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INTRODUCTION
Statement of Problem

The surface mining of iowa and other Midwestern coals has -
left many regions scarred w1th a t0pography of barren rldges
and shallow acid ponds. Ac1d 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 ground water supplles (Nessler
'and Bachmann, 1977 Pietz, Petersen and Lue-Hlng, 1974). |

. Recent empha51s in. coal strlpmlnlng is toward reclamatlon(A
of lands as.they are dlsturbed by-the‘mlnlng process. The
process of reclamation proceeds first with the removal and
segregationgof different overburden or spoil types from‘the'
mining cuts;;lThrough segregation; acid producing (pyritic)'
overburden can be‘stored separatelj from‘oxidized or nonacid
overburden materials."This Separationwprevents the contamina-
tion of.nonacid overburden by pyritic:overburden and its |
oxidation productsg The most common acidbproducing over-
burdens are-pyritic bedrock materials which include shales,
81ltstones, mudstones,'claystones, and sandstones. Common
oxidized and nonacld producing earth materials 1nclude top- -
801ls, loess, glacial tills, alluvium, and often limestones.
The second steo in the reclamation of mining spoil is the

burial of the acid producing constituents below oxidized or
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nonacid overburdenrmaterials. Pyritic materials areiplacedﬂ
in the bottom of mlnlng cuts and then covered by nonac1d
oxidized and top501l overburden (Grlm and Hall, 1972) .

The burlal and - surface exposure tlme of ac1d overburden.;
materials are crltlcal elements of. reclamatlon. " The - burlal fd
of acid overburden, after short perlods of surface exposure, ﬁf“
prevents extreme oxldatlon of very fine 51zed pyrlte (framb01-“

dal) by 1ron and sulfur ox1dlzlng bacterla (Thlobac1llus

ferroox1dans and Thlobac1llus thloox1dans) and atmospheric

oxygen (Smlth, 1973) ' The‘oxidation products of pyritetare
sulfurlc ac1d (H SO4), ferrlc (Fe+++)and ferrous (Fe++) 1ron,;f
and metals occurrlng 1n mlnor sulflde mlnerals (marca51te .
Fesz, sphalerlte Zns, and galena PbS) These chemlcal spec1es,
as well as metals from mlnerals made more soluble by ac1d
condltlonsr(ca101um and magne81um from.calc1te( dolomlte,.andA}
gypsum),Aare'largelp prevented from occurring'and infiltrating .
into ground water by proper reclamatlon act1v1t1es.

The productlon of an ac1d condltlon is not the only :
hydrogeologlc.dlsruptlon that may accompany coal<surface
mining. Other proolems”include:~ 1) temporary or permanent
lowering of water levels 1n wells near the mine Slte due to
drawdown caused by’ seepage, pumpage, or evaporatlon from open
mine pit areas, 2) temporary or permancnt loss. of water levels

in wells due to dlsturbance of aqulfers in coal seams and

‘OVerburden strata, and 3) disturbance of horizontal and

" e = .
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vertical permeabilities.of overburden materials resulting in
a 1owered water table dowh-gradient from reclalmed mine pit'
areas (Groenwold, Moran, . and Anderson, 19755. H
These problems have varying impacts ih different coal
producing regions. 1In the Upper Mlssourl River Basin and
Southwestern coal fields there is llttle problem w1th acid
dralnage_because of low sulfur content in the coal overburden.
High sodium content, on the other hand, is commonly encounf
tered. In these areas, problems also develop where mining
removes thlck subbltumlnous coal and llgnlte seams that pro-‘

vide water for livestock '‘and  irrigation.

In Midwestern and Appalachian states'the coals mined are

not generally as thlck, and the formatlon waters are not used‘
exten51vely for water supply.A These coal areas, however, are
Aplagued by acid condltlons assoc;ated w;th moderate and high
pyrite abundance. | |
All areas of coal. surface mlnlng will- be affected by
permeability contrasts and temporary water losses due to
mining and reclamation. The degree to which these 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 Number.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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Jowa and other parts of the midwestern and eastern United

States.
i Purpose and Scope

The Iowa Coal Project Demohstration Mine'Number One;:
hereafter ICP#l, was 1n1t1ated to study the economic fea51-
blllty of surface mlnlng and reclamatlon of Iowa s relatlvely ‘
small coal dep051ts. Mlnlng and reclamatlon were conducted
u51ng rlppers and scrapers as the prlme earthmov1ng equlpment
as opposed to the dragllne excavators used prev1ously in Iowa."

A portlon of the ICP#l study'was de51gnated to monitor |
environmental effectsvof coal surfaCe,mining'and'reclamation.
One purpose of-this program was the monitcring‘of the hydro-
geologic impact~oh the studyhsite and surroundingfareas. A
monitorihg hetwork_of'29:grouhdwater piezometers and sampling :
tubes was placed‘between'August 1975‘and.April‘1977}to ‘
accomplish this'aip{ The:piezometers were used to gather
water chemistry and water'table‘fluctuation data and relate
it to the coal'mining‘and.reclamation occurring on the site.
Additional hydrogeologic data pertaining to the saturated
geologic materials of the_study site were obtained. from
drilling logs of 35 auger holes'(2§ of which were used as
Plezometer locatlons) and 26 coal exploratlon 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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gite for alterations caused by acid effluent from mining cuts,

highwalls and spoil storage areas. The second'objective.ié to
measure piezometric decline and fecovery in‘geblogic materials
in and around the mine during and after mining and reclama-

tion.

Area of Study

ICP#1 is located on a 39 acre site about ten miles south
west of Oskaloosa Iowa in Mahaska county. The.legai location

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

74N, Range 17W (Figure 1).: The site is located on the top and
south facipg siope of a'generally northeast-southwest trending

upland ridge. This upland:ridge forms the divide between Cbal

Creek to the south of ICP#l1 and North Coal Creek located
approximately'dne—half mile‘to the north. The relief of thc
ridge is about 120 feet. - ICP#1 is also located between two

6ther coal surface mines; the abandoned Iowa Coal Company

‘mine (ICO) to the north and the presently operatlng Star Coal

Company mine to the west (Figure 1)

ey N

RIS
e NSNS
AR

£ LTS o
i s P g
e

]
&

T

L

SN Y Yt R

IRV S S Hin i S e, o 3 2 ey

T NPT

SUBAR

93

TR
L ba

<

2

Sl



e

R

Figure l. Location of study area

i~

|




o im o S

LAC MR g o/ aias 6 30 R e

MARION CO.

MAHASKA CO)

e et e e e e et e . - esv et . - g




s
v
L1}
-3
v

s e s

AU v Mg A TG IR T S S v OSSN S B A SRS TS L " 3 ae b Y R ALY DA RN A

PREVIOUS WORK

In recent years a controversy has developed‘over the

methodology'for the‘prevention of acid production“from pyrite.

oxidation. Loverlng (1948) p01nts out that at certaln locall-_z

ties in Arlzona, pyrlte is ox1dlzlng at depths of 600 to 700
feet below the surface. Shumate and Brant (1971) concluded

from short duratlon leachlng experlments that ac1d was not

generated from pyrite burled under a few feet or more«of soil. :

Collier, Plckerlng and Musser (1970) observed that ac1d

generatlng sp011 may be burled as long as two years 1n cast
sp01l_before‘produc1ng an acid effluent. Smlth (1973) noted
that iron and sulfur_oxidising bacteria prosper at pH levels

below 5. 'This suggests that if virgin spoil, i.e. acid‘over4

burden that has not been allowed to oxidize significantly by

bacteria or‘the'atmosphere} is quickly buriedhandvsaturated
by near‘neutral;groundwater the'conditions would not favor“
the production of‘an_acid groundwater. |
Thebstudy‘of‘groundwater alterations.due to'surface
mining began over twenty years ago by members of the ﬁnited
States Geologlcal Survey in Kentucky (Collier, Whetstone and

Musscr, 1964). ThlS sLudy, 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 sp01ls

and move 1nto the bedrock. ‘Most other studies up unt11.1974

[~
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dealt wiﬁh similaf problems and the effects of écidAdfainage
on surface stream waters. A large number of papers.dealt? ;
with the quality andAhydrauliqs of groundwatér fiowAfrom, :i
underground coal mines (Ahmad, 1974). _ |

Not until the early and mid 1970}5 did research begin to
be published on mine spoil and its effect on groundwater. A

These papers dealt almost exclhéively with orphaned spoil.

Pietz, Petersen, and(Lue-Hiné (1974) showed that groundwater
in rééla¢ed orphaned spoil contained sighificantly higher‘
sulfates, élkalinities, specific cohdugtance, and dissolved
metais.and cations. To date no studies_haVe been"foﬁnd which
report‘grounAWAter quality in épéils.repiaced simulféneéusly
with progreséiveAminiﬁg in acid spoil terrain..

:In the last three years groundwater quality andAhydro— N
logic research in coal mining areas have literally explodéd.
The U.S. Geolpgicai Survey and the Bureau of Land Management
are presénﬁly‘involved in'éeveral western coél4studies in
Colorado; Wyoming, Montana, North Dakota,‘Utah and New Mexico A
(Syvertsen, 1976). .Unfortunately, these studies are in non-
acid coal areaé and only one,. the Colorédé study, has been |
completed. Preliminary.dataufrom these studies indicate a
much different_groundwatef chemis£ty than that found at ICP#l.
Van Voast, Hedgeé, and McDermott (1976) indicate that‘cbmmqp
groundwater levéls of dissolved solids are between 3060 and

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

Riaaat oo il
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seams. .Thesevauthors‘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
assoc1ated with western coal sp01ls are rarely ac1d1c and
accordlngly have low metal contents. |

In the eastern coal areas of the Unlted States the
empha51s in past reclamatlon has been to reverse: the effects
of prev1ous mlnlng. Major concerns for eastern coal reclama-
tion are the refllllng and 1eve11ng of surface sp011 to reduce
1nf11tratlon and decrease dralnage from underground coal mine a
works.; Other reclamatlon act1v1t1es lnclude formatlon of |
recreatlon areas over old sp011 SLtes, and neutrallzatlon of
‘coal sp01ls w1th sewage effluent.‘ |

A llterature search has not 1ocated any fleld data

publlshed in major geologlc Journals about the effects of

coal surface mlnlng and SLmultaneous sp011 reclamation on

groundwater chemical compositions.-

e
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GENERAL GEOLOGY OF THE ICP#l1 AREA

The bedrock of the site consists of units from the
pennsylvanian and Mississippian 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: l) dark gray to black pyrltlc shales,'

2) dark to llght gray pyrltlc 51ltstone and claystone,

3) light gray and red-brown ferruglnous medlum to fine gralned
sandstones, 4) numerous thln hlgh sulfur bltumlnous coal seams
(two seams'mlned at’ ICP#l), and 5) ellptlcal llmestone.concre—
tions (Figure 2).: The base of the Cherokee consists of a
widely distributedvgreen shale. . This Shale, the Cheltenham
clay, is cons1dered a re51dual s01l developed on the under-
lying MlSSlSSlpplan rocks (Branson, l962)

The MlSSlSSlpplan or Salnt Louls rocks whlch 11e beneath
the Cherokee group con51st 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 chese rocks are
replaced by interbedded sandstones and 1imestones];and massive
limestonc beds  (Bain, 1894).

The sarficial geology of the study site consists of four

*ypes of hydrogeologic materials. These materials include:

T
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Quaternary:alluvium,AKansan glacial drift,.Wisconsin loess,
and the weathered bedrock surface..

The Quaternary alluvxum cons1sts of gravels,vsands,..
silts, and clays dep051ted along South Coal Creek and in" small
upland dralnage ways.: The alluvrum along South Coal Creek
forms p01nt bar, clay" plug, terrace, and overbank dep051ts,
while narrow. 1nterf1ngered wedge shaped 511ty depos1ts compose7 :
alluvium 1n upland dralnage ways (Flgure 3). g | = -

The Kansan glac1al drlft, blanketlng the uplands, is madep
up of about 20 feet of clay tlll 1nter3persed w1th cobble to J
boulder 51zed erratlcs and a maximum of 15 feet of sands and
gravels. The glacxal sand and gravel dep051t, as exposed in .
the ICP#1 north hlghwall, lS over 600 feet wide, and occurs
to the west 1n the Star Coal Company mine. The dep051t is
about 5 feet thlckvat the northwest corner of the ICP#l mlne,
and about 3.feet thlck'at'its eastern.most extent where it
grades 1nto a silty’ alluv1al dep051t below plezometers M and
Q (Flgure 4) .. Near lts 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’lsd to
200 feelL north of. the Icé#l exposure and appears‘to be of a
uniform thickness of about lO feet. ‘Small trough croscbcdc
less than two feet ln w1dth and one foot in depth constltute.

@8t of the glacial sands and gravels.  The troughs indicate
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Figure 3. Alluvial deposits of the Coal Creek flood plain. f
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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 iﬁportant
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 gravei body anAﬁndulating limonitic and

conglomefiticlzone-occurs. 'Within this zone are roughly
spherical "ﬁollow“ limonite concretions. Thé‘Centersiof thé.
concretions aré‘filled with a fine’white clayey saﬁa éomposed
of abdut 20 percépf clay and 80 percént sand. .

Another surficial material, Wisconsin loess, has—aCcumu-_

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

the study site. The 1oes$ and the Kansan glacial drift domi- .

nate the surficial_geol¢gy of the central and north hill
areas of the site. |

The lést significant surficial materiai of the study.area
to be described'is the Qeéthered bedroék surface. This |
material consists of fragments of meéhénically ana‘Chemically
weathered siltstone énd shale overlying most of fhe bedrock of

the premining site.
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METHOD OF INVEST.IGATION- E
3Piezometer Placement

TWenty;nlne plezometers were placed to study the dynamlc,
pac1al, and chemlcal nature of the shallow groundwater body
at the ICP#l site during and after mlnlng and reclamatlon
(Figure 5). Slx of the twenty—nlne plezometers were used to.
determlne the water quallty and rate of recharge of ground-

water 1nto reclalmed portlons of the mlne. The remalnlng

twenty- three plezometers were used to document the changes

occurrlng in the groundwater in the alluv;um, 1oess, and -

glacial drift composing the surficial geologic materials of

the site. The groundwater of the surficial geologic materials

was preferentially monitored over that_of‘the'upper bedrock

for the followingdreasonc:

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 water supplies.

2) The éurficialfgeologic~deposits of the mine site have

- generally higher permeabilities 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 piezomet'e'r -locations
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. Packed with gravel through the'sampling interval, and back-

.23

3) Surflclal geologlc dep051ts transport groundwater at
;relatrvely higher rates than do the upper bedrock |

materlals.( Thus, the earllest detection of contami-

| nated'groundwater can be attained by monitoring the
: shaiiow groundWater.of thegunconsolidated geologic
-:materlals.. h. o -A .
”"4).'Shallow groundwater 51tuated just below. the water 4 S i:
"table will also be the flrst groundwater affected by f' }?
- the 1nf11tratlon of surface water from_sp01l‘storage : o

_ areas and a sedlment retentlon pond.

The monltored 51te is- located on a southeast fac1ng hill.

S ITBETIRSRYIY Y s A

The surface water and shallow groundwater dralnage is also in
a generally svuthcast-r_ " direction toward_South-Coal Creek,
the local groundwater 51nk. Piezometers were placed at vari—

ous locatlons and depths to 1ntercept thlS southeasterly flow *A'ﬁ

of the shallow groundwater before, durlng, and after passage
through the mine area.. The placement of plezometers at dif-
ferent'depths aidsAdn the_lnvest;gatmon'of hydraulrc and

chemical conditiOns'that:vary with increasing'depth and dif-

ferent geologic_strata (Figures 6 and 7). Each piezometer was

filled with bentonite 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



r‘.

Figure 6. Cross section throughAspoil‘cored terraces

Figure 7. Illustration of piezometer nesting through spoil
- cored terraces at the northeastern corner of
ICP#1. S ST TEme
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give an indication of the natural chemical species and con-
centrations present in groundwater unaffected by mining.
Piezometers.on the‘north'sidefof 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 siteAmonitor'
chemlcal and plezometrlc changes of the groundwater as it
flows near and is charged by 1nf11trat1ng surface waters from
spoil storage plles, mlnlng plts, and the sediment retentlon
pond Monltorlng of the sedlment pond is especxally 1mportant
because of the lncreased surface 1nf11tratlon and groundwater

mound a55001ated w1th.1t.: P;ezometers placed in the shale

spoil and siltstone spoil cored terraces of the northeast sidej

of the mining site'should_detect possible deterioration of the

groundwater in that area. The source of water degradation in

~the previouély.hentioned_terraces would be related to the

oxidation of the pyritic shale and siltstone spoil materials
placed on the‘previOHS:iand surface welldabove the premining
water table (Eigures 6 and‘7).v The shale and siltstone spoils
were buried below nonacid'overburden, hut if‘they‘oxidizeddto
any extent the by-products of oxidation cou}d contaminate
upderlying waters through surface water percolation. Unfortue
nately, from a monitoring standpoint, this area was once the
location of a barnyard, and its water'quality shows some

8lteration from this use (Figures 6 and 7). In addition to
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piezometer monitoring several auger and core hole logs from

the site proved useful. Their locations appear in Figures 8
md 90
‘ WaterAQuality Analyses
Water quality samples were taken on a monthly basis from
the plezometer tubes after bailing and total or partial head

recovery. Monthly sampllng was found ‘to be adequate for

’groundwater monltorlng because of its relatively slow flow

rate. Monthly sampllng also allowed the plezometers ample
time to recover 1ost head caused by balllng and sampllng.'
The chemical analyses were performed u51ng Hach DR-EL,

pH, iron, and 2200 snecxflc conductance field test. klts and

_units. Durlng the course of the study chemlcal oxygen demands

were analyzed by the Englneerlng Research Instltute Laboratory,

and trace_element scans were 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 listedlin Table 2. The trace_elements'studied
are listed in Table 3.. L

Temperature‘andeater depth were recorded at the time of
8~ampling. Other water level measurements were made before

bailing the wells and two to three times a week by Dennis

g teot ovl:
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. Figure 8. ICP#1 coal exploration core holes

. Figure 9. Auger holes not used for piezometer locations
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Table 1. Chemical parameters under study'

E;;;ical analysis Units . . . . . Method®
specific conductance ppm NaCl Specific comductivity meter
pH . :: - -log [H+] Wide range pH
chloride Af*i f' mg/l C1~ Mércuric nitrate titration
Alkalinity . '~ " -~ mg/1 CaCOéi Sulfuric acid titration
Sulfate ' mg/ SO,= Turbidimetric method
Nitrate-nitrogen A mg/l N .= Cadmium reduction method
Total iron e mg/l Fe . Phenanthroline method
Ferrous iron ~ mg/l Fef+:_‘Phenanthroline method
Chemical oxygen ' : A o -
demand : - mg/l 0, * 'Dichromate reflux method
Total hardness mg/1 CaCO4 EDTA titration
Calcium hardness:- .~ mg/l CaCO; EDTA titration - .
Manganese : o mg/l Mn*t.  periodate method

?Hach modifications.

bEngineering Research

Institute Laboratoxy;

Table 2. Estimated accuracy of chemlcal analyses (modlfled
from Peckenpaugh, 1973)

Analysis Range : Accuracy
Specific conductance ~100-10000 + 10%
Initial water tcmpcrature — + .25°C
PH —-—— ¥ .1
Alkalinity —— ¥ 4 mg/l
Chloride -— + 2 mg/1
Sulfate 0-100 + 10%
100-300 + 15%
300-1000 ¥ 20%
1000-2000 + 25%
Nitrate — ¥ 1 mg/1
. Total and ferrous iron ——— ¥ 5%
Total hardness 10-500 + 5 mg/1
500-1.000 + 10 mg/1
Calcium hardness 10-500 ¥+ 5 mg/l
" 500-1000 + 10 mg/1
Hanganese —— _* 5%

a
Accuracy over entire

range.
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cable 3. Trace elements studied .. ....

Aluminum : .. ' Iron -
Antimony - : o Magnesium
Arsenic o _ Manganese
Boron : I Nickel
‘Barium . Lead
Beryllium ' Selenium -
Calcium e Tin
Chromium' ..~ .. . - . - - - ‘Strontium
Cobalt = - B ... - Vanadium

Copper -~ . - o . . Zinc.

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

and ferrous iron,-anddoecasionally sulfide weretmeasnred in
the field to av01d changes before ana1y31s. ﬁab analysis of
samples was usually completed w1th1n a month after sampllng,
but occasxonally two montns elapsea. i ~
Water sampllng was done with a PVC baller. ‘The bailer
was rlnsed once w1th dlstllled water and ‘twice with water~-
from the well to be sampled prlor to sample collection.
w&ter.samples were collected ln_polyethylene bottles after
one‘rinse with well -water. The water samples were then capped
and stored on ice.nntil returned to the laboratery. -Traee,
elements were eoileeted.in a similar fashion except_unused

polyethylene bottles that had been acid leached for several

_days were used to hold the samples. Trace element samples

were also acid fixed.to under pH 2. Water quality samples
¥ore refrigerated at 10° Celsius from the time of sampling

Until 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 1nches) above the bottom of the plezom-

eter tube.,
Correlation Analysis ‘ o ’ o .

Statlstlcal correlatlons were performed u51ng the

Statistical Analysis System language to detect p0551b1e rela—

tionships between the monthly water quallty parameters for a
specific plezometer and relatlonshlps between ralnfall tlme,
and water depth between all piezometers (Barr, Goodnight, Sall}
and Helwig) 1976)‘ These correlations are. presented ln '
Appendix E. The correlatlon data are- presented in three
parameters: sr, P and n. The correlatlon coeff1c1ent (r)"
gives an estinate othhe‘degree of’reiationship of two param-
eters, Correlation coefficient values‘(r)'approaching 1.0
indicate a hlgh degree of estimated relatlonshlp, while valuee
near 0.0 lndlcate little or no estlmated relatlonshlp. The
second parameter (p) ;s nsed to asoertaln‘the s;gnlflcanoe of
the correlation coefficient (r). Only p walues less than one

were considered meaningful. The percent significance-level is

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

2airs used to arrive at the 1listed correlation coefficient.
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PREMINING WATER FLOW .
Premining Surface Water Flow

The premining surface (Figure 10) as seen in Figure 11
vas drained by a series of dendritic water ways or small

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

sible for the majority of surface water drainage‘from the pre-

sining ICP#lAsite to Coal Creek. An area near the pfevious

Iowa‘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 bésins prior to mining. Three of these basins drain
to North Coal Creek'oﬁ'the_east and ﬁérth,'while two of the
basins draiﬁ to the sbutheast across the initial ICP#1 site.
These last_tﬁo drainages have Been modified by road ditches

that have been cut across them.
. Premining Groundwater Flow

Groundwater flow occurs between particles ana in the
Joints or tissures of the geologic material in the ICP#1l area
¢n both a regional and local scale. Figure 12 illustrates the
telationship between local and regional flow for the ICP#l

4Tea. The Des Moines River acts as the regional groundwater

~eink or discharge point while Coal Creek and North Coal Creek

%te local discharge points.
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An in depth study of the'regionaligroundwater impact of.
the ICP#lisurface mine is beyond the scope of this research.
fowever, it is believed that regional impact from ICP#l mining
would be slight because of the low permeability of underlying
sediments and the small area of regional.groundwater recharge'
represented by the mine. ';' .1. ' S : ‘13

Study of the‘local shallow flow regime of.the.mine area

was chosen as the major concern. The local.grouhdwater flow

IO

regime of the study site can be partitioned into flow through o

surficial deposits and the consolidated bedrock materials.

e R - Than ROR

The surfiCial materials generally ‘have greater permeabilities

—

than do the consolidated materials of the area (w1th 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.

Y
Cv o eTrerTe s

surficial deposits

{. - The unconsolidated surficial materials‘as previousiy
Tentioned consist of glacial and alluvial deposits as weil as
¥cathered bedrock debris and eolian loess. The water flow
through the loess occurs primarily only after rainfall and'
8nowmelt because the loess is situated well above the water
table. 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 permeabllity
contrast. ‘The primary routes for water movement in thevloess
are large'desiccation cracks that appearAin thelmaterial dnring
drying periods.' These cracks open to w1dths of one to one and -
one half 1nch, and reach depths of several feet.< Durlng o

periods of high ralnfall these may be closed by sedlmentatlon,

swelling, or slumplng. As the de51ccatlon cracks close 1nter- o

particle flow becomes relatlvely more 1mportant than does the

previously mentloned "flssure" flow. Interpartlcle flow occurs_

between the silt gralns and clay partlcles through connected ﬁj‘ﬂ

pores. Pore flowage is also 1mportant at depths where drylng i

cracks do not develop.

Most water flow1ng through the glacial t111 whlch 11es o

below much of the loess is credlted to flssure or ]Olnt flow
as in the loess._ ‘The 301nts or cracks in the tlll probably

occur as "fossil" de91ccatlon cracks.A The jOlnts were most

‘likely developed Just after glacial deposxtlon. In plan view

the 301nts of the till form 1rregular three. to six 51ded

Polygons ranging in size from four inches to two feet. - Some
of the cracks also appear to be dead end,‘i;e., they do not.
intersect other cracks. lIn 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

fruacture filling of oxidized material. 1In crossection the
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joinés appear to be an eighth of an inch wide or less. ‘$he
wider joints are usually filled with a fine.white sand, while
the smaller opepings have iron coatings on ea¢h side. Ih |
cross section fhe joints are roughly vertical and very wavy.
water may éléo flow through the pores in the till, but becéuse
of their small siie aﬁd péor connectiﬁn'the fiow is very slow.
As a resﬁlt of the small pore flow it is likely that most of
the till flow chardctéristics‘are controlled by jointing.

other glacial materials at 1CP#l that contribute to

- groundwater flow are the glacial éands and gravelé.whiCh under--

lie till at the nbrthwest'coxner of'tﬁe‘site (Figure 4):. The
water flow through the sands and gravelé-is mostly between ,
large intefpafﬁiéle pores. No joinfs are found as suchlin the“
sand and gravel deposits, but cross bedding foreset beds may )
have a similar effect;. In the sand body, areas of‘highef matrix
porosity and ﬁermeability may occur where coarse sands and
gtavelsvare mixed with finer sands at the base of planer and
trough cross beds. Iron banding parallel té 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 interfinge:ipg'ﬁhe.qparser
laminations of trough cross beds. Near the top and bottom of
the sand unit are areas of well cemented ferruginouslsandstone.
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 .

would appear to retardlverticallflow and may represent the

éremining Water table. No apparent seepage‘was ever observed

from the sands although they were very moist just under the
surface below the conglomerltlc zone.

The alluvium, and glacxal sands compose the-greatest
wvater flow reglme of the 'site. The saturated alluylum along
Coal Creek consists of a series of Very local and complex

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

deposits. In upland areas, alluv1um may be less than one footf

thick while on the flood~pla1n.of Coal Creek it is commonly . ./

over 30'feet.thick. ‘The. permeability of the saturated
alluvium is relatlvely high due to the 1nterconnect10n of

point bar sand and gravel dep051ts, and the depth to water

varies between.ten and - fifteen feet.. UInsaturated. portions of -

the alluvium near Coal Creek consist mostly of overbank silt

and clay deposits. ﬁnsaturatedAflow 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 saturatedi :
Zone most flow is through.thelcoarser deposits such as sand -
and gravel‘which underlieA the southeast sidegof theyICP#l
site (Fiqgure 3). |

A material withAtransitional groundwater flow properties
between the,unconsolidated and consolidated deposits is the

wWeathered bedrock surface. In this material the natural
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pedding planes have been enlarged by erosion or chemical break-

down. Often the bedrock éurface is weathered and reworked by
gravity to formia éolluvial deposit. ThiS'type.of deposit is
commoniy found at the flood plain-upland transition. The
water flbwing through thése deposits isllargely moving in
fractures or beading planes enlarged'by weathering} and to a
small extent through thé ﬁores of the more consolidated blocks

or fragments of the weathered rock,

Consolidated bedrock

The flow of groundwater through the éonsolidated bedrock
is in‘genefal‘much less than that of the unconsolidatéd
depoéits. This is due to the low permeability typical of
shales, siltstones, and clafstonés making up the majority of
the shallow consolidated bedrock of the area. The flow
through these rocks is very slow with the largest part ofhthe
flow along numerous bedding planes,véross beds, and. vertical
joints. In the shales the bedding plaﬁes are separated by at
most a few inches. Joints are commonly obsefved'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 nortﬁ.60° wé;t and
north 60° east for the major and minor sets, respectively. 1In
addition to thesé joints there are several normal fauits in
tiie shales. These fractures show six to eight inches of dis-

Placement and dip between 45 and 55 degrees to the east.
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-nese fractures may also be present in the other bedrock
jithologies, but surface weathering and slumping prevented
ingpection of them. The pores of shales,'clayétonés, and
giltstones'are very small and poérly connected cadsing their
jow water flow rates.

" An exception to the low permeability ofgthe bedrock is
the coal that is found.among the shales and other tight
naterials. The coals may be the most pérmeable 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 loéalAgfoundwater flow because of near total.
confinement by much less pérmeable siltstones, claystones,
shales and surficial clays.

The premining water table for the ICP#1 site (6bserved in
the initial 15 auger holes and eight piezometers,placed in
August, 1975) is as'iﬁ Figure'13. From this figure it is
apparent that the water téble is a subdued -version of the
sites topography. The.groundwater flow direction of the site
spproximates that of the surface drainage. This flow direc- .
tion is roughly from the northwest to the southeast or gen-
¢fally perpendicular to the water table elevation contours
3%0%n in Figure 13. The average gradient of the water table
.3-30 appears to be near seven feet of head drop per 100 feet

[ :
+ sorizontal movement.

R R T T T T A N 07 . ——



[EE- W2 ST - SR S

Figure 13. Premining water table -




.47‘ :

) O

ceh
13

X

. . . B



1 i ey AP EROTIRY

48
WATER FLOW DURING MI'NIANG
Surface Water Flow

During mining'at ICP#1 sﬁrface water was diverﬁed to
either sidg.of mining area to ‘avoid f;équenf accumulations of
Precipitation runoff in the mine cuts;1rDiversioh trenches’ |
were often cut just aboveAthe.high'waiis to éccomplish_fhié
task. A drain tube was uséd to move ek¢ess water from the

mine-cuts to the sediment pond after heavy rainfall.
‘Groundwater Flow

Coal surface mines‘és well, as other quarrying operations,
assume charaCteristics of a large‘diamgter'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-

ment is deterhined by the.amount of water "staﬁding" above the
water level in fhe excavation (recharge head), thé'level of |
water étanding in the excavation (discharge head), the pérmea—
bility of the material releasing the water and the distance
between.the recharge ahd discharge heads. With time for a-
stationary mine 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 lafger cone of depression

OCcurs. In this way mines potentially influence water storage

b
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4nd flow in 1arger and larger-areas. As te whether or not a
ine actually effects its'potential'area of influehce'depends
s;ain on the permeabllltles of the surroundlng geologlc
saterials and thelr head and gradlent conditions. At ICP#l
eost Oof the materlals around the mlnlng cuts are of types
characterized by veryllow permeablllty, Because of these-loﬁ
permeabilities it is unlikeiy that thelwater systehs of these
gaterials will be‘signifieantly'disturbed eutside the'mihed~'
sreas. For the "tight“ materials it is most'likeiy that the
aining process moves more rapldly 1nto the upgradlent strata

-¢han does an advanc1ng cone of depre551on caused by free .

4rainage. An exception tozthls.rule lies in the hlghly

sermeable coal seams. This exception will be discussed in a

tater section.

The initiation of miniﬁg'at ICP#1 upset the flow of

_ iroundwater across the - ICP#1 site. Temporary water table

{eductions of as much as 50 feet from the premining condition
¢70 estimated (Fiqﬁres 13 and 14). The causes ef the ground-
sater flow disruption are the seepage and evaporation of water
from highwalls, mine cut floors, and the spoiled material as
f.8ing cuts truncate‘groundwater flow paths. Figure,lS
*:Nematically represents this evaporation water loss and the
¢‘companied water table drop at ICP#l.'

As mentioned earlier the geoiogiclmaterials making up

*ha highwalls and mine cut floors are mostly low permeability

4 T WU e s s s Fyrp g0 T e Yot b




'Fig.ure‘l-S.. ‘Schematic of groundwater -loss induced by mining at ICP#l
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rock typeéisuch as shales, claystones and siltstonés.' The
coal seams‘aré the only significant variation from this rule.

The coals have relatively large permeabilities in comparison.

.Théée large coal permeabilities may be of little significance

if coals are confined by shales)‘siltstonés and c1aystones
before‘mining; After mininé'opens a coal éeam its large
permeability wouid caﬁse the.majdriﬁy of initial flow from the
coal to be of water held in storage iﬁithe coal itself. Flow
would decline 'from the initial rate until the flow out of the

coal seam reaches equilibrium with recharge from its sur-

.roundings. Where. the recharge is from siltstones and‘shéles

the area of equilibrium rechargé wouldAbe véry large.

Calculaticn cof maximum seepage from evaporation data

The minihé cuts at ICP#l never accﬁmulated a.éignificant;
amount of water dué to groﬁndwater éeépage. This indicates
that the loss‘ofvgroundwatér to seepage'from saturated por-
tions of the mining cuts is less or at most equal to the
average groundwaté; evapdratioh'from the saturated areas.
Following this premise a maximum groundwater seepage loss for
the site can be generated with knowledge of the average
saturated areabof the mine exposed to evaporation, the average
evaporation rate and the timé ovexr which the évapoxation
6ccurs. The area of the mine cuts can be'estimated from

Figure 16. Figure 16 shows the progression of the mining cuts
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Figure 16. ICP#l mining plan’
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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#1 miningi

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

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

the highwalls- and mine cut floors compose 18 and 82 per cent of

the saturated mine areas respectively. The saturated highwall

Table 4. Duration of ICP#l1 mining cuts

Bottom Opened Closed Duration
seam - (days)
cut
1 . 9/1/75 12/15/75 | 106
2 . 12/15/75 5/15/76 o 152 -
3 o . 5/15/76 | “8/2/76 79
4 _ 8/2/76 - 2/15/77 197(225)%
5 | 2/15/77° 6/15/77 120 |
Top 4
seam
cut
1 7/15/76 8/15/76 31
2 8/2/76 1/15/77 166°
3 8/15/76 2/15/77 184P
4 2/15/77 4/15/77 59

_ %one half the highwall length of mine cut 4 was open
dlmultaneously 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 2/15/717.
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rable 5. Estimated saturated mine cut surfaces
;;;:f Highwall Average highwall . Saturatedab saturated?
cut length saturated height highwall mine floor
(£t) (£t) . area (ft2) area (ft2)

gottom seam

1€ 1345 11 15000 . ——
19 1200 . 23 28000 200000

2 1520 o 26 ' 40000 © 240000
3 1075 37 .~ 40000 150000 -
4 1025 B 44 45000 140000
4® 500 45 23000 . 40000
5 500 . : 45 23000 48000
Top seam

1 550 15 | 8000 43000
2 800 15 12000 56000
3 650 .~ - . 15 - 10000 73000

4 525 15 8000 ' 67000

aHighwalls are aSéumed'to be.vertical;'
bRoundea to nearest 1000 square feet.
“Bottom highwall of'cut‘l;

dTop highwall of cut 1.

€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
¢stimated 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 estlmate is derlved by multlplylng the
gum of saturated hlghwall and floor area times their duratlon

‘{n days, and then summlng across all mine cuts and dividing by

667 (the estimated length of tlme in days that mining cuts

vere open to_groundwater seepage and evaporation at ICP#1).

5 The average saturated.suffaee area open to evaporation per day
g of mining a ICP#1 is then 245,000 square feet.

'; Next, an average~evaporatien value must be derived.

f Rohler, Nordenson and Baker (;959) find south—centrel‘Iowa

g to have an a&erage annual class A pan evaporation of 50 inches

with a standard deviation of 5 inches. This value then yields
an average daily evaporation-of'0.137 inches or 0.0114 feet.

From the avefage daiiy evaporation and the average daily

#ining cut size the "maximum" aVerege daily seepage and
evaporation from the mine is calculated to be near 2800 £e3

2 0! water per day or 1,863,000 £ for the entire 667 days of

nining at‘ICP#l; These values in gallons are 21,000 and
; 13,972,000 gallons for daily and total mining peribds fespec~
: tively. . n |

The previous seepage.and evaporation illustration was

talculated following the assumption that reclaimed spoil faces

D S T LI T gy

9% the mining cuts contributed a negligible amount of water to
®¥iporation because of their undersaturated condition.

“fegory (1977) shows that the shale spoil on the site was at
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jess than one half Qater.saturation.' Thls fact is demonstrated
by Gregory 's volume moisture content data from before and after
a geries of 1nf11trat10n tests. These data show a prelnflltra-
tion moisture content range of .about 10 to 16 percent, while |
the moisture content after a steady state runoff occurred
(assumlng this 1mp11es saturatlon) was in a range of 36 to 41

percent by volume.

The evaporatlon 1llustrat10n does not account for the

gseasonal varlatlon of evaporatlon.. The ICP#1 mine was open,

for approx1mately two fall, w1nter, and sprlnq seasons and only

one summer. ThlS would 1nd1cate that the maxamum Aseepage and_

evaporation estlmate would be a 11ttle hlgh. A more accurate

overage estimate would be 0099 1nches per. day based on seasonal-

cvaporatlon data for central Iowa (Ames) as llsted 1n u. S.'
Department of Commerce (1950) |

The season welghted evaporation‘rate,would‘then reduce
the prev10us estlmated maximum seepage and evaporatlon by

about 15 percent to 2400 ft3 per day ‘and 1, 618,000 £t3 for 667

days of mining.

A seasdn-mining‘area‘weighted'seepage and evaporation
fate may also be_neededito determine the interaction of both
changing mine‘cut_areaslandAchanging seasonal etaporation.f

This weighted average sYstem will be introduced in the follow-

Ing refinement of groundwater seepage and evaporation. Monthly

and daily adjusted evaporation estimates for ICP#l are as

‘lsted in Table 6.
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table 6. Estimated monthly and daily evaporation (from U.S.
' Dept. Commerce 1950; Kohler et al., 1959) '

wonth a2 BP Month A B Month A B

5an.© 0.74 0.024 May® .32 0.204 sept.? 5.67 0.189

reb.® 0.97 0.035 Jun.® 7.45 0.248 oct.? 3.80 0.123

d ¢

war.€ 1.94 0.063 Jul.
ape.d 5.10 0.170 aAug.? 7.23 0.233 Dec.® 0.74 0.024

8.73 0.282  Nov.S 1.31 -0.044

®Monthly amount in inches.

bDaily amount in inches.

Welghted values by comparison to Lake51de Mlssourl
values of November through March. :

dAverage for Ames, Clarinda, and Iowa Clty, .seven month_

record.

Combining data of Tables 4, 5, 6, and 7 £he’"maximum"

seasonal-area adjusted seepage and evaporatlon for the ICP#l
3

site is 1,536,000 ft~ for the 667 days of mlnlng or an average.

of 2300.ft3 per day. The seasonal adjusted evaporat;on
amounts used in the previous calculation are listed in Table

7 as follows:
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csable 7. Seasonal adjusted evaporatlon

e—

pottom seam Evaporation - Top seam Evaporation
cut : - inches/day. . - cut © .inches/day
1 . .-.0105 1 .0258
SPN _{-;dngwf;qoéo 2 Q01l4-'
3 :w"f*..0251‘>' 3 .0089
4 u 20099 4 .0084
4a L0050 | |
5 .. - .ol46

Calculation of maximum seepage from permeability and:gradient
estimates |
Groundwater seepage from the mine cuts has been approached

from an evaporation limit standp01nt. Tt is dlbu of 1nLe1esL

to obtaln a perspectlve of seepage as controlled by the perme-

abilities and groundwater flow gradlents at the ICP#l1 mine,
but first some timely ohqervatlons must be reviewed.

As previously pointed out the majority of saturated bed-
rock materials at ICP#l are characterized by low permeability.
Because of these low permeabllltles evaporation prevents the
accumulation of any moisture on their surfaces. Coals prov1de
a 8triking exception to the low;permeability rule. 'While coal:
accounts for less than ten percent of the thickness of depoe-

its it probably has the greatest influence on groundwater flow
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during mining. This influence is due to the high permeabll-
jties characterizlng thebcoal seams. Most of the bedrock - |
=aterials at the Icf#l site are'siltstones, claystones and
shales Which commonlyAhave hydraulic conductivity values
between 0.01 and 0. 00001 ft/day (Morrls and Johnson, 1967)
On the other hand coal commonly has a conduct1v1ty range f"

between 0 l and 500 ft/day (Taber, Fulton, Dabbous, and Reznlk

1974). A
Numerous ooal'seams'oocurred.in'the'strata at-ICP#l,fbut'

only three of thesefeoals developed'significant seepages;f WO

of these coals were mined, while the third was‘not. The two

mined seams ocourred at elevations between'697 to: 715 ‘and 745

to 760 with respectlve average thicknesses of about two and
ne—half“and:five f eet. The tnlra coal was located near ele-
vation 730 at the west Slde of the mine and had a thlckness of

about one and one-half foot.f Of theSe three coals only the

upper coal was p051t10ned so that an estlmated flow rate couldp‘-
be obtained.. The.v;51ble,seepage rate was»lnltlally estlmated-

at about ten gallons per”hour.from a one by fifty foot seepage

face in August 1976. At the same time two other seepages f
occurred at the east and west end of the upper seam, but the
combined flow of these two was only about half that 6f the
first. Near the end of mining the visible seepage from the
Upper mined coal seam was srgnlflcantly reduced to less than -

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

vwas maintaihed by a seepage below piezometer Q also. | ' ok
Fromlthe initial seepage of ten géllons per hour an esti- |

mate can beumade.of the hydréulic éonductivity of the coal‘

from the'Darcy flow equation:

Q0 = KiA - ' (1)
where:
Q= vblume of flow

KA=_hydraulic conductivity

- ‘_
E2 e Erir i e b s g S P B

i flow gradient

A = cross sectional flow area. _ .

L o PRt e et g

By rearranging Equation 1 we'get:'

K = Q/iA. o (2)

e AT

Assuming the coal seam'flow'gradient equalsAthe average 
? water table slope and the seepage face is fifty square feet;

i the value of K will equal about 69 galloné/ftz/day (9.2 £t/

day) if @ is ten gallons per hour. This indicates that the
E coal seams are from one thousand to one million times as

4 : '

{

“permeable" as the other bedrock materials at ICP. From this

! . example it can be seen that where coal seams outcrop'from

very low permeability rocks the coal will provide an under

NP O e T T — ,'~ L Cany "~ TR R

drain effect and significantly increase the effective seepage

face of the surrounding low permeability strata.
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To understand the extent of the 1nf1uence of dralnage

{rom coals opened by m1n1ng 1t is 1mportant to understand the

| £low gradients and head condltlons that may prevail in the

coal seam before and after it is opened by mining. Prlor to
mining the water flow system of the coal seam will be 1n |
equillbrlum w1th the surroundlng 51ltstones, claystones, "and
ghales. The 1n1t1al head condltions of the coal seam would

then be equal to the average head of the overlylng saturated"

materral. At ICP#l the bottom coal would then have an approx1-_'

mate head of 740 msl Thls premlse follows from.the assump-v
tion that the plezometrlc head 1n the 511tstones, claystones,-"

and shales can be approx1mated by the water table surface.

As the mlnlng operatlon opens the coal the head condltlons

- in the coal would rapldly adjust to the level of the mlne cut -

at about 700 msl._ Water would draln qulckly from the coal ;ﬂ
relative to the low permeablllty overlylng rocks. Rocks above
the coal would not be able to supply waters to the coal as |
rapidly as 1t would be capable of draining them. Thls could‘f
fwan that a_largelarea of-coal wonld have a greatlyldecreased
head from the premining'condition. The area of head decrease
would be determlned by the permeablllty and flow gradlent
3Ccross the low permeablllty rock coal contact relatlve to the
coal's Permeablllty and flow'gradlent to its seepage face at

the mine cut.  The relationship between the coéls-and the

overlying low permeability rock at ICP4l is shown in Figure 18.
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the case of both coals it should be noted that shales are

in

¢he overlying strata.

Two models exist for the.drainage of water from the coal .

geams at ICP#l. These two possibilities depend updn the

zopography'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 mihe cut

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

seepage would be of water stored in the coal itself. The
anount of seepage would then decrease.until a recharge equi-
librium had been set up wiﬁh the overlying shale. The second

model as in Figure 20 occurs where the coals behind the high-

valls 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 Waterlonly in '
response to the head drop between the overlying shales and the
coal outcrop at the mine‘cﬁt. .The rocks below the mining cuts
and coal seams pfobably contribute oniy the water that has
hcen stored due to compression from the overlying premining
head. This amount of water would be very little since ﬁhe“
vater would not have been significantiy coﬁpressed 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).

“

rt

Lo

- rh

Sl et




TR TR TS

LI RO S e ey @ MSTOD TR A

s R T

Up dip coal seepage
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pDown dip coal seepggéf

'Figuré 20.
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The up andﬂdown dip seepage models répresent a rather‘
complex situation when applied to the ICP#1 coal seams. The
bottom ana 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 éoal may dip steeply west of ICP#l.
1t has also been deséribéd aé fofming a split from'the.loﬁer
coal. The juncture of this split'was found in a_miﬁe»cut ét
the Star CoalACOmpany west of ICP#l1 (personal communication
Lyle Sendlein and John Lemish;ICP#i). ‘

The struéture of the'upper éoal<seam.indi¢ates tha£ water
would flow ffom its crest to-the north and south into minipg
cuts operated by ICP#1. The upper coal would cohﬁribute down
dip seepage to active mining cuts. Tﬁe lower ICP#1 coal |
presents a more complex picture. From the exposed coal and
its elevation in various‘core and auger holes it would appear
to contribute only up dip seepagé to the mine area. The
observation that the bottom.coai is mined at Star Coal Compaﬁy
1500 feet to the wesf at approximately the same elevation |
would‘indicate that the coal seam tends to undulate in a

narrow elevation range. Assuming that this is true it is

‘#0ssible to tabulate possible maximum gradients'that"could

oCcur in the lower coal as it is opened to mining. These
jradients are listed in Table 8. These gradients were cal-
Culated under the assumption that the coal seams undulate no

Rore than 20 feet above or below the seepage outcrop, and that

. [

ey

e 3B e L sy a2 S T e AWy 42T e Ry

om oA v o



et A o e Pt @ T S 2o %

Figure 21. Bottom seam structure conAtour.'
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-able 8. Maximum and minimum slopes (ft/ft) of ICP#1l coal
* seams and associated water flow gradients

pistance - Maximum and minimum Maximum unconfined
cange (feet) coal seam slope@ water flow gradient

0 | -—- | e
, e ,

1-10 +0.059 . 0.331

10-100 +0.059° | 0.086
100-1000  40.059° 0. 062
1000-2000  +0.014 . 0.015

3average over range.

bHighest observed slope on the lower ICP#l_coal-seam.b~

the flow gradients (in coal seams opened by mining) are
controlled by their structure. | o

Table é gives the gradients for the;water in.coal seams,
but gradients are still needed for the shaies and siltstones

surrounding the coals. The average saturated thickness of

shale over the lower coal seam at ICP#l is about 40 feet. It

¥as also noted that joints from one to three feet long were
vommon in the shales. If it is assumed that the majority of

“ertical head loss in the shale is due to joint flow, the

“radient would be equal to the head drop écross the shale-coal -

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

“ead drop is taken to be 40, and the average distance over
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yhich the head drops is 2 (the average joint length), theil
gradient would be 20. - -

The hydraulic conductivity of the shale bedfock arouhd
piezometer'Savwas‘measured by a bailihg test.' The results are
tabulated. in Appehaix‘F. The}:eéults show that the shale has

an average conductivity of .001 ft/day. Thie~value is two

orders of magnitude greater than‘the average coﬁputed by Morris -

and Johnson (1967).  This high conductivity may also_reflect
the shales proximity to'siltstones below. This point is given
support by ICP#l core hole data given by Sendleln (1975) for

geologic strata below the lower coal.

The distrlbution of . the coal seams 1s also of 1nterest in

calculating.mining seepage. The lower coal is known to ex1st R

in the Star mine 15 0 feet west of iCPfl ana aliso below the

1C0 mine site. 1If 1t is assumed that elevation_720 of the

ICP§l arca locates the lower coal seam it would have_an,area L

of about 130 acres. This area ie only the area that would :
contribute seepage'to ICP#l. The'weStern boundaty used tof.
calculate the coal area would be about 750 feet.westyofilCP#l;
“his is due to the fact that the lower coal was not mihed.at“
Star until one of the latest cuts was opened near Starlcoal
Cotpany's western border_(Eersonal commuhicatioh Qith Jim. .
Huyser, Star Coal Co.). It is assumed that draiﬁage'will be
Gi’?roximately divided equally between the Star Company's mine

€¥ts and those of ICP#l. East of the divide line between
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jcpél and Star the lower coal should be dralned "only by ICP#l

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

zined. This ‘'would -leave at a maximum, the remaining coal

(having.recharée effects on ICP#l) to have an area of 112

acres. The initial extent of the upper seam was about 40

~acres in recharge areas effecting ICP#l._ of this seam a maxi-

sum of 15 acres remains to the north and northwest of ICP#1l.

Table. 9 summarizes the geohydrologlc parameters dlscussed""'

vhich lend to an evaluatlon of seepage durlng_uunlng at ICP#l.

fable 9. Hydrogeologic summary

hydraulic'conductivities (ft/day) -
coal: 10' | |
shale: 0.001 (to 0.00001) -
average evaporétion rate:. .0114 ft/day
hydraulic gradients - B
coal: .331 to .015 .
shale: 20 |
coal seepage face: 1 foot
average highwall lehgth:"lsdo feet
' 2

average mine cut floor area: 201,000 ft

average height of saturated highwall: 41 ft

e L e
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From Table 9 a maximum average daily flow from the lower-

coai seam (removable.by evaporgtion) was éalculated}l<This
flow is about 2300 ft3 as seen earlier. This flow is equival-
ent to abouﬁ 1.5 ft3 of water flow from one cubic foot of -
coal seepage face. For the‘bottom coal which has a con-
ductivity of 10 ft/day thié wouldigivéla flow.graaient through
the coal of about 0.15 ft/ft; N

‘At ICP#1 the flow from déals'in the highwall_was;never
uniform.- Seepages were usually located nearithé depressio@s
{n the coal surface. The entire floor of the mine was ne&ér'
saturated after most of'thé coal-had Been removed. At moét
about one third of the mine pit floor‘was saturéted. ' This
fact suggests that the flow.into.the-mine pit was at most

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

about .05, This is approximately equal to the gradient of the.

premining water table.

- If we assume .07 to be the average gradient for all the
Raterials in the highwall at ICP#l the average daiiy.fiows
from the highwall would be as in Table 10.. |

Table 10 illustrates the apparent lack of wafer seepage
from any highwall mgterials except the coal. The f19w from
the highwalls is also équal to about 38 percent of the maxi-
zum evaporation”ffom the mine cuts.

In addition to seepage from the highwalls ﬁheré is the

#038ibility of seepage up through the mine floors. Seepage
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cable 10.' Avefage highwali’daily seepage (flow gfadient =

.07)
o Hydraulic ’ : o a
Rock type . conductivity Thickness Flow/day
(ft/day) . . (£

N - S s b
Coal [ 1.0 . 1050
shale® .001 - - 15 1.6
shated L0000 15 . 0.02
siltstone and A : o DU : '

claystoned . .00l - 10 . 1.0
overburden® .001 _ | : 10 . 1.0

8Flow for 1500 foot average highwall length.

bCoal seepage face (average coal thickness for upper and
lower seam combined was 3.5 feet) time weighted. : :

®shale with,conductivity as tested at ICP#1.
dshale with conductivity after Morris and Johnson (1967).

“oxidized shale and till.

up through the mine cut floor ié probably very low bécausé
there can be only a very limited amount of head.trénsfér
through a level coal seam open to the mining cut. Any pres-
8ure or head added to the goal.seam from the overlying shales
would push water through the coal seam to the seepage face
before it could transfer the head to the low permeability
iltstones and shales below the coals. As will be discussed

{2 the next section the upper coal was dewatered north of
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.cptl by mining from 100 tb'300 feet away. ‘From thié fact,
tor seepagé to move up from the mine floor‘it must have a
.néar‘by“‘source of head. At ICP#l the source of head is‘
ssually water saturated shale overlying a coal bed. As seen
atlphe mine the coal bed can be draihed'at least 100 feet from
the mine;cut. This means'that head'tranéfér.from the shale
overlying the éoal, to a shale or silﬁstbne underlyihg the
coal, must 6c§ur beyqnd 106 feeﬁ_from the coal seepage face.
Thus, if 26 feet of head is exetted across tﬁe coal into the
undérlying‘siltstonés or shale'to cause seepage 100 huhdred “
féet away ﬁhe floWAgr;dient,would be d.2§ This would give a |

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

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

be parallel to the width of the mine.qﬁt‘(l35'ft) the average
gradient across a mine cut would be 0:12 . This would give a
maximum flow of 0.00012 cubic feet per square foot of mine

floor (with 0.001 ft/day hydrauiic conductivity). The total

. scepage from an average size mine cut floor at ICP#1 (201,000

2 . ) ) ) ¢ . .
ft”) would only be about 24 cubic feet per day. This flow is

about 100 times less than the flow that must occur to give an
¢xcess surface accumulation of seepage water relative to
average 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#1 mining cuts during
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3

¢67 days of mining can be better understood by dividing it into

¢jve classes. These classes include:

1. Surface runoff iprimarily from areas upélope

R R

from @ining cuts)
é. GrdundwaterifloQ through the mine floor and mine
higﬁwalls o | |
3. Precipitation iﬁtercepted byAthe mining cuts
4. Evaporation from the mine fioor and highwalls
5; Dréipage from the mine cut fd'the sediﬁenﬁApond.
The sufface ;unoff that mo&ed into the mine cuts ig esti-
aated at 505,600 cubic féet.’ This value was derived by summing

511 precipitation falling on areas that drained to the mining

cuts, and multiplving by 0.18. The multiplication factor was
derived from data éivén by Walton (1970) for glaciated drainage
§ basins in Illinois, The factor is ﬁhe a&erage runoff divided
é by the total preéipitation.- |

Thé groundwater flowvinto the mine cuts has élréady'been‘
cstimated. It includes: 700,400'cubic feet of flow tthugh‘the
tval seams, 2,400 cubic feet of flow through the siltstones and
shales overlying the éoal, and 16,000 cubié feet of-seepage‘up .
ﬁhYQUgh.the mine floor for a total of 718,800 cubic feet.

—~—

The precipitation intercepted by the mining cuts was calcu-

PRIy

‘ated by summing the products of mine cut areas and the rainfall

that Occurred while they were open. The derived estimate is

e PR <A I v e
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| “Toundwater flow) will yield an estimate of 1,069,800 ft°.

8lc.

-564,700 cubic feet of water.

The evaporation from the mine cutsAwas‘éreyiousiy estimated
at a ﬁaximum (Potentiai).value of 1,536,000'cubicAféet. A more
fealistic'value may be attained again from Walton (1970). 
¥alton's data indicates that approximately 65 percent of rain-

fall on glacial drainage basins of Illinois-is lost to evapora-

-eion. Assuming this estimate holds for southern Iowa, the evapf-

oration from water flowingjinto 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 6ccu:red

¢rom surface runoff moving through the mine cuts. The total

estimated evaporation is then l,019,300;¢ubicAfeet if‘the

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

evaporation from surface runoff into the mining cuts.

Estimates of drainage from theAmine cuts tb.the sediment
#ond éan be made from the previous four classes. Water inflow
:nto the mine cuts ‘is estimatéd to be 2,089,100 cubic feet from
rainfall interception, surface rﬁnoff and grqundwatef. . Bince

the mining cuts did not accumulate significant amounts of water

the outflow must equal the water inflow. Evaporatioh and drain-

3¢ constitute the major outflows, thus the subtraction of

9vaporation from inflows (due to rainfall, surface runoff, and
3
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piezometric effects of mining at ICP#1

pynamic

The extent of dewatering of the.geoiogic strata at ICP#1l

vas observed in three piezometers above the north,highwall'of

'ghexune. These piezometers are - 4a, M, and Q as located in

rigures 4 and 5. Plezometer 4a has a surface elevatlon of

about 800 feet and extends to a depth of 43 feet. da is open

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

Piezometer M has a surface elevatlon of about 772 and was
drilled to a depth of 17 feet. M is open to sample water from
a allty sand and gravel alluv1al dep051t.p'fhe third pieéom—,"'
eter, Q, has a surface elevatlon of 769 feet and has a max1—;

sum depth of 40 feet. Plezometer Q is open to collect ‘ground-

~ water from its bottom 35 feet. Q' s 35 foot: sampllng depth

contains shales, siltstones, claystones, the‘upper coa;, and:
the silty sands and gravels sampled in M. | |

The strata monltored by these plezometers were not
significantly dlsturbed by mining .until May and June of 1976,“ﬁ
however no significant changes were observed untll,lateuln |
JQly 1976. At this time the upper coalpseam was opened for
"ining at a distance of about 300 feet from_piezometer 4a
(nine cut 1 of the top coal seam in Flgure 16). As the coal'.‘
v&88 removed the water level dropped elght tenths of one foot .
9§d leveled off at this head  (759.8) untll the end of September
1976 (Figure 235 This leveling perhaps 1nd1cates a temporary

‘echarge was recelved from the overlylng sands and gravels.




Figure 23. Dynamic pievzometric effects of surface mining at ICP#1
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e leveling may have also been dﬁe to a new equilibrium éet
gp as a result of mining. A similar bui less obvious trend
vas also ébserved in piezometer Q.

Late in-September 1976 a north-south cut was excavatéa
into the upper coal seam at the northwest corner of the site

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

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

¢rom piezometer 4a of again about 300. This activity was
tollowed by the compleﬁe loss of water in piezometer 4a as

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

0_uceping 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 aﬁ
uus timeA(September—fNovembér 1976). The water level in Q
dropped from an élévationAof 760.4 tohabout 750 feet (Figure
23). The water level in M dropped_élso, but only ébbut threé
feet. The water level in M leveled off at'tﬁisbtime and nevef
vent significantly lower. Q, on the other hand, continued_to

lose hcad. From eaily November 1976 until mid-February of

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

ten feet away. From mid-February until the fall of 1977.Q
tegained about seven .feet of head due to closure of the mining
€3t8 during reclamation of the upper coal seam bench. The
1998 of the hole in which Q was placed show that the uppér

*23l was located at a depth of 18.5 to 24.5 feet. The water

e
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covel deptﬁ record as shown in Figure 23 indicates that the
coal was dewatered through four and one half to five feet of
\ts six feet thickness (assuming that the coal seam is the
only significant charge to Q).

Pieéometers 4a and M remained unchanged_throhghfthéw
gummer of 1977. It aﬁpears thét the shales,‘Sands aﬁd gravels

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

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

vatering impact was felt in this area'due to mine‘éut 2 which
substantially constricted an already narrow recharge path from
the ﬁorthwest through the upper coal.

From June 1976 until Februaiy 1977 the water levels cor-
relate significantly (+.88). This is higher than their corre-
.ation before and after mining (+.6$).' These piezometers also
correlate with rainfall more strongly during mining than at’ |
sther times. The correlations for M for the entire sﬁudy
seriod and for the mining period are .51 (Auqusf 1975--August
<977) and .73 (June 1976--Marcﬁ 1977):respectively. This
vdriation may be explained by the loss of water storage in
enclosing sediménts during mining. With less water held in
*torage the addition of precipitation ihfiltration will change
vater levels by a larger relative extent. Infiltratién water
Vjuld be more quickly drained also.

The resﬁlts of water.level monitoring north of ICP#1

-“dicate that the coal seams are the only strata significantly
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dgsturbed'byemining in upgradient areas, although some water
joss must occur from all fhelstrata. |

Another condition exists that may affect the piezemeiric
nead at the north of ICP#l. This is the drainege of the south
{Cco mining cut (Figure 24). Approximately three feet'of water
vag drained from the‘ICO mining cut at the end of September
1976. During this drainage the water surfece in the ICO cut

vas reduced from 753.5 to 750.5. No significant.drainage

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

located 130 and 170 feet from plezometers Q and M respectlvely. 

tThe upper coal seam at the ICO cut is near the same elevation
ag at piezometer Q. The top of the coal at plezometer Q is at
750.5 so that:the drainage at the ICO cut to this elevation
wuld not have produced thevloss of five feet of head beldw
this level. The drainage of the‘ICO pit could reduee the
techarge of water to the top coal‘at Q and thus al;ow a
secpage face at ICP#1l to draiﬁ the coal more effectively. .it
ﬂPpears'possible ehen that the affects of mining on the water :
ia the coal at Q are related'tp both ICP#1 mining and.drainage
from the ICO mine cut. This is shpporfed by the fact that Q
togained only seven of the fourteen feet of "mining head loss"
after reclamation.

The "large" loss of water ffom the upper coal ‘seam north
ot the mine is largely due to the fact that they dip or slope

into the'min;ng area. Well 2a (Figures 5, 6 and 7) is located
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ICO site before and after reclamation

Figure 24.
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in @ éortion of what appears to be the lower coal seam. The
coal at this location appears to be dipping or éldping away
¢rom the mined area in Figure 21. The water depths in well 2a

nave 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
piezometric,Head in 2a dropped at most three and one half feet
during mining, but the coal never came close to being drained.
the equilibrium piezometfic head fluctuated between 13.5 and

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

1977.
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POST MINING WATER FLOW

Surface Water Flow

The post mining surface topography of the ICP#1l site is
shown in Figure 25. The surface consists of fourlflat'terraces

gseparated 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
water is gravity drained from the terraces to tile inlets as

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

wvater is drained to South Coal.Creek by an underdrain system

as shown in Figure 25.
- Groundwater Flow

Spoil character and water flow

The' groundwater flow after mining at ICP#l will be R
ﬁoverned by the unsaturated spoil replaéed into the mining
Cuts, .Until the spoil material is saturated the groundwater
flow.thrnugh the gsite may be retarded. Groundwater flow
*hrough the ICP#1 site after mining will be rather chaotiq'in
*he areas filled with spoil. The spoil fill consists of
‘QVéral materials. They are pulverized and blocky sﬁales and
°}1tstones, sands and gravel, and some oxidized clays.

The permeability of thé replaced spoil will be governed

“4 the trade-offs between increased porosity after mining and
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Figure 25. ICP#l1 post mining topography
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che premining fracture and joiqt flow.A The spoii would'perhapsA
tend to have a larger permeability than the originai shale
recause of the increase of‘the'fracture syétem through_the
‘nnterial. The "secondary" fracture system of the spoil could
also be significantly.clqsed-by very fine particles'a§Sociated~
with the coarserAfrégmentsAof bedrock4and.by‘compaqfibn during
reclamation. Areésiof higher pérosity would also'include por-
tions of the miﬁe cuts filled with glacial sands and gravels
as Qell as the base of the spoil where coarselaccumulations;of
vaste coal areAlocated. The bedréck just below thé coal may
also have developed a larger porosity due to cracking'after
the shales were unldaded'by'overbﬁrden reﬁoval. EAﬁbthér‘case
for the increase of poroéity in the bédrock‘below the spoil

would follow from the use of explosives to disiodge and break

“p the coal during mihing.

Tpoil ﬁndersaturation | ) ' . g
As'mentioned previously Gregoxy (1977).showed tﬁat the

:011 at ICP#l was from 60-75 percent uudersaturated.. The

+dersaturated condition is derived partially from evaporation

i~d partially from the swell 6f the overburden materials as

“htey are pulverized by the surface mining process. o 'f E
Gregory (1977) shows that the shale spoil of the ICP#1l

Bive has-an'effective porosityiéf about 40.percent. Part of

Thie porosity is due to that of the original shale and part
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n3s been added by swell. For an average swell at ICP#l between
10 and 15 percent (personal communication with Marty Briggs,'
azricultural Engineering, Iowa State University) the original
ef{fective porosities would be 31 and 27 percent respectively.
yrom these porosity values estimates can be derived for the
sverage amount of water lost from the-spdil during handling.
snd the volume of water needed to resaturate the fill.

Gregory (1977) reported the moisture content of the
stockpiled shale at ICP#1 to range from about 10 to 16 percent
oy volume. The diffefence between the ﬁoisture content of the
spoil and the effective porosity of the original shaie'would
then give an estimate of the water lost dﬁe to'evaporéfion
through the mining process. The moistﬁrelcontent bf‘the
‘spoils should be corrected for swell. The corrected spoil
asture conﬁénts would then range from 11 to 19 percent>by

wlume. The differences between the estimated original shale's

effective porosity and the corrected spoil moisture range from '

eight to twenty percent. This range is then the unit loss of
reisture due to mining.

If the previous moisture lost can be assumed over all the
1ﬁ§tially saturated spoils we can calculate the volume of water
+23t due to spoiling of the overburden;. From Table 5.the fotal
*aturated bedrock at ICP#1 that has been spoiled is about
-%,749,000 cubic feet (approximately one million cubic yards).

“%:8 spoiled bedrock volume gives a water loss of 2,300,000 to

. ro—
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§,750,000 cubic feet of water. This water loss is 1.5 to 3.75
¢imes the maximum possible seepage-eVaporation rate of all the

¢cp#l mine cuts combined.

uwmﬁ%ﬂm@wmgwwn*f

It is also of interest to calculate the volume of water

eacded to resaturate the spoil f£ill. For this calculation it

R

vill be assumed that the equilibrium water table across the

reclaimed spoil is the saﬁe as across the original sediments.-
. gt will also be assumed that the shale spoil is représentafive
for all spoils backfilled into the mining cuts.

The watef needéd to resaturate the spoil material would
equal the differehce between the total effeétive water pofosity
and the spoils present'moisture conteht times the volume of 
spoil to be resaturated. The net moisture needed fbr resatura-
tion would bé between 24 and 30 percent by volume, given an
effective porosity of- 40 percent and ‘a moisture content range

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

wiously (28,749,000 ft3) the water needed would be between

3 3

€,900,000 £t~ and 8,265,000 ft~.

LILIBT I W AT,

The previous examples show that the porosity of the shale

8poil may be as much as 29 to 50 percent higher allowing for a

nuch greater water storage potential. This storage potential

N T A il SR &

%48 been given credit for recharging domestic and municipal
vater supplies as well as low flow augmentation of rivers

‘AGnew, 1966; Cederstrom, 1971; Deane, 1966; and Traux, 1965).
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pecharge rates

As seen in the previous section the reclaimed spoil-will

-s0d a large quantity of water for resaturationm. 'This_water‘e~'

vill come from suffacetinfiltration and from flow through the

gedrock below. The recharge contribution of the bedrock will -

pe determined by the magnitude of difference between the
e¢aturated 5edrock permeabilities-and-the~unsaturated spoil pete
noabilities. Assuming the epoil permeabilities are greater |
than or equal'to the bedroekls,we can estimate a reeharge;r

previously it was concluded that a quantity of 1050;ft3,of

{or a combined upper and lower coal seepage face of about two

-vater would flow into the mine daily from a 1500 foot highWall,t

f¢ot. The ICP#1 mine cut has approximately 2000 and 1300 feet

¢{ highwall for the bottom and top coal respectively, If one -

foot seepage faces are initially present on coals in the pres= o

eat hlgthllS, the flows would be approx1mate1y the same. "At
8 rate of 1050 ft3 per day it would take a mlnlmum of about 6
r9drs to resaturated the volume of unsaturated sp01l present

at ICP#l This assumes little contrlbutlon from the4m1ne

‘loor. Groundwater recharge would probably be more controlled |

Yy the permeability of the spoil fill, If this is the case a
"ich glower recharge rate would occur.
Surface infiltration would also contribute aArecha;ge to

““?¢1 spoils. Walton (1970) lists groundwater recharge rates

. i
2f basins of central Illinois. These basins are characterized
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vy glacial deposits and‘gentle-to rugged topography és_indi-
cated by étréam gradients from 3.9 to 16.6 feet per mile. The'
Coal Creek'baSin has é‘gradient of 10 feet per mile and isi '
covered by glaciai sediments also. Using these facts it
appears that the ICP#1 mine's groundwater recharge contribu-
¢ion coula be estimated with Walton's data. Walton (1970) .

iists 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#1 there is between 9.6 and 12 cubic feet of un-
gaturated spoil-for evefy square foot of surface area. This
"indicates then that if favorable spoii.permeability exists,
¢the spoil wouid be resaturated iﬁ 12 to 36 years.

Recharge to the mine area of-ICP#l has been observed in
‘5a, 5b, 5¢, 7a, 7b (Figure 5).. Piezometer
nest 5 indicates very little rechargg to the Spoil in this

drea. The base of the spoil fill near 5a and Sb is at 700

feet, while at 5¢c it is at 695. The‘spoil fill was replaced

near 5a and 5b in January 1976. The £ill near 5c¢ was not
feplaced until June 1976. The dates of fill replacement

should give an appfoximate date for the beginning of recharge
Assuming that it will essentially stop evaporation loses.

¥rom the time of spoil refill until August 1977 the spoil has
Tecovered at most 2.75 and about 1.6 feet in 5a and 5c respec-
“ively. The water level in 5b is still 3.5 feet below the |

"-,_n . ) s .
“ottom of the fill. These slow water level increases may

wE

-y g .
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1ndicate that the water table in these‘areas have alwéYs‘been
jow or that reéharge to the down.gradient side of.the mine is
- gery slow. Piezometer 5a does not directly sample the head of
«he spoil material, but that'of the bedrock below. The head
increase in this well mayiindicéte recﬁarge to the_bed:oék
pelow the séoils or possibly a water table adjustmentlto re-
foading the area with spoil after ﬁining.'.Thévsmall riée may
also be only a seasonal trend. -Piezometer 5b. indicates that
gv;poration may remove a conéiderable amount of:wéter from tbe
snine floof sedimenté.  The low wéter.ievel.at 5b may also
demonstrate the water flbﬁ toward lower piezometric heaa'”
areas near 5c Qhere the water ievel is:about two féet below
that found at'5b. |
At piezémeter ﬁest 7 iny‘ohe.of'the threéApiezometers'
shows any head inc:ease}aﬁove the base‘of the.sﬁale; 7c  |

-8howed this increase in about one foot of water level rise

above the base of the spoil by July 1977. The spoil was’
teplaced at 7c during May 1976. 7a and 7b as of July 1977
vare 1 foot and 1.5 feet below the base of the shale fill.

“he spoil around 7a and 7b-was‘replacéd in October of 1975.

.,J,_, ) N

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

suelapety

- 8t¢ at the down gradient side of the mine, or because of

Mo .
“falnage to even lower areas of unsaturated fill.
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secharge areas -

“The recharge afeas of ICP#l can be brokeﬁtintp two cate?
gories. The first is the area which will cont;ibute s;gnifi—
cant fecharge to ICP#1 through sufficial infiltration of rain-
tall. The second is the area that will contribute recharge to
iCp#l by groundwatertflow through the bed:ock and surficial

geologic deposits.

The recharge area for.rainfall infiltration at ICP#1

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

spoil at ICP#1 (Figure 25). Areas outsideAthe ferraces_may
contribute infiltration recharge_also but_groundwéter flow
vould be.an'intermediate sfep. | | |

The flat terraces Should provide the maximum Qpportunity _
for surface infiltratibn. At ICP#1 the terraces aépear to be

saturated.in several places indicating their effectiveness to

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

$p from a pefmeability drop between the oxidized-bverburdeh
and the shale spoil below it. Another,éossibility would be
the accumulation of water at the bottom depth of surface
4rying cracks in the oxidized overburden. Assuming that the
<racks do not‘penetrate thg oxidized overburden they cou;d
3150 cause a permeability contrast betWeen material containing
“fying cracks and thét not containing cracké. |

If recharge does significantly recharge spoil beneath the

“¥tdized overburden it may be possible to get springs forming

m e A m—— s
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‘at the backslopes of the terraces. This condition is aéparent"
when comparing the post mining surface with the premining waterg
table as 1ng1~gure2\6. e iaman. . - A .';;;_'.{';'ZEZZS;;;;’-.«. °

Groundwater recharge to the mine appears to be less sig-
nificant than surface infiltration in terms of volume of flcw.
The primary ccntributors of groundwater flow tc—the ICP#1 mine
spoil are the unmined pcrtions of the coal seams.’ These strata
can conduct large amounts of flow unless theyAare limited by
very low permeability confining materials. The lower coal seam
is unmined rhﬁitSjeXteht to the north and northeast of ICP#l;!
To the west it is:unmined ﬁhtil the'west side of the Star éoal
Company mine. .To the northwest the lower coal is uhmined
north of the Star mine. The maximum areal extent of portions
of the iower'coal'seam that could cohtribute to gxmundwater.
flow at ICP#1 is 1}2 acres.-~ As discussed earlier-this
includes about one-half of:the coal between ICP#1 and Star and
all cf the coal tc-the-north ahdinortheast.. The @oalbto the
northwest of ICP#l would probably draln away from ICP#l1 due to
its westerly slope (Flgure 21). The poss1hle extent of the
lower. coal seam is shown by the-heavy black line and heavy:
black dotted line in Figure 27. Q

The recharge area covered by the upper coal seam mlned at
fIN*ICP#l has‘a; extent ofvonly abeut 15 acres ‘maximmm as dis— | T

Played by the solid black portlon of Figure 27."Ehe upper

Coal seam to the northwest of ICP#l appears to hawe been
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removed by glacial or preglacial erosion at piezometer loca-

:ion 10a (Figure 5). The upper coal also'extendS‘along the

it o)

¢

in a five acre area between ICP#1l and its continuation lease;
near the abandoned ICO mine.- A nortion 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
are another possible recharge source.‘iThe sands areAdistribe

uted in the same areas as the upper coal (Figure 27). The

contribute recharge to ICP#l. Figure 28 shows the position of

the sands relative to the depos1ts at ICP#l. 1In some areas .

sway so that water may easily move from the sand to the coal.
Figure 28,shows'the possibility of a seepage' face deﬁeioping
at 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. 1If water were allowed to accumuiate in
the depression it could also add to a seepage face at the back
of the top ICP#1 terrace.

Other significant materials conducting flow to the ﬁnf_
8aturated spoil at ICP#1 are the claystones, siltstones and
5ﬁales. These materials are important because they confine‘

the coals and control the waters moving through the coals.

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

sands are believed to be periodically.saturated and could then .

the shale between the upper coal and the sand has been eroded ‘
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Figure 29 1llustrates the distribution of these materlals
{from ICP#l core hole logs) at the base of the mlnlng cuts.
" As prev1ously discussed theseAmaterlals have contrlbuted very
iittle‘recharge to the down gradient side of the mine.

The last significant material to help recharge the ICP#1l

spoils is the cast and scraper mining spoil of the Star-and
ICO mining sites. These areas are denoted by the diagonal |
shading in Figure 27. The spoil belo& the tipple at the Star
Coal Company, 200 feet west of ICP#l, was.saturated ohly sixi
feet below the surface. This indicates_an area of abundant |
f _recharge water; except that it occurs too low on the topog;
raphy (elevation 730) to contribute - to reeharge through the
. upper coal. The water is also,apparently separated from the .
_lower coal by shales.

The maximum bedrock and surficial deposit recharge to

IC?#l is limited by natural and man made gradients in and near
. ICP#l. Figure 30 shows -the maximum recharge area if flow from
- the perimeter of the ICP#1 spoils allow an equilibrium gradlent
to be set up. This. would :epresent the cone of depre551on

{ormed by opposing gradients'of .07 ft/ft.
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Figure 30.

Maximum rechargé area for opposing natural and

- ICP#1 induced gradients of .07
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WATER QUALITY DURING MINING AND

RECLAMATION .AT ICP#1
Sources of Water Quality Alteration

The primary purpose of monitoring the water quality of -

icpél is to detect-possible groundwater quaiity changes that
could be correlated to surface mining and reclamation. Of' 
special interest is the quality of groundwater hear sufface
chargeé of acidic waters.' Thé unrecléimed mine-cdts, acidic

' spoil storage areas and runoff and éediment basins'would be
the most likely of the acid charge locations. ‘

Changes in water quality will be judged by differences ‘ ' - ‘g
between yearly means and correlation to a time sCéle estimating
the days of mining.previous to a given sampiing. Reference :
vill also be made to water quality from sample sites out side
the ICP#l érea. | |

The first location ofAmining impact 6n‘groundwatef qualit§ 
to be reviewed will be around the ICP#l sediment retention
pond. But before this is studied'in detail it is necesséry to
review the séurces of adid mine waters oécurfing at'ICP#i. |
@eforé mining the water chemistry of the site was controlled
by equilibriﬁms betwéen carbon diqxide, water, carbonic acid,

hydrogen ion and bicarbonate as in Figure 31. The source of

¢arbon dioxide is the atmosphere and bacterial action in soils

(Sawyer ahd McCarty, 1967). With dissociation of carbonic

e A




‘Figuré 32. Equilibridm shift due to mining
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Figure 31. Dominant premining equilibrium
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acid thé hydrogen ion will estgblish an equilibrium With_carbo-
nates in the surface soil and bedrock (Sawyer and McCérty,
1967) . These two‘reactions giye'a water.with calcium and
bicarbonate as the primary dissolved speciés.'

Mining exposes matérialé often rich in iron sulfides.
These materials react strongly witﬁ atmbspheric:oxygen as in
Figure 32 to give an acidic sulfate water. The acid condi-
tions change the favored side of the carﬁon dioﬁidé——bicatbo-
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#1 the spoiled bedrock materials as well the high-

valls and floor of mining cuts serve as reaction sites for the

‘oxidation of pyrite as in Figure 32. The oxidation of pyritic

bedrock materials at ICP#l caused a large degradation of
nurfacé waters of the ICP#l site. Most of the surface water
!toh the miné cuts and spoil storagé areas was drained to the.
sediment pond as seen in Figure 16.

The greatest impact to surface water quality at ICP#l was
Caused by drainage from a shale storage pile located just to
}he horth of the sediment‘pond. Analysis of water samples
®llected by Gregory (1977) during artificial rainfall on the

Shale pile illustrate the poor quality of the effldent (see

..,
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&mendix D6) . ASelected ¢omponent§‘of the effiuept haQé been
?1otted against time in Figure 33. The data show ‘very high
ynitial concentrations of dissolved species, especially
calcium, magnesium and sulfate. For rainfall of 3.4 inches
ser hour intensity the qoﬁcentraiionAof dissolved speciés

decay rather‘rapidly after runoff begins. The rainfall
intensity used by Gregory was hearly ten times the mean of the

nedian claés for rainfall measured at ICP#l as listed in Table.

SRS O e AR NN By ot 8 TR o

11 (personal communications with MaryiBriggs and Steve Colvin,
Agricuitural Engineering, Iowa State University).

~ From Figure 33 it took -about 3.5 minutes for runoff to

PSRRI By

occur from the‘shale unaer a rainfall intensity of 3.4 inches/

hour. If a rainstorm of intensity .93Aihches/hour (the;:

average intensity by percen£ total .rainfall) fell on the shaie
pile it‘would take about 3.7 times:és'long as in Gregory's

study to reach the average runoff threshold time. This time
vould behabout 13 minﬁtes. From this:it is.aéparent that for. .
the average.inteﬂsiﬁy of raiﬁfall'experienced at iCP#l thg

runoff would be at a‘;ate about 3.7 times.lowef than Gregory's
data show. This also means that the high céncentratioh of -

disgolved species in the natural runoff from the shale pile

vould decay at a'slower.rate, perhaps 3.7 times slower. At

a0y rate for a "long" term rainstorm the total amounts of dis-

80lved species removéd from the pile would be about the same, ?

&8suming the concentrations of dissolved species had reached

IR
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Shale storage plle effluent with time for simulated rainfall of

Figure 33.
‘intensity 3.4 in/hr
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rable 11. ICP#1l rainfall intensity distribution from August
1975 to July 1977.  (From personal communication
with Marty Briggs and Steve Colvin, Agricultural
' Engineering, Iowa State University.) L

aa——

Rainfall Percent of Rainfall ' Percent of

S ot SRR AR o op Bl TRBIRIOIRTIAL L

intensity total intensity _ total
class (in/hr) rainfall class (in/hr) rainfall
.00- .01 | 18 1.50-2.00 4
: J10- .25 24 .2.00-2.50 5
fi .25~ .50 st 12.50-3.50 5
f .50-1.00 - 13®  3.50-5.00 3
| .

1.00-1.50 12 . 5.00-7.00"

_aMedian class.
bClass containing average 1ntens1ty (welghted by percent
total ralnfall)

its lower limits by the end of the ralnfall perlod. In other - R

words the total dissolved materlal 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 1nches por
Jhour 1nten51ty.' If thls model holds, ‘the time taken to reach
the decay limit for runoff at a rainfall intensity'of .93
inches~per hour would bé about an hour'and fifty minutes."
Thﬁs was computed by multiplying the 30 minutes needed for
cregOry's'runoff (to approach its bottom dissolved constituent

li“_‘it) by 3.7. From the average rainfall intensity and from
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¢he total rainfall recorded from the period August l 1975

o]

through July 31, 1977; the total hours of rainfall at ICP#1.

 for that perlod~can be calculated. From Appendlx C the total

’”@5 §ocbic

;ainfall for the two year period of study is found to be 58.82
'/f inches. This indicates thatAabout éB_hours of rainfall oc-
curred at ICP#1 over two years. Aonevhundred and fifteen rain—,
fall events occurred at ICP#1 between August 1975 and August

1977 so,the average rainfall period would'be one~half hour.

Also the”time'needed for runoff (from average‘intensitygrain-
fall at ICP#l)'to reach the.lower dissolved constituent'limit
is one hour and flfty mlnutes., Fromlthese last‘two observa-
tions the runoff water from the shale pile would then appear

to be sxgnlflcantly more concentrated than the- lower dlssolved

constltuent limit.

Sediment pond.water gquality

The'sediment pond is locatedrat theAsoutheast'corner of
the mining site'k?igﬁre‘lsyf' It is locatedfin this'positiont
to best 1ntercept the surface water flow across the 51te. 4Thet
pond is srtuated on’ relatlvely high permeablllty alluvial sedi-

ments mantled by a silt and a clay layer. Depths:to water

near the sediment.pond ranged from 10 to 15 feet before its
Initial £i1ling in the fall ‘of 1975.. As water accumulated in

the pond the groundwater piezometric surface rose a maximum of

ten feet creating a groundwater mound.. This mound developed
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srtesian conditions in Piezometer G at the east-central side

of the pond..:This condition was related to the very good
interconnection_betﬁeen‘the pond and the sediments atound G.
The interconnedtion was due to a soil disturbancé in that area-
caused by plaéing a tile or pipe from the pond to-a stock |
nydrant near G. | | '

The water qualiﬁy of the pond remained‘fairly.consfant
from September 1975 and April 1976 (personal communication .
vith Lavene Payne, Botany, Iowa State_UniversitY).,‘Typical pH
values ranged between 7 apd 8; Other paraméters that were
studied élso:remained fairly constant for fhis period.
Alkalinity was léw, typically between fivg~and ten milligréms
per liter as CaCo,. Sulféte and totai»hardness wefe below
100 mg/1. Specific conductance wés measured at about 100 as

ppm NaCl,'withAtotal iron and chloride'concentratibns at .3

and 2 mg/l respectively. 1In late April 1976 after about eight-

months of mining the sediment pond begah tovshbw’the.effécts

. of acid drainage from the pfeviously referenced shale storége

Pile to the north. It is estimated that between one-half and

3

one~third of the shale pile area of abbut 75,000 £t~ would

drain into the sediment pond. Drainage from oxidized over-

burden piles also drained into theAsediment pond but their

initial effluent was about '6 to 60 times less mineralized than

thale spoil runoff as evidenced by water quality data from thé

Cregory (1977) study (see Appendix D6).
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From late April until late September and early October of

1976 the pond wés overcome by acid drainage from the shale

storage area. Data from Table 12 indicated this change.

Table 12. Sediment pond water quality change

aa—a——

sample date : 5/01/76 ‘ 9/17/76
pH- B 6.1 . <4.1
specifié conductance ~ 210 ‘ 1500
sulfate ; 160 | - 1100
Total ifon ' : 0.5' | _ - 20
" Total hardness . 210 1045

The very acid conditions of the pond_causéd the corrosion
of the pond drainage pipe and complete drainage of the sedi- . -
ment pond in July;l976. 'Attempts were made to feduce the

acidity‘of‘the pond with lime treatments with significant

success.}'iThe lime treatments also effected the iron concentra--

tion of th¢ sediment pbnd water. lThe total iron content of

the pond dropped from an initial concentration 6f 20 mg/l t§

6 mg/1 for the first lime treatment and from 6 mg/1 to'2.5lmg/l
after the second. One month after the treatments the total
iron content was back up to 5 mg/l. The total iron never - |

¢xceeded 5.5 mg/l1 according to monthly determinations after
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jime treatment. The pond contained a high manganese concen-

tration of ‘about 10 mg/l just prior to its drainage in April .

1977.

Groundwater Quality

i e Bk aien ha vy

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

Q_ bottom of the sediment pond. Williams and Steinbergs (1962)
'E : found that sulfate could be adsorbed by clays with‘maximum
f' hbsorption occurring at pH values between two énd four.
i The causes of groundwater alteration from the sediment
pond are a combination of at least two phenomena.  The first‘
g is the infiltrationlof acid mine waﬁers éontaining lafge con—-

-centrations of acidity, sqlfate, hardness and irop, The
second process is the formation of soil feducing conditions és
infiltrating water filled and forced air from the pores of the
sediments near thé sediment pona. -The reducing conditiéns
then should follow from the groundwater mound generated by the
sediment pond. Hesse (1971) states that water logged soils
fay cause formation of sulfides from sulfates and thus reduce

tulfate contents. Hesse (1971) alsQ states that the water

logging of soils can increase divalent manganese concentrations.

Van Breeman and Brinkman (1976) add that flooding can cause pH

S W g1 ’ . .
“,Xm% . ey e ey - " e e - . - . “‘ .
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srops in alkaline soils as well as increased ferrous iron
sitrite, and alkalinity. The reactions which Van Breeman and
srinkman (1976) use to illustrate the formation of alkalin-

ity following floodihg are as follows:

SCHZO (Organic Matter) + 4NO3 - >

4HCO,- + co2 + 2N, + 3H,0 o (3)

.CH20 + 2Fe203 + 7CO2 + 3H20 g

aret? 4 8HCO;_ - (4)

o, o
2CH20:f S04 > 2HCO;. + H,S o A o (5)
Effects similar to those previousiy'discussed appear to

have occurred from observation of yearly.waterlqualify averages

as listed in Table 13.

‘Groundwater quality near the sediment pond

.As suggested before, the changes in the grohndWatér
quality below the sediment pond are notiés obvious as those
observed for the surface water of the pond. Piezometers Ccl,
€2, E and G sample fiom depths of 33, 22, 21 and 24 feet
fespectively. All of these piezometers show significant posi-
tive correlations between épecific conductanqe and time. The

fespective coefficients for Cl, C2, E and G are 0.84, 0.90,

I
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;able 13. Selected yeariy water qﬁality averages.

;;;neter Cl c2 E G.

voar 12 2P 1 2 12 1 2 o

specific conductance 183-278  162-207 ~ 175-213  175-219 ;E,

oH 7.6=7.6  7.5-7.1 7.3-7.1 7.1-6.6 "%

chloride 5-4.7 3-4.3 2.9-4.2 4.1-4.9  1

Alkalinity 197-250  185-202  184-187  128-116 :

sulfate 20- 48 4.6-3.4. 11°- 19  68- 73 ;
% Total iron 3.6-6.6 2.1-7.6 5.1-9.7 4.8-6.7 é
: cotal hardness 160-216  147-153  173-158  134-130 .
§ Calcium hardness A 109-135 107-¥04 130-110 98-100 g
§ Magnesium hardness 51- 81 40- 49 43- 48 37-31

aAverage for year 8/75 to 7/76.
bAvergge for year 8/76 to 7/77

®bata not included from 8/8/75.

0.61 and 0.74. These indicate'a possib1e incfeaseuin'dis—
solved mineral species with time. The'ranges forvfhese |
ihcreases are from 52 percent in piezométer Ccl toAQZ percent
in piezometer E. Alkaiinities show increases in piezometers
Cl and C2, while G has a decrease and E remainé nearly |

_constant. The total iron concentration of all the piezometers

show some increase in iron. All wells but Cl show significant

Psitive correlations with time for total iron concentration.
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che pH values of all the piezometers but Cl show decreases.

chese decreases of pH were accompanied by significant négative.
correlation coefficients of -.65, ~.49 and -.62 for C2, E and
¢ respectively. 'The wells all showed some increase in

chloride after the sediment pond became acidic. This was also

about the time that the chloride concentration of the pdnd

dropped to zerb. The chloride drop may be due to the com-
plexing of the chloride Qith iron.

The sulfate behavior of the piezometers around tﬁé sedi-
rment pond vary widgly.<'Piezometers Cliand E show ihitial
declines.iﬁ sulfate. :At_about the same time as the sediment'
pond became aéid the sulfates in -Cl and E began to increase |

and level off at constant levels. Piézometer‘G.showed no

\

trend in sulfate concentration while €2 shows a small decline.

Trace element runs whgre conducted near the begihning‘of
aining (Novemb¢; 1975)'and'at the,end.of‘mining'(June 1977)7
The trace'elément analysié of wells aréund-ﬁhe sedimeht_pond'
show large relatiﬁgfdecreaséslinAnéarly al;'cbnstituents '
measured exqépt for the common groundwaté; ions of calcium'ahd
aagnesiﬁﬁ;-éndAthé less coﬁmqn manganese‘and éobalt. -Mangaf
hese concent;atiqns:show'in@:easesvof172, 58 and 30 pefcent'in
wells Cz;:E'aﬁé G rgspectively."Manganesé concentrations
8round the pohd after mining rahéé.frbm‘l.23 to .49 mg/l.

In summary the piezometers around the pond have all been

effected by increased specific conductance, total iron,.énd

Semea,
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cﬁloride; Specific conductance increases in piezometers Cl
and C2 are explained by increasing hardness and alkalinity.

piezometers E and G show no relationships between their

" jncreased specific conductances and their other water quality

parameters. Piezometer G is the oﬁly 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. Piezometer E may also be affected by aéid drainage
from the pond‘in.this way .

From hydfpgeoloéic ihformation gathered during the place-
ment of piezometers somé iﬁteresting light can be shed on fhe
chemistry obse;ved in the groﬁndwater around fhe nine. From
Figure-3 it can be seen thét piezometer Cl pénetrates to
relatively iowlpermeabilitf gray clayey sands and the bedrock
surface, whilé piezometer C2 penetrates ﬁo slightly hore
permeabie gray sands and gray clays. At the east side of the
sediment pond wells E and G penetrate very permeébléAsands and
a gravel layer. The infefred relative permeabilities for the
sediments sampled by sediment'pond piezometeré would then be
Cl<C2<E<G. This would imply a faster infiltration rate fof
sediments sampled at the east side of the sediment pond iﬁ

wells E and G. With these data in mind plus evidenceblisted

in Tables 13 and 14 the chemistry of the groundwater in this’

@rea become more clear.
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 qable 1l4. Ferrous-total iron'relationship for ICP#l (averaged
~data from spring and summexr of 1977) ‘

piezometer Location . Fe++ average Maximum sampling
$ of Total Fe depth elevation

c, ' Flood plain . 17 . 670
C, S F}ood plain o 82 . . . 681
E ~.. . Flood plainn =~ 82" - . .. 680
G " " Flood plain . 69 | 676
s, . Flood plain - 59 - 691
9a . .- Flood plain } 92 . ... 687
T o ‘fvfiood ﬁléinai B 674
la .. Transitional = = 7 I - 694
1b | .~  Transitional® - 42 689
lc . .  Transitional . . .-4 - - 699
4 . Transitional . . 8 - -~ 697
 2a E 'i Transitional = . 10 . . 701
2b o iTransitionai‘ 7 -  -688
2 . Tramsitional . . 14 . 761
2d , 1. Trahsitional‘ - 21 711
3a . Transitional . 7 | S 713
0 ... Transitional . 2 e 702
X ~ upland - - - 1 709
ICP$1 dug well Upland . . 5. . 712
" . upland. .~ 11 . . 155
Q ‘Upland L 3. : 729
Ta . Reclaimed £i11 © 8 - ' 700
e " Reclaimed £ill 85 702
Sa " Bedrock - - 35 690

S —

S A 0 e A BRI |

-aPiezometerSis partially plugged.

b . . . ) .
Plezometer is partially into bedrock.
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As seen from Tables 13 and 14, and as previously men-
:ionéd: wells Cl and C2 exhibit increasing‘specifié conductiv-
ity alkalinity, and hardness, while experiencing a decreasing

pi. 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. Watéf moves SO slole into
this well that‘it would beAeasily oxidized.) These suggest
that C1 and C2 are éampling from grounawaters 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¥ '

gests that E and G have hiqh feirous to ferric ratios indi-~
cating redﬁciné cohditions as in C2."This suggests ‘that while
piezomete;s C; and Cé are subjected mostly tb a' reducing |
cnvironment; piezometers E and G‘are subjéctgd to a reducing
eénvironment with éomg inflﬁence caused by infiltrating acidic |
sediment pond water. The degree of effect'b& infiltrating o
acid pond water,appeérs to be correlated with the permeability
of the sedimenté sampled by}the piezometefs. Piezometer G
appears to be effected the most because of a decreasing |
alkalinity, slightly increased sulfate, and low pH. The low
ﬁ‘Of G as well as the reduced alkalinity suggest that acidity
folated to infiltrating mine water is present in the sample.

\

T™he presence of acidity in piezometer E may also be reflected
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sy the increase in specific conductance while alkalinity and 7 LT

rdness show stable and decreased concentrations respectively.

groundwater quality in the reclaimed fill
Groun=>

Another major area. of groundwater quallty 1nterest is the

R Sty Bstikes ST S SRBRING:

spoil -£fill areas of the reclalmed mine' cuts. At ICP#l the .
7§11 water quallty is being monltored at the present tlme hy
¢ix piezometers. Unfortunately only three of the wells have
yielded enough water foreanely51s, and-one of’ the wells_ls~A
actually a bedrock backroundlwell.A The piezometers monltorlngh'
the fillAerees include nests 5 and 7;A,Wellsish;t5c;'7a;<fbr -
and 7c arexoéen to the base of the shale-fill.’ ﬁeii 5e~is"u
open in the bedrock just below the bedrock-shale f111 contact."
The water found at the base of the flll 1s hlghly .
2ineralized rn comparlson_to other areas of theemlne slte.‘
Plezometers 7a and 7c were‘plaeed into‘this mineralized.water

in the first mine cut at ICP#l. The groundWatertbelow the ..

{ill is muohvless mineralized than the fillAwater.,HPieiometer’“

Sa‘penetrates into the bedrock to sample ground weter“from:eh u7v7-

clevation about 10 feet below the £ill water . sampled by 7a- and'

lc. Table 15 shows perlodlc averages for water quallty param-

¢ters from piezometers 7a and 5a as well asAthe_varlatlon;otA_e

vater quality in the lower coal mine Cﬁts. - B
Piezometers Sa and 7a have very different weter dualities

Sxcept for alkalinity. Piezometer 7a appears to be.ﬁuoh more

R e L R ST
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table 15. Water quality comparlsons for plezometers 7a ‘and
" 5a and lower ICP#1 mine cuts ..

TR WA RID I s Sy R SBeden . et S smes |

;;;1; location Piezometer 5a Piezometer 7a Lower mine cutA C f
| | 12 2P o a1c 24 low-high -
oH ‘ 7.3-7.3 6.6-6.5  4.0- 9.1 g
chloride |  7.4-5.4  6.3-3.7° 0.5-22.5 . ,,52
Alkalinity . 435-481 473-437° 0.0-140 o

' sulfate © 103- 84 © 1220-1380F ' 310-1700
xitfate—Nitrogen 0.29-0.26 0.66-0.55°  0.88-19.0

; fotal iron | 0.4-1.2 2.3-3.9° 0.1-11.8

| Total hardness "'215—204 1818-1618% © 240-1480
Specific - : AZ : e : . -

| conductance | 452-536 1859-1588°  410-1600

{ qInitial six'month's»average._

Prinal six month's average.

Cinitial four to five month's average.
drinal four to five month's average.
®Four month average.

fFive month average.

similar to the highly mineralized hiné cut Qateis from ranges
given in Table 15. Specific conductaﬁces for 7a appear to be
three to four times those found on the average in Sd,‘whlle

h&rdness ~and sulfate are twelve to sixteen and seven to nine

times hlgher respectively. This is contrasted by alkalinities
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of similar ranges. The water in 7a appears to be remnant‘acid, o S
vater from the mine cut floor area'that has been nearly - i
neutralized by the alkalinity of recharging'waters from the ‘ . m%
consolidated-bedrock below.A It is also possible that recharg- ‘
ing waters from the bedrock have dlssolved pyrlte ox1datlon -

products from formerly dry spoil. Another possibility is that

R QUPBITE T Bt W et TS et SRt o

the mineralized water is effluent from a broken drainage tube
used to drain an acid puddle on.the snrface of the reclaimed
'spoil. The location of this drainage tube is shown in Figure
4. The‘remnant acid_model appears to be the better because v" - .;
the water_drained by the drainage‘tuhe was acid fordat‘most | | '
only about three'months'prior to the first sampling of pie-
zometer 7a.A‘This'would-oniy allow a short period of time for
:ater'to.flow bout 200 feet in the tlght shale spoil - to ple—
ometer 7a.. 'b A
The lasL major area ot Qater quallty alteratlonAls the
area of dewaterlng up gradlent from the mlne. The major. de-
vaterlng of sedlments north of the mlne occurred in the upper
 coal seam and possibly in the sand body whlch was above the
coal. Three plezometers 4a, M, and Q w1th respectlve depths.
of 42, 17 and 40 feet were used to study this dewatering. The
vater quality‘dataAfor pieéometer Q and M flnctuate rather
tadically. ‘These fluctuatlons ‘appear to be related to precrpl-
tation as shown by sxgnlflcant negatlve correlations with 4

Preclpltatlon. The parameters showing these variations are

e




Figure 34. Potential enclave development at ICP#l
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slkalinity, sulfate, calcium hardness and total hardness. The

causé for the emphasized relationship between rainfall and
water quality parameters as well as depth to water~¢ah be seen
(rom examining its topographic setﬁing. M and'Q are-located

at the base of a'semifcircular drainaée. This waterway is

also blocked by a road jusf to the north 6f'M that may'slow

the surface drainage enough to.increasé infiltratibn.. These
piezometer's sensitivity to water level fluctuations. cause

them to be good indicators of drainage by the mining occﬁrringA
near them.  Table 16 summarizes the increased concentratiéns
observed as mining progressed.

| Piezometér QAis open to about 35 feet of-siltstones,
shale, the upper éoal seam, and silty alluvial sands and
gravels. The silty sands and gravels, and the coal seém are
probably»the major water contributors in this section prior to
Aining. As previously mentioned the coal is the ﬁost pérmeable
of the strata supplying water to Q. This would ind;éate that
before the coal was dewatered by mining it shoula4cdntribute

the largest portion of water to Q. As the coal is dewatered '

‘%ore rapidly (by mining) than the silty sands and gravels,

Plezometer Q would take on the water quality'characteristics
of the water at piezometer M. The reduction of head at 0 |
fould also draw effluent from the southern ICO mining cut

*hrough the coal.
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gable 16. Periodic averages for water ‘quality parameters in
‘piezometers M- and Q A .

piezometer 1a M 2b 1lc Q za
specific conductance 283-353  200-449
oM » 13530 L 7.3-7.4 !
chloride . .',.;73.1 | '5'~-5.5',‘ - 5.2-4.7 | f
Mkalinity - 7 146i185 . 123-219 'é
sufate . 167-167 84-194
Total iron = o o _'0.63-1.31 ‘ ' o.75-o.3sA :
fotal hardness . . . - 3204377':‘t' 222-415
Calcium hardness. - 210-285 o 147%339

aAverage for year August-1975 to July 1976.
bAverage for year August 1976 to July 1977.

Average for monthly samples between May 1976 and
uovember 1976. , ,

dAverage for monthly sample between January 1977 and
July 1977. : A A o ~

. The head in well Q should also reflect the piezometer
head of the ceal seam better than any of the other strata

because of the low permeability of'materials below the upper

coal the lower permeablllty of the sands -and gravels,‘and the |
~endency for the coal to drain any water hlgher than its base '

%8 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 conﬁributed by Q. When the upper

% Dkt R QIR 2

geam was openéd by mining the water quality of Q was signifi-
cantly different from that observed after mining started. This
ldifference can be seen between the averages listed in Table 16.
the silty sands and gravels pfobaﬁiy contribute most of the
vater tb“Q and the coal because at M, the silty sands and
qravéls lie directl& over the coaJ.°

A different sequence of events was observed in piezometer

‘a. This wellA(open to the upper coal and some shale abbve itj"

vas placed into the coal at a time after mining effects had

bequn. The water initially teétedAwas more similér_to thé

mineralized water of the sands and gravels.  Just pfior to ﬁhe
drying up of the well the:watérfquality became notiéeably '
better. This may have been dqé to a slower movémenﬁ of the:
vater allowing thé coal to better "treat" or remove impuritics
from the water. These changes are summarized in-Table;17. :

A fin&l point can Be made about the'northeast_side of the
site of spoil cored terraces built above the‘water'tabler‘ The
purpose of monitoring these terraces is té"detect.water
quality changeé due to infiltiation of waters that may‘pigk up'

oxidation products of pyrite abundant in some of the spoil

Under the terraces. Monitoring was.also to detect water table
Configurationochanges due to an altered infiltration pattern

Caused by the terraces. No significant water quality or flow
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cable 17. Selected data from piezometer #4a

- 7/16/76 8/11/76 9/12/76
specific condﬁctance 420 233 225
nloride . s 7 5
Alkalinity 316 269 135
gotal hardness 380 300 155
calcium haraﬁess~, 265 215 60
Noncarbonate hardnéssn A~A64 31 20
water depth | 39.6 40.3 42.1
sulfate 115 69 -  82

changes that could be attributed to mining

were observed. The

shale cores of the terraces remained unsaturated after one

~ year of placemént as proven during piezometer placement

¢rilling 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

of chloride,'nitrate, and manganese were observed at various

¥ells in this location that are attributable to the barnyard

environment.
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gnclave development
—

It appears that the only areas of possible contamination

plume development are areas where seepage can move out from

vo date there appears to be only a limited resaturation in the
¢irst mine eut, and thus no significant. amounts of highly'

sineralized water are moving out from this area.

Three potential mineralized water seepages from the first B

mine cut to the alluvial sedimente of Coal Creek are poesible.
Tthese seepaées‘ate labeled 1, 2, ‘and 4 in Figure 34 Two of
these seepages (1 end 2) .ere iocated in premining w.eterways.-
‘i’he third (_44)‘ i‘s. 1ocated along a rupturéd drainage tube that

had been used to remove water from the mine cuts.

The sediment pond is currently the origin of a slightly =~

ccidie plume as “di’scussed‘prev’ieusly. l,This contaaminatioﬁ

‘plume may be extensively increased efter_ burial of wet sedi- .
rents d.eposited in theasediment retention pend. “This is
because of the significent quantities of irotx sulfates and
’Wdroxxdes fhat characterlze Lhe sediments of the sedlment
pond, After burlal of these dep051ts w1th organlc r1ch top-‘_..
soil, reducing condltlons may begin in the very wet sedlmente.
the reducing condltlons could cause remobilization of the iron
‘n .the sediments and reduce the iron sulfates to iron sulfides.
After the sediments ,dry, ‘oxidation of the iron su'lfides may

*384n occur and release sulfuric acid. This cycle could be . -

N&m
pRecy Fertmey,,,

¢he reclaimed mine cuts and from the bese of the sediment pond.
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further complicated by frequent flooding of the flood plain

sediments in the location of the sediment.pond.

Comparisdh of ICP#1l Grouhdwaters
to Others of the Area

Several sites outside the ICP#1l mine that were sampled

e T S T N N R ST

during the summer of 1977 (éxcept Garden samples which were
taken in the fall of 1375) are shown in Figure 35. These
wells were sampled to check the‘variébility of grduhdwate;
quality outside the mine. Six deep wells (200+ feet in depth)
and five shallow wells (25 feet in depth) were sampled. The
deeper welis wére charaétérized by §ery mineralized watérs. |
Their hardness‘fanged from 550 to 14é0 mg/lvas CaCoOg. .Alkalin-
ities ranged from 240 toA355 mg/i aslcaCQ3, whiie sulfates and
specific;condugtancéé ranged from 360(tq 2700 and 1400 mg/l‘ﬁo‘
2800 as ppm NacCl respectively, In éompérison to ICP#1 the
deep wells'were siﬁilar tb the mineralizéd”water'from the
reclaimed mine cuts exéépt for much'higher chlorides inlthe
range of 173 to 233 mg/1. - |

The shallow wells compared more;élosely with the ICP#1
Piezometers outgide the fill areas. For these-wells specific
conductances ranged'from 590 to 235 as ppm NaCl;_ Alkalinities
ranged from 110 to 320 mg/l as Cacds,tsulfates ahdvhardness
range from 18 to 220 mg/1l and 117 to. 490Amg/l as CaCO; respec-

tively.

g,
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Figure 35. Locations of groundwater samp

ling outside the ICP#1 site
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2 . SUMMARY AND CONCLUSIONS

VThe groundwater effects of sﬁrface mining at ICP#1 can be:
classified primarily as water quality and water quantity effects;
The water'quantity effects of ICP#1 surface miniﬁg are: |

l) The loss of grounawater saturation in spoil matérials'
that wére initially removea from over the coal and
later replaéed; |

2) The»dewaterinngf high permeébility geologic strata‘
up‘gfadient of mining'area; }

3) . The increase in porosity and'bossibly pefmeability'.~

| in'refilléd spoil.materials;' | ;

4) The'chénge in groﬁndwater gradients in mined afeas:

and hea:‘thé_sediment pond.
:.The wéter quality effects of ICP#l surface mining and réclamé—
tion are: |
| 1) The generation of slightly ﬁineralized enéiaves near
the sedimenf-pond and spoil accumUlations; ‘ :

2) The generation of tﬁin zones of.highly mineralized
water near the base of reclaimed spoil probébly due.
mostly to remnant acid mine water;

3) VReduction of water qqality in coal seéms as a résult
of dewétering at the time of mining and subsequent

oxidation of their pyrite content.

A ey,
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- Most effects of water quantity loss in and around the
pine are not permanent. Rechaxge of geologic strata outside

the ICP#l site has begun as indicated in piezometer Q. Un-

RS e SanrrEaib H Bl o

fortunately this recharge is being pirated'from shaliOwe;,

strata, but the shallow strata are more directly Susceptible : ' o
to infiltration from surface waters. The reéharge of the

reclaimed mine area and surrounding geologic strata will come
+ : ) . .

from areaé near the mine that haVe not been disturbed to a
rajor extent by‘su;face mining. = Coal spoil métérials to -the.
wvest of ICP#l may also contribute valuable recharge;"The .
primary recharge to'groundﬁater“atllcf#l may. béedue t0'surfa¢e
infiltratibn. Major groundwater recharge areas around the‘

. ICP#]l site include the undisturbed hills to the northwest,

norfh, and northeast of the mine cut area;-_Thé“major grouna-;
water recharge éonauits are the unﬁined portions of theAcoal ; o 'é
seams and the sandsvandigfaveié'of tﬁe.undistuﬁbed surfouhding |
hillsides. Secondafy.recharée sburces appear to be‘the.bed¥
rock in and below the highwails of the reclaimed portion of
the mine éuts.; |
‘WaterAqualityndistufbances of.the fringe ameas of

reclaimed mine areas will be very élow in attemwating because
of thé slow groﬁndwater flow thfough these materials. Areas
Of thicker spoil and larger potential water lewel increases
4re believed to have better water quality because of dilution

85 larger quantities of water will return to these areas.
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Adulterated groundwaters in high'permeability areas. such .-ﬂ;i
ss the flood plain alluvium will be more quickly attenuated B fi
¢han those in the mine spoil areas, but these enclaves also

nave the potential to effect much larger'afeas due to more

S R T Beaets - Surermdd RitlAvatE

rapid groundwater'movementf At ICP#1 a S}ightly mineralized
enclave exists in the flood plain groundwaters to the south-
east»and south'of the sedimen£ pond. The source of the encléve
is water infiltrating from the acid sediment retention poﬁd.

| Reduced pH and alkalinity were Qbserved.in a very ‘
teétrictedAarea‘near the east side of the sédiment'pond. While.
large increases in alkalinityvand hardness.wére obserﬁed,tb

the south, it is,ve;y doubtful that the enclave producea by

the sediﬁent pond will have a siénificant-effect‘on the ground-
water énvironménﬁ because of thé low level ofvmineialization.
The mineralized areas of the mine pits, on thé other haﬁd,;may
be sources of.groundwate; élteratioﬁ bﬁ a largér'scale if the
contaminants cén move through the shale bedrock.or get flushed

into flood plain sediments.
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RECOMMENDATIONS FOR FURTHER STUDY

Continued study is needed to establish attenuation rateé
and the shape of mineralized water encla?es introduced by acid’ P
vater from tﬁe ICP#1 éediment pond. Similar work is also -
needed to study the mineralizétion and the recha#ge of the
groundwater in'the spoillreclamation areas. These fu:ther
gtudies are needed to confirm the capabiiities of fainfall
infiltration.and Qroundwatér flow to provide rechérge watéf to
reclaimed f£ill. Mathematical modeling of groundwater and:.
surface infilﬁration would also give a‘huch closef approxim&-

tion of rates of water return to the mine spoils.

S I S R AN RRRRA BRSBTS oo o B it A

Work should also be done to determine saturated and un-
saturated permeabilities of4the spéil fill'aé well as the
geologic materials éurrounding the fill. Thése'studies would | A iﬁ
help to plan possible mining in other areas. | | o
More complete chemical analyses may also be needed to . o
confirm the elevatédAacidity of groundwater.in the sediment B
pond area as well as possible rémobilization of iion,sulfates . 2

4nd hydroxides deposited by the sediment pond. o P " "
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sable Al.. Well development and surface elevations
£ 8 8 ~ ~ £
9 0 0 9 R g 0 0.
o 0o 0 0 o T P
a8 H N N N XN Y. -~ P
o A 0 » © U UV UV UV U 3] - O s
it n o~ o o n u.u o T O O T -
o} « ) o : 3 * TR o ¥ Q 4 3 o
£ 0 g 0 LTI - B R . o o -
: . O 0 0 0 o< e~ © £ 7™ O ()
M O 4 -0 4 P AH ~ 0 0 H 0 A :
o 5> 0 PP A -4 > > A 00N Y o
o A& b v O O A A ®© £ 4 O O 0
o - > A H 4 4 H H 0O 0 A o
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-] s - H4 - - - - - . - - ()] = o - [o] (o}
x__ o) r~ [t N ™M N m'm -M N m <y m‘ O U . ‘
€l xXx Xx | XX XX XX 33 702.6
c2 XX XX XX XX XX 22 .702.5 -
E XX XX XX XX XX 21 700.9 -
G XX XX XX XX %xxX 24 700.3 -
K XX XX XX XX XX - 34 742.9
Dug T ' : : L .
vell xx 25 737.4 .
M XX XX XX . XX plod 17 771.8.
Q ' | XX XX XX XX 40. 769.4
§2 XX XX ‘ b 4 o - XX . . XX 20
T XX XX . XX - XX xx 33 707.2
la XX XX . XX = XX XX 20 714.4
1b XX XX XX XX XX 25 714.0
lc XX XX XX XX XX 15 714.0
1d XX XX XX XX Xx . 29
2a XX XX . XX XX XX 35 735.5
2b XX XX XX XX Xx -35 . 725.8
2c XX XX XX | XX XX - 25 - 725.7
2d XX XX XX XX XX 25 . 735.8
3a XX XX ‘ XX | XX XX - 23 736.4
{a XX xx CXx XX XX 43 800.1
Sa LOXX XX a XX XX XX 43. '733.0
b XX . XX XX . XX XX 40
Se XX XK XX © XX XX 43 739.6
Ta XX XX prod XX XX 34 734.4
b XX XX XX . XX XX . 30 733.5
Te XX XX Xxx : XX XX .34 736.4
8a XX XX : XX XX XX - 25 726.9
Ja xx XX XX XX XX 25 711.6
10a XX XX XX XX XX 48 806.6
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WELL AND BORE HOLE LOGS

APPENDIX B
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rable Bl. Well logs

well  Date Description of material . Depth
no. Pplaced (feet)
cl  8-6-75  Yellow-brown silt 0-5
. Gray clayey silty 5-10
Yellow-gray sandy clay (9 water table) 10-15
Gray sand - 15-20"
Gray sandy 51lt 20-25
Gray sand 25-33
c2 8-7~75 Yellow-brown 51lt (9’ water table) 0-10
Fine yellow clayey sand "10-14 -
Gray sand gradually changes to :
gray clay 14-22
E 8-8-75 Yellow-brown silt 0-5
' Brown sandy clay : _ - 5-10
Brown clayey sand (13" water table) 10-15
" 0live sand , 15-18
© Gravel 18-19
Olive sand 19-20 -
Gray clay and shale 20-20.5
G 8-7-75 Yellow-brown silt 0-5
‘ Sandy clay (l1' water table) 5-20
Olive sand and gravel 20-24
Shale 24 -
K 8-14-75 Clay fill (added February 1976) 0-10 .
- Yellow-brown gravel and sand ©10-15
Red-brown sand (27' water table) 15-30
Yellow-brown sand 30-35
Gray shale 35
¥ + 8-13-75 Brown silt : 0-3
: : Yellow-brown silt and gravel 3-5
Red~-brown sand and some gravel o
(10' water table) 5-15
Dark brown sand 15
Dark gray sandy clay 15-17
Gray shale 17
Q. 3-3-76 Brown silty clay . 0-2.5
Sand and gravelly clay 2,5-8.5
Gray and brown mottled clay 8.5-13
.Gray hard silty clay 13-14.4
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fable Bl (Continued)

Well Date Description of material Depth
no. placed _ , . . (feet)
Q 3- 3 76 (Contlnued) o
. Black hard shale ' ‘ .. 14.4-17.9
Black to light gray sandy banded ‘ :
: slltstone 17.9-18.5 -
Coal , o . " 18.5-24.5
- Light gray siltstone = - - - 24.5-33.4
. Light gray to buff claystone o © 33.4-40.9
§.  4-9-77 = Black to dark brown silty clay -~ . -~ 0-4 B i
2 . Brown silt with siltstone fragments = : '4-9 - - . i
'..Medium brown silty clay - . 9-12 ' ‘
. Olive clay (15' water table). o oo .12=15
- 0live clay with fine sand ' - - -15-25
" Gray fine sandy clay with red weathered ’ .
shale (well placed to 20 ) o -25-30
T 8-12-75  Yellow-brown silt - ... 0-10"
.-~ Brown clay (14' water table) - - 10-~15
Gray sandy clay } - - 15-25
- Gray sand _ - ' - 25-33
la 6-7-76 Black silty clay I . 0-1 . - S
Medium brown silty clay . 1-5 -
Gray-brown silty clay (moist at 8') . 5-8 B
Medium brown sandy clay (15" water S B
. table) . S L 8-18 . ,‘é
‘ ' Medium brown sand with gravel Co ':‘18 -20"- .
o I o
1b 2—28f77'.Black 51lty clay o o o Ofl-' '
. Medium brown silty clay . "4 o 1-9. .§
Gray-brown silty clay ' L 9-14 o
-Medium brown sandy clay (llttle auger-'
- - return and 22' water table) T T 14-24
. Gray shale ' , . 2425
le 2-28-77  Black silty clay ‘ T L |
. Medium brown clay (some black shale B ' :
. mixed in) : ... 1-5
Medium brown silty clay . -..5=10

Medium brown sandy clay ... 10-14.5
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rable Bl (Continued)
aell Date Description of material Depth
no. placed ~ (feet)
2a 6-8-76° Medium brown clay and black topsoil’ :-0-5
: Medium brown silty clay - . . 5-10
Light gray shale of siltstone 10-12.
Medium brown silty clay : 12-17
Light brown loess clayey silts (dry) 17-19
Light gray shale (dry) (siltstone?) ©- 19=24
Red shale or siltstone - 24-25
Gray and red shale of siltstone 25 -28.5
Gray calcareous shale or s1ltstone
(Hard drilling) 28 5-29. 5
Red shale or siltstone 29.5-35
. Light to medium gray shale or 511t- o
stone (coal blossum on bit when
retrieved) : 34 35
2b 2-28-77 Medium brown silty clay and black 51lty E
: clay (mixed) 0-5
Medlum brown sandy clay 5-10
Gray siltstone 10-15-
Red siltstone 15-20
Red and gray 51ltstone 20-25
' Gray siltstone 25-30
Gray siltstone (wet at 34' ) 30-34
.. Dark gray shale 34-35
2c 2-28-77 Medium brown clay and black 51lty :
' clay topsoil mixed y 0-5
Medium brown sandy clay 5-8
Medium brown clay - 8-13
Red siltstone 13-21
LightAgray siltstone (dry) © 21=-25
2d 2-28-77 Medium brown clay and black s1lty . .
clay topsoil mixed . 0-5
Medium brown silty clay 5~10
Medium brown clay : 10-15
Medium brown sandy clay (moist?) - 15-20
Medium brown silty clay 20-23
Gray siltstone 23-24
24-25

Red siltstone (dry)

sy A



.
pd ‘ !
g 160 it
T . :m
? rable Bl (Continued)
aj.
$ well Date : Description of material j Depth - :
& no. placed o ‘ (feet) :
§ 34 6-7-77 Medium brown sandy clay . 0-9
| -~ - Light gray to buff sandy clay C T 9-11 , a2

Light gray clay (18' water table) - 11-18 - . i
- Red-brown and buff sands S 18-22 o
Dark gray shale . ' Co T 22-22.5 ;
6-8-76  Brown silty clay . . . 0-30 !
. Brown medium sands and some gravels - - 30-35
Hard cemented sands and gravel ‘ 35-39
Coal : A _ v o 39-42.5
6-9-76  Light brown 511ty clay . 0-8
Gray shale . o 8-13
Gray-black shale o . i L iy
Light brown silty clay o . 17-19
. Dark gray shale - ' : 1 19=-37.5
Dark gray shale (original materlal) ' :
3-1-77 Medium brown silty clay « C0=7
.Gray-black shale  (dry) S 17-40
3-1-77 | Yellow-brown silty ciay C - oL 0=10 .
Dark gray-brown silty clay : - 10-13
. Yellow-brown silty clay at 23' turnlng o .
into dark gray shale at 28"' - . 23-28
- Dark gray shale (hit concretion: at 34 ) 28-34
- Dark gray.shale and pieces of ‘ S
concretion hit at 34' . : - 34-39
_ Gray-black shale (original. materlal) - 39-43
6-9-76 Red-brown sandy clay . .- - . 0-8
Dark gray shale (moist?) - 8-14
Dark gray-black shale (dry) (Hit B -
concretion - limestone returned 22- - '
23 feet, Black limestone) , 14-32
Hard dark gray-black shale (orlglnal SO .
material) . - 32-34
3-1-77 Brown sandy clay t o . p-10

Gray-black shale 4 C - - 10-30

TR = ™ EASTER
g e g L b By T SR AT B RS




SRR |

A N

161
table Bl (Continued)
well Date Description of material Depth
no. placed ' (feet)
1c 3-1-77 Yellow-brown silty clay 0-1
. . Gray-black shale ' 4-8
Yellow-brown silty clay ' 8-9
Gray-black shale : 9-14
Light gray siltstone o 14-21
- 'Black shale and brown silty clay 21-24
© Gray-black shale ' 24-27
Gray-black shale and brown silty clay 27-32
Gray shale 32-34
8a 4-9-77 Black 51lty clay 0-3
.~ Yellow-brown silty clay 3-8
Yellow-brown clay ' 8-10"
Yellow-brown clay w1th sand (16' water . =
"~ table) 10-20
Dark brown clay- 20-25
9a ' 4-9-77. Black silty clay 0-5
. Dark brown silty clay 5-8
Medium brown clay - 8-10
Yellow-brown clay (12°' water table) - 10-13
Yellow clay with black shale fragments - 13-15
Gray clay - +15-20
Gray clay w1th reddlsh-gray sand 20-25
10 3-1-76 Yellow-brown silty clay 0-11
' " Yellow-brown loess 11-14 .
" Red and yellow-brown clay (till) - - 14-35
Red-brown sand and some gravel .- 35-49
" 8ilty dark gray sand with weathered o
coal and shale (well placed to 47 5
due to cave in) _ L

49-53
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rable B2. Auger hole logs
- pauger Date Description of material Depth
nole placed (feet)
A 8-6-75 Brown silty clay 0-5
. Brown silt with clay - 5-11
Sandy clay 11-14
Yellow-brown fine sand (15' water ‘ ,
table) : - 14-22
Gray clay 22-36
B 8-6-75 Yellow-brown silt . 0-5
Gray-brown silt 5-7.5
Gray silt with clay : o 7.5-10
Gray sandy clay (14' water table) 10-14
Yellow-brown sand _ -14-20
Gray sand 20-27
~ Shale 27
D 8-7-75 Gray-brown silt 0-1.5"
Brown silt 1.5-5
Red sand ‘ 5-9
Red-brown clay (12' water table) 9-15
Olive sand _ 15-20
Dark olive sand 20-25
Gray clay with pyrite- 25-27.5
- F 8-8-175 Yellow-brown silt 0-5
‘ - Brown sandy clay , 5-10
Fine olive to gray-brown sand (1r* - :
water table) ' 10-18 .
Gravel and olive sand 18-18.5
.~ Olive sand 18.5-22
- Black shale 22
L 8-13-75 Light brown silt 0-5
Red-brown sandy clay - 5=7
Black sandy silt 7-8
Coal 8
Black shale (9' water table) 8-10
N 8-13-75 Light brown silt 0-2
Yellow-brown sandy clay 2-10
Red-brown sandy clay 10-12
Red-brown sand 12-17

Gray pyritic shale

17
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¢able B2 (Continued)

auger Date Description of material- Depth
nole placed .- .. ... . (feet)
R 8-12-75 Yellow—brown silt - 0-5
Yellow-brown clay 5-10
Yellow-brown sandy clay , 10-11
Red-brown sandy clay (15" water table), 11-15
- Yellow coarse sand with' clay 15-20
‘Light gray clay 20-25
Gray clay © 25~34
S 8-12-75 .Yellow-brown silt ' - 0-10 .
Yellow-brown mottled clay (14' water - .
‘ table) 10-15
Gray and yellow-brown’ clay 15-20
Yellow clay 20-25
Gray clay . - 25=30
Fine gray sand 0 30-35 -
35~

Gray shale’

- 3 .
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gable B3. Core hole logs .............. o

M T .
P

a— .
core Surface Dominant lithology Depth
role elev. From " To
1 784.5 Oxidized overburden . -0 17.5
' Shale -17.5 31.0
.Siltstone 31.0 32.4
Shale ©.32.4 35.5
Coal _ 35.5 41.1
Siltstone and claystone "41.1 .50.1
1A 739 ' Oxidized overburden 0 .22
Shale- ' - 22 31
Siltstone 31 34.5
Shale 34.5 41
- Coal 41 50
Slltstone 50 51
1B 727 Ox1dlzed 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
1C - 717 . Oxidized overburden 0 - 12,5
Shale ‘12.5  21.3
Coal 21.3 21.6
Siltstone 21.6 23
2 745.5 Oxidized overburden N 20.8
: - Shale . 20.8 34.6
Coal 34.6 37.3
Siltstone 37.3 45.0
2A 723 Ooxidized overburden .. 0 13.1
‘ Shale 13.1 15.8
Coal 15.8  19.5
Shale 19.5 20
2B 715 Oxidized overburden 0 15
Siltstone 15 20
. Shale 20 24.9
Siltstone 24.9 35

8Modified after Sendlein 1975.
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table B3 (Continued) : _ : ‘ : ' B g
Core Surface Dominant litholpgy o | - DeptH‘ ‘ , k
hole - - elev. o , . From - To . .

n——

3 755.5 . Oxidized overburden : 0 - - 13.3 e
A Shale - 4 ' T 13.3 . 22.4 -
Coal . Co - 22.4 - - 23.5
. Interbedded siltstones, IR R
claystones and sandstones =~ = 23.5  35.6 - s
Shale o '35.6 - 47.1 ;
. Coal S . :47.1 - 50.2 :
‘Siltstone. . .. ..50.2  50.8 °
Shale C o ' - 50.8 . 56.4

i

bl ten

RO

3A 725 oxidized overburden -~ - - - 0 . 16.2
» Siltstone o o 16.2 0 120

4 757.5 = Oxidized overburden . S0 20 o L
. ... Shale . - 0020 . 29.3 ' it
Coal S A - 29.3° . 31.2 . i

" Siltstone : o - . 31.2 34.8 ' :

- Coal S . -34.8 36 I iy

- Siltstone ‘ o . .- 36 . 36.5 R
Sandstone o $.36.5 40.3. f*

Coal : T T - 40.3 41 o '}

. Shale .. = T 41 56.1 L

. Coal ' oo = . 56l 58.8 - ‘ B

" Siltstone @ - Lo T 580807 62.8

o 725.A’:f 0x1dlzed overburden "L.ffxffﬁi543§f0#fr.‘,14'-Q ;;a‘fhgﬂ ﬁ
Lo -y Siltstone S I R

4B .:734-};,7}0x1dlzed overburden - e 07 o 183
U Ui Shale T 1803 0 21 T
S e Coal Lo L2 0 2405 0 T
'h‘>Shale "“ o LTy 24050 27 L 1

5 771.5 .V'Oxldlzed overburden L e T 10
AR ."Shale . = : e 1000 18

Coal L. 18 - 22.8
Siltstone and claystone (w1th‘ . N S
. minor coal) , o 22.8 ;49.1
Shale e T 49,01 68.8
Coal S B -68.8 72
“Shale : - IR .72 74.8 .

SA 755 ~ oxidized overburden -'._“: Vf,'O N
' Siltstone . ' - 7.5 20
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table B3 . (Continued) .. ... . .. . .. ... . ... . .. ..l
core Surface = Dominant lithology Depth -
hole elev. : , From To
6 769 Oxidized overburden 0 14.4
: ' C Shale 14.4 17.9
Siltstone 17.9 18.5
Coal , 18.5 24.5
Siltstone 24.5 33.4
Claystone 33.4 44.0
Limestone 44.0 45.1
Shale 45.1 62.8
Coal 62.8 66.8
Siltstone 66.8 - 76.9
6A 771 Oxidized overburden -0 - 15.7
Coal ' 15.7 20
Siltstone -20 25
6B 765 Oxidized overburden 0 11.3
’ - Siltstone . 11.3 16.9
Shale 16.9 25
7 : 728 Oxidized overburden 0 8
Shale 8- 13.2
Coal 13.2 - 16.3
Shale 16.3 19.5
Siltstone 19.5 20 -
A 759 Oxidized overburden o 6.
. Coal 6.5 7:
Siltstone 7 8
8 730.5 Oxidized overburden 0 14
' Limestone : 14 16.3
Siltstonc - 16.3 30.7
Claystone 30.7 31.2
8A . 722 Oxidized overburden .0 17.4
Limestone - 17.4 19
Siltstone 19 23
Shale 23 32.1
‘Siltstone 32.1 33.4
Shale - 33.4 38.2
£iltstone 38.2 39.5
Shale ' - 39.5 40
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rable B3 (Continued)

core . Surface Dominant lithology- . Depth
hole = elev. C o From To

8B 739 ~  oOxidized overburden .0 9.6
S coal . ' - 9.6  .10.8
Shale T ' . 1l0.8 18.2
. Siltstone : - o . 18.2  20.2
- Sandstone o S - - 20.0 21.8
- . Siltstone o o : 21.8 27 .4
~ shale S . 27.4 39
Coal . .o " 39 39.2
Siltstone - - S . -39.2 . 43
Shale. - I 43 45

SR SIS, St e cposh @iliovind

9A - 730 Oxidized overburden - : : 0 13.2
.- .~ . shale - ... 13.2  .22.8
... Siltstone - . S . .- 22.8 26
- Limestone e . .26 .27
Siltstone I - 27 30
Coal o 4 o 30 31
Shale Lo 7 31 33
Coal , . - e 33 - 33.8
- Shale R 33.8. 34.6 .
' Siltstone " s 34.6 40

af T WD e Y T—— I R —— e . w1

104 | 736 - - oxidized overburden e 0 - - -.18.5
R - Siltstone , - - 18.5 30.5

‘Shale . - .. Lo 30.5 43
- 'Siltstone : T : 43 45.5

‘coal . . .. i . 45.5 47

shale - . 47 50

1a - 736.1 - oxidized ovelbulden - . 0o 9.5 .
© . . . Siltstone. . L . 9.5 ° 13.5
" shale . - - e °13.5° .30
Siltstone S 30 -  35.5
Shale -~ . - ... . 35.5 39.5
~Coal - « - °39.5 43
. shale . - ool 43 50

e " cm———



Table B3

l68

{Continued)

ST R SR o SPGB SR D

core Surface - Dominant lithology _ Depth '
hole  elev.. T From To -
127 746.4 Ooxidized overburden ' o 0 - 11.5 N
. - Shale : : ’ - ~11.5 - . 20 l
Coal _ - 20 20.5 A
Siltstone S 20.5 - 25.5

Shale ' , "25.5. . 41
Shale with black llmestone : R
concretions © 41 46
Shale . ' , 49 54
Siltstone . ' 54 . 60

s

oY = 3 ok g 4, g o Ut W AT e S
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SAMPLING DATES AND PRECIPITATION
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rable Cl. Cumulative precipitation between samplings and
sampling "dayﬁ and date

A —

o 35 5 A SRR G5 s s WA 20T A - A0 \{ i

| ;;pling date - Day - ‘ Precipitation '%é
. A |
g/08/75 - 0 | cee R
8/30/75 | 22 S g
10/02/75 55 B 2.82 -
'11/04/75 ' | 88 | | 0.60
§  12/07/75 | 121 © 3.81 ;
£ 1710776 o 155 o 0.53 !
 2/07/76 S 183 0.00
3/04/76 . - 208 _ ‘ 1.32°
4/03/76 239 - 3.48
5/01/76 o 267 B 6.24
6/03/76 ' | 300 : - 4.87
1/16/76 4 343 | 9.74
8/17/76 375 S 5.11
9/12/76 | 401 E ©0.72
10/02/76 . 420 .
10/10/76 - a29 - 2.89
11/23/76 473 . 0.64
. 1/16/77 | | . 527 .- 0.00
2/11/77 553 | 0.00
3/26/77 S - 596 4.07
4/15/77 ) . 616 .
4/17/77 618 1.89
5/24/77 . ‘ 655 . 2.15
6/19/77 | 681 0.31
: 7/08/77 . o . 700 0.31
g 8/18/77 740 | 7.32
;
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APPENDIX D:

symbols used in Tables Dl, D2, D3, and D4 are defined as-

171

CHEMICAL ANALYSIS AND WATER LEVEL DATA

follows:

sp cond Specific Conductance as ppm NaCl

pH -log of Hydrogen ion concentration

cl- mg/l Chloride ion '

Alk Alkalinity as mg/1l CaCO3

504= ' mg/1 Sulfate ion

NO3- mg/l Nitrate-Nitrogen

Tot Hard Total Hardness as mg/l CaCO3

Ca++ Calcium Hardness as mg/l CaCO3

Mg++ Magnesium Hardness as mg/l CaCO3

HCO3- mg/1 Blcarbonate ion

Tot Fe ‘Total Iron as mg/l Fe
Fe++ mg/l Ferrous Iron ion

CoD Chemical Oxygen Demand mg/l 02 ‘

H20 Depth . Water Depth measured at time of sampling

C Depth Water Depth corrected for effect of balllng prev1ous

: '~ to sampling
Ex Alk 'Alk minus Tot Hard where Alk is- greater than - Tot
: Hard as mg/l CaCO3 ,

NCH | - ‘Noncarbonate Hardness as mg/l CaCo3

T ' - Temperature in degrees Celsius

Mn++ - mg/l Manganese ion

ggi:_ Sulfate to Bicarbonate ratio

Ho+¥ Calcium Hardness to Magnesium Ha;dness ratio

Day Day of study
Ppt Precipitation since last sampling

Lats SR A0

i e ataw b T



? : Table D1. Chemical analysis and water level data _ :
§ Day SP pH . Cl- Alk SO4= NO3- Tot Fe COD Tot Ca++ Mg++ H20 T C Fe++ Mn+
i ' Cond Hard Depth
Well C1 . A -~
! 0 110 8.9 6.0 -9 30.5 - 21,0 135.0 100 60 40 9.00 17.0 9.00 - -
i 22 125 8.5 7.0 160 17.0 - 0.4 - 120 90 30 14,00 15.0 14.00 -~ -
55 215 7.0 5.0 220. 65.0 - 0.5 - 220 140 80 14,50 16.0 14.50 =~ -
88 -a - - - - - - - - - - - 14.00 14.0 14.00 - -
i 121 - - - - - - - - - - - - 11.0 15.50 =~ -
: 155 190 7.3 3.0 200 25.0 0.50 1.0 - . 160 110 50 13.00 10.0 13.00 - -
E 183 210 7.5 2,5 210 1.0 0.50 1.6 13.1 175 120 55 12,00 11.0 12.00 =~ -
‘ 208 175 7.6 3.0 220 2.0 0.60 1.1 13,5 150 100 50 12.80 9.0 12.83 -~ -
239 160 7.6 3,8 170 7.0 - 2.0 13.7 150 100 50 13.00 11.0 13.20 - -
267 140 7.2 7.5 - 190 10.0 O0.11 2.5 9.3 150 100 50 12,80 12.0 12.83 - -
300 200 7.1 5.0 216 9.5 0.59. 5.5 42.7 173 122 51 8.50 11.0 8.50 -~ -
343 305 7.4 7.0 291 32.5 0.50 0.3 - 200 144 56 6.00 12,0 6.90 - -
. 375 210 7.6 8.0 248 41.0 0.24 18.0 26.4 240 155 85 9.80 13.0 @ 9.57 - -
3 401 250 -~ 5.0 205 44.0 2.10 - - 150 70 80 15.75 11.0 13.40 -~ -
. 429 245 7.2 5.0 220 62.0 '1.70 10.0 15.0 260 90 170 15.00 14.0 15.00 - -
1 473 275 7.4 5.0 225 56.0 1.15 6.0 - 230 140 90 "14.80 12.0 14.75 =~ -
E 527 330 7.8 5.0 250 47.0 0.40 1.2 - 230 160 70 14.00 8.0 14.00 - -
553 250 7.6 5.0 275 85.0 0.65 5.0 - 200 150 50 15.30° 10.0 15.29 - -
596 265 8.5 4.0 240 42.0 0.70 1.5 - 215 150 65 14,40 11.0 14.50 =~ 0.0C
618 290 7.5 3.8 250 32.0 0.90 4.0 46.8 195 140 55 10.40 10.0 10.42 - 0.CG
655 310 7.6 2.0 265 37.0 0.85 1.0 - 215 140 75 12.83 10.0 12.83 0.10 0.C0
681 - - - - 39.0 - 13.3 - 228 153 75 14,33 - 14.33 - 2.14
700 © 350 7.0 3.8 320 44.0 0.40 5.5 Co- 215 140 .- 75 14.54 13.0 14.55 1.25 0.60
740 290 7.5 -~ - - - 10.0 - - - - 14.20 12.5 14.20 - -
Mean : : o :
364 233 7.5 4.8 223 24.7 0.74 5.3 35.1 189 . 123 67 12.82 12.0 12.84 0.68 0.55
SD : »
233 68 0.5 1.7 350 22.1 0.52 6.0 39.9 42 29 28 2.48 2.2 2.42 0.81 0.93
Max
% 740 350 8.9 8.0 320 85.0 2.10 21,0 135.0 260 160 170 15.75 17.0 15.50 1.25 2.14
Min . :
i 0 110 7.0 2.0 90 1.0 0.11 0.3 9.1 100 60 30 6.00 8.0 6.00 0.10 0.0C

i N e i, g e e itr R p T Loni s Lenl e
g,»m«@a S b A B B (RIS R O MASR) Sl PR



Well C2

=

R e

0 110 8.7 2.5 135 12.6 -
22 70 9.0 2.5 100 7.0 -
55 115 7.6 3.0 160 9.0 -
88 175 7.3 7.5 195 14.0 -

121 175 7.1 "1.5 200 4.0 1.20
155 170 7.5 1.5 210 1.0 0.68
183 170 7.5 1.5 200 1.0 0.9
208 165 7.2 2.0 215 1.0 0.35
© 239 170 7.2 1.9 210 3.0 -
267 190 7.1 2.5 230 0.0 0.22
300 200 7.1 4.5 222 1.5 0.59
343 230 7.0 5.0 156 1.0 0.53
375 135 7.2 6.0 208 3.0 0.12
401 2000 -. .5.0 205 3.0 0.35
429 175 7.1 5.0 200. 1.0 1.25
473 200 71. 5.0 210 - 2.0 0.90
527 240 7.2 5.0 210 3.0 -
553 190 6.8 5.0 205 5.0 0.70
596 215 7.1 4.0 200 6.0 -1.00
618 220 7.0 2.5 200 3.0 1,20
655 230 7.1 3.1 215 2.0 1.25
681 - - - - 6.0 -
700 260 7.0 2.5 170 3.0 0.20
740 220 7.0 - - - -
Mean , . _
364 184 7.3 3.6 193 4.0 0.77
SD- e
233 45 0.5 1.7 31 3,7 0.39
Max
740 260" 9.0. 7.5 230 14.0 " 1.30
Mia - ' S

D 70 6.8 1.5 100 0.0 0.12

aAnalysis not performed.

T —————— ey o s

5.00
0.30
0.10

0.60 -

1.60
1.50
2.75
0.75

1.90

3.30

" 5.50

1.44

14,00

6.00
4.00
3.00
3.50
6.00

6.00 .

4,50

13,40

16.00
16.00

5.09

4.96

© 16.00

2.10

353.0

62.6
20.6

e

I L ruhn ot ONOWWOUIW

AN WOWmO

Wt P =

-

e
oo o

46.4

89.1
353.0

7.5

100

140
170

170

175
165
152
150
155
155

17

145

- 160

130
160
150
180
150

150

150

155
. 143
157

150

34
180

77

60
90
110

140
140

130
110

110 -

115
110

63
102

-111

100
100
100
110

95.
110
105

105
95

110

105
19

140

60

40
50
60
30
35
35
42
40

40
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14
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49
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60
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55
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45

50
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"16.0

7.0

- 10.00 -~
9.00 -
9.00 -
7.00 -
6.00 . -
6.00, -

6.00 -

2.30 -
2.33 -
4.17 -
6.08 -
7.92 -
7.75 -
7.00 -
7.33 -
7.50 -
5.75 =
5.25 -
7.29
8.75 -
9.33 10.0
8.87 -

6.79 7.3
2.02 3.9

10.00 10.0

7.33 -

5.00 - .

2.30 4.5
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~Table D1 (Continued)

Day SP pH Cl- Alk SO4= NO3- Tot Fe COD - Tot Cat++ MgH+  H20 T c FetH+ Mn+
Cond ~ Hard Depth
Well E . ,
- 0. 190 ‘8.6 2.0 140 123.0 - 2,00 68.5 260 180 80 13.00 15.0 13.09 - -
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 - 0.80
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 - -
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 - -~
343 235 7.0 4.5 183 8.5 0.34 5.70 - - 155 114 41 4.50 13.0 4.50 - -
375 140 7.5 5.0 193 10.8 0.16 14.00 12.6 167 100 67 7.20 16.0 7.21 - -
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 7.313 - -
473 200 7.1 5.0 180 12.0 -0.65 . 2.50 - 150 110 40 7.20 13.0 7.17 - -
527 245 7.0 5.0 180 19.0 0.23 18.00° - 160 105 55 7.30 10.0 9.25 - -
553 235 7.1 5.0 230 21.0 0.35 6.00 - 165 115 50 6.80 9.0 6.83 -~ -
- 596 215 7.1 3.5 200 20.0 0.60 5.00 - . 175 130 45 5.80 8.0 5.83 - 0.60
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
700 240 7.2 2.5 180 24.0 0.30 18.00 - 160 - 118 42 20.67 13.0 10.67 12.9 1.60
740 175 7.0 - - - - 18.00 - - - - 10.00 14.0 10.00 - -
Mean ‘ 4 :
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
SDh . .
233 36 4 1.7 17 25.4 .30 6.0 17.1 24 19 12 2,29 3.0 2.33 5.9
Max
740 245 8.6 7.5 230 123.0 1.3 18.0 68.5 260 180 80 3.4 17.0 13.00 12.9
Min
(] 110 6.8 1.0 140 2.0 .16 .1 2.0 145 100 25 13.0 8.0 3.5 4.3
| B R D s sk M YO A eimpa S ——— -
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Well G
0 170

22 - 150
.55 190
88 175
121 170
155 -
188 170
208 170
239 150
267 140
300 200
343 235
375 140
401 175
429 215 -
473 235
527 255
553 200
596 225
518 220
655 245
B81 -
700 275
740 230
Mean
364 197
233 39
Max :
740 275

140

8.5 5.0
8.0 5.0
8.1 1.5
7.2 10.0
6.8 3.5
6.7- 2.5
6.2 3.0
6.6 3.8
6.1 3.5
6.8 6.0
6.6 6.0
6.5 6.0

- 5.0
6.8 5.0
6.9 5.0
6.7 7.5
6.3 5.0
6.5 5.0
6.3 .3.1
6.4 3.8
6.6 3.1
6.7 =~
6.8 4.7
0.6 1.9
8.5 10.0

6.1 1.5

150
1140

140

150

100

100
130

S 114

122
121
125
140
110
110
105
120
100

© 110

115

123

19

170 -

100

0.37

0.24

1.0°

0.1

15.10
0.60

. 0.10
© 0.10

0.10

1.3D
7.50

8.0D

7.50

. 7.5)

4.6

10.02.

3.00

2,02
2.5)
1.57
4.09

'12.09

5.00

12,70

14,00

. 20.00

6,40

5.60

©20.00°

0.10

465.0
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51'0

125.0

- 465.0

8.2

160
140
120
170
150

140

120 .
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120 -

120
118
131
125
120

1125

130

135

145
130
132
128

-135

132
14

'170

118

100
120

110

100

100

100
90
90
90

93"
. 84

100

- 90

100
100
95

100
110

100 .
110

95
105

97.

120 -

80

60
20
20
70

. 50

40
30
30
30
27
34
31

.35
- 20

25
35
35
35
30
32
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35

15

90

20

14.00

5.00
-1.00
-0.70
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0.50.
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-1.00
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-1.25
-2.08
1.33
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1.00
1.08

1.58

1.42
-0.50
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2.92
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5.33

1.86

4.46

15.00
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0.4
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Table D1 (Continued)

Day SP  pH Cl- Alk SO4= NO3~ Tot Fe COD Tot Ca++ Mg+ H20 T C  Fet+ Mot
Cond o o ' . Hard Depth . :
Well K , ' ,
0 - - - - 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 - -
527 370 6.8 6.0 180 155 0.35 2.00 - 310 230 80 25.70 10.0 25.67 - -
553 325 7.1 5.0 180 162 0.35 4.50 - 320 230 90 27.40 10.0 27.42 - -
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 45 220 0.30 2.00 41,1 360 250 110 26.70 -  26.67 -  1.40
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
681 - - - - 130 © - = 3.40 - - 313 230 83 - - 27.58 - 2.79
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 -~ -
Mean : v
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
SD
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
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

£
Min A .
0 165 4.3 2.0 0 35 0.12 0.10 4.5 190 130 52 12.00 9.0 22.00 .00 1.40 3
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ICP Dug Well S e

267 515 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 - -

4z8 595 - 30.0 290 225 = - - = dmmg= 400 365 - 35 - - - - -

473 - = - - 280 6.6 - o= e e e e . - -

527 490 7.5 22.5 120 190 . S.4  0.00 {F="- 5407 370 - 170 16.60 10.0 16.60 - -

553 - 520 7.5 20.0 240 250 ::4.0 0.10 * - 500 355  145. - - - - -

596 550 7.1 20.0 260 .220 5.1 " 0.10- 4.6. 575 400 175 21.10 10.0 21.10 - 0.00

618 610 7.0 22.0 255 190 . 6.1 0,10 .. - - 565 -375 190 17.30 - --17.30 -  0.20

655 580 7.0 25.0° 270 220 6.0°° 0,00 - - 545 390 155 16.83 13.0 '16.83 0.00 0.50

681 - - - - 240 ¢ - -.0,100 .- - 440 330 110 16.50 -  16.50 - - . 0.68

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

740 510 7.0 - - = =045 2T - = - 18.80 15.0 18.80 - . -

Mean . A o o T A © -

545 '536 7.2 23.9¢ 236 222.° 6.0 .--0.08 4.6 502 357 145 17.77 12.0 17.77° 0.00 0.34

SD . : : o : ‘ S .

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 H
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 ‘
Min o B o - S - . '

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

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 =~ 10,10 - 266 18 . 82 9.00 17.0 9.00 - -
55 110 7.2 6.0 126 190 - - - ..13.6 280 190 90 9.50 16.0 9.50 -~ = -
§8 325 7.310.0 175 190 -  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 .7.0 320. 230- 90 9.00 11.0 9.00 - - .
155 325 7.2 2.3 185 190 3.00. "0.75 3.1 375 260 115 10.00 .9.0 -10.00 - -
183 350 7.0 2.0 200 200 2.00 1.40 6.0 - 350 295 55 '10.20 10.0 10.17 - -
208 350 6.5 2.0 190 130 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 12.0

313 135 178 8.50

8.50 - -
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(Continued)
- Day SP  pH Cl- Alk SO4= NO3- Tot Fe . COD Tot Cat+ Mg+  H20 T C Fe++ Mn+
' Cond o "Hard Depth '
343 350 7.3 5.5 126 145 2.10 .68 - 340 220 120 8.30 14.0 8.33 - -
375 225 7.0 7.0 169 128 1.76 1.50 19.0 336 232 104  9.10 15.0 9.13 - -
401 325 - 5.0 175 180 2.50 - 15.0 340 170 170 9.80 -~ 9.83 - -
429 390 7.2 5.0 200 165 - 2.25 0.15 19.8 380 250 130 10.80 17.0 10.83 - -
473 345 7.2 10.0 160 165 .2.00 1.00 - 350 240 110 1i.40 14.0 11.42 - -
527 430 7.3 6.7 230 170 0.30 0.45 - 430 305 125 12,00 8.0 12.00 - -
553 375 7.0 5.0 200 190 1.70 0.25 - 410 290 120 12.60 10.0 12.58 - -
596 . 375 6.7 4.0 130 180 '1.75 2.50 - 345 260 85 12.30 10.0 12.25 - 0.00
618 350. 7.0 3.8 133 155 2,10 - 2.50 28.6 340 230 110 12.30 10.0 12.25 - 0.10
655 290 6.8 3.1 200 170 1.80 0.75 - 418 270 148 12.33 12.0 12.33 0.1 0.40
681 - - - - 170 - 2.50 - 365 265 100 . - - 12,21 - 0.81
700 425 7.2 3.1 250 164 1.00 1.50 - 430 300 130 1z.13 13.0 12.13 0.1 0.20
740 490 7.0 - - - - ©3.10 - - = - 12,00 15.0 12.00 - -
Mean . ' : - _ :
364 322 7.2 5.1 164 167 2.01 1.05 45.0 347 236 111 1C¢.32 13.0 10.40 0.1 0.37
SD . , .
233 8 0.5 2.3 48 29 0.95 0.89 109.7 55 48 - 31 1.0 3.0 1.61 0.0 0.33
Max : : ‘
740 490 8.7 10.0 250 200 4.7 3.10 . 425.0 430 305 178 12.60 17.0 12.58 0.1 0.81
Min A , , . :
0 110 6.5 2.0 79 86 0.3 0.10 3.1 212 135 55 6.5 8.0 6.50 0.1 0.00
Well Q '
267 150 6.7 3.5 55 70 1.10 2.00 8.4 155 100 © 55 10.10 11.0 10.08 - -
300 175 7.1 5.0 88 78 0.23 0.15 9.4 184 120 64 11.50 11.0 11.50 - -
343 230 7.2 5.0 79 74 © 0.31 0.32 - . 174 122 52 5.40 14.0 5.42 - -
375 175 7.5 8.0 136 87 0.26 0.90 10.3 209 154 55 8.60 16.0 8.58 - -
401 125 - 5.0 130 28 0.50 - 16.0 200 140 60 17.40 - 10.50 -~ -
" 429 315 7.6 5.0 190 125 0.75 0.10 5.1 285 195 90 8.80 16.0 8.83 - -
473 235 7.5 5.0 180 125 0.65 1.00 - 350 195 155 11.40 14.0 21.50
527 420 7.5 7.5 200 160 0.45 0.10 - 320 255 65 22.80 9.0 22.83 - -
$53 300 7.7 7.5 300 1135 0.55 0.10 - 320 25.30 9.0 22.83 - -
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596 400
618 575
655 525
681 -
700 475
740 535
Mean

511 331
SD

153 156
Max

740 575
Min
267 125
Well T
0 180
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Table D1 (Continued)

pH Cl- Alk §04= NO3-

Day SP Tot. Cat++ Mg+  H20 T C Fe++
Cond Hard Depth ‘

Min .

0 170 7.5 100 5 0.11 100 100 60 12.00 10.0 12.00 0.05
Well 82 ‘ . o '
616 325 7.2 230 70 0.40 280 190 90 10.83 11.0 10.83 -
618 350 7.1 290 90 0.25 330 210 - 120 11.20 -  10.80 -
655 340 7.2 305 48 0.70 280 177 103 11.33 11.0 11.33 2.00
681 - - - 37 - 233 . 158 75 12.40 -  12.40 -
700 325 7.5 298 30 0.35 368 162 206 13.33 13.0 13.33 1.00
740 . 360 7.3 - - - - - - 13.30 12.0 12.90 -
Mean ’ .
668 340 7.3 281 55 0.43 298 179 119 12.07 12.0 11.93 1.50
SD ' : . .

48 15 0.2 34 25 0.19 52 21 5. ° 1.10 1.0 1.09 0.70
Max . .
740 360 7.5 305 90 . 0.70 368 210 206 13.33 13.0 13.33 2.00
Min ’ o :
616 325 7.1 230 30 0.25 233 158 75 10.83 11.0 10.80 1.00
Well la ' o ,
343 230 7.2 6.0 140 34 0.37 160 114 46  3.30 13.0 3.25 -
375 120 7.1 7.5 130 34 1.59 257 103 154 3.20 18.0 3.17 -
401 200 7.1 6.0 130 . 46 1.60 90 65 25  4.50 - 4.42 -
429 . 215 7.1 6.0 135 49 3.40 °1.00 180 120 60  4.00 17.0 4.00 -
473 225 7.2 6.0 130 74 3.35 0.10 170 105 65 5.70 14.0 5.67 -
527 270 7.1 6.0 150 47 3.40 0.20 210 140 70 7.30 8.0 7.33 -
553 220 7.0 6.0 150 54 3.45 0.30 205 125 80  7.30 10.0 7.33 -
596 190 6.6 7.5 100 49 3.60. 1.80 166 100 60 . 3.80 9.0 3.83 -
618 240 6.6 4.4 110 42  4.10 0.70 162 100 62 3.80 - - 3.83 -
655 220 6.8 4.4 115 49 4.60 1.00 170 110 60  4.88 12.0 4.88 0.10
68l - - - - 43 - 0.20 140 93 58 - - 6.00 -
700 250 6.6 5.0 120 46 4.00 0.25 175 110 65  7.25 14.0 7.25 0.01
740 200 6.8 - - - 0.135 - - - 7.20 16.0 7.20 -
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" Mean
545 215
SD '
132 37
Max )
740 70
Min
343 120
well 1b
596 190
618 250
655 220
681 -
700 = 240
740 240
Mean 7
665 228
SD
53. 24
Max
740 250
Min
596 190
Well 1lc
596 340
618 300
655 260
681 -
700 . 300
290

740

7.2

6.9

0.2

6.6

0.2 3.6

7.0 10.0
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16
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100
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11
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15
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165 |
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18
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110 -
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55
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55
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1.67

7.30
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22.00
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10.70
14.38
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Table D1 (Continuéd)

Day. SP pH Cl- Alk - SO4= NO3- Tot Fe COoD Tot Cat+ Mg+ H20 T (o Fet++ Mn+
Cond Hard Depth

Mean _ .

665 298 7.2 3.7 178 73 3.0 0.34 13.6 244 163 81 5.26 13.0 5.12 0.06 0.13
SDh . , ' .
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
Max . )

740 340 7.3 6.0 185 150 3.6 1.00 13.6 320 220 100 7.00 17.0 7.00 0.10 0.20C
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 1d N . . .

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 o : . ' :
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
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
596 210 .6.6 3.1 165 37 0.90 g»O.Zl 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 - 285‘. 208 77 18.70 11.0 . :8.67 - -
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 19.9C 13.0 19.92 - -
§ 527 405 7.6 S.0 360 103 0.45 0.15 - 370 285 85 20.80 10.0 20.83 - -
i
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553 390
596 400
618 380
655 425
681 -
700 425
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‘Mean
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Max
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Table D1 (Continued) '
. Day SP pH Cl- "Alk SO4= NO3- Tot Fe COD Tot Ca++ Mg+ H20 T C Fet+ Mn+
.Cond Hard Depth '
- 596 340 7.3 6.0 230 105 1.00 0.20 - 320 .z30° 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 E
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 . o ' .
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
SD : A ,
53 21 0.0 0.7 40 27 0.11 0.14 0 29 19 15 0.8 2,0 0.82 - 0.25
Max . ' ‘ N : .
. 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
"Min . - _ : ' T . - ‘
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
Well 2d B , ‘ |
596 . 370 7.4 7.5 220 155 0.40 1.00 - 350 265 85 19.00 11.0 19.00 - 0.40
618 340 7.6 3.8 195 100 0.30 0.70 695.0 319 210 109 18.50 - 18.50 - 0.25
655 . 320 7.6 4.4 253 68 0.70 0.50 - 288 202 86 18.67 12.0 18.67 - 0.10
681 - - - - 73 - 0.40 - 248 173 75 20.50 - 20.50 - 0.09 .
700 370 7.8 3.8 270 69 0.25 0.55 - 300 228 72 19.33 12.0 19.33 - 0.80
740 350 7.6 - - - - 0.30 - - - - 18.80 13.0 18.80 - -
Mean . .
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 : : : _
53 21 0.1 1.8 34 37 0.20 0.25 0.0 38 3 15 0.73 1.0 0.73 - 0.33
Max . N . ' . ,
7400 370 7.8 7.5 270 155 0.70 1.00 695.0 350 65 109 20.50 13.0 20.50 =~ 0.80
Min ) )
596 320 7.4 3.8 195 68 0.25 0.30 695.0 248 . 173 72 18.50 11.0 18.50 -  0.09
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Well 3a
343 325
375 140
401 265
429 225"
473 215
- 527 250
553 210
596 215
618 270
655 225
681 - -
700 260
740 250
Mean
545 238
- SD
132 45
Max ’
740 325
Min
343 140
well 4a
343 420
‘375 233
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Mean
373 293
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29 110
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343 . 225
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Table D1 (Continued)

Day

Sp -

pH Cl-

Alk

S04=

NO3- Tot Fe COD Tot Ca++ Mg++ H20 T c Fet++ Mn+
Cond - Hard Depth - x
Well 5a ,
343 465 - 7.5 371 120 0.60 0.05 - 264 202 62 33.50 9.0 33.50 - -
375 345 7.1 7.0 452 91 0.11 1.00 41.7 282 195 87 -33.10 -8.0 33.GC8 - -
401 525 7.1 7.5 385 125 0.50 - . 13.0 125 " 65 60 34,50 11.0 34.50 - -
429 415 7.3 7.5 450 95 0.10 0.10 41.4 235 158 77 32.50 © -~ 32.50 - -
. 473 450 7.2 7.5 470 100. 0.20 0.20 - 200 140 60 32.80 13.0 32.83 - -
527 510 7.6 7.5 480 86 0.20 0.35 - 190 145 45 32,20 . 8.0 32.17 - -
553 525 7.2 12.5 500 94 0.03 0.45 - 210 145 65 31.80 8.0 31.83 - -
596 425 7.6 2.5 430 78 0.20 0.50 - - 180 130 - 50 3C.80 9.0 30.75 - 0.50
- 618 540 7.5 1.9 480 60 0.50 1.50 59.4 210 140 70 35.00 9.0 30:83 - 0.70
655 575 ‘7.2 1.3 480 8  0.20 0.25 - 224 160 64 31.42 9.0 30.42 0.10 0.50
681 - - - - 90 - . 0.40 - 178 120 58 - - 30.83 - - 0.46
700 550 7.0 6.2 517 - 96 0.20 0.50 - 225 160 65 31.13 11.0 31.13 0.15 0.50
740 600 - 7.1 - - - - 4,00 - - - - 31.50 10.0 31.50 - -
Mean o :
545 494 7.3 6.3 456 93 0.28 0.78 38.9 210 147 64 32,52 10.0 31.99 0.13 0.53
SD o . .
132 75 0.2 3.2 45 17 @ 0.17 1.09 19.2 41 35 11 1.32 2.0 1.24 0.04 0.1C
Max . ' . . -
740 600 7.6 12.5 517 125 0.60 4.00 59.4 282 202 87 35.00 13.0 34.50 0.15 0.70
Min ) .
343 345 7.0 1.3 371 60 0.10 0.05 13.0 125 65 45 30f80 8.0 30.40 0.10 0.46
Well 5b _ o ‘
- 700. - - 44,0 417 36 0.20 1.40 - 330 240 40.75 - 40.75 - 2.40
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Well 7a

421
429
473
527
553
596
618
655
681
Mean
550
SDh
- 95
Max
. 681
Min
421

2100
1700
2000
1635
1800
1500
1500
1550

1723
228
228

2100

1500

Well

618
655
681
700
740
Mean
679
SD
46
Max
740
Min
618

7c

1800
1800

2200

2250

2013
246
2250

1800
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1.9

0.6

2.5

1.3

470
490
500
450
490
290
517

454

72

517

290

550
590

565.

568
20
590

550

1350

950
1200
2100
1200
1400

1100

1100
1211
425

2100

500

1400
1200 -

1350

1300

1313

85

1400

1200

bTurbidity interference.
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0.51

1.55

0.15

OoOWUVOWn OO

2.10

CoowsronNn
o
o

N
.

O
[0}

43.8

~30.0

65.0

22.6

423

423

423

1650
1600
1860
2130
1850
1850
1700
1390
1310

1704

254

2130

1310

1940
1480.
3198

1420

11560

256
1940

1398

1200
1160
1310

1460.

1400
1300

1170 -

1360
1180

1282

110
1460
1160

1430
1320

1255
1340

1336

72

1430

1255

450
440

550 -

670
450

550

530

30
130
422
208
670

30

510
160

143

80

223

194

510

80

31.50

31.50

31.80
31.50
32.60

31.30

31.80
32.04

31.76

0.41

32.60

31.30

33.40
32.75
32.80

33.00
31.20

32.63
0.84

33.40

31.20

- el el e e
= It NWNOOOW I ©
o occoococo ©

N.
.
o

13.0

16.0

15.0

31.50
31.50
31.83
31.50
32.58
31.33
31.75
32.04
32.58

31.86

0.47

32.58

31.33

33.40
32.75
32.80
33.00
31.20

32,63
© 0.84

33.40

31.20

6.5
0.0
6.5

6I'S

2.5

3.1

2.8

0.4

3.1

2.5

5.40

2.11 .
7.68 -

3.50
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Day sr  pH Cl- Al k‘ SO'-: -.'i;()l- Tot Fe cop Tot Ca++ HgH “ llé.(; . T Cc Fo4+s ?Q:;# \& .
Cond . ’ Hard Depth ) ' 3
Well 8a , ‘
616 250 6.7 3.8 165 75 Q.95 - - . - 210 140 70 10.83 10.0 10.83 - 0.20
61& 550 6.8 3.8 155 310 0.90 3.00 80.5 550 390 160 18.50 - - 10.80 =~ 1.20
655 575 7.2 2.0 205 60 - 0.30 0.25 - 210 135 75, 9.20 9.0 9.20 0.0 1.25
681 = - - - 43 - 1.10 - .- 150 98 - 53 18.50 -~ 18.50 - . 0.64
700 275 6.8 2.5 145 44  0.40 0.45 -  1l40° 100 40 12.04 12.0 12.04 0.0 0.80 ;
740 250 6.8 - - - - 2,50 - .- - o= 9.40 14.0 9,40 - - 2
Mean - ' ' o ‘ ) 3
668 380 6.9 3.0 168 106 0.64 1.46 80.5 252 173 80 13.08 11.0 11.80 0.0 0.81 R
SD . . - . . < i
48 167 0.2 0.9 26 115 0.35 1.23 O 170 123 47  4.32 2.0 3.45 0.0 0.43
Max ' ' o
740 575 7.2 3.8 205 310 0.95 3.00 80.5 550 -390 160 18.50 14.0 18.50 0.0 1.25
Min . : . ’ ’ : - .
616 250 6.7 2.0 145 43 0.30. 0.25 80.5 140 98 40 9.20° 9.0 9.20 0.0 0.20
Well 9a o ' ‘ , A .
616 320 6.9 20 220 67 0.10 - - 280 . 210 © 70 9.00 10.0 9.00 - 0.25
618 290 ‘6.8 19 245 29  0.10 0.7 105 260 180 80 11.90 - 9.00 -~ 0.20
655 325 6.8 19 260 28 0.20 4.5 - 275 200 75 8.42 11.0 8.42 4.0 0.80
68. - = - - 27 - - 8.4 - 155 193 63" 9.20 - ° 9.20 -  0.45
700 325 7.0 20 245 27 0.15 4.7 - 260 - 200 60 9.96 13.0 9.96 4.4 0.30
740 ~ 300 6.7 - - - - 6.0 - - - - 10.00 15.0 10.00 - -
Mean . : o . :
658 312 6.8 20 243 36 0.14 4.9 105 246 197 70 9.75 12.0 9.26 4.2 Q.40
SD . | \ R
. 48 . 16 0.1 1. 17 18 0.05 2.8 0 52 11 8 1.21 2,0 0.61- 0.3 0.2
' Max - - A : - A D |
730 325 6.7 20 260 67 0D.20 8.4 105 280 210 80 12.00 15.0 10.00 4.4 0.80
Min = ' '

616 290 7.019 220 27 0.10 0.7 105 155 180 60  8.00 10.0 8.00 4.0 0.20
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Table D2. ICP surféce water .
Day Sp pH Cl-  Alk S04= NO3- Tot Fe Tot Ca++ Mg++ T Fe++ Mn++
Cond o ~ Hard - I :
ICP Sediment Pond A I '
88 - - - - - -  1.55 25 11 14 - - 0.012
. 208 110 7.6 2.0 10 85 0.50 0.30 .90 60 30 - - -
© 239 - 7.5 1.9 15 90 - 1 0.35 110 -~ 70 40 . - - -
267. 210 6.1 2.0 0 160 0.50. 0.50 210 140 .70. 17 - -
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 0O 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 6C0 300 16 - -
473 - - - - = =, 2.50 - - - - - -
527 1500 <4.0 0.0 0 1650 0.50° 5S5.p0 1950 1240 710 0 - -
553 1300 4.2 -a - 1800 1.55. 3.80 1125 800 325 2 - -
596 850 <4.0 6.0 . 0 725  0.50° 5.50 900 625 275 12 - 9.600 i
740 700 4.8 - - - - - 5.00 - - - 25 - - :
Mean _ : ' ) -
396 858 - 2.1 3 . 725 1.84 4.43 657 432 224 17 -~  4.806
SD : o C o .
173 537 - 2.3 5. 622 1.83 4.77 5731 370 205 10 - 6.800
Max . ’ s ' , R _ :
740 1600 7.6 6.0 15 1800 4.90 18.00 1950 1240 710 0o - 9.600
Min , , . -
88 110 <4.0 0.0 O = 85 0.5 0.30 - 25 i1 14 28 - 0.012
" Coal Creek ' ‘ o ' '
88. - - - - - -  0.65 390 1i6 174 - - 1.780
239 360 8.5 30.0 150 = 270 - - 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 - -
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 1725 - 10.0 75 800 0.60 - 1080 670 410 - - -
{ : 429 2500 8.5 7.5 140 450 0.18 - 625 455 170 15 - -
i
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TR bk

527
553
596
618
655
681
740

Mean
454

SD

188
Max
740

. Min
- 88

ICP

2500
800
670
600
670

160 .

606_?-
- 2500 -

720 -

@ o . N Vvow
*

160 -

™ o
.

. 3 B R
N. O & ocouvoon

Y-
o .
o

752 B

10.0 320

20.0 230

57.0 170
58.0 170

50.0 190

,25.17;154;f
192 730
s8.0 320
7.5 sl

428
401
. 655 -

401
428 .

596

618

655

Top Seam Miningﬁéuts“ﬂ i:;jAV,
S | 880
780

300
775
735
-1700
1800
525
225
2600

= OBWLWN

©O oOOoOMKHW-

oo wmouwn

* e o o o
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 3Blue interference.

110

374
219
1800

110

475
990

1600

b e . '
Lavender interference. .

CEnd point interference;

0.20
0.80
0.40
0.45

0.40

. 0.92
1:50
5.40
0.18

0.30

0.40

'0.40

0.15
0.10

7.30

2.50
1.50
2.50
~0.70

:Tiz,bggi

“12.00°

10.20
0.40, 0.20
2.70° 20.00
- '5.00.

b 4.00

1,00

'3.38°

0,06 "

410

1050

625
495

580
515 -

1560
244
1080

©es0

880

. 800
1410

2200
. 500

200,
- 1500 700
1050~ 550

250

260
800.
475

340
445
405

378

800
116

650
600

600 -

1080
1480
360

125 .

110

186 -

150
250
150
155
135

161"
84
a0

i

- 300

- 280

-200
330

720

140
- 75

80

500

20.0

4.0

06T
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Table D2 (Continucd)

Day Sp " pH Cl- Alk SO4= NO3- Tot Fe Tot Ca++ Mg++ T  Fe++ Mn++

Cond ' ©  Hard

Mean ' «

523 1083 6.6 4.3 55 1017 1.48 5.88 1055 699 356 23 12.0 10.7

SD : : ' : S : : - ' : _

118 851 2.4 3.0 54 924 _2.50 8.19 630 418 264 6 1l1.3 12.6

655 2600 9.1 9.0 130 3000 19.00 . 20.00 2200 1480 -800 29 20.0 28.0

Min ~ ' R B ' :

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 - C - 0.0 0 1700 19.00 - 395 350 45 - - -

239 - 8.5 1.9 25 310 - 0.10 1480 980 500 - - -

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 6€0 - 2.5 0 425 0.32° 4.50 900 600 300 22 - - s
428 - - 0.0 0 750 .0.90 - - 800 600 200 18 - 1.2 -
596 13G0 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. :600 5.00 0.90 1080 335 745 24 - -

343 1600 4.6 9.0 0 700 2.40 11.80 . 950 - 600 350 16 -

428 - - - - %00 " v - 1080 720 360 28 - 6.7

618 1250 4.0 0.5 0 870 2.40 9.00 o

Mean _ : ' : S : g . ,
- 380 959 6.9 7.8 24 - 734 3.95 3.14 782 490 291 23 -. 6.0

SD : ‘ : :

125 413 2.1 7.9 46 399 5.46 4,38 375 233 210 6 - 4.4

Max : ' , , , S : -

618 1600 9.1 22.5 140 1700 19.00 11.80 1480 980 745 31 - 10.0

Min : . : : : o S ; A

239 410 4.0 0.0 0 280 0.88 0.10 240 116 . 45 16 - 1.2

ICP Standpipe (on £ill) . R B , |

343 /50 7.6 2.0 0. 1105 2.15  15.00 " 552 A 312 240 29 - -

S - - ISRLE T A : s (A
= b s A Eo el R rgetr il S T W




~Table D3. ICO surface water quality |

Day Sp pH Cl- Alk SO4= NO3- Tot Fe Tot Ca++ Mg++ T Fet++ Mn++

'North ICO Mining Cut and Sediment Pond

54 1200 0.20 1.10 1848 1420 428 29 - -

343 1900 7.6 5.5
401 1700 - - 5.0 150 1450 0.15 - 2150 1545 605 - - -
428 1900 - 5.0 125 1450 0.20 - 1875 1350 527 16 - -
343 790 8.3 3.5 56 675 0.19 0.20 966 784 182 26 - - . ‘
401 . 1400 - . 5,0 110 1100 0.40 . - 1475 1250 225 - - . - :
618 1250 . 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 0.0 1.50
740 925 8.5 - C - - 0.30 - - - 26 - -
Mean _ ' . S ' ' ' '
517 1483 8.5 4.5 108 1172 0.26 0.53 1721 130z 419 26 0.0 0.59
SD : A i
164 465 0.6 0.9 41 266 0.09 0.43 410 233 215 5 - 0.79
. Max .
740 2000 9.0 5.5 155 1450  0.40 1.10 2210 1545 728 29 0.0 - 1.50
Min - :

343 790 7.6 3.1 54 675 0.15 -0.20° 966 784 140 16 0.0 0.10

South ICO Mining Cut

343 - 2000 4.3 5.5, 0 1350 0.28 0.85 1970b 1284 686 26 - - :
401 1800 - 5.0 0 1900 0.40 - 23507 1350 1000 - - - :
428 2300 - 5.0 0 1850 0.40 - 2275 1500 775 - - - !
527 1400 <4.0 5.0 0 2450 - 3.00 1710 5101 2000 0 - - &
553 850 6.6 4.0 35 1750 0.35 0.50 1125 950 175 1 - -
596 1500 <4.0 3.5 0 1400 0.45 10.00 1600 850 650 13 - 38.5
618 1600 <4.0 2,5 0 1400 0.35a. 4.00 1680 1160 520 28 - 25.2 k.
655 1600 <4.0 0.0 0 1700 0.90 3.50 2100 1300 . 700 25 1.5 35.0 £
681 - - - - 2200 - 10.80 1543 1375 168 - - 95.9
m BRI B W - r Ry e e B R A R ¢ (e (e vl RIS A 13 SO I AR R 2 e o (B Fr
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343 850 4.0 0.0 0 1350 0.28 0.50 1125 950 168 0 1.5 8.4

o it e precaaimtaRy o y ' :
o AR T A AT O G MR <5 R RPN B .
700 2750 <4.0 - 0.0 0 2100 ~1.60° 13.00 2880b 1640 1240 28 2.0 8.4

o 740 2200 <4.0 - - - 60.00 - - - 27 - -

i Mean

i 567 1800 - 3.4 4 1810 0.59 11.74 1923 1302 611 19 1.8 40.6

G SD .

[: 131 536 L= 2.1 12 368 0.45 18.65 500 229 358 12 0.4 33.0

i Max : o : '

k 740 2750 6.6 5.0 35 2450 1.69 60,00~,-2880 1640 1240 28 2.7 95,9

. Min : . ' ' : '

%Lavender interference.

“End point interxrference.
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Table D4. Farm well water quality near ICP#1

Garden Farm Pond

68.0

Day Sp PH Cl- - Alk

Cond
Dust Suppression Well 703 560 7.6 2.5 320
Abandoned Farm Well 703 500 7.2 3.8 280
Denburger Farm Well 703 270 6.6 E A6,9 110
Blizéard Farm Well 703 2700 7.7 173.0 335
 Scott Farm Well 703 2700 1.9 173.0 275
Childers Farm Well 703 2700 8.0 190.0 270
Childers Farm wéll 703 235 6.8 20.0 110
Voss Farm Well 703 . 590 8.0  12.0 340
Garden Farm Well (sampled at house) 22 2800 7.4 233.0 240
Garden Farm Well (sampled at hydrant) 22 2800 8.6 233.0 240
car&en Farm Well | 22 1200 8.0 245.0 290
Garden Farm Pond 22 385 9.2  65.0 260
22 400 9.2 245

, aAnalysis not performed.
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195 .
4= NO3- Tot Fe Fert  Tot  Cat+  MgH T H20  Mn++
Hard Depth

180 1.00 4.00  1.00 490 360 130 16 25 2.4
160 1.35 2.60  0.50 460 35 135 .12 25 0.2

4 3.50 0.15 - 0.00 . 150 118 32 24 25 0.1
1250 0.40. 1.00  0.50 810 610 200 14 . 200 0.4
100 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 28 25 0.5
130 0.25 1.60 - 0.00 230 155 75 - 20 220 . 0.0
30 7 0.1 2 1480 1140 340 - 200 -
30 11 0.1 - ’1430 1130 300 - 2000 -
200 150 0.1 | - 800 460 340 - 25 -
180 5 0.1 - 240 130 110 - 1 -
%0 7 - | 230 160 70 - 5 -

.'0.2 )




analysis

Table D5. ' Trace clement
Surface sample Al
location

ICP Sediment A 1.52

Pond

ICO Sediment - B .040

Pond

ICO South

Mine Cut .

B 75.6
B 6.12
A 1.32
B . .041

B' Ba
.045 .097
.312  .091
.184 ..059
.386 .033
.264 .018
.233 ' .267
J132  .438
.093 .218

.003

.001

aAnalysis of samples from
Analysis of samples from

cNo£ determinable.

dAnalysis not perfcfmed.

11/4/75 (Dr. Fassel group Ames Lab).

6/19/77 (Dr. Kniseley group Ames Lab).
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Table D5 (Continued)

Surface sample Mg Mn Ni 'Pb . sb Se Sn Sr \Y Y Zn
location ' : |

ICP Sediment A% 4.42 .011 .013 .011 .01l --® .009 .068 .003 .002 .009
Pond

Coal Creek A 46.6 1178 .122 '.046 .026 .091 - .663 .,011 .002 .053

Bb' 44 5.88 ,014 .021 .019 .019 - .174 ..004 - .008

ICO Sediment B 56 .172 .028 .050 .042 .031 @ - .390 .004 - .008
Pond : :

ICO South B 67 95.9 1.87 .261 .228 .257 - .604 ,036 - 2.24
Mine Cat ‘ '

®Negative detection range.’
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Table DS (Continued)

Surface sample AL As B Ba Be Ca Co Cr Cu Fe Hg
location ' : -
E A 2.65 .224 .153 .564 °.0003 46.6 .092 .015  .029 24.8 .259
B .0¢4 ,028 .087 .379 ND 41A .118 .002 .0001 15.6 -
s 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 -

=
o
[
[o o]
~J

Q B 092 .027 .123 .081 ND 108 ND .002 .0004 .310 -
T A  6.84 .415 .207 .414 .0008 57.0 .088 .018 .035 21.8 .246

.217 .074 .159 .0003 81.9 .055 .0l7 .040 11.2 .165

86T
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Table D5 (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

- - e S T T G S S T S S e G G e T e G S S Gin gaa S S CED SN G e S - s G GNP G S G S Gy G S CEL G I G G G S D I (e G G e T S G S S T Wy G Sy G G T G R A -

M A 27.6 ..737. .077  .480 .043 .024 - .230 .013 .027 .167
B 40 .810 .013 032 .014 .017 - .079 .003 - . 034
0« B 35  .083 .007 .030 .012 .010 -  .273 .0008 -  .0l6
r A 24.4 .408 .067 .401 .086 .0006 -  .276 .030 .0l2 .132
B 25 .102 .014 .034 .009 .014 - .084 ".005 - .020
s2 B 30 .743 .006 .023 .009 .013 -  .057 .002 -  .024

66T
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; Table DS (Continued)
?? - Surface sé.mple Al As = B Ba  Be Ca Co Cr Cu  Fe Hg
e location ‘ : ' '
! ‘ la B .J60 .016 .041 . .10%9 -ND 37 ND .0009 ND .182 -
. wo B .083 .023 .101 .189 ND 42  ND  .0009 ND  .309 -
3 e B .il4 .021 .020 .069 ND 53  ND .00 ND  .202 -
@ B .100 .025 .023 .089 ND 60  ND .00l ND .207 -
2a B .140 .035 .192 .082 ND 98  ND .001 ND  .216 -
» B .176 .032 .536 .080 ND 89  ND .002. ND .201 -
2 B .122 .027 .049 .072 ND 72  ND .00l ND .255 - O
2 B .182 .029 .027 .080 ND 69  ND .00l ND .372 -
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Table D§ (Continued)
Surface sarple Mg Mn Ni Pb Sb  Se .8n - . Sr v Y Zn
location : : ‘ ' -
la B 23 .015 .002. ..009 .062 .007 - .034 ND - .010
w B 22 .729 .001 .019 .003 .006 - - 4051 .0002 - _ .010
. . - B. 28 . .125 .005 .012 .005 '.009 - . .044 .0005 -  .013
1. . ‘B 26 .159 .005 .01l ..005 .007 - - .049 .0004 -  .010
2a . . B 34 .020 .003 .018 .010 .012 - - .183 .001 - . .007
» B 33  .026 .004 .015 .009 .009 -  .13L .0008 = Lo008
e B 26 .205°.005 .019 .005 .013 .- .074 .0007 - Loz S
2a: B 30 .085 .003 .030 .007 -.009 -. .06l .0007 = Lol
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:? ' Table D5 (Continued)
l Surface sample Al As B ~ Pa Be. Ca Co Cr Cu Fe Hg
location : o
3a B -.095-.020 ..C40 .066 .ND 37 .013 .0008 ND - .916 -
52 B ..177 .042 .906 .073 ND 48  ND .00l ND .371 -
72 B .074 .080 .492 .014 ND 471 .012 .004 'ND  .028 -
e "B .129 .102 1.01 .031 ND 503 .022 .005 .0003 .290 <
ga B .30L .026 .048 .056 ND 39 .010 .001 .0005 1.07 -
%a B .131 .033 .084 .120 ND 77 .068 .001 ND 8.42 -
Rinsef H20 B <.0005 ND WD WD  ND .013 ND ND ND .0009 - S




Table DS {Continued)

Surface sample Mg Mn = Ni Pb Sh Se Sn Sr v Y . Zn
location ‘

3a B 22 .288 .003 .009 .004 .008 - .047 .0009 -~ .012
sa . B 23 .455 .004 .016 .004 .022 -  .166 .0003 -  .009
a B 51 5.41 .079 .041 .035 .041 -  .469 .005 -  .055
7 B 57 7.68 .041 .083 .043 .043 -  .646 .006 -  .024
8a B 21 .639 .003 .020 .004 .007 -  .033 .0007 -  .015
sa . B 25 .449 .003 .018 .009 .015 -  .081 .0009 -  .013
Rinsef H20 B  .003 ND ND ND ND WD -  ND ND -  .003

s A, + —————————— St
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Table D6. Analysis of artificial runoff from James Gregory study, August 1976

Time®  Cl-° Alk  SO4=

Sp Cond

Sample NO3~- Tot Hard Ca++. Mg++ -
-Shale Runoff
sl WP 2.5 20 80 0.10  20.0 15.0 5.0 24
‘ 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 20.0 300
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
s2 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 %0.0 55.0 480
20 2.0 0. 190 ‘1.50 120.9 ‘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 40.0 20.0 195
60 2.5 0 .17 - 0.50 70.0 50.90 20.0 180
70 2.5 o 69 0.50 60.0 40.0 -20.0 190
S3 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 -4.00 250.0 150.0 100.0 790
15 0.0 0 240 2.60 150.0 110.0 40.0 630
20 2.0 0 200 1.50 100.0 75.0 25.0 460
25 . 2.0 0 150 1.10 112.5 75.0 37.5 375
30 2.0 0 160 1.10 75.0 62.5 12.5 380
40 1.5 0 150 0.95 100.0 70.0 30.0 360
50 2.0 0 130 1.10 85.0 60.0 25.0 380
60 2.0 (o] 62 0.90 35.0 15.0 20.0 280
B e L «vmuv%ﬂi@fmmmm%mmm%mwwwwm»mawww i S SR BT 4t
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Topsoil Runoff -

:g TS1 LW 3.0 35 0 0.15 40.00 20.00  20.00 28
* 0 2.5 20 6 0.30 15.00 -  8.75 6.25 23
10 3.0 17 0 0.30. . 12.50 7.50  5.00 23
: 15 2.5 20 - - - - - -
; 20 2.0 17 0 0.25 12,50 . 7.50° 5.00 18
| 25 2.5 25 0 .. 0.25 17.50 - 8.75 8.75 22
.30 3.0 25 1 0.20 15.00 - 7.50  7.50 25
, 40 2.0 20 0 0.15 ~ -10.00 - .. 7.50 2.50 13
TS2 0 3.5 22 0 0.25 . 13.75 8.75 © 5.00 22
15 3.0 25 7 0.35 .. 17.50 10.00 7.50 28
20 2.5 25 1 0.25 - . 13.75 ° « 7.50  6.25 19
25 2.5 20 1 0.25 12.50 ~7.50 5.00 18
30 2.5 25 0 0.10 17.50 . 12.50 5.00 21
40 2.0 - 20 0 0.25 . 12.50 ©7.50 5.00 16
50 2.0 15 3 0.30 10.00 ~5.00 5.00 13
60 2.0 30 0 0.20 20.00 12.50 7.50 27 N
80 1.5 22 7 0.40 17.50 10.00 7.50 18 o
7 TS3 W 2.0 3568 2 0.15 25.00 15.00 10.00 34
f 0 2.0 25 9 0.30 17.50 10.00 7.50 27
; 10 1.0 25 2 0.20 12.50 7.50 5.00 23
| 15 1.0 25 ) 0.20  12.50 7.50 5.00 21
20 2.0 30 3 0.20 17.50 . 10.00 7.50 25
25 1.0 25 0 0.20 . 12.50 ' - 7.50 5.00 22
30 2.5 25 3 0.20 12.50 7.50 5.00 21
40 2.0 25 0 0.30 15.00 - 7.50 7.50 23
50 2.0 25 1 0.30 12.50 " 7.50 5.00 21
60 2.0 15 . 3 0.20 10.00 5.00 5.00 12 ..

-8Pime in minutes for duration of artificial precipitation.

bAnalysis of water before infiltration and runoff.
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"Table D6° .(Continued) : _
Sample Time? Cl- . Alk : SO4= '~ NO3- 7ot Hard Ca++ Mg++  Sp Cond
Tilled Topsoil Runoff _
-TTS2 w 2.0 - 25 4 - - 0:.30 17.5 ~10.00 7.50 15
SRR : 0 ‘2,0-+" . 10 13 . 0.90 20.0 10.00 10.00 31
35 2.5 10 18- ©'1.00 15.0 10.00° . 5.00° 27
40 3.5 .10 20 - 1.30 20.0 - 12.50 7.50 40
. 45 - 4.0 10 21+ .13.0 . 17.5 8.75 8.75 - 35
L - 50 3.5 10 17 0.90 17.5 8.75 8.75 32
TTS3 w - 2.0 18 0: .. 0.20 .10.0 5.00 5.00 10
.0 3.0 . 15 15 7 0.90 :17.5 8.75 . 8.75 30
- 50 - 4.0 15 ‘16  0.90 17.5 8.75 8.75 28
- 60 4.0 12 11 - 1.00 -17.5 8.75 8.75 28
70 . 4.0 15 "13-. - 0.90 15.0 . 7.50 7.50 28
80 3.5 15 -8 - 0,70 15.0 ~7.50 7.50 25 -
90 2.5 - 12 -4 ... 0.60 12,58 7.50 5.00 22
100. 2.5 - 15 -9 - 0.70 +15.0 .. - 7.50 - 7.50 24
<o - 120 2.5 - 15 ~ 1. . 0.55 ‘15.0 7.500 - 7.50 19
TTS4 . oW 3.0 15 .57 7 0.10 7.5 ~5.00 - 2.50 T 11
‘ -0 - 5.0 10 ~3 0 .7.0.20 10.0 5.00 - 5.00 - 13
70 2.5 10 -0 .-0.20 ~10.0 5.00: 5.00. 10
80 12.5 10 2 . 0.20 - . 10.0 - 5.00 5.00 22
90 5.0 . .10 0 - 0.30 5.0 . 7 2.50 2.50 12
. 100 - 2.5 10 -0 - 0.20 - 5.0 - 2.50 2.50 14
- 110 . 5.0 10 -1 - " 0.30 - 5.0 - 2.50 . 2.50 - 16
120 2.5 . .-10 1 - 0.30 #8540 2.50 - 2.50 9
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i Subsoil Runoff
i : ss1 w . <2,5 25 . 0 - 0.15 25.0  15.00 5.00 25
g o 0 <2.5 25 17 . 0.35 . 35.0 . 20.00 15.00 44
S 5 <2.5 20 . 6 . 0.90 - 3,0 . 12.50 17.50 36
¥ 10 . <2.5. 20 . 4 “0.50 0 . 25.0 ' 12.50  12.50 27
g 15 <2.5 20 . - 3 ©0.95 ° 25.0 - ° 13.75 - '11.25 25
3 20 . <2.5 20 .2 0.60 25.0 12.50 12.50 22
G 25 <2.5 20 2 .0.70 20.0 12.50 7.50 20
£ 30 <2.5 20 2 0.30 - 20.0 - .13.75 ° 6.25 24
h 40 <2,5 ° 20 - -1 . 0.35° 20.0 . 13.75 6.25 21
3 50 <2.5 25 . 7 £ 0.25 20.0- . 13.75 6.25 23
60 <2.5.. 25" 3 ' .0.25  20.0 13.75 6.25 19
ss2 w <2.5 30 . . 2 0.45. - :20.0 - 13.75 ©  6.25 24
0 . <2.5 20 .7 ©0.40 30.0 . 20.00 10.00 26
5 <2.5 23 3. 0.45 - .20.0 - . 12,50 7.50 23
19 <2.5 20¢% 2 0.80 15.0 - - 8.75 6.25 18 N
13 <2.5. 20 -4 0.35 . 20.0 10.00  10.00 21 N
20 <2.5 20 - 7 0.70 - 15.0-  10.00 5.00 19 -
25 - <2.5 . 20 . 8 0.40 . "15.0 10.00 5.00 19
| 30 <2.5 20 4 0.80 20.0 ©12.50  7.50 21
Ss3 0 <2.5" 20 - 4 - 0.65 . 20.0 ~12.50 7.50 19 -
% 10 <2.5° 20 2 0.35 15.0 8.75 . 6.25 14
‘ 15 <2.5 25 1 © 0.60 . 20.0 10.00 - 10.00 = 21
20 <2.5 - 30 2 0.75 23.0 11.25 11.75 20
25 <2.5 20 3 0.40 . 15. 7.50 7.50 - 14
30 <2.5 20 0 2 0.90 ©20.0 11.25  8.75 23
i
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Table D6 (Continued)
Sample 'Timea‘ Cl-. Alk S04= NO3- 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 5.0 30 1 - 0.65 25.0 15.00 10.00 29.0
40 3.0 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 w3 © 0.60 .-20.0 15.00 5.00 29.0
S 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 30.¢° 20.00 10.00 29.0
10 3.0 -.30 -3 v .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 -.20.0 - 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 18.5
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Reclaimod F{11 Runoff
RC1 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 ~ 30 100 0.55 110.0 - 90.00 20.00 170.0
15 4.0 25 . 104 -~ 0.35 -110.0 . 100.00 10.00 190.0
25 4.0 20 - - - Co _90.0 ' 70.00 20.00 : -135.0
30 4.0 20 48_ - 0.25 75.0 . .65.00 - 10.00 105.0
40 3.0 30}f.. 68 - .0.40 - -100.0 - "100.00 0.00 125.0
- 50 - 5.0 30 - 47 -..0.40 -~ 80.0 . 70.00- 10.00 115.0
- 60 4.0 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
SR ¢ 7.5 25 150 0.80 -+ 170.0 160.00 10.00 230.0
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 o+ 60.0 .. 50.00 10.00 120.0
. ..25 - - . 83 . 0.25 . ad . - - -
RC3 ‘W 6.0 20 ﬂ@ 1l 0.40 - 15.0 - 10.00 - 5.00 21.0 N
: 0 . 6.0 25 <% 280 -'0.90 ;. 410.0 - 365.00 45.00 410.0 8
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 . .130.00 - 0.00 . 205.0.
25 5.0 ‘30 .. 120 - .0.35 -~ 170.0 -170.00 0.00 220.0
30 5.0 20 - 135 0.40 - 130.0 130.00 0.00 220.0
4 . ":1.::}5‘.;.’;5.‘?.53“.': . B e - S G thr S . MRS S ol . . B
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:APPENﬁIX E: STATISTICAL CORRELATIONS

symbols used in Tables El, E2, E3, and E4 are defined as

follows:

sp Cond
pH .
cl-A
Alk .
So4=
NO3-

Tot Hard

Cat+

Mg++ - -
HCO3~-

Fe++
coD .
H20 Depth

C Depth . .

Ex Alk

NCH
7
Mn++

S04=
HCO3-

Ca++
Kg+s

Day
Ppt

Specific Conductance»aSMppm NacCt -
~log of Hydrogen ion concentration

.~ -mg/1 Chloride ion -
. Alkalinity as mg/l CaCO3 . L
‘ ‘mg/1 Sulfate ion” | - -
'mg/1 Nitrate-Nitrogen

Total Harduess .as mg/l CaCo3
Calc1um Hardness as mg/l CaCO3 °

xMagnesxum Hardness as mg/l CaCO3
VE‘;mg/l Bicarbonate ion '

_Tot Fe . "Total Iron as mg/l Fe
' 'mg/l Ferrous Iron ion -

AChemlcal Oxygen Demand ng/1 02

Water Depth measured at tlme of sampllng

Water Depth corrected for effect of balllng prev1ous :

to sampling

o Alk ‘minus Tot Hard whcre Alk 1s greater than Tot

. Hard as mg/l1 CaCoO3 ~

'.Noncarbonate Hardness as mg/l CaCO3 ’

Temperature in degrees Celsxus

Lf'mg/l Manganese ion

‘ Sulfate to Blcarbonate ratlo

Calcium Hardness»to Magnesium Hardness ratio

Day of study

. Prec1p1tatlon sxnce last sampl;ng

are—eers Wy
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Table El. ICP groundwatef correlations
Well Cl
—_— Sp Tot _
Cond Alk Hard Ca++ T S04=
Day r - .84 W77 .66 .62 -.44 .42
P .00 .00 .00 .00 .03 .06
n 21 20 21 - 21 - 23 - 21
Tot- Ex
Alk Day Hard Ca++ S04= . T Alk ©  Mg++
Sp r "« B6 .84 .73 .68 .49 -.40 .38 - .38
Cond P .00 .00 .00 .00 .03 .08 .10 . .10
n 20 21 20 20 20 21 20 20
. A Tot
COD Alk Hard
pH x .85 -.54 -.47
. P .00 .02 .04
n 9 19 19
A . Tot.
Ppt T Fe
cl- r .63 .48 .41
P .00 .03 .08
n 18 20 13
Sp ; : ’ Tot . Ex . - 4
Mn++ Cond .Ca++ 'Day Hard CcoD Alk PH T
Alk r .96 .86 .78 .77 .72 -.70 . .58 -.54 -.44
P .04 .00 .00 .00 .00 .04 .01 .02 .05
n 4 20 20 20 20 9 20

19 20

S s R
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Table E1 (Continued)
Tot Sp H20 c - _ .
Hard Mg++ . Cond  Depth Day Depth Alk: Ca++
S04=. r .61 .51 .49 . .42 .42 .42 .40 .38
P .00 .02 .03 .05 - .06 - .06 .08
n 21 .21 200 21 21 21 20 .21
Ca SRR ' H20 ¢
_ Mn++ Mg Mg++ Ca++ NCH Depth :
NO3- r -.93 =.,70 .59 -.55 .52 .43
P .07 - .00 .02 .03 .04 .09
n 4 16 16 16 16 16
. Ex Ca
, Mn++  COD T alk Mg Cl-
Tot r .97 .70 .50 -.45 . ~.44 .41
" Fe P .01 .04 .02 .05 .05 .08
n 5 9 20 20 20 19
‘Tot . H20 c
_ pH Fe - Alk T Depth Depth
COoD r .85 .70 =70 .69 -.65 -.64
p .00 .04 .04 .04 .06 .06
n 9 -9 9. 9 9 9
" Ca++- Cond Mg++  Alk Day S04=" pH
Tot r .74 .73 .72 .72 .66 6L -.47
Hard p .00 ~..00 .00 .00 .00 .00 .04
n 21 20 21 20 21 19

N

- 21
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Table E1 (Continued)

Tot Sp o . Ca++ ' .
Alk Hard Cond Day  NO3- Mg++ SO04= T
.78 - .74 .68 - .62 ~.55 .. .43 .38 -.38"

.00 . .00 . .00 . .00 .03. . .05. .09, .10
20 21 20 21 16 . 21 . 21 20

Ca++ -

ST H

- . cat+ Tot - . Sp
NCH - Mg++ . Hard KO3~ S0O4= Cond

.79 =.74 .72 .59 .51 .38

.00 .00 .00 J02 .02 .10
20 .21 21 16 21 20

Mg++ -

-2,

Depth COD - Ppt NO3-  SO4=.

" .98 ~.64 -.61 .43 .42
.00 .06 .00 .09 . .05
23 9 . .21 . 16 21

€12

H20
Depth

ST R

o . . mot - | L “*'1Sp' " Bx o
Mn++ .COD . Fe - Cl-. Day - _Alk :Cond Alk Ca++
.94 - .69 .50 .48  ~.,44  ~-,44 -,40 ~-.39 =-.38
: 006: 44004 A.Dz '003 ' 003 005 ~08 009 .10‘
-9 20 20 23 - 20 21 20 - 20

SO H

Tot . : _
Fe Alk T ° NO3-
097 096 -94 -.93

'ool 004 .06 ;07
5 4 4 - 4

‘Mn++

swoR
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Table El1 (Continued)

i,

H20  C
Cl- Depth Depth
Ppt r .63 =-.61 ~.55
p .00 .00 .01
n 18 21 . 22
Ca++ " Ex
Mg++  Mg++ - NO3- Alk
NCH r .79 -.63 .52  -.40
p - 00 . 00 » 04 - . 08
n 20 20 16 20 -
Tot  Cat+ Sp
Alk - Fe NCH  HMg++ T Cond N
Ex r .58 -.45 <.40 .40 -.39 .38 -
Alk p .01 .05 .08 .07 .09 .10
n 20 20 20 0 21 - 20 20
. Tot Ex
Mg++  NO3- NCH Fe Ca++ Alk
Ca++ r =.74 =.70 =~.63 -=-.44 .43 .40
Mg+t p .00 .00 .00 .05 .05 .07
n 21 16 20 20 21 21
. " e ."':i'.'.:."‘i‘?’"' et T L T ,;'.él o

et e i e e 8 o~
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Table Ei (Continued)

Well C, :
Sp Tot - o | :
Cond Fe pH ~ COD Alk ‘NCH  S04= F
Day r .80 . .69 .-.65 -.46 .40 -.38 ~-.36 <
2 .00 .00, .00 .10 .07 - .08 .09 3
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 o
‘n 5 23 . 22 23 14 22 .23 22 22 1
Sp g _ : C : o
COD Cond Alk -~ NCH Day S04= Depth Temp Ca++ =
. . wn
pH r 092 -078 -078 d@-?Z - P065 . '052- .46 .45 . -037
' 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 Alk  Depth T . S04= Cond Depth _
Alk r -.81 =-.78 =-.72 .67 .-.58 -.56 -.53 ° .53 -.49 ’ 4
P .00 .00 - .00 .00 .00 .01 .01 .01~ .02 ¥
n 14 21 .22 22 . 22 22 22 22 22 P
: Ca++ B
, Day  Mg++ -
Alk r. .40 .36 z
P .07 .10 :
n 22 22 -
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Table El1 . (Continued)
- : . ¢ H20 . sp . Ex .
: COD B\ Alk ~Depth Depth . pH Cond -Alk Day .
so4&= r .59 .55 -.53 . .52 .52 . .52 ~-.46 ~=.43 =,36
. p 003 '.‘.01 ' .Ol 001 001 ’ 002 . 003 004 009 T
n 14 = 22 22 . . 23 22- - 21 22 - 23 23 .
. ~ Sp -
Mn++ Day Cond
Tot r .81 .69 .37
Fe p .05 .00 .09
n- 6 23 22
. ..sp ¢ ~mot  .H2
pH -~ Alk  Catt;a Cond .. SO4= Depth  Hard Depth  Day
CoD r .92 .-.81 -.61 .-.60 .59 .51 -.50" - .46 =-.46
‘ p .00 .00 002 002 . 003 007 . 007 : 009 -10
n 13 14 14 - 14 . 14 14 - 14 14 14
| . Bx -
Ca++ ' Mg++  Alk CcoD
Tot r .86 .57 ~-.55 ~-.50
.Hard p .00 .00 .01 .07
- n 23 23 23 4
- Tot K Ccat+ .
Hard CoD Mg++ pH
Cat+ r .86 =-.61 .38 " =.37
: p 000 . 002 .07 ; olo
n. 23 14 23 21

91¢




TR sy S LN AT TR MR
>

Table E1 {Continued)

Ca++ Tot  Ex cC  H20
Mg++ Mn++ . Hard Alk Pepth Depth -

ek s,

: Mg++ r -.84 .74 .57 -.54 .44 .38
: p .00 .10 .00 .01 . .03 -.08
: n 23 6 23 . 23 23 . 22
A C . EBEx , : - ’ Cat+
Depth  Alk  SO04- Alk ~ COD Mg++  Mg++
H20 r .84 . -.54 .52 -.49 .46  -.43 .38
Depth p .00 .ol .0l .02 .09 .04 .08
. n 23 22 22 22 14 22 22
Sp C .
Alk S04~ Cond pH Depth HCH N
f T r =-.56 .55 -.48 .45 .40 .36 -
p .01 .01 .02 .03 .06 .10
n 22 22 23 22 23 . 23
Sp e Tot
Cond Depth Fe Mg++
Mn++ r .87 .83 .81 .74
p .06 .04 - .05 .10
n 5 6 6 6

. = ~ e . i b e ————— e e Ll e




Table E1 (Continued)
c
Depth
Ppt r -.50"
p .02
n’ 22
' pH - Alk Cond . Alk Day  .T
NCH . r .72 -.72- =-.62. -.40 -.38 .36
: p - .00 .00 .00 .06 .08 .10
n 22 22 23 22 23 -23
¢ - Tot H20 Cat+ -
Alk Depth ‘Hard =~ Mg++ Depth SO4= Mg++ HCH
Ex’ r .67 -.63 =-.55 _.-.54 -.54 -.43 .41 - -.40
Alk- p .00 .00 ~ .01% .01 .01 - .04 .05 .06
n 22 23 23 .23 22 23 23 22
c H20 . Ex - «
Mg++ Depth Depth ‘Alk- Ca++ Alk
Cat+ r =-.84 -.48 -.43 = .41 .38 .36
Mg++ p .00 .02 .04 .05 .07 .10
‘ n 23 - 23 22 23 23 22
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Table E1 (Continued) t‘
Well E
Tot Sp Tot Ca++
Ca++ Fe Cond .. pH Hard Mg++ NCH
Day r =-.65 .62 .61 -.49 -,49 -.46 -.38
p 000 000 .600 . tc'2 002 003 N -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 e
pH r .90 .87 .86%°7 .7 71 .62 .58 .57 ©
P .00 .00 .00 .00 .01 .00 .00 .01
n 21 21 22 21 13 21 22 22
Ex , A
Alk Day T Alk
pH r =.53 =.49 .46 -.46
p .01 .02 .03 . .04
n 21 22 22 2
Ex : - H20 Cc . Tot
CoD Alk NCH S04= Depth Depth pPH Mg++ Hard
Alk r -.81 .77 -.61 ~.58 -.51 -.47 -.46 -.40 ~.40
p .00 .00 - .00 .01 .02 .03 .04 .06 .07
n 14 22 22 22 .22 22 21 22 22
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Table EX (Continued)

Tot .m0 ¢ ' : Ex
. NCH.»'Hard . “PH. - -COD . Depth Depth. Ca++ - Mg++ “Alk Alk
.94 .88 .-.87 . .80 .. .75 .74 - .68 .68 -.58 -.54
. ..,00. *,00 .00 . ,00 - .00  -.00 .00 .00 .,01 .01

22 .23 21 14 220 023 .23 23, 22 23

S04=

b M s e tos Sk e,

. SO H

" Tot ; '

Fe >'.Mg++-

"'065 -046
.01 ~ .06 ¢
le . 17

NO3-

L N

‘Mn++ NO3- . Day  Ca++  Mg++
.86 -.65 .62 -.58 -.51"
003 ’ .-o Ol -6"00 : . 001 . 002 )

6 16 . .22, 21. - 21

- 02¢

Tot
Fe

ST R

L T Co . Tot . Ex - R o

Alk "NCB. S04=.:. pH Hard - Alk Mg++ Depth Depth Ca++
-.81- .80 . .80 .71 .68 =.63 .60 .58 .56 .46

.00 ’ .00 .00 . 001 ool . 002 002 003 004 009
14 .. 14 14 13 14 14 14 14 14 14

COoD

STH

o S : . 'H20 . C - .
"NCH-  pH" S04=‘ .Ca++  COD - Mg++  Depth Depth Day

.91 . .9¢_ .88 . .87 . .68 .60 .58 .51 =-.49
000 000 .00 : .00 -01 000 .00 001 002
22 - 21 .23 - 23 14 23 22 . 23 23

Tot
Hard

80 H
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Table E1 (Continued)
EX
Alk Alk T
Tot r -.43 -.40 .40
Hard" p .04 .07 . .07
' n 23 . 22 21
Tot Tot Ca++ H20
Hard PH NCH S04= Day Fe *COD Mg++ Depth T
Cat++ r .87 .74 .73 .68 -.65 -.58 .46 .46 41 .41
P .00 .00 .00 .00 .00 .01 .09 .03 .06 .07
n 23 21 22 .23 23 21 14 23 22 21
Ca++ Tot 'H20 c
Mg+¥+ S04=  NCH - pH  Hard COD Depth Depth -NO3- Alk R
.47 -.46 -.40 -
.02 .06 .06
23 17 22
Alk Mg++
-.51 .49
.02 .02
22 22

e e P M

+

S A 6




bason comaps:

S T T bt A S e O Y e R @%%%‘%‘{
»lv
Table E1 (Continued)
| ‘E
Ex L “
.~ Alk = Ca++  Ppt
H20 r ~-.48 .41 -.40 E
P .03 .06 .08 X
n 22 22 21 f
- Tot Sp %
pH Ca++ Hard Cond A
T x .46 .40 .40 -.40
P .03 .07 .07  .07. ;
n 22 21 21 22 ;
. . i
H20 C Tot S |
- Depth Depth "Fe , i ;
Mnt++ r .89 .88 - .86 ‘
p 004 002 : -03 .
n 5 .6 - 6
C H20
v Depth Depth
Ppt r -.45 -.39
‘ P .03 .08
n 22 21
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Table El

~(Continued) .

Ty hdgine |

" NCH
4
NCH

Ex .
.Alk

SO H

. Ca++
Mg++

soR

s

CL L

o Tot

- 804= .

.94
.00
22 .

Alk

L W77
© .00
.22
Mg++

-. 77
'00

23 -

-Hard}f

.91
- .00
22

'.5DayA

"038
.07
23

. -COD
-063

Tot
Fe

-.51
.02

21

pHY
. .86
22

N

SO4ff§'

A —054
001 .
23 -

Ca++.

.46
.03

23

. cop -

... «00

. PH

=.53
.01,
21

Day
-.46
.03

23 .

Ca++
R 073

: .00
22

Depth :

-.50
.02
23

.00

Mg++  Alk

.64 =-.61
v .00

H20 ° .
Depth ~ NCH

~.48 =.46
. 003 . 003
22 22

" "H20 - C -
. Depth Depth

.58 058

.00 . .00

23 23

Tot
Hard

e 43
- .04
23

X A4

. £
" H
— ———— p—p——— -
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Table El1 (Continued)
Well G
Sp o Ex Tot
Cond pH Alk Alk Fe
Day r .74 -.62 -.60 ~-.45 .43
P .00 .00 .00 .04 .04
‘n 22 21 21 - 22 22
Day
Sp r .74
Cond P .00
22
c - H20  Ex . Tot
COD . :Day Depth- Alk . Depth Alk. ~ T  S04= Hard Ca++
pPH r .69 -.62 .64 .55 .52 .51 .47 .46 .40 .39
p .01 000 000 -01 aoz X 002 003 004 o08 008
'n 12 21 21 20 21 20 21 20 20 20
‘Tot Cat++
Mg++ Ca++ Hard Mg++
c1- r .56 . -.43 .40  -.40
P .01 .05 .07 .07
n 21 - 21 21 21
Ex . - | Tot -
Alk Day . NCH pH Fe - Cat+
“Alk r .77 -.60 -.57 .55 =-.52 .39
P .00 .00 .00 .01 .02 .08
n 21 21 20

21

20

21

vece
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Table E1

(Continued)

S04=

NO3-

Tot
Fe

CoD

- Tot

Hard

SUH SuN ST R

ST H

NO3-

.57
.02

16-

- Tot
. Hard

.39

L .C‘2‘

16

H20

' . Depth

.01
21

'H20

Depth

.95

.00
13

Mg++
.83
.00 .

pH

.46

.04

- 20 -

S04="
057 "
.02 -
lé6

cop
.55

.06

12 -

Pepth,

.00

- 13

. NO3-

.59
.02

16 -

Cat++

.42
.05

- 22

.51
.04

Alk

. .02
20

pH
.69

001
12

- NCH -

.54
.01

.21

Ppt
—041

.07 -
20

jxg++.‘]ﬂA

Ex

. Alk

=4
e 43

.05

21

. NCH
.57
.04
13

Cat+

=.50
002

TMgHE

"'Day

.43
.04
S22

Tot
Fe

.55
. .06

12

-con

.49
.09

13

' Tot
~Hard

.49
.09
13

Cl-
.40

.07

21

- pH .
. .40
) 008
20 -

H20

Depth 
. .39

.08
- 21

s¢e
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Table El1 (Continued)
Cat+  Ex c |
Mg++ Alk Depth Mg++ Cl- Sso4= pH Alk
Ca++ r .69 .54 .51 -.47 -.43 .42 .39 "+ 39
P .00 . .01 .01 - .03 .05 .05. .08 .08
n 22 22 22 .22 21 - 22 20 21
Tot. Ca++ Ex
Hard - Mg++ Cl- ND3- NCH Ca++ Alk
Mg++ r .83 -.80 .56 .51 .50 -.47 -.40
P .00 .00 .00 .04 .02 .03 .07
n 22 22 21 16 21 22 22
Cc Fe 'Tbt
"COD  Depth Tot,, pH Hard . NCH
H20 r .95 .89 .57 .52 .39 -+ 39
Depth p .00 .00 .01 .02 .08 .07
n 13 23 21 21 21 23
Ex
pH . Alk
T r .47 .38
P .03 .10
n 21 20 .
.. C
Ppt Depth
Mn++ r -.88 .76
o] .02 .08
n 6 6

e - Pt

AR, '{’

922



(Continued)

Table E1
Mn++ = NCH  SO4=
Ppt r -.88 -.42 -,41
P .02 . . 0E .07
n -6 21 20
Ex - . ~ Tot Ca++ H20
: " alk’ . Alk - .COD  Hard Mg++  Mg++ Ppt Depth
NCH r =.59 :=.57  ..57 .54 .50 =-.48 -.42 .39
e .00 .01 .04 .01 .02 .03 .06 .07
n 21 21 © 13 21 21 21 21 23
: ‘Cat++ = - - Ca : Tot
Alk - Mg++ NCH . Hard pH Day Fe Mg++ T
EX r 077 o77 _.59 054 051 -.45 -043 -.40 038
Alk P .00 . .00 .00 . .01 .02 .04 .05 .07 .10
n 21 - 22 21 22 20 . 22 21 22 - 20
Ex SR,
Mg++ Alk Ca++ Hard NCH Cl-
Mg++ P .00 .00 - .00 .02 .03 .07
n 22 22 22. 21 21

22

i Maﬁ.;%ﬁ? ':’f“‘_,'i i ngﬁi% 2 g % ‘ ‘m £ ‘ R
- ey G - B
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Table El

| | L
’ Y
\

(Continued)

Well K

H20 Sp C i - Tot Tot
: .. Depth Cond Depth "NO3- Mg++ - Hard " pH NCH Fe
Day - X 088 081 :057 055 .53~ 053 -.50 -49 047
p ‘.oo. .00 001 008 ‘003 003 006 003 007
n 21 14 19 11 - 16 ls6 15 21 16
S Tot H20 Ca++
Day - pH. Hard Depth Mg++ Mg++ Ca++
Sp r .81 =71 .69 .64 .64 ~.59 .50
Cond P .00 .01 .01 .01 .02 .03 .08
n 14 . 13 - 13 14 13 13 13
. . 8p &.,&3 Tot H20 &”
: £04= Alk: Cond Hard Ca++ NCH Depth Day
pH_ r -a85 076 '.-071 ~ -067 -.66 :-066 --63 -.50
p .00 .00 .01 .01 - .01 .01 .0l .06
n 13 13 13 © 13 13 15 ‘15 15
Tot . C
Ca++ Ppt Hard Depth
Cl- r -.69 .66 -.59 -.48
p .00 .01 .02 nlo )
n 15 14 15 .13
| H20
NCH _ S04= pH Depth
Alk r -.88 =-.77 .76 -.49
p .00 .00 .00
n 15 15 13

.06

s

L T
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Table E1 (Continued)
_ . R Tot
. . pH  NCH Alk Ca++ . Hard
SO4= . r =.85 LBl -.77 - .74 .68
n 13 16' 15 .16 16
| Day
P .08
n 11
H20 o
Depth . Day
"Tot r .53 .47 G
Fe P .04 .07
n 15 16
. Cat+ :
Mg++ Ppt
COoD- r -.88 .79
p .05 .06
n 5 6 :

62¢C
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Table El1 (Continued)
. Sp . H20
Ca++ .Mg++ .NCH Cond SO4= pH Depth Cl- Day
Tot ~ r .89 .80 . .79 .69 .67 -.67 .65 -.59 +53
Hard ¢ ~ .00 --.00° : .00 .01 .00 .01 .01 .02 .03
' n 16: . . 16 15 13 16 13 15 15 . 16
Tot ~ - . H20  Sp
Hard :v804= NCH - - Cl- ~ pH  Depth Cond Mg++
Ca++ o .89 .74 .71 ~.69 -.66 .54 .50 .44
p .00 - .00 .00 .00 .01 .04 .08 .09
n 16 16 - 15 15 13 15 13 16
Tot  Cat++ Sp H20
Hard Mg++ Cond - NCH Depth Day Ca++
Mg++ r .80 -.78 e 04 .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 Alk
H20 r .88 - .55 .64 .64 -.63 .58 " .56 .54 .53 -.49
Depth p .00 - .01 .00 .01 .01 .02 .01 .04 .04 .06
n 15 14 15 21 15

21

.18

15

15

15

0ec
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Table E1 (Continued)
Ppt
T r .44
n 17
Cc
- Depth
Mn++ r .83
n 5 o
cob ci-. T
Ppt x .79 . .66 .44 ‘N
p .06 .01 .08 w
n 6 - 14 17 =
. ot o A H20 -
Alk SO4= Hard . Ca++ . . pH. Mg++ Depth Day
NCH r -.88 .81 .79 .71 -.66 .62 .56 .49
P .00 .00 .00 .00 .01 .01 .01 .03
n 15 16 15 15 15 15 21 21
: : Sp
: COoD Mg++  Cond
Ca++ r =-.88 =~-.78 '~.59
Mg++ p .05 .00 .03
n 5 16 13
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Table E1

(Continuea)

RN Qs Weigh oo U - AQuvns o BRIP4 .
B - by

ICP Dug well

Day' .

Cond

pH

Cl-

Alk

5K SR Ho R 50 K

ST N

NO3-

-.85
.01
8
Ca+t++

.67
.05

9
Alk

-.76

" .03
8

Mn++

1.0
.00

pH

-.76 -

.03

T

.77

.07

Alk

.58
.10

Day
-.65
.06

NO3-

.82

.02

NCH

~.63
.07
9

Ca++

.73
002
10

;Tot

Hard

-.76
.02

Cond

.58
.10
9

pH

-. 65

.06

Mg++

-.75
.02

Tot
Hard

.05

10

Ca+t++

.66
.06

Cl-
-.60

009

NCH

-.64.

.06
9

Day
-.60
.lo
9

(A4
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Table El (Ccntinued)

NCH , . : _ '%
S04= r -.81 = - o R S o o : ;
n 10

Cay C1¥ Ca++;}4Hard.

-085 . A¢82 N -076A -067
.01 .02 .05 .09
8 71 1 . 1

NO3-

ST H

NCH

-.66
.07
8

Tot
Fe

ST H
€ET

< Ex

Mn++ Mg++  NCH Ca++  Cl- NO3-  Day

-.83 .80 .78 .76 =-.76 -.68 .63

.108 iol ’~.01 . 001“ A;OZ . 009 ' .05
5 10 . .9 10 9 7 10

Tot
Hard

ST R

4 Tot - Sp
NO3- Hard . Day Cond
-.76 .76 .73 . .67

.05 .01 .02 - .05

7 10 10 - 9

Ca++

el o o}

Ca++ _Tot

Mg++ Mn++ Hard = NCH  Cl-

' -.90 -.85 .80 .79 -.75
.00 - .07 .0l - .01. .02
10 . 5. 10..° 9 9

Mg++

ST H




et T

R LoLd
Table El1 (Continued)
C
, ~Depth -
H20 r 1,00
Depth  p .00
n 8 -
Day
p .07
n 6
| o Tot = Cat+
Cl- NCH '~ Mg++ . Hard  Mg++
Mn++ r 1.00 =~-.96 -.85 =-.83 .81
P .00 .04 .07 .08 .09
n 4 4 &5 5 5
- ... Tot  Cat+ ' Tot |
Mn++  SO4=  Mg++ Hard  Mg++ Fe Cl- HCO3~ Alk
NCH r =-.96 ~.81 .79 .78 ~.69 -.,67 .64 -.63 -.63
p .04 .00 .01 .01 .04 .07 .06 . .07 .07
n 4 10 9 9 9 8 9 9 9
Mg++ Mn++ NCH  Cl-
Mg++ p .00 .09 .04 .06
n 10 5 9 - 9

el
W
S
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Table E1 (Continued)
Well M o H20 Sp Tot Tot - , : i
" Depth Depth Cond ' Hard. - Fe . NO3- pH - Alk Cat++ Mg++
Day r .73 .70 - .65 .: .6l . .60 .=.57. =~-.47 .43 .43 .41
p .00 .00 .00 .-.00 .00 - .02 .03 " .05 .04 . .05 .
n 24 23 23 ... 23 22 17 22 22 .23 23
Tot . Lo ¢ 'H20. - |
‘Hard  Ca++ Day ‘.. Alk = Depth Depth -
sp  r .76 .70 .65 ~ .64 . .63 .63
n 22 C22° 23 22 . ’23- 23
- S Tt
‘ CoD - T Alk Day Hard o
. pH r <90 .60 -.50 =-.47 -.41 W
- p h 000 .00 ; 1002_ & 003 . 006 .
n 13 22 21 22 - 21
A S04= T Cat++ .- Alk
Cl- r ~.40 .40 -.39  -.36
p I06 .07 .07 .lo "
n 22 21 22 22.
Tot .~ sp S - c  H20 -
: Hard ~-Ca++ - Cond- ~Ppt © ..COD = pH. Depth Depth: Day T
Alk r +81 "« 79 .64 . . -.62 -.52 =.,50 .50 .49 .43 -.41
p ‘ .00 000 00'0 000 -06 o 9A02 -02 ’ 002 . 005 007
.n 22 .22 .22 20 14 .21 22 22 22 21
. soa="  c1- | |
n 22 22
HorpmocemrspT i b
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i . Table EL
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(Continued)
4 Ca++ H20 . C
' Ppt Ca++  Mg++ Depth Depth Cl- Alk Mg++
S04= x -.61 .57 .55 .45 .44 -,40 .38 -.36
: P .00 .00 .01 .03 .03 .06 .08 .09
n 21 23 23 . 22 23 22 ‘22 - 23
Day NCH
N03' r -057 -051
p .02 .04
n 17 17
. c
Day NCH Depth
Fe p 000 006 00‘7‘?)
n 22 21 22.
pH Alk
COoD xr .90 -.52
: o) .00 .06
n 13 . 14
Sp  H20 c
Ca++ Alk Cond Depth Depth - Day NCH
Tot r .83 .81 .76 .75 .74 .61 .51
’ Hard p ‘e 00 000 .00 -00 .00 000 .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

- 9€2

: ! °
i Ch
v BoRRGEn Bo

%
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? ‘ . Table E1

(Continued)

Ca++ .

Cat++

Mg++-

H20
Depth

5

- .04

AL B H

SR

.07

50 N

Tot -

- Hard-

- ..83
.00
23

. DayA

.43
23

.. Ca++
- Mg++

-. 76

- 23

. c .-
‘Depth-

1.00

.00 -

23

Mn++

. .60

. .85

. Alk
L uT79
.00

- 22

el4l
‘11006 .
7-21.‘u

U Tot
 NCH -

- Hard

LU.00 .
22

.73

."'..: .00

23 -
- Cl-

. .07
22

Hard

. “ A° 47
é02

- 23
Tot-

=75

. Tot .
f}Hard
=42

- ~ H20
-Depth -

Depth

.73
.00

-39

- Day

.41
-« 05
23

Cat+

.00

© Cat++

-.41
.06

Tan

Cond

.70
.00
22

 S04=

-.36
.09

“ Day

.70

.00

"~ Alk

i) 41
.07

S04=

«57 -

.00

-Cond-l
.63

.00

23

cl-

.40
.07

21

Ppt

L-.56
.01

21

ALk

.49
.02

22 -

Ppt

. Ca++

MgTT
.55
.01

.23

Ppt

.03

.39

.09
20

21,

 504-

.45
.03
22

LET
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Table E1 (Continued)
H20
T . Depth
Mn++ r .85 -.84
p .07 .07
n 5 ‘ 5
Tot Kei H20
Alk  S04= Ca++ Hard Depth Depth T
Ppt r =-.62 =-.61 .56 =.51 -.50 -~-.48 .39
P .00 .00 .00 .02 .02 .03 .09
'n 20 21 21 21 .22 21 20
Tot - Tot
Mg++ NO3-~ Hard = Fe
NCH r .53 -.51 .51 -.42
P .01 .04 .02 .06
n 22 17 = 22 21
Mg++ Ca++ S04=
" Cat+ r  -.76 .55 .55
Mg++ E .00 .01 .01
n 23 23 23

- 8€C .
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i Table E1 (Continued)
s Well Q - sp . Tot o ‘¢’ ‘cat+ H20
3 Ca++ : Cond - SO4=' - Hard Alk  Mg++ Depth Mg++ = Depth
; pay r- .51 .90 .88 .88 .80 .63 .61 .51 - .48
3 P .00 .00 .00 .00 00 .01 .02 .06 .08
; n 14 14 14 - 14 - 13 14 15 . 14 14
T Af ' Tot o : 4 c
A SO4= - Mn++ Cat++ Hard ' - Day Mg++ Alk NCH Depth
Sp r. .97 - .96 .96 - .93 .90 .68 .57 .55 . .50
cond p . ’ .00 ‘ 004 - . 00 .00 T .00 .01 004 004 007
n 13 - 4 13 13 - 14 13 - 13 14 14
| - mot .
pH  r .72  =.62 .52 r:
p . Ol T . 02 . 08
'n 12 13 12
NCH Mg++  pH. NO3-
Cl- r =-.65 =-.55 .52 ~.50
p .02 .05 .08 .08
n 13 13 ‘12 13
o c - H20 . Tot Sp
Day Depth. - pH Ppt Depth Ca++ . Hard . - 504= Cond -
alk r .80 77 .72 -.69 .67 .63 .60 . .57 . .57
p .00 . .00 .01 .01 .01 .02 .03 .04 .04
n 13 13 12 13 13 13 13 . - 13 13
b - - ’ Tf»

1}

3
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4 Table El1 (Continued)
Ca++ Tot
. Mg++ ° Fe
Alk r .54 -.51
P .06 .09
n 13 12
Sp . mot - . - c
Cond Ca++ - Hard Day "NCH Mg++ Alk  Depth Ppt
S04= r .97 .93 . .92 .88 .81 .71 .57 .56 -.46
- p .00 .90 .00 .00 .00 .00 .04 .04 .10
n 13 14 . 14 14 13 14 13 14 14
Tot , : |
Mn++ Fe Cl- N
NO3- . r .96 .39 =.50 o
P .04 .05 .08
n 4 12 - 13
. . Ca++A
pH NO3- Alk  Mg++
Tot r -.62 .59 -.51 -.51
Fe p .02 .05 .09 .08
n -’ 13 12 12 13
H20 .
Depth
COoD - x .88
P .02
n 6

v
: MER RNy wE R 5 (€.
4 . . . AT T s5
; - ., . e ey LR
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Table El (Continued)

Sp A : : Yo
Cat+ Cond SO4= ~ Day Mn++ . Mg++ NCH Alk Depth Ppt
Tot " r .98 .93 .92 .88 .87 = .86 .85 .60 .59 -.55
Hard p .00 .00 .00 .00 .06 .00 .00 .03 .03 .04
n 14 13 14 14 5 14 13 13 14 14
Tot  Sp SIS S c
Hard Cond S04= ~ Day Mn++ - NCH  Mg++ Alk Depth- Ppt
Ca++ «r .98 .96 .93 .91 .88 .81 .74 .63 .58 -.56
p .00 .00 . .00 .00 .05 .00 .00 .02 .03 .03
n 14 13 14 14 5 13 - 14 13 14 14
Tot - . Sp : e
Hard NCH Cat+ S04= Cond Day Cl- Depth N
Mg++ r .86  .E1 .74 .71 .68 .63 -.55 .50 =
e) .00 .CO .00 .00 .01 . .01 .05 .07
n 14 13 14 14 . 13 14 13 14
c , Ca++ o
CoD Depth  Alk T Mg++ Ppt Day .
H20 r .88 .77 - .67 -.53 . .52 =-.49 .48
Depth p .02 .00 .01 .08 .07 .08 .08
n 6 14 13 12 13 14 14
H20 - |
Depth
p .08 S -
n o N

12
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Table E1

(Continued)

Mn++
?pt
NCH

Ca+t++
Mg++

HE R B D I L

B0 R CL CE I

SO R

NO3-

.96 .
.04
4 .

‘Alk?~
-068
.01

Tot
Hard
.85

.00
- 13

HCO3-

. .54.
.06
13

L P S

<. 64
.01
13-

Sp
Cond

.96
'004
4

Depth

15

SO4=
.81

13

‘Alk
.54

.06
13

R AR
=3 2l AN

. Cat+ -

_056 g
.04
- 14

Ca++
.88 .
.« 05

Mg++

'.‘81“

° .00‘& )

137

. Depth

. .53
.07
13

TEES I D s AT
R R Ay W

-Tot

Hard

.87
.06

ot -

Hard

-.55
.04

14

Ca++
.81

<00

13

Day

.51
.06
14

H20 :
" Depth : S04=

~-.49  -.46

.08

14

S Ql-

-065

.02

13

Tot

Fe

- .08
13

.10
14

~Cond

«55
.04

14

(4 44
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Table El1 (Continued)

Well T ~ H20 cC . Tot sp
COD Depth Depth Fe .Cond  Alk
-~ Day r -.89 .78 .78 .77 .70 .54
P .05 .00 .00 .00 .01 .07
n 5 - 14 15 13 0 13 12
| Tot c H0 N Ex.
6{0))) Day Fe D2pth Depth 8S04= Alk T | Alk
Sp r =-.88 .70 - .69 .64 .64 - -.62 .60 =-.57 .51
Cond P .05 L. 01 .01 .02 .02 .03 .04 .04 .09
n 5 13 12 13 13 12 12 13 12
“Cl-
pH r -.54 )
P .07 -
n 12 QE’ w
Tot
Mg++  Fe ~ pPH
Cl_ r '57 -.55 --54
P .05 .08 .07
n 12 11 12
: Sp . Ex
CcoD S504= Ca++ Cond Day’ Alk
Alk r -.92 -.87 .69 .60 .54 ~ .53
p .03 . 000 ool 004 .07 007
n 5 12 12 12 12 - 12

Qoo o G e LT e i s i o Dt e o A L e e S Gt S g ok S
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Table EL (Continued)

_ Sp !
-COD Alk Cond T NCH ‘ . | [
S04= r 1.00 -.87 -.62 .61 .52 . - - g
P .00 .00 - .03 .04 .08 o ' : o
n 5 12 12 12 - 12
Cat++ | . ' '
- Mg++  Mg++
NO3- r «75 -.70
p .05 .08
n 7 7 .
Sp. H2 . C -
Day Cond  Depth Depth  Cl-
Fe p .00 .01 .05 . .05 .08 S 3
n 13 12 1377 13 11 :
. : 'Sp_ . ' ‘
SQ4= * Alk Day - Cond = Cat++ T
coo r 1.00 =-.92 -.89 -.88 -.84 .81
p 000 .03 : .05 . 005 007 .10
n 5 5 5 - 5 5.
. Ca++ S s
Mg++ = Mg++ NCH  Ca++
"Tot - r .95 -.71 .58 = .53
Hard p .00 .01 .05 .06
n

13 13 12 13
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Table E1l

(Continued)
Tot
cop Alk  Hard
Ca++ r =-.84" .69 .53
p .07 .01 .06
n 5 12 13
Tot Ca++ .
Hard Mg++ ~NO3- - NCH Cl-
Mg++ r .95 ~-.86 -.70 .70. .57
P .00 .00 .08s .01 .05
n 13 13 7 12 12
o] Sp Tot Ex
Lepth Day . Cond Fe Alk
H20 r 1.00 .78 .64 .55 .54
Depth p .00 .00 .02 .05 .05
n 14 14 13 13 13
Sp
COD S04= Cond
T r .81 .61 -.57"
P .10 .04 .04
n 5

12

174
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Table E1 (Continued)

Ca++ - Ex Tot

Mg++ Mg++  Alk Hard - s04= - | o SRR .
NCH r -.71 .70 -.64 .58 .52 ' ' ' ) '
P .01 .01 .03 .05 .08
n 12 12 . 12 - 12 12
 Cat+ H20 ' C sp .
: NCH  Mg++ Depth Depth Alk Cond
Ex r -.64 .55 .54 .54 .53 .51 N
Alk p ‘ 003 005 005 005 .07 o09 :
n 12 . 13 13, 13 12 12
Tot . - Bx
" Mg++  NO3~- Hard NCH  Alk
Cat+ xr ~-.86 .75 =-.71  -.71 .55
Mg++ p .00 - .05 .01 .01 .05
n 13 7 13 12 13
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Table El1 - (Continued) ;
Well S2
H20 | Tot C 3
Depth SO4=‘ Fe Depth Ca++
Day r .94 -.94 -.,93 . .91 ~-.91 o ~ ~ :
P .01 .02 ..02 .01 .03 ' g S : ok
n 6 5 5 6 5
Cc
T Depth
PH r .98 .91
P .02 .03
n 4 5 :
Ex _é
Alk N
~J
Cl- r -.92
P .08
n 4
Tot , C
Ca++ Fe Day Depth
S04= r .98 - 497 -.94. -.88
P .00 .03 .02 .05
n 5 4 5 5
Ex
Alk
P .05 i
n -4 ;
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Table E1 (Continued)
) C . H20
: Ca++ S04= Depth . Day Depth
Tot . r .98 .97 -.94 ~-.,93 . -.90
Fe : \p 002 003 002 002 ’ 004
n 4 . 4 5. - 5 =~ 5
| . Ca++
T Mg++ - Mg++
Tot - r 1.00 .92 -.86
Hard p .00 .03 .06 .
n 3 5- 5 ;
:Tot : , C
Fe SO04=  .Day Depth
Ca++ r . .98 .98 . -.91 -.84
P .02. .00 .03 .07
n 4 5 - 5. 5
“Cat++ Tot
T  Mg++ Hard
Mg++ r 099 —093 ¢92
P .07 .00 .03
n -3 -1 5
: C Tof :
‘Depth Dav Fe . PH
H20 b o .98 - .94 -.90 .83
- Depth p .00 .01 .04 .08
T .n 6 6 5 5

o bl

8vZ
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Table E1 (Continued)

Tot L c
Hard - Mn++  Mg++ pPH Depth
T - . r 1.00 1.00 .99 .98 .94
: 4 p .00 .00 .07 .02 .06
: n 3 3 3 4 4
: T
Ma++ r  1.00
p- .00
n 3
Ex
Alk .
N | o
NCH r =-.91 o §o >
P .09 ' :
n 4_
NO3- Cl--  NCH
'Ex r .95 =,92 -,91
Alk p .05 .08 .09
r. 4 4 4
Tot
Mg++ Hard
" Ca++ x -.98 -.86
Mg++ p .00 .06
- n ' 5 5

k . : e e R



Table E1 (Continued)

§
i Well la
Day b o
; n
i
Sp b o
Cond p
n
pH r
P
n
Cl- x
p
n
j :
Alk r
' ' P
n

- CcoD

098
002

.. cl-
-072

001

11

. Mn++

1.00
.00

Cond

-.72
.01 -

11

cop

-.94
.06

4.

NO3-
.87
.00

1

Mg++
b 63

.04
11

cop

~.99

.02
.4

. Ppt
: '56 .

.07

_PH

.78
.00

11 -

Cat+ -

Mg++f

008 .

i

Day

-8l

.00

12

Tot -

"Fe . .
.03
10

Depth
.55

 Depth’
.60

13

.50
.10
12

Alk

.78 .
.00
11

szo..

Depth
.58

T 005

. H20

Depth

.50 <
.10
12

NO3-

-.64
.03

0sz .




(Continued)

i
;

i Table El
|
!

S04= r

P

n

i | NO3- r

3 P

n

Tot r

Fe P

: n

COoD r

P

n

Ppt

~-.54
.07
12

Day

.87
000
11

"Alk

~.69
.03

pH

] -099

.02

“pH -

Ppt
-.67 ~.64
.02 .03
11 11
c H20
Depth Depth
-.55 4--55
.0€ .08
12 11
Day Alk
098 -094
.02 . 006
4 4

R

1S¢C .
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Table E1 (Continued)

, Ca+¥ o Ex
NCH Mg++ Mg++  Ca++ Alk

.89 .89 ~.73 .68 ~.65
000 -00 ° .. 01 ' .Ol .02
11 S 12 12 12 12

Tot
Hard

ol ol |

Ex Tot
alk  Hard
-.72 .68

.01 .01
12 12

Ca++

ST H

Cat++ Tot & Sp
NCH Mg++ Hard Cond
095 -089 ’ -89 -063

.00 .00 .00 . .04 .
11 12 120 11

cse

Mg++

ELE

c ‘ " ‘Tot. Sp
Depth = Day Fe. Cond
1.00 058 -355 L 050

.00 R 005 ‘ .08 -10
12 12 .11 12

H20
Depth

SO N

k4
!
{
J;W,‘, R

e 2 N I IR SR Skt i) redar d v bt M e S
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Table EI (Continued)
Ca++
pPH Mg++
Mn++ r 1.00 .90
p - .00 .04
n 4 5 '
‘NO3-  Cl- SO4=
! P .02 .07 .07
n 11 11 12
Cat+ Tot “.Ex
Mg++ Mg++ Hard - Alk
NCH r a95 -.93 .89'} -055
D .00 .00 .00 ~ .08 >
n 11 11 11 11 w
Tot ' Ca++ .
Ca++ Hard NCH . Mg++
Ex r =-.72 -.65 =-.55 .53
Alk P .01 .02 .08 .08
n. 12 12 11 12
o Tot Sp Ex
NCH Mn++ Mg++ Eard Cond Alk
Ca++ X -093 090 -089 —073 055 -53
Mg++ P .00 .04 .00 - .01 .08 .08
n 11 5 12 12 " 11

12
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Table E1

(Continued)

Well 1b

Day

SUH

Cond

5T K

PH

oo

c1-

EL- I

Alk

S0 K

alk

SO N

. LR e s ap, PETIIRa ey %
SR R RS e ey
s de - B A B M7 P

S04=

' "094

.02
5

- pH -
.92

Alk

.92
.08
4

‘08

4

NCH

.00

pH
-1.00
.05

Tot
Hard

1.00
.00

Day

492
.08

.. NO3~-.

-1.00
T .00

NO3-

11.00
.00

"Ex

- Alk

- .00

" NCH .
e 92 :

.08

Mn++
.85

- .07

{150491

-1.00
.02.

3

.99

. .10 o
3.

3

B

. H20
- Depth

.,_. 98
.02

Ca++. -

’ le
.09

3 e v o R AL e T T
A Ye (it SPT IIE 1 vedin 2l
A e B A WA T Y R T s oA LA 2t 2
Sirts e e SRR ’ 7 ® B

f-TCI- _
-1000 h
.05

1

Mg++

1.00
.05

Mg++

.98
.02

Tot ,.'. .

Hard -

.99

.08

Mn++

.98 .
.02

4

Alk
.99
.10

S04-
-.97

.03
-4

Cond

.92
.08

-Ca++

MgtF
-095

.05

1474
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7
g Table E1 (Continued)
' H20
pPH Alk Day Depth
P .02 - .03 .02 .04
n 3 4 . 5 5
é pH  Cl-
“ NO3- r =1.00 1.00
D .00 . .00
n 3 -4
~ Ex . Cat+
' Alk . pH  Alk Mg++ Ca++ NCH - Mg++
TOt ke 1-00 '99 ¢97 096 .90 _090 -084 s .
Hard p eoo .08 ’ .Ol .01 - 003 010 '08 ‘h:‘,
n 4 3 5 -5 5 4 5 w
k‘: ."v'-)v .
Tot Ex
Alk Hard Alk
Ca++ r .91 .90 .81
P .09 .03 .10
n 4 5 5

n Ex Tot | Cat+
pPH Alk - Alk . Hard  Mg++ NCH  Mn++

‘Mg++ r  1.00 .98 .98 .96 =-.95 =~.90 .86
p .05 .02 .00 ,01 .01 .10 .06
r 3 4 5 5 5 4 5
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Table E1

(Continued)

i

IR NG T e ap and et L g

R

o YRS,

H20
Depth

Mn++

Do K

NCH

BsoN

Ex
Alk

5N

Ca++
Mg++

=R el ]

ERC L

Alk

-098 B

.02
4

 Alk

- .08
.02
4

PH
" =1.00

- .00
4

Alk.

.00
4

. S04=
HCO3~
.97

.03
4

S04=
.90
. .04
5.
Ex
. Alk
.92
:' . 03
Ty

‘Alk

2.92

’ -08

4

- NCH

A.81-:  Qf 

.10

Mg++ -
~-.86
‘e 06
-5

lmg++~f
-.90
) .0110-',‘

‘4

- Tot  7

 Mg++

.00 -
5’,

"HCO3~-

"« 05
4

.98 - ‘

.97 -
.01 .
5

AMg++.f

=95
.01

s e — b, A ST a0 Am SR e I B A M RS

Mg++
"~ .86
.06

Tot
Hard

‘- -090
.10

Mat++
.92

.03

 Alk

-.95
.05 ‘

4

.07

85

Cat+
Mg++

-.91

.03

Ex -
‘Alk

-.91

.03
5

.81

Ca+t

.10

Mn++

-.86
.06

Tot

-.84
..08

Hard

&

. i
Bl mfess 2 ‘

9s¢
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Table El1 (Continued)
M ' HZO C .
T Depth Depth Mg++ NCH
Day r 1.00 .95 .89 -.87 -.85
F .00 .00 .02 - ,06 .07
n 4 6 6 5 5.
Tot :
NO3- Hard Cl-
Sp r -.97 .91 .91
Cond p .03 .09 .09
n -4 4 4
Mg++ Py
. € N
P .05 ~
n- 4
Tot B : » » Sp
Hard NCH SO4=  Ca++ ‘No3- 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 A '
NCH Cl- Hard - Ca++ Mg++
S04= r .99 .98 .94’ .91 .84
P .01 .02 .02 .03 .07
n 4 4 5 - 5 5
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Table E1l

(Continued)

T R TR A e e R S T e A R A ; T —_— P ; .
e Bt S L .mﬂw # ,W‘ 28 P e s U i 3 AN ] Ly} S ey I b e g e o7 e S 8 g Lot

NO3-

- Tot
Fe

Tot
Hard

- Ca++

Mg++

BT H BUH 5 R LN

SO K

Sp
Cond

-.97 .

003

Ca++
Mg++

-.83

.08
5

- cl-.
1.00

.00

Tot
Hard

.98

.00

pH

.05

4

Tot
Hard

-.97
.03

'NCH
.99

Lol

- Cl-

.97
.03

‘Day
-087 .

.06
5

. =.96
.04
4

vca£g4i
. --97

L.
.98
.00

" NCH.
.95

.05

Tot
Hard
.B7
06

5

NCH

-.94
.06
g

.03

NO3-
i -094

.06

 8D4=

.84
.07
5

' §04= Cond ~ Mg++

Ca++

: -.94

.06

8S¢

.94 .91 .87
.02 .09 .06

S04=
.91
.03

N

o o oo mp e
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! ' Table El (Continued)

— Rt e

c . .
Depth Day T

.98 .95 . .95
.00 .00 .05
6 - 6 4

H20
- Depth

ST K

‘ H20
Day Depth NCH
1.00 .35 =.92
.00 .05 .08
4 4 4

SR

Tot SO4=

Cl- Hard HCOJ- Ca++ NO3- . T Day
1.00 .89 .99 .95 =-.94 -,92 -.85

.00 .01 .01 .05 .06 .08 .07 .
4 4 4 4 4 4 5

6G¢C

NCH

BT H

Tot
Fe

-.83
.08

Ca++
Mg++

SO R

. e e g paeet ; - . SRR
- T ampe - . e e
-~ A —————— 4 S
- anp—
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Table El

(Continued)

SP————————e e WA SR 2 o
‘ . i

Well 1d

Day

30 H

Cond

STOH

pH

Cl=

-1 ol

SO R

Alk

093

.07

Day

+91
.03

NO3~
'y 98

Doz

Mn++

‘ 5‘98
.02

Sp

Cond .

.91
003

NCH

-.82.
’ .09

NCH

.06

o
Depth

.86
.03

H20
Depth

.82

.' 009

5

6

- HZO
Depth
+86 .

.03

Depth
.82

S .09

5

097
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Table E1

. : : é
i e G SRR T R R Rt B L 0 i 4{

oo

Alk

S04=

NO3-

Tot
Hard

- Cat+

3o STUNR o B o I § S0 N

SO R

- Day

l93
.07
4

: Tot
NCH Ca++ Hard Mn++

.98 .92 .89 .85
.02 .03 .04 .07
4 5 5 ° 5
PH

-.98

o

[V

‘.
%.
192

Ca++ Mg++ NCH  S04=

.99 .97 .93 .89
-'00 .01 - 007 .0'4
. 5

Tot .
Hard NCH Mg++  SO04=

<99 .93 .93 .92
.00 .07 .02 .03

e e

(Continued) : 2%
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‘; Table E1 (Continued)

i

Tot .
Hard Ca++ R

.97 . .93
.01 .02

Mg++

RoRiol, ]

~ Depth T . 'Day -Cond
1.00 .99 .86 = .82
.00 . .0L .03 .04
6 .4 = 6 5

g T H20
E Depth .

LK)

H20 ¢
Depth Depth
.99 .99 3
.01 . ‘901_ R
4 - 4

- Z9¢

SN

Cl- s04=
.98 .85
.02 - .07

4 5

Mn++

SR o I o |

S Tot  Sp .
SO4= Cl- Ca++  Hard Cond

.98 .94 .93 .93 -.82
.02 .06 .07 .07 .09

. NCH

P
n
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Table E1 (Continued)
Well 2a
.. sp ¢ . H20
.Cl-  Cond Depth Depth pPH -
Day r -081 080 .64 062 _056
P .00 .00 " .02 .03 .06
n 11 12 13 12 12
Day SO4=
Sp r . 80 .70
Cond P .00 .02
n 12 11
Tot "C“”
Fe Cl- Depth Ppt Day
pH b oy 081 .61 --61 '57 -056 ..
n 11 11 12 12 12
} C : H20
Day  Ppt PH Depth. Mg++ Depth
Ccl- r =-.89 .67 61 -.59 -.58 =.55
p 000 ~-02 004 o05 | 006 .08
n 11 11 11 - 11 11 . 11

€92
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Table E1

(Continued)

S By . el A g

e TREE ST e

Alk

SUH

S04=

YU

NO3-

STUH

Tot
Fe

CoD

.07

SO

3K

NCH

~.78 -

.00

11

" Ccop
-'. 93

Tot

Fe.

.04
.10

pH

.81
.00
11

§04=

-.93
.07

Ca++

.63
.04

Cond
.70
11

ExX
Alk

.56
.08

N03f

-066
.04

10

11

Tot
Hard

.62
[ ] 04

:Ca++'

.53

L 08

12

Ppt

0

11

.53
007

“12

Ppt.

-va 61

.05
11
:Ex
Alk’
: -053

.08
12

. e

uBs . W

9z
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Table E1 (Continued;
E20 Cc
Ca++ Perth Depth T Alk
Tot r .76 .69 .68 -.65 .62
Hard P .00 .02 .02. . .06 .04
: n 12 111 12 . -9 11
‘ Tot H20 Ca++ A
‘ Mn++ Hard Alk Mg++  Depth Mg++ S04="
Ca++ r -.91 .75 .63 -.57 .55 .54 .53
p ~ .03 ° .00 .04 .05 .08 .07 ~.08
n 5 12 11 12 11 12 12
Ca++ : .‘
Mg++ Cl- = Ca++
¢ Fx¢4d
Mg++ r -.93 -.58 -.57
P .00 .0€ .05
n 12 11 12
C Tot . =
Depth Hard Day . Ca++ Cl-
H20 r .80 .69 .62 - .55 -.55
P .00 .02 .03 .08 .08
n 12 11 12 11 11
Tot
Hard
P .06
n 9

‘wuliasasi g e

g9z
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Table Ei (Continued)
- Ca++
Mn++ r -.91
P .03
n 5
. : A Tot
Cl- Alk pPH  NO3- Fe
Ppt r .67 -.61 .57 =.55 .53
P .02 .05 .05 .08 .07
n 11 11 12 11 12
Ex
Alk Alk
NCH r -.78 -.65
P .00 .03
n 11 11 .
‘ .
NCH .NO3- SQ4?
Ex r e 65 . 56 -~ e 53
Alk P .03 .08 .08
n 11 11 12
Mg++  Ca++
" Cat++ r .93 .54
Mg++ P .00 .07
n 12

. 4« iR 4«-:‘ o
o E g e el e

Lo

T
S

ﬂyjﬂmmpmw@mg.mimmw ? cmr _;.r../,.'
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kg _ A
i} Table E1 (Continued)

{
g well 2b | |
_ . ' Tot Tot
S04= Mn++ NCH PH - Hard . Fe
Day r -.97 -.91 ~-.90 -.86 -.86 -.74 .
‘ p 000 009 ' :-04 . 906 006 009
n. 5 4 5 5 5 . 6
- . C  H20
S04= Depth Depth
Sp 'r -.99 .81 = -.81
Cond E .01 . .09 .10
n 4 3 S 5
: H20
S0O4= Day Depti - P
~3
pH r ‘e 90 b 8 6 . 83
: P .10 . .06 .08
n 4 5 5
NO3-  NCH
P .01 .04
n 4 4
Sp - 3 A ‘Tot
_ Cond Day  Mn++ pH Ca++ Hard
so4= r -.99 -.97 .93 .90 .81 .81
P .01 .01 .07 .10~ .10 .10
n 4 5 4 4 5 5
-

e T A e T 30 8 TRV S e
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! Table E; (Continued)
Alk NCH
NO3- r .99 -.9§&
P .01 .02
n 4 -4
' A Tot :
Mg++ Hard Day
Tot r .93 .83 -.74
Fe p .02 .08 .09
n 5 5 A 6 .
H20 s Tot N
 NCH Depth Day  Fe S04= ®
Tot r .91 ..91 -.86 .83 .81
p Hard p .09 .03 .06 .08 .10
n 4 5 5 . 5 5
E Mn++  S04=
; Cat++ r .96 .81
p .04 .10
n 4 -
i
‘ ) ﬁ.
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Table El1 (Continued)

Mg++

"H20 |
Depth

Mn++

_ NCH

’Ca++
Mg++

soR SN =Rl BroH

S9N

Ca++
Mg++

-.93 .

5

NCH

.93
.02

NCH '

1.00
.05

Mn++
1.00
.05

Mg++

-.93 °

.02

Tot
Fe
<93
.02
5
Tot
Hard

.91
.03

5

Ca++
'96

.04
4

NO3-

-098
002
4

rvER T

. .07

 pH

.83

.08
5

S04=
.83

4

Alk

-.97
.04
4

Cand

-.81
.10

Day

-091
.09

4

H20
Depth Hard

.91

.93
.02
5

Tot .

.09
4

Day
“a 90

.04
5

692
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Table El1 (Continued)

Well 2c ' ' S ' - "
| Tot - | | . | |
Alk  Mg++ Hard T NCH  SO4= -

.96 -.95 . -.92.- .91 -.88 ~-.84 , - - ‘
.04 . .01 .03 .09 .05 .08 ‘ . ,

-Day

SR

NO3- - - - | - - |

Cond .10

o JLo BN o ]

oLe

Ex »
Alk Day

.96 .96
.04 .04

Alk

SoN

TOt i
NCH  Hard Ca++ Day Mn++

.98 .88, .85 -.84  ,83
.02 .05 . .07 . .08 . -.08 .

S04=

BT ow

L e e o T

B e e T A e s s e e e
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{ _ Table E1 (Continued)

. Sp
Ca++ Cond

.NO3- - r -.99 -.90
| P .01 .10
| n 4 4 -
| ‘ _
; NCH Day Ca++ SO4= Mg++
Tot r 1.00 -.92 .89 .88 .82
Hard p .00 .03 .04 .05 .09
n 4. 5 5. 5 S5
Tot _
NO3- '~ Hard Mn++  S04=
Cat++ r =-.99 .89 .85 .85 3
P .01 .04 .07 .07 -
n 4 5 5 5
: - Ca++ Toﬁ.'
. Day Mg++ .Hard
Mg++ r =.95 -.90 . .82
D .01 .04 .09
n 5 .5 5
Cc Cat++
Depth Mg++
H20 r 1.00 .96
Depth p .00 .01
n 6 5
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Table E1 (Continued)
Ex
Alk Day
T r 1.00 .91
P .00 .09
n o3 4
. Ca++ S04=
Mn++ r . 8% .83
P .07 .03
n 5 5
" Tot ,L:ei;
~ Hard  s04= Day E
NCH r 1.00 .98 . ~-.88
p .00 .02 .05
n 4 4 5
T Alk
Ex r 1.00 .96
Alk p .00 .04
n 3 ‘4
C  H20
Depth Depth Mg++
‘Cat+ r .96 .96 °~ -.89
Mg++ P .01 .01 .04
n 5 5 5

. [
. R e s Rt Sk
e e .

¢ g e s 3
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Table E1 (Continued)

Well 24
- - Tot ,
T NCH . Fe . S04=
Day r .95 -.94 =,89 ~-,86 -
: p .05 - .02 .02 .06

™ 99
.10

" Cl-

5K

NCH
-.92

Alk o L
008 ) ‘ ;e’

SoN.
€L

o -Tot A-.i'a”.'Tot
T - Fe Day = Hard
-1.00 .96 -.86 .82

SO4=" |
' .01 .01 .06 .09

S0 N

DPTR KL IAT A AT P oy ) iy ch L L BT i U

. Tot - : ’
T §04= Hard | NCH Ca++ . Day
“Tot - r =.97 .96 .95 .91 .90 -.89
; ' Fe p .03 .01 .02 .03 .04 .02
; n 4 - 5 5 5 5 6
é
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Table E1 . (Continued)
Tot
Fe Ca++ S04=
Tot r .95 .92 .82
Hard P .02 .03 .09
n ) 5 -5
Tot - Tot
L Hard = Fe
Cat+ r .92 .90
' P .03 .04
n. 5 . 5 ;
. _ 3
C ) :
Depth & N
¢ <
H20 r 1.00 ‘ -
. Depth p .00
n 6
S Tot :
S04= Cl- Fe Day NCH
r -1.00 =-.99 -.,97 .95 -.94
P .01 .10 .03 .05 .06
n 3 3 4 4 4
: _ Tot
T Day Alk Fe
P .06 .02 .08 .03
n 4 5

L e ides -

4 5
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Table EX

(Continued)
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Well 3a

Day

Cond

pH

LI .B™R.

50 H

felie BN, ]

. Mn++

.05

COD .

--96
.04

Day

-078
.00
11

‘<C1€'
=78
.00

. pE
-.75 .

.01

- Cat+
.95 ' '

.80

" .00

Day

- -.75
.01

PH

- +57
.07
11

Tot‘

. Fe =
. =.59

.06 .
11

- Cat+ -
;634 mh

'04
11 ~

H20
Depth

. .66

.02
12

Tot
Hard .

56
«07
- 11

$04=

©el00

s04=
.08
11

"ot

cl- -
W57
C-4 07

"1

Hard
.53

© .10
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j Table E1 (Continued)
NCH 'so4= T
; Alk r -.81 ~-.72 .61
p .00 .01 .08 -
n 11 11 9
Tot Sp .
Ca++ . NCH Alk Hard Cond Day
SO4= r .86 . .84 -072 . o7l . 055 -050
P .00 .00 .01 .01 .08 ° .10
n 12 11 11 12 11 12
Sp |
Cond - e
Y N
Fe P .06 ‘ .
n 11
pH
CoD r -.96
P .04
n 4
| . ‘ Sp
NCH Mg++ S04= Ca++ . Cond pH
Tot r .84 .80 .71 .70 .56 .53
Hard P .00 .00 .01 .01 .07 .09
n 11 12 12 12 11 ll
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Table E1 (Continued)

Sp Tot

S04= Cond Hard pH NCH Ppt
Ca++ r .86 .80 .70 .63 .62 ,}58', 
S o) .00 . .00 .01 .04 .04 .05
n 12 11 12 1 11 12
Ca++ Tot -
, Mg++ Hard NCH
Mg++ r -.84 .80 .62
n 12 12 11
' N
~J
- C ) ~
Depth Day Ppt
H20 r 1.00 .66 =-.55
Depth p .00 02 .06
n 12 12 . 12
o Ex
Mn++ Alk Alk
T r .99 .61 .61
P .07 - .08 .08
n 3 9 9
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'; Table E1 (Continued)
A Sp . Ca++
_ T Cond Ppt Mg++
Mn++ r .99 .95 -.92 .84
' p .07 . 0% .03 .08
n 3 4 5 - 5
C H20
Mn++ Ca++ Depth Depth
Ppt r -.92 .58 =-.58 -.55
o .03 .05 - .04 .06
n 4 12 - 13 12
Tot _ 4 :
‘ S04= Hard Alk Ca++ Mg++ o
NCH r .84 .84 -.81% .62 .62 ®
; p .00 .00 .00 .04 .04
§ n 11 11 11 11 11
T
é Ex r .61
: Alk P .08
: . n 9
1 :
3 Mg++ . Mn++
3
] Ca++ r -.84 .84
n

12 5
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Table E1

(Continued)

Well 4a

Sp
Cond -

Cl-

Alk

S04=

b'Uﬂ 910 K 5N

SoR

.10‘

Cpot . L o

.02 .05
3 _ "3

| HCO3-' Ca++

1.00 1.00

.00 .01
3 3. .

Mg++
1.00
.04

3

"=.99"

':Tot"
Hard

.99
.07

BTN i I e miee
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Table E1 (Continued)'

Sp
NCH Cond
NO3- r -1.00 -.99
P .03 .10 -
n-- 3 3
Cl- Alk Ca++
Tot x 1.00 .99 .99
Hard P .02 .07 .08
n 3 3 3
Tot
Alk - Cl- Hard n
o)
Ca++ r 1.00 ‘1.00 .99 o
P .01 .06 .08,
n 3 3 B B
S04= -
Mg++ r 1.00
} £ .04
i n 3
NO3~
NCH r =-1.00
P .03
n

¥
i
i X4
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Table El1 (Continued)

Well 5a B Lo .
: - C ~ Sp . H20
. Depth  Alk Cond .S04=  Depth
r =.85 .74 .71 . -.61 -.54
p 900 . .01 . ' -01 004 - _> 007
n 13 1 12 12 12
© T Ex |
Day Alk
.71 .57

.01 .07
12 1

Bro

.Cond

s04= . . g

-.63
.05
10

,
~18¢

pH

-1

Depth S04=
058 . 055 S
11 11

Cl-

SoNR

CoD Day. :Alk'  Ppt Depth ' SO4= . NO3-
.99 .74 --..69 ~.67 . -.67 ~-.61 -.55
-~ .01 ;.01 .0 .02 . .02 .03 .04 .08
.4 11 01l 1l 1) 11 11

Alk

B3O H
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’ Table E1 (Continued) '
C Tot ,
COD .Mn++ . Depth Fe pH Alk Day Cl-
SO4= X -098 --88 c80 -e74 . _063 _.61 -061 055
' p .02 .05 .00 .01 .05 .04 .04 .08
n 4 5 - 12 - 11 10 11 . 12 11
o -H20
Mn++ Depth - Alk
P .00 .0z - .08
n 4 11 11
Mn++ '_SO4= ]
Fe js) .01 .01 e N
n 5 11 o ©
C
Alk S04= ' Depth .
COoD r .99 -.98 -,97
P .01 .02 .03
n 4 4 4
Ca++
; , Ca++ Mg++ Ppt Mg++
i Tot r .97 .64 .61 .50
: Hard P .00 .02 .04 .10
; n 12 12 12 12
Tot  Cat+
3 Hard Mg++ = Ppt
1 Ca++ r .97 .69 .63
: P .00 .01 .03.
n 12 12 12
) R -
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Table El1. (Continued)
- Tot
A Hard
Mg++ r - .64
- o .02 .
n 12 I
Mn++  NO3- - Depth  Day
H20 r .99 .66 . .56 ~-.54
Depth p .01 .03 .06 .07
n 4 1 12 12
: ‘H20 . Tot
A NO3- Depth Fe = . SO04=
Mn++ . r 1.00 .99 .96  -.88
P .00 .01 .01 a5 .05 o
n 4 4 - 5 @
B " Tot
Alk Ca++  Hard
Ppt r -.67 .63 . .6l - - )
: P .02 .03 .04
n - 11 12 12
Sp -
Alk Cond
Ex r .69 .57
Alk P .02 .07
n 11 11~A
. s04=  Tot
» Ca++ HCO3- Hard
Ca++ r .69 -.56 .50
Mg++ P .01 .07 .10 .
n 12 11 12

v

i

Lt
S

- e




Table E1 (Continued)

Well 7a .
Sp ,
Cond pPE Cl-
Day r -.78 -.75 -.69
P .02 .03 .06
n 8 8 - 8.
Day
Sp r -.78
Cond P .02
n 8
Tot Cat++ :
‘ Fe  Mg++ Cl- Day Mg++
pH r =-.96 =-.81 .80 . -.75 .64 ®
P .00 .02 .02, .03 .09 -~
n 6 8 .8 8 8
Tot . cat+
pPH Fe Day Mg++ Mg++ =
Cl- r .80 ~.74 -.69 -.65 - .65
p .02 .09 .06 .08 .03 .
n 8 6 8 8 8
H20
NO3- . Depth
S04= r .85 .66
P .02 .07
n 7 8




Table El (Continued)
C H20
Mn++ T S04= Depth Depth
NO3~- r -1.00 -.86 .85 .67 .67
‘ p .03 .03 .02 .10 .10
n -3 6 -7 7 7
Ca++
"pH  Mg++ Cl-
Tot r -.96 77 0 =74
Fe p .00 .04 .09
‘ n 6 7 6

E
o
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Table E1 (Continued)

S

NO3-
T r -086
P .03
n 6
NO3-
Mn++ r =1.00
p .03
n 3
C
Depth
Ppt r -.63 N
P .10 ©
n 8 o
Tot Ca£+ 
Hard  Mg++ Mg++
NCH r .95 .92 -.77
P .00 .00 .03
n 8 8 8
"Tot
pH Mg++ Fe NCH Cl-
Cat+ r =-.81 ~-.80 .77 =.77  ~.65 .
Mg++ P .02 .01 .04 .03 .08
n .8 9 7 8 8

TR
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Table E1 (Continued)

Well 7c¢ A : ' -

‘ ..+ o 8p Ca++ Tot H20 @ ' C
Cl- . . pH  NCH Cond : Mg++ Mg++ Hard Depth Depth
.99. =.,94 =,93. [,93 - .93 ~-,93 " =-,90 -.84 ~.84
.10 ...06 w07 - .07 . .07 . .07 .10 ~ .08 = .08
-3 v 4 - - & . 4 - - 4 4 4 5 5

Day -

BROK.

. Mn++ . Day .
1.00 =~ .93

Cond .04 <07

510K

. "lTot , j'}~-,""‘ ¢ H20
+ -NO3~ .Hard . NCH ~ Day " Depth Depth
1.00. .99 .98 . -.94 .93 .93
.03 .07 ~ .02 0 .06 ° .07 .07
3 .3 - A 4 . 4 4

L8

pPH

o Rl 3

Tot .

Fe -Day

.99 .9¢
" .10 .10

c1-

SOR

. §04=

—.99

Alk

=i e B o S

Ry

, - i g AR AR R TR SRR R
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Table E1 %Continued)

Alk
S04= r -.,99
p’ 009
n 3
s Tot »
, NCH PH Hard . Mg++
NO3- r 1.00 1.00 1.00 . .99
p .01 .03 .04 .09
n 3 ‘ 3 3 3
cli-
Tot r .99 o
Fe P .09 4
n 3
i
T : ¢ - H20
NCH - NO3- 'pH = Mg++ Depth Depth  Day
Tot r 1.00 1.00 .99 T L.E9 .90 .90 =~.90
Hard P .03 .04 .07 - .Gl .10 .10 .10
n 3 3 3 - 4 4 4 4
H20 C |
Depth Depth
Ca++ r +90. .90
P .10 .10
n 4 4

e .s-;::.-itymf'&'ﬁ;i%"m iy & R
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Table E1 (Continued) V - ' ‘ ' o T

Tot
NCH NO3~-  Hard

Mg++ r .99 .99 .99,
.07 .09 .01
3 3. 4

30

C . Tot
Depth NCH pH - Ca++ Hard = Day

H20 r 1.00 .98 .93 .90 .90 -.84
Depth p .00 .02 .07 .10 - .10- .08
n

Cond

1.00 . o
04 S

682

. Mn++

ST R

| Tot . ¢. H20
NO3- Hard Mg++ pH Dept Depth Day
1.00 1.00° .99 .98 .98 .98 ~-.93

.01 .03 .07 .02 .02 .02 .07
-3 3 3 4 4 4 4

NCH

ST R

Day.

. .93
N .07

Ca++
- Mg++

LR}
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AR TR 2 Sh oy e




Table E1

(Continued)
Well 8a
NO3-~
Cl- r .99
p .01
n 4
C Ca++
Depth Mg++
Alk r -.96 -.90
p .04 .10
n 4 4
o . Tot ¢® ' - Tot
NCH Ca++ Hard Mg++ Fe
S04= r 1.00 1.00 .99 .98 .94
n 4 .5 5 -5 4
Tot
Fe Cl-
NO3- r. 1.00 .99
) P .06 .01
n 3

062




Table E1l {Continued)

Tot._

Fe

Tot
Hard

Ca++

Mg+¥.'

BN

SN SO H

ST K

NO3-

~1.00
006
.3

" Cat+
1,00

.00
5

4Tot

'-AHard<'

. 1.00
. L] 00

fot

Catt

.00
5

Hard

.99
5

so4="
.94 N
.06
.
S04="

.00
5.

S04= "

-1.00

'Hard .
093 092
C .07 .08 .

: - L

Cats -

Mg++ - NCH.
.99 .99
.00 .01

o ;

.'NCH;j,Mgf;;
1,00 . .99
.01 .00

S04=  NCH -
.98 . ..96 -

S .00 ...04

Pe

Tot
.82 - -
08

‘ Tot.
- Fe o
.93.
207

162

W
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Table E1l

(Continued)

BRI e O AN S R

H20
Cepth

SonR

ST R

NCH

ST R

HCO3-

SO H

Ca++

B0 R

NCH

.95
.Ol
5

Ca++
Mg++
1.00
.03
3

S04= Ca++ -

1.00 1.0
.00 .0

Alk Depth

1.00 -.9
.00 .0

T  Alk -

1.00 =.9
.03 .1
3

0
1

2
3

0
0

4

- Tot

Hard Mg++

.99 . .96
.Olcﬁ .04
4 .4

.ca++

Mg++ |

_' 91
.09
4

H20
Depth

095
.01
5.

262

A ::‘_,ﬁg;mw,-mmmmﬁmmé i
S e

23
g
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Table E1 (Continued)

Well %2a - I
.. T- . "Mg++ . Depth
..99 - =.81 .76 - .
- .01 . .09 .08
4 5 e

Day

570

“H20
- Depth B
L=e83
.08  °
’ 5

Sp
Cond

59K

Mg++  MgH Qs - L L R
-.97 - .92 .90 . . o L
. -03 ) ‘008 -lo . i " E . Lo

4 s

£62

SN

.90
©.10
4

L

New so4=
.90 =90 .. o
10 0 .00 -
o4 A

alk

SoH

LS

T et i ST
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Table E1 (Continued)
NCH Alk
so4= r 1.00 -.90
P .00 .10
n 4 4
_ Mn++
NO3- r .92
n 4
. T -
Tot r -1.00 A
Hard p .06 : v
n 3 -
Ca++ ‘
pPH Mg++ Day
Mg++ r =.97 -.96 -.81
p .03 .01 .10
n 4 5 5
Sp
Cond
H20 r -.83
Depth p .08

e e

L s

vec

4
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Table El

(Continued)

Mn++

NCH

Ca++
Mg++

5 5o H B K

SO R

‘Tot
Hard(
“Tloe
-3
 NO3-
.92

.08

S04=.

1.00
00

, 4'

Mg++
-096

.01

5

Déy.
o0l

4

4,;”$:

Al

.10

092
.08

pH

e e

-

. S62

. K S
v Q.(inJ.r ke
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Téble E2. ICP surface water correlations

Coal Creek
Day b o
P
n

Sp r
Cond P
n
pH r
D
-n
Cl- r
P,
n
Alk r
p
n

Cl-

.61
.04

12

Mn++

.99
.08

Cl-

.74
.02
10

pH
.74

002 '

10

Sp
Cond

.83

.00 ’ )
11

Alk

.08

12

Alk

.83
.00

11

Day

.61
.04
12

—.75
.03
8

Ca++
.51

.06

12
T
—069

.04

- 9

“&"

¢

Ppt

—.68 .
.02
12 .

Ca++
Mc++

Tot

Fe

.62
.10

Day
.53

.08

12

R ALY RS T W A s ol

96¢

-+
. s bt

o cpmo—— = T



Bt RS
hi

e T e o A BT | o

2 0 RS 1 LA el R R - i = o R L] R 2 R Q

14

8

Table E2 (Continued)
Tot :
_ NCH . Hard Cat++ Mg++ Ppt
SO4= r .93 .91 - .89 .80 =-.52
P .00 .00 .00 .00 .07
n © 12 13 13 13 - 13 ,
A Mn++
. NO3- r =-.99
P .08
n 3
Alk
Tot r .52
Fe P .10
n 8 "
. : . OE . o
NCH Ca++ S04= Mg+>  Ppt
Tot r .96 .95 .91 .86  -.54
Hard p .00 .00 .00 . .00 .05 -
n 12 14 13 14 14
Tot -
Hard NCH  SO4=. Mg++ Day
-Ca++ r .95 .92 . .89 .67 .51
: p 000 000 -00 00-.- 006
n 14 12 13 14 14
. Tot |
NCH . Hard S04= Ca++ T Ppt
Mg++ r .88 .86 .80 .67 =-.66 =-.51
p .00 .00 .00 SOX .08 .07
n 12 13 ~ 14 14

L62
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Table E2: (Céntinued)
Sp
Alk Cond Ppt Mg++
T Y _-75 --69 069 _066
P .03 .04 .C4" .C8
n 8 9 9 -8
A o
Ccnd NO3-
P .08 .08
n 3 3
Sp Tot . v
T Alk Cona& NCH Hard S04=  Mg++ N
Ppt r .69 -.68 -.66 ~.,54 =-.,54 -,52 =.51 ®
P .04 .02 .02 .05 .05 .07 . .07
n 9 12 12 13 14 v13 - 14
Tot i
Hard SO4= Ca++ Mg++ Ppt
NCH r -96 093 092- ) 088 -054 ’
' P .00 .00 .00 .00 .06
n 12 12 12 12 13
Day
Ca++ r .50
Mg++ o) .07
: n

R s wa sictat




Table E2 (Continued) - .

Sediment FPond

Tot e " cat++

. Cat+. Hard;{:SO4=‘ 3Mg++.f pH  Mg++ - aAlk
pay r . .8 = .83 . .82 .76 - -.67 61  ~-.59 -
: p. .00 .00 .00 .00 " .02 - .04 .08
n .12 12 . 1. 12 12 - -12 10
Tbt L - : : ‘ :
SO4=  Hard Cat++  Mg++ NCH pH T Ppt
Sp x .88 .84 .84 .- .83 .79 -.78 = -.69 -.55
Cond p .00 .00 . .00 . .00 .01 .00 .04 .08
n -10 . 10 --10 h;:-lG. " 10 1L 9 11
: : S dE ‘ o o
Sp. Tot ‘ : - - Tot o
, Alk . Cond Ca++ . Hard - SO4= Mg++ -~ NCH  Day Fe 9
pH r €4 -,78 =~.78 . =-.77 --.73 -.73 -.68 -.67 -.59
n - 1o . 11 o1 11 11 11 .12 10.
Cat+ .
Mg++ NO3-
Cl- r .78. -.64
p. .01 .06
n 10 -9
pH Day -
P . GO0 .08
n 10 - 10

e J o il
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Table E2 (Continued)
Tot Sp
NCH Ca++ Hard Cond Mg++ T Day pH Ppt
SO4= r .97 .93 .91 .88 .87 -.86 .82 -.73 -.62
p .00 .00 .00 .00 . .00 .01 .00 . .01 .04
n 10 11 11 10° 11 - 8 11 11 11
Tot
Fe Cl-
NO3- r .81 ~-.64
P .01 .06
n 8 9
NO3- pH
Tot r .81 ~.59
Fe p .01 .07 &
n 8 10.
Sp A . o
NCH Ca++ Mg++ -~ S04= Cond ~ Day- T pH
Tot: r 1.00 1.00 .99 .91 .84 .83 -.82 -.77
Hard p .00 .00 .00 .00 .00 .00 .01 - .01
n 10 12 12 11 10 12 8 11
Tot Sp
NCH Hard  Mg++ S04= -Day T Cond pH
cat+ r 1.00 1.00 .97 .93 .86 -.84 .84 -.78
p 000 -OO -00 -00 000 -01 000 000 B :
n 10 12 12 11 12 10 11

00€
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Table E2 (Continued)

: - Tot - o L :
'NCH Hard ~Ca++ ' SO4= Cond T. Day pH
»99 - ..99 .97 - .87 .83 . =,77 .76 =.73
.00 .00 .00 © .00 - .00 .03 .00 . .01
10 - 12 12 11 10 8 12 1

Mg++

S SR e
= B o B 3

PF v gt Lt
s

i o S mot sp -
. - ‘Ppt’ ~'S04= _ NCH  Ca++ Hard Mg++ Cond
.88 -.86 .-.85 -.84 -.82 -.77 - ~.69
.00 ; .Ol ;;01_' '-01 -Ol . .03 .04
o .g. . o .

oo

T  S04= ConA

.88  -.62 ~.55
.00 .04 .08

T10€

Ppt

suR

Tot o B - Sp : )
Hard - Ca++  Mg++ S04= T  Cond pH
NCH r 1l.00 1.00 .99 .97 -.85 .79 ~.68 .
: p .00 .00 .00 . .00 01 .01 .02
i n 10 10 10 10 - - 8 10 - 11
? Cl- Day
i Cat+ r .78 .61
e Mg++ P .01 .04
] n 10 - 12

\ A . = T T T S N
B L oo L5 - A .
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Table E2

{Continued)

ICP Top Mine Pits '

Day

'pH__

Cl-

Alk

ST H SR =Rl B

S

=R IRPY

Sp

-Cond

.87
.00
g

S04=

.90
.00

Ca4+
Mg++

.88

.02

pH
.85

.03

Mg++

-.63
.09

- NCH

.. «79
.02

Mg++
s .89
.00

- Cl-

-~

.03

- Mg+t

-.85

-Ol
8

Tot
Hard

.79
.02

Day

.87
.00 -

¢ St 8

Mg++

-.81

.05

SO4=

-.78
.02
8

- Mg++

.74

.04

NO3-
.84

-NO3-
" =-.76.

.03

Ca++

.73 .

.04

.83

.04

Cond
—.71

.05 .

- 804=

.68
.07

A Tot
NCH Hard

.79 . .79
.02 .02

Tot

‘Hard  NCH

-.69 ~-.68
.06 .06
8 - - 8

Cl-

-.71
.05

Ca++

Mg++
.68
.06

Ca++

.64

oy 17
e

g :-ﬂ:rf““'=-:"

kel

Z0¢€

EUAE s aciagt V8



S04=

. NO3-

%-s nn Camiy L LI e Y

Table E2 -

{Continued)

[T RN PRI O R - SRRy SEYOIRT T S

ST R

SO R

Tot
Fe

=R o I o |

Tot
Hard

Ca++

5g N

- .00

L

| NO3-.

.96
.00

8

sDd=

596
8
Mn++
..98
.02
4

' NCH

1.00
.00

Tot
Hard

.95

.00

Mg+
- 94
.00

ng++-w
.87

-00

Ca++

.95

.00

NCH

.94
.00
8

s

8.

 Mn++

sp

Cond . Cl-

Cond ~ Cl-
© .84  ~.76
.01 - ..03"

B 8

.91 .88

‘.09_7 - .00

4 8
ADay HMg++

.73 .69
.04 © LO€

8 . &

-, 78"

1 Mg++

'NCH.

« 73
.04

Catt
"Mg++

.72
.04

" 8p

Cond
.79
.02
' ‘8

Sp

Cond
.64

8

Tot
Hard

.71

005

Day -,

.79
.02
8

.. Day

.68
.07

S04=
71

' 005 .

'8

Cl-

-.69

. .06
8

€0¢€
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Table E2 (Continued)
Sp - Tot
S04= NCH Cond - Hard NO3- Cl- PH Day = Ca++ Alk
Mg++ r .94 .89 .89 .88 .87 -.85 -.81 .74 .69 -.63
p 000 . 00 .00 N -00 | 000 .01 ) 005 004 -06 -09
n 8 - .8 8 8 8 8 6 8 - 8 8
Sp
Ppt Cond
T r -.97 .83
P .03 .04
n 4 6
Tot : Tot
‘ Fe "NCH  Hard
Mn++ r .98 .95 .91
. p 002 005 -09
. 4 4 4
T
Ppt r -.97
D .03
n 4
Tot . g Sp
Hard Mn++ Ca++ Mg++  Cond Day S04= Cl-
NCH r 1.00 .95 .94 .89 .79 .79 .73 -.68
P .00 .0E .00 .00 .02 .02 .04 .06
n 8 4 8 8 8 8 8 8
| pH  NO3-  Cl-
Cat+ - r .88 -.72 .68
Mg++ P .02 .04 .06
n 6 & 8

voec
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Table E2. (Continued)

ICP Bottom Mine Pits

: R To£i*-’f- . Tot. -
.Mg++ SO04= Hard = NCH  Fe.
-.82 - .78 .72 - .69 .64
.01 . ,02 .04 .. .06 .09

Cond - : )
' 8 - g8 8 8. 8

‘8o

Tot T S L
Fe Alk Cl- -
-.74 - .72 :63
.04 .04 - .09
- 8. . .. 8 8 -

pH

8T H

S0€ -

i - — Aik‘ pH e
: Cl- L7163
11 8

ST R

pH  Cl-
.72 .71
.04 .01
-8 11

Alk

SO HR

. sp . ot C :

- T . Cond - NO3- Hard NCH - Mg++
-.79 .78 .74 .68 .67 .62

.01 .02 .02 .01 .02 .03

9 .. 8 0. 12 11 12

S04=

SO H
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Table E2 (Continued)

S04=

NO3- r - .74
o) .02
n 10
. | Sp
Mg++ = pH Cond
TOt X ¢74 ' ~ 74 . 064
Fe p .02 .04 .09
n S 3 8
. . - - Sp
NCH Ca++ Mg++ Cond SO4=
Tot r .99 . .86 .83 .72 .68 S
Hard ©p .00 .00 .00 .04 .01 o
n 11 12 12 -~ 8 12
Tot S
Hard . NCH S04=
Ca++ r .86 .83 .54
P .00 .00 .07
n 12 11 - 12
- rot  Sp Tot  Cat+
NCH Hard Cond  Fe Mg++ S04=
- Mg++ r .84 &3 .81 . .74 -.62 .62
P .00 .00 .0l .02 .03 .03
n 11 12 -8 9 12 12




f, S v S T s T R e AR S DL I Sl i) Chi e PR Mg At e T A

Table E2 (Continued)

S04=

-.79
.01
o

B H

ot .- . sp. '
Hard Mg++ Ca++ - Cond | S04=
499 .84 .83 .69 .67

.00 .00 © .00 .06 .02

i1 - 11 - 11 8 11

NCH

SO R

Mg++

-.62
.03 , ’ )
12 :;“'Q j g?

Ca+¥
Mg++

5T K
Log




- Table E3. ICO north mining pits and sediment pond

ICC ..orth Mining Pits and Sediment Pond

Tot : ' Tot o
Fe - S04= = Ca++ Hard NCH Mg++ Cl-

.99 .92 .88 .86 .82 .74 .71
.00 .00 .01 .01 .01 .06 .07
5 . 7 7 7 8 7 7

Cond

3T R

Ppt

-.85
.07

pH

ST H

.71

21~
‘ . .07

ST N

Ppt

-.92
.01

Alk

o R0l

Cond

.92
.00

S04=

BsoHR

SR A5 AR 2t D b 0 it akrh ~ . - ;
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Table E3 (Continued)
Sp
' Cond A
Tot r .99 .94
Fe p .00 .02
n -5 5 o
4 | Sp
NCH  Cat+ Mg++  SO4= Cond Alk
Tot r -1.00 .92 .91 . .89 .86 .73
Hard P .00 .00 .00 .00 .01 .06
n 7 ;) 8 . 8 7 . 7
: Tot A Sp :
Mn++ NCH Hard S04= Cond  Mg++
Ca+t++ r '1.0C .96 .92 .90 .88 .68
P .94 .00 .00 ff,.OO .01 .06
n 5 7 8 8 7 ‘ 8
‘Tot  Cat++ Sp - o
NCH - Hard Mg++ Cond Alk SO4= ' Ca++
big++ A r 092 091 . bl 83 .74 .73 072 068
p 000 ,‘ 000 ) .01 006 . ’ 006 005 ) iy 06 _
n 7 17 - 8 8

60¢




Table E3 (Continued)

Tot
Fe

.94
002
5

sonR




Table E3 (Continued)

ICO South Mining Pit . - - - ' S ' IR " o é

cl- -
-.88

.00
9

Day

SO R

. Tot - - R - Cat+

© Mn++ - Hard'- - Mg++ . Ca++ - T Alk  Mg++
-.93 . .92 .85 .75 . .75 ~.62 -.60
.07 .00 = .00 .02 .03 .08 .09

Cond

5 R

Alk
.99
© .00

11

pH

ol o B, |

Day -

-.88
.00

Cl-

ST

pH  NCH Cond' Hard
S .99 =63 «.62 -.62
.00 .07 .08 .08

Alk

S50t

o | I
e i R e SR AR A R b A R R R e §i 4
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Table E3 (Cocntinued)
_ . Cat++
Ppt Ca++ Mg++
so4= r -.69 .. .66 .64
. p .04 .04 .05
n 5 10 10
Tot r -.68
Fe p .06
n 8
Sp - Cat++ -
NCH Cond  Mg++ Ca++ T Alk Mg++
Tot r 1.00 .92 291 .75 .67 -.62 -.59
Hard p .00 .00 <700 .01 .10 ..08 .07
n 9 9 10 10 7 9 10
Sp Tot -
NCH Con Hard  SO4=
Ca++ r .81 .75 .75 .66
: P .01 .92 .01 .04
n 9 9 10 10
. 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 9. 10 7

10

5

Zte
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Table E3 (Continued)

- Cat+ Sp . Tot
Mg++  Mg++ Cond Hard -

r -.86 .78 .15 = .87
n- 7 718 7
Ca++ Sp:l ST
- ‘Mg++ Cond = Mg++
Mn++ r .94 -.93 -.86
i ) .02 .07 . .06
n 5 -4 .5
S04= |
: ' w
Ppt r -.69 o RICEENUE H
P .04 LD
Hard - Mg++  Ca++ Fe - Alk
NCH r 1.00 .91 .81  =-.68 ~-.63
p .00 . .00 - .01 .06 .07
n 9 - 9. 9 - 8 9
o Sp - Tot’
Ma++ T Mg++ . 804=" Cond Hard:
Ca++ r .94 -.86 -.84 .64 -.60 -.59
Mg+ p .02 - .01 - .00 .05 .09 © .07
. n

5 7 10 10 9. 10




Table E4. Well depth correlation (through August, 1977)

T 7c Q 3 €l la M C2 E
Ppt r -.95 .80 .69 .61 .59 .53 .51 .50 .47
p .05 .06 .00 .02 .00 .04 .01 .01 .02
n 4 6 13 15. . 24 15 24 24 24
s2  5b 4a 5a  9a T 7c M 3a  2a Q 2b K
pay r -.89 =-.89 =-.83 .84 -.80 ~-.78 .77 =-.75 =-.60 -.57 =.57 . -.55 -.52
p .01 .05 .00 .00 .03 .00 .04 .00 .00 .01 .00 .10 .01
n 7 5 . 8 20 7 15 7 32 20 21 24 10 24
5b 5a +7¢  bay . X |
T r 1.00 .96 ~-.91 ~-.78 .70
p .00 .04 .09 .00 .01
n 4 4 4 15, 12 w
. ) -3
: 2c S2 Q Ppt, 3a la 7a K 2a M c2
ci r .78 .77 .66 .59 .37 .55 -.55 -.44 - .43 .43 .40
p .02 .07 .00 .00 .91 .02 .07 .03 .07 .02 .03
n 8 6 - 21 24 18 18 12 23 - 18 29 29
lc s2° 1ld  E 2c 9a la ¢ - 3a_ Ppt M cl
c2 r .96 .95 .94 .83 .77- .72 .68 . .64 .56 .50 . .47 .40
p .00 .00 .00 .00 .01 .07 .00 .00 .01 .0l .01 .03
n 9 7 9 31 9 7 20 . 30 20 24 31 29
Cc2 G lc 148 4a 1la 3a  2b " M- 5a Ppt 0
E r .83 .79 .77 .67. .67 .65 .64 .63 .48 -.48 .47 .37
p .00 .00 .01 .05 .10 .00 .00 .07 . .01 .04 .02 .08
n 31 30 © 9

.9 7 20 20 9 31 18 24 23
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Table E4 (Continued)
§2 lc 9 E 1 4a 20 1b €2 la 3a Sa
r .96 .87 .82 .79 .77 .70 .68 .65 .64 .56 .54 ~-.47
p .00 .00 .02 .00 .01. .08 .05. .06 .00 ..01 .01 .05
n 7 9 7 30 9. 7. 9 9 . 30 20 200 18
4a. T - .28 - 7a Q@ Dpay 3a Cl
K r -.79 .70 .69 .65 =.53 -,52 -.46 ~.44
p .0Z .01 .09 .03 .04 .01 .08 .03
n &€ 12 7 11 16 24 15 23 .
4a 5b. © S5a Day - Q . . 7c 7a 3a 2a Ppt. E. c2 Cl
M r .97 =-.95 -,80 =-.75 - .75. .73 .66 .64 .56 .51 .48 .47 .43
p .00 ..01 .00 -00 : 0-00 . -06 .01 . .00 ‘001 001 -01 ool l02
n B 5. 19 - 32 26 7- 13 20 20 24 31 - 31 29
76 4a M- 27 Ppt. Cl 3a 2b lc Day 5a K E
Q r -.85 ..78 .75 _ .74 .69 .66 .65 =.65 =-.62 -.57 =.55 -,53 .37
p .07 .02 .00 .00 .00 .00 .00 .06. .08 .00 .02 - -.04 .08
n 5 8 24 20 18~ 21 20 9 9 24 19 16 23
| lc s2 1d -“2¢ 9% 3a c2 1b E 2a.
la r 1l.00 .99 .96 .8 .86 .84 .68 .67 .65 .64
p .00 .00 - .00 .00 .01 .00 .00 .03 .00 .00
n ‘ 7 10 .- 10 7- 20 20 10 20 21
2d G c1 Ppt
la r .60 .56 .55 .53
p- .07 .01 .01 .04
n 10 20

STE
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Table E4 (Continued)

S2 2¢c 9a Q la 14 Day M 5a 3a cl

2a h ey -95 083 -80 074 064 .64 -'58 056 -049 046 043
P .00 .00 03 .00 .00 .05 .01 .01 .04 .04 .07
n 7 10 :7 20 21 ' 10 21 20 18 - 20 18
lc la -s2 2 1d 4a @ 1b M
3z r .8 .84 .80 .73 .71 .68 .65 ~ .65 .64
p .00 .00 .C3 .03‘ .03 .09 .00 .06 .00
n 9 20 7 .9 9 7 20 -9 20
E Ppt . Day Cl Cc2 .. G ba 2a - 'K
3a b of .64 -51 -060 . 5.7 056 .54 -047 . 046 _046
: P .00 .02 .CO .01 .01 .01 .05 .04 .08
n 20 15 . 20 18 20 20 18 20 15 ﬂ
: . . = S . : o
M 7a  Day 5a - K Q G 3a E
4a r .97 -.95 -.€8 =-.38 -.79 .78 .70 .68 .67
p 000 005 . c‘o . 00 - 02 » 002 .08 .09 010
n 8 4 8 8 8 8 -7 7 7
| T 5b a Day M 7¢c 0 2a E G 3a
52 r .96 .93 -.88 .84 -.80 -.70 .55 =-.49 -.48 -.47 =-.47
P .04 .02 .00 .00 .00 .08 .02 .04 .04 .05 .05
n 4 5 8 20 19 7 19 ‘ 18 18 18 18
s2 4a  1lc M K . cl |
Ta r .98 -~.95 .93 ~.66 .65 =.,55
P .02 .05 .02 .01 .03 .07
n

4 4 5 13 11 12




Table E4 (Continued)

’\

1b

lc

1d

2b

24

5b -

ST H

5K 5 H 50 K

sSoR

1lc

.71

.02
10

.la A

1.00

.00

10
s2

.99
.00

8a
.83
.08

.69

.09

1.00
.00
-4

-.95

- 2b

.68
.03
10
52
.99

. +00

7

lc
.97

.00 .

10
3a
.03
9
14
.64

005
M

.01
-5

10

‘la
ff67

.03
10

14

1;97‘
: .00

10

:'1a
"« 96

.00
10

4 ~1b
.73 .68
.03

- 10

' L] 60

.07

10

5a

.93

.02
5

3a G

.65 .55
.06 .06
.9 .9
2 Ta
.96 .93 .
.00 . .02 -
.C2 . 2c
...94 .92
- .00 - .00
9 10
G .0
. .€8" =-.65
.05 - - .06
.9 9
lc. 2¢c
.59 .59
. -07 . oD? !
10 10
ﬁDay '7b
-.89 .38
.05 .05

5 . 5

d
.60

.06

- 10

.87
000

9a

.84
.02

.63
~.07

Tc

-.87
.05
5

‘9a.
.87
001

.ol

Day

-.55
"~ .10
10

.77

i
.87

.00
10

;3a

.71
.03
-9

- 3a
.85

.00

.67
.05‘

9

.77
.01

2d

.64

.05

10

1b
b 071
.02 )

10

2a

.64
.05
10

.62
.08

1b

.60

.05
10

28

.59
'07
10

LTE
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fable E4 (Continued)

_2c

" 7b

Tc

%2a

s2

8a

5Q N 5K 5K 5T H 5 H

LY

S2
.98
.00

1c
-.99
.00

7b_'

-.99
.00

s2
.89

.01

1lc

.99
.00

2b

.83

14

.92 -

.00
- 10

-.95

.05

-.91
.09

1lc

.87
.01

la

.99
’ .00

7

1lc
.87
.00

10

5b
.88
.05
5b

-.87
.05

la
.86

.01

14
‘99
.00

7

1a
.86
-00

10
-.85

.07

Ppt

.80
.06

14

.84
.02

7a

.98
.02
4

2a

.83
' - .oo
10

Day
L e 17
. .04

By

.82

20;

.98 :

7

9a

.82

. .02

.73
.l 06

2c

.82

.96

"~ .00

7

c1

.78
.02

5a

-. 70

.08

2a

.80
.03

c2

.95
.00

7

c2 -

.77
.01

9

Day

-.80
.03

A 2a

.95

7

24

.59
.07
10

c2

.72
.07

9a . Day
.89 -_e 89
.01 .01
77

3a
.80

- .03

7

. Cl

.77
.07

6 .

8T¢

B
= .
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~~ APPENDIX F:
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Table Fl. Well 5a pump test

Depth . Water flow : -3 -
Time . to water - volume, Q. K (10 ft/day)
(days/hrs/min) (feet) (in.3) 4 :
——- - 3113 =--
0:00:00 37.83
' 6.28 1.63
0:00:15 37.67 ,
‘ 21.99 2.74
0:00:48 37.08 s
0:01:17 37.08
6.28 0.44
0:02:19 36.92
- 15.71 0.96
rl .
0:03:26 . 36.50
17.28 1.8
0:04:22 ‘ 36.04
20.42 0.64
0:07:17 C 35.50
~25.13 0.24
- 3 |
0:18:47 34.83
9.43 0.19
1:00:47 . 34.58
a : 20,42 , 0.44
1:06:57 ‘ 34.04
- 51.84 0.25
2:10:28 32.67

=Q/iA; A = 2Wrl + Tr2; r = 4", 1 = 60", A = 1558 in.2.
='initia1 depth to water minus the average depth to water

for water flow volume interval) all divided by r.





