 Medium brown silty clay and black silty 
clay (mixed) 

Medium brown sandy clay 
Gray siltstone 
Red siltstone 
Red and gray siltstone 

·Gray siltstone 
Gray siltstone (wet at 34') 
Dark gray shale 

2c 2-28-77 Medium brown clay and black silty 
clay topsoil mixed 

Medium brown sandy clay 
Medium brown clay 
Red siltstone 
Light gray siltstone (dry) 

2d 2-28-77 MediUm brown clay and black silty .. 
clay topsoil mixed 

Medium brown silty clay 
Medium brown clay 
Medium brown sandy clay (moist?) 
Medium brown silty clay · 
Gray siltstone 
Red siltstone (dry) 

Depth 
(feet) 

. 0-5 
5-10 

10-:-12. 
12-17 
17~19 

19-24 
. 24-25 
25-28.5 

28.5-29.5 
29.5-35 

34-35 

0-5 
S-10 

10-15' 
15-20 
20-25 
25-30 
30-34 
34-35 

0-5 
5-8 
8-13 

13-21 
21-25 

0-5 
5-10 

10-15 
15-20 
20-23 
23-24 
24-25 

. ':·· 
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rable Bl (Continued) 

\olell Date 
no. ·placed 

3a 6-7-77 

6-8-76 

Sa 6-9-76 

Sb 3-1-77 

Sc 3-1-77 

7a 6-9-76 

7b 3-1-77 

Description of material 

Medium brown sandy clay 
·Light gray·to buff sandy clay 
Light gray clay (18' water table) 
Red-brown and buff sands 
Dark gray shale 

Brown silty clay 
Brown medium sands and some gravels 
Hard cemented sands and gravel 
Coal 

Light brown silty clay 
Gray shale 
Gray-black shale 
Light brown silty clay 
Dark gray shale 
Dark gray shale (original material) 

· (dry> 

Medium brown silty clay 
Gray-black shale. (dry) 

Yellow-brown silty clay 
Dark gray-brown silty clay 

.Yellow-brown silty clay at 23' turning 
into dark gray shale at 28' 

Dark gray shale (hit con~retion at 34') 
Dark gray.shale and pieces of 

concretion hit at 34' 
Gray-black shale (originalmaterial) 

Red-brown sandy clay 
Dark gray shale (moist?) 
Dark gray-black shale (dry) (Hit 

concretion - limestone returned 22-
23 feet, Black limestone) 

Hard dark gray-black shale (original 
material) 

Brown sandy clay 
Gray-black shale 

Depth 
(feet) 

0-9 
9-11 

.11-18 
18-22 
22-22.5 

0-30 
30-35 
35-39 
39-42.5 

0-8 
8-13 

13-17 
17-19 
19-37.5 

37.5-42.5 

0-7 
17-40 

0-10 
·10-13 

. 23-28 
28-34 

34.;,.39 
39-43 

0-8 
8-14 

14-32 

32-34 

0-10 
10-30 

. I 

·t 
I 

:; 
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Table Bl (Continued} 

well Date Description of material 
no. placed 

7c 3-1-.77 Yellow-brown silty clay 
Gray-black shale 
Yellow-brown silty clay 
Gray-black shale 
Light gray siltstone 
Black shale and brown silty clay 
Gray-black shale 
Gray-black shale and brown silty clay 
Gray shale 

Sa 4-9-77 Black silty clay 

9a 

10 

Yellow-brown silty clay 
Yellow-brown clay 
Yellow-brown clay with sand (16' water 

table} 
Dark_brown_clay· 

4-9-77 . Black silty clay 
Dark brown silty clay 
MediQ~ brown clay 
Yellow-brown clay . (12' water table}: 
Yellow clay with black shale fragments 
Gray clay 
Gray clay with reddish-gray sand 

3-1-76 Yellow-brown silty clay · 
Yellow-brown loess 
Red and· yellow-brown clay (till) .. 
Red-brown sand and some· gravel· · 

· Silty dark gray sand with weathered 
coal and shale .(well placed to 4 7. 5 
due to .cave. in} 

Depth 
(feet} 

0-1 
4..;.8 
8-9 

.. 9..;14 
'14-21 
21-24 
24-27 
27-32 
32-34 

0-3 
3-8. 
8-10' 

10-20 
20-25• 

0-5 
5-8 
8-10 

10-13 
13-15 
15-20 
20 ... 25 

0-11 
11~14 

. 14-35 
35-49' 

49-53 
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'l'able B2. Auger hole logs 

. Auger Date 
hole placed 

Description of material 

B 

0 

F 

L 

8-6-75 

8-6-75 

8-7-75 

Brown silty clay 
Brown silt with clay 
Sandy clay 
Yellow-brown fine sand (15' water 

table) 
Gray clay 

Yellow-brown silt 
Gray-brown silt 
Gray silt with clay 
Gray sandy clay (14' water table) 
Yellow-brown sand 
Gray sand 
Shale 

Gray-brown silt 
Brown silt 
Red· sand 
Red-brown clay (12' water table) 
Olive sand 
Dark olive sand 
Gray clay with pyrite· 

8-8-75 VP.llow-brown silt 
Brown sandy clay 
Fine olive to gray-brown sand (11' 

water table) 
Gravel and olive sand 
Olive sand 
Black shale 

8-13-75 Light brown silt 
Red-brown sandy clay 
Black. sandy silt 
Coal 
Black shale (9' water table) 

8-13-75 Light brown silt 
Yellow-brown sandy clay 
Red-brown sandy clay 
Red-brown sand 
Gr~y pyritic shale 

Depth 
{feet) 

0-5 
5-11 

11-14 

14-22 
22-36 

0-5 
5-7.5 

7. 5-10 . 
10-14 

. 14-20 
20-27 
27 

0-1. 5 . 
1.5-5 

5-9 
9-15 

15-20 
20-25 
25-27.5 

0-5 
5-10 

10-18 
18-18.5 

18.5-22 
22 

0-5 
S-7 
7-8 

.8 
8-10 

0-2 
2-10 

10-12 
12-17 
17 
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rable B2 (Continued) 

Auger Date 
hole p.laced 

R 8-12.;.75 

Description of material· 

Yellow~brown silt 
Yellow-brown clay 
Yellow-brown sandy clay 

Depth 
... (feet) 

0-5 
5-10 

10-11 
Red-brown sandy clay (15' water table) . 
Yellow coarse sand with clay 

11-15 
15-20 

s 

· Light gray clay 
Gray clay 

8-12~75 . Yellow-brown silt 
Yellow-brown mottled clay (14' water 

table) 
Gray and yellow-brown clay 
Yellow clay 
Gray clay .. 
Fine gray sand 
Gray· shale 

20-25 
25-34 

0-10 

10-15' 
15-20 
20-25 
25-30 
30-35 
35 ... 

· .... ( 

l 
I 
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B3. Core. a 

I 
'i'llble hole .log.s .. .............. 

core surface Dominant lithology Depth 
~-

hole elev. From ·To 

I l 784·. 5 Oxidized overburden . 0 17.5 ;-.:;. 

I Shale -17.5 31.0 
.Siltstone 31.0 32.4 

I 
Shale 32.4 35.5 . :· 

Coal 35.5 41.1 
Siltstone and claystone . 41.1 .50.1 

I lA 739 Oxidized overburden 0 .22 
Shale· 22 31 
Siltstone 31 34.5 

' Shale 34.5 41 
Cqal 41 50 
Siltstone ·so 51 

·' lB 727 Oxidized overburden 0 11.8 
Shale 11. 8. 12.2 
Siltstone 12.2 16.4 
Shale 16.4 24.6 
Coal 24.6 29.2 
Shale 29.2 31.5 
Siltstone 31.5 34 

I lC 717 Oxidized overburden 0 -12.5 
. ' Shale '12.5 21.3 

Coal 21.3 2i.6 
' Siltstone 21.6 23 

2 745o5 Oxidized overburden 0 20.8 .·: ! 

·Shale 20.8 34.6 
' Coal 34.6 37.3 . ; 

Siltstone 37~3 45.0 

2A 723 Oxidized overburden 0 13.1 
Shale 13.1 15.8 

,. Coal l5.8 19.5 ' .(•<t! ' Shale 19.5 20 

28 715 Oxidized overburden ·o 15 
Siltstone 15 20 
Shale 20 24.9 
Siltstone 24.9 35 

a~odified after Sendlein 1975. 

l 
...... 
. ,,., .... ,,.,,,,.,_,.;:•"":-"~·--,-,,~~":-:-':':· ~·:.'"':·": :"~7""';C'~ · ·:;. '' h·i"' _,,: l'\<;l>t ·:$)hg'?iV"'!.'1C".7"\'.'~~l"''>~Ji"!l'l.¥H"~+·"·"*'"'!"'"'"-""'!¥:7"' "':':' "1":" · ""'· ..... , •• • • '·· ·' .• '· ."'!'l!"''= 
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Table .. B3 (Continued) 

core surface 
hole · elev. 

3 755.5 

Dominant lithc)l~gy 

Oxidized overburden 
Shale 
Coal 
Interbedded siltstones, 

claystones and sandstones 
Shale 

3A 

4 

5 

Coal 
·Siltstone 
Shale 

725 Oxidized overburden 
Siltstone 

757.5 Oxidized overburden 
Shale 
Coal 
Siltstone 

·.Coal 
·Siltstone 
Sandstone 
Coal 
Shale 

. Coal 
·Siltstone 

7.25 oxidized overburden 
... : Siltstone .. 

. ... :,. .. 

..... 734. .'•' Oxidized overburden 
·.·· · • •. shale .. 

·,., Coal 
. . · . . . Shale 

77i~s 

. , .· 
... . 

·oxidized overburden 
··Shale 

Coal 

.... · 

.. 
'· 

. . . . . 

..... 

· .. · .... · 

Depth 
From To 

0 
·13.3 

. 22.4 

:23.5 
35.6 

·. 47.1 
50.2 
50.8 

. : 0 
16.2 

·.· 0. 
.. : 20 

29.3· 
.· 31. 2. 
. 34.8 

36 . 
.. · 36.5 

. ' 40.3 
··Al 

-: ~6.1 
.. 58.8. 

13.3 
22.4 

.23.5 

.35.6 .· 
47.1 

_50.2 
50.8 
56.4 

'16.2 
.· 20. 

20 
29.3 
31.2 
34.8 
36 

'36.5 
40.3-
41 . 
56.1 
·sa. s 
62.8 

< _·, > .. ·,· 0 -.· .. 14' 
:.· .. '' :·::i4 ·. :'· '··: 25' 
. . . . . 

:·.· . 
. . :<:: .··: .:· _:: 0 

. ' .,_,.15.~. 
' .·· . 21 

: ( ·: .· ;' ~; .. 2 4 • 5 ·. 
~ ·.· . . . . ·._·:~-;. 0 . 

.. 10 
· ... 18 

15.3' 
21 
24.5. 

. 27 

10. 
'18. 
22.8 

Sil~stone and claystone ·(with 
minor coal) 

. ·• 
· .. 22.8 .'49.1 

'68. 8 
72 
74~8 

755 

Shale 
Coal 

··shale 

Oxidized overburden 
Siltstone 

·49.1 
-68.8 

' 72 

·o 
.. 7 .• 5. 

•. 

7.5 
20 . ' 

··· .. 

,·;' 

't: 
_1, • .• 

:~ . 

J: 

f 
[ 
. t 

I 
i 

! 

' . t 

• ·, 
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table B3 (Continued) ...... . 

core 
hole 

6 

6A 

6B 

7 

7A 

8 

8A 

surface 
elev. 

771 

765. 

728 

759 

730.5 

Dominant lithology 

Oxidized. overburden 
Shale 
Siltstone 
Coal 
Siltstone 
Claystone 
Limestone 
Shale 
Coal 
Siltstone 

Oxidized overburden 
Coal 
Siltstone 

Oxidized overburden 
Siltstone 
Shale 

Oxidized overburden 
Shale 
Coal 
Shale 
Siltstone 

Oxidized overburden 
Coal 
Siltstone 

Oxidized overburden 
Limestone 
Siltstone 
Claystone 

Oxidized overburden 
Limestone 
Siltstone 
Shale 
Siltstone 
Shale 
Siltstone 
Shale 

From 

·o 
14.4 

·17.9 
18.5 
24.5 
33.4 

. 44.0 
45.1 
62.8 
66.8 

0 
15.7 
20 

0 
. 11.3 
16.9 

0 
8 

13.2 
16.3 
19.5 

0 
6.5 
7 

0 
14 
16.3 
30.7 

.o 
. 17.4 

19 
23 
32.1 
33.4 
38.2 
:39.5 

Depth 
To 

14.4 
17.9 
18.5 
24.5 
33.4 
44.0 
45.1 
62.8 
66.8 
76.9 

15.7 
20 
25 

11.3 
16.9 
25 

8 
13.2 
16. 3· 
19.5 
20 

6.5 
7: 
a· 

14 
16.3 
30.7 
31.2 

17.4 
19 
23 
32.1 
33.4 
38.2 
39.5 
40 

., 

I 
i 

,! 

. I 
r 
t 

I 
l 
I. 
( 

i 

I 
I· 

I. 
f 
r 
f 
f 
i 

j 

I 
l 
' . ! 
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Table B3 (Continued) 

core 
bole 

SB 

9A 

lOA 

llA 

Surface 
elev. 

739 

. :730. 

···.· .. 

.736 

.736.1 

Dominant lithol~gy· 

Oxidized 
Coal 
Shale 
Siltstone 
Sandstone 

. Siltstone 
Shale 

. Coal 
·siltstone 
Shale.· 

overburden 

Oxidized overburden. 
·Shale 

... Siltstone · · 
·Limestone 
Siltstone 
Coal 
Shale· 
Coal 
Shale 
silt~ tone 

Oxidized overburden 
Siltstone 
Shale . 

·Siltstone 
Coal 
Shale 

Oxidized overburden 
Siltstone · 
Shale .. 
Siltstone 
Shale 
Coal 

·Shale 

.. ·. 

. . ~ 

Depth 
From To 

0 9.6 
9.6 .10.8 

10.8 18.2 
18.2 20.2 
20.0 21.8 
21.8 27.4 
27.4 39 
39 39.2 

. 39.2 43 
43 45 

0 13.2 
·.13.2 .22. 8 

22.8 26 
. 26 27 
27 30 
30 31 
31. 33 
33 33.8 
33.8 34.6 
34.6 40 

0 18.5 
18.5 30.5 
30.5 43 
43 45 .• 5 
45.5 47· 
47 ·?0 

0 9.5 
9.5 13.5 

13.5' .30 
30 35.5 
35.5 39.5 
39.5 43 
43 50 

.· . .;-: 
·. t 
.. , 

. ~' 

. t 

.··I 

i 

. t 
~ 
! 
l . . I 

i 
I • I• 
'I 
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Table B3. . (Continued) 

core 
hole 

12A 

Surface 
elev •. 

746.4 

Dominant lithology 

Oxidized overburden 
Shale 
Coal 
Siltstone 
Shale 
Shale with black limestone 

concretions 
Coal 
Shale 
Siltstone 

Depth 
From To 

0 
11.5 
20 
20.5 

'25.5 

41 
. 46 

49 
54 

11.5 
20 
20.5 
25.5 
41 

46 
49 . 
54 
60 

'I 
I 

I 
. I 

i 

-. 

I 
j! 

·I 

. l 
i 
( 

l 
! 
I 
l 

! 
1 
! 

i 

i 
~ 

I 

I 
·I 
j 

l 
I 

·' ' 
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APPENDIX C: .SAMPLING DATES AND PRECIPITATION 

~-----

~ . 

' ' 

I 
. j 
' • I 
l 
i 

I 
i 
I 

.l 

' ~ 

~ 
k 



sampling 

8/08/75 

8/30/75 

10/02/75 

11/04/75 

12/07/75 

1/10/76 

2/07/76 

.3/04/76 

4/03/76 

5/01/76 

6/03/76 

7/16/76 

8/17/76 

9/12/76 

10/02/76 

10/10/76 
. 11/23/76 

1/16/77 

2/11/77 

3/26/77 

4/15/77 

4/17/77 

5/24/77 

6/19/77 

7/08/77 . 

8/18/77 

·.._·i'fntm±n .. 

170 

Cumulative precipitation between samplings and 
sampling "day" and date · 

date Day Precipitation 

0 . . . . 
22 . . . . 
55 2.82 

88 0.60 

121 3.81 

155 0.53 

183 0.00 

208 1.32" 

.. 239 3.48 

267 6.24 

300 4.87 

343 9.74 

375 5.11 

401 0.72 

420 ..... 
429 2.89 

473 0.64 

527 0.00 

553 0.00 

596 4.07 

616 0 ••• 

618 1.89 

655 2.15 

681 0.31 

700 0.31 

740 7.32 

\ 

..•.... <--'.;:.lj~,l, ...... 
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APPENDIX D: CHEMICAL ANALYSIS AND WATER LEVEL DATA 

symbols used in Tables Dl, D2, D3," and D4 are defined as. 

follows: 

sp Cond 

pH 

Cl-

Alk 

504= 

N03-

Tot Hard 

Ca++ 

Mg++ 

HC03-. 

Tot Fe 

Fe++ 

COD 

H20 Depth 

C Depth 

Ex Alk 

Specific Conductance as ppm NaCl 

-log of Hydrogen ion concentration 

mg/1 Chloride ion 

Alkalinity as mg/1 CaC03 

m~/1 Sulfate ion 

mg/1 Nitrate-Nitrogen 

Total Hardness as mg/1 CaC03 

Calcium Hardness as mg/1 CaC03 

Magnesium Hardness as mg/1 CaC03 

mg/1 Bicarbonate ion 

Total Iron as mg/1 Fe 

mg/1 Ferrous Iron ion 

Chemical Oxygen Demand mg/1 02 

. Wa~er Depth measured at time of sampling 

Water Depth corrected for effect of bailing previous 
to sampling 

Alk minus Tot Hard where Alk isgreater than Tot 
Hard. as mg/1 CaC03 

NCH ·Noncarbonate Hardness as mg/1 CaC03 

T 

Mn++ 

S04= 
HC03-

Temperature in degree~ Celsius 

mg/1 Manganese ion 

Sulfate to Bicarbonate ratio 

Ca++ 
Mg++ Calcium Hardness to Magnesium Hardness ratio 

Day 

Ppt 
Day of study 

Precipitation since last sampling 

.,:~,~~·~.-... ... _,. ... ,..._ ....... ~--·~------~------
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Table Dl. Chemical analysis and water level data 

Day SP pH Cl- Alk S04= N03- Tot Fe COD 
Cond 

Well Cl 

0 110 8.9 6.0 . 90 30.5 21.0 135.0 
22 125 8.5 7.0 160 17.0 0.4 
55 215 7.0 5.0 220. 65.0 0.5 
88 _a 

121 
155 190 7.3 3 .. o 200 25.0 0.50 1.0 
183 210 7.5 2.5 210 1.0 0.50 1.6 13.1 
208 175 7.6 3.0 220 2.0 0.60 1.1 13.5 
239 160 7.6 3.8 170 7.0 2.0 13.7 
267 140 7.2 7.5· 190 10.0 0.11 2.5 9.3 
300 200 7.1 5.0 216 9.5 0.59 5.5 42.7 
343 305 7.4 7.0 291 32.5 0.50 0.3 
375 210 7.6 8.0 248 41.0 0.24 18.0 26.4 
401 250 5.0 205 44.0 2.10 
429 245 . 7. 2 5.0 220 62.0 . 1. 70 10.0 15.0 
473 275 7.4 5.0 225 56.0 1.15 6.0 
527 330 7~8 5.0 250 47.0 0.40 1.2 
553 250 7.6 5.0 275 85.0 0.65 5.0 
596 265 8.5 4.0 240 42.0 0.70 1.5 
618 290 7.5 3.8 250 32.0 0.90 4.0 46.8 
655 310 7.6 2.0 265 37.0 0.85 1.0 
681 39.0 13.3 
700 . 350 7.0 3.8 320 44.0 0.40 5.5 
740 290 7.5 10.0 
Mean 
364 233 7.5 4.8 223 24.7 0.74 5.3 35.1 
SD 
233 68 0..-5 1.7 50 22.1 0.52 6.0 39.9 
Max 
740 350 8.9 8.0 320 85.0 2.10 21.0 135.0 
tUn 

0 110 7.0 2.0 90 1.0 0.11 0.3 9.1 

Tot Ca+r Mg-H- H20 T c Fe-H- Mn+ 
Hard Depth 

100 60 40 9.00 17.0 9.00 
120 90 30 14.00 15.0 14.00 
220 140 80 14.50 16.0 14.50 

14.00 14.0 14.00 
11.0 15.50 

160 110 50 13.00 10.0 13.00 
175 120 55 12.00 11.0 12.00 
150 100 50 12.80 9.0 12.83 
150 100 50 13.00 11.0 13.00 
150 100 50 12.80 12.0 12.83 
173 122 51 8.50 11.0 8.50 
200 144 56 6.00 12.0 6.00 
240 155 85 9.80 13.0 9.67 
150 70 80 15.75 11.0 13.40 
260 90 170 15.00 14.0 15.00 
230 140 90 . 14.80 12.0 14.75 
230 160 70 14.00 8.0 14.00 
200 150 50 15.30' 10.0 15.29 
215 150 65 14.40 11.0 14.50 o.oc. 
195 140 55 10.40 10 .• 0 10.42 o.oc 
215 140 75 12.83 10.0 12.83 0.10 0.00 
228 153 75 14.33 14.33 2.14 
215 140 .· 75 14.54 13.0 14.55 1.25 0.60 

14.20 12.5 14.20 

189 123 67 12.82 12.0 12.84 0.68 0.55 

42 29 28 2.48 2.2 2.42 0.81 0.93 

260 160 170 15.75 17.0 15.5.() 1. 25 2.14 

100 60 30 6.00 8.0 6.00 0.10 0.00• 

~.·o-:.1'>"l-•'>~"'·~P"··<f<:'l<:t~~··<P.;(J;rl..t~i'.'!Ue•~<"·~~~~~~~~~ ~.&-¢-•r 
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~;·~-~ ... ~ l'l~' 
f ~. <"•- ---- .. ~ ·~···-··~ ·~~~ *q;f·· 

.\. .. ,: 
t .;. 

Well C2 ·:;. 

}1~ . ~ 0 110 8.7 2.5 135 12.6 5.00 353.0 100 60 40 10.00 16.0 10.00 . ' 
:. ~ 

22 70 9.0 2.5 100 7.0 0.30 140 90 50 9.00 15.0 9.00 J 
!J 55 115 7.6 3.0 160 9.0 - 0.10 62.6 170 110 60 9.00 16.0 9.00 I; 
~ 88 175 7.3 7.5 195 14.0 0.60 . 20.6 '170 140 30 7.00 14.0 7.00 0.40 "'1.~ 
i 121 175 7.1 "1.5 200 4.0 L :;.o 1.60 15.0 175 140 35 6.00 11.0 6.00 1. 

155 170 7.5 1.5 210 1.0 0.68 1.50 7.5 165 130 35 6.00 9.0 6.00. -~ 
·~ 183 170 7.5 1.5 200 1.0 . 0.90 2.75 19.0 152 110 42 7.30 7.0 7. 33 .. J 208 165 7.2 2.0 215 1.0 0.35 0.75 23.3 150 110 . 40 6.00. 8.0 6.00 :e 239 170 7.2 1.9 210 3.0 1.90. 26.2 155 115 40 5.00 12.0 5.00 l 267 190 7.1 2 .• 5 230 0.0 0.22 3.30 22.7 155 110 4.5 2.30 12.0 2.30 

:J 
300 200 7.1 4.5 222 1.5 0.59 5.50 30.6 77 63 14 2. 30 11.0 2.33 
343 230 7.0 5.0 156 1.0 0.63 1.44 1/~5 102 43 4.20 12.0 4.17 
375 135 7.2 6.0 208 3.0 0.12 14.00 i8. 6 . 160 111 49' 6.80· 14.0 6.08 
401 200 s.o . 205' 3.0 0.;)5 15.0 130 100 30 7.90 .14.0 7.92 
429 175 7.1 5.0 200 1.0 1. 25 6.00 15.0 160 100 60 7.80 14.0 7.75 
473. 200 71. 5.0 210 2.0 0.90 4.00 - 150 100 50. 7.00 12.0 7.00 1-' 527 240 7.2 5.0 210 3.0 3.00 180 110 70 7.30 8.0 7.33 ....,J 

w 553 190 6.8 5.0 205 5.0 0.70 3.50 150 95. . 55 7.50 10.0 1.50 
596 215 7.1 4.0 200 6.0 ·1.00 6.00 150 110 40 11.00 10.0 5.75 . 0.40 
618 220 7.0 2. 5· 200 3.0 1. 20 6.00. 20.6 150 105 45 8.00 8.0 5.25 0.50 
655 230 7.1 3.1 215 2.0 1.25. 4.50 155 105 50 7.29 10.0 7.29 4.5 0. 70 . 
681 6.0 13.40 143 95 48 8.75 0. 71 
700 260 7.0 2.5 170 3.0 0.20 16.00 157 110 47 9.33 13.0 9.33 10.0 0.90 
740 220 7.0 16.00 - 9.25 13.0 8.87 
Mean 
364 184 7.3 3.6 193 4.0 0.77 5.09 46.4 150 105 '7.10 12.0 6.79 7.3 

; :. so. 
233 45 0.5 1.7 31 3.7 0.39 4.96 89.1 34 19 2.19 3.0 2.02 3.9 
Max 
740 260' 9.0 1.5 230 14.0. 1.30 16.00 353.0 180 140 11.00. ·16.0 10.00 10.0 
Min 

0 70 6. 8· 1.5 100 0.0 0.12 2.10 7.5 77 60 2.30 7.0 2.30 4.5 

a· 
Analysis not performed. 
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l Table Dl (Continued) 
j Day SP pH Cl- Alk S04= N03- Tot Fe COD Tot Ca+f- Mg+f- . H20 T c Fe+f- Mn+ 
i Cond Hard Depth 

l WellE 

0 190 8.6 2.0 140 123.0 2.00 68.5 260 180 80 13.00 15.0 13.00 
22 190 8.1 1.5 180 55.0 200 150 50 10.00 16.0 10.00 
55 110 7.1 3.0 210 9.0 0.10 7.2 180 140 40 6.00 17.0 6.00. 
88 175 7.2 7.5 195 13.0 0.10 19.7 170 140 30 7.00 15.0 7.00 o.so 

121 170 7.1 1.5 195 7~0 1.30 1.10 . 15.0 . 165 135 30 6.00 11.0 6.00 
155 175 7.2 1.3 185 5.0 0.45 4.00· 5.'7 165 . 140 25 6.00 10.0 6.00 
188 180 7.2 1.0 190 3.0 0.50 3.00 2.0 155 113 42 8.50 10.0 8.42 
208 155 .6.8 2.0 180 2.0 0.44 7.00 22.2 150 110 40 6.20 9.0 6.17 
239 160 7.2 1.9 175 5.0 13.00 45.8 155 110 45 5.80 9.0 5.75 

1 
267 155 7.1 3.5 190 6.0 0.22 11.30 15.7 150 115 35 3.60 11.0 3.60 
300 200 7.1 5.0 184 8.0 0.18 8.50 16.6 168 115 53 3.40 12.0 3.50 

l 343 235 7.0 4.5 183 8.5 0.34 5.70 155 114 41 4.50 13.0 4.50 
l 375 140 7.5 5.0 193 10.8 0.16 14.00 12.6 167 100 67 7.20 16.0 7.21 

I 401 200 5.0 190 12.0 0.60 19.6 150 100 50 7.40 7. 38. 
429 185 7.0 5.0 180 12.0 0.90 5.00 19.8 145 110 35 7.30 15.0 7.33 

I 
473 200 7.1 5.0 180 12.0 'o. 65 2.50 150 110 40 7.20 13.0 7.17 
527 245 7.0 5.0 180 19.0 o. 23 18.00· 160 105 55 7 .. 30 10.0 9.25 
553 235 7.1 5.0 230 21.0 0.3~ 6.00 165 115 50 6.80 9.0 6.83 

i 596 215 7.1 3.5 200 20.0 0.60 5.00 175 130 45 5.80 8 .a· 5.83 0.60 I 
i. 618 220 7.0 2.5 165 21.0 0. 70. 8.00 19.9 154 102 52 8.50 8.0 .6.58 0.90 

655 245 7.0 3.1 175 31.0 0.75 5.00 165 118 47 9.79 10.0 9.79 4.5 1.00 
681 29.0 15.60 146 103 43 10.13 1.23 . ----1 
700 240 7.2 2.5 180 24.0 0.30 18.00 160 118 42 :.0.67 13.0 10.67 12.9 1.60 

'· 740 175 7.0 18.00 10.00 14.0 10.00 
Mean 
364 191 7.2 3.5 185. 19.8 .51 7.80 20.7 166 121 45 7.3 12.0 7.42 8.7 ,. 

l SD t 
233 36 .4 1.7 17 25.4 .30 6 .. 0 17.1 24 19 12 2.29 3.0 2.33 5.9 i 

i Max t 
i: 

i 740 245 8.6 7.5 230 123.0 18.0 68.5 260 180 80 3.4 17 .o 13.00 12.9 
.~·. 

\ 1.3 ~-

M1n r 
"\ 

0 110 6.8 1.0 140 2 .o .16 • 1 2 .0· 14 s 100 2S lJ.O 8.0 ). ~0. 4.S ' ' . ·~·~,~~~ .... ~,~~~j~~ .. ,;;r~~"'lll;"~~~~~:~--~>;,::<·~.,;.lO.~i'""'"'l'.(-j;.~~ 
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J t 
Well G 

., 
~ 

\ 1 0 170 8.5 5.0 120 81.0 15.10 465.0 160 100 60 14.00 15 14.00 .I 
; 22 150 8.0 5.0 170 70.0 .. 0.60 140 120 20 5.00 17 15.00 l . 55 190 8.1 1.5 150 90.0 0.10 11.3 120 110 20 -1.00 21 -1.00 ~ 
l 88 175 7.2 10.0 140 73.0 0.10 9.1 170 100 70 -0.70 22 -0.67 0.34 

! 121· 170 6.8 3.5 . 140 70.0 1.00 0.10 13.0 150 100 50 -3.00 0 -3.00 -155 -. ~3.00 0 -1.25 
188 170 6.7-2.5 150 65.0· 0.10 1.30 ·55~0 140 100 40 0.60 0 0.50. 

1 208 170 6.2 3.0 100 55.0· Q.22 . 7.50 10.0 120 90 30 -1.00 2 -1.00 
'I 239 150 6.6 3.8 100 70.0 8.00 21-.0 120 90 30 -1.00 12 -1.00 < 

3.5 0.10 J 267 140 6.1 130 65.0 7.50 8.2 120. 90 30 -1.00 12 -1.00 1 300 200 6.8 6.0 . 114 56.0 0.20 7.5:> 10.0 120 93 27 -1.20 12 -1.25 I 
343 235 6.6 6.0 122 57.5 0.18 4.6:> 84 34 -2.10 12 -2.08 i 118 

I 375 140 6.5 6.0 121 61.0 0.14. 10.0:>. 17.4 131 100 31 1.30 18. 1.33 ~· 401 175 5.0 125 72.0 0.45 15.0 125 90 .35 .. 1.60 1.58 

1 429 215 . 6.8 5.0 140 70.0 0.35 3.0:> 100 . 20 1.00 16 1.00 12.2 120 
' 473 235 6.9 5.0 110 75.0 0.40 2.0:> 125 100 25 1.10 10 1.08 ...... 

l 527 255 6.7 7.5 110 75.0 0.40 2.5J 130 95 35 1.60 7 1.58 ...., 
1..11 553 200 6.3 5.0 105 82.0 0.60 1. 5-J 135 100 35 1.40 7 1.42 

596 225 6.5 5.0 120 84.0 0.50 4.00 145 110 35 -0.70 10 -0.50 . 0.00 

l 618 220 6.3 3.1 100 72.0 0~35 12.00 15.6 130 100. 30 2.00 8 2.00 0.40 
655 245 6.4 3.8 . 110 71.0 0.70 5.00 132 110 32 2.91 12 2.92 5.0 0.20 
681 - 80.0 12. 70•. 128 95 33 4.29 0.50 
700 275 6.6 3.1 115 66.0 0.25. 14.00 135 105 30 5.25 15 5.25 5.5 0.70 
~40 230 6.7 20.00 - .,. 5.75 17 5.33 
Mean 
364 197 6 .. 8 4.7 123 71.0 0.37 6.40 51.0 132 97 35 1.25 11 1.86 5.3 0.36 
SD 
233 39. 0.6 1.9 . 19 9.0 0.24 5.60 125.0 14 9 . 15 3.68. 7 4 .• 46 0.4 0.24 
Max 

' 
\! 740 275 8.5 1o.o· 170 ·90.0 l.Q- . 20.00 465.0 170 120 . 90 14.00 22 15.00 5.5 0.70 

Min 
0 140 6.1 1.5 100 55~0 0.1 0.10 8.2 118 80 20 -3.00 0 -3.00 5.0 0.00 

., 
~ 

' ,. 
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Table Dl ~Continued~ 

Day SP pH Cl- Alk S04= · N03- Tot Fe COD Tot Ca++ Mg++ H20 T c Fe++ Mn+ 
Cond Hard Depth 

Well K .. 

·a 157 2.00 15.00 17.0 27.00 ' 

22 165 8.1 5.0 120 140 0.60 246 194 52 . 15.00 17.0 25.00 ::'~ 

55 300 7.7 12.0 200 190 0.50 41.8 340 250 90 12.00 18.0 22.00 
88 7.5 32.0 14.50 15.0 24.50 

121 15.00 12.0 25.00 
155 280 7.9 2.0 210 190 0.20 0.30 4.5 300 230 70 15.00 10.0 26.00 

& 183 14.50 11.0 27.00 
208 270 8.3 4.0 230 70 0.20 0.25 35.7 260 . 185 75 16.00 9.0 26.00 
239 8.0 9.4 255 35 1.80 290 190 100 16.00 . 14.0 
267 - 40.0 160 42 190 130 60 16.00 12.0 
343 28.20 
375 . 252 8.0 140 180 0.12 366 250 116 28.20 16.0 28.17 
429 415 4.3 5.0 0 380 0.20 1.00 48.8 367 258 109 26.00 15.0. 26.00 
473 350 6.9 5.0 110 190 0.20 8.00 330 230 100 26.70 12.0 26.67 1-
527 370 6.8 6.0 180 155 0.35 2.00 310 230 80 25.70 10.0 25.67 

1. 

f 
553 325 7.1 5.0 180 162 0.35 4.50 320 230 90 27.40 10.0 27.42 I 596 365 7.0 5.0 175 165 0.35 3.50 315 240 75 26.80 . 13.0 26.75 2.20 
618 350 7.0 7.5 '•5 220 0.30 2.00 41.1 360 250 110 26.70 26.67 1.40 i 
655 380 7.0 5.0 170 145 0.15 2.50 350 250 100 26.83 13.0 26.83 0.00 1.50 I 
681 130 3.40 313 230 83 27.58 2.79 l 700 425 7.0 6.2 140 168 0.40 0.10 375 218 157 27.38 13.0 27.38 0.01 2.30 
740 400 6.6 6.00 26.60 14.0 26.60 f 

l 

Mean b 

365 332 7.1 8.3 154 160 0.26 2.40 34.0 315 223 92 21.21 13.0 26.22 2.04 l 
SD I 
243 72 1.0 9.1 67 77 0.10 2.23 15.6 50 33 25 6.24 3.0. 1.40 0.58 I 

f Max 
740 425 8.3 40.0 255 380 0.40 8.00 48.8 375 248 157 28.20 18.0 28.17 0.01 2.79 

I 
Min 

0 165 4.3 2.0 0 35 0.12 0.10 4.5 190 130 52 12.00 9.0 22.00 .oo 1.40 

I· 
.i 
? • ,. 

'ii'l ~~;,;$> ~~~·~~·~,~~~~~~ ... ~ 
l 
.!. . 

. ::a~~~~~~'m>~><~..,~~~~~u:i.r 
"' 
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ICP Dug Well ~ 4 -
\[, 
;:: 

26i 515 7.8 27.5 175 200 11.0 0.05 460 315 145. 
300 450 7.1 25.5 236 230 -· 420· 271 149 18.80 10.0 18.80 ; 
428 595 - 30.0 290 225 

. . :. ·':~~\:~~~::;::. 400 365 35 
473 280 6~6 - -
527 490 7.5 22.5 120 190 5·.4 0 00 ~.:,,..;.;:. .. · 540. 370. 170 16.60 10.0 16.60 

i : 
• ·:r ,: > -. 1 553 . 520 7.5 20.0 240 250 . 4.0 0.10 ;,. -· 500 . 355 145 .. 

596 550 -7.120.0 260 220 5.1 ·o.lo 4.6 . · 575 4oo 175 21.10 
.. 

10.0 21.10 o.oo 
618 610 7.0 22.0 255 190 6.1· 0.10 565 375 190 17.30 . ·17 .30 0.20 

H 655 580 7.0 25.0 270 220 6.0 ' : o.oo 545 390 .. 155 16.83 13.0 '16.83 0.00 0.50 
681 - 240 - .: . 0.10 t,.4o 330 110 16.50 16.50 ... 0.68 j.' '. H 700 540 7.0 23.0 277 200 4.1 0.10 

·. 
572 400 172 16.20 13.0 16.20 0.00 0.30 i l 

740 510 7 .o · .. · 0.15 ; .. 
18.80 15.0 18.80 ! l' - -. ·.-. I f Mean I·· 

545 
.. 

'-536 7.2 23.9 236 222- :· 6.0 .. 0.08 4.6 502 357 .. -145 17.77 . i2.0 11. n· o.oo 0.34 ~ 1: 
i i SD ~l 

153 49 0'.3 3.4 55 28 2.2 0.05 0 67 41 44 1.68 2.0 1.68 0.00 0.26 ..... ; ~ 
....., ;} 

Max ....., ·. ~ 

740 610 7.8·30.0 290 280 11.0· . 0.15 . 4~6 575 400 190 21.10 15.0 21.10 0.00 0.68 ;:j· 

n Min '. 
267 450 7.0 20.0 120 190 . 4.1· 0.00 4.6 400 271 . 35 16.20 10~0 . 16.20 0.00 0.00 :I 

I Well M 

0 250 8.7 5.0 80 190 1.00· 425.0 280 . 200 80 10.00 17.0 10.00 > ,. 
22 205 8.6 6.0 85 175 - . : 0.10 266 184 82 9.00 17.0 9.00 
5·5 110 7.2 6.:> 126 190 13.6 280 190 90 9.50 16.0 9.50 

It 

t 88 325 7.3 10.0 175 190 0.40 5. 7 . 320 250 70 9.50 14.0 .9.50 0.70 
121 330 6.9 3.0 .195 190· ·. 4. 70 0.25. . 7 .o 320. 230 90 

-~ 
9.00 11.0 9.00 r 

155 325 7.2 2.3 185 190 3.00. . 0~ 75 3.1 375 260 115 10.00 . 9.0 ·10.00 f' 
i 183 350 7.0 2.0 200 200 2.00 1.40 6.0 350 295 55 10.20 10.0 10.17 
r 208 350 6.5 2.0 190 190 2.25 0.25 28.4 390 270 120 10.30 9.0 10.33 -

239 325 7.0 3.8 200 160 0.20 30.2 390 250 140 .9.80 12.0 9.75 ' ~ 
267 200 7.0 6 •. 3 115 100 2.20 ·1.30 10.0 212 135 77 6.50 11.0 6.50 

! 

300 275 7.1 8.5 79 86 0.75 . 0.60 17.9 313 135 178 8.50 12.0 8.50 
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Table Dl (Continued) 

Day SP pH Cl- Alk S04= N03- Tot Fe COD Tot Ca++ Mg++ H20 T c Fe-++ Mn+ 
Cond Hard Depth 

343 
375 
401 
429 
473 
527 
553 
596 
618 
655 
681 
700 
740 
Mean 

350 
225 
325 
390 
345 
430 
375 
375 
350. 
290 

7.3 5.5 
7.0 7.0 

5.0 
7.2 5.0 
7.2 10.0 
7.3 6.7 
7.0 5.0 
6.7 4.0 
7.0 3.8 
6.8. 3.1 

126 
169 
175 
200 
160 
230 

'200 
130 
133 
200 

425 7.2 3.1 250 
490 7.0 

145 
128. 
180 
165 
165 
170 
190 
180 
155 
170 
170 
164 

2.10 
1. 76 
2.50 
2.25 

.2.00 
0.30 
1. 70 
1. 75 
2.10 
1.80 

1.00 

0.68 
1.50 

0.15 
1.00 
0.45 
0.25 
2.50 
2.50 
0.75 
2.50 
1.50 

. 3.10 

340 
19.0 336 
15.0 340 
19.8 380 

350 
. 430 

410 
345 

28~6 340 
418 
365 
430 

220 
232 
170 
250 
240 
305 
290 
260 
230 
270 
265 
300 

364 322 7.2 5.1 164 167 2.01 1.05 45.0 347 236 
SD 
233 84 0.5 2.3 48 29 0.95 0.89 109.7 55 48 
Max 
740 490 8.7 10.0 250 200 4.7 
Min 

0 110 6.5 2.0 79 86 0.3 

Well Q 

267 
300 
343 
375 
401 
429 
473 
527 
~~l 

150 6.7 3.5 55 
175 7.1 5.0 88 
230 7.2 5.0 79 
175 7.5 8.0 136 
125 5.0 130 
315 7.6 5.0 190 
235 7.5 5.0 180 
420 7.5 7.5 200 
100 7.7 7.5 300 

70 1.10 
78 0~23 
74 . 0.31 
87 0.26 
28 0.50 

125 0.75 
125 0.65 
160 0.45 
13S 0. SS 

3.10 425.0 430 305 

0.10 

2.00 
0.15 
0.32 
0.90 

0.10 
1.00 
0.10 
0.10 

3.1 212 . 135 

8.4 
9.4 

10.3 
16.0 

5.1 

155 
184 
174 
209 
200 
285 
350 
320 
320 

. 100 
120 
122 
154 
140 
195 
195 
255 
2SO 

120 
104 
170 
130 
110 
125 
+20 

85 
110 
148 
100 
130 

8.30 
9.10 
9.80 

10.80 
11.40 
12.00 
12.60 
12.30 
12.30 
12.33 

14.0 
15.0. 

17.0 
14.0 
8.0 

10.0 
10.0 
10.0 
12.0 

1L.13 13.0 
12.00 15.0 

8.33 
9.13 
9.83 

10.83 
11.42 
12.00 
12.58 
12.25 
12.25 
12.33 
12.21 
12.13 
12.00 

0.1 

0.1 

·o.oo 
0.10 
0.40 
0.81 
0.20 

111 10:32 13.0 10.40 0.1 0.37 

31 1.60 3.0 1.61 0.0 0.33 

178 12.60 17.0 12.58 0.1 0.81 

55 6.5 . 8.0 6.50 0.1 0.00 

55 
64 
52 
55 
60 
90 

155 
65 
70 

10.10 
11.50 

5.40 
8.60 

17 .. 40 
8.80 

11.40 
22.80 
25.30 

11.0 
11.0 
14.0 
16.0 

16.0 
14.0 
9.0 
9.0 

10.08 
11.50 

5.42 
8.58 

10.50 
8.83 

21.50 
22.83 
22.83 

r 
I 
i 
I 
i ,. 
1 ; 



. ~~ $)!-··~- ... ~~: . - : . ~-
. -~· ..... 

• .' #o 
·-~~ - ~- . 

~~,~~· .. 1$'~-t' 
· .. 

' 
'i' 

l 
1.S 4.0 ·170 0.40 0.5C 370 260. 110 26.30 13.0 20.92 0.00 ., .)96 400 2~0 • 

i' 
618 SiS 7.3 3.1 162 260 0.90 0.70 14.9 582 420 162 19.80 17.00 0.80 

i 65S 525 7.0 J.l 210 220 0.70 0.50 477 355 122 16.50 13.0 16.50 0.00 0.70 , 
! . 681 220 0.30 358 270 88 16.17 0.08 I 

700 475 7 .• 5 J.l 223 190 0.50 0.25 477 353 i24 9.79 14.0 16.79 . 0.01 0.20 ! 
l 

740 535 7.6 0.20 . - 15.90 17.0 15.90 l 
Mean I 
511 331 7.4 5.0 169 139 0.56 . 0.51 10.7 319 228 91 14.97 13.0 15.02 0.36 I 

t 
SD I 
153 156 0.3 1.7 71 68 0.25 0.52 4.1 . 129 99 38 6.65 3.0 5.60 0.37 I 
Max ! 
740 575 7.7 8.0 300 260 1.10 2.00 16.0' 582 420 162 26.30 i7.0 22.83 0.01 0.80 I 
Min ! 
267 125 6.7 . 3.1 . 55 28 0.23 0.10 5.1 155 100 52 5.40 9.0 5.42 0.00 0.00 ! 

I Well T ! 
I 
I• 

0 180 8.6 4.0 100. 100 246.0 200 100 100 14.00 17.0 14.00 l 22 170 7.6 3.0 170 39 0.50 160 100 60 13.00 17.0 13.00 ~ 
-.J 

[ 55 245 7.6 5.0 265· 39 0.50 74.7 220 140 80 12.00 15.0 12.00 \0 

88 225 7.5 9.5 270 14 0.15 21.6 370 130 240 14.00 14.0 14.00 0.40 

I 121 250 8.3 3.5 230 15 1.00 0.15 21.0 200 125 75 15.00 11.0 15.00 
155 270 8.3 2.5 245 5 . 0.20 1.50 14.4 280 135 145 13.00 10.0 13.00 
183 310 8.2 3.0 -220 20· . 0.50 2. 35. 160 100 . 60 17.60' 11.0 17.67 i 
208 250 8.1 3.0 260 13 0.13 1.00 270 135 135 17.80 10.0 17.83 I 
239 250 8.5 1.9 300. 5 ·1.30 230 150 80 17.50 15.0 17.50 ! 267 260 8.2 7.5 270 9 0.11 0.62 210 100 110 18.40 15.0 18.40 t 
300 240 7~6 6.5 282 5 0.54 0.70 205 134 71 18.50 11.0 18.50 ' ,; 
655 ... 18.08 
700 280 8 •. s . 3. 8 277 20 1.00 1.25 205 125 80 18.96 14.0 18.96 0.05 0.20 
681 19 5.80 173 110 63 17.79 17.79 0.10 
740 325 8.5 8.00 20.80 13.0 20.80 
Mean 
294 250 8.1 4.4 241 23 . 0.50 1.83 75.5 222 . 122 100 '16.31 13.0 -16.43 0.05 0.23 .! SD 
264 43 0.4 2.3 . 56 26 0.38 2.37 98.3 . 57 18 50 2 .. 72 2.0 2.67 0.00 0.15 
Max . I 
740 325 8.6 9.5 300 100 1.00 8.00 246.0 150 150 240 ·20.80 17.0 20.80 0.05 0.40 t 

i 

' J 

' l 
' 

·• . . J 
·. . . ; 

. . 
--"'~ ... ~~ .... ~,.·,~·~ar:=:r--~ltfi<P .. ~~~-... ••l'!IJ-'1&~~-'--- ·~ -·- s•~- '?- -~ i:s:•t,.S:Sh-CE!' · ..•. U.f~S&<e.:bi.lt tQ.¥ •. '?"'!11'"-.~_:fJ-. . yiH . etA .,u;ea: k-;~ ..... ~43- p ... • :"'!"1'-•'!'1.% •. -~~,~~~'"::'t""'¥<~~·' ~--





,. 
;, . 
' 

-~""'·~~ ~~ .... -~ ··-· ..•. · ~._, .... ~tuA! \\'$"~*'"~ 
... 

\ 
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\ 
'~ Me4n I i 
1 545 215 6.'9 5.4 128 47 3.04 0.57 8.05 173 107 67 5.19 13.0 .5.24 0.06 0.063 
r SD 
J 132 37 0.2 1.1 16 10 1.29 0.49 1.45 40 18 30 1.67 3.0 1.63 0.06 0.132 

1 Max 
' 740 70 7.2 7.5 150 74 4.60 1.80 10.20 257. 140 154 7.30 18.0 7. 33 . 0.10 0.300 

Min 
343 120 6.6 4.4 100 34 .37 0.10. 7~00 90 65 25 3.2 8.0 3.17 .0.01 0.000 

Well ·lb 

596' 190 6.6 10.0 160 40 0. 3 . 2.0 165 110 55 22.10 13.0 10.00 0.20 
618 250 3.1 155 34 0.2 165 110 55 22.00 12.40 0.00 
655 220 7.0 2.5 210 11 0.2 1.0 178 112 66 17.13 11.0 11.00 0.1 1.20 
681 9 0.3 160 105 55 10.70 10.70 0.73 
700 240 7.{) 3.1 220 10 0.2 4.8 180 115 65 14.38 i2.0 14,38 3.5 1.90 
740 240 . 7 .o - 6.1 - 18.60 13.0 11.79 
Mean 
665 228 6. ';} 4.7 186 21 0.2 2.8 170 110 59 17.49 12.0 11.71 1.8 0.81 . 1-.J 

SD 
(X) 

1-.J 

53 24 0.2 3.6 34 15 0.5 2.5 9 4 6 4 .4_4 1.0 1.55 2.4 o. 77 
Max 
740 250 7.0 10.0 220 40 0.3 6.1 180 115 66 22.10 13.0 14.38 3.5 1.90 
Min 
5'96 190 6.6 2.5 155 9 0.2 . 0.3 160 105 55 10.70 11.0 10.00 0.1 0 
'Well lc 

596 340 7.0 6.0 180 150 2.2 0.30 320 220 .100 3.60 8.0 3.60 0.20 
618 300 7.0 3.1 172 62 3.2 1.00 13.6 235 145 90 3.80 3.80 0.00 
655 260 7.4 2.5 175 53 3.6 0.10 . 220 150 70 4.54 12.0 4.54 0.10 0.30 
681 52 0.20 203 133 70 5.70 5.70 0.13 
700 300 7.3 3.1 185 47 3.0 . 0.25 240 165 75 7.00 . 15.0 7.00 0.01 o.oo· 
740 290 7.1 . 0.16 6.90 17.0 6.10 . 
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I Table Dl (Continued) 

I Day SP pH Cl- Alk . S04= N03- Tot Fe COD Tot Ca++ Mg++ H20 T c Fe++ Mn+ 
Cond Hard Depth i I. 

I 

I I 
I Mean I 

' 665 298 3.0 5.26 5.12 I 
I 7.2 3.7 178 73 0.34 13.6 244 163 81 13.0 0.06 0.13 

I 
I 
' ' SD I 
i 53 29 0.2 1.6 '6 43 0.6 0.33 0 45 34 13 1.50 .4.0 1.36 0.06 0.13 ' 
I Max 

740 340 7.3 6.o· 185 150 3.6 1.00 13.6 . 320 220 100 7.00 17.0 7.00 0.10 0.20 
Min 
596 260 7.0 2.5 172 47 2.2 0.10 13.6 203 133 70 3.60 8.0 3.60 0.01 0.00 

Well ld 

596· 210 7.0 5.0 165 89 ·1.00 0.30 315 220 95 14.40 11.0 14.40 1.30 
618 250 6.6 3.8 173 43 1.30 0.70 14.0 200 140 60 13.80 13.80 0.70 
655 250 7.3 3.1 210 43 0.90 1.00 230 165' 65 14.42 11.0 14.42 0.10 0.10 
681 40 0.20 215 150 65 16.40 16.40 0.16 
700 290 7.1 3.8 213 37 0.95 0.20 - 245 165 80 17.58 13.0 17.58 0.01 0.50 
740 285' 6.8 0.21 16.90 13.0 16.90 
Mean 
665 257 7.0 3.9 190 50 1.04 0.44 14.0 241 168 73 15.58 12.0 .15.58 0.06 0.55 
SD 

53 32 0.3 0.8 25 22· . 0.18 0.34 0.0 45 31 14 1.57 1.0 1.57 0.06 0.49 
Max 
740 290 7.3 5.0 213 89 1.30 1.00 14.0 315 220 95 17.58 13.0 17.58 0.10 1.30 
Min 
596 210 6.6 3.1 165 37 0.90 0.21 14.0 '200 140 60 13.80 11.0 13.80 0.01 0.10 

Well 2a 

343 330 8.3 9.0 236 92 0.22 2.40 2~5 208 77 18.70 11.0 . 18.67 
375 243 7.5 6.5 302 72 0.11 1.00 9.15 341 260 91 20.60 12.0 20.58 
401 225 7.5 5.0 320 45 0.65 11.00 270 150 120 19.70 19.58 
429 375 7.5 7.5 . 335 85 0.55 0.30 6.30 290 265 25 .18 .80 14.0 18.83 
473 375 7.4 5.0 290 94 0.40 0.10 320 215 105 19.90 13.0 19.92 
527 405 7.6 5.0 360 103 0.45 0.15 370 ~85 85 20.80 10.0 20.8) 

\ t 

\ 
1 
l 
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55.) 390 7.3 5.0 400 96 0.40 0.25 380 285 95 21.30 9.0 21.33 
596 400 7.5 5.0 330 86 0.40 0.30 340 300 40 23.30 12.0 21.17 o.oo 

;:1 618 380 7.5 2.5 325 78 0.50. 0.50 8.50 385 265 120 22.00 20.00 0.00 
'. •j 655 425 7.3 2.5 223 86 0.50 0.5:> 295 175 120 20.50 12.0 20.50 0.10 0.20 ~ 

~J 681 77 0.20 330 245 85 20.50 0.02 " i 

~ 700 425 7.5 1.3 360 77 0.30 1.5;) 340 242 98 20.96 '12.5 20.96 0.01 0.10 
' 740 450 7.3 0.10 21.10 13.0 20.79 

l ·Mean 

~ 
545 369 7.5 4.9 316 . 83 0~41 0.61 8.74 329 241 88 20~64 11.9 20.28 0.06 0.06 
SD 

~ 
132 70 0.3 2.3 52 15 0.15 0.70 1.94 38 46 30 1.29 1.5 0.84 0.06 0.09 
Max ,J 
740 450 8.3 .9.0 400 103 0.65 2.40 11.00 385 300 120 23.30 14.0 21.33 0.10 0.20 

~1 Min . 
'I 343 225 7.3 1.3 223· 45 0.11 0.10 6.30 270 150 25 18.70 9.0 18.67 0.01 0.00 

Well 2b 

596 400 8.5 5.0 190 . 210 ·. 0.30 0.60 360 280 80 31.00 12.0 .. 15.8 1.20 ..... 
618 420 8.0 10.0 170 195 0.20 1.00 32.00 390 250 140 31.50 20.8 co 

w 
655 475 7.9 7.0 280 150 . o.so. 1.00 . 345 220 125 27.42 12.0 19.0 . 0.10 0.20 
681 150 0.30 305 223 83 18.80 18.8 0.03 
700 525 7.6 ,6.3 255 130 0.45 . 0.30 . 310 239 '71 24.50 13.0 24.5 0.01 0.20 
740 440 7.7 - . 0.10 .... 25.50 13.0 19.0 
Mean 
665 452 7.9 7.1 224 167 . 0.36 0.55 32.70 342 242 100 26.45 13.0 19 .• 7 . 0.06 0.41 
SD 

53 49 0 • .4 2.1 51 34 . 0.14 0.38 0.00 35 24 . 31 . 4. 70 1.0 2.9 0.06 0.53 
Max 
740 525 8.5 10.0 280 210 0.50 1.00 32.70 390 280. 140 31.50 13.0 24.5 0.10 1.20 

" Min 
. 596 '400· 7.6 5.0 170 130 0.20 . 0.10 . 32.70 305 220 71 18.80 12.0 15.8 . 0.01 0.03 

; 
~-
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Table.Dl (Continued) 

. _Day SP pH Cl- Alk S04= N03- Tot Fe COD Tot Ca;+ . Mg;+ H20 T c Fe;+ Mn+ 
.Cond Hard DE;pth 

Well 2c 

596 340 7.3 6.0 230 105 1.00 0.20 320 . 230. 90 11.00 11.0 11.00 0.70 
. 618 290 7.4 5.6 245 55 1.25 0.20 21.8 285 -190 95 9.80 9.80 0.20 

655 310 7.3 4.4 257 48 1.20. . 0.50 275. 200 75 10.67 11.0 10.67 0.50 
681 .50 0.30. 245 . "180 65 11.10 11.10 0.21 
700 320 7.3 5.0 320 35 1.20 0.15 257 195 62 12.17 13.0 12.17 0.10 
740 290 7.3 0.10 11.70 15.0 11.70 

~-Mean 
665 310 7.3 5.3 263 59 1.16 0.24 21.8 276 199 77 11.07 13.0 11.07 0.34 r SD 

f· 53 21 0.0 0.7 40 27 0.11 0.14 0 29 19 15 0.82 2.0 0.82 0.25 
Max· I. 

., 740 340 7.4 6.0 320 105 1.25. 0.50 . 21.8 320 230 95 12.17 15.0 12.17 - 0.70 r ·Min 
596 290 7.3 4.4 230 35 1.00 0.10 21.0 245 180 62 9.80 11.0 9.80 0.10 

f Well 2d 
;,.~ . 

596 370 7.4 7.5 220 155 0.40 1.00 350 265" 85 19.00 11.0 19 .QO - 0.40 t. 618 340 7.6 3.8 195 100 .0.30 0.70 695.0 319 210 109 18.50 .18.50 0.25 t. 
655 320 7.6 4.4 253 68 0.70 0.50 288 202 86 18.67 12.0 18.67 0.10 i: 
681 73 0.40 248 173 75 20.50 20.50 0.09. .. - . r. 

700 370 7.8 3.8 228 19.33 12.0 19.33 0.80 I· 270 69 0.25 0.55 300 72 r .. 
740 350 7.6 0.30 18.80 13.0 18.80 t 

Mean 

t 
665 350 7.6 4.9 235 93 0.41 0.58 695.0 301 216 85 19.13 12.0 19.13 0 .• 29 
SD 

f 53 21 0.1 1.8 34 37 . 0.20 0.25 0.0 38 34 15 0.73 1.0 0.73 0.33 . 
; 

Max ~·· 
740• 370 7.8 7.5 270 155 0.70 1.00 695.0 350 ~65 109 20.50 13.0 20.50 0.80 ,; 

l' 

r Min I 

320 3.8 11.0 18.50 0.09 I 596 7.4 195 68 0.25 0.30 695.0 248 ]73 72 1S.50 ~ 
t. •· 
f ,t; .. ,. 

}. 
;.:. 

" ' 
'"' 'llZI*.~ .. i9-'·"'~t.!,·,~~J''~":{~=~~~"%-~-~~'""''· 
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Well Ja 

.... 343 325 7.2 5.5 152 105 0.19 0.15 212 143 69 9.40 12.0 9.42 ,l 
375 140 6.7 6.0 154 54 0.18 2.00 7.09 152 96 56 7.80 16.0 7.75 401 265 6.8 5.0 90 110 .. 0.60 6.00 195 120 75 9.90 9.92 429 225. 6.8 5.0 160 48 0.50 0.20 5.40 150 100 50 9.60 15.0 9.58 473 215 6.9 5.0 155 53 0.25 0.10 .210 100 110 10.90 13.0 10.92 527 250 6.8 6.0 150 51 0.05 0.20 ... 160 105 55 11.80 8.0 11.83 553 210 6.8 5.0 155 62 0.55 0.45 160 110 50 11.60 10.0 11.58 596 215 6.6 4.0 150 78 0.30 0.20 180 105 75 9.50 9.0 9.50 0.00 618 -270 6.6 3.1 145 82 0.30 1.00 11.40 190 120 50 10.50 10.50 0.20 655 225 6.7 3.1 158 47 0.20 1.00 165 103 62 11.25 11.0 11.25 0.10 0.10 681 45 0.92 148 93 55 11.59 0.29 

I 700 260 6.5 3.8 163 41 0.20 0.27 160 100 60 11.87 14.0 1L88 0.01 0.20 l 740 250 6.6 0.25 11.00 15.0 11.00 
l Mean 

I 545 238 6.8 4.7 148 65 0.30. 0.56 7.47 i74 108 66 10.43 12.0 10.52 ·o.o6 0.16 

I 
SD 

.... 132 45 0.2 1.0 20 24 0.17. 0.57. . 2. 71 23 14 17 ·1.22 3.0 1.22 0.06 0.11 co Hax U1 

740 325 7.2 6.0 163 110 0.60. 2.00 
Min 

11.40 212 143 110 11.87 16.0 11.88 0.10 0.29 

343 140 6.5 3.1 90 41 0.05 0.10 5.40 148 93 50 7.80 8.0 7.75 o.o1· 0.00 
l-.'e11 4a 

343 420 8.0 316 115 0.90 0.75 380 265 115 . 39.60 39.60 -375 233 7.3 7.0 269 69 0.98 13.60 300. 215 85 40.30 12 .o . 40.30 401 225 5.0 135 82 1.00 155 60 95 
~ean 

373 293 7.3 6.7 240 89 0.96 0.75 13.60 278 180 98 40.00 12.0 40.00 -SD 
29 110 0.0 1.5 94 24 0.05 

Max 
0.00 . 0.00 114 106 15 0.50 0.0 0.50 

401 420 7.3 8.0 316 115 1.00 
Min 

0.75 13.60 380 265 115 40.30 12.0 .40.30 

343 225 7.3 5.0 135 69 0.90 0.75 13.60 155 60 85 39.60 12.0 39.60 -







·•#.¥·~~~ 
~~~~~lji 
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D4y 51' r" Cl- Alk 
Cond 

Well 8a 

616 250 6.7 3.8 165 
618 550 6.8 3.8 155 
655 575 7.2 2.0 205 
681 -
700 275 6.8 2.5 145 
740 250 6.8 
Mean· 
668 380 6.9 3.0 168 
SD 

48 167 0.2 0.9 26" 
Max 
740 575• 7.2 3.8 205 
Min 
616 250 6.7 2~0 145 

Well 9a 

616 320 6.9 20 220 
618 290 ·6.8 19 245 
655 325 6.8 19 260 
68: -
700 325 7.0 20 245 
740 300. 6.7 -
Mean 
668 312 6.8 20 243 
SD 

48 16 0.1 1 17 
Max 
740 325 6.7 20 260 
Min 
616 290 7.0 19 220 

SOlo• XOJ-

75 0.95 
310 0.90 

60 0.30 
43 
44 0.40 

106 0.64 

115 0.35 

310 0.95 

43 0.30 

67 0.10 
29 0.10 
28 0.20. 
27 
27 0.15 

36 0.14 

18 0.05 

67 0 .• 20 

27 0.10 

.... 
_,.._._,,,.~-~--·. 

Tot Fe CO[) 'tot 
Hard 

210 
3.00 80.5 550 
0.25 210 
1.10 150 
0.45 140· 
2.50 

1.46 80.5' 252 

1.23 0 170 

3.00 80.5 550 

0.25 80.5 140 

280 
0.7 105 260 
4.5 275 
8.4 155 
4.7 260 
6.0 

4.9 105 246 

2.8 0 52 

8.4 . 105 280. 

0.7 105 155 

~~ .. , .. ,· 
t: 
r~ 

, ....... ,--. .. - -·- - . _,_.. ... ~· -··'-" -~----~· -· 'J",_ 

Cn++ Hg++ H20 T c Fv++ Mn+ 
Depth 

140 70 10.83 10.0 10.83 0.20 
390 160 18.50 10.80 1.20 
135 75 9.20 9.0 9.20 o.o 1.25 ·. /~ 

·. ·.:. 

98 . ·.53 18.50 18.50 0.64 
; ~ 

100 40 12.04 12.0 12.04 o.o 0.80 ; 

9.40 14.0 9.40 

t· 173 80 13.08 11.0 11.80 o.o 0.81 ( 

' 123 47 4.32 2.0 3.45 0.0 0.43 >· 

' ., 
.. 390 •. 160 18.50 14.0 18.50 0.0 1.25 

.\ 

98 40 9.20' 9.0 9.20 o.o 0.20 
1-' l 
(X) i 
(X) 

210 70 9.00 10.() 9.00 0.25 
180 80 11.90 9.00 0.20 
200 75 8.42 11.0 8~42 4.0 0.80 
193 63 9.20 9.20 0.45 

. 200 60 9.96 13.0 .9.96 4.4 0.30 
10.00 15.0 10.00 

197 70 9.75 12.0 9.26 4.2 0.40 

11 a. 1.21 2.0 0.61 . 0.3 0.24 

210 80 12.00 15.0 10.00 4.4 0.80 

180 60 8.00 10.0 '8.00 4.0 0.20 
. . . . . . . . ......... 

·• 
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l Table 02. ICP surface water 

Day Sp pH Cl- Alk S.04= N03.;. Tot Fe Tot Ca++ Mg++ T Fe++ Mn++ 
Cond Hard 

I ICP Sediment .Pond 
14 0.012 

j 88 .- 1.55 25 11 
208 110 7.6 2.0 10. 85 o.so . 0. 30 90 60 30 

1 239 7.5 1.9 15 90 0.35 110 '10 40 
I 267. 210 . 6.1 2.0 0 160 o. so.· 0.50 210 140 . 70 . 17 

l 300 410 5.7 5.0 0 180 0.69 270 182 88 27 
343 590 ·4.3 4.5 0 340 0.89 4.60 455 315 140 28 
375 665 4.2 0.0 0 740 4.65 18.00 800 520 .280 23 
401 1500 4.1 0.0 0 1100 4.90 1045 625 420 
429 1600 <4.0 0.0 0 1100 3.70 .6. 00 900 6CO 300 16 
473 

o~sob 
2.50 

527 1500 <4.0 0.0 .0 1650 5.00 1950 1240 710 0 
553 1300 4.2 _a 1800 1.55b 3.80 1125 800 325 2 
596 850 <4.0 6.0 0 725. 0.50 5.50 900 625 275 12 9.600 
740 700 4.8 5.00 25 

r• 

. .. 

Mean 
396 858 2.1 3 725 1.84 4.43 657 432 224 17 4.806 
SD 
173 537 2.3 5· 622 1.83 4.77 571 370 205 10 6.800 
Max 
740 1600 7.6 6.0 15 1800 4.90 18.00 1950 1240 710 0 9.600 
Min 

88 110 <4.0 0.0 0 85 0.5 f).30 25 ll 14 28 0.012 
Coal Creek 

88. 0. 65· 390 116 174 1.780 
239 360 8.5 30.0 150 2.70 420 335 85 
267 710 7.6 20.0 120 250 5.40 0.65 450 300 150 18 
300 280 8.0 17.0 151 400 0.48 0.06 344 206 138 26 

I 343 290 7.2 9.5 51 130 0.82 0.80 250 188 62 25 
375 775 12.0 80 237 0.42 410 295 115 
401 :725 10.0 75 800 0.60 1080 670 410 
429 450 625 455 170 15-

. 
2500 8.5 7.5 140 0.18 f 

f 
·.~; 

r 
t: 

t' 
. 
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527 2500 6.8 10.0 320 110 
553 900 8.0 20.0 2:30 800 
596 670 a.5 57.0 170 375 
618 600 9.0 58.0 170 ·220 
655 670 -9.0 so.o 190 350 .. 
681 .. ·.- - 470 
740 160 7 .• 4 
Meari 
45. 720 8.0 . . 25.1 ·154 . .. 374 
SD -· 

.. 
: 

188 600 0.7 i9~2 73 219 
Max . :.: 

740 - 2500'- . 9.;0 ·sa. o ·320 .800 
Min 

88 160 7.;.2 7-.S.·. '51 .110 
ICP Top Seam Minin~ Cuts ~ · 
401. 
428. 
596 
.618 
655 
428 
401 
655 

;. ·. ' . 

300 
775 
735 

·1700 
1800 

525 
225 

2600 

5.3 
!f.l 
9~1 
4.0 
8.0 

4.0 

s. 0 7.0.. 880 
· 5·. o 1s 780 

9.0 14 475 
·s.o .·130· 990 

o. 0 0 . 1600 
s.o 100. 300 
s. 0 110 110 

. o.o. 0 3000 

aBlue interf-erence. 

bLavender interference. · 

cEnd point in.terference~ 

-~ . . '' . . . . 

0.20 2.50 
0.80 1.50 
0.40 2.50 
0.45 0.70 
0.40 · 1 ~oo. 

. 0.65 
12.00 .. 

'• 0. 92 2 .·09' 

1'~50 3.38 . 
- •' 

5.40 12_ •. 00. 

0.18 '0.06 

0.30. 
o.-40 ....; 

. 0 ~ 4 0 .. 0. 2 0 .. 
0.40b 0~20_ 
2.70 20.00 '• 

0.15 . ,· s. 00-
O.lOb 
7.30 . 4.00 

"! 
' ,. 

I 
! 

_;_~f~~~--~~~j;.,fj 

\ 
410 260 150 0 \ 

1050 800. 250 2 ' 625 475 150 10 1~20 
495 340 155 0.50 

·.580 445 135 26 1.10 
. 515 405 '110 ·5.90 

- 20. - ,-
... 

• :560 378 161 16 0.1 2.10 

244 186 ·84 10 2.;17 

1080 800 410 26 0.1 0.50 

'250 116 62 0 0.1 5.90 

.·. 950 650 . 300 .... 
880 600 280 16 ._ !"" \D . 

800 600 . ·200' 16 . 1. 0 _.o 

1410 1080 330 29 1.8 
2200 .1480 ·720 . 25 20~0 28.0 
. 500 360 . 140 21 

200 125. 75 
lSOOc 700 800 28 4.0 12.0 
1050c 550 500 16 

; '. 

'• . ·f 
·---·- --· - 0 -· -~ ·-•- •-c-------· ...... 
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t TAble D2 (Con tinucd) ... 
'l 

' 
' Day Sp pH Cl- Alk S04= N03- Tot Fe Tot Ca++ Mg++ T Fe++ Mn++ i 
I. 

Cond Hard ' 
' I Mean 

523 ·1083 6.6 4.3 55 1017 1.48 5.88 1055 699 356 23 12.0 10.7 
SD 
118 851 ?.4 3.0 54 924 2.50 8.19 630 418 264 6 11.3 12.6 
Max 
655 2600 9.1 9.0 130 3000 19.00 . 20.00 2200 1480 . 800 29 20.0 28.0 
Min 
401 225 4.0 0.0 0 110 0.10 0.20 -.200 125 75 16 4.0 1~0 

ICP Bottom Seam Mining: Cuts 
428 o.o 0 1700 19.00 395 350 45 
239 8.5 1.9 25 310 0.10 1480 gao· 500 
267 1100 8.1 17.8 15 1000 0.88 0.80 372 288 84. 31 
300 600 9.0 14.0 84 280 2.80 0.35 610 452 158 29 
343 660 2.5 0 425 0.32 4.50 900 600 300 22 ..... 

\0 
428 0.0 0 750 .0.90 800 600 200 18 1.2 ..... 
596 1300 9.1 22.5 140 . 940 2.45 0.20 430 300 130 10.0 
267 410 4.7 . 5. 0 0 335 3.30 0.60 240 116 124 27 
300 750 6.8 12.5 0 :GOO 5.00 0.90 1080 335 745 24 
343 160,0 4.6 9.0 0 700 2.40 11.80 950 ·. 600 350 16 
428 900 

2~40b 
1080 720 360 28 6.7 

618 1250 4.0 0.5 0 . 870 9.00 
Mean 
380 959 6.9 7.8 24 . 734 3.95 3.14 782 490 291 23 - 6.0 
so 
125 413 2.1 7.9 46 39~} 5.46 4.38 375 233 210 6 4.4 
Max 

.· 618 1600 9.1 22.5 140 1700 19.00 11.80 1480 980 745 31 10.0 
' 

Min 
239 410 4.0 0.0 o· 280 0.88 0.10 240 116 45 16 1.2 

ICP Stand2il2e (on fill) 
343 .750 7.6 2.0 0 .·· 1105 2.15 . 15.00 . 552 312 240 29 

.. 
. - ·------------·-----
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Table D3. reo surface water quality 

Day Sp pH Cl- Alk S04= N03- Tot Fe Tot Ca++ Mg++ T Fe++ Mn++ 
· ·Cond Hard 

North reo Min ins Cut and Sediment Pond 

343 1900 7.6 5.5 54 1200 0.20 1.10 1848 1420 428 29 
401 1700 5.0 150 14.50 0.15 2150 1545 605 I. 
428 1900 5.0 125 1450 0.20 1875 1350 527 16 

f 343 790 8.3 3.5 56 675 0.19 0.20 966 .. 784 182 26 
401 1400 5.0 110 llOO 0.40 1475 1250 225 
618 1~50 9.0 3.1 105 1000 0.35 0.50 1800 1280 520 28 0.10 I 681 1100 0.05 1443 1303 140 0.18 
700 2000 8.9 4.4 155. 1400 0.30 1.00 2210 1482 728 29 o.o 1.50 I 

740 925 8.5 0.30 26 ~~ Mean 
517 1483 8.5 4.5 108 1172' 0.26 0.53 1721 1302 419 26 0.0 0.59 I 
so ; 
164 465 0.6 0.9 41 266 0.09 0.43 410 233 215 5 0.79 f 

. Max I 740 2000 9.0 5.5 155' 1450. 0.40 1.10 2210 154:- 728 29 0.0 1.50 
Min ~ 

343 790 7.6 3.1 54 675 0.15 . o. 20 . 966 784 140 16 0.0 0.10 f 
l 

South reo Min ins Cut 
t 
[' 
~ 

343 . 2000 4.3 5.5 0 1350 0.28 0.85 1970b 1284 686 26 1-

!: 
401 1800 5.0 0 . 1900 0.40 2350 1350 1000 f 
428 2300 5.0 0 1850 0.40 2275 1500 775 

,_. . 
527 1400 <4.0 5.0 0 2450 3.00 1710 5101 200·. 0 &, 
553 850 6.6 4.0 35 1750 0.35 0.50 1125 950 175 1 t' 

~-

596 1500 <4.0 3.5 0 1400 0.45 10.00 1600 950 650 13 38.5 i 
618 1600 <4.0 2.5 0 1400 0. 35 . 4.00 1680 1160 520 28 25.2 t-

!.· :· 

655 1600 <4 .. 0 0.0 0 1700 0.90a 3.50 2100 1300 700 25 1.5 35.0 
!f· .. -

t:.· 

681 2200 10.80 1543 1375 168 95.9 

;.. 
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700 2750 <4.0 o.o 0 2100 ·. 1. 61) 0 13.00 2880b 1640 1240 28 2.0 8.4 
740 2200 <4.0 60.00 27 
Mean 
567 1800 3.4 4 1810 0.59 11.74 1923 1302 611 19 1.8 40.6 
SD 
131 536 . 2.1 12 368 0.45 18.65 500 229 358 12 0.4 33.0 
Max 
740 2750 6.6 5.0 35. 2450 1. 60 60.00. .2880 1640 1240 28 2.') 95.!' 
Min 
343 850 4.0 o~o 0 1350 0.28 0.50 . 1125 950 168 0 1.5 8.4 

~avender inter£erence. 

b End point interference. 

..... 
\0 
w 

.l 

.· ., .... _,. 
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Table D4. Farm well water quality near ICP#l 

Day 

Dust Suppression Well 703 

Abandoned Farm Well 703 

Den burger Farm Well 703 

Blizzard Farm Well 703 

· Scott Farm Well 703 

Childers Farm Well 703 

Childers Farm Well 703 

Voss Farm Well 703 

Garden Farm Well (sampled at house) 22 

Garden Farm Well (sampled at hydrant) 22 

Garden Farm Well 22 

Garden Farm Pond 22 

Garden Farm Pond 22 

a Analysis not performed. 

Sp pH Cl- · Alk 
Cond 

560 7.6 2.5 320 

500 7.2 3.8 280 

270 6.6 6.9 110 

2700 7.7 173.0 335 

2700 7.9 173.0 275 

2700 8.0 .190.0 270 

235 6.8 20.0 110 

590 8.0 12.0 340 

2800 7.4 233.0 240 

2800 8.6 233.0 240 

1200 8.0 245.0 290 

385 9.2 65.0 260 

400 9.2 68.0 245 



.;;~ 

-i:i 'fi 

" ll\ li 195 . . ~ .. -:,~ 

'i· 
t 

·~ ,. 
Fe+f- H20 ,. 

so4= N03- Tot Fe Tot Ca-t+ Mg+t T Mn-++ ·' 
iit· Hard Depth 
t 
~ 

·i 180 1.00 4.00 1.00 490 360 130 16 25 2.4 

1.35 . 2.60 0.50 .. 460 325 135 . 12 25 0.2 . it 160 :: 

I 
: ~ . ~ I . ' 

49 3.50 0.15 . 0.00 . 150 118 32 24 25 0.1 

t 1250 0.40. 1.00 0.50 810 610 200 14 200 0.4 ... 

1100 0.35 3.60 2.80 . 845 550 295 15 200 0.0 

1400 0.20 2.20 1.00 1075 720 355 17 200 0.2. 

18 1.50 0.35 0.15 117 75 42 2~ 25 0.5 

130 0.25 .1.60 0.00 230 155 75 20 220 0.0 
., 

: .(.. 

350 7 0.1 a 1480 1140 340 200 

300 11 0.1 1430 1130 300 200 

200 150 0.1 800 460 340 25 

180 5 0.1 . 240 130 110 1 

140 7 '0.2 230 160 70 5 

, I 



T~ble 05. Tr4co clement an4lysis 

Surface sample Al As B Ba Be Ca Co G cu Fe Hg 
location 

ICP Sediment A a 1. 52 .062 .045 .097 .000 10.4 .011 .003 .006 1.55 .018 
Po.nd 

-----------------------·------------------------~------------------------------------
Coal Creek A ·101 .178 .312 .091 .ooo 155 .055 .027 .007 .823 .126 

Bb .060 .036 .• 184 .• 059 NO 162 . ooa · .002 .002 .649 
-----------------------------------------------------------------------------------
ICO Sediment 

Pond 
B • 040 • 04 9 • 386 • 033 . 00002 '521 .0005 .005 NO .046 

-----------------------------------------------------------------------------------
ICO South 

Mine Cut. 
B 75.6 1.22 .264 .018 .. 021 550 .869 .065 .072 10.8 

-----------~-----------------------------------------------------------------------
Well Location 

Cl 

C2 

B 6.12 .169 .233 '.267 .0006 61 .114 .015 .005 13.3 

A 1.32 .252 ~132 .438 .000 40.7 .063 .. 006 .016 18.1 .193 

B .041 .. 029 .093 .218 NDc 38 .• 102 .001 .0003 13.4 

aAnalysis of samples from 11/4/75 (Dr. Fassel group Ames Lab). 

bAnalysis of samples from 6/19/77 (Dr. Kniseley group Ames Lab). 

cNot determinable. 

d 1 . f d Ana ys1s not per crme • 

. 
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Tdblc 05 (Continued) 

Surface sample Mg Mn Ni Pb Sb Se Sn Sr v y Zn 
location 

ICP Sediment A 
a. 

4.42 .011 .013 .011 .011 e .009 .068 .003 .002 .009 
Pond 

-----------------------------------------------------------------------------------
Coal Creek A 46.6 

Bb 44 

. . 

1.78 

5.88 

.122 

.014 

.046 

.021 

.026 

.019 

.091 

.019 

.663 .011 

.174 .• 004 

.002 .053 

.008 
--------·---------------·------------------------------------------------------------
ICO Sediment 

Pond 
B 56 .172 .028 .050 .042 .031 .390 .004 .008 

-----------------------------------------------------------------------------------
ICO South 

Mine Cut 
B 67 95~9 1.87 .261 .228 .257 .604 .036 2.24 

----------------------------~----------------------------·--------------------------
Well Location 

Cl B 30 2.14 .. 025 .051 .030 .045 .086 .023 .052 

C2 A 12.4 .410 .031 .322 .098 ~203 .008 .017 .068 

B l9 .706 .001 .029 .009 ~014 .051 .0009 .017 

eNegative detection range. 

,, 
~i:: 
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Table DS (Continued) 

Surface sample Al As B Ba 
location 

Be Ca Co Cr Cu Fe Hg 

E A ·2.65 .224 .153 .564 .• 000.3 46.6 .092 .015 .029 24.8 .259 

B .054 .• 028 .087 .379 ND 41 .118 .002 .0001 15.6 
-----------------------------------------------------------------------------------
G A 1. 21 .125 .155 .202 40.13 .003 .009 .020 7.04 .097 

B .176 .055 .164 .070 ND 38 .099 .002 .001 12.7 

---------------------------------------·--------------------------------------------
K B .546 .035 .143 • 084 .0002 92 .041 .003 .002 3.39 

------------------------------------------------------------------------------------
ICP Dug Well B •. 006 .036 • 064 .060 ND 132 ND .002 • 003 .114 

------------------------~---------------~------------------------------------------ 1-' 

M A 1.87 .217 .074 .159 .0003 81.9 .055 .017 .040 11.2 .165 \0 
0) 

B • 334 .042 .045 .058 ND 106 .023 .003 .0004 2.45 

-----------------------------------------------------------------------------------
Q B .092 .027 .1-:)3 .081 ND 108 ND .002 .0004 .• 310 

---------------------------~--------------~----------------------------------------
T A 6.84 .415 .207 .414 .0008 57.0 .088 .018 .• 035 21..8 .246 

B .858 .049 .152 .378 .0006 44 .048 .003 .0005 5.78 

--------~---------~---------------------------~------------------------------------
S2 B .278 .039 .125 .080 ND 63 .016 .002 .0009 2.09 

,. 
. ' 
-~· . ... 
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Table OS (Continued) 

Surface sample Mg Mn N1 Pb Sb Se Sn Sr v y Zn 
location 

E. A . ·11.5 .780 .046 .266 .058 .235 .016 .022 .122 

B 17 1.23 .006 .018 • 010' .018 .054 .002 .017 

----------------------------------------------------·-------------------------------
G A 9.22 .346 .035 .150 .027 .197 .007 .002 .102 

B 13 .496 .004 .0~6 .010 .012 .053 .001 .021 
-----------------------------------------~-----------------------------------------
K B 33 2.79 .042 .028 .016 .013 .111 .004 .070 
-----------------------------------------------------------------------------------
ICP Dug Well .B 44 · .• 676 ·.oro .018 .014 .021 .108 .001 .272 

M A 27.6 • 737. • 077 .480 .043 .024 • 230 .013 .027 .167 

B 4o· .810 .013 .032 .014 .017 .079 .003 .034 
----------------------------------~-------~----------------------------------------
Q B .35 .083 .·• 007. .030 .012 .010 .273 ·• 0008 .016 
-----------------------------------------------------------------------------------. . .. 

T A 24.4 .408 .067 .401 • 086 .0006 .276 .030 .012 .132 

B 25 .102 .• 014 .034 .009 .014 .084 .• 005 .020 

--------------~---~---------------------·-------------------------------------------
S2 B 30 .743 .006 • 02.3 .009 .013 .057 .002 .024 

. . 
.t": ......... ~- .. - ~ ~- ·-·· ...., .................. .):_·.·._:,. ...,..:. ..... ·~.·:-:.··.~:-:.C!t'i)tr.;r.:-;:r.-,J:""" .. 7·':'7!""·~~--~·-. ""'":"" ................................ ~· ., : 

...... 
\0 
\0 
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Tal)lo 05 (Continued) 

Surface sample Al As B Ba Be Ca Co Cr Cu Fe Hg 
location 

· B .• :>60 .016 .041 ..• 109 ND 37. ND .0009 ND .182 
-----------------------------------------------------------------------~~----------
lb B ~o83 .023 .101 .189 ND 42 ND .0009 ND .309 
-----------------------------------------------------------------------------------
1c B .114 .021 .020 .069 ND 53 ND .001 ND .202 

. . 

----------------------------------------------------------------------------~------
1d B .100 .025 .023 .. 089 ND 60 ND .001 ND .207 

2a B .140 .035 .192 .082 ND 98 ND .001 .216 

-----------------------------------------~-----------------------------------------
2b B ."176 ·• 032 . 536 . 080 ND 89 ND .002. ND .291 

-----------------------------------------------------------------------------------
2c B .122 ;o27 .049 .012 ND 72 ND .001 ND .255 

-----------------------------------------------------------------------------------
2d B .182 .029 .027 .080 ND 69 ND .001 ND .372 

N 
0 
0 
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Table DS (Continued) 

Surface sarr.ple 
location 

1a B 

Mg 

"23 

Mn Ni 

• 01.5 .002 

Pb Sb Se sn Sr v y Zn 

;.009 .002·• .007 NO .010 

---------------------------------------------------~-------------------------------1b .729 .001 .019 .003 .006 ·.051 .0002 .010 
. . . . . . . 

------------------------------------------------------~------~---------------------
1c B 28 .125 .005 .012 .oos .009 .044 ~0005 .013 
-------------~----------------------~~---------------------~------~----------~-~---
1d B 26 .159 .005 ;, 011 .·• 005 .007 .049 ~0004 .010 

. . .·· . . . . 

-----------------~------------~----------------------------------------------------
2a B 34 .020 .003. .018 .010 .012 .183 .001 .007 
-----------------~-----------------------·---------------~-----·-.:.-----------~--------

~0008 .008 

. . . ·. . . . . ·.. . 

-------------------------------~---------------------------.-------------------------
2d B 30 .085 .030 .007 .009 

. ·.:· 

''. 061 

; .l'- . 

·-~·! ~~~~ . ' ...... 
•,·. 

·-·· : -~ ...... 
• ~,! ~ 

··· .. 

.0007 .011 

·, 

... ...;. 
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Table DS (Continued) 

Surface sample 
location 

3a 

Al 

..• 095 

As B Ba 

• 020 .• c~4o .066 

Be Ca Co Cr cu Fe Hg 

.-ND 37 .013 .0008 NO .916 
. . . . . -----------------------------------------------------------------------------------. . 

Sa B .177 • 042 .• ·906 .073 .. NO 48 . NO .001 ND .371 

--------------------------------------------~-------------------------------------~ 
7a B • 074 .• 080 ~ 492. 0 014 ND 471 • 012 • 004 ·No .028 
---------------------------------------------------------~-------------------------

7c B .129 .031 NO 503 .022 .005 .0003 .290 

Sa B ~301 .026 .048 .056 NO 39 .010 .001 .0005 1.07 
--------------------------------------·--------~---------------------------------·--
9a B .131 .033 .084 .120 ND 77 .068 .001 NO 8.42 

-------------------~-------~L~------------~~------------~-------~-----------------
Rinsef -H20 B <.0005 · NO ND ND ND .013 ND NO ND .0009 

f . . d . t . d t 1 b ttl De ~on~ ze r~nse wa er use o c eanse o ·. es. 
.. ,: . 

•' ..... . :· ~. -~ .. ,, 

-.. ~;.: 
~ r; , . 

··.·· :·, 
. •:'<t· ' ~· ..... 

. <3 ... 

·: .. · 

1,.-,_. 

. .· ''• 
. ' . :;~ ·. ;··, 

. ~· ~ ', ,. 

. ... ~ 

l··.~ • .. ..~ '. 
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T~blo 0' (Continued) 

Surface sample Mg Mn Ni Pb Sb Se Sn Sr v y Zn 
location 

3a B 22 .288 • 003 .009 .004 ~oos .047 • 0009 . .012 
----------------------------------------------------------------------·~------------
Sa B 23· .455 .• 004 .016 ~004 .022 .166 .0003 .009 
-----------------------------------------------------------------------------------7a B 51 5.41 .079 .041 .• 035 .041 .469 .005 .055 
----------~----------------------------------------------------~-------------------
7c B 57 7.68 .• 041 .083 .043 .043 .646 .006 .024 
-------------------------~---------------------------------------------------------
Sa B 21 .639 ·.003 .• 020 .004 .007 .033 .0007 .015 

9a B 25 • 449 • 003 . 018 . 009 '• 015 .081 .0009 .013 
·--------------~-------------~~-----------------------------------------------------Rinsef H20 . . B • 003 . NO.; , NO NO ND ND -. . . NO ND - • 003 

. :-~!-~;.{:cjt~.::,.:.:·;.f.~.;··:~·~ i·· 

·--·------.. 4· .... ,... .. -"C?'•-···--·-~-.-----

IV 
0 
w 
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Table D6. Analysis of artificial runoff from James Gregory ~tudy, August 1976 

Sample Time a Cl-. Alk S04= N03- Tot Hard Ca++. Mg++. Sp Cond 

·Shale Runoff. 

Sl. b 2.5 20 80 0.10 20.0 15.0 5.0 24 .W 

0 0.0 0 1080 13.00 1400.0 600.0 800.0 1300 
10 0.0 0 420 . 1. 90 325.0 200.0 125.0 650 
15 0.0 0 380 1.15 225.0 .150. 0 75.0 630 
20 0.5 0 230 1.25 180.0 150.0 30.0 480 
25 2.0 0 160 0.60 110.0 90.0 2:0.0 300 
30 2.0 0 120 0.40 110~0 60.0 50.0 260 
40 2.0 0 120 0.40 130.0 55.0 75.0 270 

52 w 2.5 20 0 0.40 15.0 10.0 5.0 18 
0 0.0 0 640 3.50 400.0 250.0 150.0 825 

10 0.0 0 330 . 2. 00 200.0 150.0 50.0 625 
15 0.5 0 230 1.70 145.0 90.0 55.0 480 
20 2~0 0 190 1.50 120.() 

. ·' 90.0 30.0 410 
25 2.0 0 170 1.30 100·. 0 80.0 20.0 410 
30 2.0 0 .140 0.65 70.0 70.0 . 0.0 280 
40 2.5 0 90 0.60 80.0 60.0 20.0 280 
50 3.0 0 64 0.20 60.0 40. o· 20.0 195 
60 2.5 0 77 0.50 70.0 50.0 20.0 180 
70 2.5 0 69 0.50 60.0 40.0 ·20.0 190 

53 w 2. 0: 20 7 0.70 . 25.0 15.0 10.0 21 
0 0.0 0 540 .6.60 300.0 200.0 100.0 880 

10 0.0 0 420 .. 4. 00 250.0 150.0 100.0 79.0 I 
l 

15 0.0 0 240 2.60 150.0 110.0 40.0 630 l 
' 

20 2.0 0 200 1.50 100 ~ 0. 75.0 25.0 460 1 
25. 2.0 0 150 1.10 112.5 75.0 37.5 375 ~ 

r 
30 2.0 0 160 1.10 75.0 62.5 12.5 380 i 

"" 40 1.5 0 150 0.95 100.0 70.0 30.0 360 ~ 

so 2.0 0 130 1.10 85.0 60.0 25.0 380 r· 
t 

60 2.0 0 62 0.90 35.0 15.0 20.0 280 ' f. 



• ~~-... -.w-<o:ooo~'t""!'·~~~~~~r.f.'t~.~~'l"e.! 
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Topsoil Runoff 
' l TSl w 3.0 35 0 0.15 40.00 20.00 20.00 28 :l 

0 2.5 20 6 0.30 15.00 8.75 6.25 23 -~ 

1 10 3.0 17 0 0.30. 12.50 7.50 s.oo 23 ~ 
15 2.5 20 

l 20 2.0 17 0 0.25 12.50 7.50· 5.00 18 
25 2.S 2S 0 0.2S 17.SO 8.7S 8.7S 22 

.30 3.0 2S 1 0.20 lS.OO . 7. so 7.SO 2S 

! 
40 2.0 20 0 O.lS 10.00 ·7.SO 2.SO 13 

TS2 0 3.S 22 0 0.2S 13.75 8.7S 5.00 22 
15 3 •. 0 25 7 0.3S 17.50 . 10. 00 7.SO 28 
20 2.S 25 1 0.2S 13.75 ' 7.SO 6.2S 19 
2S 2.S 20 1 0.2S 12.SO 7.50 s.oo 18 
30 2.5 25 0 0.10 17.SO 12.SO s.oo 21 
40 2.0 20 0 0.2S 12.SO 7.50 5.00 16 
so 2.0 lS 3 0.30 10.00 s.oo s.oo 13 
60 2.0 30 0 0.20 20.00 12.SO 7.50 27 "' 80 1. 5 . 22 7 0.40 17.50 10.00 7.50 18 0 

VI 
TS3 w 2.0 3S ... lb 2 O.lS 25.00 lS.OO 10.00 34 

0 2.0 2S 9 0.30 17.SO 10.00 7.SO 27 
10 1.0 25 2 0.20 12.SO 7.SO s.oo 23 
15 1.0 2S ·:) 0.20 12.SO 7.SO 5.00 21 
20 2.0 30 3 0.20 17.SO 10.00 7.50 2S 
25 1.0 25 I) 0.20 12.50 7.SO 5.00 22 
30 2.S 2S 3 0.20 12.50 7.50 s.oo 21 
40 2.0 2S 0 0.30 lS.OO 7.SO 7.SO 23 
so 2.0 2S 1 0.30 12.SO 7.SO s.oo 21 
60 2.0 15. 3 0.20 10.00 s.oo 5.00 12 . -

aT. - ~me in minutes for duration of artificial precipitation. 

b 1 . Ana ys1.s of water before infiltration and runoff. 



· Table D6: . (Continued) 

Sample Timea Cl- Alk · S04= . · · N03- . Tot Hard 

Tilled Topsoil Runoff 

· TTS2 w 2.0 25 4' o.3o 17.5 
0 ·2. 0- : .. 10 13 0.90 20.0 ., 35 2.5 10 18 1.00 15.0 

40 3.5 10 .20 1.30 20.0 
45 4.0 10 . 21 .13.0 17.5 
50 3. 5 .. 10 .17 0.90 17.5 

TTS3 w 2.0 18 0: 0.20 . 10. 0. 
0 3. 0 . 15 15 0. 9·0 .17. 5' 

50 4.0 15 16 0.90 17.5 
60 4.0 12 11 1.00 . 17.5 
70 4.0 15 '13· 0.90 . 15.0 
80 3.5 15 ·8 0.70 15.0· 
90 2.5 12 .4 0.60 12 r.:.;,•~ ·. . .;.;;, .. 

100 2.5 15 . ·'9 0.70 15.0 . 
120 2. 5 . 15 ' 1.·' . . o. 55 15.0 

TTS4. w 3.0 15 s· 0.10 7.5 
0 5.0 10 .. 3 .. 0.20 10.0 

70 2.5 10 . 0 . o. 20 10.0 
80 12.5 10 2 . o. 20 ' 10.0 
90 5.0 

. 
10· 0 0. 30 . 5.0 .. 

100 2.5 10 .o 0.20 5.0. 
'110 5.0 10 1 0.30 5.0 

120 2.5 ·10 1· 0.30 5~ 0 '-' 

.. 

'' 

Ca++ Mg++ 

10.00 7.50 
10.00 10.00 
10.00 5.oo· 
12.50 7.50 

8.75 . 8. 75 
8.75 8.75 
5.00 5.00 
8.75 8.75 
8.75 8.75 
8.75 8.75 
7.50 7.50 
7.50 7.50 
7.50 . 5.00 
7.50 7.50 
7. 50· 7.50 
5. 00 . 2.50 
5. 00 . ·5.oo 
5.oo: 5 .• 00. 

· 5. oo· . 5. 00 
2.50 2.50 

. 2.50 2.50 
2.50 2.50 
2~50 2.50 

' 

Sp Cond 

15 
31 
27 
40 

. 35 
32 
10 
30' 
28 
28 
28 
25 . 
22 
24 
19 

. 11 
13 
10 
22 . 
12 
14 
16 

9 

' f. !: 

r· 
' i 

I 
! , 
r: ,. 

t 
I. 
I 

l 
' 
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Table 06 (Continued) 

Sample . . a 
Tl.me Cl-. Alk S04= N03- Tot Hard Ca++ Mg++ Sp Cond 

Grass Covered Topsoil Runoff 

G2 ·W 3.0 25 3 0.25 15.0 .10.00 5.00 23.5 
0 15.0 60 . 6 0._65 50.0 45.00 5.00 66.0 

10 7.5 30 1 1;10 30.0 20.00 10.00 43.5 
15 7.5 40 3 0.65 30.0 15.00 15.00 35.0 
20 6.0 30 .2 0.70 30.0 20.00 10.00 32.5 
25 4.0 20 ·. 2 0.75 20.0 13.0 7.00 26.5 
30 s.o 30 1 0.65 25.0 15.00 -10. 00 29.0 
40 3 .o . 30 2 -0.65 20.0 15.00 5.00 23.0 
50 3.0 30 .1 0.55 18.0 13.00 5.00 22.0 
60 3.0 30 3 0.60 · .. 20.0 15.00 5.00 29.0 

G3: w 2.0 25 ·2 0.20 10.0 10.00 0.00 14.0 
-: . . 0 .3.0 30 2 0.45 30.0 23.00 7.00 34.0 

5 3.0 35 3 0.55 3o. c.·-~ 20.00 10. oo· 29.0 
10 3. 0 . .. 30 3 .0. 45 25.0 15.00 10.00 28.0 
15 3.0. 30 .1 0.35 20.0 15.00 5.00 26.0 
20 2.5 25 2 0.40 20.0 14.00 6.00 20.5 
24 .. . 2. 5 25 0 .. 0.40 - .2o. o 15.00 . 5.00 20.0 

.. 30 '2. 5 25 6 0.50 20.0· 10.00 10.00 19.0 
40 2.5 30 2 0.55 15.0 . 15.00. 0.00 22.0 
60 2. 0 . 25 1 ·. 0.30 20.0 15.00 s.oo 18.5 
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\ 
Roclai:"::~Cd Ftll Runoff I RCl w 5.0 20 3 0.25 10.0 5.00 5.00 17.0 

0 7.5 30 150 0 •. 40 130.0 100.00 30.00 195.0 \ 
10 5.0 30 ioo 0."55 110.0 90.00 20.00 170.0 
15 4.0 25 104 . o. 35 . 110. 0 100.00 10.00 190."0 
25 4.0 20 90.0 70.00 2o.oo· . '135. 0 
30 4.0 20 48 o. 25 . . 75.0 -65.00 10.00 105.0 
.40 3.0 30 68· ·. o. 40 -100.0 '100.00 0.00 125.0 
so· 5.0 30 

.. 
.47 ... 0. 40 80.0 70.00- 10.00 115.0 

60 4.Q 30 33 .0. 25 70.0 . ·. 60.00 10.00 90.0 
RC2 w 4. 0 · .. 20 0 0.20 .. 15.0 . 10. 00 5.00 17.0 

·0 7.5 25 150 0.80 170.0 160.00 10.00 2.30. 0 
5 5.0 20 . 120 .0. 70 120.0 105.00 ·15. 00 170.0 

10 4.-0 20 51 0.40 80.0 80.00 0.00 115.0 
15 5. 0 . 25 59 0.45 60.0 50.00 10.00 120.0 

.25 83 0.25 
RC3 w 6 ~ 0 . 20 . 1 0.40 15.0 .. 10. 00 5.00 21.0 t-.) 

0 6.0 25 ;,;:e1 280 . 'o. 90. . 410.0 365.00 45.00 410.0 0 
\0 

5 5.0 20 ·186 .. 0. 60 .260.0 250.00 10.00 310~0 
10 .5.0 30 ·. 160 0.40 220.0 210.00 10.00 280.0 
15 ·5.0 20 .. 140 0.40 175.0 155~00 20.00 235.0 
20 5.0 .20 130 0.40 130.0 . ·l30. 00 0.00 205. 0 . 
25 . 5. 0. . 30 120' . 0.35 170.0 . 170.00 0 •. 00 220. o . 
30 5.0 20 135 0.40 130.0 130.00 0.00 220.0 

. -~ - . 

. . .· ~ . . . ·. . 
··. 

z. ' 

. :.:.-. 
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APPENDIX E: STATISTICAL CORRELATIONS 

symbols-used in Tables El, E2, EJ; and E4 are ·defined as 

follows: 

Sp Cond 

pH 

Cl-A 

Alk 
504= 

Specific Conductance as·· ppm NaCl -­

:.i.log of Hydrogen ion concentration 

- mg/1 Chloride ion 

:.~lkalinity as mg/1 CaC03 

'~g/1 Sulfate ion·· 

N03- · mg/1 Nitrate-Nitrogen 

Tot Hard · Total Hardness .as mg/1 CaC03 

Ca++ Calcium_Hardness as mg/1Caco3 

Mg++ . Magnesium Hardness as mg/1 CaC03 

FIC03~ _· )ng/1 Bicarbonate ion .. 

Tot Fe To·tal Iron as . mg/1 Fe 

Fe++ 

COD 

mg/1 Ferrous Iron ion · 

Chemical Oxygen Demand mg/1 02 
. . . 

H20 Depth w~ter Depth measured at time of sampling 

C Depth W~t~r Depth corrected for effect of bailing previous 

Ex Alk 

NCH 

Mn++ 

so4= 
Hco3-
Ca++ . 
Kg++ -
Oay 
l>pt 

to sampling 

Alk minus Tot Hard where Alk is greater than Tot 
· ... Hard_ as. mg/1 CaC03 '--' 

-Noncarbonate Hardness as mg/l·caC03 

Temperature in degrees.Celsius 

mg/l.Mariganese ion 

Sulfat~ to Bicarbonate ratio 

Calcium Har4ness to M~gnesium Hardness ratio 

Day of study 

Precipitation since last sampling 

. 'i 
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1 T4ble El. ICP groundwater correlation:~ 

r 
'· Well Cl 
I Sp Tot 
I Cond A1k Hard Ca++ T S04= 
! 
j Day r .84 .77 .66 .62 -.44 .42 
J 

l p .00 .(10 .oo .00 .03 .• 06 
' ' l n 21 20 21 . 21 . 23 21 
' l Tot Ex i 

. i 
A1k Day Hard Ca++ S04= T A1k Mg++ I 

. J 

! Sp r ·• 86 .84 .7"J .68 .49 -.40 .38 .38 
.i Cond p .00 .00 .oo .oo .03 .08 .10 .10 

n 20 21 20 20 20 21 20 20 

Tot. 
COD A1k Hard t.J 

1-' 

pH r .85 -.54 -.47 1-' 

p .oo .02 .\)4 
n 9 19 19 

·TOt 
Ppt T Fe 

C1- r .63 .48 .41 
p .oo .03 .08 
n 18 20 19 

Sp •rot Ex 
Mn++ Cond .Ca++ Day Hard COD A1k pH . T S04= 

A1k r .96 .86 .78 .77 .72 -.70 .58 -.54 -.44 .40 
p .04 .00 .00 .00 .oo .04 • 01 .02 .OS .08 
n 4 20 20 20 20 9 20 19 20 20 
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' Table El (Continued) 

l 
I Tot Sp H20 c ., 

Hard .Mg++ .Cond · Depth Day Depth Alk Ca++ 
l 504=. r .61 .51 .49 .42 .42 .42 .40 .38 
:) p .oo .02 .• 03 .05 .06 .06 .08 

~~ n 21 21 20' 21 21 21 20. 21 

';I Ca H20 . 1 
Mn++ Mg Mg++ Ca++ NCH Depth 

N03- r -.93 -.70 .59 ·-.55 .52 .43 
p .07 .oo .02 .03 .04 .09 
n 4 ·16 16 16 16 16 

Ex Ca 
Mn++ COD T. :•~ Alk Mg Cl- 1\J 

\." .. ..... 
Tot r .97 .70 . 50 -.45 -.44 • 41 1\J . 

Fe p .01 · .• 04 .02 .05 .05 .08 
n 5 9 20 20 20 19 

Tot · H20 c 
pH Fe A1k T Depth Depth 

COD r .85 .70 -.70 .69 -.65 -.64 
p .oo .04 .04 .04 .• 06 .06 
n 9 9 9 9 9 9 

Sp 
Ca++ · Cond Mg++ Alk .Day 504=· pH. 

Tot r .74 .73 .72 .72 • 66 .61 . -.47 
Hard p .00 .• 00 .oo • 00 .00 .00 .04 

n 21 20 21 20 21 21 19 

. . :.: .:..r=.: .". ~. _..........;.,.. ____ _ ........ ·- ·: ~ .. ~ ..... ~ .. -; 
..•... 
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Ttlblc El (Continued} 

v 
·I 
·-~ 

Tot Sp Ca++ 
-I Alk Hard Cond Day N03- Mg++ S04= T 
1 

Ca++: · .78 .74 .68 .62 -.55 .43 .38 -.38 J r 
I p .• 00 .oo .oo .oo .03 • OS.· • 09 . .10 J 

20 2.1 20 21 16 21 21 20 j n 
! 

1 
.i 

Ca++ Tot Sp l 
i NCH . Hg++ Hard N03- · S04= ·cond 
j. 

l 

Mg++· r .79 --.74 .72 •. 59 .51 .38 
p ..• 00 .oo . oo • 02 . .02 olO 
n 20. 21.. 21 16 21 2.0 

.. c 
Depth COD Ppt N0.3- S04=. IV .... 

-.64 -.'61 .• 43 .42 w H20 r .98 
Depth p • 00 .06 .oo .09 .OS 

n 23 9 . 21 16 21 

Tot Sp Ex 
Mn++ COD Fe : Cl-· Day: .A:Lk . Cond Alk Ca++ 

T. r • 94 • 69 . .so .48 -.44 -.44 -.40 -.39 -.38 
p .06 .04 .02 .03 .03 oOS .08 .09 .10 
n 4 9 20 20 23 20 21 20 20 

Tot 
Fe Alk T N03-

Mn++ r .97 .96 .94 -.93 
p .• 01 .04 .06 .07 
n 5 4 4 4 

-· -
.... ~-·~~-
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Table El 

Ppt r 
p 
n 

NCH r 
p 
n 

Ex r 
Alk p 

.n 

Ca++ r 
Mg++ p 

n 

(Continued) 

H20 
C1- Depth 

.63· -.61 

.oo .00 
18 21 

Ca++ 
Mg++. Mg++ 

.79 -.63 

.oo .oo 
20 20 

Tot 
A1k Fe 

.58 -.45 

.01 .os 
20 20 

Mg++ N03-

-.74 -.70 
.00 .oo 

21 16 

. . -: ~- ,. 

c 
Depth 

-.55 
.• 01 

22 

Ex 
N03- A1k 

.52 -.40 

.04 .08 
16 20 . 

Ca++ Sp 
~1Cli l-ig++ T Cond I\) 

1-' 

..;,.40 .40 -.39 .38 
.C::. 

.08 .07 .09 .10 
20 21 20 20 

Tot Ex 
NCH Fe Ca++ A1k 

-.63 . -. 44 .43 .40 
.'00 .05 .05 .07 

20 20 21 21 

... . .. . 
. :..-. 

· .. ~1z:t!.~-""·11•·:•,.·· ··- .• --------•L, ._ .......... - --·--·~--- .................... _:.....:;:_,.!,_ ____ -·~£ ... ~ ... . 
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Table El (Continued) 
,_ 

Well c2 ·-~ 
*-Sp Tot !! 
j Cond Fe pH COD A1k NCH S04= 
~~ 
ii 

Day .80 .69 .-.65 -.46 ':. 40 -.38 - •. 36 
-~ 

r -:~:. 

p .00 .00 .00 .10 .07 .08 .09 
n 23 23 22 14 22 23 23 

Tot 
. Mn++ Day pH NCH COD Alk . T S04= Fe 

Sp r .87 • 80' -.78 .-. 62 -.60 .53 ~. 48 - -.46 • 37 
Cond p .06 .00 • 00 .00 .02 .01 .02 .03 .09 

n 5 23 ·22 23 14 22 23 22 22 

Sp c 
COD Cond A1k NCH Day S04= Depth Temp Ca++ N 

1-' 
U'l 

pH r .92 -.78 -.78 .:e,. 72 -.65 • 52' .46 .45 -.37 
p .00 .00 .00 .00 .00 .02 .03 .03 .10 
n 13 22 21 22 22 21 22 22 21 

Ex c Sp H20 
COD pH NCH A1k Depth T. S04= Cond D·epth 

A1k r -.81 -.78 -.72 .67 ' -.58 -.56 -.53 .53 -.49 
p • 00 .oo .oo .00 .oo .01 .01 .01 .02 
n 14 21 22 22 22 22 22 22 22 

Ca++ 
Day Mg++ 

A1k r. .40 .36 
p .07 .10 
n 22 22 



Table El (Continued) 

COD T 

S04= r .59 • 55· 
p .03 . '. 01 
n 14 22 

Mn++ Day 

Tot r .81 .69 
Fe p .os .oo 

n 6 23 

pH A1k 

COD r .92 .-.81 
p .oo .oo 
n 13 14 

Ca++ Mg++ 

Tot r .86 .57 
. Hard p ~00 .oo 

n 23 23 

Tot 
Hard COD 

Ca++ r .86 -.61 
p .oo .02· 
n 23 14 

. ·, ~ . 

.·. ·- ,",• 
,, 

-~ol:..~·~~.t.:..· 
><' ·-· ... --···- .. -·--~- __ __,. ..... ,_ 

c H20 
Alk ·Depth Depth. pH 

-.53 '.52 ,, .52 .52 
.01 .01 .01 .02 

22 '23 22 21 

Sp 
Cond 

• 37 
.09 

22 

Sp c 
., 

Ca++-~ ... ' 
Cond· S04= Depth· 

-.61 .-.60 .59 .51 
.02 .02 .03 .07 
14 14 14 14 

Ex 
A1k COD 

-.55 -. 5.0 
.01 .07 

23 l4 

Ca++ 
Mg++ pH 

.38 '.;... 37 
~07 .10 

23 21 
'·' 

,,, ..... 

•:': 
'" .. ·: .. 

' 
" 

.. _. _:.. .·: . . . . . 
·: .. :";·~:ci ~;·:·.·:!.''?"' .. ~ • ·:•/r ,. · .•. ~--.• :_'"'"::" :·:~-:~:~~-:-: .-__ , __ . -----

Sp Ex 
Cond Alk 

-.46 -.'43 
.03 .04 

22. 23 

Tot .H20 
Hard Depth· 

-.so e46 
.07 .09 
14 14 

.......... . ~ .•_, ) ... 
--·--------- -· 

Day 

-.36 
.09 
23 

Day 

-.46 
.10 
14 

' 
-
~ 

' 

"' .... 
0\ 

'·~. " ----·-· 

·, 
'• 

J 
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Table El {COntinued) 

,. 
Ca++ Tot Ex c H20 

1 Mg++ Mn++ Hard A1k Depth Depth· 
' ~~ Mg++ r -.84 .74 .57 -.54 .44 .38 '~ 

~ 
p .-oo .10 .00 .01 .03 .• 08 

-~ 
n 23 6 23 23 23 22 

..t1 

·1 
c Ex Ca++ 

Depth A1k 504- A1k COD Mg++ Mg++ .1 
·u 
' ;.;j H20 r .84 -~.54 • 52 . -.49 .46 -.43 .38 

Depth p .oo .01 .01 .02 .09 .04 .08 
n 23 22 22 22 14 22 22 

5p c 
A1k 504- Cond pH Depth HCH 

"' .. · .: ... , 
.40 • 36 ..... T r -.56 .55 -.48 .45 ...s 

p .01 .• 01 .02 .03 .06 .10 
n 22 22 23 22 23 23 

5p ·c Tot 
Cond Depth Fe Mg++ 

Mn++ r .87 .83 .81 .74 
p .06 .04 • 0.5 .10 
n 5 6 6 6 

~. . . . . ~ ....... __ .. . . . 



Table El (Continued) 

c 
Depth 

Ppt r -.50· 
p .02 
n 22 

Sp Ex 
pH Alk Cond A1k Day T 

r • 72 ··-. 72 . -. 62. -.40 -.38 .36 
p ·• 00 .00 .00 • 06 ~ o8· .10 
n 22 22 23 22 23 •23 

NCH 

c ·Tot H20 Ca++ 
A1k D·epth · Hard Mg++ Depth 504= Mg++ HCH 

Ex r .67 -.63 -.55 ~t,-.54 -.54 -.43 .41 -.40 

A1k· p .oo .00 • 01 . • 01 .01 .04 .05 .06 

n 22 23 23 23 22 23 23 22 

c H20 Ex 
Mg++ Depth Depth A1k· Ca++ A1k 

Ca++ r -.84 -.48 -.43 .41 .38 .36 
Mg++ p .00 .02 .04 • 0_5 .07 .10 

n 23 23 22 23 23 22 

.. 
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TAble £1 (Continued) \ 

Well E 

Tot Sp Tot Ca++ 
Ca++ Fe Cond pH Hard Mg++ NCH 

Day r -.65 .62 .61 -.49 -.49 -.46 -.38 
p .oo .oo .00 .02 • 02 .03 .07 
n 23 22 23 22 23 23 23 

Day T 

Sp r .61 -.40 
Cond p .00 .07 

n 23 22 

Tot H20 c 
Hard S04= NCH Ca++ COD Mg++ Depth Depth t.J 

1-' 
' \0 

pH r .90 .87 • 860:.:;. • 74 • 71 . .62 .58 .57 
p .oo .oo .oo .oo .01 .oo .00 .01 
n 21 21 22 21 13 21 22 22 

Ex 
A1k Day T A1k 

pH r -.53 -.49 .46 -.46 
p .01 .02 • 03 .04 
n 21 22 22' 21 

Ex H20 c Tot 
COD A1k NCH S04= Depth Depth pH Mg++ Hard 

A1k r -.81 .77 -.61 -.58 -.51 -.47 -.46 -.40 -.40 
p .00 .oo .oo .01 .02 .03 .04 .06 .07 
n 14 22 22 22 22 22 21 22 22 



r~~ ~, P."'' ~"1··------·~~-~'!~~~~~~2;t~:~~f."f,( ... i . 

. ' !IO~r.,.~c~/<toi;t-"- •et"""'"'"'"~" ..;~., ~1'i'!"*'· ~ ~: 

!~ 

J 
Ttt.blo El (Con tinucd) 

{ 
1 
'i 

. ~ 
Tot H20 c Ex 

i .. NCH. ·Hard . pH.· COD .·Depth Depth. Ca++ Mg++ A1k A1k 
'•j 

·j 
S04= ; • 94 .aa . :. a7 · .• ao .75 .• 74 .6a .6a -.sa -.54 i r .. 

:i .· p .oo ~00 :·-. 00 .00 .oo .• 00 .• 00 • oo . .-01 . .01 l 
~ n 22. 23 21'·' ·14 22 . 23 23. . 23. 22 23 ., 
: 

•J Tot ·; Fe Mg++ 

J N03- r. -.65 -.46 
·P .01 .06 ... ~ . 

n 16 17· 

Ca++ 
·Mn++ N03- Day_ Ca++ Mg++ il.) 

1\,) 

Tot r .a6 -.65 .6~ -.sa -.51 0 

Fe p • 03 .01 . -.~.oo . .01 .02 
n 6 16 22 21. 21 

·Tot Ex c H20 
A1k 'NCB. S04=. pH Hard A1k Mg++ Depth Depth Ca++ 

COD r -. a1. .so .• 80 .71 .6a ·-.63 .60 .sa .56 .46 
p .00 .oo '. 00 .01 .01 .02 .02 .03 .04 .09 
n 14 14 14' 13 14 14 14 14 14 14 

H20 c 
NCH· pH S04= .' -Ca++ COD Mg++ Depth Depth Day 

Tot r .91 • 9C•. .aa .a7 .6a .60 .sa .51 -.49 
Hard p .oo ' • 00 .oo .00 .01 .oo .oo .01 .02 

n 22 21 23 23 14 23 22 23 23 



. 
.' 

' .i 

: 
i 

Table El (Continued) J 
! 
' ' 

.,1 Ex 
J Alk Alk T 
1 Tot r -.43 -.40 .40 ;; 
! 

Hard· .04 .07 .b7 ' p i n 23 22 21 
1 

l 
Tot Tot Ca++ H20 
Hard pH NCH S04= Day Fe ·coo Mg++ Depth T 

Ca++ r • 87 .74 .73 .68 -.65 -.58 .46 .46 .41 .41 
p .00 .oo .00 • 00 . .oo .01 .09 .03 .06 .07 

.1 
n 23 21 22 . 23 23 21 14 23 22 21 

Tot H20 c Ca++ 
Mg++ S04= NCH . pH Hard COD Depth Depth ·N03- Alk "" "" ,i. 

1-' 
Mg++ r -.77 .68 .64 .62 .60 .60 .49 .47 -.46 -.40 
Hard p .oo • DO ':'bo .• 00 .oo .• 02 .02 .02 .06 • 06 

n 23 23 22 21 23 14 22 23 17 22 

c Tot 
Depth Mn++ ·so4= NCH pH Hard COD Alk Mg++ 

H20 r .97 .89 .75 .58 .58 .58 .56 -.51 .49 
Depth p .00 .04 .00 .oo .00 .oo .04 .02 .02 

n 23 5 22 23 22 22 14 22 22 



' : 

Table El 

H20 r 
p 
n 

T r 
p 
n 

Mn++ r 
p 
n 

Ppt r 
p 
n 

(Continued) 

Ex 
A1k Ca++ 

-.48 .41 
.03 .06 

22 22 

pH Ca++ 

.46 .40 

.03 .07 
22 21 

H20 c 
Depth Depth 

.89 .88 

.04 .02 
5 . 6 

c H20 
Depth Depth 

-.45 -.39 
.03 .08 

22 21 

Ppt 

-.40 
.08 

21 

Tot 
Hard 

.40 
• 07 
21 

Tot 
·Fe 

\; 6!1 
.86 
• 03 

6 . 

Sp 
Cond 

-.40 
.07 

22 

' t I 
I 

t 
I 
l 

t 

. I 

t 
! 
; 



\ 
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~ Table El (Continued) !1 

--~ ,.l 
l 

Tot . ·H20 c 
'] .. 

. ... 
· S04= · -Hard pH·· .. · COD· Ca++ Mg++ ·A1k Depth Depth 

i NCH r .94 .•. 91 ~86 · .• so ..• 73 .64 -.61 .sa .-58 i .. 

l 'I p .oo .oo . • 00 .• 00 .oo .• 00 .oo .oo .oo ', ,•' ' . 22. 22 22 14 22 22 22 23 23 " n J 
.. . . 

Ex 
Alk :Day. 

NCH r· ;.;.46 -.38 
:P .03 .07 

n 22 23 .. 
~'.) 

~tb :. c H20 Tot "" w 
A1k· COD S04=·.,· pH Depth. Depth. NCH Hard 

Ex r • 77' -.63 -.54 .-.53 -.so ;_.48 -.46 -.43 
A1k p .oo • 02 .• 01 .01. .02 .03 .03 .04 

n 22 14 
.. 

23 21 23 22 2.2 23 

Tot 
Mg++ Fe Ca++· Day 

Ca++ r -.11 -.51 .46 -.46 
Mg++ p .00 .02 .03 .. 03 

n 23 21 23 23 

.. . ' 

• • 'r< 

, __ ._ .. _________ -· ... ._. ~---- ~ 

' 
' 
i 
I 

J 
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Table El 

Well G 

Day r 
p 

·n 

Sp r 
Cond p 

pH r 
p 
n 

C1- r 
p 
n 

. Alk r 
p 
n 

,, 

.. 
(Continued) 

Sp Ex Tot 
Cond . pH Alk Alk Fe 

.74 . -. 62 -.60 -.45 .43 

.00 .oo .oo ~04 .04 
22 21 21 22 22 

:i 
Day t 

.74 

.00 ' \ 
22 

c. H20 Ex Tot 
COD Day Depth· Alk Depth Alk T S04= ·Hard Ca++ N 

N 
~ 

.69 -.62 .6.1;.tl.J .• 55 .52 .51 .47 .46 .40 .39 

.01 .oo .00 .01 .02 .02 .03 .04 .08 .08 
12. 21 21 20 21 20 21 20 20 20 

Tot Ca++ 
Mg++ Ca++ Hard Mg++ 

.56 -.43 .40 -.40 

.01 .OS .07 .07 
21 21 21 21 

Ex 'rot 
A1k Day NCH pH Fe Ca++ 

.77 -.60 -.57 .55 -.52 .39 
• 00 .oo .. 00 .01 .02 .08 

21 21 21 20 20 21 

I 

"'"'"' ~-- ".teq~;_;;,,.,ob»im!,.~.f'!S".'l§il'i#·*""uiJOi>!!~.i~t!t.~A!D~~I;\i'!@#«<f!!-~!l¢¥!PS~~-,.-(-. . --~~~-~}'P."'!'f'~~~'~ ~J 



,,,., ·b;o·~-·.,~;£•i..•;t)!\\'· ,;.;;;.~~~~l!t~~~~·~~~~-·li];:' ~~~~~~~~·~··~·· o~ ~"-~:t1 ; 

~ ~; 

·\~ 

Table El (Continued) 

N03- pH ·:a++ Ppt 

S04= • 57 .46 .42 -.41 
~ . 

r ' . ! . 
p • 02 .04 .OS .07 i ; 

n 16 20 22 -20 
... . . 

Tot ' 

:Hard . S04=. ;.ig++ 

N03- r .59 .57 .51 
P. • C·2 · • 02 .04 
n 16 16 16 

H20 Ex 
. Depth COD Alk Alk Day 

Tot r .57 .55 -.52 . ';£,-· 43 .43 
~ 

Fe p .01 .06 .• 02 \: · • OS. .04 ~ 

n 21 12 20 21 . 22 U1 

.H20 c Tot Tot 
Depth Depth pH NCH Fe Hard 

COD r .95 ~· • 94 .69 .57 .ss •. 49 
p .oo .oo .01 .04 .06 .09 
n 13 13 12 13 12 13 

. ·.ca++ H20 
Mg++ N03- .·NCH- :M:g++ ·COt> Cl~ pH Depth· 

Tot· r .83 .59 .54 ·-.so .49 .40 • 40 .39 
-, .. 

Hard p • 00 . .02 .01 .• 02 .09 .07 .08 .08 
'· n 22 16 21 22 13 21 20 21 ,. 

' 



~ 
'i 

. 
• 1 

Table El 

Ca++ r 
p 
n 

Mg++ r 
p 
n 

H20 r 
Depth p 

n 

T r 
p 
n 

Mn++ r 
p 
n 

(Continued) 

Ca++ 
Mg++ 

.69 

.00 
22 

Tot 
Hard 

.83 

.00 
22 

COD 

.95 

.oo 
13 

pH 

.47 
.• 03 

21 

Ppt 

-.88 
.02 

6 

Ex 
A1k 

.54 
• 01 

22 

Ca++ 
Mg++ 

-.80 
.oo 

22 

c 
Depth 

.89 

.oo 
23 

Ex 
. A1k 

.38 

.10 
20. 

.. c 
Depth 

.76 

.08 
6 

-~~---.. -"f..:,.·J ·. .. "~~·'1.~ 
-- ......... -. ........... - ... ,__,_ ··-~··---~.,.- i! J!)i(W:Ji. 

c 
Depth Mg++ C1-

.51 -.47 -.43 

.01 .03 .05 
22 . 22 21 

C1- N03- NCH 

• 56 .. 51 .so 
.oo .. 04 .02 
21 16 21 

Fe Tot 
Tot:'~ pH Hard 

.57 .52 .39 

.01 .02 .08 
21 21 21 

... .i:· . ~· .· : .. ::.·! 

S04= 

.42 

.05 
22 

Ca++ 

-.47 
.03 
22 

NCH 

.39 

.07 
23 

pH 

.39 

.08 
20 

Ex 
A1k 

-.40 
.07 
22 

·A1k 

.• 39 
.08 
21 

!~·~~"~' .f ., 

II.)· 
II.) 

0\ 
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Table El (Continued) 

.. ~ 

Mn++ NCH S04= .. 
:i Ppt r -.88 -.42 -~41 

p .02 .oe: .07 
.l n ·6 21 20 
:I 
:1 Ex Tot Ca++ H20 
~ Alk · Alk .COD Hard ~1g++ .Mg++ Ppt Depth 

NCH r -.59 =-.57 .57 .54 .so -.48 -.42 .39 
? ~00 .• 01 .04 .01 .02 .03 .06 .07 
n 21 21 13 21 21 21 21 23 

·ca++ Ca Tot 
Alk Mg++. NCH ·.Hard pH Day Fe Mg++ T 1'-J 

1'-J 
Ex r .77 .77 -.59 .54 .51 -.45 -.43 -.40 .38 ..... 
Alk p .oo .• 00 .oo .01 .02 .04 .os .07 .10 

n 21 22 21 22 20 22 21 22 20 
-~ ..; ., 

Ex· Tot 
IMg++ Alk Ca++ Hard "NCH Cl-

Ca++ r -.80 .77 .69 -.so -.48 -.40 
Mg++ p .00 • 00 . .00 .02 .03 .07 

n 22 22 22 22 21 21 



l 
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' ~ 
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Table El (Continued) 

Well K 

H20 Sp 
Depth Cond 

Day . r. .88 • 81 
p .00 .00 
n 21 14 

Day pH. 

Sp r .81 -.71 
Cond p .oo .01 

n 14 13 

S04= Alk 

pH. r -.85 .76 
p .oo .00 
n 13 13 

Ca++ Ppt 

Cl- r _;.69 .66 
p .oo .01 
n 15 14 

NCH S04'= 

Alk r -.88 -.77 
p .oo .00 
n 15 15 

c 
Depth ·No-3-
.• 57 • 55 
.01 .08 
19 11 

Tot H20 
Hard Depth 

.• 69 . 64 
.01 .01 
13 14 

. · Sp ~.- !!> Tot 
ConC1 . Hard 

.. -. 71 
.01 
13 

·Tot 
Hard 

-.59 
.02 
15 

pH 

• 76 
.oo 
13 

-.67 
.01 
13 

c 
Depth 

-.48 
.10 
13 

H20 
Depth 

-. 49 . 
• :06 

4 

M~++ 

. 53 . 

.03 
16 

Mg++ 

.64 

.02 
13 

Ca.++ 

-.66 
.01 
. 13 

Tot 
Hard 

.53 

.03 
16 

Ca++ 
Mg++ 

-.59 
.03 
13 

NCH 

-.66 
.01 
15 . 

. ; ; ~ :~ .. """~-7---..· 
•·-.--~~~-~~J'""D.}i~-.itt£47 ~ .tw..~~ .. ~- .. ; ae_ 4-_ s_saoW,..¥J4~;f'& ..... i!" ::c::i_-.-~:::7t!t~itit£A!.:;;H£ . =- -~ ~-k~•-·· '' • ... __ M,·;~-:: • .*.'!'!.!,-;' 

Tot 
·.pH NCH Fe 

-.so .49 .47 
.06 .03 .07 
15 21 16 

Ca++ 

.so 

.08 
13 

N 

H20 N 
co 

Depth Day 

-.63 -.so 
.01 .06 
15 15 

\ 
' ; 



·r 
' 

Table El (Continued) 

.Tot 
pH NCH A1k ca++ . Hard 

S04= r -.as .81 -.77 .74 .68 
p .• 00 • ao .oo ..• 00 . .oo 
n 13 16 15 16 16 

Day 

N03- r .ss 
p .08 
n 11 

H20 
Depth··.·· Day t.J 

t.J 

Tot r .53 .47 -b \0 
~ 

Fe p .• 04 .07 
n 15 16 

Ca++ 
Mg++ Ppt 

COD r -.88 .79 
p .OS .06 
n 5 6 

. i . . . 

I 

J 
s== SA...., 
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f 
' Table El (Continue.d) 

J 

J . Sp H20 

1 
Ca++ .·Mg++ .NCH Cond 504= pH Depth C1- Day 

Tot r .89 • 80 .79 .69 .67 -.67 .65 -.59 .53 ,, 

I Hard p . oo .. 00 . .oo • 01. .oo .01 .01 .02 .03 
n 16 .. 16 15 13 16 13 15 15. 16 

Tot H20 Sp 
Hard 504= NCH · C1- pH . Depth Cond Mg++ 

Ca++ r • 89 .74 .71 -.69 -.66 .54 .so .44 
p .oo .oo .oo .00 .01 .• 04 .08 .09 
n 16 16 15 15 13 15 13 16 

Tot Ca++ Sp H20 
"" Hard Mg++ Cond NCH Depth Day Ca++ VJ 
0 

Mg++ r .80 -.78 ... 4 
~·· ~ .62 .58 .53 .44 

p .00 .00 .02 .01 .02 ~ • 03 .09 
n 16 16 13 15 15 16 16 

Tot c Sp Tot 
Day Hard Depth · Cond pH Mg++ NCH Ca++ Fe A1k 

H20 r .88 .65 .64 .64 -.63 .58 .56 .54 .53 -.49 
Depth p .00 .01 . oo· .01 .01 .02 .01 .04 .04 .06 

n 21 15 . 18 14 15 15' 21 .15' 15 15 

' 
.. ~ ... :~~- . ' ~·t·, : i 

~~--c•• ~--·~• 



Table El (Continued) 

Ppt 

T r .44 

' 
p .08 

·i n 17 I ., 
c I Depth 

Mn++ r • 83 
\ p .08 

n 5 

COD Cl- T 

Ppt r .79 .66 .44 N· -- p .06 .01 . ~~oa w 
n 6 14 ' .. 17 ...... 

Tot H20 
A1k S04= Har<l Ca++ pH. Mg++ Depth. . Day 

NCH r -.88 .81 .79 .71 -.66 • 62 .56 .49 
p .oo .00 .00 .oo .01 .01 .01 .03 
n 1"5 16 15 15 15 15 21 21 

Sp 
COD Mg++ Cond 

Ca++ r. -.88 ..;..78 -.59 
Mg++ p .05 .oo .03 

n 5 16 13 

.. Y 
" .. •. - ---~.. .; "> .. 



.~"~~~~~. ··' ~~--t'i~~~$>'""'•'"'~··~-·ii;·•.·-~..,r~~·.tr.i. 

Table El (Continued) 

ICP Duq well 

Day·. r 
p 
n 

Sp r 
Cond p 

n 

pH 

Cl-

Alk 

r 
p 
n 

r 
p 
n 

r 
p 
n 

N03-

-.as 
.01 

8 

Ca++ 

.67 

.os 
9 

Alk 

-.76 
. ·.OJ 

8 

Mn++ 

1.0 
.oo 

4 

pH 

-.76 
. 03 

8 

T 

.77 

.07 
6 

Alk. 

.58 

.10 
9 

Day 

-.6S 
.06 

9 

N03-

• 82 
.02 

7 

NCH 

-.63 
.07 

9 

Ca++ 

.73 

.02 
10 

. Tot 
Hard 

-.76 
.02 

9 

Sp 
Cond 

.sa 

.10 
9 

pH 

-.6S 
.06 

9 

Mg++ 

-.7S 
-~ 02 

9 

Tot 
Hard 

.63 

.OS 
10 

Ca++ 

.66 

.06 
9 

Cl-

-.60 
.09 

9 

NCH 

-.64-
.06 

9 

Day 

-.60 
.10 

9 

1\) . 

w 
1\) 

·~ 
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Table El 

504= r 
p 
n 

N03- r 
p 
n 

Tot r 
Fe p 

n 

Tot r 
Hard p 

n 

Ca++ r 
p 
n· 

Mg++ r 
p 
n 

(Cc-ntinued) 

NCH 

-.81 
.00 
10 

Day 

-.8S 
• 01 

8 

NCH 
~.66 

a07 
8 

Mn++ 

-.83 
.• 08 

s 

N03-

-.76 
.OS 

7 

Ca++ 
Mg++ 

-.90 
.oo 
- 10 

.. 

C1-
• 82 
.02 

7 

Mg++ 

.80 
;.01 
10 

Tot 
Hard 

.76 

.01 
·10 

Mn++ 

-.8S 
.07 

s 

-. 
. ~· ;: ... 

.. 

" 

. 

·Tot-
Ca++ -Hard 
-.76 -.6-7 
.os .09 

7 7 

2\) 

.,.;~-~ 
w 
w 

NCH -ca++ Cl- N03~ Day 
.78 .i6 -.76 -.68 .63 
.01 . c~t· · . -~ 02 .09 .OS 
·9 10 9 7 10 

Sp 
. Day Cond 

.73 .67 
.• 02 .os 

10 .·. 9' 

Tot 
Hard NCH Cl-

.80 .79 -.7S 

.01 • 01. .02 
10 9 9 

'•. 

" 

, . 

": 
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Table E1 

H20 
Depth 

·T 

Ca++ 
Mg++ 

r 
p 
n 

r 
p 

.n 

r 
p 
n 

(Continued) 

c 
Depth 

1.00 
.00 

8 

Day 

.77 
&07 

6 

C1- NCH 

1. 00 -.96 
.00 • 04 

4 4 

Mn++ S04=. 

-.96 -. 81. 
.04 .oo 

4 10 

Mg++ Mn++ 

-.90 .81 
.00 .09 
10 5 

Tot Ca++ 
Mg++ Hard Mg++ 

·-.85 -.83 .81 N 
w 

o07 .08 .09 ~ 

~t> 5 5 5 

Tot Ca++ Tot 
Hard ·-Mg++ Mg++ Fe C1- HC03- A1k 

.79 .78 -.69 -.67 -.64 -.63 -.63 

.01 .01 .04 .07 .06 .07 .07 
9 9 9 8 9 9 9 

NCH C1-

-.69 .66 
.04 • 06 

9 9 



Ttlblc El 

Well M 

Day r 
p· 
n 

Sp r 
Cond· p 

n 

pH r 
p 
n 

C1- r 
p 
n 

.. A1k r 
p 
n 

Alk r 
p· 
n 

(Continued) 

c H20 
Depth Depth 

.73 .70 
·• 00 .oo 

24 23 

Tot 
Hard 'Ca++ 

• 76 :. 70 
.oo .oo 

22 22 

COD T 

~90 .60 
..• 00 .oo 

.13 22 

504= T 

-.40 .40 
.06 .07 
22 21 

T·::>t 
Hard ·Ca++ 

.81 ·•. 79 

.oo ·• 00 
22. 22 

.. 

504= c1-. 

.• 38 .-. 36 
• 09 • 10 . 

22 . 22 

Sp Tot 
Cond Hard. 

~65 .61 
·,. 00 .• 00 

23 23 

Day · .. A1k 
.• 65 . .64 
. oo .oo 
23 22. 

Alk Day 

-.50 -. 4·7 
• 0~_· ;.:~~ .03 
21 22 

Ca++ Alk 

-.39 -.36 
.07 .10 

22 22. 

Sp 
Cond-· Ppt 

.64 . -.52 

.oo .00 
.. 22 20 

·:. 

.. .. . .. 

::: ... 

. . . -:<. 

Tot 
Fe N03- pH .A1k · Ca++ Mg++ 

.• 60. ;.;.. 57. -.47 .• 43 .43 .41 
.oo • 02. . .• 03 • 05 .• 04 . .05 

22 17 22 22 23. 23 

c "H20. 
Depth Depth.: 

.63 .63 
• 00 . .oo 

23 23 

·Tot 
Hard 

"' -.41 w 
.06 

VI 

. f 21 

c H20 
.. ·coo pH. Depth .Depth· Day T 

-.52 ~.so .so .49 .43 -.41 
.• 06 .-02 .02 .02 .05 .07 f. 

14 21 22 .22 22 21 

I 
;· 
f 
l 

. . ' . . ·.-

·:.;.· 
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Table El (Continued) 

Ca++ H20 c 
Ppt Ca++ Mg++ Depth Depth C1- A1k Mg++ 

S04= = -.61 • 57 .55 .45 .;44 -.40 .38 -.·36 
p • 00 .00 .• 01 .03 .03 .06 .09 .09 
n 21 23 23 22 23 22 22 23 

Day NCH 

N03- r ;.,.57 -.51 
p .02 .04 
n 17 .17 

c 
Day NCH Depth 

Tot - .60 ~.42 .39 .... 
·Fe p .00 .06 • 0.7~1 fl.) 

22 21 2·2 w n 0\ 

pH A1k 

COD ..... .90 -.52 ... 
p .00 .66 
n 13 14 

Sp H20 c 
Ca++ A1k Cond Depth Depth Day NCH 

Tot ..... .83 .81 .76 .75 .74 .61 .51 .... 
Hard p .• 00 .oo .00 .00 .00 .oo .02 

n 23 22 22 22 23 23 22 

Ppt· Mg++ T pH 

Tot r -.51 .47 -.42 -.41 
Hard p .02 .02 .06 .06 

n 21 23 21 21 

.... 
. . . ,., ' .., --·--·~-· ~---·,...-. _.,...,~. ···:.=:::~;~.-.. :-·:-:·~--- . . . '• .··. 

,.. ..... ~~· ·q=~~-- .. , ..... ·£-....... -,--............. 
. ; . 

~--,·-··---.. -r"~ .. -; .... Ill' __,.-._,--~~·-1>"-!"~f"o""f' ... -~.--.-·J 
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I 
TAble El (Continued) 

Tot c H20. Sp Ca++ 
.... Hard A1k ···Depth Depth Cond S04= Ppt Mg++ 

l 
.. 

Ca++ r .• 83 . .79. .73 .73 .. 70 .57 .-.56 .55 
p ..• 00 .• 00 ': 0 00 .. ·• 00 .oo .00 .01 .01 

.n. 23. 22 ~3 22 22 23 21 . 23. 

Day T C1-
: 

-~41 Ca++ r .43 . -.39 
p ~04 .06 •• 07 

. ·n 23 .· 21 22 

Ca++ ·Tot 
.-Mg++ NCH Hard Day S04= 

Mg++: r -.76 .53 .47 .• 41 -.36 N . ,, w 
p .oo .01 '-'£.~ 02 · .• OS .09 ..,J 

n .. 23 22 23 23 23 .. 

c Tot Sp. 
·nepth· ... Mn++ ·.Hard ··Ca++ Day Cond· A1k Ppt .so4-

H20 r 1.00 .·-. 84 .e 75 .• 73 .70 ·• 63 .49 -.48 .45 
Depth p .oo .... 07 .oo .00 .oo .00 .02 .03 • 03 

n 23 5 22 22 23 23 22. 21 22 

Tot. 
Mn++ pH Hard . Ca++ A1k c:t- Ppt 

T r .85 o60 .>-.42 -.41 -.41 .40 • 39' 
p .07 .00 .06 .06 .07 .07 .09 
n 5 2·2 21 . 21 21 21 20 

·, 



Table El (Continued) 

. t 
H20 ., 

·l 
l 

T Depth i 
Mn++ r .85 -.84 

p .07 .07 
n 5 5 

'I'ot c H20 
A1k S04= Ca++ Hard Dc:!pth Depth T 

Ppt r -.62 -.61 .56 -.51 -.so -.48 .39 
p .00 .00 . 00 .02 402 •. 03 .09 
n 20 21 21 21 22 21 20 

Tot Tot 1\.J 
• w 

Mg++ N03- Hard Fe (X) 

NCH r .53 -.51 .51 -.42 
p .01 .04 .02 .06 
n 22 17 2i 21 

~g++ Ca++ S04= 

Ca++ r -.76 .55 .55 
Mg++ p .06 .01 .01 

n 23 23 23 

. ~ -. . 
~·-·- • ••• ~·- ~--·--..-·~ ....... 0:0: ... ~-~--~ .......... -·~ 
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J Table-El (Continued) 

·J 
Wel·l Q Sp 

Ca++ Cond 
1 

\l 
Day r .§1 . 0 90 

p .oo .·oo ,. 

n 14 14 

. ' 

S04= Mn++ 

Sp r. .97 '• 
.• 96 

Cond p .· • 00 .04 
n 13 4 

Tot 
A1k Fe 

pH r .72 -.62 
p .01 .02 
n 12 13 

NCH Mg++. 

C1- r -.65 -.ss 
p .02 .OS 
n 13 13 

c 
Day Depth. 

A1k r .80 .77 
p .00 .00 
n 13 13 

... ·.· ...... -~Rt~~~"'~·~~<··.f'·..,.,...., . .,.~ .. '!10• ..... ~·-><'-·~«-'.''~;\l';> 

Tot 
S04=· ·Hard .A1k 

.88 .88 .• 80 

.oo .oo ·• 00 
14. 14 13 

Tot 
Ca++ · Hard· Day 

. ·• 96 .93 .90 
.oo .oo .oo 
.13 13 14 

f1.-
.52 
.08 
12 

pH · N03-

.52 -.so 

.08 .08 
·12 13 

H20 
pH Ppt Depth 

.72 ~.69 .67 

.01 .01 .01 

. 12 13 13 

c 
Mg++ D_epth 

.63 .61 

.01 .02 
14 15 

Mg++ Alk 

.68 .57 

.01 .04 
13 13 

Tot 
Ca++ Hard 

.63 .60 

.02 .03 
13 13 

Ca++ 
Mg++ 

.51 
: • 06 

14 

NCH 

.55 

.04 
14 

· S04= 

.57 

.04 
13 

H20 
Depth 

.48 

.oa 
14 

c 
Depth 

.so 

.07 
14 

Sp 
Cond 

.57 

.04 
13 

"' w 
\0 

. \ · .. 
);;.· 

~- ~~·:•· .... 



{ 
J Table El (Continued) 

A1k 

S04= 

Ca++ 
Mg++ 

r .54 
p .06 
n· 13 

r 
p 
n 

Sp 
Cond 

• 97 
.00 
13 

T::>t 
Fe 

-.51 
.• 09 

12 

Ca++ 

• 93 
• .oo 

1.4 

Tot 
Mn++ Fe 

. N03- . r 
p 
n 

Tot r 
Fe p 

COD 

n 

r 
p 
n 

.96 

.04 
4 

pH 

-.62 
• 02 
13 

H20 
Depth 

• 88 
.02 

6 

.59 
• o s· 

12 

·No3-

~59 
.• ()5 

12 

Tot 
Hard 

.92 
~00 
14 

Cl-
...: "';, 
-.so 

.08 
13 

A1k 

-.51 
.09 

12 

c 
Day ·NCH Mg++ Alk Depth Ppt 

.88 .81 .71 .57 .56 -.46 

.00 .oo .00 • 04 .04 .10 
14 13 14 13 14 14 

Ca++ 
Mg++ 

-.51 
.08 
13 

.. 

. . . •. ~ .. 
,,., ·--···"""'".,_,.._.,_.,.,..,,.~....__. ,. _I, .. P .• ~, 

.· ~- --~~--~ . . ., .... ~.-.... . : r. .; .... ~·.:.:, .. -:: ... ,· -~· ...... ·, 
~~~·;:_:.:=~·· ... -~ "" -----· ..... ·------.... ~.,-~ ... -~- --· --.---- .... -·-· 

1\.J 
.r::o. 
0 

-~=:· ~~r~-:: -~~ t· -~ -~-,;~_: · .. _ · ·1 
....._ •• -----·- ·•or 

: .. "" 
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Table 

Tot 
Hard 

Ca++ 

Mg++ 

H20 
Depth 

T 

El 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

<' ... ··~-

(Continued.) 

Sp 
Ca++ Cond S04= Day 

.98 .93 .92 .88 

.oo .• 00 .oo .oo 
14 13 14 14 

Tot Sp 
Hard Cond. S0.4= Day 

.98 .96 .93 .91 

.oo .oo .oo .oo 
14 13 14 14 

Tot 
Hard NCH Ca++ 

'. ,• j 
S04= 

' • 86 .E1 .74 .71 
.00 . co . .oo .00 
14 13 14 14 

c 
COD Depth A1k T 

.88 .• 77 .67 -.53 

.02 .oo .•. 01 .08 
6 14 13 12 

H20 · 
Depth 

-.52 
.08 

12 

,. . ;'' ::· ·;'=~~.;~:\: .. -~:- -~"'··· 
~----·><, ·-· .. ------ .. 

~~~,~""'!;.l,.:~···'i'~; f''~H!):\.,-

c 
Mn++ ·. Mg++ NCH A1k Depth Ppt 

.87 .86 .85 .60 .59 -.55 

.06 .oo .00 .03 .03 .04 
5 14 13 13 14 14 

c 
Mn++ NCH Mg++ A1k Depth· Ppt 

.88 .81 .74 .63 .58 -.56 

.05 .oo .• 00 .02 .03 .03 
5 13 . 14 13 14 14 

Sp c 
Cond Day C1- ·Depth ti.J 

~ 

.68 .63 -.55 .50 ...... 

.01 .01 .05 .• 07 
13 14 13 14 

Ca++ 
.Mg++ Ppt Day 

.52 -.49 .• 48 

.07 .08 .08 
13 14 14 

....: ·. -
' . - . --~-" - . . ~ ~ .· 

--~-------~----- .-~---·--·---- ~ - -"----·-·----···- -
·~·· 

... . .. 
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T.o.blo El (Continued)· 
j 
~ 

--~· Sp 
t 

-Tot 
) N03- Cond Ca++ Hard 

Mn++ r .96 .96 • 88 . .87 
p • 04 .04 .OS .0 06 
.n ·4 .4 5 5 

.. 

.' c ·Tot· H20 
Alk'. _Depth Ca++ Hard ··Depth · S04= 

Ppt r .-.68 ·-~64 -.56 -.55 -.49 .':"'• 46 
p '. 01 ..• 01 .04 .04 .08 .10 
n 13 15 . 14 14 14 14 

Tot . Sp 
Hard S04= Mg++ -Ca++ ·· e1-· ·cond t\) 

~ 

NCH·· r .as .81 .• 81 .81 -.65 .55 !~.,) 

P. • 00 . ... 00 . . • 00 .oo .02 • 04 
n 13 -13 1 ... -fl 13 13 14 . . .;;, 

H20 Tot 
HC03- Alk . Depth Day Fe 

Ca++ r • 54. .54 •• 53 .51 -·.51 
Mg++ p .06 .06 .07 .06 .08 

n 13 13 .13 14 13 
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Table El (Continued) 

Well T H20 c .Tot S_p 
COD Depth Depth Fe .co:nd A1k 

Day r -.89 .78 .78 .77 .70 • 54 
p .05 .• 00 .oo .00 .01 .07 

, n 5 14 15 13 13 12 

Tot c H20 Ex 
COD Day Fe Depth .Depth 504= A1k T A1k 

Sp r -.88 .70 .69 .64· .64 -.62 .60 -.57 .51 
Cond p .05 .01 .01 .02 .02 .03 .04 .04 .09 

n 5 13 12 13 13 12 12 13 12 

Cl-

pH r -.54 N 
p .07 ,e:.. 

w 
n 12 .;. ~~ 

Tot 
Mg++ Fe pH. 

Cl- r .57 -.55 -.54 
p o05 .08 .07 
n 12 11 12 

Sp Ex 
COD S04= Ca++ Cond Day Alk 

A1k r -.92 -.87 .69 • 60. .54 .53 
p .03 ·• 00 .01 .04 .07 .07 
n 5 12 12 12 12 12 



TAble £1 (Continued) 

S04= r 
p 
n 

N03- r 

Tot 
Fe 

COD 

Tot 
Hard 

p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

COD 

1.00 
.oo 

5 

Ca++ 
Mq++ 

.75 

.OS 
7 

Day 

.77 

.00 
13 

S04= 

1.00 
.00 
·s 

Mg++. 

.95 

.00 
13 

A1k 

-.87 
.oo 

12 

Mg++ 

-.70 
.08 

7 

Sp 
. Cond 

.69 

.01 
12 

A1k 

-.92 
.03 

5 

Ca++ 
Mg++ 

-.71 
.01 
13 

Sp 
Cond 'l' 

-.62 .61 
.03 .04 

12 12 

H20 c 
Depth Depth· 

.• 55 .55 
.OS .OS 
. 13 \;,'; 13 

Sp 
Day Cond 

-.89 -.88 
.OS .05 

5 5 

NCH Ca++ 

.58 .53. 

.OS .06 
12 13 

NCH 

.52 

.08 
12 

C1-· 

-.ss 
.08 
11 

Ca++ 

-.84 
.07 

5 

~ 
.c:o. 
.c:o. 

T· 

o81 
.10 

5 

\ 
\ 
l' .· 

' ' .. 

· .. ,, 

. . . . 
.,. ... :-~ .. ~~~,:~·~.~....,..~~~~~!'f~":""~J .i\SJiWC(#lfiOW~~~~~!J'tltSJ~~'-"~-=--'t~itl.~~~i>.l~3a£~e ·_!l'\'l~l!!3.• '"~~..-1~~-~t'lt: 



Table El {Continued) 

} ~: 
·. 

., Tot .; ., coo Alk. Hard .. 
I 

Ca++ r -. 84. .69 .53 
p .07 .01 .06 
n 5 12 13 

Tot Ca++ 
Hard Mg++ . N03- -NCH C1-

Mg++ r .95 -.86 -.70 .70 .57 
p .oo .oo .08lJ .01 .os 
n 13 13 ~, 12 12 "' ,c... 

lJ1 

c Sp T'ot Ex 
Depth Day Cond Fe A1k 

H20 r 1.00 .78 .64 ·.ss .54 
Depth p .00 .oo .02 .OS .OS 

n 14 14 13 13 13 

Sp 
~: 

coo S04= Cond ' 
T r • 81 .61 -.57 . 

p .10 .04 .04 
n 5 12 13 

·' 

.. ..,-... - <!'· ••. ,, ·- -~ ~ ...... (:., ... , ..... 
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Table El (Continued) 

Ca++ Ex Tot 
Mg++ Mg++ A1k Hard so4= 

NCH r -.71 .70 -.64 .58 .52 
p .01 .01 .03 .OS .08 
n 12 12 12 12 12 

Ca++ a·2o c ·Sp 
NCH Mg++ Depth Depth A1k Cond 

Ex r -.64 .55 .54 .54 .·53 .51 N 

A1k p .03 .• 05 .OS .os .07 .09 ,c. 
0\ 

n 12 13 13:: 13 12 12 

Tot Ex 
Mg++ N03- Ha.rd NCH A1k 

Ca++ r -.86 .75 -.71 -.71' .55 
Mg++ p .oo .OS • 01 .01 .OS 

n 13 7 13 12 13 

... .. ':·· . 
. . ::' . . ;.· ~-~."'-· . . . 
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Table E~ · (Continued) 

.well s2 

Day r 
p 
n 

pH r 
p 
n. 

Cl- r 

S04= 

N03-

p 
n 

r 
p 
n 

r 
p 
n 

H20 
Depth 

.94 

.01 
6 

T 

~ 98 
.02 

4 

Ex 
Alk 

-.92 
.08 

4 

Ca++ 

• 98 
.oo 

s 

Ex 
Alk 

.9S 

.OS 
4 

S04= 
.:....94 

.02 
s 

c 
Depth 

.91 
• 03 

5 

: : 

Tot 
Fe 

.• 97 
.03 

4 

' 
'J 

Tot c 
Fe Depth Ca++ \ 

-. 93. .91 -.91 
.• 02 .01 .03 

s 6 s 

.:·e, "' .c:.. 
...... 

c 
Day Depth 

-. 94 . -.88 
.02 .as 

s s 

;; 

,. -.. ·,~:.~ ............. ~-~--· ·. 
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Table 

Tot 
Fe 

Tot· 
Hard 

Ca++ 

Mg++ 

H20 
Depth 

El 

r 
.,p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

(Continued) 

Ca++ 504= 
.98 .97 

... 02 • 03 
4· 4 

T .M<J++. 
1.00 .92 

oOO • 03 
3 5 

Tot 
Fe S04= 
.98 .98 
.02 .oo 

4 5 

T 
. Ca++ 
.Mg++ 

.. 99 -.9:3 
o07 .oo 

3 5 

c 
.Depth Day 

.98 .94 

.oo .01 
6 6 

c H20 
Depth Day Depth 
-.94 -. 93' . -. 90 

.0,2' .02 .04 
5 5 5 

Ca++ 
Mg++ 

-.86 
• 06 . 

5 

c 
, Day Depth IV 

'\:····'· ol:>o 
-.91 -.84 (X) 

.03 .07 
5. 5 

Tot 
Hard 

.92 

.03 
5 

Tot 
Fe. pH; 

-.90 .83 
.04 .08 

5 5 

·~-- ·------:.. 
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Table El 

T r 
p 
n 

Mn++ r 
p 
n 

NCH r 
p 
n 

'EX r 
Alk p 

r.: 

Ca++ r 
Mg++ p 

n 

(Continued) 

Tot c 
Hard· Mn++ Mg++ pH Depth 

1.00 1.00 .99 .98 .94 
.oo ~00 • 0.7 .02 .06 

3 3 3 4 4 

T 

1. 00 
.oo 

3 

Ex 
A1k 

-.91 ., .. 13 
~ 
~ 

.09 \0 

4 

N03- C1-- NCH 

.95 -.92 -.91 

.OS .08 .09 
4 4 4 

Tot 
Mg++ Hard 

-.98 -.86 
.00 .06 

5 5 

·~-!""· .... -



j 

i Table El (Continued) 
i 
l Well la 

c H20 
COD N03- pH Depth Depth 

Day r • 98 .• 87 ~ .. 81 ... 
e 60 · .58 

p .02 .00. ~00 .03' .05 
n 4 11 12 13 12 

· Ca++ c H20 
Cl- Mg++ Mg++ .· .Depth Depth 

Sp r -.72 -.63 .55 .so • 50 .· 
Cond p .01 • 04 .• 08 . .10 .• 10 

n 11 11 11 12 12 

Mn++ COD Day ~lk N03-
N 

pH r 1.00 .;..99 -. 8l·t, . .78 -.64 Vt 
0 

p .00 0 02 :. 00 .oo .03 
n 4 4 12 11 11 

Sp 
Cond Ppt 

Cl- r -. 72 . .56 
p • 01 . .07 
n 11 11. 

Tot 
COD pH ·.Fe. 

Alk r -.94 .78 .69 .· 
p .06 .• 00 .03 
n 4. 11. 10 

'· 
--~- . ......,..;.--~~ ... ·~· ....... -e~~K!!OI'I ..... "',_· • .,.,.,.....,~""""'~" _.,..., '1r.1!f .. m=· '=!S:OOO.ot._._ •. ~ 





{ 
i Table El. (Continued) 

Ca++ Ex 
NCH Mg++ Mg++ Ca++ A1k 

Tot r .89 .89 -.73 .68 -.65 
Hard p .oo .oo ·• 01 .01 .02 

n 11 12 12 12 12 

Ex To·t 
A1k Hard 

Ca++ r -.72 .68 
p .01 .01 
n 12 12 

'(\,) 

Ca++ Tot /1 Sp V1 
, .. 

NCH Mg++ Hard Cond 
(\,) 

:{f 
Mg++ r .95 -.89 .89 -.63 

p .oo .oo .oo • 04 
n 11 12 12 11 

c Tot Sp 
Depth·. Day Fe. Cond 

H20 r 1..00 • 58 -.55 .so 
Depth p .00 .05 .08 .10 

n 12 12 .11 12 

i. ..-· :' . 
. • 

.''". .~ .. ' . .. ~. : ... 
·~·- . . -· ... . . ,. ·-.. ---- ..~ .... . «- • • ... ~ i~~ .. : .. -- ...,. MW: a. a 

. . . 
• ·•. -~ -. !:'-~~9'!''""'~+.-\.,.. ~ 



t'. 

! Table El (Continued) 

Ca++ 
pH Mg++ 

Mn++ r 1.00 • 9·o 
p .oo .04 
n 4 5 

-N03- C1- S04= 

Ppt r -.67 • 56 -.54 
p .02 .07 .07 
::1 11 11 12 

Ca++ Tot .Ex 
Mg++ Mg++ Hard ··A1k 

NCH r .95 -. 93- • 89'1 -.55 
.00 .oo .oo .08 tv p U1 

:n. 11 11 11 11 w 

Tot Ca++ 
Ca++ Hard NCH Kg++ 

Ex r -.72 -.65 -.55 .53 
A1k p .01 .02 .08 .08 

n. 12 12 11 12 

Tot Sp Ex 
NCH Mn++ Mg++ Eard Cond A1k 

Ca++ r -.93 • 90 -.89 . -.73 .55 .53 
Mg++ p .00 .04 .00 .01 .08 .08 

n 11 5 12 12 11 12 

. -
.-#~~ . ~~--~"!"'~-,.._ .. ':- •..••. -::..--";·~~r?'~f':~:"'·~··. ··- .... ::. . . -~;::---· ~--:-· •••. ,. ''6•·, :_ ••.. 

.{· . .. . --·----- ·------ ... -
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Tllble El (Continued) ,. 
•, 

well lb i 
504= Alk . Mn++ f 

Day r -.94 0 92 .as I p .02 .08 .07 
n s 4 s 

pH . 

Sp r • 92 .. 

Cond p • 08 . 
·n 4 

.Tot· Sp 
NCH N03-. •S04~.: Cl- Mg++ Hard· Alk Cond 

pH r . -1.00 ~1-·oo ~1.00 . -1.00 1.00 .99 .99 • 92 
p ~00 • 00 • 02- .OS .OS • 08 .10 .08 
n 4 3 . 3. 3 3 3 3 4 N 

V1 

pH N0.3-
A 

C1- r -1.00 1.00 "' ~ail 

p .os .oo 
n .3 "4 --

Tot Ex H20 ·Ca++ 
Hard · A1k pH·. Depth Mg++ Mn++ so4- Mg++ 

A1k r 1.00 1.00 .99 . -. 98 .98 .98 -.97 -.95 
.p .oo .oo .10 • 02 .02 .02 .03 • OS . 
n 4 4 3 .. 4 4 4 4 4 

Day NCH Ca++ 
A1k r .92 -.92 •. 91 

p .08 .08 .09 
n 4 4 4 

. 
. - . 

.. .. 
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I 
J 
1 
I Table El (Continued) 

1 H20 i 
pH A1k Day Depth I 

1 
I 

504- -1.00 -.97 -.94 .90 I r ·j 
p .02 .03 .02 .04 
n 3 4. 5 5 ... 

pH Cl-

N03- r -1~00 1.00 
;, p .• 00 • 00, 

n 3 4 

Ex Ca++ 
A1k pH .. A1k Mg++ Ca++ NCH .. Mg++ 

Tot r 1.00 .• 99 .97 .96 .90 -.90 -.84 
Hard .00 .08 .01 .01 • 03 .10 .08 "" p VI 

n 4 3 5 5 5 4 5 U1 
,,. tJ 

Tot Ex 
A1k Hard A1k 

Ca++ r .91 .90 • 81 
p .09 .03 .10 
n 4 5 5 

Ex Tot Ca++ 
pH A1k Alk . Hard Mg++ NCH Mn++ 

·Mg++ r 1.00 .98 • 98 . .96 -.95. -.90 • 86' 
p .05 • 02 .00 .01 .01 .10 .06 
n 3 4 5 5 5 4 5 

·) . 



J 
.j Table El (Continued) 

1 Alk 504= NCH 
H20 r -.98 .90 .• 81- ... .. -·· 
Depth .02 .. 04 .10 

., 
'·· :.· p. ·. .·. 

, .. 

n 4 s s· .. 

... .. .. 
. . -~. ·: : ~-". . 

Ex Ca++ . . :-~-

A1k A1k Mg:++ ··_Mg++ .. ·Day 

Mn++ r .98 .• 92 -.86 .86· .8S 
p .02 .03 .06 .06 .07 ... 

n 4 s s 5 ..... s· 

Tot 
pH .-Alk Mg++ Hard 

NCH -1.00 ~.92 .-. 90 -.90 .. 
~ J;:' 
V1 p .oo • 08 ._10-1 . .10 0\ 

n 4 -4 '4 4 

Tot Ca++ 
A1k.· . Mg++ Hard·_ M..i1.t+ Mg++. Ca++ 

.. 

Ex .r .1. 00 .98 ."97 .92 -.91 .81 
A1k p .oo .oo .01 .03 .03 .10 

n 4 s· s s s s 

.S04= Ex· Tot 
HC03..;. ·HC03- Mg++ Alk A1k .Mn++ Hard 

: ... : 

Ca++ r .97 .-.9S . -·. 9S -.9S ~.91 -.86 -~84 
Mg++ p .03 .OS .• 01 .OS .03 .06 .• 08 

n 4 4 s· 4 s s s 

I 
~ 



'--~·.-. ~.· :•,_·o~ c;:··· ;.~~._ ... ,...._.r:~t...,..>trK•::;.r.,::R:~:t-'l'tt~~~-.3!::,_~~··:-:---~..,__.,_~~~~~~~~~,;~':jl:~~~~r-t'-'~~'!lt~~~~~·-···lfl!'.:-f~~.r.~$.~ .. _. ·:·11'~~·~ ..... ~~·tt,$·~ .(. 

'· 

.f Table El. (Continued) 

&A·~ 
Well lc ·.=:} 

H20 c ' . ) 

T Depth Depth Mg++ NCH 

Day r 1.00 .95 .89 -.87 -.85 
p .00 .oo • 02 .06 .07 
n 4 6 6 5 5 

Tot 
N03- Hard Cl-

Sp r -.97 .91 .91 
'· Cond p .03 .09 .09 
~ .n 4 4 4 

1-ig++ 
.; 1£, 

1\J 
pH r -.95 U1 ......, 

p .05 
n 4 

Tot Sp 
Hard NCH so4= Ca++ N03- Cond 

Cl- r 1.00 1. 00 .98 •· 97 -.96 .91 
p .00 .00 .02 .. 03 .04 .09 
n 4 4 4 4 4 4 

Tot 
NCH Cl- Hard Ca++ Mg++ 

S04= r .99 .98 .94 .91 .84 
p .01 .02 .02 .. 03 .07 
n 4 4 5 5 5 

., 

~ ·c ··~/<:&~: ... ;':-::~·,; .. , . . . . . 
.-....... o&...,. -··---~-- ·-----· 

-~··---·. 
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' -:$-"'"!!Ill-::~ .. ~ .,~...,1<,0, 
;.:-;.? -' 

._,f 
s 

1 
1 
1 Ta.ble El (Continued) 

l 

-- J 5p Tot 

I Cond Hard Cl- NCH Ca++ 

N03- r -.97 -.97 -~.96 -. 94. -.94 
p '. 03 .03 • 04 .06 ~06 
n 4 4 4 4 4 

Ca++ 
Mg++ 

Tot r -.83 
Fe p .08 

n 5 

Sp 
i Cl- 'NCH -- ca+:t~ -003- 504= Cond Mg++ t\) .'! 

U1 ::.. 
~-

.94 .91 .87 co ,. 
Tot r 1.00 '. 99 .98 -.97 

- Hard p .00 ,, .01 .oo .03 .02 .09 .06 
n 4 4 5 4 5 4 5 

Tot 
Hard C1- NCH N03- 504= 

Ca++ r .98 .97 .95 -.94 .91 
p '. 00 .03 .os .06 .03 
n 5 4 4 4 5 

Tot 
pH Day Hard 5·::>4= 

Mg++ r -.95 -.87_ • 87 .84 
p .OS • 06 .06 ~ 07 
n 4 5 5 5 

I 

' . I -·--------·---- _ _, ....... -. ~ . ·-
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I 
i 
1 

Table El (Continue1) 

H20 r 
·Depth p 

n 

T 

NCH 

Ca++ 
Mg++ 

r 
p 
n 

r 
p 
n 

r 
p 
n 

c 
Depth 

.98 

.()0 
6 

Day 

1.00 
.oo 

4 

Cl-
1. 00 

.00 
4 

Tot 
Fe 

-.83 
.08 

5 

Day 

.. 9S 

.oo 
6 

H20 
Depth 

.9S 

.05 
4 

Tot 
Hard 

.99 

.01 
4 

.•... -~ ,, ...... ~-·---- ..... ..- ........ ___ .,.. -e-·' 

T 

.9S 
•. OS 

4 

NCH 

-.92 
.08 

4 

S04= 
HCO..f- Ca++ 

.99 .9S 

.01 .OS 
4 4 

. . . ... 
• ·:: -- ~~t'· ;..-••• : ... ,:---· _ ... --~--

N03- T Day "-> 
V1 

-.94 -.92 -.85 
\0 

.06 .08 .07 
4 4 5 

-. . ·:,.~. . .. :.~:"'"':: .. _ ..... ··-- •' .· 
.... ---· . ----------- ... - - ~--.. 



Table El (Continued) 

Well ld 

Sp c a.2·o 
A1k Cond. Depth Depth 

Day r .93 .91 .86 • 86. 
p .07 .03 • 03 . .03 
n 4 5 6 6 

H20 c 
Day NCH Depth Depth 

Sp r •91 -.82 ;82 .82 
Cond p .03 .09 .09 ~ 09 . 

n 5 5 5 5 
,. 

tv 

N03-
.• ,r~.P 0\ 

0 

pH r -.98 : 

p • 02 
n .4 

Mn++ NcH·. 

Cl..;. r .. 98 .• 94 
p .02 .06 
n 4 4 

· ... 

. ~·· __ ._ ... ~-- --u ·-- 4~ • -



Table El . (Continued) 

Day 

Alk r .93 
p .07 
n 4 

Tot 
NCH Ca++ Hard Mn++ 

S04= r .98 .92 . 89 • 85 
p • 02 .03 .04 .07 
n 4 5 5 5 

pH 

N03- r -.98 
~SJ ~ 

p .02 0\ 

n 4 ..... 

·Ca++ Mg++ NCH S04= 

Tot r .99 .97 .93 • 8:9 
Hard p .·00 .01 .07 . 04 

n 5 5 4 5 

Tot 
Hard NCH Mg++- S04= 

Ca++ r .·99 .93 .93 .92 ~ 

p .00 .07 .02 .03 
n 5 4 5 5 

' 
-~~ 

j 

'.l 
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; 
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T4blo El (Continued) 

Mg++ r 
p 
n 

H20 r 
Depth. p 

n 

T 

Mn++ 

NCH 

r 
p 
n 

r 
p 
n 

.... . .... 
p 
n 

Tot 
Hard 

.97 

.01 
s· 

c 
Depth 

1. 00 
.• oo· 

6 

H20 
Depth 

.99 

.01 
4 

Cl-

.98 

.02 
4 

S04= 

• 98 
.02 

.4 

Ca++ 

.• 93 
.02 

5 ... 

T 

.99 

.01 
4 

c 
Depth 

.99 
·• 01 

4 

sb4= 
.• 85 
.07 

5· 

Cl-
.94 
.06 

4 

Sp 
~'Day . cond 

.86 .82 

.03 • 04 
6 5 

-~" " ~·· 

Tot Sp 
Ca++. Hard Cond 

.93 .93 -.82 

.07 .07 .09 
4· 4 5 

(\.) 

0\ 
(\.) 
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,y 

Table El (Continued) 

Well 2a 

Sp .c H20 
Cl- Cond Depth Depth pH-

Day r -.81 .80 .64 .62 -.56 
p .00 • 00 • 02 .03 .06 
n 11 12 13 12 12 

Day S04= 
-. 

~80 ' Sp • 7;0 ? r 
I Cond p .00 • 02 ~ 
~ 

12 11 f, n :!:: 
t~ ,,_ 
" \.(}JJ 
}( 

Tot .tv 
'1-

Fe Cl- ·Depth Ppt Day m 
w 

pH r . 81 .61 -.61 .57 -.56 
p .00 .04 .04 ~OS .06 
n 11 11. 12 12 12 

c H20 
Day Ppt pH Depth Mg++ Depth 

C1- ·r -.89 .67 .'61 -.59 -.58 -.55 
p .oo ·• 02 .04 .os .06 .08 
n 11 11 11- 11 11 11 



'!{ 

1 
I Table El (Continued) 1 
i 
' 
l 
l ·TOt 

·j NCH Ca++ Hard Ppt 

A1k r .;...7~ .63 .62 -.61 l 
p .60 . 04 .04 • 05 . 
n 11 11 11 11 

Sp ·Ex 
COD Cond Ca++ A1k·· 

S04= r ..;.93 .70 .53 -.53 
'0 
"' 

.• 07 • 02: .08 .08 
::1 4 11 12 12 

Tot Ex 
Fe. A1k Ppt "' 0"1 

.},· 
~ -""' N03- .-.· 66 .• 56 ~ .·5~·r t· r c~' 

~~ p .04 .08 .08 ;. 

f; n 10 11 11 ~-· 

~; 
"/ .. • 
'(!:I 

'Ppt >f:; pH N03-., 
:~! 

I Tot r .81 -.66 .53 
"" Fe .00 • 04 .07 . p 

n 11 10 12 

S04= 
~'l COD r -.93 
·•. .07 r- p 

n 4 

-~ 

' 

. . . - .,; ...,....,.....:_,., . ...,..,_...,.;......,...._.~ 1 
. . . . - ~l'ili11f£L41iCF M~'*¢¥i!aii-!!l»-"""""'m"Ji1l\14.'**.<;,¥ . ··~· ". - . ' . . 

·.· ;;- ·,~~,~~'i'~~'{~~tu;~;;£,~,._. • .... , •I ·'""'~;;o, ', ... 
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Table El (Continued) 

Tot 
Hard 

Ca++ 

Mg++ 

r 
p 
n 

r 
p 
n 

r 
p 
n 

H20 r 
p 
n 

T r 
p 
n 

Ca++ 

.76 

.00 
12 

Mn++ 

-.91 
.03 

5 

Ca++ 
Mg++ 

-.93 
.00 
12 

c 
Depth 

.80 

.oo 
12 

Tot 
.Hard 

-.65 
.06 

9 

H20 c 
Depth Depth 

.69 ~68 
• 02 .02 
111 12 

Tot 
Hard A1k 

.76 • 63 

.oo .04 
12 11 

Cl- Ca+t 
\,.; lA' 

-.58 -.57 
.06 .05 

11 12 

Tot 
Hard Day 

.69 .62 

.02 .03 
11 12 

. ·. ; ·" ' 

T 

-.65 
.06 

9 

Mg++. 

-.57 
.05 
12 

Ca++ 

.55 

.08 
11 

,. ' ..... ..,, "'• 10> ~.: •'1"'·'•"1-•~ .. ~~or, .. --.,.....-•V"'·.-·""-..,.•.-··rr-- ·-~~,..., .,.·.-..- ,,.,,_~---~-..;;o.';T',' ~-• • 

A1k 

.62 

.04 
11 

H20 Ca++ 
Depth Mg++ S04= · 

.55 .54 .53 

.os· ' . 07 .• OB 
-11 12 12 

tv 
0'1 
U'1 

C1-
' ' 

-.55 
.08 
11 

' .. ·~·-· .. , ..... · •"' ·-·· ... ·- ···'""" -- ' "'"'''' ... 



, 
f 

·' 
Ta.blc El (Continued) : 

Ca++ 

Mn++ r -.91 
p .03 
n 5 

Tot 
C1- A1k pH N03~ FE~ 

Ppt r .67 -.61 .57 -.55 .53 
p .02 • OS • OS· .08 .07 
n 11 11 12 11 12 

Ex 
A1k A1k 

~CH r -.78 -.65 
N 

p .oo .03 
0'\ 
0'\ 

n 11 11 
.;~! 

NCH .N03- 504= 

Ex r -.65 .56 -.53 
A1k p .03 .08 .08 

n 11 11 12 

Mg++ Ca++ 

Ca++ r .93 .54 
Mg++ p .oo .07 

n 12 12 



' ~· 

·~. 

Table El (Continued) 

Well 2b 

Day 

5p 
Cond 

pH 

A1k 

504= 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

504= 

-.97 
.00 

5 

504= 

-.99 
.01 

4 

504= 

.90 

.10 
4 

N03-

.99 

.01 
4 

5p 
Cond 

-.99 
.01 

4 

Mn++ 

-.91 
.09 

4 

c 
Depth 

.81 

.09 
5 

Day 

-.86 
.06 

5 

NCH 

-.97 
.04 

4 

Day 

-.97 
.01 

5 

. ·-.. ~· 

•.rot Tot 
NCH pH Hard Fe 

. ·-. 90 -.86 -.86 -.74 
.04 .06 .06 .09 

5 5 5 6 

H20 
Depth 

-.81 
.10 

5 

H20 
Dep"L~h rv 

m 
-...! 

.83 

.08 
5 

Tot 
Mn++ pH Ca++ Hard 

.93 .90 .81 .81 

.07 .10 .· .10 .10 
4 4 5 5 

' .. -~ ,, - --. ·~··':' 
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:i 

Table El (Continued) 

A1k NCH 

N03- r .99 -.9S 
p .01 .02 
n 4 4 

Tot 
Mg++ Hard Day 

Tot r .93 .83 -.74 
Fe p .02 .08 .09 

n 5 5 6 

H20 ,._;If, Tot 
NCH Depth Fe S04= Day 

Tot r .91 .91 -.86 .. 83 .81 
Hard p .09 .03 .06 •· 08 .10 

n 4 5 5 5 5 

Mn++ S04= 

Ca++ r .96 .81 
p .04 .10 
n 4 5 

·.·-· .. ·-----..;.._;.---·----· . . .. 

IV 
0'1 
(X) 
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Table c:·1 (Continued) 

Ca++ Tot 
Mg++ Fe 

Mg++ .r -.93 .-93 
p !02 .02 
n 5 5 

Tot Sp 
NCH J-Iard pH Cond 

H20 r .93 .91 .83 -.81 
Depth p .02 .03 .08 .10 

n 5 5 5 s 

NCH 
.. 

Ca++ S04= .Day 
Mn++ r 1.00 • 96 • S3·; -.91 

p .OS .04 .07 .09 
n 3 4 4 4 

H20 Tot. 
Mn++ N03- Alk Depth Hard Day 

NCH r 1.00 -.98 -.97 .93 .91 -.90 
p .OS .02 .04 .02 .09 .04 
n 3 4 4 5 4 s 

Mg++ 

Ca++ r -.93 
t·1g++ p .02 

n s 

. . : . ' 

'joe 1 

"' 0\ 
\0 
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. r Table El (Continued) 

1

1 

·.j Well 2c 1 

·' 

' 

i 

~· 

·Day 

Sp 
Cond 

Alk 

S04= 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

Alk 

.96 
• 04 .. 

4 

N03-

-.90 
.10 

4 

Ex 
Alk 

.96 

.04 
4 

NCH 

.98 

.02 
4 

Mg++ 

-.95 
.01 

5 

Day 

.96 

.04 
4 

Tot 
Hard 

• 88. 
· .. OS 

5 

Tot 
Hard 
-. 92 .. 

.03 
5 

··;~ 
.~= 

Ca++ 

.85 

.07 
5 

T 

.91 

.09 
4 

Day 

-.84 
.o8 

5 

NCH 

-.88 
.OS 

5 

Mn++ 

.83 
··• 08 

5 

S04= 

-~84 
.08 

5 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 
~, 

___ _ -~- . r~ 
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f 
¥ 
I. Table El 

. N03- r 
p 
n 

Tot r 
Hard p 

n 

Ca++ r 
p 
n 

Mg++ r 
p 
n 

H20 r 
Depth p 

n 

(Continued) 

Sp 
Ca++ Cond 

-.99 -.90 
•. 01 .10 

4 4 

NCH Day 

1.00 -.92 
.oo .03 

4. 5 

Tot 
N03- Hard 

-.99 • 89 
• 01 . •. 04 

4 5 

Ca++ 
Day Mg++ 

-.95 .-. 90 
.01 .04 

5 5 

c Ca++ 
Depth Mg++ 

1.00 .96 
• 00 .o1 

6 5 

Ca++ 

.89 

.04 
5 

Mn++ 

.85 

.07 
5 

Tot 
.Hard 

.82 

.09 
s· 

S04= 

.. 88 

.OS 
5 

S04= 

.85 

.07 
5 

Mg++ 

.82 

.09 
5 

--·-----~ o r} ••«>--- --· 

(\) ..., 
..... 

. ~- ' 
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Table El (Continued) 

Ex 
Alk Day 

T r 1.00 .91 
p .oo .09 
n 3 4 

Ca++ S04= 

Mn++ r .85 .83 
p .07 .08 
n 5 5 

£ Tot t ... : t~;, • Hard S04:;:: Day N. 
...J 

NCH 1.00 .98 -.88 
N 

r 
p .oo .02 .OS 
n 4 4 5 ,, 

'' ~: 
T Alk 

~~ Ex r 1.00 .96 
~· . A1k p .00 .04 ; 

t 
~ 

t 
n 3 4 

c H20 
Depth Depth Mg++ 

Ca++ r .96 .96 -.89 
Mg++ p· .01 .01 .04 

n 5 5 5 

. ~~. -. 
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Table El 

Well 2d 

Day r 
p 
n 

C1-

A1k 

504= 

Tot 
Fe 

r 
p 
n 

r 
p 
n 

r 
p 
n 

(Con tin.ued) 

T NCH 

.95 ~.94 

.OS .02 
4 5 

T 

-.99 
.10 

3 

NCH 

-.92 
.08 

4 

T 

-1.00 
.01 

3 

T 

·.-. 97 
.03 

4 

Tot 
Fe 

.96 

.01 
5 

S04= 
.96 
.01 

5 

Tot 
Fe 

_; .: 89 
.02 

6 

Day 

-.86 
.06 

5. 

Tot 
aard 

.95 

.02 
5 

• ·504= 

-.86 
.06 

5 

·Tot 
Hard 

. 82 

.09 
5 

MCH 
.91 
.03 

5 

Ca++ pay 
.90 -.89 
.04 .02 

5 6 
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Table El (Continued) 

Tot 
Fe Ca++ 504= 

Tot r .95 .92 .82 
Hard p .02 .03 .09 . ~ 

n 5 5 5 

Tot Tot 
Hard Fe 

Ca++ r .92 .90 
p .03 .04 
n 5 5 

c 
Depth .,f ~- 1\) ..., 

H20 r 1.00 ~ 

Depth p .oo 
n 6 

Tot 
504= C1- Fe Day NCH 

T r -1.00 -.99 --.97 .95 -.94 
p .01 .10 .03 .05 .06 
n 3 3 4 4 4 

Tot ~ 

T Day A1k Fe 

NCH r -.94 -.94 -.92 .91 ~~ 
.I 

.06 .02 .08 .03 'l,: p 
n 4 5 4 5 ;l 

,'. • 1'". • 
·--~---....,..._._- ~ ..... ---·<r'" .... __ ~-:--~·~,......._.. ... ~,·-~·-..-...,.-_ _,...,. ,. .. ...,... ........ -... __._,.. ... ,..,. _ .. ---· ... - ...... ,_ 



Table El (Continued) 

Well 3a 

· C1-.. pF. 
Day r· -. 78. ..;.75 

p .• 00. .01 
n 11 12: 

Mn++ Ca++ 

Sp r .95 '. 80 
Cond . p. .OS .. oo· 

n .. 4 11 

COD Day 
pH r -.96 -.75 

p .04 .01 
n 4. 12·. 

Day pH 

Cl- r -.78 .57 
p .oo .07 

·n 11 11 

c H20 
Depth · Depth 

.68· .•. 66 
.. 01 • 02 
13 ·12 

Tot Tot 
Fe Hard 

- .• 59 .56 
~ 06 . ·• 07 
11 11 

,.: ,g, 

.. Ca++ C1-
: 

~63 .. 57' 
.04 • 07 
11 '11 

S04= 

-.so 
~ 1o· 
12 

S04=· 
..• 55 

• 08 . 
11 

·Tot 
Hard 

.53 

.10 
11 

•'' I .. 

IV 
-..I 
V1 

I 
i -, 



" :\ r -- ------ -------- ---~-----..,..., ----~-.. ------·"~---·· -·---~---- -.. 
I Table-El (Continued) 

A1k 

504= 

Tot 
Fe 

COD 

Tot 
Hard 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

NCH 

-.81 
.00 

11 

Ca++ 

.86 

.00 
12 

5p 
Cond · 

-.59 
• 06 
11 

pH 

-.96 
•. 04 

4 

NCH 

. 84 

.00 
11 

504= 

-.72 
• 01 

11 

NCH 

.• 84 
. 0 00 

11 

:Mg++ 

.80 

.00 
12 

T 

.61 
• 08 . 

9 

Tot Sp 
A1k Hard Cond Day 

-.72 .71 .55 -.so 
.01 .01 .08 .10 
11 12 11 12 

5p 
504= Ca++. Cond pH 

.71 .70 .56 .53 

.01 .01 .07 .09 
12 12 11 11 

. :~ ·" . 
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Table El (Continued) 

Ca++ r 
p 
n 

Mg++ r 

H20 
Depth 

T 

p 
n 

r 
p 
n 

r 
p 
n 

S04= 

• 86 
• 00 
12 

Ca++ 
Mg++ 

-.84 
.oo 
12 

c 
Depth 

1.00 
.oo· 

12 

Mn++ 

.99 

.07 
3 

Sp 
Cond 

• 80 . 
.00 
11 

Tot 
Hard 

.80 

.00 
12 

Day 

.66 

.;02 
12 

A1k 

.61 

.08 
9 

Tot 
Hard pH NCH Ppt 

.70 .63 .62 .58 

.01 .04 .04 .05 
12 11 11 12 

NCH 

~62 
• 04 
11 

l\J 
..,J 
..,J 

\..;2, 
Ppt 

-.55 
.06 
12 

Ex 
A1k 

.61 

.08 
9 

.. '· .· :- :' ' 

. . . ... . ... ·. .. . . .. ..... . .. -·-~ . -~J 
.. ~ .. ,....,. 3Jl.<i&-~~~iJ!lfM\W4$)l,i:t•il%&.$~.&ft.l>i!!St:li~LW~t!Si.¥JiiiitJ::!fl'IW¥;1Siii.ii$4.l!P$.QJ$it4!Sl~¥L;t'if.>!ffl~~~-~, . · ., 



'• 

·, 

~: 

";f 

,, 
f 

.? 
' 

j 

1 
! 

I 
Table 

Mn++ 

Ppt 

NCH 

Ex 
A1k 

Ca++ 
Mg++ 

El 

r 
p 
n 

r 
p 
n 

..... .... 
p 
n 

r 
p 
n 

r 
p 
n 

(Continued) 

Sp Ca++ 
T Cond Ppt Mg++ 

.99 .95 -.92 .84 

.07 oc: .. -· .03 .08 
3 4 5 5 

c H20 
Mn++ Ca++ Depth Depth 

-.92 .58 -.58 -.55 
.03 .05 . 04 .06 

4 12: 13 12 

Tot 
S04= Hard A1k Ca++ Mg++ 

"" .84 .84 
.oo .oo 

-..I -. 8] ': .62 .62 co .oo .04 .04 
11 11 11 11 11 

T 

.61 

.08 
9 

Mg++ Mn++ 

-.84 .84 
·• 00 .08 

12 5 

,4 

'- . · s I.We&.i\i!lJ$~.il!lll~~ ~11'\!li1-:::<•~s "''-!:J..,~i"'il"·'·lh-.} ''-1!!1'-"'-~~- -~h"'3'!t/'--~•"BJ·J. -4e .•• . "' .. _ .. t!-·S?bSflfAfJ?+i*LWit\F•~~~~~W~,.~M!IJJ!'!WAAW.!tQ~+. ... ~®G$2t¥€t;tf41i..?O\"':'Jt!£W4~~e.st.i¢$tttt· .. - -' ··- .. · ·· · ~- · -~ -""-~---~ '" ·- :~ ·--" .. _ . 
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J 
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i. 
'·'· 

., 

Table El 

Well 4a 

Sp ·r 
Cond p 

n 

Cl- r 
p 
n 

Alk r 
p 

.n 

S04= r 
p 
n 

(Continued) 

N03-
. -. 99. 

• 10. 
.. .. ' . 

3 ... .. 
. ·. 

.. 

·Tot 
·Hard Alk 

1.00 1.00 
• 02 .OS 

3 3 

HC03-· Ca++ 

1.00 1.00 
.oo • 01.' 

3 3 

Mg++ 

1.00 
.04 

3 

.. •.:·; 

.. ·· .. 
, . 

. -
' . 

, .. · 

Ca++ 

1.00. 
• 06 . 

3 
~: .. ~ .... Tot N 

-..J 

. Cl:- Hard \0 

1.00 .99 
.OS ·• 07 

3. 3 

.... :.·- .. 

. .. . . . . 
. • ·:;:--.:.,~.: ..... :···:·~~.:::~ :..;._4· ..... -:·.:~(.·" ·-~· .. ~:·;""'~ 

'\- _____ ..,.__._ ---. 



\ 

' Table El (Continued} \ 

\ 
Sp 

NCH Cond 

N03- r -l. 00 -.99 
p .03 .10 
n· 3 3 

C1- A1k Ca++ 

Tot r 1.00 . 99 .99 
Hard p .02 .07 .08 

n 3 3 3 

Tot 
A1k C1- Hard r-J 

CX) 

Ca++ r 1.00 1.00 .99 0 

p .01 • 06 • 08 .. 
n 3 3 ·:3'·'. 

S04= 

Mg++ r 1.00 
p .04 
n 3 

N03-

NCH r -1.00 
p .03 
n 



Table El (Continued) 

Well Sa 

Day r 
p 
n 

Sp r 
.cond p 

n 

pH r 

C1-

A1k 

p 
.n 

r 
p 

. n 

r. 
p 
n 

c. 
Depth 
-.85 

oOO 
13 

Day 

.71 
• 01 . 
12 

504= 

-.63 
.OS 
10 

c 
Depth 

.58 
• 06 
11. 

COD 

.99 

.01 
.4 

Sp 
A1k Co rid .S04= 

·• 74 .:11 -.61 
.01 .01 · •. 04 
11 12 12 

Ex 
·A1k 
.57 
.07 
.11 

. ~ ...... , 

S04= 

• 55 .. ·. .. 
.• 08 .. 

11 

Day· .. 

. ;. 74 .. 
.01 

:_ 11. 

... · . 

Ex 
. : Alk 
.• 69. 
· .• 02 

· .. · .. 11 

•Ppt 

-.67 
.• 02 
·. 11 

::r~:=:--:-~.-~i~~::.: ·. -
·~ . ...: . ~- ~. ~ .. · ··-:; .... ·!·~·':'1'.! 

..,,_--.-•-·._,......--.... ........... · ~a;:IA. a • ,__. __ .... ..,_ ... ~.=·· 

H20 
Depth 
- •. 54: 

.07 
12 

.c 
Depth 

.-.67 
.03 
11 

S04= 

-.61 
.04 
11. 

N03-

-.55 
.08 
11 

"' co 
~ 

': ~ 

-·-~-· ~-- --- ' 
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Table El (Continued) 

c Tot 
COD .Mn++ Depth Fe pH A1k Day C1-

S04= r -.98 -.88 .80 -.74 -.63 -.61 -.61 .55 
p .02 .OS .oo .01 .OS .04 .04 .08 
n 4 5 12 11 10 11 12 11 

-H20 
Mn++ Oepth . · A1k 

N03- r 1.00 .66 -.55 
p • 00 • 0:: . .08 
n 4 11 11 

Mn++ ·S04= 

Tot r .96 -.74 
Fe p .01 • 01 ~- ,;.'; . 

1\J 
n 5 11 00 

1\J 

c 
A1k S04= Depth 

COD r .99 - .·98 ~.97 

p .01 .02 .03 
n 4 ·4 4 

Ca++ 
Ca++ Mg++ Ppt M3'++ 

Tot r .97 .64 .61 .so 
Hard p .oo .02 .04 .10 

n 12 12 12 12 

Tot Ca++ 
3ard ,t.1g++ Ppt 

Ca++ r .97 .69 .63 
p .00 .01 .03 
n 12 12 12 



~~ • ~.'9!1. ~ ':·· -tto:r : 

~· 

( 
I 

Table El. (Continued) 

Mg++ r 
p 
n 

H20 r 
Depth p 

n 

Mn++ . r 
p 
n 

Ppt 

Ex 
A1k 

r 
p 
n 

r 
p 
n 

Tot 
Hard 

.64 
• 02 
12 

Mn++ 

.99 

.01 
4 

N03-

·l.OO 
.oo 

4 

A1k 

-.67 
.02 
. 11 

A1k 

.69 

.02 
11 

Ca++ 

Ca++ r • 69 
Mg++ p • 01 

n 12 

. ·. 

N03-

.66 
•. 03 

11 

'H20 
Depth 

.99 

.01 
4 

.Ca++ 

• 63. 
.03 
12 

Sp. 
Cond 

.57 

.07 
11. 

S04= 
HC03-

-.56 
.07 
11 

c 
Depth. ··Day 

. ~56 -.54 
• 06. .07 
12 12 

Tot 
Fe S04= 

.96 -.88 
• 01 e~ .OS IV s· 5 (X) 

w 

Tot 
Hard 

• 61 . 
.04 
12 

; 

Tot· 
Hard '· 

, . 
. so ' 

.10 . 
12 . :' 

~. 

. . . .• . . 
;;'. •)':'f"-~-r-'·""!'-''' _., .. 
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Table El (Continued) 

Well 7a . 

Day 

Sp 
Cond 

pH 

Cl-

Sp 
Cond 

r -.78 
p • 02 
n 8 

r 
p 
n 

r 
p 
n 

r 
p 
n 

Day 

-.78 
.02 

8 

Tot 
Fe 

-.96 
.00 

6 

pH 

.80 

.02 
8 

pE 

-.75 
.03 

8 

Ca++ 
Mg++ 

-.81 
.02 

8 

. Tot 
Fe 

-.74 
.09 

6 

H20 

.. -.- -·-·-,---~~~-~..,.,._, ..... _,,.,.,.,....,._~_,~,,.,.,~:>>nl!il;!l'IO!>~·.,....;, ...... .,_~,l"!:Alij.-·: . .,.....,~.~· ·~··"<!··{ 
' 

Cl­

-.69 
.06 

8 

Cl-

.80 
• 02w 

B 

Day 

-.69 
.06 

8 

Day 

-.75 
• 03 

8 

Ca++ 
Mg++ 

-.65 
.08 

8 

Mg++ 

.64 
tv 
00 

.09 ~ 

8 

Mg++ 

.. 65 
.03 

8 

N03-. 

• 85 
.02 

7 

Depth 
S04= r 

p 
n 

.66 

.07 
8 

. f 
[ 

I 
I 
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) ' I 
I Table El (Continued) 
I c H20 

Mn++ T S04= Depth Depth 

N03- r -1.00 -.86 ~ 85. .67 .67 
p .03 .03 .02 .• 10 .10 
n 3 6 7 7 7 

Ca++ 
pH Mg++ C1-

Tot r -. 96"· .77 -.74 
Fe p .00 .04 .09 

n 6 7 G 
h 

·;; 

NCH l-1g++ Ca++ ~; 
~:i 

Tot r .95 .90 .59 ~ 

Hard p .oo .oo .09 .. ~ 

"' \ 
n 8 9 9 00 ~~ 

01 

··. 
Tot ~ l 

Hard ~ ' 

~: 
>: 

Ca++ r .59 .0: 

p .09 
n 9 

(i 

Tot Ca++ !:~ 
NCH Hard Mg++ C1- pH .... 

;· .. 
IJ! 

Mg++ r .92 .90 -. 80· .65 • 64. 
., 

p .00 .00 .01 .08 .09 
n 8 9 9 8 8 

.. 
c ~-; 

·oepth N03- S04= ., 

H20 r 1.00 .67 .66 
Depth p .00 .10 .07 -~ n 8 7 8 



i 
' 

I 
Table El (Continued) 

j N03-

T r -.86 
p .03 
n 6 

N03-

Mn++ r -1.00 
p .03 
n 3 

c 
Depth 

Ppt r -.63 
"' p .10 00 
~ 

n 8 
,._.: ,;~~ 

Tot ca++ 
::;., Hard Mg++ Mg++ 7'!.,' ·p 

NCH r .95 .92 -.77 ·..:, 

:i: p .00 .oo .03 

I n 8 8 8 . 
-~:;' 

Tot ~ 
~.: . pH Mg++ Fe NCH C1-

Ca++ r -.81 -.80 .77 -.77 -·. 65 
Mg++ p .02 .01 .04 .03 .08 

n 8 9 7 8 8 

'•, 
i . 
'¢·~· , 



Table El (Continued' • 

Well 7c 

Day· r 
.P 
n 

Sp . r 
Cond . p 

n 

pH r 
p 
n 

Cl- r 
p 
n 

Alk r· 
p 
n 

C1-

.99 

.10 
3 

Mn++ 

1.00 
.04 

3 

-N03-
1.00. 

• 03 . 
3 

Tot 
Fe 

.99 

.10 
3 

S04= 

-.99 
.09 

3 

pH 

-~94 
...• 06 

4 

. Day 

~93 
.07 

4 

· Tot 
.:Hard 

• 99 
• 07 
.3 

.oay 
• 9S' 
.10 

3 

Sp Ca++ 
NCH Cond Mg++ 

-.93 •• 93 .93 
..• 07. .07 • 07. 

4 4 4 

c 
NCH Day· Depth 

.. 
.98 -.94 .93· 

.• 02 .06 ~07 ,. 
~-;, .. 4 4. 

_Mg++ 

·.-. 93 
..07 

4 

H20 
Depth 

.• 93 . 
.07 

4 

Tot-
Hard 

-~90 
.· .10 

4 

H20 . 
Depth 

-.84· 
.08 

5 

· .... 

c 
Depth 

. -. 84 
• 08. 

5 



.~. 

I 
I 
f 
! 

Table 

S04= 

N03-

Tot 
Fe 

Tot 
Hard 

Ca++ 

El 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

-~Continued) 

Alk 

-.99 
.09 

3 

NCH pH 

1.00 1.00 
.01 .03 

3 3 

Cl-

.99 

.09 
3 

NCH No3.:. 

1. 00 1.00 
.03 .04 

3 3 

H20 c 
Depth Depth 

.:90 .90 

.10 .10 
4 4 

Tot 
Hard. Mg++ 

1.00 .99 
.04 .09 

3 3 

"' co 
co 

~·i!J 
C· H20 

.pH Mg++ Depth Depth· Day 

.99 • s·9 .90 .90 -.90 

.07 .01 .10 .10 .10 
3 4 4 4 4 

. 



{ 
Table El (Continued) 

NCH N03- · 

Mg++ r • 99 .99 
p .07 .09 
n 3 3 

c 
Depth NCH 

H2·o r 1.00 .98 
Depth p .oo ~02 

n 5 4 

Sp 
Cond 

. Mn++ r 1.00 
p • 04 
n 3 

Tot 
N03- Hard 

NCH r 1.00 1.00 
p • 01 .03 
n 3 3 

Day 

Ca++ r .93 ----~g++ p .07 
n 4 

Tot 
Hard 

• 99 . 
.01 

4 

Tot 
pH· Ca++ Hard 

.93 .90 .90 

.07 • 10 .10 . 
4 4 4 

. ~;; . 

C· 
Mg++ pH Depth 

.• 99 .98 .98 
.07 .02 .02 

3 4 4 

Day 

-.84 
.08 

5 

H20 
Depth Day 

.98 -.93 

.02 .07 
4 4 

"' co 
\0 

.. . ' ~ . . ·~ 

. ~· 

·, 

'.:l. 
1 . ·1. 

. § 

Ll ,.i 
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Table El 

Well Sa 

Cl- r 
p 
n 

Alk r 
p 
n 

S04= r 
p 
n 

N03- r 
p 
n 

.. :. ... ~ ... _,. - ... -- -.... .,. 

(Continued) 

N03-

.99 

.01 
4 

c 
Depth 

-.96 
.04 

4 

NCH 

1.00 
.oo 

4 

Tot 
Fe 

1. 00 
.06 

3 

Ca++ 
Mg++ 

-.90 
.10. 
'4 

Ca++ 

1.00 
.oo 

5 

Cl-. 

.99 

.01 
4 

··:, ~ ,'­
oz::::::::s_ 

~,. 

!,. ~ 
'·· 

"' Tot ,.:tl?l Tot 1.0 

Hard Mg++ Fe 0 

.99 .98 .94 

. oo • 00 • 06 . 
s· ·s 4 

.GCCUJ\!:!:Z:W:UUJJL . S:-. 0-QlLb' . .,t . 
eae!lSi:t.! ww n;w .. 



I , 
Table El (Continued) 

r 
' 
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Table El (Continued) 

H20 
~epth 

T 

NCH 

HC03-· 

Ca++ 
. Mg++ 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

NCH 

.95 

.01 
5 

Ca++ 
Mg++ 

1.00 
.03 

3 

S04= 

1.00 
.oo 

4 

A1k 

1.00 
.oo 

4 

T 

1.00 
.03 

3 

Ca++ · 

1. 00 
.01 

4 

c 
Depth 

-.97 
• 03 

4 

Alk 
-.90 

.10 
4 

.-~ -. "• 

·Tot 
Hard Mg++ 

.99 -& .96 

. op· . 04 
4 4 

. ::a++ 
Mg++ 

-.91 
.09 

4 

H20 
Depth 

.95 

.01 
5 



Table El (Continued)· 

Well 9a 

Day 

Sp 
Cond 

pH 

r 
p· 
.n 

r 
p 
n. 

r 
p· 
n. 

r 
p 
n 

A1k r 
p 
n 

T 

.• 99 
-~_01 

4 

· H20 
Depth 

-.83 
•' 

.08 
5 

Mg++ 

-. 97 
.03 

4 

pH 

. 90 
• 10 

4 

·NCH 

-. 90 
.10 

4 

c . 
· Mg++ . Depth 

. . . . 
·. -. 81_ • 76 -

:.09-.' . o08· 
5 6 

,·· 

Ca++ 
Mg++ C1~ 

\:' . 92 0 90 ~ 
0 08 .• 10 

4 ·4 
~ .. ,. 

.. . : .. 

... 

S04= 

-.90 
.10 

4 

·.· ::: :· 

::!. 

·.· .. 

. · .. 

-" 

. .,.·.·· 

_r 

:' • !f 



Table Ei (Continued) 

NCH Alk 

S04~ r 1. 00 -.90 
p .00 .10 
n 4 4 

Mn++ 

N03- r .92 
p .07 
n 4 

T 

Tot r -1.00 
,..· ;-:1 

Hard p .06 1\J 

n 3 
\0 
~ 

Ca++ 
pH Mg++ Day 

Mg++ r -.97 -.96 -.81 
p .03 .01 .10 
n 4 5 5 

Sp 
Cond 

l H20 r -.83 
Depth p .08 

n 5 

1 
I I 

f 

' t .... .. - .... - .. _........ '_,._ --· .... ,.,. •... ~·..,:: ~- .· ..... ~ ..... ,~-~- ... 
~----v-.·-':;·,;.-. ,,;.:_=.~--~ 

-----· ........... -. 



1 
I 

Table 

T 

Mn++ 

NCH 

Ca++ 
Mg++ 

El 

r 
p 
n 

r 
p 
n 

r 
p 
n 

r 
p 
n 

(Continued) 

Tot 
Hard Day. 

-1.00 • 9.9 
~.06 .. ..• 01 

3 4 

N03-

• 92 ;. 

• 08 
4 

S04=· A1k 

1.00 -. 90 ·. 
.oo .10 

4 . 4. 

Mg++ pH 

-.96 .92 
.01 .oa 

5 4 

1 

1 

1 

.. 

... 

.. .. 
... 
.... 

' . ~·e.. 

- -

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Table E.2. 

Coal Creek 

Day 

Sp 
Cond 

pH 

Cl-

Alk 

r 
p 
n 

r 
p 
n 

r 
p 

·. n 

r 
P. 
n 

r 
p 
n 

ICP surface water correlations 

Cl-

.61 
• 04. 
12 

Mn++ 

.99 

.08 
3 

Cl­

.74 

.02 
10 

pH 
.. 74 

. 02 . 
10 

Sp 
Cond 

.83 

. 00 
11 

Alk 
.. 

• 53 
.08 
12 

A1k 

.83 

.00 
11 

Day 

.61 

.04 
12 

T 

-.75 
• 03 

8 

Ca++ 

.51 
.• 06 . 

12 

.T 

-.69 
.04 

9 

·SJ 
~ 

Ppt 

-.68 
• 02 . 
12 .. 

Ca++ 
Me;++ 

.so 

.07 
14 

Ppt 

-.66 
.:02 
12 

Tot 
Fe 

.62 

.10 
8 

•i --~ ..... "~~~~ • ..:- ...... ,_ ·- ·:·,~-:~;t~:~_::v 
. ~""" -~-- ""' ... --.-~ 

Day 

.53 

.08 
12 

~ 
\0 
0\ 

I 
~-

[ 

·' ·- ~ .... ,_....- •. ""!•U"''"' •• """:·'' ~~"·,--.~""':' 

__ .. __ =--·~ .. - ·~ __ .. -· 
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' 1 Table E2 (Continued) 
~' 

Tot 
,. NCH Hard Ca++ Mg++ Ppt 
,; 

'; S04= r .93 .91 ._89 .80 -.52 ·I 

p . oo· .oo .oo .00 .• 07 
n 12 13 13 13 13 

Mn++ 

N03- r -.99 
p .08 
n 3 

A1k 

Tot r .62 
Fe p .10 N 

n 8 \0 
.: i:.;.) -.J 

" NCH Ca++ S04= Mg+..:i.. Ppt 

Tot r .96 .95 .91 .86 :-.54 i Hard p .oo .oo .oo .oo .05 
n 12 14 13 14 14 ~ 

Tot 
Hard NCH S04=.· Mg++ Day 

-Ca++ r .95 .92 .89 .67 .51 
p .oo .oo .oo .a:. .06 
n 14 12 13 14 14 

-
Tot 

NCH Hard S04= Ca++ ·r Ppt 

Mg++ r .88 .86 • 80 .67 -.66 -.51 
.00 .00 .00 0-, .08 .07 p . ' . -

n 12 14 13 14 8 14 



I 

~ . .;.~"'"""'""""' ·>·· • .,, ... ,,~"··--· ..,..,_, . ..,...,....,....,_ .•.•.• ~~.·._.~--~-··~·-"·'"-··--··•·"''.._,.,._......,_,...,...~.--·"~"'· •· ----·-·; •. .,., .....,......,..."""·C. 

I 

Table E2· (Continued) 

Sp 
Alk Cond Ppt Mg++ 

.T r -.75 -.69 .69 -.66 
p .03 .04 • 04. .C8 
n 8 9 9 ·8 

Sp 
Cc·nd N03-

Mn++ r .99 -.99 
p .08 .08 

1 
n 3 3 

I Sp Tot ' ... ;~; 
T Alk co ncr NCH Hard S04= Mg++ "' \0 

Ppt r .69 -.68 -.66 :....54 -.54· -.52 -.51 co 

p .04 .02 .02 .05 .05 .07 .07 
n 9 12 12 13 14 13 14 

Tot 
Hard 504= Ca++ Mg++ Ppt 

NCH r .96 .93 . 92. • 88 ~-54 
p .oo .oo .oo .00 .06 
n 12 12 12 12 13 

Day ·. ; 

Ca++ r .so 
Mg++ p .07 

n 14 

. . 
-~~· :. .. ~..:.....~ u ... .:'O"".•"'"•·~' ~-"'"''·~···•• 

·: . . -. ~.-..":o.w..•~·- . -'~~ 



I ·, 

\ . . ,·. ·. . , . " . -· ... .. - .. . . ' , .. . . . . . . ·• I 
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' : 

Tot 
S04= Hard Ca++ Mg++ NCH pH T Ppt 

Sp r .88 • 84 .84 .83 .79 -.78 -.69 -.55 
.Cond p ;,()0 .00 .00 : • 00 ' .01 .00 • 04 .08 

n 10 10. '·10 : .·' 10 
~ill; -.:-

10 11 9 11 

Sp Tot 
Alk .cond Ca++ .'.Hard 

Tot (\.) 

S04= Fe 
,; 

Mg++ NCH Day \D 
\D 

pH .r ~ S:4 · ~.78' -.78 
.. 

. -. 77 ·-.73 -.73 -.68 -.67 -.59 
p ' • 00 ;.00 .• 00 .• 01 .• 01 .01 .02 .02 • 07 ~.. : 

n 10 11 11· 11 11 11 11 12 10 

Ca++ 
Mg++ N03-

C1- r • 78 ·. -.64 
P. • 01 .06 
n 10 9 '. 

pH Day .. 

A1k l;" '. 84 -.59. 
p • 00 .08 
n 10 . 10 

,· . ... ~.,.··"' 
' ' ' 

.-- -..-_..~.- ..... ~· .. -:""P - •.. , .... _,_.. 



I 
4. 

-~··~-;.1:-.-..'.0-"'""'~'"~~~-.o::"'!'-~Jii,~,bt__......~ ... .m"!·~~~~~. 
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~ Table E2 (Continued) 

' 

Tot Sp 
NCH Ca++ Hard Cond Mg++ T Day pH Ppt 

S04= r .97 .93 .91 .88 .87 -.86 •. 82 -.73 -.62 
p .oo .00 .oo .00 .00 .01 .oo .01 • 04 
n 10 11 1i 10" 11 8 11 11 11 

Tot 
Fe Cl-

N03- r .81 -.64 
p .01 .06 
n 8 9 

N03- pH 

Tot r .81 -.59 w 
0 

Fe p .01 .07 ,.:· {.") 0 

n 8 10. 

Sp 
NCH Ca++ Mg++ S04= Cond ·.Day· T pH 

I Tot r 1.00 1.00 .99 .91 .84 .83 -.82 -.77 
Hard p .oo .00 .oo .oo .00 .oo . 01 .01 

n 10 12 1_2. 11 10 12 8 11 

Tot Sp 
NCH Hard Mg++ S04= Day T Cond pH 

Ca++ r 1.00 1.00 .97 .93 .86 -.84 .84 -.78 
p .oo .00 .00 .oo .00 .01 .00 .00 
n 10 12 12 11 12 8 10 11 



JJf: :: 1 ~~·:.. •• ··--""~:;.::>..··- · .s.<.~-:.~,..v.;-·,•;'-.1'-:: ~ .. "!"·"~ "'~~-~~--.,..~~~~~-XG&tk~4iwaasrsJ4tl'S<CdS I all I oez tj_;;z;cca$\ .. . -~~ ,...._._....--10>. 
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Table E2 (Continued) 

Tot 5p 
NCH Hard Ca++ 504= Cond T Day pH 

~ Mg++ r · .• 99 .• g"g .97 .87 .83 -:-.77 .76 -.73 .. 
'· p . oo .00 .oo .oo .oo .03 .oo .01 
l n 10 12 ~2 11 10 8 12 11 
~~ 
'·' tt Tot 5p 
·~ 
-~~' Ppt- ··_504= ·NcH· Ca++ Hard Mg++ Cond i',· 
2.~. 

~~- -T r .88 _;.86 . -.as -.84 -.82 -~77 -.69 
{!.•." .oo .01 ·• 01. .01 .01 0 03 .04 r- p 
r~ n 9 8 8 8 8 8 9 ~.;~ 

r ;..'"'-

~~i. 5p 
:~~~ T 504= Con-7. w 
t~J I· 0 

rr·, Ppt r .as -~62 ...;.ss ~ 

D1~ p .oo .04 .08 
. G·~. n 9 11 11 
: ... {:· 
:):-. 

\l: Tot 5p 
·.\·~ Hard Ca++ ·Mg++ 504= T Cond pH 
i·:.i· 

>-i~ NCH r 1.00 1.00 .99 .97 -.as .79 -.68 ... 
p .00 .oo .00 .oo .01 .01 .02 

; ~ 

10 10 10. "10 8 10 11 'l•' n '• 
:·::t 

f C1- Day 
,. Ca++ r .78 .61 

Mg++ p .01 .04 
n 10 12 

. r_:.·, •. •.:. ·;~ . 

.. 



Table E2 (Continued) 

ICP Top Mine Pits 

Sp Tot 
·Cond .. NCH Hard Mg++ Ca++ S04= 

,. 
J.; Day r .87 .79 .79 .74 .73 .68 
f- p .oo .• 02 .02 .04 .04 .07 
&1 n 8 8 8 8 8 8 
T 
1 

; ; Tot 
.f: S04= Mg++ Day ~03- T NCH Hard Cl- Ca++ 
~: 

i" Sp r .90 .89 • 87. .84 .83 .79 .79 -.71 .64 .;· 
Cond p .00 . oo .00 .• 01 .04 . 02 . .02 .05 .09 

'. -~ n 8 8 ~-,;.:t8 8 6 8 8 8 8 

., 
Ca++ 

w 
I 0 
[ Mg++ Cl- Mg++ N 

h pH r .88 81: -.81 
~-t 

0 _. 

!. : p .02 .03 .05 
l. n 6 6 6 ; ~· 

f. 
t . 
l.~. Sp Tot Ca++ 
ji." 

pH . Mg++ S04= -N03- Cond .Hard NCH Mg++ " ... :fi, 
~- Cl- r .85 -.85 
IS•-

..:..78 -.76. -.7+ -.69 -.68 .68 
::. '::> .03 .01 .02 .03 .05 .06 . 06 .06 -~-~ 

~:- n 6 s: 8 8 8 8 8 8 :t .. ~:. 
;:;~:_:' 
~~f ...... - Mg++. t:~;~ 
!:"" t• Alk :::: -.63 :' .. 
~t: p .09 
~::;!. n 8 
~ .. 

~~: 
~:.i 
~.,~ 

~;; 
t~.~~ 
'~:i 



Table E2. (Continued) 

Sp Tot 
N03-. ·Mg++. Cond C1- NCH Hard .·Day 

504= r .96 • 94 .· · .• 90 -.78 .73 .71 .68 
p • 00 .. 0 00 .• 00 .•. 02 .04 .05 .07 
n 8 8 8 8 .8 8 8 

~· 
!!' Sp: , Ca++ ' c 

.So4= ·Mg++ Cond 
.. 

· Cl- ··Mg++ 

N03- r a96 .87 .84 -.76 -.72 
p ..• 00 .. oo .• 01 .• 03 .04 
n 8 8 .8 8 8 

Mn++ .. l~, 
. ~ . w 

Tot r .98 0 

Fe p .02 w 

n •4 

Sp 
NCH Ca++ · Mn++ Mg++ Cond Day 504= C1-

Tot r 1.00 • 95 • 91 . · .• 8.!3 .79 .79 .71 -.69 
Hard p .00 ~00 • 09. .oo .02 • 02 .05 .06 

n 8 8 4· 8 8 8 .a 8 
·. 

Tot 5p 
Hard NCH Day Mg++ Cond 

Ca++ r .95 .94 .73 .69 .64 
p .00 • 00 •04 • Of. .09 . 
n 8. 8 8 s 8 

;-:lk ·>· 

·.~-~ ~-

... ·.·· 
--··-.. ---- .... -~~-~--- .~~~ ,~-~ 

~ ....... ~ .... ~--"""t•> 





Table E2. · (Continued) 

ICP Bottom Mine Pits 

.Mg++ 504= 

5p r . ~ 8~ • 78 
Cond p .01 .• 02' 

n 8 8 

Tot 
Fe A1k 

pH r -.74 .72 
p .04 .• 04 
n 8 8 

A1k pH 

C1- r ·• 71 :63 
p ~01 .• 09 

i 
·n '11 8 

'• 

pH c1.:. 

A1k r • 72 .71 
p ~04 .01 
n ·8 11 

5p 
T Cond 

504= r -.79 ~78· 
p .01 .• 02 
n 9 . . 8 

To·t·. · 
Hard NCH 

• 72 .69 
.04 .06 

.8 8 

C1-

.63 

.09 
8 

,..: {.'?;) 

T•::>t 
· N03- Hard 

.74 .68 

.02 .01 
10 . 12 

Tot · 
·.Fe· 

.64 

.09 
8 

NCH 

·• 67 
.02 
11 

w 
0 
V1 

Mg++ 
• 62 .. 
.03 
12 



. l 
Table E2 (Continued) 

S04= 

N03- r .74 
.')." p .02 

n 10 

Sp 
Mg++ pH Cond 

Tot r .74 -.74 .. 64 
Fe p .02 .04 .09 

n 9 a 8 

Sp 
NCH Ca++ Mg++ Cond S04= 

Tot .99 • 86 ~/83 .72 .68 
w 

r 0 

Hard p .oo 0 00 .00 .04 .01 0'1 

n 11 12 12 8 12 

Tot 
Hard NCH ·so4= 

Ca++ r .86 . 83 .54 
p .00 .oo .07 
n 12 11 12 

Tot Sp Tot Ca++ 
NCH Hard Cond Fe Mg++ S04= 

Mg++ r .84 .83 .81 .74 -.62 .62 
p .oo .. 00 .01 .02 .03 .03 
n 11 12 ·8 9 12 12 



Table E2 (Continued) 

$04= 

T r ~.79 
p .01 
n 9 

Tot Sp 
Hard Mg++. ca++ · ·cond · S04= 

NCH r- .99 .84 • 83 .69 .67 
p .oo .oo .. 00 .06 .02 
n 11 11 11 8 11 

Mg++ 

-.62 
W· 

Ca++ r 
0 Mg++ p • 03 
...,J .n 12 .,5£1 

-.- -· 

'~ ~~~-· ~--•·•-~-•-•-~-~---~~-··~~~~~~~~~-~~4~~-~~~: •t~;4 -~~~·Pi 
.;;.;, 

1 



Table E3. ICO north mining pits and sediment pond 

ICC _.Jrth Mining Pits and Sediment Pond 

Tot Tot 
Fe S04= · Ca++ Hard NCH M:g++ Cl-

Sp r .99 .92 .88 .86 .82 .74 .71 
Cond p .oo .oo .. o 1 .01 .01 .06 .07 

n 5 7 7 '7 8 7 7 

Ppt ,, 
, . 

pH r -.85 
p • 07 
n 5 

w 
0 

·:1- r .71 (X) 

p .07 --

n 7 

" Tot..:·-·.~ l' 

Ppt S04= Mg++ Hard NCH 'I 
l ': 

A1k r -.92 .75 .73 .73 .68 
p .01 .05 .06 .06 .10 
n 6 7 7 7 7 . ~ 

- \ 

Sp ·Tot l 

Cond Ca++ Hard NCH Alk Mg++ r· 

S04= r .92 .90 .89 . 88 .75 .72 .. 
p . 00 • 00 .00 .01 .(!5 . 05 --

~ 

n 7 8 8 7 7 8 ~ 

' j i 
J 



'f 

Table E3 (Continued) 

Sp 
Cond ,., .. 

Tot r ."99 .94 
Fe p .• 00 .·• 02 

n 5 5 '· ·. 

J 
Sp \f 

NCH Ca++ Mg++. S04= Cond A1k 

Tot r 1.00 .92 .91 .89 .86 .73 
Hard p .00 .00 .00 .00 .01 • 06 

n 7 8 8 8 7 7 '~! 

Tot Sp 
Mn++ NCH Hard S04= Cond Mg++ w 

0 .. 

Ca++ r 1.00 .96 • 92 .90 .88 .68 \0 .! 

.94 .oo .00 - .00 .01 .06 ! p :.; .. 
n 5 7 8 8 7 .8 

{ 

Tot Ca++ Sp 
NCH -Hard . Mg++ Cond A1k S04= Ca++ 

" r-1g++ r .92 .91 -.83 .• 74 .73 .72 .68 
·.; 

p .00 .00 .01 .• 06 .06 .OS .06 
n 7 8 8 7 7 8 8 '• 

' ' 1 
I 



:•. ·y 

Table E3 

T r 
p 
n 

Mn++ r 
p 
n 

Ppt r 
p 
n 

NCH r 
p 
n 

Ca++ r 
Mg++ p 

n 

(C:::mtinued) 

'Tot 
Fe 

.94 

.02 
5 

Ca++ 

1.00 
.03 

3 

Alk 

-.92 
.01 

6 

Tot 
Hard 

1.00 
.oo 

7 

Mg++ 

-.83 
.01 

8 

pH 

·. - • .85 
.07 

5 

Ca++ 

.96 

.oo ... 
I 

NCH 

-.76 
.05 

7 

Sp 
Mg++ S:04= Cond 

.93 .sa .82 

.oo .01 .01 
7 7 8 

Ca++ 
Mg++ 

-.76 
.05 

7 

Alk 

.68 

.10 
7 

w 
1-' 
0 



"' 

' Table E3 (Continued) 

ICO south Mining Pit 

Cl-

Day r -.88 
.P .00 

n 9 

Tot Ca++ 
Mn++ ·Hard· .. Mg++ Ca++ ·r Alk Mg++ 

. :. 

Sp r -.93 .92 .85 • 75 .75 ..:.62 -.60 
Cond p .07 .oo .00 .• 02 .03 .08 .09 

,, 

n 4 9 9 9 8 9 9 

Alk w 
pH r .99 ~ 

~ 

p .00 
n 7 .; . i 

Day 

Cl- r -.88 
p .00 
n 9 :.: 

•'; .. , 
Sp Tot 

·::: 

pH NCH Cond· nard -
t! 

Alk r .99 ;...63 ..... 62 .... G2 1 

p .oo .07 .08 .08 
n 7 9 9• 9 



Table E3 (Continued) 

Ca++ 
Ppt Ca++ ·Mg++ 

S04= r -.69 .66 .64 
p .04 ~04 .05 
n 9 10. 10 

.i~~ 
<~..-.1..'• Tot -~68 !f.t r 
'1'1 Fe p .06 q .• ,... 

,;·~ 

.· 5~ n 8 . ·=-~· 
:· ~ ,-_; 
.;'-f 
~ 

. ':': Sp Ca++ 
NCH Cond Mg++ Ca++ T Alk Mg++ 

w 
Tot r 1.00 .92 . ·"~ 91 .75 .67 -.62 -.59 .... 

· .. Hard p .00 .oo ~ "': 00 .01 .10 .08 .07 
r.,) 

,. 
•e 

'· n 9 9 10 10 7 9 10 
J 

-!~ .. , Sp Tot ,. 
~ ~~- NCH Cond Hard S04= 
; F Ca++ r .81 .75 .75 .66 
! £:t~ 
f .. }t p .01 .02 .01 .04 
t; 9 9 :: :·f· n 10 10 
-~ ·: 
:t. ::: 
~--~· Tot Sp Ca++ 

NCH Hard Mn++ Cond Mg++ T 

Mg++ r .91 .91 -.86 .85 -.84 .78 
p • 00 .00 . 06 .00 .00 .04 
n 9 10 5 9 10 7 

~ _.-_ ·: "f' .. 

. ~,· ·.p··~ ! ••• -;r"'" ~:-.(::.y~·~: . 

. ,., :.'""·~---,;o.~-.. ~~~~-~ •. ;~~-~~~--~-.~. -~-~~-"i1t/li .... ~. ~-~--~~:·;~.·· ~~~~~---~--~-·~··. -~---~--~--~·. ~--~----~---~~~~~~~·~,-~~,j~t+ f'· 



Table E3 (Continued) 

· Ca++ Sp Tot 
Mg++ Mg++ Cond aard 

T r -o86 .78 0 7'5 .67 
p o01 o04 ~ 03 . o1_o· 
n- 7 7 ·a 7' 

Ca++ Sp. 
·Mg++ Cond Mg++ 

Mn++ r .94 -.93 -o.86 
p .02 .07 .06 
n 5 4 5 

S04= 
w 

Ppt r -.69 
p .04 .._:;Sf 

..... 
w 

n 9 . ·.·· 

Tot · .. '.·: ... Tot. 
Hard Mg++. ca++ · Fe A1k 

NCH r 1o00 .91· 0 81 .. -.68 -o63 
p .oo .00 • 01- .06 .07 
n 9 ·. 9- 9 8 9 

Mn++· T 
Sp Tot 

Mg=t-+ ·so4= · _Ct:;;l'id Hard· 
Ca++ r .94 -.86 -.84 o64 -.60 -.59 
Mg++ p .02 .01 oOO .05 .09 .07 

n 5 7 10 .10 9 10 

' ,. . . . . ' 

. . . . . . . . . . . . . . . . . . . 
' ·····:~;w· . .. . . . . .. ' 

• • . 0". . • . ·.• ·.---- ----~ • . .................. , .............. ....... ~ ........ l!t~~-,.-...... ~. ~lo..-.;-G:o...;~a;.;•. ~ij.; •. ·~tii'!i:.:;c~~.;m-.- .Ai,a:.-..... 't..~.tlt,;..:, .... ~·. ~-
.. ~."·~ "'"' -~-. ""'~""'-""'~""""'-""""'"""·l'r"'!"!o!f<!lh~~-:"-'!!l":~-.l~~~"""~~~-~"""''='"',...._~._, • ._.,'9"~~-~~-ln-~·-~1'!!!J~~!-;IiE-';J' ""'r~'··lT' .~ 



f 

1 
1 Table E4. Well depth correlation (through ·August, 1977) 

.7b 7c Q 3a Cl let ·M C2 E ! 

Ppt r -.95 .80 .69 .61 .59 • 53 .51 .so .47 
p .OS .06 .00 .02 .00 .04 .01 .01 .02 
n 4 6 18 15. 24 15 24 24 24 

52 Sb 4a Sa 9a T 7c M 3a 2a Q 2b K 

I Day r -.89 -.89 -.88 .84 . -. 80 -.78 .77 -.75 -.60 -.57 -.57 -.55 -.52 
p • 01 .OS .oo .oo .03 .oo .04 .00 .oo .01 .oo .-10 .01 I 
n 7 5 8 20 ·7 15 7 32 20 21 24 10 24 

I 
Sb Sa · 7c Day !{ I 

I 

T r 1.00 .96 -.91 -.78 • 70 
p .oo .04 .09 .00 • 01 
n 4 4 4 15. 12 w 

...... 
~ 

2c 52 :Q PJ:)t, 3a let 7a K 2a M C2 
\ .. ,-..,) 

.40 Cl r .78 .77 .66 .59 .57 .55 -.55 -.44 .43 .43 
p .02 .07 .oo .oo .•. 01 . .02 .07 .03 .07 .02 .03 
n 8 6 ·2l 24 18 18 12 23 18 29 29 

lc 52 ld E 2c 9a la G 3a Ppt M Cl 

C2 r .• 96 .95 .94 .83 .77 .72 .68 • 64" .56 .so .47 .40 
p .oo .oo .oo .oo .01 .07 .00 .00 .01 .01" .01 .03 
n 9 7 9 31 9 7 20 30 20 24 31 29 

C2 G lc ld .4a let 3a 2b M Sa Ppt Q 

E r .83 • 79. .77 .67 .67 .65 .64 .63 .48 -.48 .47 .37 
p .oo .oo .01 .OS .10 .()0 .00 .07 .01 .04 .02 .08 
n 31 30 9. 9 7 20 20 9 31 18 24 23 

I 

i 

I 
' 

~ l ~~'.:. ":--; . .;. > -;.;...-~. . . ':. :{ , 

1~ • ,,. w;;,.&;;&?Mt18JW.~§M!!.~~lk!lii.«N¥JMW~!!!ftilWMM!fiiil\M$$~~4W-R~'if:~::t 



' 
' 

. , 
Table E4 (C::mtinued) 

I ·S2 lc 9a E ld 4a 2b lb C2 la 3a Sa 

G r .96 .87 .82 .79 e77 .'70 .68 ~.65 .64 • 56 0 54 . ~.47 
p 0 00· .00 .02 .oo .01 .. ~o8 .OS .06 .oo .01 .01 .OS 
n 7 9 7 30. 9 7 9 9 30 20 20' 18 

4a T .2d 7a Q Day 3a Cl 

K r -.79 .70 .69 ··. 65 -.53 -.52 -.46 .;..44 
p 0 02 .01 .09 .03 .04 .01 .08 .03 

~ 

~ n 8 12 7 11 16 24 lS 23 
f' 
;f 
ir 4a Sb Sa Day. Q . 7c 7a 3a ·2a Ppt E C2 Cl :.~~ 

M .r .97 -.95 -.80 -.75 .7S. .73 ,0 66 • 64 0 56 .. .51 .48 .47 .43 
p .OQ .01. .oo .oo .00 .06 .01 .00 - .• 01 .01 .01 • 01. .02 w 
n 8 's -~- 19 32 24 7 13 20 20 24 31 31 29 ..... 

U1 

7b 4a M ·2-;;, Ppt .. C1 3a 2b lc Day Sa K E ... 
Q r - .• 85 • 0 78 ~75 .74 .69 .66 .65 ~.65 -.62 -.57 -aSS -.53 .37 

p 0 07 .02 .oo • 00 .oo .00 .oo 0 06 . .08 eOO .02 .• 04 .08 
n 5 8 24 20 18 21 20 9 9 24 19 16 23 

lc S2 ld 2c 9a 3a C2 lb E ·2a. 

la r 1. 00 e99 .96 .86 .86 .84 .68 .67 .65 .64 
p .00 .oo .oo .00 .01 .00 .oo • 03 0 00 . .00 

~ n -7 10 ,·: 10 7· 20 20 10 20 21 ~!':. 

-~ 
2d G Cl Ppt -~ 

;') 

-~ la r .60 .56 0 55 .53 
.. ~ p· .07 .01 .01 .04 
-~ . ' n 10 20 18 15 

. ·;! 
·."1 

. ·.tj 
-~~ t 
d 

,-~ 
~. :c: 

; : ~ 
' 1 
. : l 

I 
·I 

') 
·r, 
-_tol!>$1!,!""""'~""~~;t~3~o.w~aajfm~ ·- ,-~- (' •f•-r .. ·· · 

. . . ._,_ '" . ... . -~ ""'· . . - ~.!\\ • . 
..,~, ·-... 



Table E4 (Continued) 

52 2c 9a Q la 1d Day M Sa 3a C1 
2a r .95 • 83 .80 .74 .64 .64 -.58 .56 -.49 .46 .43 

p .oo .oo .03 .oo .oo .OS .. 01 .01 .04 .04 .07 
n 7 10 .7 20 21 10. 21 20 18 20 18 

~ 1c 1a · S2 2b 1d 4a Q lb M 
~ 
i: 

3.a .85 .84 .so .73 .71 .68 .65 .65 .64 ~- r 
~ 

i p .oo .00 .C3 .03 . 03 .09 .oo .06 .oo 
n 9 20 7 9 9 7 20 .9 20 

rt 
11.' 

E Ppt Day ·c1 C2 G Sa 2a K 

3a r .64 .61 -.60 5.7 .56 .54 -.47 .46 -.46 
p .00 .02 • c 0 .01 .. 01 .01 .OS .04 .08 
n 20 15 20 18 20 20 18 20 15 w 

1-' 
m 

M 7a Day Sa K Q. G 3a E 

4a r .97 -.95 -.E8 - .. d8 -.79 .78 .70 ~68 .67 
p .00 • OS . oo .oo • 02 .02 .08 • 09 . .10 
n 8 4 8 8 8 8 7 7 7 

T Sb 4a Day M 7c Q 2a E G 3a 

Sa r .96 .93 -.88 .84 -.80 -.70 .55 -.49 -.48 -.47 -.47 
p .04 .02 . 00 .00 . 00 .08 .02 .• 04 .04 .OS .OS 
n 4 5 8 20 19 7 19 18 18 18 18 

S2 4a 1c M K C1 

.7a r .98 -.95 .93 -.66 .65 -.55 
p .02 .OS .02 .01 .03 .07 
n 4 4 5 . 13 11 12 



Table E4 (Continued) e- ' ~ 

lc 2b la 3a G ld 

lb r .71 .68 :. 67 ~65 • 65 • 60 . 
p .02 .03 .03 .06 .06 .06 
n 10 10 10 9 9 10 .. 

la 52 ld ·. C2 7a G ·9a · 2c 3a E 1b G 2d 

1c r 1.00 .99 . 0 97 : ~ 96 .... 93 • 87 • 87 . .87 .85 .77 .71 -.62 • 59 
p .oo .oo .oo .oo .02 .00 .01 .oo .oo .01 .02 .08 .07 
n 10 7 10 9 5 9 7 10 9 9 ·10 9 10 

52 1c 1a ,C2 2c 9a. G 3a E 2d 2a 1b 

1d r .99 .97 ... 96 .• 94 .92 .• 84 .77 .71 .• 67. .64 • 64 •· 60 
p .00 .oo .oo .00 • •)0 .02 .01 .03 • 05 . .os .OS .OS w 
n 7 10 . 10 9 10 7 9 9 9 10 10 10 ..... ....., 

Sa 3a lb G Q E Day 
-;j 

.63 2b r .83 .73 .68 .• C&' -.65 -.ss 
p .08 .03 .OJ .• OS .• •)6 .• 07 .• 10 
n 5 9 . 10 9 9 9 10 

K 1d .la 1c. 2c · 

2d r .69 .64 .• 60 .59 .• 59 "',· 

p .09 .OS .07 .07 0 07 
n 7 10 10 10 10 

, T .. M Sa Day 7b 7c: 

Sb r 1.00 -~95 .93 -.89 .:38 -.87 
p .oo .01 .02 .OS .OS .OS 
n 4 5 5 5 5 5 



.- .. '{:~.?·· ·:: 

•• .. 

ftoab1e E·4 (Continued) 

S2 1d 1c 1a 2a 9a C1 C2 2d 

2c r .98 .92 .87 .86 .• 83 .82 .78 .77 .59 
p .oo ~00 .oo .00 .00 .02 • 02 .01 .07 
n "" 10 10 10 10 7 8 9. 10 j 

7c Ppt Sb o. 
7b r -.99 -.95 .88 -.85 

p .oo .05 .os .07 
n 5 4 5 5 

7b T Sb Ppt Day M Sa 

7c r -.99 -.91 -.87 .80 .77 .73 ..• 70 
p .00 .09 .05 .06 .04 .06 ~08 
n s· 4 5 6 7. 7 7 

w .... 
..:' [.; 

co 

S2 1c 1a 1d . G 2c 2a Day C2 

9a r .89 • 87. • 86 .84 .82' ·• 82 .80 -.80 • 72 . 
.p .01 • 01 • 01 . • 02 . .02 • 02 . • 03 .03 .07 
n 7 7 7 7 7 .7 7 7 7· 

~~ 

1c 1a ·1d 7a 2c G C2 2a 9a Day 3a C1 ~ 
1:1 

S2 r .99 .99 .99 .98 .98 .96 .95 .95 .-89 -e89 .80 .77 
p .oo .oo .oo .02 • 00 .00 .00 .00 .01 .01 .03 ~07 
n 7 7 7 4 7 7 7 7 7 7 7 6 

2b 

Sa r .83 
p .08 
n s. 

;J' ~ 
I 

f_.h'· . 
-~-~-~.;;;;:. ;:;.,:.._.:~.-:::.n:.-::::;::::-.::.::-~:~.;--"'~:::~~~~~~:~'~~~~~~4i--~~~~~*~,f~iV-;lfff"""'t~~}~!f$~t<::-4~-~.r~ ~lfF!-~~~;,~-t:~'l!·w, ~;· ·· ,k 
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· APPENDIX F.: WELL Sa PUMP .TEST 



~ 

Table Fl. Well Sa pwnp test 

Depth 
Time to water 

(days/hrs/min) (feet) 

31.13 

0:00:00 37.83 

0:00:15 37.67 

0;00:48 37.08 

0:01:17 37.08 

0;02:19 36.92 

(' 

0:03:26 36.50 

0:04:22 36.04 

0:07:17 35.50 

0:18:47 34.83 

1:00:47 34.58 

1:06:57 34.04 

2:10:28 32.67 

320 

Water flow 
volwne, Q. K (10-3 ft/day) 
(in.3) 

6.28 1.63 

21.99 2.74 

6.28 0.44 

15.71 0.96 

17.28 1.8 

20.42 0.64 

,~25.13 0.24 
'-:; 

9.43 0.19 

20.42 0.44 

51.84 0.25 

=Q/iA; A;:;;: 21Trl + lfr2; r = 4", 1 = 60", A·= 1558 in.2. 

= initial depth to water minus the average depth to water 

for water flow volume interval) all divided by r. 




