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Pigure 1. Laocation of pruduction water wells (adapted from Barrett, Hareis and
Ascociate Inc., 19B1c).



This hlsterical data report i- a potentlally valuable management cool,
't augments wany ol the mAndgement propesals  presented in thoe HiliE,
Stacierical analwyses contained in the report help provide charactverizacion
nf dnulividual water wells, greuarsd water wells by peographical  or
pealngicyi areas and by management zone. This Information can he apr’ fed
in future hwdrogeological invescigations of the norvchers Guam aguifor.

Frediction of fucure water guality trends for individual water wolls
auml, i some cases, grouped water wells can Be made hased on short-torm
behavior patterns.  As more daca are genevated in Tuture water qualitsw
manitcring by PUAG, it will become possible tr assess this new data apainsr
hase—line data and in relation oo shart-cerm patterns. This wil! enable

4

FUAL or other Guovernment of Cuam agcncies to easily predict i Toture wator
well hehgvioral putterns are cicher typical or abnormal.

Serpe ol Work

WER[ was to compile, odif, place In computer storape and statistical by
analyze the histerical water quality data from production water wells,
which were generated by tha PUAD water Yalboratery. 'his historical data
report was te he a singie snurca document of water well gualitry which
covered the time period [rom late 1970 through December 1355, Tt would
Asseas  base-line water quality data and short~teres trends [or  boath
individual water wells and for combinaed water well series. it would be o
documert {hat could augment other greoundwater reports and studies.  Thiy
woujd make the report a useiul management toel  in makluy declosions in
regarda to rhe KRorthern Guam groundwater aquifer,

Uhiectives

lheo followirg chjectives were accownpdished by che WERD fn rlhie porocoess
ol making a matagement-oricoted historical report on YUAG prodnecion water
well datas

I. Compiled a data Zile on magnetic tape storgge st the Ualversicw
ol Guam Computer Center, The data 7iles was colleod ALLWELL, Al
MIAG water well data from late 1976 throeugh Decenber 1971 werc
ey punched and verified dnte a master dgca Sile.  Data from TV
wells were entevad (nro the data Jile.

2, The master dactz file was edited and a sorted dare Tile was
generated which had "had data" either corracted aor eliminated,

3. Provided Information and documentatian wnecessary  ta convert
sorted water well data stored on magnetic tape at the Universiby
af GCuam Computer Center to the USEPA STORET Zvsten.

4, Conducted Dhaslc statlstical analvses om sorted water well data
for individual water wells and grouwped water wells,

Conducted trend analyses on zcrted water wali data tor individual
water wells and prouped water wells,

-



6. Tnterpreted trand analyses in order to group Water wells based on
water gualicy characteristics.

7. Hade recommendations on the application of the historical data
report in rasolving management problems.

B. Produced a printed compllation of sorted water data for all
analyzed production water walla, This compilation of the master
data file ig appendix A and 1z found under a seperate COVEr.

9., IProduced gcattergram plots of all water quelity parameters for
sach water well., Thesa plots are found in Appendix B, which 1s
under & seperate cover,

10, 3Istablished gnidelipes for yearly statisticel analyses of PUAG
sroduction water well data.

Water Quality Farameters
PUAG HMoniltoring Frozram

PUAG routinely teats production water wells for wp to l? phyaieal,
chemical and bacterielogical water quality parameters {Table 1}. The
physical water gquality parameters analyzed by PUAG are temperature, pH,
specific electrical counductance, turbidity, color, taste and, in 1982 and
1983, saturation index. Tenmperature measurements are taken at the well
head and the remaining parameters are measured in water samples taken teo
the water laboratory. The chemical water 4quality parameters are total
hardness, calclum hardness, total alkalinity and chlerides. Teotal coliform
bacteria is the bacteriological water quality parameter.

These water quality parameters were not always monitored on a monthly
basis. There was gquarterly monitoring of total harduess, caleium hardness
and alkalinity in 1981 and most of 1982, Periodically, selected water
quality parameters wera not measured for elther individual wells or cthe
well serims. These missed sampling perlods have produced common "data
gaps" 1in the base-line water well records. Gape in the data record
interfare with advanced statistical test deeigns, particularly for programs
which analyze long-term trends or time series data. These gaps, if
frequent, greatly reduce the sccuracy and reliabllity of data cutput. Some
of these "data gapa" wera unavoidable, such as theose that sceurred afear
large typhoon storms due to the subsequent power outages and other storm
related problems. Other "data gaps" were caused by personnel constraincs
and problems (physical and economic) with laborsetory equipment and
off-igland arrival of required supplies.

The most consistently moniteored water quality parameterse are rH,
turbidicy, chloride and apecific cenductance. The other water duality
parameters have more Erequent “data gaps". pH measuremanta are made on
water samjiles returned to the laboratory. The equilibriz in a groundwater
aquifer 13 altered when water ls pumped from a well {Hem, 1978). 4 pR
measuremernt taken in the fileld at the time of sampling may Teascnably
represent the equilibria pH in the squifer. However, if a sample wag
placed in a sampling bottle and the pE was not determined for many hours or



Tabxle L.

parameters are analvre

Water quaiity parameters analyzed from productlon woter wells oy FLAG, ALl
in acrerdance with Stsandatd Methods

LB,

Warer Quallty Parameter

L. Tenperature

2, pH

3, Torbldicy

4, Lolor

5, Taste

£, Total Hardness as ﬁaﬁﬁj

f. Alkalinity as
Ca‘lﬂfl,!I

7, Chlorides

(0. fBpecifin Vanducrap:e

/. Calcium Hardness as [':al.','ﬂJI

1:. Total Cpliforn BEacteris

KTy

Colaormettic units
Eating Scale

el

oL

mefk

s
T

vrehios fon

countsd 1Hm?

Htandard Metheod

atandard 20-31°C mercury thetmometer
{(Sanples measured at well haad)

Forenticnetric measuremens (Fisher 520
Digiral neter; Samples measured in
laboratory as sgen as returaed from
1ield)

Sephelometris measurement (Hach 2001
turbldipeter)

Visual comparison with color wheel
Taste rating fwithout standards?

ELTh titrimetric method

EDTS citrimetric method
Yorentiomerric titration to end-point
pi with D.04N sulfuric zeid, methlo-
arange indicator

Argentometric nethod, silver nitracs
titration

Gruduetivity bridge (Condverivies
Brldew anto 310

Villipore wembrane (samples packed en
vold packs fer transport frorm flald teo
luhorstory)




days later. the measured pH may not have been related to the origlnal
conditions, Accurate measurement of pH in the field should become a
standard practice for all groundwater water wells, Specifie electyical
conductance measurements are also measured Iin samplea vteturned te the
laboratory, bur the accuracy of field measurements, with a good meter, can
bhe comsistent with those taken in the laboratory, if temperature 1s held
constant. A carefully operated specific conductance meter can produce
accuracry and precision measurements that range from + 2 te * 5 percent of
actual groundwater conditions. Water temperatures measured at the well
head do not necessarily represent aguifer temperaturss. Frictlon and
mechanical pumping action from submersible pumps can slightly increase
water temperatures, Water well temperature increases are generally
variable and reflect pump performance more than actual changss in aguifer
temparatures, Taste and color are subjectlve tests which are generally not
useful in assessing groundwater quality. Measurements for thaze tests are
almost always zero, which would be antlcipated for groundwater semples.

a4ll weter quality parameters ara analyzed by PUAG in accordanse with
Standard Methods (1980Y, The methods used for analyses are premented in
Table 1. themical parameters are analyzed by varlous titration methods
which are rteasonably wuncomplicated and provide generally accurate
measurements, although the precision can be variable.

The PUAG monitoring program provides data which characterize water
well gquality. A great deal of care must be used {n the interpretation of
this water data for both individual wells and water well series. Water
well samples are net always indicative of overall water quality in a
vertical well section, Many wells can show some degree of vertical water
quality stratification, However, 1t 16 generally useful to consider the
water sample as an average compeoaite of water at rthat given point in the
aquifer., 2Assuming the degree of water quality stratification is not too
great, then evaluation of water quality from welles 1in a gecloglcal or
gecgraphical area can provide information on areal variations and patterme
0of groundwater qualicy. $Since the aquifer is dynamic, sublect to slow
changes 1n water quality through time, conslderatlon must be made for time
dependent varilatiens in water guality.

Standards

Production well water 1is elassified 1n the GEFA water quality
standards as category G-l or groundwater resource zone (GEPA, 1984). This
zone ls defined in the standards as follows:

"The primary use of groundwater within chis zene s for drinking
{human consumption) and this use muat be protected., Virtually =all
water of the saturated zone of Guem is included. Speclficslly it
includes all water occurring in the saturated zone below the
groundwater table, all vadose water occurring in an unsaturated zone
interval extending L00 feet {30.5 m) above any water table, all water
of the basal and parabasal freshwater bodies (the freahwater lens),
and all water of and below the freshwater/salt-water transition zone
beneath the bagal water body.



Because Any water discharges within this zone will (by definition) be
trlbutary to groundwater bodles which are actual or potential sources
vf [resh, potable water supply, wnoe pollutant discharges to the
groundwater within this zone will be allowed,"

There 1s & set of GEPA water quality standatds which apply Lo this
groundwater zone, These standards esatablish primary drinking water
standards and set limies ifor pollutant discharges which can putentially
degrade the groundwater resource.

In relation to these rparaneters meonitered by EBUAL,  temperatures,
turbkidity, pH, total disasclved sollds, chloride and coltiforn bacteria are
specifiad In the CEFA standards. The CGLEPA Standards for these paramerers
are as follows:

Tewperature — watetr temperature shall not he changed more thao 1,07
(1.B8°F) from ambient conditions.

Turbidity - turbldity at any polnt, as weasured by nephelametric
turbidity unies (NTU}, shall not excesd 3 HIU over ambient
conditinns except when due to natural conditlons. The previous
primuary drinking water standard in Guem set a turbidicy standard
of 1.0 turbidity unic, but did nat specity the analysis method.

pH ~ the pH of fresh and esruarine waters chall be 6.5 - B.5.
Variations of more than 0.5 pH unics from apbient shall not be
allowed except due to natural causes.

Chloride — the maximum allowable amount of chlorides shall be 250
mg /i,

Total DMsscived Sclids - boral dissalved salicds shall nor enceed 500
madh or 133% of the ambient condition.

Micrablalepical regquirements - concentrations of total coliform
bacteria at any pelut shall not be increased from  watwural
conditlens at any time. The natural cooditlon ior aquifer water
shonld be zere total coliform bacterla. lhe previous primary
drinking water standard in Cvam set coliform concentraticns at |
ceoliform bacteria per LI m% sample as arithwmetic mean of samples
and 4 coliform bacteria per 100 ml sample in more than 1 samplc
when less that 200 samples were examined.

There are alao peneral criteria or water quality requirements which
apply to groundwater. These generally accepted aesthetic qualifications
require potable water to be free of objectionable celeov, taste, and odor.
There are no standards established for hardnese, alkalinity and specific
electrlical eonductance.

All parametaers that PUAGC analyses can provide information om guality
of the potable water resource. However, svme of these parameters can be
more useful 1in making an evaluatine of the warer usupply; hecteria,
chlerilde, total hardness, and specific conductance. Altvoupls  tetal



dissolved sclids (TD5) was not analyzed by PUAG, 1t could be caleularad
from specific conductance for comparison with water quality standards.

Parameters

In order to better use this data report, it is {mpertant to have a
general unlerstanding of the water quality parameters which PUAG analyzes.
There are numerous references available which discuss in detall specific
water quality paranecers as they ocecur in natural waters, Simplified
discuasions of pertinent water quality parameters are presented below,
vhich wers adapted from, 1n order of importance, Hem (1970), Johnaom
Divieion, DOP Ine. {1975}, Standard Methods (1950), ASTM (1979), and Tedd
(1967).

L

The pH determination ie & rellable methed to measure the acidic gr
alkaline tendency of water. The pH s & measure of the hydrogen lon {H )
activity in a water, & pH value of 7.0 ie considered neutral {temperature
dependent), while a value lese than 7.0 1a acidic and a value greater than
7.0 ias alkaline, Guam’s aguifer waters are basic bacause of the preaence
of bicarbonatee and carbonates associated with ldmescone unita, Most
groundwaters have a tange of pH values from 6.0 to 8.5,

In moet natural weters the concentration of hydrogen-ions as measured
in mg/f would be very low, Tharefore, the activity of these hydrogen-ions
are expressed in logarithmic units and pH represents an abbreviation for
the negative base-10 log of hydrogen-ien activity in meles per liter. The
pH of a water semple can be affected by temparature. Most Inatruments
designed toc measure pH can compensate for temperature affecte. However,
the measured pH value, which uses the water temperature at the time of
measurement and not the groundwater temperature, does not necessarily
tepresent the true pH of the groundwater source,

pH nDeasurements are useful in determination of other water quality
parameters. Alkalinity concentrations are determined in part by mezsuring
changes in pH during the alkalinicty analysis. pH measurements also provide
informaticn on carbon dioxide content and tha atate of equilibria of the
water aource.

Conductivity

Specific electrical eonductance {conductiviey) is the ability of a
water sample to conduct an elactrical current. Conductivity of a solutionm
ia measurid as aspecific electrical conductance in a cubic centimeter of
sample at a mpecifiad temparature. Conductance ile tha reciprocal of
resistance, which is an eslactrical messure, The unit of conductivity is
genarally raported as micromhos per centimeter at temparature (t) °C., The
occurrence of charged fona in & water sample makea the acluticm conduct
electrical current. An increase in the ion concentration will cause an
fnctease in the conductance of the water sample. Conductivity can then be
defined an a measurs of the ilon concentration of water sample. However,
thare are a number of factors which can iInfluence conductance. Thea



variecty, amounts and proportions of wvaricus constituents, which 1inclode
dissolved chemicals, suspended matter, aw well as temperature, can alfect
conductance.

Totgl Digaolwed Solids

The total cancentration of dissalved mimerals in a water sample is
total disselved solids (IR}, wr., in wwre recent nomenclature, total
residus. TIN5 15 determined by evaporating a known volume of water and
measzuring the residuee. TDE van also be estimated from specific electrical
conductance by a simple mathematical formula: IDE = K * specitic
conductance, wheres K is a5 rconversion factor. There are a range af
conversion facters that vcan make a8 determination of approximate
disselved=solide {(TDS)} wvalues from conductance measurements. For natural
waters this conversicn factor uswally ranges from 0.535 to .73 with the
higher values generally aprlied to waters with  hlgher sulfate
comcentracions. A reasonally well-defined relationship betwsesn conductance
apd TUS is showm far che range of conducrance of 100 to 2000 umhnsfem,  The
regragsinn line is noe exactly & straight-line, hut provides o clowe
approximation of TDE. The caleulated TDS pgenerally gives a lower wvalue
than would he abtained from evaporation anzlyses. & graph o TS wersus
gpecilic conductance is shown in Fipgure £,

Alkalinity

Alksalinley in water Is 1les capacley to neatraltize acid., Carbonate and
bicarbenate ions In water help prodece mest of the alkalinity., Creundwater
in a limestone aquifer can have a considerable alkalinity, even though tha
il Ls below the aeutral value of 7, There are 3 major groups of 2issolved
carbon  dioxlde specles in  water which contribute te  alkalinity:

undissociated carbenic acid, bilcarvonate and  carhonate ians. The
percentages of these groups can be determined from a specics—distribuciaon
diagram (Figure 3}, This diapram dis uscful in the dnterpretaticn of

alkalinity chemistry,

alkalinity is determined by adding a standard acid solution to a wiater
gsample and measuring the amount it takes to reach a specific end-polnt pil
PUAG is using a methrvl-cranpge end point technique which has a final pH
betwaen 4.0 and 4.6, If the water sample has a pH value of §.3 or preacer,
then the amount a agid required to reach a pH of &.3 is ecalled
phenalphehalein alkalinity, "Methyl-orange alkalinity” is eguivalent to
"eoeal alkalinicy.”

Hardness

Hardness is a water characreristic generally related to the amount of
calcium snd magnesium ilons which react with socap. Hardness 1z commonly
demonstrated by the amount of secap needed to produce suds, This reaccion
occurs when the minerals Iin the water combine with the scap and form an
insoluble scum. The total hardness value is measured in terms of "hardness
a5 Caf0.", while calcium hardness defines the portion of totel hardness
derived from only calcium carbonace., This makes it possible to determine
by caleculaticn the amount of magnesium  carbonate {plus  ather mipar
carbonate sapecies} present in the water sample, When the fotal hardness
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WATER WELL RANGE
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Percentages of total dissolved carbhon dioxide species in solutlon as a function

of pH {adapted from Hem, 1978), FProduction water wells have pH values which
range from 6.3 to H.6 with a grand mean of 7.33 (shaded area). Croundwater has
11 percent uvndissociated carhonic acid and 8% percent blcarbonate as average
percentages of total carbon diexide species,
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value exeseds the total alkalinity ~wvalue, the excess Is termed
Mionearbonite hardness." The noncarbomate hardness 1s caused by other lons
that precisitate scap. These lnclude gulfate, chloride and nitrate ions in
combination with calcium and magnesium, plus other minor constituencs.
This noncarbonate hardnass cannct be removed from the water by boiling.
The “carbenate hardness", which 1s equal to the alkalinity, Includes the
portion of celeclum and magnesium that combines with the bicarbonate. This
carbonate hardness can be removed by boiling the water and forms a
precipitate of caleium and magneslum carhonate. Water from a limestone
aquifer is classified as being hard to very hard. This water gxceads 120
wgf b CaCo, hardness and 1s generally in the range of 200-300 mg /b €aC0,.

Chicoxride

thlorine 1s a membar of the halogen group of elements. It 1Is
genatally found in nature as the negatively charged chloride iom, cL .
Thir ion can form complexes with positively charged ions found in natural
waters, hut thase complexes are generally weak, unless chloride
concentrations are very hiph. Chloride 1s mort abundant in seawater with a
concentration of abeut 19,000 ppm {parts par millien}. Chloride cam enter
an island aquifer by infileration oi salt spray, through the pround or by
"ypeoning” in water wells where pumping is excessive. 4 contlaugus or
routine record of chloride content in island aquifer water wells provides
{nformation on contamination af the aquifer by salt-water intrusiom. The
ehloride standard 1s set at 250 mgfi. Water containing higher
concentrations of chloride 1s ohjectiomable as potable water and for most
irrigation and industrial uses.

Turbidiey

Turbidity 1s a measure of the clarity of a water gample. The amount
of suspenidled matter (eclay, silt, very fine organic and inorganic matter,
soluble colored organlc compounds, micrescoplc plants and attimals) affects
turbidity levels. Turbidity is measured by the amount of light scattered
and absorbed when a light source is shone through the water sample. The
mare scatter or absorbtion of light, the higher the turbidity. Correlation
of cturbidity with the weight concentration of suspended matter is
difficult. Turbldity measurements are made with a nephelometer which has
horizontal and vertical beams that measure light scatter.

Bacteria

Microblological examimation of water well samples to determine
sanitary quality 1s made by culturing bacteria, Measurements of the
presence of tetal coliform bacteria show the degree of contaminatlon with
wastes. .oliform bacteria are wide spread im nature, particularly where
man—induced wastes and waste—products accumulate, These bacteria are
present in the intestine of warm-blooded animals., Coliform bacterdia are
indicator organisms tao detect the presence of waste—products., It 1i=s
pathogenic organisms (those harmful to man) which are of concern in potable
watar suppliss. However, it 1s extremely difficult and danperous to
culture pathogenic organisms. Therefore, the presence pf coliform bacteria
in a water sample, only suggests the potential for the presence of harmiul
water—-borie disease organisms.
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METHODE

PUAGTs water quallty data were usuzlly taken from a 2-day pericd
within the month for the entire production well serles. These monthly data
sheets were transcribed onto new data sheets which grouped water quality
data by well rtather than month. This was done te facilitate encoding of
data into a computer file., Transcribed data were verified against the
eriglnal data sheets and some incorrect data on original data sheets were
cerrected, Daca frvom 73 production water wells were transcribed and key
punched Inte computer files {(Table 2). The maximum recocrd length for any
given well was 88 months. Fach well was pgiven a sequential number for
ldentification 1in data files called the WERI well number (Takle 2). Table
2 alsoc containg dates when the wells were drilled, beginning dates when
FUAG began data analyees, maximum months of data record avallable for each
well and number of months with missing data enalyses. There waszs a file
established for each PUAG water well series {4, D, M, F, Y and AG)}. Data
from these flles were wverified against the encoded data sheets. These
corrected well =serdes fdles were merged into a wmaster data file. This
master data file was computer analyzed and edited for "bad data". A sorted
master file was produced with "bad data" either corrected or eliminated.
Bad dats included obviocusaly Incorrectly tabulated numbers on PUAG oripinal
data sheets or data whlich were very statistically extremsz, Two different
computer programs, which were designed to identify extreme data, were used
to locate outlving mumbers. These outlyers were checked back against che
original PUAL data sheets. Tn some cases, it was possible to correct the
tabulated data when the types of errors were typographical {i.e.., missing
or misplaced decimals}. Data which were not correctable were eliminared,

In order to analyre the 1ndividual water wells or grouped water wells
for either short- or lomg-term trends, it was necessary to have a full data
record with no missing months. Since there were many data gaps in well
records, missing data indicators were encoded into the date file. This
gave A l2-month record for each wyear. Missing data were originally encoded
23 a seriea of nines and later converted to blanks or perileds (which was
dependent on the software package used for analyses). This produced a
balanced data set. which was required by many of the advanced statistical
tests. Months that were not sampled were listed {n the daca file with =
double zero (00) day depignation for the date parameter. Pumping data were
usually available for these missing months., The edired and sorted master
data file was then ready for analyeeg. This master data file is presented
in Appendix A. It include=s both sampled and caleculated water gquality
parameters.

Parameter names were given an abbreviated variable name for computer
programming and analyses. Computer programs used these variables names to
identify ouwtputs. Parameter names with thelr wvariable names as usad 1In
this report 1loelode:

Parameter Variable
Chleride CHL
Specific electrical conductance COND

pH FH

Total hardness as CaCh T HARD
Calcium hardness as Caaﬂ  HARD

3



Table 2. PUAG water wells analyzed with sampling record., The beginning sampling
data is when PUAG began data analyses.
Maxioum Minimwm Missing

PUAG WERI Date Sampling Months Anzlysis Months
Well Well No. Drilled Began of Record

A- 1 1 1965 22-9-76 74 L4
A- 7 2 1565 22-9-76 BD 8
A= 3 3 1566 22-9-76 77 11
A & &4 1964 22-9-76 7% G
A= 5 3 1966 22~9-76 75 i3
A~ B 6 1967 22-9-76 80 5
A- 7 ! 1967 22-9-T76 a0 8
A- B 8 1967 22-9-76 80 2
A 9 9 1567 22-9-76 79 9
A-10 10 1967 22-9-F& 1% 9
A-11 11 1968 22-9-7b B0 B
A-12 12 1968 22-9-7b 81 ?
A-13 13 1973 22-9-70 at 7
A-14 14 1973 22-9-76 77 11
A-15 15 1973 22-9-70 81 7
A-17 16 1973 22-9-78 B0 8
A-18 17 1973 23-9-76 79 9
A—19 18 1973 22-9-75 16 12
A-21 1% 1974 22-9-7b 19 G
A-22 20 1974 22-9-76 21 1
A-23 64 1983 24-6-83 4 3
-1 21 1965 20-9=-7& 8l 7
D- 2 22 1965 20-9-76 80 B
- 3 23 1965 20-9-7b BO 3
O- 4 24 1965 20-9-76 a1 7
D- 5 25 1965 20-5%-76 &1 7
b- & 26 1966 20-9-76 ai 7
b- 7 27 L1964 20-9-16 81 7
b- 8 28 L%5% 20-9-76 11} 7

w1



Table 2. continued.

91

Maximum Minimom Missing
PUAG WERI Dake Sampling Months Analysis Months
Wall Well Ho,  Drilled Bagan nf Recard
F- 7 53 1975 21-9-T& 79 9
F- 8 54 1575 21-%-76 B0 B
F- § 55 1579 3-5-79 a2 4
F-10 LT 1579 30-5-7% 51 3
F-11 57 1979 I0-5-7% 5% 3
H- 1 58 1945 21-9-76 BO 2
AG-1 71 T 18-10-76 77 10
AG-12 72 H 26=-12-77 bh 7
GHURA 73 1574 23-1-80 42 6
-t 59 1366 20=-9=76 8O 8
I- 2 6o 1967 20=-9=76 78 10
I- 3 61 1973 20-9-76 Bl 7
T- 4 f2 1974 20-9-76 81 7
I- 5 63 1979 289-5-79 50 )
Y- 6 69 1930 22-7-80 ig 3
T 7 b l1ag2 1B-2-B2 8 3




Table 2, continued.

L —

Maximum Minimum Miszing

PUAL WERI Date Sampling Months dnalwvsis Monthe
Well Well HNo. Uriilled Regan uf Record

D- 9 29 1964 20-9-76 7 10
D-110) 30 L96d 2N=9-Th Bl 7
D11 31 1969 20=-9-78h a 3
D=-12 32 1971 20-9-74 &0 g
D-173 33 1971 20-9-76 14 9
D-14 34 1973 20-9-76 Bu A
b-15 35 1974 20=-9-76 74 9
D-16 65 1979 20-9-78 63 25
D-17 66 L97% 24-9-79 46 &
=18 67 LS80 2-g-31 32 3
M= 1 36 1965 21-9-74 a0 g
M- 2 37 1968 21-9-Ta 78 1a
M- 3 38 1967 21-9-7s a0 ]
M- 4 39 1967 21=9-7h g0 8
M- 5 40 1969 21-%=7h 19 9
M- B 41 L9645 21-9-76 80 B
M- 7 b2 L9g4 21-9-76 81 7
M- B b3 L1970 21-9-Th 8l 7
M- 9 4 1970 21-9-T78 8 10
M-12 45 1973 21-9-Th 79 3
M-14 46 L1974 21-9=-7h #0 8
M=15 68 1942 13-2-83 8 3
F- 1 47 19649 21-9-Th g0 8
F- 2 48 18971 21-9-7h 31 ¥
F- 3 49 1872 21-9-76 74 9
F- 4 50 1975 21-9-76 749 g
F— 5 51 I Zi-%-76 74 11
F— g 52 1875 2}1=-9-74 77 11
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Magnesium hardness MG HARD
Total or Mathyl alkalimnity H ALK
Temperature TEMP
Turbidity TURB
Total dissoelved solids, lower range LIRS
Total dissolved aolids, average DS
Total dissolved sellds, upper range HTIDS
Calcdum CALCIUM
Carbonate hardness CARB
Honcarbonate hardness HONCARE
Percentage carbonate hardness F CARB
Percentage noncarbonate hardness P HONCARE
Tetal coliform bacteria BACT
Month MO
Rainfall for previous month RATN
Monthly pumping rate FIMP

Basic statistical analyses on the sorted master file were conducted
for individual water wells and grouped water wells. Basic staristical
analyses included mean, mede, standard deviation, range, maximum and
minimum values, percent quantiles (95, 75, 50, 25, and 5%), 95% confidence
interval, normal diseribution of data, kurtosis, skowness and various
scattargrams plots. These pleots provide a means to visually inspect the
data for basic tremds and pacterns., Flots were made of water qual iy
parameters over time. Chlorides were plotted against previous wmonthly
rainfall, pumping rates and specific electrical conductance. A series of
plets of water quality parameter for each prodoction water well is
presented in Appendix B, These plote are computer pencrated scattergrams.
There are 17 plots for each well. Appendix B plocs are bound seperately in
4 units: 1} water quality plots: A-geriesi 2} water gqualicy plots:
I-zeries; 3) water quality plets: M-series and ACG-series; 4} and water
quality plots: F-reries and V-series,

Trend analysis ot sorted wacer well data was conducted for indivlidual
water wells and pgrouped water wells. Advanced statiscical analwvses
programs were wused t¢ determine both short-term and long-term trend
patterns. These advanced statistical pregrams included linear, nonlinear
and polynominal regressions, analysie of wvariance, multivariate analysis
{factor and discriminant), cluscer analysis, and time series, There wWere
many advanced statistical programs which did not produce usable results and
were nnt 1ncluded In this data report. Other advanced tests provided
information which would have been very difficult for a non-techmical person
to interpet and there was no feasible method to summarize these tests.
Therefore, the actual outputs of rthese statistical programs were oot
tabulated for the report, but information derived from these tests was
utilized in trend discussions.

There are three major scftware packages available at the University of
Guam Computer Center which contain weil documented stacistical programs:
S5A5, Statistlcal Analysis System (S45 Institute Inc,, 1%&Za; 1582Zb);, BMDP,
Biomedical Computer programs (Dixon, W. 1. ({ed), 1%8l); and 3555,
S$tatistical Packape for the Social Sciences {Nie, N. H., er al., 1%73).
545 statisvical programs were used primarily in rhe data analyses. These
SAS programs provide a great deal of flexibility in dara analyses and
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cutput, with a minimum of programming. An important reason tor relying an
these majot software programs for data analyses was so that future analysis
af new PUAC data can utilize the same statistical procedures. This will
farllitate in the comparison of new monitoring data against water well data
hases,

In addition toe the sampled water quality parameters, a set of
caleulated parameters were devived from specific conductance, hardness and
alkalinity parameters. Total dissclved solids (TD3), which included a
Jower, opper and average value, was caloulated from specific econductance
measurements. The carbonate and nencarbonate hardness components in water
samples were derived from total hardness and total alkalinity data. The
nencarbonate hardness component includes contributdens by nitrate, sulfate
and similar doms. An over estimate of mapnesiur hardness, eince it
contained other ions besides magnesium and ealclum, was determined for
water oamples. This value was derived from the calcium hardness aml
carbonate component. The calcium concentration in a water ganple can also
he derived from calgium hardness. Fercentages were calculated far
magnesium hardness, carbonate and noncarbonate componcnts. These
carbonate, bicarbomate and noncarhonate parameters ean provide infarmation
about equilibria characteristics of the groundwater afquifer,

A master data file, which inecluded caleculated parameters, was placed
on computer magnetic tape. This tape was made for the USEFA STORET system
a5 an addition to the Guam water quality file. The STORET system requires
eader” imformation about each water quality site. This "header”
informacion 1s presented in Tables 3 and 4. Tahle 3 presents a number
designaticn for each well, lengitude and latitude lecation of well,
physical characteristics of wells and mean morithly water praductcion pumping
rates, Table & presents locatiom of well by subbasin and management zone
as deaignsted In the NGLE.
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Location, physical characteristirs and mean monthly pumping record of each water
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Tavle 3, continusd.
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DESTGHATION LOCATION FHYSGTAL CHARAGTERISTICS " WATER PRODLCTION
FUAC WERT Tatitude Lemgitude  Elevation Elevatinn Toral Aquifer Moean Moecthly Punping
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F- 1 4y 3 39 a1 05 456 ~J1o 497 fasal #a L BT
F- & 5 34 L1 a1 12 LE =315 La% rarabdsal 85 SoLT
F- 5 51 33 7 S0 35 392 -313 L% EBusul i LoL3
F- 1 2 33 3 a0 0 347 -3 370 Basal 89 n.72



Tabae 1. contlruoed.
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DESICNATION LOCATION PHYSCIAL CHARACTERISTLLE ' WATER PRODUCT Lo
PUAS WER] Tatitude  lungitude  Flevatrion Elevation Toiul Aculfer Bian Monchly Punping
Well  Well Mo, Min. Sec. Min. Sec.  Above MSL  Hole Battom Uepth {Fr) Type N X ko)
Fe 7 53 11 1% s0 94 YT 11 384 Fasal 85 5.57
F- 4 Ly 33 N 31 nr L TH -15 456 Farabasal ;3] f#.71
F- 9 55 393 50 46 1493 -53 adifs Parabasal 33 7.32
F-10 56 0T 50 uh 536 47 LR3 Basal 33 7.%1
F-11 57 % 18 sn 51 40 " 4AR Basal 33 6.%2
H- 1 58 1707 kA % 193 -1y 312 Basal g 6,99
Y- 1 1] i 19 L2 F 415 -1y 550 Parabazal as 7.1
- 2 aO 31 19 27 48 415 =52 LBT Parabasal aL i.*A
Y- 3 &l o 5119 415 -5 465 Parabasal @5 5. 16
Y- 4 82 3119 53 0m 198 47 4L5 Basal a4 f,35
Y- & i} 31 In g2 32 433 -L7 LAD Parabasal 33 A
T- 6 LY’ k1l i ol 1) L25 =50 LAG Fatabasal L2 T,
¥- 3 70 1 m 53 98 41k -50 46 Parabasal L2 6.0
AG-1 Tl 35 o7 e 27 &70 =27 497 Parabasal TH 59.17
ALG-1 £} 35 [l h? 16 508 =174 AEN Paralaszal 39 5,86

17
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Table 4. Subbasin and management zone location of water wells.
PUAG WERI Manapgement Name of Subbasin
Well Well Zone Zone

A- 1 | 3 Himictz Hill AGARA
A 2 Z iz Apana Swamp AGANA
A- 3 3 3 Nimitz Hill AGANA
A- 4 & 33 Sabanan Maapas AGANA
A— 5 5 3 Mimitz Hill ALINA
A— B b 3 Nimitz Hill AGANA
A- 7 7 2 Chalan Pago ACANA
4~ 8 8 2 Chalan Pago ACANA
A= G o i1 Sahanan Maagas AGANA
A=-10 10 33 Sahanan Maagas AGANA
A-11 11 2 Chalan Pagao AGANA
A=12 12 z Chalan Pago AGAKA
a=13 13 33 Sabanan Maagas AGANA
s-l4 L& 33 Sabanan Maagas AGANA
A&=13 1% 30 Barrigada AGANA
aA=17 L& 33 Sabanan Maagaz AGANA
A-18 by 33 Sabanan Maagas AGANA
A-19 18 I Fago Bayw AGANA
&-20 2 Chalan Papo ACANA
A-21 19 33 Sabanan Maagas AGANA
A—22 20 kLl Barrigada AGANA
A-23 &4 3 Mimite Hill AGANA
A-26* 3l Toeo AGANA
A-27* 3l Toro AlTANA
A-28* 33 Sabanan HMaagzs AGANA
A-d 3% 3 Nimitz Hill AGAN A
A-25% 3 Nimitz Hill AGANA
Ex-1 32 Agana Swamp AGERA
Ex-9 34 Manaca AGANA
Ex—-4 i3 Sabanan Maagas AGANA

* New wells: — insufficient data available for anailysls.
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Table 4. continued

PUAG WERT HManagament Name of Subbasin

Well Hall Zone Zane

NN 21 45 South Dadado ¥Y1GO

N- 2 22 45 South Dededo Y160

D- 3 23 45 South Dededo TIGD

h- & 24 45 South Dededa YICO

D- 5 25 4% Sputh Dededo ¥YIG0

D- B 26 45 Souch Dededao YIGD

D- 7 27 b5 South Dededs TIGO

D- 8 28 45 South Dadedao Y LGO

n- 9 249 45 South Dedads YIGO

D-10 30 45 Souch Dedada YIGCO

D-11 31 45 South Dededo ¥IGo

D-12 32 4y Morth Dededa YIGOo

D-13 33 20 ¥-Sengeonpg YIGD

D14 14 45 South Dededan YIGD

D-15 35 4% South Dededo FIGD

D-16 B3 45 South Dededa YIG0

bD-17 (213 45 Sourch Dededn YIGh

D18 B 45 South Dededao LR

D=-19% 44 Harth Dadedo Y100

0= 2% 44 Morch Dedado ¥YICOo

D-21% 44 Nerth Dededo YICO
#New wells = insufficient data awvailable for analysas.

Well Well Management Mame of Subbasin

FUAG WFET Zone Zane

M- 1 36 36 Taguan MANGTT.AC

M- 2 7 & Narth Mangilao MANGLLAG

M- 3 38 8 Morch Mangilaa MANGILAG

M= 4 19 & Noteth Mangilao MANGILAOD

M= 5 40 8 Morch Mangilaa YIGO

M= & 41 45 South Dedado YIGO

M— 7 &2 ) South Dededo YI0

M- 8 43 ] Lorth Manpilas MANGILAG

M~ § el 36 Taguan MANG 1 LAG

M-iZ 45 45 South Dededo ¥ 10

M-14 &b 43 Souch Dededo Y LG

M=15 65 45 South Dededa Yigo

Ex=1) North Mangilao MANGILAG
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Takle 4. coatinued,

FUAG WERT Management Hame of Subkasin
Well Well Zome Zone

-1 &7 42 West Finegayan FINEGAY AN
P- 2 48 42 West Finegavyan FINEGAY AN
F- 3 49 42 West Finegayan FINLGAYAN
F- & 50 42 East Finegayan FINICAYAN
F- 5 51 4% HCE FIKEGATAN
F- 4 52 43 NS PINEGAYAN
F- 7 53 43 NCS FINEGAYAN
F- B 54 43 Callen Tramojo FIKFGAYAN
F— g 55 43 Calton Tramejo FINLGAYAR
F- Li} Sh 41 West Flinegayan FIKLGAYAN
F-11 a7 47 West Finegayan FINECAYAN
HZS | and la 42 West Finegayan F INEGAY AK
H- 1 58 43 MCE FINECAY AN
Y- | 59 28 West Yigo YIGO

¥- 2 60 28 West Yigo FIGO

Y- 3 61 25 East Yigo TIGO

Y- 4 (3 by Asatdas YIS0

¥- = 63 28 Wast Yigo TTEO

Y- 6 09 28 Weat Tipa ¥[GO

Y- 7 70 25 East Yipo hJLEY

MW-1 45 South Dededo YLGO

MW~ 2 45 South Dededs YICO

MW-3 47 Asatdas YIGo

HW=-5 47 Asatday YICO

MiW-0 47 Amatdas Y1060

M~ 47 Asatdas YIGG
Mw-1 &7 Agatdas T1G0}

MiW—9 47 Agatdas Y160

501 b7 finatdas 10

a0 28 Werst Yigo TG0

AG=-1 T L& Central Agafa Cumas ACATA GUMAS
LG=2 72 16 Central Agata CGumas AGAFA GUMAS
GHURA 73 45 South Dededo YIGO

Ex=5 45 Sputh Dededa Y10

-
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ORGANIZATTON OF HISTORICAL DATA

Tabulated historical water well data in this report were divided into
3} sectiems:  hasic statistical analyses, regregaion analyses, and cluster
analyzes. The basic Btatiatics s=ection provides peneral warer quality
characteristics and a measure of distribution of data values for individual
and combined wells without an actual dssessment of either lomg- or shore-
term trends. Presentation of only 2 types of advanced data analyses are
made in this report. Regression and cluster analyses provide the simplest
to wunderstand results and vyet they are still expedient tests that can
tharacterize water quality data. Begression analysis provides information
on linear trends in wvater quality data. Regression analyses can be used to
assess if a water quality parameter in a watar well wae showing increasing,
decreazing or, 1in some cases, cyclic hehavior., Cluster analysis could be
used to determine grouping of water wells in relation to geographical areas
or geological features and management zones ag designated in the RGLE,
Cluster analysls ran alsc provide information on the short-term trend
behavior of wells, particularly in regards to changes in group membership.
A= a result of the cluster analysis, lecations (management zones) can he
ldentified which are prroducing edther good, moderate or poor quality water,
Those areas which produce poor quality should be either avoided or
carefully examined and evaluated before any development plans are
initiated. Those areas wlth good well water quality can be exploited in
future wall development plans.

It 1s {important to emphasize that this Statistical study was not
intended te be a single decisive management report dealing with groundwater
quality in the northern aquifer. Statlstics and interpretation of
short-term trend hehavior of wells presentad in this reoport are Iintended to
augment other existing reports and studies. Management decision in repards
to Luture placement of water wells will utimately need ta ke based an a
number of source documants. However, data rrezented in this rceport do
stremgly suggest which areas are proven to contain good, moderate or poar
quality proundwater.

The basic statistics section presents for each water quality parameter
by water well the general quality (numher of dara, number of missing data,
mean, standard deviation, maximum and minimim values and total range), data
distribution {(skewness and kurtosis}, quantiles (5, 25, 50, 75 and 95
percents, and mede), and test of normal! data distribution. Tables 5-473
present general water quality and dara diseribucion statistics for each
measurad and calculated parameter by water well, The water wells are
grouped hy PUAG well =eries (A, D, M, F, Y, AG). Table 44 presents a
summary of general atatisties for the combined well series. Table 44
provides a general overview of groundwater quality from production water
wells. Tables 44-68 present gquantile percencages, mode and results of tha
test of normal data distrihurion for each parameter by water well, Table
B9 presents a summary of data from Tables 44-68 for tha combined well
serler.

The regression section presents for each water quality parameter hy
water well the vresults of z linear regression model analysis. The
regregsion model tested for the occurrence of linear changes 1n water
parameters for the data collection period. The F—value, significance level
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and R-correlations are presented for each repression analysis. Tables
70-106 present the linear regression data for each water quality parameter
by water well, Table 107 presents summary significance levels at F=0,05
for water quallty parameters by watet wells., The trend of graphical and
regression dsts are showm in Table 107, These trends include positive,
negative and cyclic patterns in data distribution through time,

The cluster saction presents for each water quality parameter and
combined parmmeters the water well group wmemberships. Cluster analysis
provides information on trends in water wells and for geographiealiy or
gaclogically groupad water wells. This type of analysis can zleo provide
insights dealing with short-term behavior of the groundwater agquifer in the
vicinity of production water wells, Tebles 108-113 present cluster
analyses grouplngs of wells for each parameter. Cluster serles were
analyzed for 20, 15, 10 and 5 clueter groups. Tables 1l4-121 present
cluster analysis groupings for combined water quality parameters. The
parsmeters ueed for combined sapalyses were pH, torbidity, temperature,
totazl and calclum hardness, alkalinity, specific conductance and chlerides,
Table 119 prasents wells by primary cluster membership In relatlen to
management zones and general water guality. Table 120 identifies water
wells which have high mean valuea for specified water quality pavametera.
These welle appear in cluater analyses &g outlyers. Table 121 presents
management zone locations of water wells which have high mean values for
specified water quelity paramaters: chlorides, specific conductance, total
and calcium tardness, and alkalinity.
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Baaic¢ Scatlstical Analyaes

This sectlon contains twe sets of tables. Each set of tables has a
supmary tabhle, The first aet cof tablea (53-42} contains basic stetietics
{(number of months of data, number of missing months of data, mean and
standard deviacion, minimom and maximum values, range, skewness of data
curve, and kurtosis of data curve} for each production water well. These
tables contain data for both measured and caleunlaced water quality
parameters. Most of the parameters 1in cthese tables have abbreviaced
varlgble namea which are as follows:

Parameter Variables
Specific electrical conductance CONDUCTANCE
pH FH
Total hardness as CaCo T HARDNESS
Calcium hardness as Caéﬂ CA HARDNESS
Total or Methyl ﬁlkalini%y M ALKALTNITY
Total Coliform Bacteria BACTERTA
Total dissolved salida, low range LOW ThS
Total dissolved sollida, average TD5
Total digmolved sclids, high range HIGH TDS
Carbonate hardoness CARBORATE
Noncarbonate hardness NONCARBONATE
Mzagnesium hardness MG HARDNESS
Magnesium hardness, percent FERCENT MG

Carbonate hardness, percent PERCENT CARBONATE
Noncarbonate hardness, percent FERCENT NONCARB
Number of months af data Ha.

Number of months of missing data No., Hissing

The second set of Tables (44-568) contain basie quantile statistics
(quantile percentage for 5, 253, 50, 753 and 95 percent levels, mode, and
test of normal distributien of data) for each productien water well. These
tablee contain data only for measured water gquality paramaters. Parameter
abbreviations used Iin these tables are the same as those for Tables 5-42.
Summaries of these I asets of dara tebles are in Tables 43 (hasic
statistice) and 69 (baeic quantile atatiatics) for the total combined well
serles. Summarles by TUAG well aeries were purposely not included in this
section. Reapons for not Including these types of summaries will be
dilscussed in the cluster anzlysis seccion.

In order to wuse tables 1n thls basic statisties section, 1t 1is
necessary to understand the output results of warlous test types. The
ttumber of months of data is the total record length available for each
well., Also shown 1s the number of monthe with neo data tecerd, which 1s =
portion of the tetal record length, The mean st arithmetic mean, commonly
called the average, is calculated by summing all observations and dividing
this sum by total number of observations. The nean is a statistic of
location meagurement and describes the central tendency of data, However,
it does not describe the shape of datz or frequency distribution., The mode
refers to the most frequently encountered set of data values. Tt 1s a
measure of where the frequency distribution data curve peaks.
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Statlstles of dispersionm are a measure of data scatter 1n a frequency
distribution from a set of data. These dispersion statistics include
range, quartile deviation and standard deviation. The range is the cotal
spread of data polnts from a minimum te 4 maximum value and 1s a measure of
the total variation in a data set. Quantile measurements are a division of
data 1in the frequency distribution curve into sections by various
percentages. The 55 percent confidence interval, which can be seen in
Tables 44-68, 1s a measure of data spread whers %3 percent of the data will
lie between the 5 percent and 95 percent data values. Quartile
measurementa are gquantiles which occur at the 23, 30 and 75 percent
quartars, {uantile measurements provide s general assesament of the
central tendency and dispersion of data values in a data set. The standard
deviation is an arithmetic measure of data varimnre from a mean value.

The normal distribution or probability density function is a measure
of the frequency distribution of observatioms of a variable {Sckal and
Rohlf, 1969), 1In the case of water well data, each parameter {rom each
watrer well has a series of observations, Theae data can be plotted as
frequency of occurrence for apecific values and the resultant curve would
be a measure of the density distribution of data. A normal distribution
curve will have a balanced symmentry with an equal number of cbearvations
to the right and left of a central or mean value., This will alsc make the
mean, median and mode 21l lie at the same point. Tn & normal distribution
it 1is improbable to have observations which are more than minus or plus
three standard deviations from the mean.

The normal diatribution in statistics can be defined in terms of
moments. These moments are computed by a frequency function and determine
distance away from an arbituary poilnt, usually the mean, in the tormal
distribution ctrve. Therefore, moments describe characteristics of the
normal distribution in mathematical terms. The mean of the curve 1s the
first moment and it 1s convenient to use it to calculate the higher
moments. The second moment is a measure of the diapersion of data around
the mean and is called standard deviation. The third moment is a measure
of the deviation from symmentTy of the curve about the mean and 1s termed
gkewness (Flgure 4). Skewneas 1s a measure of deviation of data from a
normal distribution. & poeltive skewness value Indicates an uxcess of
diatribution of data points to the right of the mean and negative gkewnass
is an excess of data to the left of the mean. The value for skewness in a
normal distribution is zero, The fourth moment 4s a wmeasure of the
peakedness, or kurtosis of the distributicn curve {Figure £}, This
kurtosis moment provides a messure of the grouping of data points in
relation to normal diseribution. 1If there are an excess of poilnts around
the mean, the distribution curve will have a sharp central peak, This type
of curve ias called leptokurtic, A Elatter curve with a wider digtribution
of data away from the mean is called platykurtic. A bimodial curve {(two
peake) is an exrreme platykurtic diacribution curve, 4 normal distribution
curve ia called mnesckurtic. 4 frequency distribution is generally
considered normal if {ts skewness is 0 and its kurtesis is 3.

There are numerical limits that can be set for skewness and Jurtesie:

SKEWNESS VALUE VERBAL TEEM
=4,0 to =0.1 negative skewed
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=0.1 o +0,1 almoet symmetrical
.l to +4.0 posicive skewed

> +4,0 very positive skewed
KURTOSIS VALUE VEEBAL TEEM

< +0,9 platyvkurtic

0.9 to 1.1 mesokureic

1.1 to 3.0 leptokurtic

> 3.4 extremely leptokurtic

There is only one water quality parameter {(pH} which shows a normal
distriburlaon of data wvalues for the total data-base {all wells). The
remaining pavrameters deviate from a normal distribuecion curve. There is an
excess of data values omn the lefr gside of rhe normal distribution cutrve
{skewed left) which results in a higher percentage of wvalues in lower
parameter concentrations. Taills of these curves trail to the right or
toward higher parameter <concentratiom walues, Figures 3 to 17 present
computer genserated bar charts and box plats of norwmal distribution curves
foer the water qualiry parameters: chleride, specific conductance, total
hardness, calcium hardness, alkalinity, temperature, turbidity, pH, total
disaolved solids, carhonate and noncarbonate hardness, magoesium hardness,
and calcium, An explanaction of the box plot as given by S45 lnstitute,
Ing, (1982 is:

The =econd plot is a box plet or schematic plot. The bottom and taop
edges of the box are located at the sample 23th and 75th percentiles,
The genter horizontal line 1s drawn at the sample median and che
central plus sign (+) is ar the sample mean. It is poscsible for all
of these statistlics to fall on the same printer lime, The central
vertical lines, called "whisker=," extend from the box as far as the
data extend, to a distance of at most l.5 interquartile ranges. [(an
interguartile range is the distance between the 25th and 75th sample
rercentiles). Any value more extreme than this is marked with a 0 if
it is within 3 Iinterquartile ranges of the hox, or with an * if iv I[s
5c1l]l more extrems.

A test of normallty was run for water quatity parvameters far each
wall. The normality procedure produces a test stcatistic for the nuoll
hypothesis that the input data wvalues are a random sample lrom a normal
distribution ($AS Institute Ine., 1982), The SAS procedure computed a
Shapiro-Wilk statistic (W), when the sample size was less than 51 and the
usuzl Kolomogorov I statlstic was computed when the sample =ize wasm greater
than 50, The probablility of having a larger test stacistic was computad,
The PROB=D or FROB<W are tests of the hypothesis that the datas came from a
normal distribuctisn. There is no sufficient evidence to warrant rejection
af the null hypothesis for values of PROB*D which are less than 0.05 for a
parametsr. When values of PROE>D exceed (.05, then the data 1s probably
not from a normal distribution. Wells wich parameter data rhat deviate
from =2 normel distribution generally have characteristiec behavioral
patternz {i.e.. skewed or non-uniform cyclic datal.

A basic method to assess discributilon of water quality data is5 to plot
these data against time. These plots provide a visual determination of
general behavioral trends and disperslon characteristics of data wvalues
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from a datz set. Also, plots can be made to conmpiare paramerers (i.eas
chloride versus spacifie electrical conductance) which can provide informa-
tien on the quality of the data. The use of a computer allows the data
analyst to make a large number of comparison plots. These omputer gen-
erated plots are scattergrams. Scattergrams were made for all water
quality parameters and other pertinent parameters for each water well.
There are 14 of these scattergrams presented for each water well {1022
scattergrama) in Appendix B. The data record cof a given parameter plotted
againat time showe the genearal trend of data scatter. This makes 1t
possible to quickly estimate parameter behavior for a given well over the
monitoring time periocd. The fellowing list of scattergrams 'sere nade for
each water well in Appendix B:

Plot number Farameter name with units

1. Chloridae, mg/fi

2. Specific electrical conductarce, umhos/cm
3. pH

4, Total hardness as CaCO_, mgfh

5. combined plots of a. Calcium hardness as Eaeﬂj, mg/ &
b. Magneslum hardness, mg/i
e, Total or methyl alkalinity, mg/i
6. combined plote of a. Carbonate hardness, percent
b. MNoncarbonate hardness, percent
c. Magnesium hardness, percent

7. Temperature, °C

B. Turbidity, NTU

9. Total dissalved solids {averuge), mg/b
10. Monthly pumping rate, million gallons
ll. Chloride versus conduckance

12. Chloride versus pumping

13. Turbidity versus pumping

14, thlioride veraus rain, infmonth

Flots 1 to 9 for each well show the water quality parameters plotted
againat the monitoring time perlod. These plots contain corvected daka as
found in the master data file {(Appendix A). Plot 10 for each welil shows
the available menthly pumpiang rate {in willion gallons} for :he monitering
pericd. Plot 11 shows the chloride concentration versus the spacific
electrical conductance. Since chloride concentration 1ir related to
specific conductance, this plot provides a means to check the accuracy of
the chloride data. In order ta determine if monthly pumpilng cates affected
chloride concentrations and turbidity levels 1n water wells, plots were
made of chloride and turbidity versus puwping, plots 12 and 13,
respectively. Plot l4 shows chloride levels plotted against the monthly
rainfall aof the previcus month pericd. FExamples of scattergram plots as
found in Appendix B, except at a smaller scale, for PUAGC water well A-l
{WERI |} are shown on the following 2 pages:
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Based primarily on pletted data, pumping rates had little afiect on
chleoride concentrations in most water wells. Pumping rates affected
chlorides ip wells D-8, D-9 and H-1. These wells show a moderate
correlation of increased pumping assoclated with Thigher chlorides.
Generally, for most wells the highest pumplng rvates correspond with
increased chloride concentration, although, cthe data show a medlan cluster
of values with no apparent trend. There are two wells (F-5 and ¥-3) which
shaow a slight negative trend for pumping rate and chlioride concentration.
Taking a pumping rate at the time of sampling might improve the cerrelation
between pumping and chloride. The establishment of a correlation between
pumping rate and chloride concentration could be wuseful informatien ro
apply in well managemenc.

The basie statistical section can be useful as a management and
wmenltoring toal for future water quality moniterimg. It provides data-base
information necessary for comparative evaluations of future water qualicy
data. [t will be possible ro make comparizons of new well data against 1fs
data-base to ascertain general quallty trends; steady-state, Increase,
dectegse, or eyclic behavior.

There are several possible ways to use this basic statistical section
in future water quality assessments. [f new well data are simlilar to its
data-base mean, within the standard deviarion, then there 1s no water
quality change or the well is im a steady-stacte. These wells do not
requite more frequent data sampling and amalyses than quarterly, as long as
data values fall consistently within a scandard deviaticn of che mean.
Data values, for any parameter which are more than a stapdard deviation
away from the mean, should be comparead to quantile perventages to establish
where data values lie in relatiom to the frequency distribution curve.
Values outside the 95 percent confidence interval or beyond the minimum or
maximum range should be rechecked at the water laboratory for elther
calculation or techmical errors. Lf there 1s wverificatiom of chese high
values, then resampling of water source would be warranted. hew water
quality data that are outside the data-base range for a well would
constitute a major change in that well's water guality. Wells which show
this type of major change in water quality need to be sampled on a moTe
frequent basis {monthly}. A change fn well chlaride concentration to a
consistant higher value could indicate salt-water intrusion, in which case,
pumping rates would need to be evaluated and possibly reduced. Ewvaluatiums
of sequential new data could be used to generalize about positive or
negative trends in parameter concentrartions. As an example, 1if there are &
sampling periods of parameter data for a well where values are batween the
75 and 995 percentiles, then the well shows an increase in parametar
concentrationa. This could indicate a reduction in water quality, which
would require more frequent mondtoring {(monthly).



KURTOSES

Leprokore i

Hesohkurric

Platvkurtic

SKEWHESS

TREOENCY {PLECENT)

A- normal distribution curve

B-- skewed icft

C~ skewed right

] |
I I
monder M 51 oo
(B} (0l
Ry e
median

Figure 4. Frequency diseribution cuvves with various lkurceses and shewnesses.  The normal
distribution curve {AY is symmecrical with mede, median and mwean as the same
values far made, median aod mean. The

vatue. The skowed cuarves have dilrere o

Taurkoses ratea . whiieh are aliown s s anebtical,

can alsoe Le shetwed,

wE



TCYPLOT

CHMLT

|11-:‘-

—————

G R R EODOO000— = —— -

r— e &
*

-
-

CHLOHIDE

1t
AF §F B 4 25 4
| L 1 EE - B SRR SR O 4
o4 Ok & LI LI+ BT B
Pooh B AL G B - R RF o A 4 4R 2O4F
LI R TR N T R FIT B R )
" R & ¥ & 4 *» = 7 & 4 & & F @

45 =
N

R ks

G54

TS

TS A1 Caud

u"
Computer plets of normal distributrion of chloride data.

AFPIERENT

e mm e = o w— —— o —— = e — — — k-
YAY

-
-

Flgure 5.



36

SOXeLIT

=

IHARY

Jad

FTOR L S T T B - B O e )

SPECIFIC ELECTRTCAL CONDUCTANCE

i+ A
i ik
4ot % dk A
4 2 % B 0 =
!
L
[ ng
]

L5 Dw gl

TS

g

e —— s

A
=

1
4
4

b1
4]
LH
4t
1%
4

o
<
L+
4

i
LTd

4
i
i
<
o

i
ik
aF
F
F

ir

B
i

o — -

1533

17

My e
-0
-
bt |
o
b g
it
i
i 4
LI

1.1+

—m e b —m o = m—— — f = — o m———— —— == —— e im o — o = ———

CrusTh

32

e 1o

_S:iT

ke

MAY "o P

o
w

Computer plots of normal distribucion of specific electrical conductance,

Figure 6.



BLXPLCGT

EH

rART

e
=1
W7

oD Qo0

.

m - -
o

R
LYY

e

L} oew e o

17%

TOTAL HARDWESS

04
25

123

£
i
b

Zh2
353
545

R L R L e PP

+r—— ¥

|
1

!
|

fmmm -

R LE o kAt AG R e A

+

517

o -

75%
475
125

pRrErAh e byt y

1+

e

o R

£
4k
i

=

T T T T LT e ey

LEE L -
LI

e el mmm e mmm e m e e o ——— -

el

(NS

T U

=4 3

=PLcs

HAY W

w
-

Computer plote of nmormal discribution of total hardness,

Figure 7.

37



1)

a0x2L T

1
Er

I L

F*' 0 7 omm o e -

Pl i I OIS ol e 2

— P el TN

— e
w3
W
[=]
5
g
L
|
Lo
Lo

43

in

i

"

FH

LI ]

i

o

LI ]

<t

[N

ir i i 3k

5 4 - 4t 4}

T B

P T T R T T e

EPET B BRI I P

PO T T D L I ]

#om————

s
il

2 i -

—— -

Tad
2249

2
a5
ki
)
ik

5
#
kS
L |

2h

1#
L]

-——_*.-..--—Q-_.-.__'——__-..|.-—-—--.-*——.-.- P —— — = —p— — — =

CoUNTE

|
k)

-~
Fi

Ta

RTRTESINT U7

A Y

-

Computer plets of normal distribueion of ralciva hardness.

Figure B,



BOXPLAT
o
3

AR CHART

-

37

O -

A

T
o ————

67
181
agr
2a1
a457?
SOR
Tl
ans
551
29N

51

TOTAL ALKALINTITY

&=
&
O P L E I

i
ir
L]
i
1+

B
oAt
LLINE ]
4
L
it
i
1
EL)

+
L =]
#
+
i
¥
++
i+
*
o g
ik
++
i
L1d
t
[
L1
L)
AR s
7]
1]
*

1 2 40 AF
& or G
4t

VIR S SRR ETEY

elfEEE

.
AT+ Ered ey udydyss
ELVE

CHILTS
Computer plets of normal distribution of total alkalinity.

R el el T e A e e Tt
HAY FEPATESCMYT UP TO 19

ar

-

Figure 9,



—_ = W
r [ I |
-t 1 11
A R L [ B N B e L &
> [ |
[ |
= . B+
DE e e ) el o P P LW Y ot B B e BT I 4 =
Lt T w S T ST I [
O 00 M-
ol -
L1 ]
;) |
£ |
1= L
-] i
1] i
it '
[ 1
4 -
4 1
i A 1
LT 1 |
a1 k
i 4 -
P ) b
LK H ]
m + & 1
o 4+ # 1
&+ tr -
& # ]
W i |
W » o 1
[ {
L i 4 -
i+ ik |
i B |
E T I
+ B B ]
L) & 3 -} -
4 4 & iR A5 1
B o W% B B 1
F L A L |
fr 4 % & |
LTI I - N < - -
3 4% 4k B 1 t
[ I - T ) ]
4+ H {F iF 4% 1
A tr gh i A% 1
b= LT I R B -
[ F1 I ) 1
<1 A & 1 |
- i 3 47 B |
L2 Ak 4F sk Sk I
FERNE - NS A S 18 *
T 48 4 a4 I
=, C: N © N v A+ |
" 1 i & % 4F sk 1
T LI - O X B 8 g 3 o4 A A B R CER
+ = % % % = 4 % ¢ w v b F o4& n 4 ¥ ¥ §F 4 & B &
. 1] uw
ry e "1
L ] [ ] L]
- _— =]
~ ™~ "~

e 77 %8 CMUNT®

ERLTL T
Computer plots of normal distribution of temperature.

= Ay

Figure 10.



LR R IR L

poxeLnT
-
2—-—-n

s — e B T BV, S R,
- R
[

4
)
H
[1]
F
)
3
L1
1]
th
11
@
i
*
14
+
1}
1]
5
t
A
[
ir
o+
H

TURBLEITY

ax LHART

by
. Gl

+ 1 LI LI I R N R
[ ]

+
o+
o
%
[1]
]
11
e ]
1)
L)
L1
b
4
i
4
1
1
a*
)
it ]
I
L1
ir
P T T T T T R A A .
" LF}

o

= -

s
(Wi

COUNTE

£org2

UP T

-

S ERT

r

e ——— e - w f m m e b ——— mm— m e — o  ————
Compucter plots of normal distributien of curbidity.

FOMAY TR

Figure 11,



42

dOXPLOT

41
Ll

—HaRT

A

1] O DD e ——

]
a ¥

10
13
35

F

1*

TT
144

4]
i

1+

I

AnT
a7
535

b ———

L= b=

3A0
585

re
b=

ST rEys

4 —+

&30
L75
£3n

'

i -~
—
—
1
1
|
»
|
i
|
]
L
1
|
|
]
*
1
|
H
i
-
]
|
|
|
L 4
I
]
1
1
*
i
|
]
|
-
i
1
|
|
+*
k
1
i 1
+F |
) *
it |
i ]
L] 1
1+ & 43 & [T |

Computer plots of normal distribution of pH.

Figure 12.



AOxXeLT

AR CHanT

+ o —
I
b

LI RN - S B U o B s R

|
-

== -
}

e
"

1235
THS
253

TOTAL DISSOLVED SOLIDS

-]
I Tl T I T TR T T T T T
MG W

T A R
W W W e R AT oAy
PR

bRk oo -
P R T
LTt R g ]

<}
1F

ot
LR
&

i

B )
%
it
i
¥

4 S

P £

i LI P T H

T T

T T T T R

4 % dF SR b JF 4R £ 4 gk
L]

= Pm e
WP m
g aie P
SRR R
E S N
e Rt S AR

e

L=

a BEEETEFTT
ST Ge ALIERITEAGTSG
s . :

[ ]
+
]
+*

25
*hop
E,_

U [T
')

-
2

L™
[t ]
]

w
a
.
-
h
-
728
bl
l
[ =
2

1
L9
9
A
5
£,
4
3

L]
L

I3
5

26 LAINTS

e TC

2 TNT

RETY
Computer plots of normal distribution of toral dissolved sclids.

o e - s e e e e i o e it g o —

Figure 13,



b

FCAPLAOT

i
r

Do 00 - - ———
— 3 U e o oee DY ST T
[T ol o o = B N oy
el L i |
)
A
fad
=
m
]
[
2
m
i
43
13
iy
4
1]
o
W
L)
W
b4 LA B )
EPF L A -
ET R L
PR TR I B+ S 2 )
I L A T TR T
Hogr 30 A 4 & o B B
F * & 4 =® 4 % B 4 B
i |
i
r

b—————t

is0
473

I

1
+ |
|

1
—_
- o
Py
L ™
1

4

4%

#

o

t

B ]

e

!

1

1

1t

=]

4

>

8

L1

i i
o
H i
34
i i
LI &
i
TR
i L=
i
'HY
o
4 4=
LTI}
i
n 4
P
NI
LT 1
Gon
L F I
H
ST
ik 43
FIa
o4
5o
otk
&g
)
a "

[

151

o 0

o M e

.q —

-

i

i

-+t

1F

1F

ik

ik

-+

ir

ir

o

o

4

<F

k']

LY

+r

LI 1

ik R

&b

Lt I

LI

Rt

5 4

ir Bk

LI
b
s

_——— — =k mrr—F——mm b= rw—F —— —m b m ww—f—— b= — e

a

1:' |_"| -r_f."l T

12

JHME LD T

Do

Computer plots of normal distribution of carbonate hardness.

Figpure l4,



pOAXRZ?LOT

¢?

i
L
i
i
i

+1

1A CHART

* dt .
[ |
| I |
#h##ﬂ.ﬂﬂ_.ﬁu]l]" s_. "l.-
[ |
+ B »
- L T -
&4 o4 o+
-] -
++ -
ik +
i »
i ot 4
LI
I
¥
15
~J v e Do TN oy D e O i
e 0 o P o e P
g - 3
- i+
g -
wd
| =5
4} 1
4 b >
+t - =
i+ } —
wa i+ I -
w = | i
= o) 2
FO Y - -1
qF A A | o
LEIE IS | =
4 i o i o
i foaon B &
e LI
=T L I | ol
= LR TR o
[w] LI T | -1
) P T A T T R
ﬂ WoAr W e T
LJ LI N AT Iy =
= LI I T - N R |
= FEO  RE T
= Y
PO T
L1 JC RN - N N
T A I TR L
4 6 4 b 9
Lr B - N~ A I |
B R T I
Ak 4k gy AL b
LT IR U T N
L I DI T - T e
LT LI I A |
oA o B o
O A AT N . e AN s o aw e e — — —
£ 4 4 BB oW c o
L T A L, th s
o4k o2 P 1. Py -
4 8 84 T B o4 oo
IRV LTI L -1
EL I N T
TN TR T - LS B
O R L -
LI - S B LI LR -
O | O = N
B ot don DB
oty kM o4 i o4 o o |
&= L BN A R LR - R R A A
& = % % 4 § 4 %&£ % 4 W 4 = ¥ 4
i Lo ~
» M o
d -

f.-.a..—.—l.----.--.-—+__.-._.q.---_--..-l.-__.-.—.l._--—----.-q,——a-_u' - w———— e — =
+7

E R EE R
Computer plots cof normal discribution of noncarbonate hardness.

Figure 13.



46

Zax~LT

P

G OB ab A b A DD = =

TE omd P S T U ) O3 aid
-

LHa T

Lo

FIR

L]

e
-

L
]

MACHESTIUM HARDNESS

T
L]

L]

i 4F
o

b
i+

47
4%
L}

—
oo
iF

F

4iF ik
oAk
a4k i
[ |

Lt
ot
e

4
o4
¥
£+
ik

1]
e
[

214
341
32
EEN)

e — -

e b=

i

o ————

904
2T
el

AEEEEU NS CE RS T TS RLLASELET

1
tr
-
e
&
43
4
b

o
Ak
i
L4
Rt
<F
-F
A
i

&

e o — h e —— o —— = m———tw—— — f == —— s o ——

19 CPUnTS:

e T

e

il
s

RLPRT

YAY

=

Computer plots of normal distribution of magneslum hardnees.

Figure l&.



ACXPLAT

Call CHART

* - ¥
| [
| [
L] 0 CF (D o -} | ———
I [ |
1 1
* am g 4
H+ LLI T
o
o oo 4+
i+
U
& *
i+
P
& =+
ir
&+
- R Tl = R a B B BT s = B R B W= i+
PR N A TR T T T R .
R R T el N ] il
— b= o
— L]
- o+
* | o 1
4 | i
i * - G
[ ] [ ol +r
o b — A
# b -t * i
il ] ed *
1 * o. L
1t I - H
A | [ 3
++ | M ]
1 1 X - it
+ - o 1¥
i+ 1 t
& i -t b
1t 1 =t i
2+ [ =3 i
W Fr - #oa
= TG I ik
B LEET I 10 s it
= W 4 1 3 ar
= 44 4 4 1oL i
= A ) - 45
# 4 4 (] %
- 1) (RN i
o | &
4 4 | o i
ETRTA P &
[N ] e
LI T [
= 5 & 1
ak H oL |
L] 4 9 5 L
5 44 4z 4 1 =
o 3 Ak 4 [ YV e m o e T TS T
£ 8 A B W gk | u i
w B B oA 1 ul i —
FOOE I - o — -
PO IR | O
o4 4 b e 3 I 1
EVIE T boae
oo o e oW ]
F PR N I S I . -
oA 4 o 4 o4 2B 1 =t
F - T S R R R ] 1 =
FI I L F R (B O P A B L ) 1
] L R U T T T K I I
w F 4 4 4 B N ¥ F 8 = & ¥ 4§
L y [F 8
— f— -
- —t

+1

M

LK N
——— — e ———F —— _._..Q-----.-—|-_.-..-..—1‘-.-——|--.---—q-—.-—--—.}.——---.-}-—-.-—.y

| Azedro 2

[FEE R E L AR RS
Compucer plots of normal discribuction af calcium,

Figure 17.



Table 5. Basle statistics [or water squality paramcters from PUAG water wells 1 and ! from well series A

——

Variabie M. Na, Mearn S*andard Mi n mm Haxtmurl Toteal Skewness HKurtasis
Miswsimg Dewiation Value Walau Rargs

WATER WELL 1

CHLOR1DE 73 15 t5.00 1,72 10,40 33.70 2iap (=T 2.71
COMDMCT [V | T Fl 17 5%a. 06 15,52 473040 aE0. 20 10,00 =, 44 1,80
PH 12 16 T.07 .22 €. 54 7.87 1.%3 B9 7.Bh
TURE IDITY (L 14 0.14 0,09 .05 0.5 0,51 1.83 4,54
T HARDMHESS 234 26 98,87 1,68 213,50 367,20 17,70 =0.17 z.0
A HARDMESS Gl & 7813 25 Ot 199.90 ECER-10 150,00 -0.31 1.1%
M BLKALINITY a3 5 247,48 18.48 110,00 int,nd 15T, 00 -1.03 1,63
TEMPERATURE T3 15 27.46 0.a9 2600 19,00 3,04 a.54 0,38
BACTERIA S0 1B 0,42 2.0¢ .00 12.00 12,00 5,11 o i3

WATER WELL 2

LORI2E =l 4 21,15 J.8% 13.70 30.65 16, 30 0.l CT
COMBUCT IV TY RE: 14t 559,87 710 A0 .00 F00.0% 330,00 =0.B2 0.z8
FH e Y P15 0.27 6,71 7.85 .14 a,7r3 =0
TURBIGITY an B 0.1 a.2% 0.0g 1.40 1.36 4,18 1945
T BARDNESRS &7 21 27540 2914 205, un 3860 125,20 i H 0.33
A HARDNCSS Ed 0 I/0.07 1.6 19%.90 147.30 141,410 =042 .31
W ALKALINITY &7 il 239,86 171,36 155,05 FE . 0a Thia, oo -0 48 0.05
TEMPERATURE aa 5 2739 o.va £7,20 249,00 LY =3 .Bi £3.iR

RACTERTA L) 3z LEALE 1,34 0,.Co 10,040 111, 06 1,38 Sh B3

R



Table 5. contioued.

Yariable M. Na. Hean Standard M i mum Maximym Total SKEWMESE Kurtosis
Missing Deyiation Yalue Valye Range

WATER WELL 1

LW TOS* 71 17 327.8 19.5 258.5 3.0 115,5 0,5 1.8
05 Fa 17 i57.0 n.3 z82.0 408.0 12g6.0 =3.5 1.8
HICH T0S Fal 17 I87.0 231 3055 4820 136,5 0.5 1.8
CARBONATE a2 il 298.8 231 219.5 3672 14T, 7 0.3 2.4
HONCARBONATE L% 25 594 8.5 0.0 235,17 2135.7 1.6 b6
MG HARDNE S5 &2 26 20,7 18,1 .0 140,27 6h. 1 1.1 1.0
CALCIUM 6l 6 111.5 14,0 a0.1 64,0 6.1 -0.3 1.2
PERCENT MG B0 8 T 5.2 0.0 3.3 b 1.2 1.2
PERCENT CARDOMATE &3 25 Bi.B 12.9 331.0 106.0 67 .0 -1.3 2.%
PERCENT MONCAREE &1 27 16,B 12,8 1.0 67.0 67.0 1.4 3.0
WATER WELL 2

LOW TDS3* 18 10 7.8 30,6 209.,0 385.0 176,14 -0.8 L
TDS 78 10 335.9 43,2 2180 a20.0 192.% -0.3 0.3
HICH TDS A [E 383 .9 46,8 4.0 435,00 208.0 -0.8 0.3
CARBOMATE &8 ok 286, 4 18,3 235.2 341.3 106, 1 0.4 0.9
RORCAREIHATE BT n a7 KT a.0 133.1 1351 D.e -0.6
MG HARDNESS 5t FL3] 16.3 19,1 Q.0 T8.4 TE.L 1.5 2.0
CALCIUM = ] L 1048,2 B.% B, 136.4 56.1 -0.4 7.1
FPERCENT MG 51 2% 3.8 E.6 .0 {0 8,2 1.5 2.1
FERCENT CARBOMATE BH 2 B5.9 1.8 5.4 100, & LE.6 =0.& 0.5
PERCENT HONCARB =1 4 A 1.7 G¢,0 La. 6 b & 0.5 =0.5

a%



Takle 4. Hasie statistics {or water quality parameters from PLAM water wells 3 oand 4 Irom well series A

_—— —

Variable Ma, Mo Mean Stargard Minimem M | I Tota; SEERIEES FlLTLOs: S
Hissing Dewiatinn Walue Wa oy Ranos

WATER WELI 2

CHLOR10E N 11 19,02 3.48 g,20 18,54 Lt Q.08 1.52
COWDRICT 1 TY i Lal TG 48 43.27 L5006 aah.00 ¢, 00 -0 5k 0,20
PH i 11 7,13 L EL 6,34 7 .80 1.26 -0.34% L.bE
TUHBILGTY 7 " 0,20 L.to o.ar 1.60 1.53 5.5E 37.75
T HARDWESS 1 é 285.76 23.1% 45,40 38&.B0 147 .40 1.68¢ 5.0%
CA HARDMES S a1 2z 265.19 17,83 20 20 33700 133.00 0.56 .73
M BLEALINITY B 23 248.52 50,49 163 .00 E0G, 00 137,00 -0.88 .22
TEMFERATURE b 12 I7.50 0,45 2&.50 4,00 Z. 5 a.45 (KR ¥S
BACTER | A 1) i3 .40 .43 0.00 10,40 .00 4, Ba i2.58

WATER WELL 4

CHLORDE 75 1% n.72 1.55 15.40 32,10 16,76 n.42 &80
CONCUCTIVITY TG 12 5737 53.15 400,00 0L, 00 305, Q4 0. 34 1,88
PH 75 13 7.1 .18 6,67 7 .ah £.93 .35 043
TURBITITY 3 | 0.1 0.t5 .05 1.00 0,45 .65 .60
T HARDNERS = 24 FRE, &9 3.0 750,30 LYY 111,60 .75 .09
A HARGMWESS ar 21 789,57 21.73 FLERLE 337.0a 117.50 .t TG
H ALKALINITY 5 23 71967 .24 15%.40 293,00 134,00 -0.75 L
TEMPERATURE B 0 I7.46 0565 26,00 e .00 -0.a7 0,21

-
BACTER | A =1 A2 N8 1.3 Q.00 10,00 [REMH T.4H 56.00

0



Table 6, continued,

Yariable Ho. M. Mean Standard Hirimem Maxd mum Total Skewness Kurtasis
Mi=zsing eviation Value Valye Range

WATER WELL 3

LOW TOS* 7 11 316.0 3.8 47,5 Jgd.0 115.5 0.5 .2
105 kX 1 Jus .7 26,0 0.0 336.0 1i6.0 =3 0.2
HIGH TS b 11 734 8.1 291.5 §2%.0 136.5 -0.5 0.2
CARBONATE (17 iz 267.0 15,5 254 .6 I86.8 13z.0 1.6 L)
HONCARBONATE &5 13 A 3.7 0.0 185.8 165.8 1.2 1.2
ML HARDNESS &t iy 21,8 .2 0.a 138.58 138.6 5.0 4.0
CALCIUM 27 22 1063 7.1 a1.8 135.1 33,3 2.1 4.7
PERCENT MG B3 5 F.7 6.1 .0 35.8 33,8 2.1 .y
FERCENT CARBONATE &5 23 BY .4 10.9 571 100.0 42.9 -0.9 0.2
PERCENT NOWCARB &2 26 13.2 10.8 0.0 8.9 42,9 0.8 0.2

WATER WELL & N

LOW ThSw i 12 315.4 30.3 1M.0 185.0 165.0 ~0.5 1.7
05 fiL 12 34e.1 331 PN 420,40 180.0 -0.5 1.7
HiGH TDS 76 12 iri.7 3.8 260, 0 4550 95,0 ~0.5 1.7
CARBONATE &7 i1 TH8.9 i1.3 151.3 ig1.0 i11.6 a.7? D.&
WOMCARBONATE B5 23 47 .8 31.5 o.0 123,59 123.9 Q.1 -0.7
MG HARDHESS &7 21 18.3 17,3 0.0 iT.5 7.3 1.5 2.8
CALCIWM &7 21 106.0 &7 88.0 1351 4t 0.1 1.2
FERCENT MG &2 I8 7.1 5.5 0.0 5.5 5.5 1.4 2.5
FERCENT CARBOKATE B5 i3 &§3.4 1,1 57.1 100,40 429 -0.3 -8
PERCENT NONCARB & 6 17.6 10.5 g9.q LI.9 hi.9 0.3 0.5




Tahle 7, Basic statistics for water quality parameters from PUAC water wells 5 and 6 Syom well =series A.
9 ¥ P

Yariak e Ne, Mo Mean foandarao Minimur YaxTmaum Tatal Skewness Kurtosis

Kissiay Daw T ation Value Walue Rarge

WATER WELL 5

CHLOR IDE 74 tu BN 1,57 11.%0 en 17,20

0.a3 0,44
COMDUCT IVITY 5 13 SB7 .53 al, ol 200.00 BeD. () 4nl, 00 =327 17.54
FH Ty 14 LY C.th L1 7.53 bD.&f T .46 -0.24
TURBIDITY 75 13 .17 0.h2 .06 1,40 0,54 q.58 I7.558
T HARDMESZ En 23 2BT,06 18,33 242 .00 Aa D0 114.00 1.22 4.55
CA HARDMESS [ 12 268,25 15.049 227 .40 5w B3, 04 .05 0,97
M ALKALIMITY 65 2% 41,40 29.16 11 .00 789,00 128,00 =0.71 [
TEMFPERATURE F 13 27.TE 0.50 26.00 29.a0 3,00 0. 64 2.20
BACTER | A a1 %7 0.71 Z.5k .00 16,40 16,00 .95 26,94
WATER WELL 4
CHLOR | DE 749 E 13, 84 3.92 17.80 38.90 7.0 1.74 B.T3
COMDUCT INITY =14) L] B5G,. 0T 45,59 400,30 BEG. 00 2e0, 00 =0.u35 1.81
PH B 8 7z 0.1= B.77 7.8C 1.03 .55 2.28
TURBIDITY 50 B b.1B 0.16 0.0a 1.40 ,9c 3.5% 14,76
T HARDHESS o8 0 279,86 149,50 228 B0 345,90 121,10 G.al 1.87
CA HARDMESS &E 20 26145 PRI 172,00 EYRMEY 139.C0 -0, 86 3.74
M ALKALLMITY 7 21 235,92 A, 145,00 B4 .00 139,00 =0.75% Q.92
TEMPERATURE BO o 2745 0La0 .40 29.00 3,00 0.146 G835
BACTERIA 5e i 24,68 44, 05 .00 3. 00 243,00 %05 11.41




Table 7. continued,

Variable No. Ho. Mean Standard M ri mum Mz i o Tatal Skemness Kurtosis
Hissing Deviation Y¥alue Yalue Range

wATER WELL 5

LOwW TOg* 75 13 32,0 FER 110.0 3g3.,0 253.0 -3.3 17.4
TS 75 13 40,4 5.4 130,40 96,0 27e.0 -3.3 17,4
HIGH TDS 75 13 588 32,4 13G.0 429.0 29%.0 -3.3 17,4
CARBOMATE 66 27 287 .4 18.7 430 357.,0 1140 1.1 3.1
HORCARBOHATE &5 23 U4, T 9.7 0.0 7.3 117.3 0.5 -0.3
#0 HARDMESS 66 22 191 14.8 0,0 1.4 1.4 1.3 P
CALCIM 315 23 107 .5 6.0 91,0 126 % 315.3 a,1 1.0
PERCENT MG &4 4 6.7 h.6 0,0 0.0 20.0 0.9 0.4
PERCEMT CARBOMATE &5 £ a6 10.1 57.% 100.0 L -0.5 =0,3
PERCEMT HOMCARE 63 5 15.49 3.8 .0 4.1 &I.1 0.5 =03
WATER WELL &

LOw TCrG* B B w1 P | 22,0 L1 ) 143.0 =0.5 1.8
105 Bl a 133.9 P FL T 1460 156.0 0.5 1.8
HIGH TDS /0 a i61.7 .6 0.0 @i g 169.0 -0.5 1.4
CARBOMATE 68 20 281.1 9.4 w0 9.0 106.9 0.d 1.1
HOMNCARBONATE a7 21 43,2 .7 a.n 179 .4 1294 0.4 -0, 2
HG HARDNE S5 7141 mw 19.6 16.2 a,o G600 960 2.3 7.9
CALC 1M BB 2 104 .8 8.7 B8,5 124 .6 55.7 -0.9 .7
PERCENT MG BE 12 7.1 &6 Q.0 is.8 35,6 1.6 14,4
PERCENT CARBONATE &7 21 B4 .7 1,4 5.6 100.43 47.2 =0.4 =i, 1
PERCENT HOMCARE RS 3 15.8 10,2 0.0 7.7 L7.2 (1 =, O

£y



Table &. Basic statistics for water gquallity parameters {rom IMUAGC water werls J oand B from well serles A,

Variable 4o, He “ean Standard Mind mum Maxirur Tatal Skamnmes s Kurknzig
Minsing Deviation Yalue Value Rarge

WaTER WELL 7

CHLOR | BE 74 9 22.47 4. B8 15, B0 55,00 29,60 1,50 .31
COMOUCT IV Ty TS b E15.15 3E.BG LnIb.ono T0C. 00 180,07 -0.c3 .02
PH 77 11 7.07 0.149 8.77 T.BG 1.0% 1.09 7.0k
TURBILITY RO B 0,19 .16 a,05 T1.00 0,95 3.449 13 .41
T HARDHESS 63 0 370,04 22 253 ,BC 393210 139,350 1.13 P
CA HARDHESS 3] 14 2B2.85 766 205,60 362,90 157,30 =07 1,24
M ALKAL IMITY 5] 20 25477 13.5% 13600 11500 182.00 -1.512 2,02
TEMFERATURE BG 3 2763 0,432 26,40 29.04) 2,64 -0.29 0.78
BACTERLA 57 31 LER S 1.4h 0.00 11,04 1%.00 T.ke 56,42
WATER WELL &

CHLARIDE 79 E 71.74 .70 11,40 9a.00 Bt 200 L 2k 20.34
CORDLCTIVITY B 9 EOL ., 4 73.71 470,40 qBG.00 410, 1.E1 EIR=Y
PH 749 9 7.1 0.1 B.TS T.00 V-1 0.4& oL
TURBIDITY ac A 0.4 a.19 0.L7 1.00 .93 1.79 %05
T KARDMESS 1! 20 796,79 27.30 L0E. TG 399,60 196,90 a.a? L
LA HARDMESS &5 19 L 3262 196, 00 32B.30 132,350 =, 94 Tadd
M OALKALINITY &E 20 P L0Y .25 165 .04 299 {0 13 .00 =0, B 0.5%
TEMFERATURE B0 ] ITRT [.5e TE. 4D 30.00 1,70 0.52 3,01
BACYER | A L& 32 0,27 1.7 U.G0 12,04 13,00 7.4 . 1




Table 8, contioued,

Variable Mo, ha, Mean Standard M i mum Maximum Total Skewness Kurtosis
Missing Daviatian Value Yalus Range

WATER WELL 7

LOW TD5% 73 5 13B.4 21.3 186,10 850 89,0 -0.0 0.0
03 73 E 163.1 23.2 312,0 420.0 106.0 -0, 0.0
HICH TDE 79 3 339.9 3.1 3358.0 455.0 1M7.0 -0.0 0.4
TARGOMATE B2 13 i09.3 0.5 66,6 isia 126.5 1.2 3.0
HOMCARBOMATE a8 20 2.1 EL a.n 161.% 161.9 0.7 b2
MG HARDNESS &Y 13 5.6 5.8 a,n 108.7 148.7 1.7 .59
CALC LM a9 9 113.3 1.1 B2.% 145.5 63.0 0.7 1.6
PERCERT MG 65 13 4.0 8.0 Q.o 35.0 .0 1.7 2.9
PERCENT CARBONATE &8 0 B3.5 11,4 5.7 106.0 54.3 -0.7 ¢.8
PERCENT NOWCARB &4 5 17.4 1.0 0.0 4.3 543 .5 i.0
WATER WELL B

LOW TD3w ¥ 9 330.8 40.5 25B.5 4a4 .0 225.5 1.6 1.5
DS T4 ! ie0.9 4.2 2823 528.0 246.0 1.6 i.s
HIGH TDZ k) 2 ig0.9 47,9 5.5 570 266.5 1.8 1.3
CARBONATE 6% 19 19687 4.5 261.3 9.6 114.3 1.5 3.8
NONCARBOMATE Bd i 47 .1 2.8 0.0 129, 129.6 0.3 “0.7
MG HARDMESS L] 19 ra I 14,7 0.0 108.6 TOE.6 2.3 7.8
CALC E% 13 1104 8.1 TB.6 131.6 53.0 -0.% 2.5
PERCENT MG 67 1 7.2 6.1 0.0 31,3 I 2.0 3.9
FERCENT CARBOMATE &8 Z0 a5 .5 10,6 57.9 190.¢ 42.1 -0.3 =0.7
PERCENT NOMCARE B4 i lE. 4 10,4 .0 421 420 G.3 -i.6




Table 9. Basic srarlstics for water quality parametors from FUAG water weils ¢ and 13 [rom well serice -,

variable Hu . Ha, Mear: Standard Mi 0 rum LR Ty Total SrewnEss ALFEUSTE
Missing Dewiation Yaluoe Va' up Range

- EA — - -——

WATER WELL 9

CHLOR 1 DE FL:) mn 155:13 oL 137.00 itk 10 1083

1.9% 4,34
COMDUCT 11T 77 11 1064 .55 95,32 ol (0 1520.40 RED , B0 144 5.av
PH T8 14 7.1¢ 0.22 6. Bh 7.9k 1.33 1,20 1.9
TURBIDITY 74 o 0.3z 0.33 0,06 2.3 2.24 13 15,40
T HARDMESS GE 22 372,50 29.09 112,40 q78. il 165 .80 0.5y 1.79
CA HARDKEZS ) 21 171,24 32.18 218,746 441 .80 191, %0 -1.07 FaL T
M ALKALENGTY Eb 22 264,53 37 .58 162.08 81 .00 239,00 Ol 1.29
TEMFERATURE 74 | 27.540 045 16,00 28.20 1.20 “0.43 t.23
BACTEREA =5 33 0.1% 0.ge 0,00 02 6,00 7.14 31,97
WATER WFLL 10
ZHLORDE 7 11 20034 40, 7R 120 .00 11410 19y 10 0.3% C.13
CONDUCT IV TY 78 1 1146,92 13,77 FE0.20 140202 B, O ~0.57 C.02
PH TH ¢ 7.1k .23 6.71 7,90 1,14 1.60 2.%7
TUREICITY i G 0,22 .23 0.0s 1.34d 1.2k Z.93 5.87
T HARGNLES €6 27 AT2.35 13,03 2885 44080 152,30 ey 1,37
6 HARDNESS 6T M 322,00 13,33 207 .80 EXE: ] Y4020 -1, 6é EPLE
MoOALKALAMITY [211) iE 263.29 n.n 16600 1200 oy, 00 0.7 0.5z
TEMPFRA I'HE T ) 2V.46 0Ly 26.50 iH. 20 1.70 G, 0% =130

HBLTERIA 55 33 .56 VLB .00 14.00 VG.O4 1.7E 13.76

- -

05



Table 9. continued.

Variabie Ha. Ho, Hean Standard Mi n i mum Maximym Total Jkewness Kurtosis
Missing Dewfation Value YValue Range

WATER WELL %

LOW ThS* 77 1 5B5.5 CEN 473.0 836.0 i83.0 1.1 5,9
TS 17 1 638.7 57.8 516.0 91:.0 396.0 1.1 5.9
HICH TEB% 77 11 £92.0 81.6 550.0 Q88,0 429.0 1.1 2.0
CARBONATE 67 h 7izq 29,2 3113.6 LyE.2 Thk A 0.8 1.6
MOMCARBONATE 66 22 104, 7 43.7 0.0 227.0 1.9 0.1 Q.7
MC HARDNESS By 4 1.4 4.3 0.0 180.6 18d.6 1.4 4.5
CALCIUM By 21 128,49 12.9 L 161.0 6.6 -1.1 £.5
FERCENT MG &5 23 4.0 8.3 Q.0 e, 2 e 2 1.8 4.4
PERCENT CARBOMATE &5 22 72.1 10.9 41.5 100.0 8.5 0.4 1.1
PERCENT NOMCARE B h 8.8 9.9 a.n 38.5 58.5 (L) 1.1
WATER WELL 10

LOW ThS* £} 10 630.4 3.1 418.0 0.0 151.0 -0.6 0.0
105 78 10 &BE .2 BE.3 456.0 840.0 EL:L A -0.6 0.0
HIGH TD= 8 10 745 .5 93.5 49540 0.0 416.0 ~0.6 0.0
CARBONATE 67 n 373 29.0 3070 La0.D 1310 0.1 -0.3
HONCARBONATE {13 12 1058.3 43,1 0.0 181.8 1813 ~0,5% ~0.2
WO HARDNESS L T] 1 £1.1 n,? 0.0 156.8 156.8 1.3 3.2
CALCIUM el 21 1291 13,4 B3.3 151.5 £8.1 -1.6 1.5
PERCENT MU &5 25 14,0 8.1 0.0 43.0 43,0 1.7 4.5
PERCEMT CARBONATE 6& 22 FE 10,7 k5.8 100.4 0,2 0.6 ¢.3
PERCENHT HOMCARE B4 h 2B. ¥ 4.6 1.5 5Dz 48.7 =03 -9.2

£



Table 10, Basic statistics ‘or watwr guality parameters from PUAC water wells 11 and 12 from well scrics Ao

YVariatble Mes. M. Mezn Standard M3 mi mym Maximum Total Skewreos Kurtozis
Missing Deviatiarn Valus Yalue Ra g e

WATER WELL 11

CHLOR L DE 79 ) 18,70 5.03 10, 60 2840 1740 C.91 242
CONDUCT W TY e E 596,20 59,82 G20, a0 910.00 500 .00 1.47 1.1
PH 4 . 7.4 0,19 B, 79 .7 V-1 0,54 .74
TURBIDHITY B g a,15% n.1& 0.GH 1.04a a,97 T 7.65
T HARDNESS a7 2t 295,18 .73 1.30 DT80 136,60 1.18 3.32
CA HARONESS (2 pat) 2rr. 52 LR.IT 1740.70 341,30 174 a6l -1.k5 3.493
W OALKALINWLTY &7 n 57,7 3I.98 169,00 328.00 159,00 =0.52 4.0%
TEMPERATURE 80 B 7,60 0, 54 2490 53.90 k0 =1.57 7.08
BACTER LA 56 52 1.46 F.hb Q.00 53.00 35,00 €&.37 4328
HATER WELL. 12

CHLOH I DE &l f 18.91 2.0z 11,20 41.30 29,60 2.40 T.uB
CONDUCT RV TY a0 L 608 .84 45 Bl 570,40 404, ot 360,00 £.71 15.29
PH a0 q 707 a.z2a a, 78 .84 1.110 1.3% EP
TURBIDLTY B1 i .25 0.2: Q.06 1.50 T.4% 3.37 10,8
T HARDNESS BE 20 318 24 0% 7B, 80 395.10 119.30 .85 1,37
CA HARDWEZS B4 19 29G.05 £3.06 215.8% ELT R 143.00 G.2d .96
M OALKALINITY &4 20 2ah.52 7. 180.00 371,00 141,40 -C.53 -0.15
TEMPERATURE 81 Fi 7.52 051 25,40 28,30 2.50 -1.0% 1.L9

BACTER1A 57 31 .77 .06 0,40 42.00 k.00 7.ad 56,71

HG



Table 1Q. continued.

Variable Ho. No. Mean atandard #Hinimym Maximum Total Skewness Kurtosis
Missing Dewiation Yalue Value Range

WATER WELL 11

LW TS 73 % 327.9 EY: 3.0 060 275.0 1.4 1.1
05 Fid ] 351.7 5.9 52.0 552.0 .0 1.4 ot
HICH T 79 & 387.3 8.9 730 358.0 s 1.4 1.1
CARBONATE 1] 20 94,7 3.8 Ieh. 6 L. 131.2 1.4 T8
HONCARBONATE it 21 40,6 8.2 0.0 167.8 167 .4 0.2 1.3
MC HARDHESS (i 20 26,1 7.2 0.0 110.8 170.8 2,1 9
CALCILM & 20 109,2 11.3 UL 136.8 B .k =1.5 igso
PERCENT MG oh 2k 9.1 a.7 0.0 38,9 8.9 2.2 4.1
PERCENT CARBOMATE &7 21 86,7 1.1 57.5 100,.0 42.5 -0.8& ~0.3
PERCENT NOMCARE 63 5 14,1 10.9 0.0 42,3 42.5 G.& ~0.2
WATER WELL 12

LW TS* B B 334.9 6.7 2860 495 .0 209.0 2.7 15,3
TOE B B 365.3 9.2 31z.0 S0, 0 228.0 2.7 13,3
HIGH D05 BO ] 395.7 nN.e 338.0 85,0 I57.0 2.7 15,3
TARDONATE 83 19 0.7 1.0 70,5 3931 122.4 1.0 1.9
HINCARBOHATE &8 pit 42,2 324 ¢.0 129.7 129.7 0.4 -0.5
MG HARDNESS B9 19 20,6 16.4 a9.0 195.4 105,48 1.9 8.3
CALCILM &9 [ 16,3 9.2 BG4 1437 37.3 0.2 2.1
PERCENT MG B5 13 6.9 5.6 0.0 2.9 32.9 .0 I
PERCENT CARDOMATE &8 il BG.5 10,4 58.1 104,10 41.9 .5 =05

FERCENT MONCARE 6% 4 T4 4% 101 0.o 41.9 $1.2 By =0.4




Table Ll. Basic statlstics for wator quality paramcters from PUAS water wells 13 and 14 from well series 4,

Warijable Ne . Wa, Mear Srandard Mindnum Max i mur Tekal Skemness Kortosts
Missing bewviation Value Vatua Range

WATER WELL 13

CHLORIDE a1 i 312,55 3I.19 158,10 Wiy, G0 Zak .80 ~fk, 14 1.47
COMDUCTIVITY B0 & T441), 30 192,48 S}, O 18300.90 &60 .00 =47 004
PH Bo B 7.10 0.1 6,5 7.80 1.2% 1. in
TURBIDITY B0 8 0. 30 0.21 0,05 1.00 a.5 1.95 1,34
T BARDHESS a% 14 W0E .35 33.7e 175,40 497, ad 1a7.2d -0.11 -4 04
CA HRRONESS ot 1% LRI 37 01 .8a R0%. 40 207,80 -1.0% 2.66
M ALKALINITY &5 el e, 12 32.29 Ta6,00 333,00 167 .00 =i &l .70
TEMPERATURE 81 7 27.57 .49 26.00 2B.50 2,50 =354 n.3z
BACTERIA 57 31 21.05 13237 a.0u 998,00 S9E 00 P Y: 35,56
WATER WELL 14

CHLOR EDE TG 12 27046 34,97 HIS .40 30k, T 188.30 V.16 2.37
COMDUCTLYETY H 14 1336.55 147,493 1400, 00 1680,490 i, a0 -9.27 =057
FH o 13 1N Q.10 .83 7.80 057 1.41 1.52
TURBIDITY 73 13 0.26 0,30 3.08 2,20 2.14 &, 16 23.689
T HARDMELS (2] 23 393,25 31,64 312.00 475,80 163,80 0,5k 0. 04
Ch HARDNESS 6 13 328.73 35.:0 2,20 B8, 8l 176,861 -1.13 1.14
H ALKALTHITY fl 14 5% . 2% al,wd 125.00 04,00 225,00 -0.66 1.75
TEMPERATLURE i 11 27.TH o, 26.50 8,70 2.4 -0.71 0,492

BACTERIA 53 15 - .77 000 23,00 FLERILE E.9% 49 RS

0y



Table !l. continued.

Variahle Mea. Ho. Hean Standard M1 B mum Maximum Total Skewness Kurtosis
Missing Deviation Walpe Value Range

WATER WELL 13

LOw TDG* LU H iz AR 105,58 817.0 54,0 47%.9 -0.5 -0.0
D% 8o - 864,13 M55 SEs O 1540.0 6.0 0.3 -0.%
HISH T a0 g 936,13 125.1 11,0 1176.0Q S59.0 0.5 -0.0
CARBONATE &3 19 405, ¥ .9 in.e 492,46 159.4 -0 -0.%
HONCARBONATE 48 0 14,1 58.D g.0 1.7 1.7 -b.48 0.6
MG HARDNESS 69 19 62.1 3.8 ¢.0 1.7 PHLT 0.4 1.5
CALCILM a9 1% 1377 14.% BY.% 1681 83.2 -1, 2.7
PERCEMT MG B4 ) 16.2 B.2 0.0 45.4 45.8 1.2 an
PERCEMT CARBOMATE 68 20 £6.1 t3.2 59,7 1.0 9.3 1.1 1.5
FERCENT HCNCARE B3 ) 36.6 ok &0 59.3% 53.% -2 Lo

WATER WELL 14

LOW ToS* i 15 735.1 81.3 35{.0 830.% 130.0 -0.3 -1.4
T Th 14 BU1 .3 8B.7 2. 0 60,0 360.0 -0, -1.40
HIGH TDE i 14 B&d.3 26.1 830.0 1040.0 0.0 -0.3 -1.40
CARBOMATE &5 23 3.2 35.1 £33.38 475.8 182.0 -1 Q.
MIMCARBOMATE a4 P 125.3 a7l 1.0 254.0 258.0 0.5 -0k
MG HARDNESS @5 23 6.5 43.& 0.0 187.3 187.3 Q.49 1.2
CALT UM G 23 131.8 15.7 &3.1 155.8 70.8 =11 1.1
PERCENT MG s? L3 17.7 9.5 2.2 §6.3 iy, 7 1.4 1.8
PERCENT CARBOMATE &4 KL 68 .4 16.3 4.2 O, 0 £5.8 a.g Q.a
PERCENT MOMCARB  SE 3z 35.7 1.9 0.g 65.8 65, B -0.2 1,3

15



Tabkle 12,

Basic statisties for water quaiity parameter- from PUAC water wells 15 and L6 frow well scrics A.

=r.
[x
Variable Ho. b . Mean SLaﬁaard Wi ndmum Mo x i nram Totai SREMNEES Kurtosis
Missing Chewiation Yalue Vatue Range

WATEH WELL 15

CHLORTDE 31 7 147 .30 3BT 103.00 215.60 214, a5l 2.98 11.352
COMDUCT 1% 1T a1 7 975,11 133,96 TR0, 00 1600830 BIh.a0 2.07 7,419
FH A1 7 7.23 .18 6,79 7.85 1.066 .95 Z.B6
TURBIDATY A0 & a,1% 0. 20 1, 0% 1.50 1.46 b, 43 417

T HARDNESS R 19 ¥11,08 29,23 192 .00 457 .00 195,00 1.8 FaR-
CA HARDMESS &l 3} 26B.5] 327 146,20 37190 16374 0.75 3.05

M ALKALINITY ] 0 231.3 79,314 119,400 287.00 168,08 -0.77 1.25
TEMPERATURE a1 7 17.81 0.55 2G.60 36,0 3.60 a0.87 &, 08
BACTERIA a7 1 1.4h 1814 Q.00 137 .00 137,00 7.55 L&, o7
WATER WELL 18

CHLOQR | DE -} 10 778 45.73 TR0 .00 427 .84 227.4G 0.14 -0
CONDUCT LY T ki 11 1372.74 161 . B9 1100.60 1700, 0f &0, 00 =021 -G.37
FH 1N 8 7.33 0.1 5.3 7.90 0.0 1.78 4.81
TURB | DI TY 7B i0 o, %2 d.67 .06 5.10 5.0k E.11 39,57

T HARDMESS ] | 116,57 I5.43 299,60 3f2.20 132 .60 =006 a,%5
Ch HARDMESS 1 12 254,09 23.73 196,00 313.60 117, B0 0.1z 7,35
M ALKALINITY 66 1z 194,75 7.7 117.40 2A3.00 166,00 0.52 7.7
TEMRERATURE 7% ° i7.EH 0.3% 6.80 2900 240 -0,55% 3,64
BACTER 1A 55 33 T.4% 7.08 0,00 38.00 38,00 .04 %, 15




Table 12, continued.

Variable M. Ho. Mear Standard Mifnimum Max i mum Tetal Skewness Kurtosis
Misaing Deviation Yalue Valus fange

WATER WELL 15

Low TD3* a1 T 536.7F 3.7 429,40 BEG.Q 451.0 2.1 7.5
05 a1 7 »85.2 . & L=l M) 950, 0 32,0 2.1 1.5
HIGH TOS &1 T 63%.0 87 S0 .0 1000, 1) 533.0 2.1 1.5
CARBONATE 68 | 0.2 ar. g 250.0 837,10 206.1 1.5 5.5
NOHCARBOMATE 68 20 B8z.2 551 0.0 236.0 236.0 0.7 1.8
ML HARDHESS o8 20 n.7 5,8 0.0 112.5 119.5 a.7 1.3
CALC 1 64 20 107.6 12,5 T34 1521 3.6 0.8 3.0
PERCENT MG 63 5 14,3 6.8 0.o 3. b 16,4 0.7 1.9
PERCENT CARDBOKRATE &8 20 7i.8 12.8 LN 1030.0 Bl 3 =3.1 0.5
PERCENT WOHCARR B3 5 6.2 10,8 g1 B, 3 58.3 .7 .0
WATER WELL 16

LOW TDS* 7 11 75B.% a9, 0 &05.0 Qi5.0 30.0 =0.2 =1.0
DS P 11 B27.4 7.1 eb0. 0 1020.0 380.0 -0.2 =1.0
HIGH TS Fr 11 B36.0 105,2 M3 1195.0 i90.0 =0,2 -1.0
CARBOMATE Bih 2 IR 0.5 2391 3gl.l 153.1 =03 0.0
NONCARBONATE ok 2 15,2 a1 ¢.0 PEL W 238.0 =0.% 0.7
MG HARDMESS Bb i2 571.3 in,2 0.0 166.6 1666 0.2 2.0
CALCILM 17 2 101.8 9.5 TH.E 125.7 471 0.1 0.4
PERCENT MG &1 a7 194 F.3 1.3 416 4.3 0, 2.4
PERCENT CARBONATE &6 iz Gk .0 1h,t 1.1 100.9 L1 1.0 1.4
PERCENT HONCARE &1 7 3%.0 .0 13.6 a6 7 53.1 0.1 0.6

£



Tahle 13. Dasic statistics for water quallty parameters irom SUAL water weiis L7 and 18 from well series A.

Yariahls Nu. M. Mean Standard MinTmum Max imur Tetal Skewness Kurtcsis
Mizsing Deyiatian Value Value Ramge

WATER WELL 17

CHLOR | DE 79 a 244,99 16,03 17040 390 179,60 0.1y -.6
CONDUCT [V TY T3 Es 301,27 1w1.18 1000, G0 1600, O 00, 00 0.07 -.95%
PH i Es 7.3 0.20 6. B4 7.7 q.9¢ 1.24 1.45
TUREIDITY 78 10 .18 Q.09 0.048 .55 B.47 1.95 §.2%
T HARDNESS Gh PiF 39399 28.65 ig1.ed 461,40 153.60 -0, x4 0.&7
CA HARDNEZZ &7 4 330.32 3457 168, al 385, &0 21700 “Z.10 118
M ALKALINITY a7 21 57 .8 33,93 146, Q0 312,00 1%6.00 =1.09 1.40
TEMPERATURE 74 2 7.7k Q.46 26,00 28.480 .80 =084 £.06
BACTERIA 55 33 1.25 5.77 {0 37.00 37.00 5.44% .67
WATER WELL 14

CHLOR | DE T 14 242,81 91,97 BE.50 y02. 20 35,70 -0.%1 -1,043
CONDUCT 1 TY PG 14 1293.99 275,57 7RO, 00 OO0, 00 1144600 8.0% =0.74
PH 75 13 .08 a.28 6,67 B.4a0 1.33 .86 0.51
TuRAIDITY h 1y 0,24 L35 0n.05 1.10 1.46 .47 6.98
T HEROMESS E& 2% 404,72 18,45 199.90 462,50 28l .60 -1.9% 11.38
CA HARDMESS 65 23 367.38 17,52 2¢8.80 451,20 222.40 -1.48 3,22
M ALKALIMITY a5 23 i | 3753 133.400 331.00 19&.00 -1.04 1,82
TEMPERATLURE 7B z ig.av 0.7z FELED 35.56C 4.590 iz B.11

BACTER 14 51 37 1.92 4.23 0.oo 22,00 2.0 4.73 .68

9



Tahle 13, continued.

Variable Ho. HNe. Mean Standard i nimom Maximum Total Skewness Kurtosis
Hissing Dewiation Value Yalue Range

WATER WELL 17

LOW TDS* 78 o 5.7 7.6 20,0 a0, 0 3n.0 0.1 -1.40
TDS g G 780,58 B4, 7 &, 0 0,0 3a0,0 4.1 -1.0
HIGH TDS 79 5 B45.8 41,4 650.0 1040,0 3900 0.1 -1.40
CAREOHATE &7 ral 389.0 9.8 313,86 byt 4 133,48 0.3 0.0
HONCARBONATE &7 21 1241 57,7 0.0 8.7 9.7 -0.1 0.8
M HARDNESS a7 H 58.7 LEC 4.0 196.0 96,0 1.0 £
ChlLCiLH a7 H 1324 13, % 1.6 154,53 av.0 1.1 .2
PERCENT HG 2 20 16,0 B.3 0.0 53.8 3.8 1.9 £.8
PERCENT CARBOMATE &7 H 64,8 13,3 34,5 00,0 85,7 0.k 1.0
FERCEHNT MOMCARR 62 g 3%.8 10,6 5.9 B5.7 60.8 0.5 1.%
WATER wELL 18

Lir ThS* i 14 11,7 157.6 414,49 1065.D 627.0 0.0 -0.8
TOS T tL Erd - 145.% #56.0 1140.0 6i4 .0 Q.0 0.8
HIGH TODS EL 1% ik 1 179,1 L1 1235.0 LD 0.0 -0.8
CARBONATE 65 3 40,5 301 313.6 54,5 188,13 -0.9 Q.
HINCARBOMATE &5 23 124.1 61,5 0,0 81,5 1825 =0,% 0.3
MG HARDHES: 65 23 3.2 3.0 0.a 178.9 178.39 1,9 5,2
CAECIUM 65 23 157.2 15.4 1.7 180 ,8 83,1 -1,% 3.2
PERCENT MG o0 28 8.8 8.2 b0 3.9 4.5 2,0 6.0
PERCENT CARBOMATE 65 23 65.9 144 3.0 100.0 ES8.0 a,s 0,5
FERCENT MOMCARE &0 28 31.6 1.8 n.a 8.0 £5.0 -0.2 1.4

44



Takle l4.

Basic statistles for water quality pavameters [rom fUAG water wells 19

and 20 fropm well series Al

Lo
-
Variable M. Mo, Me an Standarc M1 1 num Maximum Tn:!ta].r SkEenness Kurtosis
Mizsing Neviatian Value Value Range
WATER WELL 19
CHLORCE 77 1 2R3, BY% 31,85 208,34 380,70 172 .40 G.a? 1.16
CONDUCT IV ITY kk 11 1243.3% 122,07 1000, 00 1500.00 500,00 0.9 -0.83
PH 75 13 T 0.1% 6. B4 7.80 1.06 0.64 1.53
TUREIDITY 74 9 0,23 0.35% Q.07 .00 .93 £.95 55,60
T HARDMESS 12 a2 3.8 29.67 &ve, 00 433,20 157, 1.26 .03
CA HARONESS &7 Z 52,91 22.93 185,00 337.490 149,00 .42 769
M ALKALIMITY 67 21 190,41 28.09 131.00 291.00 160.00 .54 1.55
TEMPERATLURE 79 g 27.55 (L 26.00 78.50 2.50 -G, 79 0.35
BACTER| A L& 32 .32 2.7 0.00 17.00 17.00 .44 55.5%
WATER WELL I0
CHLORIDE | 1 95,72 13,685 L 115,10 K020 =017 -1 4%
COMDUCT IWITY rh 1 7976 ab, a2 700,00 1000, G0 IG0.00 1,08 .14
PH K 1 T.uh .30 T.22 B.&0 1.38 3.19 11.28
TURBITHTY 31 H d.36 0.9% .07 4,50 L. b3 LY AT
T HARDHESS N 1 257 .54 8,32 242 .90 IBZ. 2 39.30 0.87 482
CA HARDMESS | 1 230.eD 15,12 199,90 2RE.40 62.5h =a,15 0.4E
M ALKALINITY 1 1 205 .54 14,67 1B1.50 735,40 53.50 =011 -0.56
TEMPERATURE Fa 1 18.05% 0,71 26,80 0,40 3.20 0.9% 1.56
BACTERIA 0 !




Takle 4. continued.

Variahle Mer. Ha, Hean Standard Kinimym Max i mum Tatal Skewness Kurtosis
Missing Reviakion ¥alue Yalue Ranges

WATER WELL 19

LOwW TOge 77 1 BB . 1 67.1 5otk 0 E23.0 215.0 0.3 -0.8
105 77 1 g, 3 73.2 a0, 0 S900.0 00,0 0.3 -0.6
HILH TOS 77 11 03, 5 79,3 6530.0 ¥75.0 115.0 0.3 0.6
CARBOMATE 67 1 L ir.g 188.0 83,2 45,2 6.1 2.3
NONCARBOMATE 67 | .3 55,3 0.0 2492 FLL ) -0.& .1
MG HARDHESS &7 1 44,8 29,6 0.0 152.% 1324 .4 .5
CALT UM 67 1 145,48 9,2 To.4 1151 5%.7 0.4 1.7
FERCENT MG 5% 29 17,1} h.2 .0 ig.2 8.2 .5 Z.8
PERCEMT CARBOMATE &7 g B5.5 15,8 42.5 0.0 ar.5 1.1 0.4
PERCENT HOMCARE 59 ¥all 39.2 9.9 14,0 57.5 AT7.5 =0.6 0.3

WATER WELL 20

LOw TDS* 2 1 428.9 35,3 3a5.0 550.0 165.0 .1 6.1
DS i1 1 h67.% LE §20.0 600.0 180.0 | 5.1
HIGH TDS 21 1 06,8 42,0 455.0 650.0 195.0 .1 E.1
CARBONATE 2 1 57 .8 2.3 242.9 rar.2 39.3 0.9 0.%
HONCARBONATE 2 1 a3 15.0 5.2 85.1 59,9 0.2 -0,
MG HARDNESS 21 i 7.2 14,7 3.8 6.7 62.9 1.1 1.3
CALCIUM ra! 1 a9l .4 6.1 0.1 105.2 251 -3 ¢.5
PERCENT MO H 1 10.5 = 1.5 25.0 3.5 1.0 i,
PERCENT CARBOMATE 21 1 79,4 5.0 68,1 B3.68 21.8 -0,2 =0,2
PERCENT WONWCERE 21 1 2 5.6 1.2 3.5 1.8 0.2 =0,2

]



Table 15, Basic statistics for water quality parameters from PLAG water well 04 from well series A.

Variable No. Mo. Mean Standard MinimuT Man § mui: Total Skewness Murkosis
Misxing Deviatiar value Yalue fange

WATER WELL &4

CHLOR IDE 4 3 71,80 0.81 MLED 22.60 1.B0 1.81 3.5H
CONDUCT IV TY 4 3 RTT,540 51.83 B00. 00 710,00 110,40 =1.95 £ -1
PH i 3 T.24 0.07 7.19 7.35 0.1& 1.70 3.0
TURBIDITY 4 ES G, 4E 0.:0 0.12 1.23 1.07 1.85% 3. 4B
T HARDME:S 4 3 290,12 15.92 271 .60 iph, 8 33,34 -0.2y -3.75%
Ch HARDMESZ I 3 274,90 14 .86 255 .60 254 00 3 4 .62 -GL4E
M ALKALIN|TY 3 L 262,67 13.85% ThHE.00 275,040 27,00 -1.75%

TEMPERATURE & 3 27,63 048 27 .0 ¥8.00 1.00 -0.85 -1.249
BACTERI|A 5 3 1.75 2.36 a.0g 5.00 1.1% 1.19 O, 4

?Y



Table 1%, continued.

Variable Ho. Mo Mean Scandard M n i o M i mum Tatal Skewres s Kurtosis
Missing Deviation Yalue Valuye Range

HWATERE MWELL &4

LOW TERS* 4 3 7.6 8.5 3i0.0 3590.5 0.5 -1.49 .8

DS 4 3 4O&.5 na 1600 4326.0 &&.0 -1.9 1.8

HIGH TBS 4 3 Q.4 33,7 90,0 45t,5 7.5 -1.9 i3

CARBOMATE 4 3 %01 15.9 21,6 304,0 a2 ~1.3 -3.8

HOMCARBOMATE i 4 2547 29.2 ¢.0 56,9 %6.9 1.1

M{ HARDNESS 4 3 15.2 0.1 3.9 45,3 41.4 1.0 3.8

CALCTLM & 3 116.2 6.0 104 .0 117.8 13.8 0.6 ~0.5

PERCENT MG 4 3 5.1 €.5 1.4 1.9 13.5 2.0 i.1

PERCENT CARDOMATE 3 i 91,7 9.5 1.1 100,10 18.7 -1.0

PERCENT NOMWCARB 3 k4 8.1 9.5 0.0 18.% 18,7 1.0

By



Table 16, Basic statistics lor water quality parvamcters from PUASC water wells 21 and 22 from well series T

!

Variable Ma . Mo, Mean Standard Wi i mur Max imun Toxal Skemwncss Kurto:
Micsing D 1 a b an YValee Yaiue Range

[

WAHTEE WFLI 2%

CHLOK 1DE g ET 57 .66 +.23 .10 75,30 55,20 = 9G 3.60
CONDUCT Y4 TY a1 T SHE.Z3 5497 A00.0a ELIEAILE G4d. 0f -1.50 B30
PH g1 i 7.35 .21 a8 i.92 1.07 0.33 0%
TURBIDITY 81 i 0.1% LINEE 0,06 C.al (.54 .15 5.8
T HARDMESS 63 19 23614 20,79 187.2G 312,480 145,60 1.1 6.31
CA HARDNESS B9 19 195.16 1320 159 ED 237,60 F7.80 .53 .18
M ALEALINITY &8 20 181 .64 23,58 133,00 238,00 06,00 -0.08 -0.ER
TEMPERATURE B1 ¥ 26.61 0.55 15,00 28.400 3.00 0.0z 0. Bd
BACTER| & 56 iz 0.1y 1,87 .00 14.00 1400 T3 A5.40
WATER WELL 22

CHLOR IDE an B 60,57 9. 04 35.20 2550 45, 6l 0.60 1.33
CONDUCT 1V TY B0 E 585,00 /5.51 200. 0 760,00 Shi, Q0 =2.73 15.11
PH a0 B .40 .17 7.0¢ 7.1 £.79 o1 Q.08
TURBADITY B0 8 0.22 by ¢.0s 1,400 0.85 2.4 5.99
T HARDHESS 63 20 237,34 I1.4B 11740 232,90 1£5.50 -1.37 13.72
CA HARDNESS 21 20 196,81 13.56 164 B0 in1 .30 6. 70 .1l t.09
M ALKALINITY =¥} it 188.27% .32 114,00 11k.00 13700 0.5 .63
TEMPERATLIRE ad 4 16,62 0.59 25.00 28.m 3,00 0,05 & B

BACTER A 6 a2 0,31 0.80 (U HY 6,00 6,00 - 56.00

0L



Table 16, concinued.

Variable No. Ho. Mean Stangard Mi i mym Haximum Tatal Skennets Kurtosis
Missing Deyviation Yalue Malue Range

wATER WELL 1

Liw ThS&* Ei 7 3:2.4 33.0 165.0 %070 242.0 -1.5 5.3
DS # T 351.7 35.0 160.0 45,0 1640 -1.5 B.3
HifH TDE &1 7 381.7 33.0 195.0 481.40 1860 -1.5 6.3
CARBONATE a9 1% 236.3 0.8 1B7.1 132.8 145.8 1.1 6.3
HOMCARBONATE &8 il 54 .5 .2 ¢.0 120.4% 1209 0.3 -0.7
MC HARDNESS &9 15 1.1 M .0 124.8 1248 u.v? 2.8
CALCILM 69 1% 4.2 5.3 E4.0 5.2 31.2 L.s 2
PERCENT MG &3 19 1£.58 7.8 .0 375 .5 -0.2 0.7
PERCEMT CARBONATE &8 Fall 1.4 12.1 51.8 100.0 48.2 -0.1 -0.7
PERCENT HOWCARE &6 rah) 1.6 12.1 0.0 48.2 4B.2 a.1 =07
wWATER WELE 22

LW TDS# BO B an.z 16.0 110.0 $1E.0 08,0 -1.7 151
D5 an B 1.0 m.3 120.8 436.0 336,10 =27 15.1
HIGH TDE Ba B 380.2 4i.6 1310.0 4o, 0 354 .0 -1.7 15.1
CARBOMATE &4 20 2387 16.1 6.0 2BZ,0 76,9 0.5 0.1
HIMCARBONATE E7 21 50.5 7.2 0.0 17.3 117.3 .3 0.5
MG HARDHESS &8 20 1.9 15.8 D.o 7.6 T.h -0.3 0.%
CALCILH &8 20 8.9 5.4 66,0 96,7 30,7 0.1 1.1
FERCENT MG &b 10 17.3 &.0 0.0 .3 .3 =1.5 ¢, 9
FERCENT CARBOMATE &7 21 9.1 10.8 5.0 1000 L3 ~0.3 -0.2
FPERCENT MOMCARE &7 21 20.9 10.8 L.o 49,0 49,0 0.3 -0.,2

|



Tabla 17,

Basic statistics for water qualitv parvameters from PUAC water wells 23 and 24 from well series [

kurtosis

Variagle M. Mo, Mean Standard M1 ni muir Hasinom Tatal Skenwneus
MHissing Deviation Yalue Walue Range

WATER WELL 23

CHLOR | DE 78 10 17,73 6. 24 2310 655D 454l V.68 6.17
CONDUCT IV I TY 79 4 510,82 56.54 100.00 550,00 140,00 -0, 60 3.76
PH 79 9 7.15 0. 20 5.8 7.90 1,82 .51 0.4
TURE IDITY BY 8 a7 0.2 .05 0.90 0,85 2.97 11.36
T HARDNESS 58 20 295,39 13.87 192,10 261.10 63,00 -0.04 -9.17
A HARDMESS £5 19 196, 40 20.23 119.9 085 134,70 -1.80 6.03
M ALKALINITY 68 0 183,57 22.76 175.00 232,00 367,00 -0.57 -3.19
TEMPERATURE 80 8 26,79 0.65 75.50 30,50 5. 10 1.30 12,16
BACTER A 56 32 1,34 31.92 0.00 20, 06 2000 3.45 V2,27
HWATER WELL 7t

CHLOR \DE RO % 43,54 5.9¢ 331.70 62.30 26, ED 1.52 .04
COMDUCT W I T¥ N 8 516.06 0,03 300,00 700.00 400, 00 1,46 5.12
o BO 8 7.37 0.17 7.00 7.92 0.92 0,35 0.65
TURB LD T¥ 81 7 0.15 0.09 0.05 0.5t 0,646 3,30 5.92
T HARDNESS 67 1 133 .47 16,85 189,90 267 . B0 67.50 0,05 -0.16
4 HARDNESS 70 18 194, 4k 14.55 £37.00 2460 87. 60 -0.63 .45
M ALKALINLTY 60 19 190,73 20,43 129.00 228.00 34,06 -0.64 0.4
TEMPERATURE 81 7 76.69 g.70 25.00 31.00 608 2.9 17.88
HACTFRLA 57 31 0.75 3.12 0.00 21.00 21,00 5,49 33.76




Table 17, concinued.

Variable Ha. Mo, Mean Standarec Minimum Max imum Tatal Skewness Kurtosis
Hizsing Deviation Yalue Value Range

WATER WELL 23

LOW TDS* 3 o 81,9 3.1 16%3.¢ YL 4.0 -0.6 1.8
105 15 ] 6.5 3.9 180.9 YOB.G 28,0 -0.6 3.B
HICH TDS 19 o 32,9 3c.8 185,04 LLFH 2T .0 -0.5 i.B
CARBONATE &9 19 225.1 13,9 192.1 611 49,0 0.0 =0.3
MINCARBONATE 68 20 &1.3 13,5 .0 109.0 109.0 0.3 =0.%
ML HARDHESS G 13 28.7 13.2 9.0 5.4 845.4 1.1 L
CALCILM B9 1% 8.7 7.0 481 1.7 13,6 1.6 6.0
PERCENT MG 1. 20 12.% 6.7 Q.o 4.0 0,0 1.6 2.6
FERCENT LARBOWATE 68 20 B1.8 10,2 5.y 100.0 45,6 -0.3 =0.5
FERCENT NOWCARE 67 21 18.5 10.0 0.0 45.6 b5 6 0.3 e
WATEE WEEL 2%

LOw THS* gd B 283.3 3,0 165.0 385.0 220.0 1.4 5,1
TS ] B 35.6 6.0 185.49 YI0.0 40,0 -1.4 5.1
HIGH ThS B0 B .9 38,0 195.0 455.0 260.0 -1.4 =
CARBOMATE Ta 18 232.10 16,1 18%.2 ev. B B3.6 -0.2 0.3
WONCARBOHATE 4] 12 1.4 24,8 0.0 %11 X a.1 -1.0
MG HARDNWESS 70 18 i7.0 17.7 &.4q 104.0 104, 0 g.4 1.2
CALC LM 70 18 77.9 3.8 5%.9 20.0 5.1 -0.6 2.4
PERCEMT Wi BY £1 16. & B4 2.0 3.2 41,2 0.5 3.8
PERCEMT CARBOMATE &9 19 BZ.5 10,1 E1.5 10,0 385 -0 =1.0
PERCENT MONCARE 6 r2 18.3 2.6 .0 3.5 k1. 0.1 1.0

Ed



Table 1&.

Basic sratistics for water quality parameters from PUAG water wells 23 and 26 from well series o,

Variable Mo . ;= Mear. Standard i nimym Max i Fum Total Skewness Kurposis
Missing Dewvialion Valyg Val ue Range

wWhTER WELL 25

CHLOR 1 DE Ei:] 3 ] 5.481 51,00 9580 4l Bl V.B8 3.77
CONDUCT VI TY 7o 9 575,51 52.31 &g, 00 &A0_OD 2e0.H -1.E1 0.75
EH TE 10 Ll [P 7,05 7.85 0,80 0.1 0.1
TURBIDITY B1 7 *7 0.0a 0,6 0.%5 0,34 1,45 z.32
T HARDNESS a7 21 126,95 15.56 193 .40 266, e 73.00 Q,25 -0.1%
Ca HARDHESS &8 b H 19%.15 13,85 164 .80 216,340 £1.50 -0.45 -0.18
M ALKALINITY &6 FLH 175.41 21.66 124,00 240,00 11&6.00 -0.05 0.6y
TEMPERATURE 81 7 26,57 }.56 2540 26.00 2.60 .84 0.4t
BALTERILA 57 N 8.6 47 .95 000 347,00 347 .00 6.7 46, B2
WhATER WELL 26

CHLOR | DE B0 B 55,30 b.60 29,10 73.30D Ly 20 0.2 0.1
CONDUCTIVITY i 14] & 53725 Sn 43 400, Ok GRBO.O0 280.80 -0.4a7 0.2
FH Bd i T.oul .17 7.3 7.BY 0.ai 0.0 (OREE
TURBLDITY a1 ? 0.9 a,1& 0.05 0.B8% {84 Z.60 7.55
T HARGNESS % bl 214,35 18.00 172.34 254 00 121. M ¥ b, 59
CA HARDNESS ) 13 182.25 11.81 156, B 20800 51.20 0.5 -0.51
M ALEALIH|TY G 20 170,37 33.07 126 (M} 288,00 162.00 1.85 4,54
TIMPERATURE H 7 6.7 0.62 25.40 0.04 4. g0 .01 B.7
BACTER A 57 31 11 0.&67 0,00 5,00 .00 T.16 93.459

7L



Table 18. contioued,

Variahle NG, Ho. Mean Standard M1 nimum Max i mum Tetal Skermess Kurtosis
Hissing Dewiatian Yalue Value Range

WATER WELL 25

LOW TDS¥ 74 S 314.5 8.8 231,0 iTh.0 183,0 0.8 Q.7
105 79 9 5.3 31.4 52,0 &%08.0 156.0 -3.8 ¢.7
HICH TDS 79 9 YL | 3.0 273,0 Whi.0 16%.0 -0.8 0.7
CARBOMATE 1] 0 228.5 15.7 193, 6 ing. 6 73.0 0.3 -0.2
HOMNCARBOMATE -1 20 9.9 26.3 0.0 106.1 106,17 2.0 -0.&
MG HARDNESS 1 Far) 2.4 a4 0,4 ek, 2 B2 =0.1 0.3
CALCILM .): 20 1.8 4.5 a6, 1 8e.7 0,5 -0.8 -0.2
PERCENT MG &6 22 .5 5.3 ¢, 0 5.9 25,9 -0.2 0.3
PERCENT CARBOMATE &4 el 78.3 11.0 56,9 100.0 43 .1 Q.0 =0.5
PERCENT HOMCARB &4 22 i2.% 10,4 1.7 4.1 31,4 0.1 =4.,5
WATER WELL 26

LW TOS* a8 8 295.5 9.9 1:0.0 EXLON 154,90 -0 L)
TDS a0 8 12,% ITT 2L0.0 408,0 168.4 0.1 0.4
HICH TOS &l 2 49,2 3.0 260.0 442,0 1820 ~.1 0.h
CARBONATE 6% 1% FAL S 14,0 172.3% 2%:.0 11,7 1.2 4.5
NOMUARBOMATE 2t} 0 L. 2 2.4 .0 125.7 125.7 0.4 0.6
MG HARDMESS 69 19 31.8 15.3 0.4 111.6 111.6& 1.9 10.0
CALC M 23] 19 71.0 4.7 G2.8 B3.4 20,5 0.1 -5
FERCEHT MG =1 0 1.8 5.5 3.3 g0 3 0.5 3.7
PERCENT CARBOMATE &R mn 73.7 14,2 57.2 100.0 2.8 0.1 '
PERCEHT HCMCARE &7 3 .6 10,0 0.4 5.8 HZ.B “0.1 -0.7

c!



Table 19, DBasic statistics fur water gquality parameters from PUAG water wells 27 and 28 from well series L.

Wariable e Na, Mear Srandard Min i muie Maxtmum Takal Lkeaness Kurtosis
Mizsing Deviation Value YaTue Rarge

wATER WELL 27

CHLOR | BE 75 s 5%.13 5,60 31.140 g31.00 5.3 G, au 1.81
CONCHICT [ T 78 9 513.86 41,93 GO0, O a80.00 28000 o, 41 .86
PH Ba a T.45 0.7 70 &,00 0.%0 O, 4% 0.57
TURB I TY g1 7 0,22 0.16 .05 Q.57 0.92 L 6. 18
T HARDHESS &H X3 M5 16.54 172,30 Iv2.20 93, ) 1.14% R
CA HARCMESS 6% 1% 176,62 13.05 131,00 205.80 T4 BO -0. B4 1.24
M ALKALINLITY &8 20 160,97 20,70 112,00 I 00 112,06 .19 1.03
TEMFERATURE 81 7 26,77 0.45 25,40 28.00 2.60 2.3 1.30
BACTERA 57 3 0.32 1.35 a,0a 9.00 9,00 .42 .
WATER WELL 28

CHLORIDE B0 8 186 .01 19,88 103.70 2th.50 17080 a,95 4.3
CONDUCT IVITY 70 £l 819.30 115,25 350.00 1120,00 130.00 -0.19 1.43
PH B0 9 7.50 .16 7.03 &.00 087 -0, 04 1.35
TURE D TY B B 0.20 1 L 0,07 1.00 0.83 3.3 T4 54
T HARDHESS 3] 26 228,035 16.17 176,40 256,80 BO. &0 -0.04 06.03
CA HARDMESS 63 1% 18114 1.7t 159,10 210,00 5. 96 0.27 =030
H ALKALINITY 68 al) 148.99 19,460 103.430 221,00 120,04 Q.31 1.96
TEMPFERATURE Y| 7 2660 Q.51 25.00 28, 00 .00 0.0 1.35

BACTERLA 57 1 0.33 2.08 0.00 15,00 i3.00 T 53.99




Table 19, continued,

Yariablw Ha, R, Mean Standard M7 mum Maw {mun Tatal Skewness Kurtasis
Missing Deviation Value Yalue Rangs

WATER wELL 1T

LW TOrSw 74 ] 82.6 231 .0 e, 0 154.0 {NC) .7
105 ¥ ] 08,3 5.2 24,0 404, 0 168.0 0.4 .7
HIGH TDS L) 3 3340 7.3 260.0 44,0 182.0 (L) .7
CARBONATE B3 L 202.8 16.7 1r1.3 272.2 93.9 1.2 3.3
HOHCARBONATE il i ¥1.7 1.0 0.0 871.1 Br.2 -1 -0.E
HG HARDNESS 7] 13 25,4 17,5 o.0 100.0 1060 1.9 5.4
CALCILM &3 19 0.8 3.2 52.5 B2.5 30,0 =6 1.2
PERCEHT MG L] 20 12.6 7.5 L. 43.3 83.3 1.5 4.1
PERCEHNT CARBOMATE EE 15 9.7 0.5 57.3 100.0 L 0.1 -0.7
PERCENT HOMCARE &7 1 .6 10.0 0.g 1.7 2.7 -0.1 -0.7
WATER WELL 18

LOW TS 79 9 450, 6 68,9 2145 EiE.0 40T .5 =0.3 1.6
Tos i3 9 491 .6 15,2 23..0 67i.0 438.0 -0.3 1.4
HIGH TD3 79 9 532.% 81,4 25%.5 FeB.D L TL - -0.3 1.4
CARBONATE ] 13 1201 16,3 175,14 256.8 BO.4 -0 a.1
HINCARBONATE 3] Fal) FAHN .9 0.4 131.5 121.5 -0.3 1.0
MG HARDNESS €3 13 5.0 10,4 0.9 Bb. & EE.E 0.6 0.8
CALC UM ] 13 Ti.6 4.7 ai.8 a2 U. % 0.3 =0.3
FERCEHT MG &5 20 17.7 3.5 0.4 27.9 7.3 -0.8 1.0
FERCENT CARBOMATE &8 0 6h.3 10.2 thh 4 100, 4 31.8 0.6 1.6
FERUCEHT HOKMLCARE BT 1 312 5.5 ¢.0 316 =X -0.3 1.2

L



Table 20,

Basic statistics {Tor water quality pavameters from PUASG water wells 29 and 30 from well series T

oo
VYariable Ma. Ha . Mear Standard Mi nimum Maxkmur Takal Skeaness Kurtosis
Missing Dewiation Value Yalue Hange

WATEH WELL 29

CHLORI1DE 77 11 11994 23,23 .30 0980 122.50 1.E3 5,25
COHDUCTIVITY 77 | EEER-. G513 350,00 00, 0D 510, Of =1, 43 .69
FH 7T ¥ a2 a.16 7.05 7.82 .94 a,14 0.19
TURBIDITY 7B 10 0.23 .31 d.06 .80 2.74% 7,43 B1.39
T HARDNESS a5 23 FOX Y 23,058 187,740 299 .30 111.60 =007 =0.00
CA HAREMMESS Ba 22 191,85 13,81 TE4 .30 272680 £2,00 .37 -0.45
M BLKRLINITY &6 22 178,67 I5.5%6 120,00 I57.00 137,00 b.37 1.3%
TEMPERATURE 78 14 26, 6% n.53 25.00 2a8.00 1,00 .05 T
BACTER | & S L 1.41 6.1 060 §Z.00 42, 00 5.9 38,33
WATER WELL 30

CHLOR I DE 79 ] %9,77 &.51 26.30 67 .50 41,20 1.77 B, 73
CONDUCT IVITY 79 9 49324 .15 300,00 ELD_ 00 &), 00 2.05 11.09
PE B 8 Fouy LN 7.0 7.9 0.81 .18 n.1z
TURRIONTY B1 7 0.1%9 0.26 G.05 1.80 1.75 &, 80 i BT
T HARDHESS (] 20 208, 04 LIE R 180, 00 BS540 B5.80 1.19 1.70
A HARDHESS 3 19 182.18 1.6 1£3.60 234 e &1.60 0.77 1.6%
M ALKALINITY &8 Pk 165.53 1.1 118,00 230.00 111,00 Q.34 0,4k
TEMFERATLIRE a1 7 2669 0,50 25,00 2H.00 3.00 -0.07 1.85
ERCTERTA 57 11 0.0% (.19 a,od 1.00 1.00 314 25,85




Table Z0. continued.

Yariable Wer. Mo Mzan Standard M1 nd mum Hazimum Tatai Skewness Kurtosis
Mizsing Deviation Yalue Yalue Range

WATER WELL 29

LW TDS*: T 11 L03.7 5Z2.9 21k 5 495.0Q 280.5 =1.4 2.7
DS iT 11 L4, 4 57.7 234.0 540.0 6.0 =1.4 2.7
HIGH TDS T 11 577 .1 62.5 53.5 2850 Nk =1.4 .7
CAREONATE BE &2 5,y 2.3 187.7 T99.3 111.6 0.1 -0.2
HOMCARBOMATE BE 22 ab .1 52,0 G.0 150. % 150 & a.1 -0.%
MC HARDMESS & 22 51.5 3.4 0,0 122.6 17%.6 1.1 1.5
CALCIUM 18 22 76.9 3.5 65,1 90.3 KL a.4 -0.%
PERCENT MG &5 23 20.% 7.9 0,40 81.0 &1.0 ~.6 1.7
PERCENT CARBONATE && 22 0.2 1.8 45,8 1000 Sk, 2 0.7 -0.68
PERCENT MOHCARB &5 23 26.2 11,4 0.0 Sk, 2 4.2 -0.3 ~1.6
WATER WELL 30

LOW TO5* 79 -] 7.3 19.2 185.0 62,0 297 .0 2.1 1.1
105 79 i) 2196.0 42,7 180G, 0 S04 0 4.0 I 1.1
HIGH T0% 79 3 310.6 48,3 155,40 SkE .0 ELRIR 2.1 11.1
CARBOMATE 1] 19 208.3 17.4 180,40 TES.G BS. & 1.1 1.6
HORCARBONATE &8 0 4724 .8 0,8 103.4 1036 a,1 -0,7
MG HARDMESS B9 19 6.1 14.5 0,4 BA.5 64.5% a.? 0.3
CALCIUM (24 15 71.0 4.5 65,3 90.0 L 0.6 1.5
FERCEMT MG (11 20 12.4 5.7 0,0 25.8 5.6 .1 0.0
PERCENT LARBIMETE &8 20 BO.D 11.1 61.0 106.0 19.0 0.2 -1.0
PERCENT MOMCARB &7 21 0.3 10.9 0.0 19.0 39,0 -¢.2 -i.0

6L



Table 21, Basic statistics Yor water quality parameters from PUAC water wells 31 and 32 from well series D.

Yariable Ha. Nc. Mean Standard Miniman Mesx i inu Tata” Shewness LATLR ST
Missuing Pewiatian Yaiue Yalue Rarge

WATER WELL 31

CHLOR | DE 79 2 T3 16.12 33,00 93.30 &0, 30 =1.09 0.27
COMOUCT IV TY 10 =l 559.6% TB.63 500,04 800,00 0.0 -0.55 .28
PH 19 E T.41 b8 7.03% 7.00 .87 0,87 a.m
TURB 1D T B0 g G, 19 .19 b0 1,50 1.34 4,30 22.63
T HARDWESS &y 2% 235,69 15.27 192.10 ZE1.B0 649,70 0.13 -0.5G
4 HARDMES S al 21 197,05 1k.01 t63.G0 239,40 76,44 0.6% 1.45
M ALKALINITY a7 21 175,99 2. B4 119.00 284 03 125,08 Q0,08 0.85
TEMPERATURE a0 B 2g.61 a,52 15,40 800 2,60 a.73 0.56
BACTERIA 56 iz 0, 00 0.0 0.00 000 ¢.00

WATER WELL 32

CHILGR | DE 7E 10 20.22 &, 65 12,00 36,00 24 .00 .78 14,14
CONDUCT!VITY FiL: 1 377.495 LT.0G7 F20.90 474, 00 250.00 -0.e1 2,486
PH x| 1¢ 7.4B .16 7.06 7.896 [ -0, Dk .55
TURBIGISY 4 E a.15 Q.0a 0,65 G.42 0.17 1.74% 3.7
T HARDMESS (14 22 183.06 25.E0 152, B0 186,80 134 .00 2,204 5,64
LA HARONESS 67 21 162 .45 13.79 121 .50 220.50 39,00 qa,9% .09
M oALKALINITY &t 22 14t 56 19.17 102,00 16200 116,40 &.65 2.1
TEMPERATURE an a 26,65 .51 35.06 28,00 3.0 (02 1.66

BACTERIA 55 33 .25 G.po &0 4 B0 L ) 3,67 1£.25

0y



Tabhle 21. continued.

Yariable No, Ha. Hean Standard Mi i mum Maximum Total ikewness Kurtesis
Missing Deviatian Value Yalue Fange

WATER WELL 31

LW TOS* 70 & 3249,8 43.2 220,0 40,0 20,0 =0,5 0.3
™S s & 3%9,B 47.2 00,0 450, 0 20,0 -0,5 0.3
HiCH TOS sl & 3I6%,.8 51.1 26,0 520.0 60,0 -0,5 0.3
CARBOMATE &7 2 225.% 15.4 1592.1 ZE1.B B9.7 .1 -0.5
MONCARBONATE &7 21 892 1.6 0.0 111.9 111.5% 0.0 0.2
M HARDHESS &7 21 334 15.% 0.0 Th.4 s a,2 0,8
CALCILM &7 2 7.0 5.2 65,3 %6.,0 30,6 .6 i.9
PERCENT MG 19 s 14,8 G,2 0.0 29,8 29,6 -0,1 0.8
PERCENT CARBOMWATE &7 H 78,3 3.7 S5k 1 40,0 45,9 .0 a,1
PERCEHT HOWCARE g6 i 22,0 ) 0.0 85,9 45,9 &,0 0.1

WATER WELL 32

LW TS 78 to v, 9 3.1 121.40 58.5 137.5 -8 2.5
s 78 10 16,8 25,2 132,0 82.0 i50.0 -0.8 2.5
HIGH TDS 78 10 45,7 7.3 143,40 igs,5 162,5 -G8 2.5
CARBOHATE 57 1 183,2 25,6 15,8 IB6.B 134.0 2,3 LB
WO ARBOMATE (153 &2 352 31,0 o,0 145.4 185, 4 1.4 2.3
MG HARDMWESS L3y 21 20,7 25,7 o, 152,59 152.9 3.5 14.5
CALC UM a7 3 65,1 5.5 45,7 BE. & 3%,7 1.0 5.8
PERCENT MG o5 22 T % 9.6 DL L 55.7 2,5 %.0
FERCENT LARRBOMATE &6 22 75,9 13.% L7.0 104.0 a3,0 =04 -3
PERCENT MOMCARE 65 35 0k 14,3 0,0 53,0 53.0 LA =0.3

18



Takle 27. Hasie statistics far water qualitv rarameters from PUAC water wells 35 and 34 from well series L.

e -

Variabie Ha, M. Mean Standard M r 1 mir Haximym Tatal Skewrens Furtosis
MEsaing veviation Value Value Hange

WATER WFLL 3%

CHLDR 1 DE ?Bh o 1519 &q,64 110.040 394940 18500 (LAY -1.05
CONDUCT 3 T 75 il M6 BT 3d2,:% 500. 00 18q0 L0 1360,00 r.8c -0.5%
FH 77 11 7.51 G.16 7.06 B.h 1.00 -0.a1 1.5%
TURBIDITY 79 9 a.28 0.z9 .46 X .14 A0 23,52
T HARDMESS Gk s 135,83 16.25 184 .20 129,60 145,40 0,37 =0,67
Ca HARDWESE &7 N 187 .78 22.18 125,40 274,30 152.90 0.7 3,67
M ALKAL INITY (17 22 145,97 19.33 107 .00 2500 1160 t.05 3,65
TEMFCRATURE T4 4 25,85 0.4% 25,50 28.00 2.60 0,67 0.%3
BACTER A 55 il D00 0.0q 0,00 .00 4.00

WETER WELL 24

CHLORE 74 4 36.6% £ .66 21.80 57.00 33,20 .67 1.15
CONDUCT [V TY 74 ) S42.90 BT b 3E0,40 850, 0% 450,00 Z.18 G, &40
PH 78 10 7.36 Q.20 a, 94 L1 3.32 1.12 hoZ0
TURBID|TY a8 ] 018 .19 a.05 1.00 £.95 .15 10.41
T HARDNESS a7 H 3.7 16,70 0%, B( 273 .50 F0.0 .62 -0.27
A HARDHESS &E 20 211,23 17.08 T, I 182.10 115.20 -0.76 .94
M OALKALIMLTY &7 21 185.14 PV 133,00 Xie.00 95 B0 -0,37 -0.04
TEMPERATURE 9 4 26.92 0,452 25.00 280G 1.00 =0.63 2.36

BACTERIA 57 £ G.83 247 0,20 41,00 q1.00 r.29 AL 17

8



Tabkle 22, continued.

Yariabhle Mo No. Mean Standard Mindmym Max imum Tokal Zhewness Kurtosis
Mizsing Deviation Yalue Value Range

WATER WELL 33

LiW TO5= 78 10 531.7 166.2 2750 9.0 7150 0.9 -0.3
105 T8 10 580, 0 1681.3 00.¢ 1080.0 fa6.Q 0.9 =0, 3
HICH TDS T8 10 Glf,3 196.5 5.0 117¢.0 Bah. O 0.9 =0.%
CARBONATE 67 21 136,3 36.2 184.2 i:9.8 45, 4 0.6 0.7
HONCARBONATE 6 21 88,4 46,3 0.4 13168 191.6 0.3 -0.7F
MG HARDHELS 67 21 48,5 9.9 0.0 132.7 Yiz.T 0.4 =05
CALCELM &7 e 753.3 8.9 50,3 111.5 1.3 0.8 1.7
PERCENT MG BbE 22 1%.9 4.8 ] 40,3 403 -0.3 -0.5
PERCENT CARBONATE && 21 BY.2 T4 4 9.0 JRLVAL &1.0 0.3 -0.0
PERCENT MOMCARE 65 3 ib. & 138 .0 61,0 B1.0 -0.2 -0

WATER WELL 34

LOwW TOS* 79 a 298.6 Ta 198.0 4875 269.5 2.2 9.4
105 9 a 5.7 405 216.10 0.0 204,04 2.2 9.4
HIGH TDS 19 9 ani.d +3.8 3.0 L 1a.5 7.2 9.0
CARBONATE 68 20 233.9 16.9 02,4 73.5 0.1 0.6 0.3
HOIMCARBORATE &7 21 4B 25.8 0.0 95,8 95.9 -0.1 -0.9
MG HARDNESS a8 20 2.7 160 0.9 L3 L3 .3 1.2
CALC 1M 68 0 .7 6.8 58.9 0. 6,2 =i, 8 2.9
PERCENT MG 67 a1 9.7 6.3 0.0 3.6 1.6 ¢.9 1.4
PERCEMT CARBOMRTE &7 21 B0.4 1.4 60,3 100.0 w7 0.2 -8
PERCENT MOMCARB  6E 22 19.9 10.72 0.0 39.7 w7 -0.2 -0.7

Ty



Tahle 23.

Basic statistiecs far water quzlity pavameters from PUAC water wells 35 and 65 from well series D.

[wa)
e
Variable Hi. N, Mean Standarc Minimgn Maxtmum Total Gkewness Kartosis
Mizsing Beviation Valuea Value mange
WATER WELL 35
CHLORIDE 75 10 T8.67 18.51 14,40 139,20 126,50 .34 .80
CONDLICT LW TY 78 10 BEL. 45 £1.67 450,00 800,00 350,00 -0, 3% .02
PH 77 11 7,34 0.18 7.05% L) a.79 Q.16 .47
TURBIEDITY Fi) 3 1% 0.10 0n.05 0.66 C, 60 1 12,16
T HARGNESS 6B 22 46,65 19.00 195,70 28250 83,80 -J.0:z -0.50
Ch HARDWESS &7 21 208,57 13.93 160, 00 24360 #3.00 -3.35 1.64
H ALKALINITY =4 22 193 B0 22.%8 132.00 236.00 104,00 -0,57 0.3
TEMPERATURE T - 25, 6E 0.50 25,00 2&.00 3.00 -0,a% LBk
BACTER 1A 55 14 G 0G 000 .00 a,0d .00
WATER MWELL &5
CHLOR IBE 63 25 B5, %8 19.7% 2740 105,60 T8.20 -0,312 -0.63
COMDHICTIWLTY 3 5 a1g.73 103 68 40,00 TEO, 00 §i30, 00 -0, 71 ~ Tk
P 62 6 7.3 0,23 0.06 .90 TG54 1.65 7.51
TURBID| 1Y 51 a7 0.1 &,17 0.0 4.30 0. 4n .66 7.51
T HARDMESE %1 %7 1.5 37.36 184, 20 363.70 143,530 L a.74
LA HARDMNESS 39 L3 125 .42 18,08 16k G0 2e6.20 31,60 -1.8 3.bE
H ALRALIMITY 34 S(l 3.0e 23,92 135,00 256,00 117,00 -0,08 3,58
TEMPERATURE 1 ar 2661 .38 75400 25.00 Z.60 0,24 3.8
BaCTER | A 47 41 .09 Q.35 .o 2.00 .00 4 49 21.04




Takle 23.

cont inued.

Variable NCo, Mo, Mean Ytandard Mindmum Mg = i mym Total Sk epnes s Kurtosis
Mizsing Meviagtion Value Value Range

WATER WELL 3%

LW TOo* 7B 10 AeD.5 3.5 47,5 440,0 192.5 -0,3 1.4
0% 78 10 133.3 37.6 2.0 4E0.0 210.0 -a,3 1.0
HIGH TDS 7B 0 426.0 0.7 292.5 5io.n 227.5 -0,2 1.4
CARBONATE &7 Z1 24E.G 18,5 207 .8 82,5 Th, T 0.1 -3.4
HOMCARBONATE &6 22 52,3 29,8 0.0 109,32 10%.5 0.1 -1.0
MG HARDMESS &7 21 38.3 17.6 L.0 68.5 8.5 -0.5 -2
CALC UM &7 21 83,5 .6 &1 57 .4 3.3 -0.3 1.6
PERCENT MG 13 22 15.5 6.k 0.0 2.3 7.3 -g.7 oh
FPERCEHT CARBOMATE &6 2 79,3 11,3 a8.9 0G0 41,1 -¢.0 -0
PERCEMT MOMCARE  BS 23 A | 11.1 Q.o 5351 42.3 .0 -t.4
WATER WELL BS

Lo TRS* =X 23 135.9 7.0 165.0 424.0 26%.0 0.7 0.1
DS 63 5 156.5 BZ.2 180.0 468.0 288.0 LI -t 1
HiGH TDS 63 FE] 397.0 E7.4% 195.0 507.0 3Ni.0 =0.7 -, 1
CARBONATE ig 59 T57.3 9.2 164.6 3637 192 -0 &7
NONCARBONATE 38 50 51.E h.g Q.o 147.7 147.7 0.5 4.8
MG HARLDHESS ig 59 .9 1.1 Q.0 1330 133.0 2.7 13.8
CALCIUM 39 43 90,3 T.z 6.0 98.7 .7 1.9 3.9
FERCENT MG w 51 11.5 5.8 0.0 6.6 iz.6 1.7 7.g
PERCENT CARBOWATE 38 50 0.3 10.6 39,4 100.0 4.6 0.2 0.6
FERCENT NONCARE  1& 52 20,8 g.7 1.0 4, & 9.0 -G, -0.5

cB



Table 24. Dasic statistics for water quality parameters [rom PUAC water wells A6 and &7 from well serjes D.

Yarijahle Ha. Wo . Mean Srandarc Minimrur Mar i mum Tutal Skewness Kurtasis
Missing Deviatian Value Value fange

WATER WELL A&

CHLOR DD 45 & 45,30 15.51 15.50 FH.40 63,50 &.04 -0.33
COMOUCT IV I TY 4 & 1 L £9.3% WA, D .o 97.90 =3, 75 .36
PH 45 7 T.13 C.t? .90 762 0.7 0,59 -0.14
TURBIOITY b5 o .16 0.6 L.06 0.3% 0.2 n.549 -0l
T HARDMESS 35 17 259.81 13.28 229.00 290, 40 B1.44d 0.0& e
A HARDKESS i5 17 23,02 1497 179,901 250, 7G F3.30 =1,594 5.36
M ALKALINLTY 34 18 213.32 28.17 102,00 25900 137,00 =1.64 a. 45
TEMPERATURE LE B 26.69 G.3p 26.00 ZB.00 2,00 b.33 .73
BACTERIA h3 7 0.09 0.60 a.04 &, 00 4,00 B.71 45, 00
WATER WELL &7

CHLOREDE a2 3 6/ 5B 9.498 57.00 36,00 ELE Y 1.62 1.78
COMDRCEIVITY 31 3 831,25 54.57 40Qq., 0 pL ALY AN, G0 =2.00 a.89
FH EY: 3 FRL- H.13 6.96 7,45 084 0,22 -0. 58
TURBIDITY 3 3 Q.17 0.0 G.07 0,44 0.37 1.20 AL F
T HARDOMESS 21 14 757,73 .04 218.40 I7e.50 55.10 =1.00 1.35
CA HARDMESS b 14 2r7. 8 11,54 195,50 250,90 55, 4 =0.58 1.10
M ALKALIHITY pall 15 209,70 2377 176.00 270,00 S h 0.74 0.45
TEMPERATLIHE L) 3 26,12 .24 26.30 ar.an 0,70 =0.18 -1.51

BACTER A iz 3 1.18 5.7 0.0 2,00 32.00 3,46 30.3%

Uy



Table 24, continued,

Variable Na. Ho, Mearn Standard Minimoym Maximum Tatal Skawness Kurtozis
Mizsing Deviation Valye Value Range

WATER WELL &6

LOW TOS* 46 ] 120.9 12,7 TEh. 4 365.0 16d.6 =07 L
TDS hé L B0 5.6 4.8 Y2g.0 175.2 -7 ¢4
HITH TS 4G ] Ll 6.6 165.2 +55.0 1898 =0, ¥ 0.4
CARBONATE i i? 159.8 13.3 228.0 230.% a1.4% .1 -0
HONCARBONATE I 1B 5.9 29.1 B.0 1531,7 131.7 1.2 3.8
ME HARDMESS ik 17 21.4 17.3 0.0 B1.2 g1.2 2,0 b
CALC | L) 17 93.4 6.0 72 103.9 i.8 -1.9 6.0
FERCENT H{ iz 1% B.2 6.5 0.0 311 EY I 2,0 4,9
PERCENT CRRAUKATE 34 18 82.1 1.1 40.2 100.0 2%,B 1.4 2.1
FPERCEWT NOMCARE 34 18 17.9 11.1 0.0 9.8 22,6 1.4 5.1

WATER WELL &7

LW TDE* H] 3 ER Y 1.2 120.9 365.0 165.0 -1.0 &,3
TS iz i irs.? 5.1 2400 Y00 184.0 2.0 6.9
HIGH TOD3 iz 3 810.3 B 260.9 455.0 135.0 =2,0 &,8
CARBDMATE h 14 7.6 13.4 322.5 E76.5 4.0 0.9 0.8
HOMCARBONATE | 15 45,0 5.9 Ak 86,1 1.7 -1 -1.2
MG HARDNESS fa | 14 .Y 6.7 0.4 4.9 k.0 0.5 1.8
CALCIUM 1 14 A 5.0 8.4 100.8 2i.2 -0.6 1.1
PERCENT HC | 14 il,& a,2 0.0 7.7 7.7 0.4 1.8
PERCENT CARBOMATE 20 15 a1,: 5.6 er.a 8.4 3.2 0.2 -1.2
PERCENT wOMCARB 24 15 18.5 4.% 1.6 3L.2 1.2 -0.2 1.2

[8



Tahle 73. Basle statistics for water gnalicy partameters from PUAC water wells 30 and 27 from well serlas M,

Variablc Mo, Mg, Mean Staadard Mirinur EERETTIN Tatal Skewnes= hurtosnis
Misging Deviation Ve ue Yalue Earge

WATER WELL 3&

CHLOR | DE T8 10 56,94 13,46 103, 5 E3B.V0 135.20 d.82 0.75
CORDUCT RV TY 74 1a BES. S 1i%.65 260, 00 120000 £ D0 [+, ae .55
FH 7a 1 7.49 0,21 9.3 £.10 T.14 -0.4% 0.5%
TURBID| TY BC ] 1% 0.19 0,65 1.09 104 3.53 12.84%
T HARQWESS 1 22 252.63 21.%0 196,400 328.00 137,08 0.21 1.55
CA HARDNELS &Y | 172.83 21,73 tel.70 2370 95, 4 1.20 0,99
M ALKALINIFY &y 21 180.1y 26,41 104,50 242 .H 137,50 -0.22 D.E
TEMPERATURE 9 e 26.91 G 45 1600 2,40 2.00 057 .51
BACTERIA 57 3 0. 50 1.4 3. 0f g, 00 2.4d0 3.89 16.240

WATCE WELL 37

CHLOR I DE [E] ] 67,95 11.M 31.80 7. 40 55.60 -0.88 (.56
CONDUCT [V I T TE 0 616,26 a5 0% R0 DO S0G. 05 &L, 0D a.75 L. 7B
PH 7B 1% 7.53 0.18 T.oa B.z20 1.1 0,4 1.70
TURBIDATY 75 10 0,25 .27 .06 1.30 1.2w 3.7 1.7
T HARDMWESS &7 z1 228,14 LN T8y 285,10 140,490 0.43 .14
Ch HARDMESS 67 21 165.07 16,12 TE5.4 220,30 .0 065 LI
M GLKALINITY B& ¥ 17705 22.%1 134,00 216,40 ¥.00 =0.3 =0.45
TEMPERATURE 7 1% 16,90 Ohs L] 25.20 .27 0,63 116

BACTER| A 56 32 D45 1.6¢ 0,o0 &.00 8.00 4.10 TE.74

a8



Table 25, continued,

Yariabla Mo Nao. Hean Standard Mirfimum Masimym Tetal Skenness Kurkbosis
Mizaing Dewiation Value Value Ranqa

WATER WELL 36

LOwW TD5= B 1a 487 .2 b5, 8 ifs.0 G60, 0 35,0 0.1 0.5
0% TE 10 3.5 71.8 36,0 Ti0.0 gn .0 0.1 0.5
HIGH TES 7B 10 IT5.B 77.8 Ig4.0 FE0.0 416.0 D1 0.5
CARBONATE -1l n 2448.7 .8 157.1 818 126.7 1.5 £
HOKCARBOMATE a7 n 0.7 341 0.0 168.9 14,9 -0.1 0.1
HC HARDINESS &7 21 ¥3.9 0.5 0. 121.5 121.5 -1.0 0.4
CALC UM &7 21 69.3 8.7 568 950 4.2 1.2 1.0
PERCENT MG a5 23 in.8 3.6 2.0 431 LY -1.3 1.1
PERCENT CARBOMATE 67 21 7.4 12.6 By W0 1.9 0.3 0.0
PERCENT MOMLARE &5 23 ZB.4 1.8 0.0 Bl.9 B1.59 ~0.2 0.1
WATER WELL 37

LW TDS* L 10 115.0 W3.8 42,0 405,40 53,0 0.8 4,8
s B 14 1g0.8 391 680 an0, 0 76,0 0.8 4.8
HIGH TOS 8 0 400 .6 1.1 286.0 585,0 99,0 0.8 4.8
CAFBOKATE 1Y ry | 228.2 0.2 18,2 2B5.1 100,93 0.4 0.2
MONCARBONATE &b 22 51.3 29.1 0.0 11%,.2 11%,2 0.1 =0.9
MG HARDHESS &7 e | B3.1 1.2 11.8 11,3 99,5 -0.3 0.2
CALCIUM 67 21 B6.2 6.5 50,3 E8.3 35,0 a.7 1.8
PERCEMT MG T4 1 2v.3 7.0 5.6 40, 8 35,2 0.9 0.7
PERCENT CARBOMATE &6 22 8.0 11.6 ar.2 100.0 42,8 ¢.0 =1.0
PERCENT MONCAEE &6 12 1.0 11.6 DG 42,8 42,6 =0.0 =1.0

64



Iable 26. Basic statistics for water quality parzmeters from PUAL water wells 3 and 39 irom well serles M.

Variable ha. Wa. Hean Ltandard Hinimum Max jmur Tetal Laawnens Kurtosis
Missing Lewiaticn Yalue Value Range

WATER WELL 34

CHLOR 1DE 80 B 72.86 P 16.10 13 .40 17.70 .47 0.3
CONDUET |V I TY BO 8 453,23 49. 24 334, 00 680,60 350,40 1.35 5.16
PH BU 5 7.4 0.20 7.63 5,20 1.7 0.55 2.0%
TURHIDITY 79 g RE; 0.18 0.¢c5 1,50 o 5. 68 8. 60
T HARDNESS 68 20 215 .41 19,26 183.00 276,50 53,50 t14 1.60
CA HARDNESS BB 0 16B.35 {5.51 117.60 207,40 8930 0.0k 1.0
M OALKALINTTY 67 21 175,58 2456 112.00 126,00 11%.00 .54 0.28
TEMPERATURE 79 g 26, BC D.43 26.00 28, 00 2,80 0.48 0.93
BACTERTA 57 34 17,67 132,57 0.00 a58.00 998,00 7.55 56.59
WATER WELL 39

CHLGR | DE B B 0,53 T 11.90 37.16 75,20 0,64 ¥, 98
CONDUCT 144 TY &0 B san.Go 145 350,40 540, 0F 196,00 -0.18 -5.97
PH 80 B 7.51 8.16 7.15 7.9 5.76 0.04 -0, 04
TURBID I TY 79 g 0.17 D42 .05 0.5% 0.50 1.82 582
T HARDMESS 68 70 212.18 16,81 166 .40 758,00 30.00 0.20 0,30
C# HARDNESS 68 0 180.33 17.1% 137,20 273,40 86.20 -0.07 0,46
M ALKALINLTY 67 21 176. 24 13,36 128,00 270,00 142.00 0. 63 2,73
TEMPERATUHE 79 g 26.87 0,43 26, 0t 78.10 2.10 0.47 1.05

BACTERER 57 EY 14 1. 06 0,00 g.00 B0 7.55 5700

06



Table 26. continued.

Variable M. HNo. Mean Standard Mirimum Max i mum Tatal Skenness Kurtosiy
Missing Geviation Yalue Value Range

WATER WELL 3B

LW TES* Ba & 1548 271 181.5 37,0 192,5 1.3 5.7
TS ai 5 IrV.9 2%.5 198.0 408,0 AL 1.3 5.7
HIGH 105 a0 a 3 A 3z.0 4.5 42,0 217.5 1.3 5.7
CARBONATE | 10 Al 1%.3 183.0 17E,5 93,5 1.1 1.6
MOWCARDOMATE &l 3 39.7 28.2 0.0 116.5 16,3 0.6 -0.1
MG HARDNESS 68 10 g6. 1 1.8 .3 5.1 85,4 .5 1.7
CALCIUM &8 20 B7.5 6.2 7.1 B3, 3£.4 0.9 1.4
PERCENT MG 68 20 21.2 6.7 4.5 4.2 in.b 01 0.9
PERCENT CARBOHATE &7 21 B1.% 121 51.% 100,08 48,6 =0, 4 -{.5
PERCENT NOHCARE &7 21 18.1 1A a,0 4B, 6 4E. 6 0,4 ~0.4
WATER WELL 3%

LOW TDS* an a L 18.9 192.5 297 .0 105%.% D2 0.9
TO5 8o L 266, 8 FAERry 210.0 WL 114.0 =02 0.9
HIGH TDS :1H L 2849.0 ik 227.5 351.0 113.5 =0, 2 0.9
CARBONATE 8 il 12,2 18,8 i68,0 258.0 4.0 0,2 =11
HONCARBOMATE &7 2 3r.0 2.5 &0 A, 6 &h.6 0,9 ~1,1
HG HARDHESS ] 20 3.8 13.0 1.9 BE. & 8.7 0.5 0.7
CALCILM 68 Ll ¥2.3 &.9 55.0 &9.5 34.5 =01 G.5
PERCEHT MG &b Fall 15.9 5.6 .0 .7 .6 0.5 1.1
PERCENT CARBONATE &7 2 B2.9 14.0 Bl.8 100,03 37.t LR -1.1
PERCEMT MOMCARE &7 1 17.1 0.0 0.0 ir.z 3Tt -t -1.1

if



Tavle 27. Hasic statistics [or water quality parsmeters from PIIAD water wells 40 and 41 from well series M,

variable Mo Mo Mear Ytandard Mi i Maw i mur. Tntal SKERNEES KUrTosis

Misaing Cewiat ion Value Vaiua Rangs

WaTER WCLL 40

CHLOR | 2E 73 E 41.53 6,97 18,20 65,50 AT .30 G.oo 1.16
COMDUCT ¥ TY 9 G 513G 55.36 200,30 e20. 00 420,00 -2.B4 T4, 65
FH ¥ e .35 0.1% s 790 0. 89 n.15 L.l
TURBID I TY I8 10 0.17 q.1% Q.05 G40 1.35 4,09 5.8
T HARDMESS &7 21 232,54 2.0 799,50 352,80 132.490 2.4 10,70
CA HARDNESS &y F 192,87 15.24 133.30 1in .60 91.30 -1.23 4.04
M OALKALIMITY 1 12 185.26 2.7 121 .40 229.03 108.00 =0, 45 =010
TEMPERATURE 78 14 i6.896 0.6l 26.00 28.00 .06 0.57 o.0g
BARCTER A 54 k1 2.81 11,60 0.0 8000 0. 00 5.45 i6.53

WATER WELL W1

CHLOEYDE ad ) LY 12,56 29,10 &1.40 52.10 -0, 08 -0.32
CONDUCT [V1TY RO a 54, B8 61,31 E70.00 &00.00 380,40 G.27 1.63
Pt BQ & T.oab 0,17 ¥.07 &.10 1.03 0.76 Z.41
TURBIDITY 4 E 4,16 a.13 0, e 1,00 0,94 4,21 2340
T HARDHESS hb 20 135,590 19,14 195,00 7EC.E0 G4 .30 1.1% 2.05
CA HARDNESS BE 20 195.92 14 83 172,00 250,90 75,90 1.21 z.0a
M OALRALINITY a7 21 176.24 2013 1¢1.00 213,00 27.00 -D.hE -1 16
TEMPERATURE =1 B 6. 88 n.58 26,00 37,80 4,80 i.63 Z1.18

EACTERIA 57 31 2.25 5,29 0,00 4,00 49 .0c 4.68 1.62

o



Table 27. continued.

Yariable HNo, No, Mean Standard Mindmum Mz 7 mum Tukal Skewness Kurtosis
Mizzing Ceviation Valye Value Range

WATER WELL @

LowW TDS* 79 O 677 LA 110.0 LRI .G -2.8 14,7
TGS T ] 313.9 33,1 120.0 iri.a 152.0 -2.8 14,7
HIGH TO3 Ik k| 350.0 6.0 130.0 O30 273.19 -2.8 7
CARBOMATE Gy 21 1314 12,8 199.9 352.8 152.9 ) 4.9
HONCARBONATE EG 21 7.0 1.0 0.0 160.8 160.8 L.z 1.5
ML HA&ROMESS 67 23 39.5 1.9 0.0 1ek. 6 16%.6 2.6 12.7
CaLC M T 21 ira 6,1 33.4 8.0 iE.6 -1.2 4.0
PERCENT MG 7 2 16.7 i.B 0.0 bh. 7 e, 7 1.2 3.5
PERCEWT CARBOMATE EG 1 80.3 11.8 5.7 140.0 46,3 -3.7 0.7
PERCENT WOMCARE 66 ) 19.7 1.8 (K 463 46,3 a.? -0.7
WATER WELL 41

LOw TO5* Bo i 3140,7 5.7 231.0 G40, 0 204 .0 0.3 1.4
TOS i8] i 3ig.9 6.8 252.0 80,0 1IB.0 0.3 1.6
HIGH 105 80 i af.2 9.9 I73.0 530.0 470 0.3 1.6
CARBOMATE B &0 116.9 16,1 196.0 1808 a4 .8 1.1 2.1
HONCARBOMATE a7 1 50.1 14 .8 0.0 1183 119.3 () ~0.3
WG HARDKWE 55 b3 ih 28.1 11.9 .o 4.8 54,4 -0.2 -0
CALCTUM 68 i 5.7 5.9 B39 10G.& .6 1.2 2.1
PERCENT MG L] Fall 12.3 4,9 0.0 .5 0.9 -0.5 -0.2%
FERCENT CARBONRYE 67 21 8.1 10,1 34,2 100.0 45,8 =02 U5
FERCEMT MOWCARE A7 21 21.8 14,1 0.0 45.8 U5, 8 0.1 -0.5

£e



Tabhle 28.

Bagic statistics tor water guality parameters from PUAL water wells H2
5 ¥ oI

and &3 from welil serlas M.

-~z
F=
Variable No. Ne. Medn jtandaru M7 i e .Meximum Toral Skenress Kurtaosis
Missing pEuiaviun Value Yalue Range

WATER WELL &7

CHLORADE &1 7 35,44 a,.82 25,40 63,50 35,10 1.78 4,55
COWDUCT WY B1 7 508,07 47.55 350,00 705,40 35,00 -0, 06 4 80
PH B 7 7.37 a.21 T, hi B.10 1.08 0.83 1.50
TURRIDITY BQ 4 0.17 0.2 U, a6 1.50 i 7.28 59,25

T HAROMESS L% 19 226, 36 22.15% TH2,30 311.00 138,70 1.0% .87
Tk HARONESS %) 19 141,58 16.18 149,80 241,90 Q7. 1% -0.39 1.34

M ALKALIMNITY ;) 0 183.81 2334 130,00 235,00 105,08 -0.40 =.16
TEMFERATURE B1 T 26.60 .45 26,00 28,00 2.00 0.43 0.3
BACTERI R 57 LY 1.16 3.30 O, 00 20,60 20.00 4.05 19,41
wATER WELL 43

CHLORI1BE Y ? 21.28 L, ok 13.70 47,30 2B.E0 161 R
CONDUCT W TY fil 7 430Q.:25 41,864 30440 Ly0.0g 260.00 -0 0.BR
PH B1 7 T.5% I 728 2.13 0.85 0,49 1,18
TURBIDLTY | 7 .17 0,14 0,05 3. 90 {.85 3.52 13.15
T HARDMESS (3] 14 240.53 1,248 156,840 252.50 95,70 a.v 1.67
A HARDNESS BE 20 122.51 15,93 1M3.78 20970 95,50 .82 2.7

M OALKALIGITY ] 20 TG4.68 20065 119.40 2120.00 101 .00 -0, 0y -a,07
TEMPERATLURE A1 7 iE.HS .51 2600 29,00 1.0 1.54 o100
BACTERIA 57 A 17.83 152,17 0,00 998 0 998 .00 7.5% 57.00




Takle 28. continued.

Yariable Mo, M. Mean Standard Minimom Max i mum Total Skewness Furtozis
Misaing Deviation Yalue Walue Range

WATER WELL 42

Liw TS a 7 Irs.n 26,2 1921.5 ia5.0 192 % -0.1 b, B
TS a1 7 oL . B 8,5 210.5 420, 0 110,90 -0.1 4.8
HICH TOE a1 T 330.2 0.9 £2¥.5 455,0 2215 -0.1 L)
CARBONATE 63 1% 227.0 za 172.3 i11.4 156.7 1.1 .7
HONCARBONATE (i 20 b3.8 6.5 Q.0 127 ,.4 127.0 0.5 =0,0
ME HARDMESS &9 13 5.4 0.7 3.7 16,6 112,92 1.5 0
CALCLUM LY 1% i&.B 6.3 &0.0 97.4d 16,9 -0.% 1.3
RERCENT MG o3 19 152.1 7.7 1.8 L 35,7 1.1 1.2
FERCENT CARBOMATE &8 20 at,2 1¢.6 59.2 100,49 40.3 -0.2 =0, 8
FERCENT MONCARB &8 2d 18,8 1.6 0.0 46,8 40,8 0.z =i, 4
WATER WELL 43

LOW TE* 81 7 2ig,6 23.0 165.0 297,00 132.0 .2 0.9
ToO: &1 ¥ 2581 25.1 184.0 24,0 1%%.0 0.1 0.3
HigH TS g1 7 73,7 7.2 135.0 351.,0 156.0 0.1 0.9
CARBONATE &3 0 200.5 174 156.8 52,5 95,7 g.7 1.6
RONCARBOMATE bE 20 36,1 1.2 2.0 92,3 94r.5 0.3 0.5
MG HARDNESS &5 0 4E,9 15,4 0.0 120.0 1200 0.4% L.6
CALCILM B8 FaH 61,5 B4 45.6 L 3B.5 0.5 2.2
PERCERT MG &3 FAH L 8.2 .0 47,6 4.6 -0.3 1.5
PERCENT CARBONATE &3 FaL Bi.2 9.9 7.9 1000 421 -0.2 -0.&
PERCENT MONCAME &2 Pt 11.% 9.9 0.0 2.1 421 0.2 -.E

o6



Tahle 2Y%. Baslc statistics lor water gquality paTapetets frenm FUAG water wolls 44 and 43 from well series M.

Varianle Mo, Ho. Mean Stencard Mi i rar HaximLn Tatal Skewnsss Kurtasis
Missing Deviatian Va'ue Value Hanye

WATER WELL 4%

CHLAR 1 DE 7 10 223,43 41 .64 151 .40 38070 199.3 1.56 &34
CONDUCT W1 TY FLS) 113 112263 172.29 70,00 190000 1°80.00 0,59 5,49
PH 7 14 7.55 0.74% 1.15 5, 0.85 1.17 4. 3H
TURBIDITY 7B i0 0.4 0,3k 0.14 2,30 2.16 3,29 T4 47
T AARONESS &7 21 Ire.0d 28,46 192,15 I4E, 30 156,20 -G, 0.5
CA HARDMWESS Ea 23 185,54 2E,52 146.00 193,80 145,80 1.17 ERCY-
W OALKALINIFY 7151 G 173.02 23.27 120,00 250,00 110,00 0.4 -0.01%
TEMPERATLURE TH 11 1k, 95 0.449 26,40 29.00 3.04 1.13 3.:0
BACTER A 54 L 3.65 .51 0,40 1BC.00 163,00 .24 33.41

wWATER WELL 45

CHLORIGE 7H 1] 74,58 I 30,20 11R,. 64 Bk .40 -0.43 .34
CONDUCTIVLTY 78 10 a85. 63 AL 20,00 82g.0% Yad. 00 -1.38 4.:5
FH 79 G .36 Q.74 700 7.30 LIl Q.70 1.35
TURBILITY 12 9 0.31 1,1¢ Q.08 2,60 952 a.14 &8 .54
T HARDHESS 6 22 61,72 19.95 103,80 309,60 115,80 -0 46 1.4l
Ch HARDHESS BE 21 i31.60 L3049 168,680 2BE. 40 11&.2 -C.b 0.61
MoALKALINETY BE ¥ 202.u7 075 106.00 270,00 164.00 -1,404 2.
TEMPERATURE 79 E| 2y.014 046 i6.00 28,24 .20 0,33 .85

BALTERI A 56 kY .38 1.63 0.a0 12,00 12.00 a,67 Y7L




Table 29. continued.

Varighle b, Ha, HMean Standard ME i mum Max i m i Total Skewness Kurtnsis
Mizzing Deviation Value Value Range

wATER WELL 4R

LOw Thisk bl 13 6%3.9 30.7 I%6.0 1345,0 E43.0 4.6 5.5
TS fiL 11 &M .o 95.3 4320 1148,0 708,00 0.6 5.5
HIGH T05 bk 12 3.2 [RLE 458 ,0 1235.0 TRT.0 1.4 5.5
CARBONATE 65 23 276.8 8.3 19 48,3 156.4 i 1.t
NONCARBONATE A7 22 103.9 .8 0.0 157.7 157.7 -1.0 1.3
MG HARDHESS &3 23 1.3 3.1 7.2 172.8 1.9 -0.5% ¢4
CALCIUH &5 3 i, 3 1.4 39.% 117.B S84 1.8 3,5
FERCENT MG L 23 3l.B 1.3 2.8 =8 7.8 -1.2 1.0
FERCENT CARBOMATE &6 22 3.1 11,2 4B.1 102, 0 51.9 1.4 Z.H
FERCENT MOMCARE &6 22 3a,o 11,2 .G 51.% 51.9 i .8

WATER WELL 45

Low TDS* ¥4 10 ari . 41.3 198,0 45t.0 233,10 -1.4% 4.3
D3 L 10 411,40 45,7 g0 492.0 2760 1.8 §.3
HICH TOS il 10 45,7 43,5 AL 533.0 ga.n -1.4% 4.3
CARBONATE o il 62,7 18.0 Nr.a ing, & 9.3 Q.2 0.1
NONCARBOMATE 17 22 58.9 i3.g 0.0 180.0 180,0 0,9 1.8
MG HARDMESS Go 22 a1 16.1 0.0 30.1 84.1 a,’? I
CALC M 710 id .8 7.3 &7 .6 1.3 o7 4 =0,1 Q.8
FERCENT MG 65 23 i2.0 6.0 0.g 3.8 34.8 ¢,3 .G
FERCEMT CARBIMATE &6 22 7.8 1L.3 EXA | oo BI.3 -0.3 1.6
FERCEMT MOMCARB £S5 23 1.5 12.1 0.4 B2.9 6z.9 1.0 1.7

La



Table 31.

Ragic statisties {or water quality parameters from PLAG water wells 46 and 68 from well series M.

Stahr'dard

Variable Mo, Wa. Hean Hinimun Max i num Totai SORWTIESS Rurtcsis
Missing Dierwiation Value Value Fange
WATER WELL Gk
CHLCRLDE 4 10 ig.05 16,78 12,70 B9.10 Th.a0) 0,42 4.35
CORDUCTEVETY Fis > LS. 4D 59, b5 50,400 T40.0% 394,04 -2 7.13
FH 21 H A 7.22 0,14 h,7& 7.T0 .94 0,08 0.08
TURBLDITY a0 B 0.4 (1,058 Q.05 0.32 G.ET 1.03 1.23
T HARDHESS 6B 20 281,95 21.57 220,30 337.00 T16.7D -0.05 1.06
CA HARDHESS ¥ 0 253,67 in,0v 162.50 311.40 13E.5 -0.58 .81
M OALEALINITY &7 21 23004 35,7 138.00 292 .00 154,40 -0.57 -0, 14
TEMFERATLURE &0 a 2o, &9 D.hA 26.00 23,00 2.00 0.55 0,53
BACTER | A B 32 d,al 3.21 0.0 21,00 £1.00 569 33,25
WATER WELL &8
CHLORIDE B 5 33,81 5.7 5.00 42,00 16.00 -0, O -1.26
CONDUCT [YITY & 3 540,00 70,71 w1000 B50.00 T40.00 ~1].38 1.24
FH g 3 7,32 Golh T.02 7ohh 0.u2 -1.8E6 2,75
TURBIDITY & 3 a.1& 0.3 E 0.30 0.21 1,48 1.77
T HARDMESS 4 3 230.71 37 .36 207 80 321.340 113,24 2.60 703
CA HARDNESS a 3 195.00 7.50 184,20 203,84 19,60 -0,24 -1 45
M ALKAL IKITY 7 4 197,14 22.73 169 .60 222,00 53.00 =T =166
TEMPERATLURE a 3 ih, 5B 0.29 26.G0 27, 0% 1.0 -0.E3 .12
BACTERILA ;! 3 0,40 Q.00 Q.00 a, Of G0

He



Table 30. continued,

Variable Ho. Mo, Mean Standard Minimwm Maximum Total Skewness Kyrtosis
Miasing Deviation Valua Valus Range

WATER WELL 4B

LOW TDS* ] 9 30,7 12.% 192,5 4.0 4.5 -2,0 .1
TOS bk E n.: 5.9 210.0 had 0 34 D0 =0 L
HICH TDS bk o 402.7 - 27,5 Lat.n 2515 ~2.0 T
CARBONATE &7 21 242.5 21.0 220.% 13,0 116,7 -0.0 1.3
NOMCARBOMATE &7 21 53.3 in.e 0.c 167.0 167.0 .5 a,z2
ML HARDHESS &l K 2B.8 .4 0.0 13 B 124,58 1.9 5.6
CALCILUM &7 2% 101.7 11,2 59,1 124 .6 5.5 -0,7 0.8
PERCENT MG &7 Ph 10.2 1.5 0.0 41,1 41.1 1.7 4.3
PLRCENT CARBOMATE &7 21 81.3 11.% 45.2 100.4 4.8 <0, 4 =0, 1
PERCENT HONCARE &% 21 18,7 12.4 0.¢ 54.8 4.9 0.4 =a0.1
wWhTER WELL &8

LOW TOr5* B 3 237.0 ig.% 225.% 5% .5 132.4 =04 1.2
TS B L] 37%.0 42 286.0 390.¢ Thh 0 =0.4 1.2
HIGH TOT a 3 351.0 LEL 26 .5 422.5 156.0 =04 1.2
CARBOMATE | 3 xn.t 3Tk 207.8 327.%3 13,5 1.6 7.0
HONCARBOMATE 7 44 4.4 n.e ER 99,3 9%.9 n,? 0.6
ML HARDMESS L} i 38,7 6.7 L.0 1274 117.4 2,2 5.5
CALCLLM a 3 A,z 3.0 73.8 a1.7 7.9 -0.3 1.4
PERCENT MG 8 E) 14,0 0.0 1.9 7.8 3.9 1.7 L)
PERCENT CTARBOMWATE 7 4 8.6 0.6 691 94,5 29,4 0.3 -1.2
FERCENT WOMCARB T & 175 1.6 1.5 g9 29.% -0.3 -1.2

Gb



Table 3.

Basic statistles for water qualltv parvametervs itom FUAL water wells 47

ang 48 from well =zeries T,

Yariabie N Mu . Mean Standaruy Hinimrem Maximur Tkal GEEMNESS hurlosis
Hianing Dewiaticn Value Waluy Range

WATER WELL &7F

CHLOR1DE 15 4 T KO 15.03 55,00 120 58,10 0.55 -0
COMOUCT IWATY &g B S5, B3 GE,. 7T 35000 72000 330,006 a.13 0,51
H a0 =} T.39 .13 0.9 2.0 1.07 J9.17 .97
TURBID1T™ B B 0.15 Gl a.05 0,78 n,73 .13 19,43
T HARDHMESS Lt 0 202.63 I7.%9 133.16 Tan. 8o 147 .70 D.&h i
CA HARDNESS 64 20 178.9% 16,02 136,20 720,30 B4.10 -0 B 1.05
M ALEALIN|TY 67 i 152.38 1B.1% 108.00 184,00 74,00 -0.43 =015
TEMFERATURE aG i} 6.7 0.53 25,450 29. 00 2.50 0,53 &.18
BACTERIA LT EF: 0. 568 2.18 .00 1r,00 17.00 734 Sh .47
WATER WELL 48&

CHLARI1DE 79 El 109,00 19,39 61,343 179,10 1377 B0 1.45 1,74
COMDUCT LWL TY &4 a £3%, 63 &5, 34 330,40 H00. 00 420,00 -1.12 k)
FH an a 1.48 0.15% .15 7.97 Q.E2 Q.35 {45
TURBIDLTY a1 7 b.1% a.1a 0, e 0.50 Q.44 1.56 1,40
T HARDMESS B 0 X168 17 .64 TR4 . &0 259,20 o4 Gl 0.5& 1,535
CA HARDNESS 23] 19 17006 15.01 119,E4 16,00 . 20 =0, 2 1.87
M ALKALIMITY &A 0 155,08 16.07 106, 172.00 &6, 00 ={.33 -0,59
TEMPERATLURLC 81 7 1€ .87 .97 Y. Q0 33.00 7.00 5. 38,499
BRCTER A 57 n G.0z 0,13 .00 1.00 1.00 7550 57.0C

Ll



Table 3l. continued.

Yariahle Mo Ko, Mean Standard Minimum LEERTI Total Skewness Kurtosis
M7&sing Deyiatign Va'lue Walue Fange

WATER WELL &7

LOW TOS* B 8 ER TN 32.3 2145 196,0 1B1.5 0.1 0.5
DS Ba B 1%6. 48 35.2 2340 43:.0 1958.0 .1 G.5
HIGH TDS BO B 3e7 .0 38.2 253.% 4E48.0 214.5 0.1 3.5
CARBIMATE &8 0 103.3 0.9 165.0 R0, d 1i2.8 1.5 3.4
WONCARBONATE 1Y) 21 50.1 26.8 g.n 115.8 115.8 0.5 =-0.1
M. HARDWESS BB g9 2k V5.0 a.a 9.4 sl 1.6 5.2
CALCILM a3 il 71,7 5.6 S%.6 88.3 3.7 -0, 1.0
PERCENMT ML B8 FAL] 11.4 B 0.g 3.0 33.0 a.B 1.3
PERCENT CARBOMATE BT Z1 76,0 11.2 49 7 t0R0.0 0.3 -a,1 =0.7
FERCENT HORCARE 7 21 260 11.3 0.6 50.3% ait. 3 a.1 0.7
WATER WELL a8

1LOW TOS* an a4 I62.8 i5.4% 9.0 40,0 .0 =1.1 1.8
105 ] a4 395.8 152 228,40 480.0 52,0 =11 1.8
HIGH TDS ] B 4%28.4 42.5 7.0 S20.0 173,40 =1.1 i.eg
CARRONATE %) 19 2007 16.0 164, 0 259.2 95,2 0.5 Q.6
NOMCARBONATE 6 0 55.2 3.3 0.0 99,2 ag,2 -3 0.6
#HL HARDMESS (7] 19 30.v 16.3 0.0 107.8 102.8 1.1 4.5
CALCIUM 73] 19 BE.2 6.0 L1 Bf .6 3b.& 0.2 1,9
PERCENT MG 1] 0 15.2 .2 0.0 46, 7 4.2 1.0 4,3
PERCENT CARBONATE &8 20 73 0.4 54 .1 106.9 45,9 G.5 -0E
PERCENT MONCARR &7 ER 7.4 9.9 4,6 45.9 41,3 =0k 0.7

101



Table 32, Basic statistics for water gquality parameters from PUAL water welis 49 and 30 from well series F.

Variable Ho . Mo, Hear. Standard Hinimym Masimur Total Shkewrnes s Furbisis
Missing fevighion Valus Taige Kange

WATER WELL 13

CHLOR 1DE = E 99,48 M2.Th etk I 1HE .20 128.40 1.94 .31
CORDUCTIVITY - E £340.37 67,25 a80, 00 G40, (0 3en.G0 n.25 0.9y
PH 74 El T.49 b8 £.9% g.10 1.15 0.3 .26
TURBITITY ¥4 | ¢.7 0,09 0,85 0.53 0.a8 1.76 4,03
T HARDMESS &7 21 156,69 20.95 125,40 &7 _BO i3E.80 n.iz 1,148
CA HARIMESS o8 20 164, 04 13.78 141.10 220030 9.0 1.38 3.7%
M OALKALINLTY & 21 143.57 184 105 .00 TFz.00 ar.nd -0,33 =056
TEMPERATURE T G 2666 0.67 2600 28,00 Z.00 0.83 3,79
BaCTERLS 56 iz .67 ie? Q.00 27,00 2706 .30 Sk .03
WATER WELL 50

CHLOR t DE g a 111,73 s TE BZ.4d 210,20 147,480 .85 0.49
COMDUCT LM TY 4 e B&E. 48 110,90 L. 00 LA0 .00 4B0. GO = 20 ~0.4Q
FH -] . .31 016 T B.10 0.89 D.66 0,84
TURBIDITY 7 9 c.g 0,14 O.gd 1.00 0.23 4.1 20,48
T HARDMESS a7 21 mis 21,068 41,40 L 1] 130,80 Q.49 1.5%
CA HARDNESS a8 it 173,55 13,80 131.50 2.6 92,140 0.46 .32
M OALKALIMITY &7 H 7.1 13,82 106,00 195,040 ag.01 Q.10 o2k
TEMPERATURE e E 6.1 0,58 @, 00 28.9¢ Z.90 1.04 1.81

BACTERLA 56 iz 1.13 .5 0.oo 18,040 153.0% .74 4,79

201



Table 37. continoed.

Variable N, Me . Hean Standard Minimum hlax imuam Total SETESE Kurtaosis
Missing Deviatian Yalue Value nange

wiHTER WELL 49

LOw TOS* 3 E 36T LI PATLIR a0 194.0 0.3 0.9
105 74 ) 78,z 40,3 ¢88.10 504,0 216.0 0.3 0.9
HIGH TL: 74 E 09,7 437 2.4 546.0 54,0 0.3 n.g
CARBONATE BE 0 197.1 19,2 151.3 ol . B 16,5 0.3 1.9
HURCARBONATE &7 1 5.6 2%.0 .0 15%1.6 151.8 0.8 ic=
MG HARDWEESS BE s Fat 14.% 0.8 ’T.o .0 0.2 0.7y
CALC UM BE et 7.3 5.3 6.6 88 .3 R 1.4 iz
PEACENT ML &Y 21 14,6 B4 .0 0.0 0.0 =0.4 n.o
PERCENT CARBONATE &7 Z1 T3.8 .3 LLEE 100.0 a8, 0.1 1.1
FERCEMT HCHCARE 66 &2 ik. 6 9.4 .3 591 56.8 0.1 1.1
WATER WELL 20

LOW TDow- 7o E] FLT a5 220.0 AL .0 264 .0 -0, 2 0.4
L1E-] 79 £ 401 .1 66.0 280.0 514.0 ZBH.10 -2 0.4
HIGH TOS 79 9 §34.5 1.5 £Bl. 0 5%2.0 512.0 1 “0.4
CARDOMATE B | 2.3 na 166.8 &7e.2 1054 .48 1.1
MONCARBONATE i) Fa 5%.5 6.7 0.0 109.6 1026 L1 s =0.3
MG HARDHESS Gy 20 6.7 18, 4% 0.o 101.9 0.9 0.9 1.6
CALCILUH Bf 2n 85 A 5.5 531 90.0 34,9 0.5 1.5
PERCENT MG &7 21 13.% T 0. 358 33.6 a.5 L.%
PERCENT (AREOMATE &7 21 3.4 1.2 55,4 10,0 L 0.6 -0.0
PERCENT MOMCARE 66 i TELE 10.8 0.0 LL - L1 0.5 oo

E0T



Tabie 33. Basic statlstics foy water qualiey paraweters from PUAC water wells 51 and 537 from well series F.

Variabre No, M. Maan Standard M1 i i Maa §mum Tatal Showress Kurtosic
Missing Deviatian Yalue Yalue range

WATER WELL 51

THLOE1DE L 12 30,90 .40 3Z.80 9% .40 &1 .00 B.7e 113
COMDLCT IV TY 76 12 HF0. 34 727 370,00 860,00 430,030 2.46 10,18
PH e 12 1.62 0.27 708 E.10 1.02 0. 26 “1.09
TURBADITY 77 11 0,29 0.46 097 3,90 3,83 E. 56 449,48
T HARDMESS 64 2 197,08 I5.03 156.40 11e.00 159.20 7.0h T.10
CA HARDNESS &5 1% 17e.1 14,60 129,30 234 6l 35.60 1.55 2.48
M ALKALINITY Gh I 148 .84 2012 107,00 195,00 P O .35 =012
TEMPERATURE Ixi 1 26,74 .57 26.00 i, 00 b.an 267 13.G2
BACTERIA 5y 5 0.0% Oo1d 0.0 1.00 1.00 T35 54,00

WATERE WE|L 52

CHLOR 1DE Rl 12 130,32 3720 #8170 %6,10 155,40 0.43 0,349
CONDUET [V TY B 12 TET. I8 119.46 S0, a0 40, 00 4E0. 00 0.29 =0.62
PH 76 12 7.4 0.14% 727 5,03 0.61 0.B9 2,51
TURBILITY 7 Ll {.78 0.o7 D.0E 0.56 .44 .Y 1. 0%
T HARDMEZS &l Zh e, % 22,70 175,50 299,10 11%.00 a.% 1.58
Ch HARDMESS BL 23 180,37 1514 129,80 i3 &0, 50 0,28 024
M Al KALINITY B4 0 43,1 1B.87 FL $05.00 11700 -4 1.12
TEMPERATURE i 11 6.9 .50 6.0k IB.00 2.1 D.z? 0.6

BACTLRLA 52 36 1.h7 B.0a LMV 47 47 3.0 £h.63

wi}[



Table 3. continued.

Variahle Mo Na, Mean Standard Hinimum Maximur Total Skewingss Kyrtosis
Missing Deviation Yalue ¥alue Range

WATER WELL 51

LOW TOS#* 70 12 i86.7 19,7 203.5 473.0 i63.5 £.5 Qe
TOs T& 12 EX b 43.3 1210 316.0 294.0 .5 1682
HIGH TDS 76 [ 3ig.? 46,9 u0, 5 55%.0 8.5 2.5 g,z
CARBONATE &5 23 1966 30 156.8 316.0 1592 2.0 7.1
HOHCARBONATE 2] 24 8,7 9.5 0.0 162.0 162.¢ 0.8 2.2
MG HARDHESS &5 3 4.5 19,4 0.0 13.6 131.% 2.1 B.8
CALCILM &5 23 689.0 5.9 51.7 %0.0 38.3 0.6 2.5
PERCEMT MG £y ok 12.0 r.e 0.0 IB.5 368.5 0.3 1.8
PERCEKT CARBOMATE &4 T4 Th. L 12,4 48.7 1460.0 51.3 Q.2 -0.5
PERCEHMT HOMCARE &3 5 Zh.¢ 12.2 G.0 51.3 51.3 -0.d 0%

WATER WELL 52

LW TDS* 16 12 04,0 a5s.7 2750 53%.0 264.Q 0.3 -0, 6
DS 6 17 K36,3 i 300.0 588.0 188.Q 0.3 0.8
HIGH TS L) t 4i2.7 7.6 345.0 637.0 nno 0.3 =.6
CARBDORATE %] 23 3.6 234 164.0 36 (L 0.8 1.5
KRONCARBONATE Bl h B4 .2 6.7 C.0 1311 131,1 =0.1 =0.1
MG HARDNESS a5 3 33.2 i5.7 6.0 iT.B B 0.2 0.0
CALC M G5 i3 F2.3 6.1 56,0 88.3 32.3 0.3 0,2
PERCENT MG (4 P 15.% 5.8 2.1 8.3 6.2 -0.32 -0.5
PERCEMT CARBOMATE 64 2k 7.5 10,7 4a.% 100.0 5141 B Q.2
PERCEWT NOMCARE &3 5 .o 19.1 1.8 1.1 48.2 004 -0.2

SnI



Table 34,

Basic statistics for water quality parameters fram PUAL water wells 53 and 54 from well series F.

—
=

Yariable Mo, M. Mean Staadard M7 i mym HMaximum Total Shenness Kartoshs
Missing Deviabion Yalue Value Rangs

WATTR WELL 53

CHLORIDE T8 mn RO, 70 16.09 4d, 949 154 .20 113.30 3.72 .27

LOMDGCTEVLTY 7 14 534,23 48,52 350,00 JG0.a0 350.40 =027 7.9

PH 78 14 T.45 [ 1 T8 7.97 .87 b.43 1.53

TURBIDITY T El d.16 0.7 .05 1.50 1.45 5.81 51,81

T HARDMESS b I 200.1% 21.32 156,80 289,60 131,60 1.71 4.BH

CA HARDNESS 67 H 17847 12.4% 135 80 234, B0 B4 RO 0.58 4,15

M ALRALIMNITY 13 12 18130 1F.83 105 .00 178,00 73,04 -0.68 -0.05

TEMPERATURE ral 9 2e.82 .56 2600 9. 00 31.00 0.94 1.81

BACTERIA 54 i3 0.76 %, 84 0.00 1600 1600 L.od 1E.99

WATER WELL 54

CHLOR DR T8 10 O 4L 3.B3 13.a0 30.00 16,580 0.65% a.04

COMBLCT IV TY e 1o 437 495 G4 312 ER0.G0 500,05 270,04 =0.0%1 .33

H 758 9 742 0.15 7.0A F.af 3. E4 0.13 O 4L

TURBLERITY B0 B o.aF 0. &b 0.0% 4.00 %96 5.%7 77,88

T HARDNESS 7 1 185.30 2179 105,00 274 .60 125,60 1.15 3.Co

LA HARDMESS a8 20 171,16 13,75 148,90 216,00 67,10 (L 0,93

H AEKALINLTY a7 21 151.23 tR.F2 105 .06 194,00 89,40 =0. 38 .23

TEMPERATURE adi g Th.6E 0.47 76.00 28.00 x.ba 0.&5 a.7&e

BACTERLA 13 3z 1.20 5.96 0,00 §3.00 L3,00 6,65 4.1




Table 34, continued,
Variakle Ma. Me. Mean Standard Mi i mum P T rium Tatal Skewness Kurtosis
Hiszing Bevtation Value ¥alue Range
WATER WELL 53
LCW TDo* TE 10 2593.8 26,7 127.5% 5.0 o2.5 =0,% 2.9-‘_
) B 10 320.5% i) 2140.0 4300 210.0 0,3 2.%
HICH TDS 78 14 In7.2 1.5 217.5 35 0 227.5 =0.3 2.9
CARBONATE €7 2 00,4 .7 172.5 2894 116.% 1.9 5.k
MNONCARBONATE 6h 22 &3.0 25 0.0 133, 4 133.4 b,r 1.3
ML HARDHES: 67 21 21.9 5.5 a,0 2.1 82.1 1.4 3,1
CALCIM &7 21 71.5 3.0 55,0 L 3.0 t.A 4.1
PERCENT MG =32 22 10.6 6.3 0.0 31.2 .2 4,7 g.9
FERCENMT CARBOMATE 6E 21 756 104 53.9 108,0 L -1 -0.6
PERCENT NOMCARB 65 23 23.8 14.1 0.0 85,1 46.1 .2 -0.7
WATER WELL 54
LOW TOSar 78 H 21,6 pL 154,40 175.0 121,06 0.0 (E)
105 T8 10 241.6 6.0 168,0 300.42 132,80 -5.G 4,3
HIGH TD3 73 10 261.9 8.8 182.0 3z5.1 143 .0 -0,4 G.3
CARBOMATE &8 0 188.5 1.1 158.2 17h 6 1164 1.3 E )
RONCARBONATE &7 21 368 224 0.0 111,46 1116 .6 a.5
MG HARDNESS [ i 17.3 15.3 a.o 19%.9 10%.9 2.9 T4.1
CALCIUK (53 0 BE.G 5.5 549.7 BE. 5 16.9 0.9 Q.9
FPERCENT WG EF rh | 8.B 6,3 0.0 31.2 17T.8 1.6 A3
PERCENT CARBOMATE &7 21 8.0 10,6 S7.0 108,0 L0 -0.1 -a,7
FERCENT MOWCARE &R iy 19,3 0.4 0.0 3.0 3.0 a.z2 0.6

fat



Table 35. Basic statistics for water quality parameters from PUAC water wells 55 and 56 from well series F,

Varjable Mo, Mo Maan Standard Mt i mum Maximym Total Skewness Hurtosis
Hiasing Deviatian Vatue Yalus Hange

WATER WELL 33

CHLORIDE 5t b 3, 40 15.75 LLL 113.20 7290 0. 0.69
COMDUCT IV TY S 4 513,63 5307 570,00 610,00 190,400 b1z -1.241
PH = 4 742 0.5 7.3 .76 0n.63 0,32 -0.25
TURBIDITY x| L 0.25 0.61 0,08 4.5 442 6.77 47,15
T HARDMESS 40 16 208.36 21.1% 160,70 7850 1178 0.72 1.77
CA HARDMESS 40 18 179.92 17.22 142 .80 219.00 B&, 4l 0.43 1.11
M ALKALIMITY EE] 17 153.38 16,04 131.40 193.00 62,00 ¢34 0,07
TEMFERATURE 52 4 25.56 Q4% 26.00 8.00 2,00 1.77 0,99
BACTERIA 5% 4 0.00 0. 00 Q.00 0.00 0.00

wWATER WELL 56

CHLOR | DE 52 H 150,45 i35.68 f2.6D0 £33.50 150,59 0,79 -0.37
CONOUCT 1w TY 53 3 B26. 98 179.597 460,00 1600, 00 11840, 08 1.7 5.51
FH =2 ] 7.35 0.1k T.06 7.6k .54 0.08 -0.65
TURBIDITY 5 3 n.27¢ F.1% 0,04 3.95 .9 1.BC 3.62
T HARDMESS 41 15 253,19 27.4% 159,50 31540 115,50 D.0d -0.52
& HARDWESS b 15 0,52 .35 164 Al 255 .90 901,30 .16 -0.21
M oALKALINITY &0 16 179,13 19.3% 148,00 125,00 91.00 .16 -0.0&
TEMPERATURE =3 ) 76, 6H (.95 26.00 31.50 6. 90 5,00 31.57

BACTER A 53 3 (A 0.00 0.0 Q.07 .00

g01



Table 33, continued.

Yarialile Ho, Na. Meaa Standard Minimum Max1mum Total Skennent kartist g
Hissing ewiation Yalue Valus Hanoe

WATER WELL 55

I DW TLE* 52 & 5B, & 9.2 231.¢ 135.% 1045 0.1 -1.7
TS Z & 3402 31.E 252.0 3gh.0 1140 7.1 1.t
HIGH ThS 52 4 340,k L1 T3 iBE.5S 123.5 0.1 -1, ¢
CARBOMATE LLH 16 0a. B 2.8 1T 2785 103.8 n.9 1.8
WIIHCA PEONATE i 17 55.% 27.3 0.0 1955 125.5 L b
ML HAROKESS LH 14 25.9 22.0 0.G 115.5 115.5 1.7 5.1
CALCI LM L H 1% T .9 57.2 o1& i g 0.3 i.1
PERCENT MG 40 1& 13.3 b.9 0.0 1.5 41.5 .9 1.5
PERCENT CARBONATE 3% 7 L 11.4 L 1060 45,1 1.4 )
PERCENT MOWCARE 32 7 25.49 11.4% 0.0 4.0 44,1 -1.¢ )
WATER WELL 5&

LOW TDF* 53 3 Lok & LN 53,0 BSC, G 6Zv.d 1.2 5.5
Th& 53 3 §96.0 108,03 760 960,10 LR 1.2 5.5
HIGH Tz 53 3 Lar.3 17,3 299.0 1040.4 PENIR 1.2 5.5
CAREOKATE 41 1L 2531 27.1 03,8 5,4 191 . & .o -0 G
HOMLARBONATE &0 16 T4 F| .2 T26.4 120.2 -0.3 URE
MG HARDMEZS 41 L3 2.4 20,4 <.0 *1.5 .5 0.3 0.5
CALC UM k1 1% a4 .4 B.d GE.0 132.2 3b.2 =02 -0.2
PERCEHT ML a1 15 1.7 £ &.0 .2 L 0.? 1.4
FERCEMT CARBOMATE L) 16 T4 9.1 5603 7. 1.0 n.? (.-
FERCERT MONLARDL 4 11 25.1 I 2.8 L1, 7 LAY SV oot

Bl



Table 36. Basie statistics for water quality parameters from PUAG water well 37 from well series F.

Yariahle Met . M. Mean Standard Minimum Maximum Tabal Shewness Kurtosis
Micsing Deviakion Value Value Range

WATER HWELL 57

CHLO® | BE L% 3 100,16 21.13 71,.E0 164,90 89.10 0,72 0.26
CONDUCT I¥ITY 53 3 7. Ty 721.18 200, Od THO.G0 280.00 -0, 08 -0.89
PH 53 3 T.45 0.14 .1 .07 0.e8 0,37 g.11
TURE IDITY 51 3 Q.20 0.13 0. OB 0.67 Q.39 1.85 3,33
T HARDMESS Bt 15 20% ., 23.17 163,00 £B0.80 117, EQ 0.&80 1.27
CA HARDMESS 1 15 177.82 19,53 13500 250. 60 121,60 1.3 a.02
M ALKALINITY 40 16 15042 15,93 115.00 200.00 5, O Q.61 0,83
TEMFERATLIRE a2 4 P LT Q.36 ia.00 I8.00 2,00 0.B1 b.42

BACTERIA 53 3 0.02 014 0.00 1.04 1.00 7.24 3,00

011



Table 3h. continued.

Variable [ T= Ma, Mean Stardard Minimum Ma=imumr Tetal Skeanens Kurtesis
Miz=zing Deviation Value Value Range=

WATER WELL 57

LOW TDS* ) 3 3563 9.7 2750 429.0 54,0 -0.1 -d,9
0% X 3 BB, & 83.3 Ih0.3 Gif. 0 168.0 -2 11,9
H1GH TDS 3l 3 4.6 g6, 5.0 507.0 162.0 -1 -4.4
CRARBANATE 41 15 209.7 2.5 163.0 2808 117.48 b.h 1.4
HONCARBOHATE Lo 1& 59.4 28.5 0.0 13%.58 13%.48 0.2 4.6
MG HAROMESS 41 15 3.6 15.7 .0 Th_ 4 7h.H 0.4 L.o
CALG LM 41 15 1.3 7.8 1.7 1004 4B, T 1.3 &0
FERCENT MG %1 15 1h.49 L .0 36.7 6.7 0.5 1.E
PERCENT CARBONATE LD 16 Fi.5 11.2 .2 100.¢ 49,8 0.5 G2
PERCEMT HONCARE 4 16 .A 11.2 4.0 4.8 WY LE “0,% 0.2

T



Table 37. Basic statistics for water guality parameters from PUAG water wells 56 and 5% from weil series V.

Varighle M. Na. Mean Stamdard M1 m i mum Maximym Tobal Skewneszz Kurtosi=
Miss5ing Deviation Value Yalue Rarge

WATER WEL | S8

CHLOR 1DE &0 a 95,40 22.1% 45 .00 163, 30 115.90 Q.48 0.9
CONDUCT [VI1TY a0 L] 683,75 75,68 4R, D LEAFALE 360,09 Q.06 043
PH 8D B 7.37 G.19 T.02 B.33 1.41 1.57 6.89
TURBADITY a1 7 0,14 .08 0. 06 047 .41 2,19 6.16
T HARDHELSS &7 21 46,17 2.7 21346 318,70 106 .30 n.s2 0.2z
CA HARDMESS &3 2Q 204,83 .84 137,50 Zp2.10 129,60 =0.34 [T
M OALKAL M| TY BB 20 183.72 Z2.45 137,00 I2&.00 1,00 =0,50 0.3a
TEMFERATLRE 79 9 1679 0.7 I6.00 18.00 7.00 0.46 G50
BACTERIA 57 3 1.07 .62 0.G0 81,00 55,00 6.73 47.TH
WATER WELL 59

CHLOR | DE ao B 1.9 6,03 13.30 64 .80 50,90 b33 31,48
CONDLICT [WATw 80 & 4B1.84 59.51 284,00 79000 SO0 .00 1,06 9.32
P 80 & 7.39 018 £.93 T.HS 0.9z -0.57 .22
TURBID!TY Bl a a,14 0,08 0,05 Q.40 0.35 1.60 2.a7
T HARDHMESS &8 3 ¥31.9% HRL A 188,20 I68.80 B . &6 =24 R.on
Ch HARDMESS 67 i 205,47 11I.85 145,90 #3330 83,40 =1.0% by,01
M ALKALINITY 67 Z1 191,83 25,92 via.00 4L a0 118.400 =0,27 -4
TEMPERATURE i B 27,09 .76 25.60 ir.4a0 640 3,38 21.89
BACTERIA 5B 32 0.50 i.e% 0.0a g ,00 8,00 i.78 13.7¢

11



Table 37, continued,

Variable Mty . No. Mear Standard Hinimum Maximum Tatat SREnneLy Kurtosis
Missing Dewiation Yalue Value Range

WATER WELL 5B

LW TD5= Bl & i76.1 1.6 6k .0 46Z.0 1334.0 a.1 -B.5
) L= 84 L +14,2 5.4 2688.0 304, 0 £16.0 0.1 U
HIGH TD% an i} Yol 4 49.7 31z2.0 S4e.0 254.0 o1 =0.5
CARBONATE =i 0 a4 1 4.0 192.1 4.7 127.6 0.7 .2
HONCARBONATE &8 0 59.5 8.4 . 110,86 10,8 -3 =0, 5
HG HARDNESS B8 0 g2 2Z.5 ¢.0 101.0 101.0 0.3 L
CALCIM &8 0 8r. ) 53.1 10%.1 51.% -0.h P )
FPERCENT MG b3 3 16. 4% a.0 ¢.0 40,9 h.9 0.5 1.3
FERCENT CARBOMATE &8 20 76,1 10,8 35.8 100.0 50.1 =0.2 -0.5
FERCENT MNONCARE &6 iz 7.7 12.1 0.1 50.1 0.2 -0
WATER WELL 5%

LW Tpo* &d B #65,0 a7 159.5 434 .5 25,0 1.3 9.3
0= B B 2891 35.7 1 o B74. 0 on.q 1.3 2.3
HIGH TD3% B0 B niz 3.7 186,545 513.5 325.0 1.1 2.3
CARBONATE 67 i1 ) 1E.0 1321 i68.B 6.7 i LA 0.1
HOMCARBOMATE &Y £1 41.5 9.7 0.0 126.5 116.5 0.3 -0, 2
MG HARDNESS a7 £l 6.9 13,4 b.d 97.6 7.6 1.3 5.7
CALC LM B i1 B2k 5.0 601 33.5 334 -1.1 L.9
PERCENT G 717 s 11.5 6,0 LEA 39.u 39.4% 1.3 6.2
PERCENT CARBONATE &7 1 BI.6 12,2 3.9 10,0 50,7 -01.5 0.3
PERCENT MONCARE 65 &3 16.8 10,9 0.0 50.7 50,7 a.3 0.4

ETI



Table 38,

Basic statistics fur water quality parameters from PUAG water wells 60 and 61 from well series Y.

Variable No. Ho. Hean Standard Hinimum M= i mum Total Skenness ¥urtesis
Hissing Deviation Yalue Yalue Range

WATER WELL &0

CHLOR FDE 78 10 .51 2.99 15.60 28.50 12,90 0,34 -0, 37
CONMDUCTEVI TY T8 10 483,44 g 1% 390, 04 G20 20,00 -0.15 g.82
PH T8 10 1,35 o.M 6.98 7.89 1.01 0,05 G.ui
TURBEDI TY 78 14 a.1& 0.11 0,05 0.9% a.85 4.37 26,13
T HARDMESS a6 22 233,12 15,70 18% .20 ZB0_B0 & 60 =, 00 1,20
CA HARDMESS &5 3 207 .09 11.47 18004 24390 6330 .30 0.47
M ALKALIHITY 65 22 193%.73 5,33 117.00 13900 127.00 -0.65 ad.61
TEMPERATLRE 8 110 27.01 .54 75,00 3.0 3.10 -0.72 2.08
BACTER A G 1y 0.28 1.&5 G0 17.04 1Z.0¢ 7. 50.2B
WATER WELL B1

CHLOR | DE M 7 21.0% 539 12,00 59,60 57 .60 3.88 T2.42
COMDUCT Wi TY Bl I 4ET.96 45,10 20,00 SEQ, 00 Jed, O -1.66 745
PH g1 7 7.E7 0.14 695 4.00 1.05 070 1.6
TURRIDITY an B 0.4 .37 0.0a 2.80 2,72 G, 40 15,13
T HARDNESS /2 13 TIB. &Y 16.68 199, 99 1583.00 43.10 .63 332
CA HARDNESS BT n 205,73 Tty 0 156.80 FL T g7.2¢ -0.11 1.97
MOALKALIMITY &7 ] 187 .59 23.20 136,00 241,00 105.00 -G8 -Q.15
TEMPERATURE a0 B 719 0.8z 25,00 32,00 700 207 T4, 35
BACTER 1 & 26 LY 19 he 37.32 .00 500,00 §00.00 £ ELE

AR



Table 3B, continuwed,.

Variable Ho. M. Mean Standard M1inimum Maximym Tatad Skenness Kurtosis
Missing Dewiation Valye Yalue Range

WATER WELL 60

LW TDSw i 14 25%.9 1.5 21%.5 330.0 115.5 -0,2 0.8
s e ¢ 290.1 25.5 234.0 Iad.0 126,40 =0, 2 0.8
HiGH TD3 1B 10 34,2 5.4 253.5 320.0 136.5 =02 0.8
CARBOMATE &5 23 21,8 15.4 184, 2 280.8 LA 0.1 1.1
HOMCARBONATE 6h b 38.9 6.0 0.0 154 115.4 G.5 0.2
ML HARDHESS a5 Iy 5.7 12.% 4.0 1.4 .y 0.2 1.6
CALCIM 65 23 B3.0 +.5 T2a 97,6 5.6 0.3 0.5
PERCENT MG ) Th 11.0 4.5 0.0 234 .4 -0.2 0.7
PERCENT CARBGNATE && iz 3.5 11.0 43,3 10,0 0.7 -5 ~0.3
PERCEMT MONCARE &5 3 16.5 10.% 0.0 0,7 587 B.5 0.k

WATER WELL &1

LOW TDS* -3 7 I57 .4 ia. 8 132.0 319.0 187.0 -1.7 L)
T0= g1 7 280.4 7.1 144 .0 ing.0 204.0 =1,7 7ol
HiGH TS 81 7 30%.2 9.3 156.0 377.0 221.0 -1.7 Tl
CARBOMATE ) 1 £2B.9 16,7 199.,9 2830 83,1 4.6 ()
HONCARBONATE &7 11 41,5 7.3 G.0 09.1 E I iy 0.z .9
ML HARDWESS &7 | 13,2 14,9 0.¢ T84 a4 i.t 2.5
CALCILM B H B2.5 5.6 62,8 97 .6 LI -1 2.0
PERCENT MG a7 | 9.9 3.9 n.g 33.3 3.3 0.9 2.7
FERCENT CARBONATE &7 | B2.3 1.2 203 00,0 &7 i =1.0
FERCENT MOMCARE &7 i1 it.7 i1,z ;.0 &Q.7 .7 3.1 1.0

T11



Tahle 39.

Basic statistics for water quality parameters fvom PUAC water wells &2

and 63 from well series Y.

911

Yariable Ho . HNo. Mean Ltandard Hi n i mui M= i mum intal SkEpdness Kurkosis
Missing Reviation Value Value Range

WATER WELL &2

CHLOR LDE Bl 7 1312 4,18 17.40) 38.00 Mo, 60 1.75 M
COMDUCTEVITY an 7 48877 59.12 160 .04 BOG. 00 40, a0 1.7F 10.47
PH g1 f 7.8 o.1H 6,96 B.M 1.05 046 1.1k
TURB D TY 80 B 0.22 0,37 ¢.0% 2.50 .85 5.54 A, Gh
T HARLDMESS ao 18 234 .24 16.71 2035 .80 263,50 2%, 1 0.05 1.9
CA HARDMESS a7 21 201.47 13,97 16850 237.10 ¥2.50 -0.16 -G.0B
M ALKALINITY &7 21 193.50 22.08 154,00 23400 100,00 -0, 60 n.m
TEMPERATURE Ao 8 76.98 0.51 25,60 TB.20 2.60 =0.22 (1,54
BACTER1A S E 1,32 5.4 Q.04 18,40 38,00 5.92 27,90
WATER WELL &3

CHLOR | DE =] £ . 545 16.00 S4.Th 45.70 (.00 1.33
CONDUCT IV TY S E 451,60 5. 4%4 ang.ng BO0,A0 W0.a0 =0.70 2.09
PH E1H & 7.36 3.1% &.98 .78 0.78 .00 =57
TURBIDITY LY & 0% 1.08 ¢.05 7.0 6.35 4 96 27 .87
T HARDHESS £1] 17 224,94 15.86 196,10 a7.,00 66,50 =018 =005
CA HARDNESS 39 17 03, 1% 16.05% 156.80 246,20 5940 0.533 .13
M OALKALINIEY 34 18 176,495 21.348 114.00 210,00 106 .00 =0.22 a,&2
TEMPERATLURE 50 2 571 .48 1g.,00 7500 2.00 0.7 1,36
BACTER1A LT 7 .54 i.5B L, 0w FEv £3.00 5,73 LE.3%




Table 39. continued.

Yariable M. Ha. Hean Standard Minimym Mia s i mum Total Skarness Kurtasis
Missing Deviatien Walue Value Range

WwATER WELL &2

Low Tpa= &1 ¥ 1886 3.0 167.0 $i0.0 i53.0 1.6 10,1
T a1 7 03,3 4.9 204.0 480 .0 &76.0 1.6 16.1
HIGH TD% &1 T nr.7 37.% 241.0 S50.0 29%.0 1.6 1.1
CARBOINATE &7 21 3%, 3 16,8 203.8 Z63.5 29,7 Q.1 -1.3
MONCARBONATE &r 21 B0, ¥ T4 4 0.0 9?.6 9.6 Q.7 1.0
MG HARDHES &7 21 3.7 15,9 3.9 TE.T 64,6 Q.o ;.0
CALCILM &7 21 gQ,7 5.6 b6.0 5.0 %0 a7 =1.1
FERCENT MG &7 21 13,7 k.5 1.8 29,3 7.5 iy .2
FERCENT CARBONATE &7 a1 82,9 1.0 B61.0 100.0 9.0 0.7 -8
PERCENT NONCARE &7 a1 171 10,0 0.0 3.0 33.0 0.2 -0.8
WATER WELL 63

LOW TD5= s & 286.0 Z8.H 16%.0 3500 185.0 -0.7 P
TDS 50 L 290,21 3.5 1ed,0 160,90 VR0.0 -0.7 2.1
HIGH Tos 50 & M. A 95,0 390.0 195.0 -0.7 2.1
CARBOMATE 39 17 215.% 16.3 159¢.1 157.0 BG. 7 -0.3 ~0.2
HOKNCARBONATE EY: ) 14 47.5 21.5 Q,0 B3.3 43.5 0.0 ~0.6
MG HARDMESS 39 17 25.7 12.9 0.0 52,3 a2.% 0.2 -0.1
CaLCrUM 19 17 B2 G4 G268 98,7 3.8 0.5 2.1
FERCENT MG 50 17 1.3 5.4 0.0 24,5 24,5 0.2 0.7
PERCENT CARBOMRTE 318 13 TH, G &1 58.2 106,0 41,8 0.¢ -0.3

PERCEMT HOWCARE 38 14 na 9.2 0.0 41.8 41,8 0.0 -0.3




Table 40. Basic statistics for water quality parameters from PUAG water wells 69 and 70 from well series Y.

Varfable Mo, N Mean Standard Mirntmum Maximum Toral Skewness Kurtosis
Hiazing Deviation Yalue Yalue Range

WATER WELL &%

CHLGRIDE 39 3 23,0% 9,92 15.10 B&. 50 52,40 1.98 1026
CONDUCTIVITY kL 3 532,31 B, 3y 3310.00 F005. 00 370,00 .62 2.98
PH EL 3 T.28 .16 699 7,67 0.68 0.54 0.0
TURBIDITY 39 3 .17 .23 0.06 1.50 1.4% 5,45 3t.45
T HAROMESS 117 15 21664 13,50 201.80 2av7 .80 6b .00 =040 1,34
LA HRRDNESS 27 15 Mi.e2 16,93 177190 27830 101.20 Z2.06 9,34
M OALKAL INITY 26 16 188.77 0,18 129,04 124,00 95 .00 -0.65 2 .04
TEMPERATURE 38 4 2684 0.35 16,00 27 .ED 1.80 LI ] 1.38
BACTERT A 3G 3 .00 0.00 .00 . 0 0.a0

WATER WELL 7&

CHLOR LGE 8 3 24 44 3.76 19.20 31,70 1180 0.83 1.00
COMDLCTIVITY 8 3 512,50 B9, BE 440 .00 70, 00 200,00 143 2,07
PH 8 3 7.30 G.15 7.7 7.52 045 -0.45 =0.78
TURBIDITY B 3 0.13 G.04 G414 0.1 0.1 1.4E 1.9%
T HARDMESS 3 3 230.69 B.59 219,506 146,90 27 .%d .36 |21
CA HARONWESS ] 3 20427 9. .97 180.3%0 11,740 31,40 -2.52 B.71
M ALKAL IHITY 7 L 195.86 33.589 THE G0 ik, DG 96 .00 (N -0,99
TEMPERATURE B 3 26.97 0,45 2650 28.00 1.50 2.4 5.13
BACTERLA B 3 0.400 &, O q.0a D.00 Q.40

S



Table 40, continued.

Variable Mo, Ha. Mean Standard M mum Man vmum Tatal Skenness Kurtosi s
Miszing Devialion Value Value Rarge

WATER WELL &9

L0W TOO* 9 3 27d.8 5.4 181.5 345.0 3.5 0.8 0
DS 32 3 295.% 1 198.0 4200 221.0 n.g i
HIGH TD% 39 5 ix.Q 41.48 214 .5 453,0 0.5 0.8 .0
CARBOMATE 7 15 2377 13,3 0,8 27,3 76,5 0.3 1.7
HONCARBONATE <0 16 47,3 21,9 6.4 35,6 43,8 .1 -0.3
MG HARDNESS e 5 5.0 15.5 0.0 04,7 50,7 2.7 11.9
CALC LM 27 15 a4 .8 a8 EA Y 111.5 80.6 i1 9.3
PERCENT W0 27 15 1.4 5.7 ¢, 0 33.9 33.% .3 10.2
PERCENT CARBOMATE 26 16 af. ] 9.4 57.4 7.0 9.6 -0.1 0.4
PERCEMT HONCARE 26 16 19.9 4,0 3.0 416 3.6 a.2 0.4
WATER WELL YO

LOw TDS* 5 3 281.% 434 2420 385.0 83,0 T.n .1
05 -} 3 nr.5 53,5 4.0 420.0 156.0 1.4 2.1
HLICH TD5 3 3 33z .1 58.4 2860 455.0 1£9.0 1.4 2.1
CARBOWATE L} 3 3o §.6 €13.5 46,9 27.% 1.0 0.6
NOMCARBOMATE T Ll EXEN 3.7 0.2 TT.D 7.0 .7 -1.5
MG HARDMESS i} 3 ZE.% 17.8 1.7 47,1 inh 1.5 “1.1
CALCTIM Ll i a1.9 4,0 12,3 B4 .B 1i.6 2.3 &.7
PERCENT MG g i 1.4 5.3 5.3 0.7 15.4% Q.7 -0.5
PERCENT LARBOHATE 7 4 5,7 14,7 R34 123.0 3Lz -0.2 1.4
FERCENT MNOHCARH 7 L} 15.H 18,7 O, L N 3.2 Q.2 1.4

611



Table 41.

Basic statistics for water quality parameters from PUAG water wells 71 and 77 from well series A,

Yariable M. M, Mean Standard Minimum Max 1 par Total Skewnness Furbosis
Missing Deviatidon Yalue ¥alue Range

WATER WELL 71

CHLOR | DE 7 1% 3B6.76 1,55 Z7.80 68 .50 0,70 1,75 3.20
CONDUCTIVITY 77 10 471.95 S 9% 300,04 A0 00 IG0.00 -0, %2 1.70
FH 75 12 747 G.1% .o B.10 1,09 T T.13
TURBIDTY 76 11 0.15 G0 .05 0.5 0.46 .45 651
T HARDNESS ES a2 203,34 20.20 133,10 67 .80 134,70 =007 2,36
CA HARDNE 53 65 a2 18776 16.91 168,60 29z.60 124 .00 4. 06 3.1
M OALKALINITY Bl 13 16%.53 19.45 115,00 197,04 §2.00 -0,4% -0, %7
TEMFERATURE T8 [} 7681 Q.50 26,00 I8.Q0 2.0 .6k 0,22
BACTER | A 1) 11 1,56 F.35 0,00 ThL00 TR.00 745 5570
WATER WELL 72

CHLOR | BE 1 7 1B .50 4.78 13.40 38,80 TH.40 2.4%2 T.64
CONOUCT LA TY (3 7 193,26 44 22 230,00 500,00 10,00 0.41 0.65
PH &6 7 7.6 Q.18 £.94 7,56 1.50 -0.110 .54
TUREIDI| TY a3 10 a.17 0,38 -.a7 =.53 6, 4b 1.77 4,32
T HARDMESS 585 18 TES, 24 21.51 112.30 250,80 134,30 014 i.54
Ch HARDNESS a1 22 174, 1B 14,548 152.50 23g,70 3% .40 2.20 6.R%Y
M BLKAL [HITY al 2 151 .40 2Z2.54 117.040 45,400 1z8.00 1.29 4,53
TEMPERATLURE B3 10 16,60 .31 1600 2B. 00 4.0 0.57 .92
BACTERIA 55 18 0,04 0,19 4.00 1.00 1,00 5.4 u 45

oot



Tahle 41, continued.

Yariable Nz, Mo, Mear Standard Mimimym Mas 1mum Tobtal Skenness Kurtosis
Missing Deviatian YValue Walue Eange

WATER WELL 71

LOw Ti# i 10 15906 8.0 165.0 330.0 165,03 «0.8 1.7
s 7 10 IB3,2 i.a 180.0 360.0 180, 0 -0.8 1.7
HIGH TDS 7 10 n5.8 33,1 195.0 350.0 195,14 -0.8 1.7
CARBORATE 63 22 205,48 1.9 172.5 292.6 120.1 1.5 &.1
NONCARBONATE iy 3 33,7 4.8 0.0 105.8 105.4 0.3 0.3
MG HARDMESS 65 27 16, & 14,9 0.0 T 7.7 1.4 2.9
CALLIMM b5 i 75.3 6.8 67 .6 M7.3 40,7 .1 3.1
FERCENT MG 65 s B.h 6.2 0.0 3.0 3.0 0.9 0.7
PERCENT CARBONRATE Gk 3 81.1 11.1 53.3 100.0 e, 7T =01 0.7
FPERCENT NOWCARE 64 3 16,9 11.1 0.0 b7 46,7 0. -0, 7
WATER WELL 72

LOW Thrje* &b 7 216.3 4.3 159,35 £75.0 115.5 [ d.5
105 {717 7 236.4 26,5 1750 iG0.D 126.0 (LA .6
HiGH TS EG 7 455.40 8.7 188.5 5.0 136.5 () 0.6
CARBOMATE 2 ¢l 192.8 15.6 164 .6 50.6 BE.0 1.3 1.4
MO ARBOMATE 1 22 9.z FL 0.0 101 .8 101.64 a,3 Q.0
MG HARDNESS 51 s TB.6 14.9 0.4d £3.2 a9,2 1.3 i.B
CALCIUM ™ 21 G948 6.0 B61.3 ELI 3.6 2,1 6.6
PERCENT ML a0 I3 ) 6.5 G.a 7.6 7.6 a.? 0.8
PERCENT CARBONATE 51 1z 73.9 11.3 s5T.7 100.0 3.3 0.2 -0.9
FPERCEMT HGHNCARE 30 23 0.5 11.% ¢.0 42,3 Lz ~0.2 =0.8

[21



Table 47. Basle statistics Ffor water quality parameters from PUAG wacer well 73 irom well series AG.

Variahle Ha. Ho. HMmar. Standard Mi nimum Masimum Tatal Skewness Kyrtasis
Missing Deviation Yalue Value Range

WATER WELL 73

CHLOEIDE 42 & 6B .45 T4, 78 46,00 119,840 LERY 1.2% .52
CORDUCT VI TY i & 561 .90 51,86 650,00 it Ol 190, 0% =074 =0, &1
FH 47 2] ¥.33 n.av 1.0y 785 0.4 L L 0.70
TURBIDITY &1 ¥ .25 n.e1 Q.01 4. 00 3.99 5.83 35.73
T HARDHESSE 3% 14 £31.467 14,499 150,140 IeE, 20 TE.10 =0. i1 1.83
CA HARRDMESS 30 }:] 181 .97 19,13 156,60 2ug, 20 B9 Bl 1.11 .49
M ALKALIWITY 29 14 17716 .79 114,00 214 .00 106, 00 =0.78 LER- ¥
TEMPERATURE 41 ¥ 26.75 0.50 25,60 35.00 340 2.0% 10.06

BACTER A | ] .05 0.:z2 g.0o0 1.60 1.00 k.23 17.29

A



Table 42, continued.

Variable Nt . Ho. Mean Standard Mirnimum Max i mum Total SkEnness Kurtosis
Hissing Deviatian Vatue Yalue Range

WATER WELL *3

LOW TOS5* &2 & 305.0 24.5 Y5 352,0 104,5 -0, F -0.6
DS 42 & T 3t 0.0 384.0 114.0 -3.7 it -
HIGH TDS LY a 365.2 3.7 2.5 6.0 113.,5 -0, F -0.6
CARBIHATE o 1E I%2.5 15.1 150.1 66,2 76,14 =0, 3 1.8
HOMCARBONATE A 14 LL ML 27 6.3 124 .6 118.3 0.5 0.5
MG HARDNESS EN) 1B LB 16.8 0.0 EE- 14,4 -3.3 0.2
CALC UM A} 1H 7E.D .7 62,8 28,7 35.9 1.0 2.5
PERCENT MC 30 1B 17.% 6.9 iR H 3.6 28,5 -0.5 0.3
PERCENWT CAREBOMATE % 15 TE. G 1i.3 485 ar . 48,3 -0.5 Ok
PERCEWT MOMCARE X4 15 1A 1.3 2.9 51.1 48,3 G,5 .4

£eT



Talile 43,

Summary statistics of water qualicy parameters

for combined well series.

Parameter Mtz Ho. % Mean Standard MF i mam Masimum Tata' Ckewness Kurtnsis
Mizsing Missing Deviatiarn Value Yalue Hange
CHLOHE1DE 5167 636 11 B4 6 B3.7 g.2 44 o 43,7 1.0k 2.00
COMDUCTIVITY 5166 &35 i1 677 78 00 1200 1704 1.65 2,18
PH %168 B35 11 7.3 0.z3 6.3% 8,40 2,26 0,08 Q.17
TURB 1O TY 5187 617 11 .21 Q.39 a.o 2.6 5.58 12.58 303,59
T HARDNESS 373 1431 25 25,8 60,5 112.3 49l .6 380.3 1.14 1.102
CA HARDHESS 177 1427 25 219,58 Sh.t 113.7 451.2 1375 1,06 0,50
M BLKALINITY 4327 1877 5 19%.5 45.9 By, 0 381.0 87,0 n.59 ~0.39
TEMPEHATURE 5197 613 11 7.5 0.7 22.2 33.0 14,8 .81 4,58
Yariable N Ho. Hean Standard Hinimum Maaimum Toral Skewress Kurtnsis
Missirg Deviation YWalue Yalue Range
LOw TOS* 5164 638 171.3 152,9 114.0 1045 .0 350 1.7 .3
T 5166 636 405, 2 1h6.4 1ii.4 1140,0 1920.0 1.7 2.3
HIGH TRS 5166 638 4o0.0 180.7 130,40 1235.0 1105.40 1.7 1.3
CHRBOMATE. G377 1hIT 2545 59.8 151,13 W9i.6 14105 1.1 1.0
WONCARBOMATF 4327 1877 5R.8 6.1 4,0 aR2 .5 I8!.5 1.1 1.9
WG HAADWDSS 5377 1417 35,0 2g,0 o0 146 N Luh.0 1.5 3.0
CALCLUM g7 1427 BS.1 7.2 45.6 180.8 135.3 1.1 0.5
PERCENT HG 477 1537 1%.49 E.7 0.0 55.7 5G.7 (I 1
PERCEMT CARBOMATE 4377 1477 TT.T 12.49 3z.0 100,43 £E3.D -0.2 AL
PERCEMT NOMCARB L3214 1587 22,9 12.5 5.0 8.0 BE.0 0.1 -0.

hel



Table &44. Basic quantile statistics Tor A-1, A-2 and A-3 water wellsg,

Quantiles

Parameter a5% 7o 2% 255 5% Mode Frob*D
WATER WELL 1: A-1

CHLOR VDE 25.9 1.5 19.4 16.95% 12.0% 21.8 0.0
SPECIF1C COMD BE0 E20 600 530 L4 &00 4.0
T. HARDHESS 333.63 312.88 295,95 TBE.6D 764 .13 230 .1 0.3
CA. HARDMESS 32 19 285 &3 278.3 Z6l.6 2391 P53 0.5
M. ALKALIMITY 3006 76 53 227 173.6 239 015
TEMPERATLIRE ZB.09 8 7.4 27 27 27 0.
TURBIDI TY 037 0.2 3.15 .11 0.09 .1 .01
WATER WELL I: A-2

CHLOR IDE 28.5 3.3 21 18.1 T4 1 17.49 0,01
SPECIF| L CONE 64 GO0 S8 524 09,5 &£00 0, {1
T. HARDNESS e.18 94 .6 274.,3 268,68 211.7 2Fh .G 0.
A, HARRDNESS 196,26 ZR3,BS 269,3 261.34 230.,M 2548 0.y
M. ALKALIN|TY 83,7 259 242 ¥y 176 24 0.15
TEMPERATURE 28 5 ) 27 BTG 2 0.
TURB I TY .59 n.21 6,15 012 .08 0,2 0.
WATER WELL 3: A-3

CHLORIDE 15.B1 b P 19,4 7.4 130 19.49 0.0t
SPECIFIC COMD B4 B04 Shi S50 495 EEH3 0.0z
T. HARDMNESS 317,22 194,45 218,15 171.9 25663 2704 a.m
CA. HARIHIESS 2594 15 2F2.63 1656 154 .8 b3 250.% Jg.m
M. ALEALIMEITY 1851 272 254 29 186G, 1 260 g.01
TEMPERATLRE 8 8 7.k 27 727 ) .o
TURB DI TY 04714 LR .15 n.12 0n.u9 0,4 6.1

A



Table 45. Basic quantile statistics for A-4, A-5 and A-% water wells.

faant i Tey
Parameter 35% T5% L% 25% % Mode Prap-D
WATER WELL &: A-4
CHLOR [DE 8.5 3.3 2.5 19,7 16.08 19,5 0.0
SPECIFIL COHD B53 ah Sad 5%2.5 R50.5 £00 a.01
T. HARDNESS INTLES 303,85 284 7.3 252,35 285,68 d.01
CA. HARDMESS 306,15 282.9 269.7 156, F 223,58 2587 R EN
M. ALKALINITY 284 a2 42 28D 170.5 135 G,
TEMPERATURE 28 8 2745 2715 Zo.B6 B 0.0
TURBIDITY 0.84% 0.2 N.:5% 0n.11 .07 0 0.1
WATER WELL 5= A-5
CHLOR [0E 23,98 13,49 17.4 15,74 13.33 19,49 J.15
SPECIFIC COMD 627 Ra0 SR SEil L5 ] 0.0
T. HAKDNESS J1B. i4 95,1 i8t.A T4 262,80 Iyl 0,07
Ch. HARDMERS 291 L 1 OT .15 5B,V 243 bk L. 15
M. ALKALIMEITY AT IES.D 43 iZ3d.h 80,5 PELE 0.5
TEMPERATUIRE TE. 8 18 2 27.5 2 ] 0.5
TURBID TY 0.8 d.1B 0,14 o.11 a.08 0.1% L.
WATER WELL &= A-g
CHLOR|DE 6.2 1K 8.7 17.5 14.4 1.4 (LI
SFECIFITL COw B4 EEG aLT Lul LED = seh .o
T. HARDMESS 1115 293,48 27925 2eL.7 257.5% 2705 0,04
Ch. HAROMESLS: 0,09 75 Zh0.2 250,38 7FLLAR 254,85 &+, 02
M. ALKALIMNITY T3P ihh 241 214 17 242 (.13
TEMPERATLURE T8 28 Iv.: i7 27 o 0.0
TURBIDITY 0.4 0.¢ n.14 0, 0,.na 0.1 o.M




Tahle 48,

Basic quantile statiastics for A-7, A-B and 4-9 water wells.

Quantiles

Paramater 95% 75% 50% 25% 5% Mode Prob=D
WATER MWELL 7: A-7

CHLORQE 3.1 25.1 21,8 19,49 16 1.8 4.m
SPECIFIC COND 680 G40 620 (04| Sk GO0 .ot
T. HARDHNELSS 354.3 EVETS 05,35 o4 I83.67 297.49 &.01
CA. HARDNESS 32,4 03,05 286, 2 272 Nn5.5 278.3 a.om
M. ALKALIHT|Y EXE) 276 2685 236,35 187.15 167 a¢.m
TEMPERATURE 28 8 7.8 27.5 FE B a.m
TURBIDITY 0.549 0,20 .1k G.11 D08 0.1 a.m
WATER WELL 8: A-8

CHLOR | DE 44 BO 22 1858 16 T4 17.49 a.M
SPECIFIL COMD a0 €20 1: 4] L&l 520 350 0.
T. HARDNESS 143 .06 310.85 292,05 274,3 26015 278.3 0.05%
CA. HBRDNESS 07 .95 90,2 278.3 Z65,B 116,25 7.5 0.03
M. ALKALIHITY pg 270 250 230 183.95 270 0.15%
TEMPERATURE 28,50 8 27,75 2133 . 28 o.M
TURBIDETY 0.78 0,35 Q.25 .2 3.15 g.2 0,01
WATER WELL 9: A-9

CHLOR | DE 215.4 66,98 161.05 152.9 141,57 164 .8 0,81
SPECIFC COND 1164 1110 1140 1400 Bog 1100 0.0
T. HARDNESS 415.55 30328 1E5.95 52 3XG R 356, 7 0,08
CA. HARDNELZL 381.76 41,1 i11.4 0.4 2h 6 13,4 0.
M, ALKALIHITY 111.6 283 27LE Mi.5 104 279 L.th
TEMPERATLIRE 8 28 27.: 2 27 5 Lo.m
TURBRI T 0.98 0.35 n.2 0.4 .08 a.15% G.o




Table &7.

Basic quantile statistics for A-10, A-ll and A-12 water wells,

Quantiles

Paramaeter 95% T5% 1% 5% 5% Mode Prob>D
WATER WELL 10: A-10

CHLORIDE 285.68 226.5 M 174, 7 138.35 160 0a.15%
SFECIFIC CONHD 1362 1245 1170 1095 BaL 12048 G.m
T. HARDMESS 2292 395 .75 T i56.98 G2 4T 16k, b )
Ch. HARDKESS 36i1.8 347.3 178.% 09,7 22776 1334.,2 0.0t
M. ALKAL INITY 311.3 283 1665 81,75 20012 234 L0k
TEMPERATLURE 25 18 7.4 Fif) 27 B 0.0
TURBIDITY g.89 0,21 .15 0.12 n.0d 0.1% Q.01
WATER WELL 11: a&-11

CHLOR | DE 25,0 19.49 17.49 17.% 15 17.9 &.01
SPECTF1C COMD BEL G20 G000 570 500 00 0.0
T. HARDMESS 34298 i 204 282 .L 7.8 2B2.2 n.1da
CA. HARDMESS I0e.T 291,14 2Th .Yy 18l.6 185,33 266 .6 4.0
M. ALKALIMITY ins.6 THD 2E1 234 192 23y 0.15
TEMPERATURE 8.1 8 27.B 7.4 7 28 4.0t
TURBIRITY .83 0.3 0.0 0.1% a.11 0,15 (K1Y
WATER WELL 12: A-12

CHLORIDE 3141 T4 [ | o 3.7 17 .4 .0
SPECTF1C CORD BFS.5 By o &G0 Sal 5405 =L .01
T. HARDNESS 355.B0 322490 ink.e5 29y T4 .54 07,9 0.15%
CA. HARDERESS 1 ane.? 2809 2787 254 8 g 4.15
M. ALKALIMITY 12 289.5 67,9 2425 14, 25 166 0.a5%
TEMPERATURE IE IR 2¥.6 271 n.5 24 a,m
YURBIDITY 0,82 0.28 .19 d.15 0,09 I ) 4,

Bl



Table 48. BHasle nuantile statistlcs for A-13, A-14 and A-19 water wells.

Quantiles
Parametor 5% 73% 0% 25% 5% Mode Frob=p
WATER WELL 13: A-13%
CHLORIDE 323,84 335.2 315.6 295,25 292,748 285.9 n.o1
SPECIFIC COND 17475 15347.5 1450 1362.5 11401 L 0.0
T. HARDHESS L1 432.6 403.8 IB4. 2 343, 4 154, 7 0.15
CA. HARDNESS 503,95 365 .05 46,1 3293 22,045 33302 0.0z
M, ALKALIMNITY 30 75 26?7 3%, 1R 188.6 266 0,03
TEMPERATLURE i6.29 23 27.5 1.2 27 28 0.0
TURBIDITY 0.87 0.3% 0.22 .18 &1 0.7 0.4
WATER WELL 14: A-1%
CHLOR | BE 352.98 81.% 269.5 247,93 219 277.9 0.1
SPECIFIL COND 1520 T4E5 1360 1215 1100 1504 0.
T. HARDMESS 453,86 423,55 325.9 3TT.ES 349,47 376.3 0.15
CA. HARDNESS 1T6.42 358,95 3337 317.5 63,2 21,4 0.
M. ALKALINITY 31,5 275 LY 232.75 187.25 2Ty 0.10
TEMFERATURE 8.5 28 27.8 27.55 26.98 28 .01
TUREIDITY 0.73% 0,26 0.1 g.11 .08 0.1 0.1
WATER WELL 15: A-15
CHLORIDE 200,97 152.2 15%.9 128.95 112,21 1359 G.m
SPECIFIC COND 11946 10046 S840 900 am 1000 %0
T. HARDNESS 350,85 326.8 ik 2.5 2R3, 25 3018 0,15
A, HARENE 55 133.64 280,58 2BE,.BS 509 215.6% ThE.7 .01
M. ALKALIMITY 263,550 233 226 204 5 166, B 39 a.02
TEMPERRTURE 0.8 5 2B - 27 B 0.0
TURHIDITY n.53 .15 0,14 0.1 J.07 o1 &0

LT



Tabla 49

Basic quantile statistics for A-17, A-18 and A-1T water wells.,

Quantiles

Parameter 5% 5% o0% 5% =) Mode Frob>0D
WATER WELL 16t A-17

CHLORLDE 80031 352,53 3473 275.% 119 .76 i57.3 015
SFECT1F1C COND 1a05 1500 1400 1240 1119 1500 0.01
T. HARDWESS 355,67 33245 317.55 301.8 27 3214 n.15
CA- HARDMESS F00. 44 66.9 254 .3 238.,1% 2146.97 235,12 0,15
M. ALKALIMITY 225,02 07 .20 188.55 174,5 15B.4 T8 G.15
TEMFERATURE IB.4 28 i8 Zr.B 27 2B 0,01
TURBIDTTY 0.63 0.9 0.14 Q.17 0.08 .15 g,
WATER WELL 17: A-18

CHLOR LDE 03 274 2521 21e.2 192.2 TE8 0.15%
SPECTFIC COHD 1500 1400 1300 1200 100 130 g.05
T. HARONESS 4408 415,58 392 37735 348.41 i80, 2 415
CA. HARDMESS 365,98 353.6 337 at7.5 2B0.TY 117.5% 0.4
M. ALKALIMITY ipr.e 2B 265 260 139.4 240 a.m
TEMFERATURE 74,5 I8 27.6 7.5 7 b} 0.0
TUREBIDETY .43 0.21 f.15 1% 0,08 0As 0.%
WATER WELL 18: A=13

CHLWR T DE oot e 37 177 4R B 73 2248.3 0.01
SPECIFLC COND 1712.5 150 1300 1137.5 435 13040 .15
T. HAROKESS 4473 B34 413, 5% 386.43% 318.75 L23.4 0.a1
LA, HARDMLESS B10.ES 388 .1 T4 L 3547 115,57 714 0,01
M. ALKALENETY 3251 94,5 280 46,7 159,56 285 .05
TEMPERATURLC 79.44 28 25 2T.B 7 28 .o
TURBIDTTY {,88 Q.28 G.17 D.t2 0,09 .1 0.m

BEl



Tabrle 5,

Basic guantdl!e statistics for A-21, A-22 and A-13 water wells.

waantiies

Parameter 35% 5% 5% I5% SE Mgl Frub=l)
WATER WlLL 19: A-2

CHLOR | BE 3% .59 286,65 258.5% 240,35 215,53 FaT.T L )
SPECIFIC COMD 1500 1330 1204 1155 107B 1200 .
T. HARDHESS 374,34 43,33 3085 298. & 83,12 i07.8 .M
CA. HARDMESS 112,74 2Ty 260 250.9 229,56 2509 2.1
M. ALEALINMITY 233,59 n 192 173 foZ 1590 13
TEMPERATURE 28 FL:| 27 .6 2.2 26.5% B .0
TUREIDITY 0.5 .21 Dot [ 1,04 0.1 0.0
WATER WELL 20: A-2Z

CHLORIDE 11482 109.6 4 87,85 T, 93 101.7 .02
SPECIFIC COHD D66 o) 7ED 40 oz T40 g.01
T, HARDMEZS 281.03 263.2 T5h. B 251.45 ZE3. 43 FRLTR | .36
C4, HARDHESS 161,16 237,55 2132.8 221 200,09 27 .5 w. 65
M. ALKALAIMFTY 2VELE 5.7 20 1#1. 3 tB1.65 ELME 4%
TEHPERATLURE 24,9 .15 ) 7 .65 48,82 2B G0
TURBI®| T 411 b7 012 (E 0.7 0. &.m
wWLTER WELL gh: A-22

CHLORIDE 2.6 ©2.23 2.t 20, BB 2n.8 21,3 2.08
SPECIFIC COMD 714 7.0 0o Gi5 G0 f o0 3,07
T. HARDNWESS LT 304,13 292 274,25 ifl.6 2716 .4
CA. HARDMESS 294 294,04 7y 251,63 09,6 259.¢ q.51%
M. ALKALIMIEY 2?5 225 g4 48 QLB 248 o.7a
TEMPERATURE 28 2h 27.7E IVl 2 IR .30
TURRIDH T 1.2 0.24 0,25 G.1s 0,313 (S G LT
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Tabla 51,

Basic quantile statistics for D-1, N=2 and D-3 water wells.

Quantiles

Parameter 95% T5% 50% 25% A% Wade ProbeD
WATER WELL 2i: DO-1

CHLOR | BE 75.1 6.4 S8.31 53,55 Uiy 23 3.5 q.01
SPECIFIC COND B7E &20 GO0 Eed 497 aO0 0.
T. HAROMES:S 260 .15 247.25 135.2 226.15 196,95 1%5.7 o.M
Ch. HARDNESS £1%.585 203 193.6 187.15 172.15% 188,21 ¢.03
M. ALKALINITY 21901 199 1861 164,25 137.6 145 .11
TEMPERATURE 27.59 27 6.5 6.3 26 5.5 0.1
TURBITI TY 0.4z 0.1 0.15% 0.1 0.07 0.15 o.m
WATER WELY. 22: D-2

CHLOR1DE B2 87 B 43 E0.75 Sk.73 48,53 3.5 ¢,m
SFECIFIC COND A59 g20 E00 el 480.5 RIO0 0,41
T. HARDHESS BB 2 248,28 237.35 227,33 2117 231.% 0.0
CA. HARDMESS 219.56 054 198.05 186.7 141,38 64,2 ¢,15
M., ALKALINITY .6 20 1 177 153, B 3] N5
TEMPERATURE 27,80 7 6.5 6.4 o 26.5 ,01
TURBIDITY .60 0.2 .15 C.10 n.0e 0.0% .0
WATER WELL 22: ©-3

CHLUATOE 50,53 a7 %7 .45 1G5 L 7.7 0.1
SPECIF1C COMD SAD L) REl 580 430 S00 {, 01
T. HAROMESS T T46.68 2te.8 215.6 2 .66 215.6 0,15
CA. HARDMESS 219.3 7 .1 135, 7 186.2 1RE.B 188.2 0,03
M. BLEALIMITY nN7.65 197,75 138,85 170,25 130,44 193 .06
TEMPERA TURE i7.9%9 i 6.4 2E.5 26 17 0.0
TURBIDKTY 0,50 .14 0,13 0,5 0.07 0. 0.™M

AN



Table 5?. Basic quantile statistics for D=4, D-3 and D-h water wells.

Qyantiles

Farameter 95% 5% S0% 25% 5% More frob=
WATER WELL 24: D-k4

CHLOREDGE 59,45 45,7 42 39, 4B 36, 6% 3.7 2.1
SPECIFIC COMD &00 564 Suf SO0 470, 5 ah 4,01
T. HARGNESS 261.1 1,8 233.3 223 .4 206, 48 227 .5 015
Ch. HARDMESD 219.71 0L.E 192.85 184%.2 173,52 184,32 L 1)
H, ALKALINITY 222.5 04,5 190 1725 153 187 L
TEMPERATURE 27 .68 ir 6.6 6.4 26 7 o.01
TURBIDITY 0.34 Q.14 0,12 0.1 0.07 0,1 G.01
WATER WELL 251+ D-5

CHLOREDE B5.5 aT.6 B3.5 0.1 55.% £7.5 a.m
SPECIFIC COND 6E0 810 ) Sgd 470 aLH 0.0%
7. HARDNESS 257.24 2391 2iT.% 215.6 020 115.5 0.0z
Ch. HARDHMERD 209,73 03 194 167 .78 1¥2.5 14% .7 .13
M. ALEALIMNITY 209,% 1ET . 7h 174.75% 161 130,45 142 .15
TEMPERATURE 27.94 irj 6.5 76.05 6 B .41
TURRIQITY 0.32 0.2 315 .11 0.a5 .1 Q.
WATER WELL 26: [-&

CHLGH | DE 7010 Gl 53,6 Ha, 5 43.80 55.4 0,81
SPECIF I CUNE a7l ShD 5y EYU4] W4, 5 520 (1
T, HARDNFSSH 4306 224.38 214, 5 7021 191.71 2036 (.02
CA. MARDNFSS 93,4 190,75 181.3 HEF ek, G 180.3 .15
M, ALKAILINITY FAEN I 181.5 170 156,25 136,58 116 (PR
TEMFFRATLIRF 27 .97 &7 28,5 7635 26 27 {1
TUREILI 1Y 0.50 0,21 014 0.1 0,07 0.1 .

r
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Table 33,

Tasic quantile statistics for D=7, D-f and -9 water wells,

Quantiles

Parameter 5% 5% A% 5% 5% Mode Prob>D
WATER WELL 2¥: D=7

CHLOR I DE 151 7.2 3.6 42 41.5 51.8 1.1
SPECIFIC COHD 5a0 sS40 R0 s00 5440 SoD a,on
T. HARDHESS 233 .45 211.7 19%.8 191.58 178. 16 19% G.0
Ch. HARDMESS 196,55 185,68 178.9 16B.3 156,85 164 .6 .15
M. ALKALIMNITY 195.2 173 180 147.25 127.3 164 0.15
TEMPERATURE 27 .04 7 6.7 26.5 6 27 o.m
TURBIDITY 0.58 D27 0.18 .83 0.06 f.15 0.
wWATER WELL 28: ©[B-8

CHLORIDE 255, 196.7 155.15 137 11917 137 0.
SPECIFILC COND 10440 a0 B i 27 |00 0.15%
T, HARDMESS 258.31 23% FAL 128.98 193.23 15.6 .15
Ch, HARDHESS 2021 189,55 TBO.3 172.5 16d .53 1¥2.5 n.s
M. ALKALINITY 17Te 161.75 4B 135 114,55 136 0.1%
TEMFERATURE 27 .68 27 26.5 6.3 26 2% a.oh
TURALDITY 0.54% 0,73 .15 0,11 0.08 [ n.01
WATER WELL 29: D-5

CHLOR | DE 165,82 | £B.05 113.5 195,05 og, 23 106 R a.o1
SPECIFIC COMD BeZ 940 FL-l FLLY] L34 gae ¢.M
T. HARDNESZ 182,79 761.55 406 2771 201,12 AL 0,15
LA, HARDMELSS 7.7 2003 1g8.3 180.% 170.43 164 .7 a,o1
M. ALKALIMITY 24 143,25 178.1 162.75 131.49 152 .15
TEMPERATURE 27.72 27 ZE.E 6.5 26 6.5 0.
TURBIDITY .44 q4.25 .18 0.1 0,07 qa,25 .0

el



Table 54,

Bazic quantile statistics for D-10, D-11 and D-12 water wells,

Quantiles

Parameter 95% T5% 50% 25% 5% Mode Frab=13
WATER WELL 3iD: D-10

CHLORIDE S5 41.% 34 357 33 31.7 0.1
SPECIFIC COND SEQ SO0 4490 470 400 504 n.M
T. HARDMESS 245,98 218,55 3.8 156 185,43 194,45 0.,
ChA. HARDMESS 1998 188.75 1H1.3 1725 165.7 168,46 I
M. ABLEKALIMITY 200,55 18075 164 148,25 1393 164 0,us
TEMPERATURE V.69 7 5.6 16.45 26 16,5 0.
TURBID | TY 0.55 D.t5 0.12 ) ¢.05 a.1 0,
WATER WELL 31: D-11

CHLORIDE 93.3 AE.& B1.4 Bl b 38.9 B9.3 .
SPECIFIC COND 100 660 &10 5E0 440 &R0 O, O
T. HARDMNESS 25072 237.1 221.& 5.6 2018 2149.5 .15
CA. HARDMESS 214 & 197 .8 15311 1B84.2 171.6 184,12 0.6
M. ALKALIHITY 205 192 178 162 132.4 B4 n.1s
TEMPERATLIRE 27.60 7 6.5 2&.23 24 26,5 .01
TURBADH TY 0.43 0.20 0.14 a1 G.av &1 0.8
WATER WELL 32: D[-%2

CHLOH | DE 7.4 23.3 19.7 1.7 13.5 it.B 0,0%
SPECIFIC COND 4505 400 £1:01 350 300 400 6.0
T. PARDNESS 153,93 185,48 1765 168.6 156 E7 17¢2.5 LR |
CA. HARDMESS 190 168, E 160.7 155,12 145 1268 G.02
M. ALKALINITY 174,85 156 Tuy 130.75 113.05 150 015
TEMPERATURE .5 27 26,5 26,0 5 ) 4.0
TURBIDNTY 0.36 0.12 Q.12 a.1 &.0& (VA 0.m

SEl



Table 55, Basic quantile statistics fer D-13, B-14 and D-15 water wells.

Quantiles
Parsmater 95% Tx% S0% 25% 5% Mode Prob>D
WATER WELL 33: D13
CHLOR IDE T4 I4.63 1721 145.63 116.6 161.6 0.0
SPECIFIC COND 1505 1210 8&0 P £39 720 o.m
T. HARDHESS £9%.6 265,55 227.% 205.& 190,56 03,8 0.
CA. HARDNESS £22.7 2.2 188 176.7 158.76 180.3 0.03
M. ALKALINITY 110,23 157 144 .95 133.75 114 .05 142 0.15
TEMPERATURE 7.7 27 6.5 26.3 26 27 0.0t
TURE O1TY 0.480 0.33 0.2 &.12 .08 0. 25 o,
WATER WELL 34: DO=1&
CHLO® IBE 493 39.7 35.9 33.3 5.1 r.7 2.0z
SPECIFIC COND E50 5RO 540 500 470 G40 o.M
T. HARDMESS T6E. BE 243.0 231.3 215.5 211.82 2230 0.0
CA. HARONESS $32.3% 222.6 212.6 2032,B 178.1& 07,8 0.11
M, ALXALLHITY 219.8 202 185 172 ol 4 200 0,15
TEMFERATURE 7.9 27 7 26.5 26 i 0.
TURBIONTY 0.06 0.1¢ 0.12 L.09 0.0a 0,15 0.0
WATER WELL 35: [-+15
LHLGR 10E TI2 .38 1.5 LU RLN 3.5 o.M
EPECIFLC COND 761 7o0 fid h20 %59 Rad folk
T. HARDMESE 280,67 181,35 PLE A 231.3 6,97 7 0.03
Ca, HARDNLSS 733,158 216,13 99.7 199,49 189,64 156 0.15
M. ALEALINITY 213 209,85 194, 5 175 146, 6 174 .15
TEMPERATURE 7.5 7 26,6 6.4 pa 7 0.0
TURBIDLTY 0,28 0,18 .11 0.0 0.o7 0.1 0.m

RN



Table 55,

Easic quantile statistics for O-14, D-17 and D-18 water wells.

Duarntiles

Parameter S5% 5% LY 25k % Hode Prab>[
WATER WELL &5: D-1&

CHLOR1DE 116 Foo4 1 S5 iy 9g a6 0,02
SPECIFIC CaMD 40 £90 &0 &0 Gl Ead 0.
T. HAROMESS 279,24 2654 253.B 199,35 144 12 2165 .01
A, HAROMESS pJ1N 237.6 228.8 219.5% 176.7 218,48 a.om
M. ALKALIHITY 249,35 2149.5 19% 189.7% 161,23 198 O.RH
TEMPERATURE 23 27 6.5 i6.h 26 IE.5 a.m
TURG DI TY Q.63 0,24 .15 0,13 0.8 0,15 a.o1
WeTER WELL &5: D-17

CHLOR1DE T2.63 LR, 25 45.6 3508 16,6 15.9 G.43
SPECIFIC COND B 620 el L40 LAG. 75 ali oo
T. HARDMLCSS 18h .4 2704 811 50 235.88 247 .o
Ch. HARDMESS 259,04 44 41,3 235.2 202.38 L3 .01
M. BLEALIMITY 156.75 179.5 ) 200.5 166.5 132 ag.m
TEMPERATLRE 272D z7 2665 26.5 16 27 oo
TURBIDITY 0,27 0.2G 0.1% a,1o G.o7 0.1 0. 04
WATER WELL B7: ©2-1B

CHLARIDE 30.93 £2.5 R3.7 a1,23 57.97 &8.5 o.M
SPECIFIL COME Fo0 Gl R4l 600 S04 LA 0.0
T. HARDNERS 76,29 7R9.1 82,1 247 214,62 m7 0,70
Ch. HARDNESS £50.43 54,1 2249 221. 196,85 29 0, Gk
M. ALEALINITY 68,2 279,75 205 138 1764 158 0,30
TEMPERATURE T a7 26,8 1&.5 26.27 7 0.1
TUREIDTY .41 .24 d.13 L.09 0.06 [H 0.1




Table 57,

Basic guantile statistics for M-1, M-2 and M-3 water wells.

Quantiles

Parameter Lo 75% 5% 25% 5% Mode Prob=0
WATER WELL 36: M-

CHLOR | DE PR 170 153 TH 1 115.1 115.1 ¢.o
SPECIFIC CONO 1100.5 &0 BaG 00 706.5 ML ¢.01
T. HARDHESS 2R2.2 267 .8 IL0,.9 Zh3 215.6 7 0.0
CA. HARDNESS 2246 181 .4 168.5 156, B 18404 152.9 0.
M. ALKALIMITY 2323.1 201 180.5% 183 133.8 210 0,15
TEMFERATURE 8 27 6.9 25,6 it 7 o.m
TURBIDITY 0.71 0.19 015 0. 0,97 0.1 0.1
WATER WELL 37: M-2

CHLORIDE 1.4 7.4 12 . 1 51.9 Th. b a.01
SPECIFIC DN 700 &42.5 G20 2T4] 4355 1L ¢.01
T, HARDMESS ZEL .36 ni.9 1.2 14,2 195,76 15,6 0,91
LA, HARDMWESS 198,34 168.6& 1E4.B 155,72 156,42 1607 0,01
M, ALWALINITY 210,65 97,75 178.75 181 13,7 161 G135
TEMPERATURE 2B 27 1£.9 6.6 F>) 7 £.m
TURBADLTY n.e3 0,24 0.z 0,15 0.o9 0.z 0.a1
WATER WELL 3E: HM-3

CHINRIDE ER 5.7 23,15 19.63 Ta.74 3.9 0.9
SPECIFIC CoND 70 30 4510 L0 400 450 0.01
T. HARDHESS 255.94 126.6 212.55 19%.9 191 139.9 o.m
CA. HARDNESS 196.9 17698 167 .5 156.8 14608 164 & 0.5
M. ALKALINITY 215_8 152 180 160 121.4 180 0.¢3
TEMFERATURE 7.7 7 6.8 25.5 26 27 o.m
TURB IO TY 0.35 0.9 n.1i 0.1 .06 [ o.01

geET



Table &E.

Basic quantile statistics for M-4, M-5 and H-6 wacer wells.

Quantiles

FParametar 5% 754 S00% 5% 3% Hode Froaben
WATER WELL 39: ™-4

CHLGR LDE 28.a7 i2 A5 17,93 13.& 1.8 G019
SREC|FIC COHD c0a Ler.5 &nh 4231.5 IB5.2% 450 .0
T. HARDMESS 248 .67 12,8 HR.75 TGF.93 182.7 203.8 n.m
A, HARDHESS 212.82 1906.1 133 169.13 1049, 4% 184, 2 .15
M. ALKALIKITY 2004 327 177 1&1 136 Tak 0.1%
TEMPERATURE 27.7 27 6.5 8.5 G X7 0.01
TURBIDITY .50 0.21 013 .1 .98 0. a.01
WATER WELL 40: M-5

CHLORIBE B&.T 45 41,7 3T.2 3.2 3.7 0,15
SPECIF I COND &40 550 S50 500 450 L1} L.
T. HARDHESS 271,28 261.5 23t 215.6 206,48 215.68 n.m
Ch. HARDMESS 215,64 200 193 .6 1842 193,48 184 .7 0.
H. ALKALIMLTY 223.3 202.5 188.5% 167 135.0% 167 0.5
TEMPERATLRE 7681 17 6.4 2B.5 7640 27 0.m
TURBLDITY G. 45 o.15 0z 0.1 0,06 0.1 n.m
WATER WELL 41: H-&

CHLORITDE 7534 ES.5 a87.1 44 4f 16.02 59.5 0, G
SPECIFAC COWD 9.5 &00 SE0 Lo LR B0 0,1
T. HARDMLSS 259.1% 235,35 1134 608 206,55 2334 0.
Ch, HARPDMESS 247,15 2067 19£ 18B.Z 180.3 136 0.0&
M, BLEALINITY das.? 192 177.7 1R 23a0h 19R J.15
TIMPERATURE 2790 7 2B .S Pl 26,0 rd 0.0
TURBIDITY 0.4 LN 0.1% [ 0.08 0.15 .o

AL



Table 39,

Basic guantile statistics for M-7,

M-8 and M=9 water wells.

Quantiles

Parameter 5% 5% 50% 5% 5% Mode Prob>D
WATER WELL 42: M-7

{HLOR i DE 49,66 7.6 35.1 1,25 27.0% 35.7 0.
SPECIFIC COND 560 Syl 500 480 4] 500 0.m
T. HARDMESS T L 237.75 2234 231,15 202 .4 215,86 0.a1
B, HARDNESS 14 200 19k, 184, 2 158. 4 188.2 0.02
H. ALKALINLTY 21465 o2 184 .25 167 134.9 165 0.15%
TEMPERATURE 27.77 27 6.8 26.5 6 27 o.M
TURBIDITY 0. 35 (R Y n.1% [ o.a7 0.1 3.0%
WATER WELL 43 H-B

CHLOR | DE 29,57 3,3 n 149,25 15.6 19.49 0.1
SPECIFI1C COMD Sl 450 430 400 350 450 Q.o
T. HAROWESS 2348.75 9.7 199.9 188, 2 174,25 188.2 n.0z2
CA. HARDWESS 188,96 15%.05 15%.9 a6 134,57 Th5 0.m
M. ALKALIWITY 195 V7RTS 163 150,25 124,7 156 06,15
TEMPERATURE 27.949 27 26.8 26.5 26,02 27 0.
TURBIDTY 0,53 0.16 013 .09 L.0E a,09 .ot
WATER WELL tb; M-D

CHLOR 1 [FE 363,37 shEL L N33 334,35 I1h.0R 230.3 G.01
SPECIF1C {OND 1400 1100 1170 i 817 12040 (YAY |
T, HARDMESS 325.2% phst rr0.T 757.6 236,04 IRE . B Q.15
CA. HARDMESS 258 .52 191,95 150,13 168.55 15%.59 184.3 .01
M. ALKALINITY 217.4 1B7.25 111.35 157 1316 185 0,15
TEMPERATURE 28 by 27 26.6 16,29 a7 a.0m
TURBIDITY 0.9% 0.5 [ 0.21 0.1k 0.5% 0.1

0471



Table 60. Basic quanctile statistics for M-1Z, M-14 and M-15 watey weils.

Quantilas

Parametmr 5% o 50% 5% 5% Mode Frobr0
WATER WELL 45: M=-12

CHLOR i DE 105, B 91,48 79 ro L2 48 43.3 ¢.15
SPECIF1C CONHD 710,5 T 700 B40 520 o0 ¢.m
T. HARDMESS 795.68 274 .98 262,35 5G9 229 66 £5e.4 0,13
CA. HARDMESS 274,36 243 231.3 8.5 190.1 234 ¢.15
M. ALKALEIMITY 238,64 220.75 205.5 188.5 127.1 Lt a.m
TEMPERATLIRE 28 27 i 6.7 6 7 a.m
TURB O TY 0.3 0.2 0.1% n.nm 0.08 01 G.m
WATER WELL %B: M-1%&

CHLORIDE 70.03 5.6 3.7 iB. 15 17.5 35.7 ¢.01
SPECIFIC COND 700 BE0 ELE aan bl B a.m
T. HARDHESS 1,32 299.08 278.3 0.5 245,95 IT0.5 406
Ch, HARDHESS 958 71.3 256 .8 0,6 195,05 47 0.03
M. ALKALIMITY 279.6 255 135 206 P56, & T4 a.02
TEMPERATURE 27,90 7 6.9 Z6.E 5 v a.m
TURBIDITY 0,2 J.16 0.13 0.1 .03 (1) | o048
WATER WELL BB: HM-15

CHLORIDE LY 5.7 4.9 2B.03 2h iE 0.74q
SPECIFIC COND £50 590 S4h 505 410 40 0. Bk
T. HARDMESS 321.3 - I K 2i8.4 203 07 .8 1t5.6 a.o1
Ch. HARDNESS 03,5 0783 196 187 .13 18G4 .2 196 0,83
M. ALXALIMLTY 222 220 1485 170 183 165 .18
TEMPERATLURE 27 .75 6.5 2B.5 o) IE.5 Q.35
TURBIDITY 0.3 a.20 .14 .11 n.o9 o.12 a,04

%l



Tahle A1.

Basic quantile statisties for F-1, F-2 and F-3 water wells,

Quantiles

Farameter 95% 5% 50% 5% 5% Hode Prab=T
WATER WELL 47: F-1

CHLORDE 101.2 87.3 72 &2 56 BS .4 0.0
SPECTFIC COND 60 £00 560 522.5 LE0 5.0 0.0
T, HARIWESS 137.93 M. 199.9 188.2 173,45 188. 2 B.10
CA. HARDNESS 198.7 186.28 179.6 168.6 160.32 168.6 D.15
M. ALKALEMITY 181.6 tES 152 150 116 1480 0.15
TEMPERATURE 28 27 26.7 26. 4 16 27 007
TURBIDNTY 0.33 .15 0.12 o) 0.97 b.1 0.0
WATER WELL 48: F-2

CHLOR 10k 158.3 115 107.2 36.7 85.9 1072 0,41
SPECIFLE COND 759 700 664 630 s21 £40) 0.0
T. HARDNESS 228.78 215.55 196 188.2 173,44 196 .01
CA. HARDNESS 191.95 180.95 166.5 160.7 145, 4 164 .6 0.15
M. ALKALINITY 168.55 158 146,15 133,75 4.8 143 0.15
TEMPERATURE 27.95 27 6.8 26.5 26 27 0.01
TURBIDITY £1.45 .21 0.15 0.1% D04 .1 0.01
WATER WELL 49: F-3

CHLOR 1€ 69,8 1n2.1 o w0 73.2 1.3 0,
SPECIF IC COND 7B E6D 640 50D 500 B4l 0.01
T. HARDMESS 27,2 207,48 196 1842 155.58 184.2 £.01
CA. HARDNESS 195.34 172,45 1664 160.,7 152.07 160.7 0.071
M. ALKALENITY 169.6 155 146 131 1412.7 155 a.15
TEMPERATURE 7.5 17 26.5 26.3 2% 27 ¢.m
TURBIDITY .25 0.2 2,15 0.1 .07 0,15 0.01

il



Table 62.

Bagic quantile statistics for F-4, F=5 and

Frf water wells,

Quantiles

Parameter 5% 15% S0% 15% a% More Frob»D
WATER WELL 50: F-4

CHLORLEBE 199 .4 134.5 105.2 TE.H ) 113,2 L0
SPECIFIC COWD B& ¥5d <L aR0 480 280 .15
T, HARDMESS 235,472 215,46 199.% 187.72 170,604 20318 0.1s
CA, HARDHESS 195,73 175, 4 172.7% 1652150 150,17 164. 5 0.
M, ALKALIWITY 17¢7.2 156 146,12 1148 Tho. 4 T4y 0.15
TEMPERATURE i) 2F 2&.56 i6.¢ ik ¥ 0.0
TURBIDLTY .15 a,22 [EA Y] g.11 0.a% (1) 0.
WATER WELL 51: F-5

CHLORIDC &¢.71 62,83 55,5 ) &0, 51 59, .15
SPECIFIC COND EG 550 005 475 4ui .75 soQ H.m
T. HARDHMELS 239,18 5,73 192.1 1803 168 .68 176k aJ.m
CA. HARGNES: 199, 54 180.2 172.5 B3, B 917 16%.6 C.a2
M. ALKALIMITY 17675 163.75 151 135 112.25 158 .15
TCMPLRATURE 27.5 27 26.7 76,04 16 2i G.a1
TURBADITY . 7e 0.3 .19 Q.12 .08 (| 0.3
WATER WELL %7: F=G

CHLOR FDE 212,85 152,68 12101 98,78 Bu.& 93.3 .03
SPECIFIC COND 9E] 815 TR A4 53B.5 20 0.0t
T. HARDMESH in2,3 230,78 Fh ) 196 TB&. 2 196 J.13
Ch. HARDNESS 210,33 190.9 180,13 168.B 0.7 172.5 .15
M. ALKBLIKITY 1/E 10,75 Ta'9. 4 139.25 114.5 145 .15
TEMPERATLIRE 2B 2T .2 2 26.5 Z 27 o.03
TURBIDITY 0.27 0.2 0.15 .11 .04 a.15 L.




Table K3, Basic quantile statistics for F-7, F=-8 and F-9 water wells.

T

Quantiles

Parametar 95% Th% a0% 5% % Mode Praobe b
WATER WELL 53: F-7

CHLORI1DE BO.56 RY.5 L¥.5 52.3 46,11 63.5 0.01
SPECIFIL COMD 600 562,5 235 500 450 320 0.01
T. HARDNESS 9.7 09,7 195,75 1871 178.5 18&.2 0.4G1
oo, HARDMESS 200,92 184 179.8 172.5 162,26 180.3 0.01
M. ALKALINLTY 178 164.75 154 141 115.7 160 0.05
TEMPERATURE 28 27 6.7 6.5 Ig rey oo
TURBIDITY 0.3 0,17 013 0.1 046 0.1 0.
WATER WELL S4: F-8

CHLOR I DE .1 22,2 19.9 17.85 15,42 19,49 a.m
SPECIFIC COnD BEO.95 430 00 370 325.5 [Yals LML
T. HARDMESS 2176 189,59 185.4 172.5 156.56 172,5 0.15%
CA. HARDOMESS 195.77 178.9 168.% 160.7 152,67 60,7 0.32
M. ALEKALINITY 183,64 163 152 Tul 113 1ul 0.15
TEMPERATURE 27.5 7 6.5 6.4 it 6.5 o0
TURE DI TY 0.25 0.1% 0.1 0,09 0.96 oA 0.
WATER WELL 55: f-9

CHLORIDE 96.16 75.05 ad. 15 o0 L5566 5G L0
SPECIFIC COND BOD 580 S0 430 440 S0 (M
T. HARDMESS 250 .27 218.3 2077 195,63 174,83 1%5.5 0.34
CA. HARDMESS 3T 135.9 VF7.15 172.25 186,07 176,54 0.27
M. BLEALIMITY 197 163 15t 41 13% 131 .02
VEMPERATURE 27.18 o 6.5 16,3 26 F 0.7

TURB DI TY .63 0.14 033 0.1 0,09 0.3 0.6




Table &4,

Basic quantlle statistics for F-110 ard F=-1! water wells.

Quantiles

Farameter 95% 5% 505 5% a% Mode Prab>D
WATER WELL 56: F=10Q

CHLOR b DE 21%.13 18d. 2 143,35 127.1 B9, o4 126.8 0.i0
SPECIFIC COMD 1426 530G B0 0 530 800 0.15
7. HARDMESS 3ng.15 XL 2934 £32.15% 043¢ 231.3 G.H6
LA, HARDMESS 245,66 125,68 2.7 197 .85 iT1.EY 2038 0.96
M. ALKALINLTY 205.% 19F 17R.4 1B5.5 1485 Y 0.53
TEMPERATURE 27,85 2F 6.0 6.2 26 7 0.1
TURB I T G.75 .35 0.z 0.15% 0.07 0,2 0.1
wWBTER wWELL 5¢: F-11

CHLOR DL 144 113.75 99.3 g2.5 3.4 T L.
SPECIFIC COMD T T G40 600 520 20l .1y
T. HARDMESS 253,38 22001 07 .4 135,750 169,38 207 .4 .55
CA. HARDMESS 227,68 182.7 1764 16E.3 153,65 160.7 L.m
M. ALKALIMITY 178.55 165.25 14E 136,25 128.1% 105 .08
TEMFERATLRE 78 27 26,5 26.21 78 7 0.0
TURBLDITY .51 0,25 0,15 n.11 .04 0.1 6.




Table 65.

Basic quantile statlscles For N-1 and ¥-1 wacer wells.

Quantiles

Parameger 25% 755 s 29% 5% Made Prob=D
WATER WELL SB: H=1

CHLOR | DE 147 .89 107.15 97,95 TB. 25 £1.15 TT.4 0.07
SPECLIFLC COND 509.5 Fadt GBI G20 57G.5 TO0 0.0y
T. HARDNESS 2R5.77 263.7 239, 1 PIT. Y 18,9 239.1 .01
CA. HARDNESS 236.00 219.13 206 .8 192.1 175,88 1921 G.06
M. ALKALINITY 8.7 157 186 170 13%.45 167 0.15%
TEMPERATURE 27.8 17 2E.8 26.5 ZE b .01
TURRBIDTY 0.37 0.6 (.12 0.1 (.07 0,1 0.¢1
waTER WELL 59: Y-l

CHLOR | DE 9.81 15,75 21.7 19.% 16 1.8 g.m
SPECIF IC COND 579 S0 M) 450 400 S{0 0.4
7. HARDHESS 256.1F h5,15 1.3 221.35 70247 227.8 Q.15
Ch, HARDMESS 227.%h Flb 2063 199,31 18B .96 199.9 0.15
M, ALKALIMITY 230 N3 194 172 14E.B 21 Q.15
TEMPERATLIRE 28 7.k 27 26.71 15 a7 .01
TURBIDITY G.15 0.18 .11 009 0.05 0.1 0,01
WRTER WELL &0: ¥-7

CHLORIDE A k23 71.5 19.7 13 .6 6.0
SPECIFIC COMD S S0 450 Y& L] 500 0.4
T. HARDMESS 77,70 74 28 241.3 121.85 211.7 231.3 g.15
CA. HRRDMHESS 2ik. £ 215.4 H7.R 156 190.1 146 0,15
M. ALEALIM|TY 733 15 19E.5 177.4 Toh 5 219 0,14
TEMPERATLURE +4 74,33 a7 26.B e i C.0o1
TURBLIDITY L. 34 L8 a.13 c.1 n.07 0.1 0.01

L



Table &8,

Basic quantile statistics for T-3, Y-4 and Y-i wakter wells.

Guantiles

Parameter L 75% 50% ELL ) B% Mode Prob=0
WATER WELL &1: Y-3

CHLOR Y DE 25.9 1.9 9.9 18,1 14,01 1.8 .01
SPECIF1C COKD 520 50 bri LED 400 &00 L.
T. HARDMESS Toh,9 248,15 234 .6 215.6 204 Z15.6 003
CA. HARDMES> 239.7 Myl LU 1595 138.08 195 n.i2
M. ALKALIMITY 220 a0 1BE,1 174 14&.8 1462 0.5
TEMPERATLURE by} 7.5 & 26,93 & 27 0.Mm
TURBIDITY .93 0,35 a,2z 0.18 012 0.7 0.4
WATER WELL BZ: Y-4

CHLOR 1 DE 13.51 P4 25 Jt,9 .15 1B.01 £1.8 0.,
SPECIFIC COND aTH 505 500 Bl 402 SO0 0.0l
T. HARDNMERS 261,95 250.1 235.2 a4 211,62 11T T
Ch. HARDMESS 2al s 1.2 2038 19% 177 .42 138.2 0,15
M, ALEALIMITY 2%, 4 2048 134 180 147, 6 Yaun) Q.05
TEMPERATURE 17,04 17.2 27 ZE.A 6 27 oo
TURBITITY 4.5% g.1 0.t n.: 0.7 0, a,m
WATER WELL ©3. ¥-5

CHLORIDE 459, 0y 7.78 15,55 3208 17.2 33,7 4.0z
SPECLFIC COMD a0 05 a0 450 400 500 .05
T. HAROMESS 2Ly .9 233,31 2270 kel 1684 L 207 .8 043
Ca, PARDMESS 235 .4 27 .4 145.7 191 .6 TR 0l o
M, ALKAE|NITY 213,35 191,75 174.5 163,25 14915 152 TLEG
[EMPERATURE i) 27 8.6 5.0 2 27 2.0
TUREIDITY 1.35 0.3 0.1% 1.1 L.y a.1 0.0

I



Table &7,

Basic quantlile ptatistics for Y-6 and ¥-7 water wells.

Quantilas

Farameter G5% 5% 0% 15% 5% Mode FrobsD
WATER WELL &%: ¥-&

CHLORIDE 54 M 2 18 14.1 14.1 0.0
SPEC | FIC oMb (= 1) Sy 450 LTl GG 5010 d4.m
T, HARDWESS 26264 243 238 r28.48 05,12 27B.58 b.57
A, HARDMESS 156315 218G 1.7 234, H tBT.% 711.7 0,01
M. ALKALINITY 223,13 199,25 186. 5 178.%h 13985 182 0,24
TEMPERATURE 27,61 7 26.59 216.5 16.19 T 4,01
TURBIDITY 0.3z 0.7 ¢.12 0.0y 0.Cr 0,0% L1, 1
WaTER WELL 70: Y¥-7

CHLGR{DE 11,7 26,15 4.7 1.03 15,9 25.% 0.51
PECIFIC COMNG Hao 554 L5 G475 &k 440 0.45
T. HARDMESS Th6, % 237.15% 186,15 115 B 219.5 A5 C.a5
CA. HARDHESS 2117 EIERE g7 .15 74,25 186.3 7.8 4.0
M., ALKALIMN|TY PLE FFL 109 177 The THE 0.3
TEMPERATURE 24 27 6.9 PE.F3 8.5 6.5 0.0z
TURBIDITY £.21 .15 .12 0.1 0.1 0.1 a,04

g1



Tahle GH.

Basir guantile statistics for AG-1l, AG-2 and GHUES water wells,

Quamkiles
Parameter 95% 7o L% 25% S HMode Prob>
WATER WELL 71: AG-1
CHLORDE 59,6 43.05% LY 33,7 33,02 .48 L.
SPECIFIC CONWD Gy UL LEn 450 160 500 4,01
T. HARDMESS 235,65 2161 283 191.1 175,14 1921 L0k
CA, HARDMESS 211,42 192 .55 1867 1803 17¢.5 180.3 4.0
M, BLWALINITY 191,78 185,75 1645 L0 126.25 148 .15
TEMPERATURE | 27 675 I6.43 26 27 .01
TURBIDITY £,.48 k.16 0,12 0.1 Q.05 0.1 .0
WATER WELL 77: ALG-2
CHLORIDE 30,23 19.9 17.9 1%, BE 13.7 1%.9 3.01
SPECIFIC CoND q493 4t 400 BTG 321.5 400 4.0
T, HARDMWESS 20,36 197.8 18E, 2 176.4 162,77 1764 .07
CA. HARDNESS 213,42 179,48 171.2 164 .6 136,65 164 .6 .0
M, ALKALIMITY 1759 163 151 134 1119.2 126 .15
TEMPERATURE 27,98 21 6.5 6.6 26 6.5 0.0
TURBIDITY 0,35 0,2 a,15% a.1 Q.08 015 G0l
HATER WELL 73: {HURA
CHLOR | D E 597 7.1 EE.G 61,55 LT ES. 5 &,m
SPEC!'FHL CONG 620 G0 SBo 52n 450 &00 4,m
T. HARDNESS 64,72 #37.8% 2335 222,78 2011 233.3 G.15
CA. HARTMESS 243 .89 197.72 1926 1B1.35 1621 194 .6 4.
M, ALKALIMITY 212.85 1905 L ieL. & 11&.5 163 .08
TEMPERATLIHE 27.39 7 L FL 6. 0% 26.5 4.0
TUHB DI TY .46 0,24 .15 0.1 .07 0.1 (.01

Gt



Table 69. Summary quantlles and test of aprmal distribucion for

from combined wall series.

water gquality parameters

Juantiles
Parameter 5% 75 500 23% 5% Mode Prob=l
CHILORLIDFE 279.8 1049 _{ 543 23.3 16,3 21.8 0,01
CONDDOCTAMCE 1336 710 L), 500 {0 R a,0t
pH 7.70 7.50 7,35 P17 b.95% 7.38 a,01
T. HARDNESS 391,11 2B3.8 23%.1 212.1 P84.0 215,6 b, 01
CAa, HARDNESS 337.0 2560 2000 1603 156.8 164,56 0,01
M, ALEALINITY 81.0 223.0 186.0 lal.0 13x.4 172.0 a, 01
TEMPERATURE 28.0 27.5 2r.a 26.3 260 2r.a .01
TURIRIDITY 0.50 .21 .15 0.in G.08 0.1 O.01

s |
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Begression Analyses

4 serles nf regression programs were run to assess llnear changes in
witer nuality data chroughout the sample period for each well. The 343
Tegression programs fic a least squares estimate to linear regression
models (S5A8 Institute Ine., 19582). The dacs presented in this repression
scction are from a GLM (Ueneral Llnear Models) procedure. This is an
axtromely versarile procedure that can do many different analvses which
include simple and multiple regression, analvsis of variance for unbalanced
data, analysis of covariance, response-surface models, weighted regrassion,
polynomial regression, partial correlation, and mulrivariate analysis of
varlance., The assumptions and description of tests are well documented in
the HA% users"' manual (385 Insticvute Inc., 159B87).

The regresslion sectlion presents significance lewvels and R-correlatioms
gl lipear regresslons lor each measured water gquality partameter by well,
The Fevalue, FROBrF, H-squared and adjusted Besquared valuves are presented
in Tables JO-10f with & summary in Table L07. The F=~value tests the
hyputhesis that all parameters are zero except [or the Intercept. The
PROR=E 18 the significance probability, whlch Is a4 measure of the
probability of getting a greater F statistic cthan that observed for a Lrue
hyvpothesis,  The B-squared 1s a measure between O and | and indicates the
fit of the data In a vegression line. This s a coefficlent of
determination  which fudicates the portion of Lotal wvarfation thac
attribures to fit rather than lelt to residuzl error. Values of R-sguared
that are <loser to 1 indlcate 3 better fit, while walues nearcer rero show
wider data scatter. The adjusted K-sguare version of R=sguared takes Into
account the degrees of freedom {number of data used minuzs 1), It alcn
provided a measure ol data {1t to the linear regression line,

This regressiom sectlon can be uscd to determine linear trends in
water cuality parameters for production water wells. Many water quality
parameters which were showing significant trends (either poszicive or
negative} had powr data correlations or low R=squared wvalues. This showed
that moenthly Jdata values were widely scattered un a4 time series basls, but
gemarally that rhere was o longer-rerm trend imposed om the data,  This
type af well behavior was usually associated with a ¢yelic trend and the
data scatter 1indicated the magnitude of cyvcoles,

Polvnomial regressions were run to determine the types of cycles
coccurring in the water gquality data. The polynomial regressions wers
difficult to dinterpet and provided peculiar results, For thoese water
quality parameters showing evclic trends, there was a great desl of simi-
larity in the cyclic behavior for a particular parameter for the entire
well series. For example, monthily changes in pH values foliowed similar
increases or decreases for all monitored wells. This was not an ancicipat-
ed characterfstic of the proundwater aquifer, but more probably teflected
an analvsis artifact. Taotal harvdness, caleium hardness and  total
alkallnity alse show all well-wide large cvclic trends., buc not €0 cthe same
axtant as pH., These larger cyeclic trends were determined to ke primarily
an artifact of lakboratory analvsis techniques and reflect laboratory
technician trends. However, the shorter—-term cyelic  behavior  and
longer-term trends seen in wellt data are probably characteristic of well
waters.



Table 70. GSignificance levels of linear regressions of water quality parameters for A-1 and A2
water wells. The R-correlations and ad justed R-correlations aze given for each

regression. o
Well 1: A-1 Variable F value Prob =P E sguare Adj R-square
Chloride 1.361 0, 2484 0,0242 0, 00604
pH 3. 687 0,0206 0o 0937 o.niiz
Conductance 4,843 0.Q303 0,085 0.0638
T. Hardness 0.043 N.8366 0.0008 (. 0174
Ca. Hardness 0,352 0. 5557 (. 0064 -0.0117
M.Alkalinity 3.170 0. D80S 0.0545 20,0373
Temparature 2.908 0.0938 0.0502 0. 0330
Turbidicy d. 204 0.6334 0. 0037 ~0. 0144

Well 2: A-2

Chloride 2.670 0.1074 0.0419 {,0262
rH 1. 986 01638 0.0315 0.0157
Conductance 3,191 0. 6636 0, 0031 -0,0132
T. Hardness 0,403 05279 0. 0066 -0,00%7
Ga. Hardness 3. 678 (. M1H 0. 1490 n.13540
{.4lkalinicy 0. 7101 040560 0.0GLLA -0, 0048
Temperaturs 2496 0.1193 0.0393 0. 0236

Turbidity 0, Ok 0.7560 0.0011 - 2153
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4 summary of water quality parameter trends at the P<(.03 level are
shown for all wells in Table [07. Based on linear regression models,
polynomial regressleons and scattergrams, three types of water guality
trends (which occurred in wells with hoth significant linsar regressions
and apparent cyclic patternz) were determined: pneitive or dincrease,
negative or decrease, and cyclic, These trend patterns are shown in Table
107,

A& statistically significant dincrease in chloride concentrations occurs
in 17 wells (24%) with an additiomal 20 welils (27%} that have a positive
cvclic pattern. These are 51 percent of the production water wells with an
increase in chloride concentration over time. Saltwater intrusion is the
primary factor which causes an Inerease in chlerides. Over-pumplng can
rause an increase in saltwater intruslon. Therefore, at least half of the
production water weclls have pumping rates high enough to affect chlorides.
There were 9 wells (12%) that had negative chloride trends. These wells
were ftrom the I, M and F-series and they had significant decreases 1in
thloride concentratioms within the last few years. These wells are
classified as hoth basal and parabasal wells. There are ne cbvlous reascns
which account for this decreass in chlorides. A nepative regression trend
for pH occurred in 88% of the wells with 2 wells showing c¢yelile behavior.
Tatal hardness showed all three tvypes of trends: 1ncreased hardness in 223
of the wells, decreased hardness in 8% of the wells, and cyclic behavier Lo
6% af the wells. Rixty percent of the wells showed a positive or
positive-cyclic behavior for calcium hardness with only 4% shewing a
dacrease in calcium hardness, Total alkalinity showed primarily a cyelic
behavior, with 85% af the wells being cycelic. Therve were 34% of the wells
with a negative trend for wacer temperature, as taken at well heads. These
changes are probably represencative of either sampling avtifact or from the
actual pumping process and not an aqulfer characteristic. Turbldicy
increased in 15% of the wells and decreased in 2 wells (3%). Many of the
turbidity measuremencs are recorded In PUAL data sheets at a leval at arv
below the readability cf the nephelometer, Therefore, some af these
turbidity trends may not actually be significant. large increases in
turhidity generally do neot represent changes In gugpended matters In
aquifer water, but rteflect changes caused by the punping process ot
deterioraction in the well {ie. vust),

In the A-serles wells two wells {A-9 and A-13} shew an increasc or
positive cycle faor chlorides, total and calelum hardness and alkalinity.
Well A-% also shows an increase En tuvbidity, while A-13 shows an increase
in specific conductance. Cyclie chloride behavier oeccurs for wells A=111,
A-15, a~l7, 4-19 and A-2l. & posicive trend was imposed over the cyelic
behavior for wells A-10 and A-19, Well A-10 shows cvelic behavier for
chloride that voughly corresponds to l-year cyeles with a longer-term tremd
for an increase inm chloride over the full sample period. The well
fluctuates as much as 150 mg/l chlaride between vearly cycles.

Almost all of the D-series wells, with larger data~-bases, show trend
behavipor., There are il wells {60%) which show significant positive
chloride trends with mostly cyclie behavier., There are I wells {D-6, D=7,
and U-1NM which show significant decrteases in chlorldes. Well D-1B has 2
shorter data-base and shows some improvement in chlorides, These decreased
trends were caused by high initial chloride concentratlions at the beginning



af water production. These initial chilorides were warlable with a few very
high values. Well D-18 appeared to stabilize, at least in relatleon tao
chloride, after naving had higher initial chloride concentrations thatb were
cauzed by drilling eperations. It took about a Z year perled for well D-18
tu stahilize. Wells D-6, D=7 and P-10 appear LO be in a flow line with
higher quality waker In D-10, which L3 near the basal and parabasal
houndary, and lower qualicy in D-7, which is a basal well.

The Y-series has 3 wells (¥-1, ¥-2, and T-4) which snow significant
increases 1n chlorides. These wells are in the lower end oi the Yigo
trough, as deaignated hy the HGLE. This Yigo trough was supposed to be an
area where a larger ampunt of groundwater exlsts (ower & fret of head) that
could be pumped at & higher rates {over 500 gpm} than the current average
rate of 200 gpm. However, 1f wells in this area already show chloride
incTeases at current pumping rates, then pantion must be used im furure
well placement and pumpipg within the Yigo trough. These Y-serles wells
mist he monltored on a more frequent basis (manthly].

In the F-series wells, there is a positive trend in chlerides for well
F-1 to F-B and a negative trend for wells -9, F-10 and F-11, Wells F-8
and F-9 are both patabasal wells. The diffarence iIn chleride behavier
between these wells could be related to drilling depen; well F-8 Ls deeper
by almost 0D feet compared with well F—9, Wells F-10 and E-ll are basal
wells which had decreases in chloride content beginning in mid-1281, Thesc
wells show a large chlorlde range over time with an indication of recent
chloride increase. Although thers is large yariusbilicy in ferameter values
over rime, there is mo distinct c¢yelic trend. These wells were drilled in
1979 and the higher initial chleride may reflect the period of time {about
? years) necessary for wells to etabilize. These wells warrant further
monchly monitoring for at least chlerides,



Table 1. GSignificance levels of linear regressions of water nuality parameters for &-3 and A-3

water wells. The bB—roarrelations and adiusted B—corrclations arce given Zot each
regresslan.
Well 3:  A&=3 variakle F wvalue Frah >F kL squarc Adj B-square

Chloride 1.672 0, 2010 0.,0176 0,0111
pH 3,488 0, 66T 10,0554 0,0398
Cenductance 0,000 0, 9844 0.0004 -0.016%
T. Hardness 0,905 Q. 3454 . G151 -0,0016&
Ca. Hardness 2,572 b.L1&l 0,04 18 00,0235
M.2lkalinity 0817 0. 3697 00137 -0.,0031
Temperature 9543 0.0030 (. 1395 0.1249
Turbidity (144 0. 7058 0. 0024 -0,.0145

Well 4:  &=d

Chloride 1,913 0,172z 0,0330 0. (158
pH 7,107 0.0100 o, l1l2e ,0%968
Conductance 3,125 00,7252 0,.0022 -], 0156
T. Hardness Z2.934 0,0922 0.0498 01,0328
Ca. Hardness 0,707 01,4041 D.012% -0.0052
M. Alkalinicy o, 557 0. 3600 r.0130 .G
Temporacure 5.651 a, 0209 O.09L7 0.0754

Turhidicy 0,330 0. 5682 0.003% -0.0119




Table 72, Significance lewels of linear regressions of water quality parameters for A-5 and A-b
water wells. The R—correlations and adjusted R-correlativns are given for cach

g4 [

regression.
Well 5: A-3 Variable F value Prob =P E square Adj R-squars
Chloride L.380 0. 5400 0.0063 —0,0103
pH B.500 i, 0050 0.1241 0. 1095
Conduckance 0.089 0. Thbh {00015 -0,0152
T. Hardness 4074 0. 0480 0.0636 0, Q480
Ca. Hardneas 2,490 . 1198 0.0398 0,.0238
H. Alkalinity 1,842 D.1798 D.D298 0.0136
lTemperature 4. 456 0.0390 0.0691 0.0536
Turbidity 0,022 (. BEL1O 0.a004 -0.01632

Well &: A-H

Chloride 1.688 U, k061 0,040% f1,0257
ph 4,118 0, 0004 n,1831 ¢.1701
Conductanee 4.411 0, 0397 {10634 005046
T. Hardness B.1a4d) 0, 0G4 D.lZ218 0.,107¢9
Ca. Hardness 3.0L2 0.0035 0.1751 1113
M. alkaldnity E.655 o.0122 01,0955 O,.G812
Tetperature 7.191 0,0093 3, 1025 Q,0882
Turbidity 0.2068 0,.6502 0,0033 = 124




Table 72. GSignificance levels of linear regressions of water quality parametcrs for A-7 and A-E
water wells. The E-correlations and adjusted B-corvelations are given tor each
Tegression,

Well Vi &-7 Variable F walue Prob =F R sruare 4dj B-square
Chloride J.214 0.07a7 0.Nag? 0,.0344
rH 9357 0,0033 0.1311 6,.1171
Conductance ). 640 0.48266 0.0L02 -0, 0057
T, Hatdness S.B25 0.0208 0.0832 O, 06E4
Ca. Hardness 7_BEE 0, 0066 n.1129 (. 09E6
M.Alkalinity 2.337 0,1315 0.0363 0. 0208
Tenperature 1.565 0,2136 00246 0.008%
Turhidity ;. 019 0, 8908 0.0003 -, 0156

Well &: A-8
Chlpride 0.416 0.5215 0.0065 =0, 00%1
pH 872 0, 0044 0.1198 0.1061
T, Hardness 2,820 . 1247 0,.0%64 0.0214
Ca, Hardness 13.183 0. 0004 0.1708 0. L57R
M. Alkalinicy 4567 G,1140) 0.0386 0. 0235
Temporatura 0123 0.7270 00019 =.0137
Turbidicy 3,242 0.07a85 0,.0482 0. 0333

£h



Table 74. Significance levels of linear regressions of water quality parameters for A-9 and A-1D
water wells. The R-correlations and adjusced R-correlations are given for each
regreas[on.

Well 9; A9 ¥ariahle F value Prob +P K sgquatre 4d] B-square

Chloride 7,198 0. 0094 g, 1055 0.0809
cH & 707 (.0339 0.0716 0. 0564
Conductance LT 0.115%9 0. 0400 0.0243
T. Hardness 10.143 0.0023 0. 1426 (. 1285
Ca. Hardness 11.108 0.00L5 0.1540 {. 1402
M.alkalinity 2,415 0.1254 0.0381 0.0223
Temperaturs 7.128 (.0087 0.1046 0.0899
Turbidity 6.4925 0.0L07 01020 0.0872

Well 10: A-10

Chloride 6,803 0. .0114 0.1003 0.0856
pH 5,683 .0203 0.0852 0.0702
Conductance 0,278 0.5998 0.0045 -{.118
T. Hardness 1,284 0.2616 G,0206 0.0046
Ca. Hardness 16,178 {0002 0. 20946 (1, 1967
M,Alkalinicy 2,045 0D.1578 0.0324 {1.11166
Temperature 15,920 0.0002 0, 2070 0.1%40
Turbidicy 1,0%6 0.3082 0.01370 0,.0009

HSl



Tahle 75. Significance levels of Linear regressions of water quality parameters for A-11 and A-17
water wells, The R-correlations and adjusted R-corvvelatlions are given for each
regressinn.,

Well L1: A=11 Variahle Fovalue Prab =P K square adj B-square
Chlaride 0. 38k 00,5366 0.0083 —b, D10}
pH 14,334 0. (4 0. 1903 0, 1770
Canductance L.306 0,2%7% 0.02t0 O, B049
T. Hardness 8.17%6 O, 0058 nD.1Laz {4, L0437
Ca. Hardness 6,734 g.0118 0.0994 0, 0847
M. Alkalinity 1,020 0.3l166 0,064 {2, G003
Temperature 0,923 0. 3406 0,0L49 —{. 0012
Turbidity 0,827 . 3668 0,0034% —{b, (28

Well 12: A-12
Chloride 0,263 0. 6096 .04 2 -0,0114
rH 4,257 0.0&34 d.0642 0,0491
Canductance 1.163 0, 2850 0.0184 0,002
T. Hardness 2.118 0.L306 a.3330 0,0174
Ca. Hardness 200265 0.0001 . 2463 0,2342
M. Alkalinity 0,991 3.3234 0.0157 -0, 0001
Temparature 4,612 (0,0357 0, 0&02 00,0542
Turbidity 1,238 D 0.0194 0.0034

LATEL

541



Table 76.

Significance level
water wells,

g of linear regressions af water quality parameters for
The R-correlatians am

A=13 and A-14

d adjusted R-correlations are givern fnr each

Teprassion.

Well 13: A=13 Variable T value Pealy »F R square A R-square
Chloride 16,445 0, 001 0. 2180 Q, 2047
pH 5,453 0.0230 00846 0,069]
Cendugctance P2.145 0.0009 b L1707 0, 1566
T. Hardness £.9%4 (. 0040 g.1319 a.1172
Ca. Hardness 10.135 0.0023 0. L4bb B, 1321
M Alkalinfty 3. 112 0, 0825 0.0501 0.0340
Temperature 6.013 0.0172 0.0%25 g.0771
Turbidity 0.661 0,.4195 0.0LLL -0. 0057

Well l4; A-14
Chlordide 1.005 0,3194 0,.0194 o.0002
pH 3.824 O.G380 00,0698 0.051%
Conductance 3,590 0.063E 0.0658 0,474
T. Hardnesss 2,430 0.1252 0.0455 00265
Ca, Hardness 0, 30] G. 5836 L. 0059 -0,0136
M hlkaliniey 5,583 0.0220 0.0%37 0,.0810
Temperature 2,430 0.1252 0. 0455 0,0268
Turbidity 0.004 (.59445 0.0001 -0.01%3

411



Table 77. Signiiicance levels of linear regressions of water quality parameters for A-15 apnd A-16
water welliz, The RE-correlations and adjusted R—correlations are given for each

TEEIESsion.

Wall 15: a-15 Variable F value Frob =P E square Adj R-square
Chloride 0.037 0.8473 0.0006 -0.0163
pH G990 G.0105% J.0159 0.0908
Conduccance 0.0687 0, 7094 Q.4a15 -0,0155%
T. Hardness B.033 0,0063 0.1198 0,014%
Ca. Hardness 6.049 0.0169 0.0930 0.0776
M.Alkaliniey 9194 0,.002h 0. L1439 b, 1294
Temperature 2.7 0,.1231 0.0398 0,0235
Turhidity 1.33i 0, 2531 0.0221 0.0055

Well 16: aA-l6
Chloride 0.515 Q4759 b, 00925 =0.30589
pH 4,771 0.0333 0.0512 0.0642
Conductance 2.364 0. 1300 0,.04l9 00242
T. Hatdness .4660 0.4977 G, 036 =0.00%8
Ca. Hardness 4,313 D.D42h 0, 0740 005638
M.Alkalindcy 0,330 .3678 . 0061 =0, 0123
Temperature L.573 02151 0, 0283 0.0103
Turbidity a, 114 .7365% Q.00z21 =0 0164

191



Table 76, Slgnificance levels of linear regressions of water quality parameters for a-18 and A-19
witer wells, The R—carrelations and adjusted R-correlations are given for each

Tegressiom.
Well 17: A-1LB Variable F wvalue Prob =P R square 4dj R-square
Chloride 0.051 (.8220 {.0009 -0.0163
pH 2.379 0.1284 {0, 0394 L.0228
Conductance 3,275 01,0755 f1.0534 0.0371
T. Hardness 7.668 0.0075 0.1168 4.1015
Ca. Hardness 7.850 0.00A/% f0,1192 0. LO40
M.Alkalinity 1,722 0.19446 0.0288 g.0121
Temperature D.6&4 0.4255 0.0110 -0,0061
Turbldity 0.55%8 0. 4620 {0, 0024 =G, 00%7

Well 18: A-19

Chloride 37,173 0, 0001 0,4033 O,3924
ol 6 .309 3.0150 0.1029 0.0B&6
Conductance 0,981 00,3263 0,0175 -0.0003
T. Hardness 6.756 0.0120 0. 1094 0,0832
Ca, Hardness 1. 33% (. 2530 0,0237 0.0059
M.Alkalinicy 5.710 0,0203 0.u940 0.0778
Temperatuts 0,.Bl6 ., 3703 (. 0l46 =, 3033
Turbidity 4,187 0.0037 0, 143] 0.1275%
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Table 7%, Significance levels of linear regressions of water guality parameters for A-21 and A-22
water wells, The K-correfations ond adjusced Becorrelations are given for each
TEEYEsSion,

Well 19: A=-21 Variahle F valuye Frob =P E aguare adj R-sguare
Chloride 1.102 J.2985 0,019 (0.0018
pH 6. 626 0.0128 0.1075 0.0913
Conduccance 2,239 g. 1402 0.0391 h.0217
T, Hardness 6.930 O.0110 0.1119 0,958
Ca,., Hardness 1.706 0.1969 0.0301 .1125
M.Alkalinicy 2,332 (. 1409 0,0394 0.0215
Temperature 1.391 {1, 25133 0,0247 0. 0069
Turkidity 2.164 0. L1470 Q,037% 0, 0204

Well 20: A-27

Chloride 2.156 . 1584 L,1059 O, 05456
pH 0.227 0.6388 G.0118 ~0.,0402
Conduccance 1.578 0.2243 0.0767 0,0281
T. Hardness 1.348 0.2533 G.0B31 0. 0190
Ca, Hardness 6, 365 0.0207 0.2309 .2115
M.Aalkalindty 3.373 a,0820 0. 1308 0.1061
Temperature 0,023 . BE23 D.00E2 —-1.0514
Turbidicy 0,021 0. 8860 0.0G11 ~0,0515

L8]



Table 80, Significance levels of linear rvegressions of water quality parameters fer D=1 and D-2
water wells. The R=correlations and adjusted R-correlations are given far each

repression.

Wall 21:; D-1 Yariable F value Prob =P B square &) R—rquarte
Chloride 0,391 0. 3484 0,0135 -0.0016
pH 19,639 4.0001 0,238 i+, 2221
Conductance 2,357 G,.12935 0,.0350 fr.0202
T. Hardness L, 300 0,2583 00,0196 0,045
Ca. Hardness 2.091 0.1530 0,0312 0.0l63
M,Alkalinity 0,512 0, 4706 0.0078 -0,0074
Temperature 2,928 00918 0.0431 0,024
Turbidity 2,706 0. 1048 0, 0400 0,0252

Well 22: D=2
Chloride Z.3487 0, L1304 0.0348 0. 0200
rH 9597 0.0029 G.1286 0.1152
Conductance . 495 O.4B&4G {0076 00077
T. Hardness {530 0.3582 .0130 ~0.0022
Ca. Hardness i0_934 g.315 O.1442 U.13l1
M.Alkalinity 0.015 0.5038 0.0002 -0.0152
Temperature 3.575 0_0631 0.0521 0.0375

Turbidicy 15,6559 D.0002 0.15%61 0.1838
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Table #1. Significance levels of linear regressions of water qualicy parameters Lot D-3 and B-4
water wells. The R-rorrelations and adjusced R-correlatlons are given for each

Tegression.

Well 23: -3 Variable F valueg Prob =¥ E =squarte Adi R-square
Chicride 0,357 G.0%43 G.0d55 -0,0510¢%
rH 23,328 o.oool . 2671 0, 2557
Conductance 0,003 0.9597% i}, GHR0 -0,0156
T. Hardness 24, B6Y 0.000l {.2798 0, 2686
{a. Hardness 5,073 0.027%7 1.0734 0.0590
M.Alkalinity L.51E D.2226 0.04372 0.0079
Temperature 0,126 0.7237 0.0020 -0,0134
Turbidity L.073 0.304] 0.01465 0.0011

Well 24: D-4
Chloride 3.757 (4.0570 10,0554 0. 0an7
pH 36,2717 0. 0001 0,3503 D.3705
Conductance 0,110 0, 744019 0,0017 -0.0139
T. Hardness 6,40% 0.0133 00,0909 D767
Ca, Hardness 3200 {.0784 0,0476 D327
M.Alkalinicy 0,679 0.4129 0.0105 R LELY
Temparature 0,072 {.7895 0,0001 -t G145
Turbidicy 0,003 0.9549 0.0001 -3.01546

a1



Table 82, Bdignificance levels of linear regressinons of water gquality parameters for -1 and D-f
water wells. The H-correlations and adjusced R-correlaticne are glven fur each

rTegression,

Well 29: D=5 Variabie F wvalue Prok =7 R square Adj E-sguare
Chloride 0,561 U.4367 00087 -0, D0hE
pH 16674 0,0001 0, 2067 U, 1947
Conductance 0.428 0.5155 0, 0060 -0.0089
T. Hardness 15.617 0.0002 0.1962 0. 1836
Ca. Hardness 9.33¢ 0.0026 0,1331 0.1196
M.Alkaliniey 3.592 0.0626 0,0531 0.0383
Tamperature 2,678 01066 U, 0402 0.0252
Turbidiey 2,793 0.09%96 0,0418 0.02a8

Well 26: D-g
Chlaride 42,818 ¢, G001 .3371 0,387%
pH 30,713 31 (. 3609 0,3511
Conductance 3,381 0. 0705 G 0494 0,0348
T. Hardness 1,518 0.0652 0513 0.0368
Ca. Hardness 19, 6%l 0. 0001 D.2325 0.2207
M,Alkalinity 4,945 (0296 O.0707 0.05k4
Temperattire 0, GB35 G, 7998 0.00E0 -0,0144
Turhidity 4,497 ., 0336 B.0642 G, 0458

Gul



Table 83, Significance lewvels of linear regressions of water gualitv parameters fov D=7 and D-§
water wells, The E-correlations and adjusted BE-correlatinns are given for each
repression.

Well 27: D=7 Variable F value Proh *F R square adj B-souare
Chloride L3476 Q.0005% h.1739 01610
pH 6,954 0.900¢% Dbl {.4536
Conductance 2.651) g, 1085 b.0395 00248
T. Hardness 9,720 G.0027 D.1319 F.1183
Ca. Hardness 17.861 a,aaol1 0,2187 0, 2060
MoAlkalinity 0,019 ,.83901 0,0003 —0,0153
Temporacure 0,335 0.5649 0.0052 -, 0103
Turhidity 5,542 0.0Z21% 0,0797 0.0653

Well 28: D=8
Chlordids 3,647 C.0596 0.0535 . 0350
pH 20,794 G000 0. 2524 .2307
Conductance 2.6493 L1056 (0.03595 0250
T. Hardtiess 15,003 {3, 0003 0. 1875 {1750
Ca. Hardness L.6l8 D.0OL24 0.9924 G.0784
M. A1lkaliodty 0.12) B.7295 0.0al14 =0 {1125
Temperiturs 5, 708 n,n149s8 a, oROT 2, GRAE
Turbidity 2,902 o.0931 Q.0827 G 0280
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Table 8G, Significance levels of linear regressions of waler gquality parameters for D% and D-10
water wells. The R-correlations and adjusted R=correlarions are given for each

Tegresslan.
Well 29: D-19 Varilable P walue Prub =F E sauare Adj R-squarse
Chlpride Q, 24 0.&5314 0.,0032 -1.0126
ol ! 43,110 0. 0o0m O.a063 0.3959
Conductange 1,612 (. 2089 0. 0243 0.008%
T. Hardpess 787 0. 0089 ¢, 1037 {. Q894
Ca. Hardness 11.1&2 O0.00L4 0, 1503 3.1374
M,4lkalinicy T.1ad 0, 0095 O.L0L%9 O.0877
Temperature 5.334 0.0242 0.0781L 0.0634

Turbidity 0, 0007 0.9334 (3. 0001 ~0.{11 58

Well 30: D0-10

Chloride 14,865 o, 0003 {+. 1885 {.1758
pH 36,4846 0,0007 ., 363] 0,3531
Conductance 0020 0,8674 00,0003 =0,0153
T. Hardness 2,914 G193 0.048739 0,02%0
Ca. Hardness 10,445 O.00te B, a3 0.1269
H.alkalinity 1,223 0. 2699 0.0190 o,0037
Temparature R_ATD 40141 ¢.0%0% 0,07e3

Turbidicy 3.392 O, 0701 00,0503 3,0355

HOE



Table 83, GSignificance levels af linear regressions of water dquality paramcters for D=11 and L-12
water wells, The R-correlaticns and adjusted R=correlaticns are given for aach
Tegressinn.,

Well 31+ TD-11 Variable F value Prob =F B squars Adj R-square
Chioride 12590 0. 0007 0,1644 B.L313
phi 18,584 0. 0001 G, 2250 0.21249
Conductance 3.994 0.04219 0.0587 0. D4d0
T. Hardness 13,543 3.00603 0,1747 0.1618
la. Hardness 5.107% 0,027z 00,0739 (3.C5%4
M. &lkalinicy B.135 0,0159 Q375 0.0 32
Temperature 3.603 0,0622 0.05%33 0.0385
Turbidity 1.1%96 0.2782 0,013 0.0030

Well 22: D-12

Chlaride 0,147 D.7027 Q.0023 =0,0135
pH 31.153 {0001 0.3312 0, 3205
Conductance (t. 065 0. 7989 a.0g1a =0, 0l48
T. Hardners 6.635% 0.0124 0.0953 0, 0809
Ca, Hardness 026 {3.6516 0.0033 =0_0Ll26
M.Alkalinicy 0, 0000 0.403931 0.000n0 =0_0l59
Temperature 1,834 0, 1805 0.0283 0.0129

0.0374 221

Turbidity 2oL4T 0. 1228

B9



Tahle 86. Signilicance levels of linear regressions of water quality partaneters for D-13 and L=14

water wells.

regression.

The M-correlaticns and adjusted K-correlatians sre given for wach

aLl

-

Wall 33: D-13 Variahle F value Prah »F B sgquare Ad+ R—sguare
Chloride (. Qb4 00,9491 0. 00401 ~0.0Llel
pH 36,5370 i+, 0001 0.3710 0.3609
Conductance 0.50% 0, 4801 0.0081 =0, 0079
T. Hardness 1,3LE O,2553 0.0208 . 0050
Ca. Hardness 1a,071 0,0023 O.1387 0,1l2549
M.Alkalinity 0,381 1,5396 00061 -0,0099
Temparature 0, 000 .94910 0, 0000 -0,0141
Turbidity 11,358 G.O0Ll 0, 1548 G, 1412

Wall 34: D-14
Chiloride 3.B18 O.0LRE 0,043 o.oing
pii 3.836 0.0546 U, 0074 0.0424
Conductance 4,515 13,0375 (. 366G .05
T. Hardness 5.032 (.0062 g.L131 0, 099
’a, Hardness f.371 0,0141 0.09L5 0.0774
H,Alkalinity 1.054 0.3085S L. .0LeS 0. 00R
Temperature 1.457 {2320 0.0226 4.0071
Turbidiey 4,065 D_{3&E0 0,606 D457




Table 87. GSignificance lavels of llnear repressions of water quality parameters for D-15% and M-1
water wells., The R-cverrelations and adjusted R-correlations are given for each

regression,

Well 35 D-15 Variahle F ovalue Prob =P R zquare Ad] R-square
Chloride 0,070 0,79l 0,001l -0 015G
rH 24.348 Q,90q91 0, 2836 L2721
Conduccance J.865 0,3554 0.0138 -0 2]
I. Hardness 3.651 00,0607 00556 (LT
Ca. Hardness 24,478 00,0001 0.2831 04,2715
M. Alkalinity 0.255 00,6156 0.004]1 -0.0120
Temparature 1. 405 0, 2404 nD.p222 O, 0064
Turhidity . 663 0,.416%9 D.0L0O7 -0,0053

Well 36: M-1
Chloride §.862 4,031z 0.0738 0.0536
pH 15,787 O, 0002 0, 2056 b.Llo%2h
Conductance 16, Thi G, 0001 0.215%6 0,2027
T. Hardness 0,139 0, 7109 0.0023 =0, 0141
Ca. Hardness 1.6348 {,2055 0.0261 0,0L02
M_Alkalinity 0,915 0.3425 0.0148 =0,0014
Temperature 11,568 d.0012 0,1594 {. L4546

Turbidity 0.013% . 9082 0, 0002 =.le2

1410



Tablie 28.

Significance lev
water wells.

els of linear regressions of water quality parameters for M-
The R-correlaticons am

r and M-=-3

i adjustedé R-correlations are given for each

regression.

Well 37; M-2 Variable F value Probh =F E sguare Adj B-mguare
Chleoride 19,594 . Q0] 0. 3287 0.3§56
pH 17.104 0.0001 £.2190 0.2062
Conductance 6.0ZE 0.uie9 URILED 0.0750
T. Uardness 0,183 0, 6707 0,0030 -0.0134
Ca. Hardness 7.839 0, 0068 a,1139 (. 049Y4
M,Alkalinity 1726 0.1%349 0, 0275 0.0Llle
TemperatuTe 4_6B03 40,0359 0,0702 0.0549
Turblidicy 0.114 0,7370 0,0019 = DL4S

Well J38: M3
Chleride 11,25% LaL3 a, 1496 0. 1363
pH 140,325 0.0021 a,13940 B, L2255
Conductance 000 0,9287 0, 0001 -0.0155
T. Hardness h.h72 0,0202 0.,0814 a.0674
Ca. Hardness 11.4936 O.00k0 , 1572 . 1440
M.alkaldinity 3.877 0.0533 0,0371L 0,0424
Temperature 5.035 n.GZE5 0.0729 00,0534
Turhidicy 5,375 o niae 0 _0ils 0.0631

-l

[



Table 89. Sigalficance levels of linear regressions of water gquality paTameters for M—4 and M-5
water wells. The R-correlaticns and adjusted R-correlations are given for each

regression.

Well 3%: M=4 Varlable F value Frob »F R square Adj] RB-square
Chloride 1.371 G.0710 0,0500 0,0352
pH 23,292 00001 0. 2668 0,2554
Conductance 1.044 0.3107 0016l 0, 0007
T. Hardness 21,411 0,.0001 0. 2507 0,2390
Ca. Hardness 16,733 G, 0001 0,2073 0,1949
M_Alkalindiey 6,247 0.0150 0.0BRY 0.0747
Temperature 2,450 0.1224 0,0369 0,0218
Turbidicy 0,701 0.4054 0,0108 —0,0046

Well &0; M=%
Chloride 0,263 0, £ 10 0,0042 -, 0117
pH 13,439 0, 0081 0.2264 0.2141
Conductanee 1,294 0, 2597 0.0201 0, 0046
T. Hardness o111 0,0037 0,1263 01125
Ca. Hardness 4648 (G, 0349 0.0687 0.0535
M.Alkalinicy 2,235 0.13%99 G.0343 0.011584
Temperature O, 580 G.0031 0.1308 0.1170
Turhidicy 1.522 0.221%9 0,0234 0.0081

!



Table %0, Significance levels of linear regressions of water qualitv parameters for M- and M-7
water wells. The B-correlations and adjusted R—correlations are eiven for each

regresslon. =
Wall 4l: M-B Varlable F value Froh =P B square Ad3 Resquare
Chloride 12,182 0, 0009 0.1394 0. 1458
pH 5.082 0.0276 0.0736 G.0591
Conductance 2.204 0.1426 B.0333 no.0LR2
T. Hardness 1,445 00,2334 0.0221 (., D06
Ca. Hardness 2.594 0.1122 G.038% {0239
M.hlkalinity 1,021 0,3160 0.0157 f1,0003
Temperature 0.102 G.7308 g.ounié ={1.0140
Turbidity 3.021 0.0870 0.0451 0.0302

Well 42 M-¥

Chloride g.116 {7350 a,0018 -0.901348
pH 12,430 . 00038 i, 1695 0.1476
Conductance 0044 0.83%7 0, 0007 -0.0147
T. Bardness A.391 B.0234 a,0766 G.0624
Ca. Hardness 3.324 0.0729 o, 0487 0.0340
M. Alkalinity 0. 953 0.3312 0,0L4% -0.0008&
Tewparature 5.408 n.0232 0,BYGaE D.0G2H
Turbidity D.iZn 07252 o, anks -0.0134




Table %1. Significance levels of linear regressiomns ol water guality parameters for M-8 and M-9
water wella., The B—correlations and adjusted R-correlatioms are given for each
regraession.

Wall 4%: M-8 Variable F value Prob »P E sgquare Adj R-=quare
Chlaride 0,054 0.8132 0., 00089 =-0,.0145
pH 10,793 G, 00146 0,1425 0.1293
Conductance 2,413 00,1252 0.0358 0.0210
T. Hardness 0,844 0,3616 0.a128 =0 0024
Ca. Hardness 0,295 0.5891 0.0045 =0.0108
M.Alkalinicy 0,000 0,9973 ¢. 0000 =0.0154
Temperature 2,363 0.1291 0.0351 n.0z202
Turbidity 4,774 0.0325 0. 0634 0.0541%

Well 44: M-9
Chloride b 094 0.0475 0, 0634 C.0483
pH 34480 0.0001 0, 3650 0.3544
Conductance 0.619 00,4345 0, 0102 -0,0063
T. lardness 9,451 0.0032 0,136l 0.1217
Ca. Hardness 2,824 0. 0931 0. 0450 &, 0290
M.Alkaliniky 0.951 0,3335 U.0156 =0. 0008
Temperature 0.933 0,374 0.0153 =0 0011
Turbidicy n.i12 ., 7392 0,0015% -0, 0148

SLY



Table 92. Significance levels of linear regressions of water quality parameters for M-12 and M-la
wacter wellg, The R—correlations and adjusted E-correlations are given for each —
regression.

L

Well 45; M=l2Z Variable F value Prob »*P R square 4dj R-sguare
Chloride 2,765 0.1292 0.0367 o.0212
pH 11.B44 0.Q010 0. 1604 0.146%
Conductance 1.750 0.1907 0.027% 0.0118
T. Havdness 0,941 0, 3358 0.0150 =G 009
Ca. Hardness 1.382 0.24472 G.0218 00060
M. Alkalinity 09, 58 0.3314 g.0152 =0 0007
Temperature 4,132 3.0464 D.0625 0.0474
Turbidity 1,124 0.2931 n.0178 0.0020

Well 46: HM-=14
Chloride 1.863 G.1773 G.02%6 n,0137
pH 19.266 00022 0, 1441 0,300
Conductance Z2.067 0,1557 0.0328 0.01%9
T. Hardness 2.797 0,099% 0,.05438 0,0282
-a. Hardness 3.708 0.0588 0,0573 0,0410
M.alkalindiry 3.469 0.0674 01,0538 0,033
Temparagure &, 842 0.0316 . 07135 D.0583
Turhidicy §.0E0 0,029 0,0751 0,0594

|




Table %3, B3ignificance lewvels of linear regressions of water qualicy parameters for F-1 and F-!
water wells. The R-correlations and adjusted B—correlations are given for each

Tegression,
Well 47: F-1 Variable F value Prok >P B square ad] H-sguare
Chloride 0,108 0. 7436 .Ogl? =0.0L37
rH 41,400 0,000L , 3891 0.3797
Comdurstance q,130 0,7197 G,0020 -0.0134
T. Hardness 3.058 00,0851 0, D449 0.0302
Ca. Hardness 15,323 0, 0002 0, 1904 0,1783
M.Alkalinity 2.062 00,1558 0, 0307 0.0158
Temperature 3.13%9 0,0811 &, 0461 0.03L4
Turbidity 4,034 0, 8448 0, 0006 -0,0148

Well 4B; F=-2

Chloride f.171 0,6807 O, 0028 -0,0127
pH 45,425 0, 0001 i+, 41159 0.4028
Conductance 3.6495% 00,0590 O, 0538 0,0392
T. Hardness &, 0 0.04594 G.0581 00,0416
Ca. Hardness 7,274 0, 00go {. 1006 0.0868
M.alkalinity 1,963 0,215%7 G.02135 0.0085
Temperature {1, 000 0,998% 0, 00 ~0.0154
Turbhid{iey 0,243 0,.5934 O 0044 =0,.0109

Ll



Table 94, Significance Jevels of linear regressions of water quality paTameters for F=3 and F-4
water wells. The R-correlations and adjusted R-correlations are given for each

rTegression.

Weli 49: F-3 Variahle F value Prob P R square idj R-sgquare
Chloride 3,243 . 0765 0,0490 (.0339
pH 500, 196 0,.0001 0,4432 O0.4344
Conductance 0.013 0.9104 0. 0oz —0,0157
T. Hardness 1.092 O 300 g.0170 G.0014
Ca. Hardness 5,176 0.0263 Q.0759 0,06173
M,Alkalinity 0. 464 0.4980 L0071 —-0.0084
Temperature {.808 0.3722 0.0127 -0.,0030
Turbidity 0.9589 0.3237 0.0155 —4,0002

Well 50: F=4
Chloride L. 273 0, 2636 ., 0198 G {H142
pH 3w, 278 0, 000! (b, 3780 0,368]
Cenductance 0. 244 (b, 6229 0,003%9 ~0,015%
7. Hardness 0,967 .3292 0.0151 {3, )05
Ca. Hatdness i.030 0,0075 0, k08D 0.0%39
M. Alkallnigy 0,050 0,.822¢4 (. 0008 -1.0L51
Temperaturs 0,061 0, 8057 0, D10 —0, 0149

Turbrldily g,yes 0, 3765 b.alZs -0,0032

BT



Table 95, Significance levels nf linear regressions of water quality parameters for F-3 and F-6
water welle, The B-ceorrelations and adjusted R-correlaticns are piven foar sach

regressian,

Well 51: F-5 Variable F watue Prok =P R square Adj Resnuare
Chloride 4, Bh7 0.0347 0,0711 0.05338
eH 6,488 0.0134 {0941 0.0813
Conductance 2,603 .1118 0. 409 D.0252
T, Hardness 7.110 0. 0098 0, 1044 0. 0897
Ca. Hardness 2.7 0.1348 G.0363 0.0205
M,Alkalinity 1,754 0.1852 0.0250 0.0127
Tenperature 0.031 0.8613 0, 5 =0.015%
Turhidiry 1,176 G.,2824 O, 0189 0.0028

Well 52; F-5B
Chleride la 151 00004 0. LBR2 0.5750
pH 36,722 Y] 0.3758 0, 3655
Conductance B.051 0. 0062 0. 1166 o.io2l
T. Hardness 18, 409 G.0001 90,2318 0.2192
Ca, Hardoeszs 13,8942 0. 0004 3, L86Q D.1727
M,Alkalinity 0,565 0,4551 o, 00492 —0,0071
Temperature 3,084 0,0841 0, 0451 n.0325
Turhidiry 5,463 G,0227 .0822 D067l
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Table 96. Significance Ievels of linear regressions of water quality parameters for F-7 and F-B
water wellg, The RB—correlations and adjusted B—correlations are given for each

tegreasion.

Well 53: F-7 Variable F value Prob =¥ B square &d) B—square
Chloride 14.6%0 0. 0oo3 0.1891 0.1762
oH A0 G4l 0,0001 0, 3258 0.3151
Copductance 4,335 00401 0,0652 0.0504
T. Hardness 7.31& 0. 0088 0. 1041 0, 0899
Ca, Hardness 1,788 0.0561 G.0567 0,06417
M, Alkalipity 1.516 (., 2228 0.0235 0. 0080
Tampetrature 4,619 {,0355 0.0683% ¢.,0535
Turhdidity 0,093 07384 0. 0015 —0,0143

Welil 54: F=8
Chloride 19.8RE 0,000l1 0. 24340 0. 2308
pH 25.278 0.000) b.2896 O.27EZ
Conductance 43,00 O, (K 0.4098 0.4003
T. Hardness R4, 57 o.oonl 0.4632 f}.45%6
Ca. Hardness 46, 318 0.9001 0.4276 0.4183
M.Alkalinity 9,120 0, 0037 0, 1282 O.1142
Temperature 0.20% 0,65213 0,007%3 =3, 0128

Turbidity &, 00N (1.9490% 0, G000 =0.0161

03



Table 97. Signiflicance levels of linear represszions of water quality parameters for F-% and F-10
water wells. The R-correlations and adjusted B—correlations are given for each

regrassion.

Well 35: F-9 Variablc F wvalue Frob »F E square Adj R-square
Chloride 21,330 0,0001 0.3721 0. 3546
pH 12 842 0.00L0 {,2h29 0, 2425
Conductance 16232 0_0003 0.3108 0.2%16
T. Hardness 0. 520 D.4753 0.0142 -0,0131
Ca. Hardneas 1.587 0.1672 0.0523 0.0260
M.Alkalinity 1.681 0.2031 (, 044k 0.0181
Temperature 5.587 0.0236 0,.1343 0.11G3
Turbhidity 0, B33 0.3874 .0226 —0,0045

Well 56: F=10
Chloride 12,136 C.O0GL3 0, 2470 b.226A
Pl 22,829 0.0001 0.3816 .3649
Conductance 4,091 0.0504 0.05996 b.075%2
T. Hardness 9.195 O, D045 O.199] 0.1774
Ca. Hardness E.181 0, D06Y O.1B1L D, 1589
M.Alkalindcey 0,141 0,.7093 0.0038 0.0231
Temperaturs 1,195 0.2815 0.0313 a,0051
Turbidity 1.388 0.2467 0.0%62 0, 0101

181



Table 9%, Significance levels of linear regressions of water quality parametetrs for F-11 apd H-!
water wells. The R—correlations and ad justed B-correlatlens are given for each

regressian.

Well 537; F-11 Variahble F value Frob #T B sruare 4dj B-sgquare
Chloride B8.030 004001 Q.6985 (. 6906
pH L9120 (.0001 0.3347 0.3172
Conductance k7715 0.0002 0. 3180 0. 3000
T. Hardness 11.808 0.0014 0.2371 04,2170
Ca. Hardness B 447 0,006l G,1819 0,16403
M.Alkalinity 1,589 0,152 0,0401 0,014%
Temperature 1,769 00,2671 00,9323 0,0065
Turbidity 1.613 0.2117 0. 0407 0n.0155

Well 38:; H-1
Chloride 31,280 40,0001 0. 33%0 0,328l
pH 6,235 0,0152 0,0927 00,0779
Conductance 3.132 0,0518 . 04588 3.0332
T. Hardness 12,308 (. aacy 0.1679 0.1543
Ca. Hardness 20,924 L.nool .2554 0, 24732
M. Alkalinicy 6. 304 0.0147 H.0u37 D.07488
Temporature 1.7%1 £, 01un7y 0.0279 0.0120

Turlsldity LR 0 0957 J.0449 g.0292

el
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Tabla 9%, Gignificance levels of linear regressions of water gquality parameters for Y=l and ¥-2
water wellse, The RB-correlations and adjusted R=correlations are given for each

Tegression.

Well 539: Y-1 Variable F wvalue Frob =F R square Adj E=square
Chloride 11,487 0.0012 0.1542 0,1408
pH 23,387 (UL g.2707 0,2582
Conductance 0,517 0.4747 00,0081 =0, 00768
T. Hardness 5,408 0.0233 G.0749] 0. 0644
Ca. Hardness 5,043 ,0232 0.074] G.0594%
M. Alkalinity 0,041 0, 8406 0, 0006 =0.0152
Temperatura 2,257 0.1380 0.0346 0.019%3
Turbidity 2.2746 0.1024 G.04138 0.0266

Well &0; Y-2
Chloride 9.739 00027 (G, 1358 0.1218
rH 0. 476 0.0019 0.1445 0.1307
Conductance 0.967 0.3292 0.0154 =0,0005
T. Hardness 17,905 Q.0001 0.2241 0.2116
Ca. Hardness 17,788 1, 00401 0,2229 0.2104
M.Alkalinity 0,753 0, 1889 0.0120 -0.003%
Temperature 3.557 0, 0640 0.0543 0.03%0
Turbidity 1.276 0,263 0.0202 0. 0044

TR



Tablie OO, Significance levels of linear regressions aof water quality parvameters for ¥=3 and Y-4
water wells. The R-correlations and adjusted R-correlations are given for each

ragression.

Well &1: ¥-3 Variable F value Probh *F R square Adj R-square
Chlayide 2.922 ¢.1172 0.0379 0.0229
pH 21,475 0,000} 0,2512 [.2395
Conductance 0,499 0,4827 0,06077 -0,0078
T, Hardness 17,827 0, 0001 Q,2179 0, 205k
Ca. Hardness 3,569 0.0634 0,0523 0.03380
M.&lkalinity 0,006 0.9366 0,0001 -0,0155
Temperature 0,363 0,54%2 0,005%6 -0, 0099
Turbidity 0,753 0, 3889 n,0116 -0, 0038

Well #2: Y-4
Chloride 0,81 0.0016 {1, 1334 n.119%
pH 21.220 0. 0001 0,2490 0,2373
Conductance 2.935 0.0%15 {t, 439 {,0289
T. Hardness 33,405 1, 000l .3429 0.3327
Ca. Hardness L3y 27 . 0005 0.1745 0.1616
M Alkalinity 1.771 0.137% .0269 .0117
Temperature 4,278 0.0427 0.0626 0. 0430

=1, 0071

Turbidity 0.541 . 4B4% 0, 0084

HHI



Table 101. Significance levels of linear regressions of water quality parameters for Y-3 and A-23
water wells., The H-correlaticns and adjusced RE—correlations are given for cach

regrassion.

Well 63: Y=>5 Variable F value Frob =P R square &di R-sgquare
Chloride 0,027 U.8701 0, 0008 =0,02310
rH 15,823 0,0003 0,3053 0, 2860
Conductance 2,443 0.1268 b, 0636 a.0375
T, Hardness 2.31% 0. 1366 0.0605% G.0344
Ca, Hardness 2,844 0.1002 0.G732 G_Q&75
M. Alkalinity 5,488 0.0248 0,1323 0.1082
Temperature 11.652 G006 O. 2445 0,2235
Turbidity 0_958 0.3341 0.0%539 =0.0011

Well 64: A=23
Chloride 0,389 0.R491 0, 2800 —0, 4401
pH 2.008 d,3%12 0,6676 0, 3352
Conducrkance 1,043 0. 4932 0.5106 D.02i2
T. Hardness 0.0400 0. 9804 0. 0002 =0.99%4
Ca, Hardmess 1,829 0.4053 06465 0.2930
M.Alkalinity 0,002 0.%736 0.00L7 =0. 99465
Temperature 0.037 . 8790 0.0357 -0.9286
Turbidity 225,333 0.0423 099545 a.9912

4Rl



Tabie 102. Significance levels of linear regressions of water quality parameters for D-16 and D-17
water wells. The B-correlations and adjusted R-correlations are given for each

regression.
Well 65: D-146 Variatble F value Prob »P R square 4dj R-square
Chlcride 0.009 00,9251 0. 0003 -0.0291
pH 17.717 0. 0002 0.3426 0.323z2
Conductance 3. 660 0.0629 0.0074 ¢.0708
T. Hardnass 0.1&7 ). 6854 . 0049 =1, 0244
Ca. Hardnass L.348 0.2220 0, 0438 0,0154
M.Alkalinity L, 452 0. 2366 0, G409 0.0127
Temperature 0.754 0.3912 0.0217 -0,0071
Turbidity 0.404 0.52%2 0.0117 -0, 0175

Well 66: D-17

Chloride 4,637 0.0392 00,1301 0.1021
pH B, 777 0,0058 0, 2207 0.1955
Conductance 4,423 0, 0437 0, 1247 0.0966
T. Hardness 0,431 0.5161 0.0137 -{.0131
Ca. Hardness 2.605 0,1166 00775 0.0478
M.ATkalinity 4,572 0.0a05 0.1285% . 1004
Temperaturs 0.118 0. 7335 0.0038 -0.0283

Turbidity . 784 (.3828 0.0247 -0,0068

981



Table 101}, Significance levels of linear regressions of water quality parameters for D-1% and M-15
water wells. The R-correlations and adjusted R-correlations arve givean for each

regrassion.
Well 67 D-18 Variahle F walue Froh =P k gquare Adj R-square
Chloride 11.G02 0.0038 0,.3794 0.24449
pH B_247 0.0101 0,342 b.2761
Conductance 0.240 0,6237 o037 -0.0411
T. Hardness h.58] 00,0463 0.2029 0. 1586
Ca. Hardness 1,183 0,2911 .0617 0,0095
M_Alkalinity 1.174 0,2%928 0.0612 0.0046)
Temperature F.b44 0.0128 (1.2981 0, 2594
Turbidity A, 2EQ 0.0220 02586 0.2175

Well 6B: M-15

Chlaride 0.278 D.6203

0,027 =0,1368
pH 2,194 O.1587 0, 3049 0.1654
Conductance 0,068 08043 0,0135 -0, LB3R
T. Hardness 2 416 01308 0.3258 0.19049
Ca. Hardness 2.652 0. 1644 0. 34A5 d.2159
M.Alkalinicy L.585k 0.2635 (. 2408 00,0890
Temperature 0.565 0,4862 p.oloLs -0.0782

G.0360 -0, 1564

Turbidicy {3 L&T 0,683

R —_—
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Table 104, Significance levels of linear regresslons of water quality parameters for Y-b and Y-7
water wells. The R-correlarions and adjusted R-correlations are glven for each

regrasaion.

Well 69: Y-h Variable F walue Prob »7 E square Adj R-square
Chloride 0.519 O 4TET 0,0221 -0.0205
pH 7,827 0. 106l 0, 1004 0.0707
Conductance 0, (0 0.9835 0, 000G -0, 0435
T. Hardness 11,089 . 0029 00,3253 q, 2960
Ca. Hardness 0.010 0.9203 0.0004 =4, 0430
M Alkalinity i, 160 0.60928 0, 0065 0.0363
Temperabite 0,003 0.9537 0.0001 -0.04533
Turbidity 4,799 {. 0334 0.1726 . 1366

WUcoll 70:  ¥=T
Chloride O 30 (0,540l 0, 000 -0, 2000
pH 4,531 0,086 0.4765 0.3718
Conductance 0.h38 U, 4608 B,113] L
T. Hardness 1.027 0.3573 0.L70% 0.004%3
Ca. Hardness D926 {+. 3802 01,1562 =0.0125
M oAlkalinity 2 R85 0,22 4, 3494 L2185
Tamperature 0.879 0.3916 -0, 1495 =0, 0207

Turbidit U, 2y G.03ZzZa 0.05 30 I
¥

BRI



Table l05. Significance lewvels of linear regressions of water quality parameters for AC-1 and AG=¢
water wells, The R-correlatlons and adjusted R-correlations are piven for cach

regression.
Well 71:  AG-1 Variable F value Frob =P R square 4dy E-zauare
Chlaride 0.506 U, 4797 D.O0RG -0,0083
pH 14,183 0. 0004 0.r938 0. 1801
Conductance 0. 024 0.878E4 0. 0004 =0.01685
T, Hardness 0.023 U.E743 0.000a =}.0165
Ca. Hardness o.o13 0.4769 0. O0R6 ={.0082
M.Alkalinity 0. 030 0.8641 0. 0005 =0.0i64
Temperature 4,524 0.0376 0.0712 0.0555
Turbidity 0,758 0. 3876 0, {3127 =0.0041

Well 72: AG-2

Chloride Z2.581 0.EL50 0.0531 0.0324
pH f,830 0.0121 0.1293 06,1103
Canductance 0. 154 0.h364 0.0033 -0, 0183
T. Hardness 0,262 O.6114 0.0057 -0, {1160
Ca. Hardness +, 531 0, 46%7 0.aL14 ;.01
M,Alkalinicy 0,799 0.37681 00171 =0, 0043
Temperature 11,904 0.0GL2 0.20%& 0. 1885
Turbidity o.n52 a.8203% 0.o00ll ={.0206

B3I



Table J0&, Significance levels of linear repressions of water qualiby pazameters for CGHUBA
water wells, The R-correlations and adiusted R-correlations are glven for each

regression. =
Well 73: GHURA Variable F value Prob *P B sguare Adj R-square
Chloride b.i5%4 ¢, 2830 0,04kl 0.0059
pH &, 758 5.0L54 0,27128 0,1813
Conductance 3.332 0,0799 a,1176 00,0823
T. Hardness 1.606 0, 2167 0, DA04 0,0228
Ca. Hardness 0.373 0, 3461 0,0148 -0,0246
M.Alkalinity 0.638 0, 4250 0,0256 —0, 0123
Temperature U163 0.6835 0, DO&D -0.033z2

Turbidity L.923 O.1778 0.a714 0. 0343




Table 107,

Summary of linear regression analvsis of water gquallicy parameters for each water well.
These parameters which have a signifdcant regresslon at F<.05 are shown. The trend of
the regression or graphed data is Indicated: 1" - positive or increase; K - negative av
decrease; O~ cyclic or non-linear trend.

Well Chlaride Conduectance pk T.llardness Ca.Hardness H.ATkalimity Temp., Turbidity
A- 1 031 M 02 M C

A- 2 AP C

A- 1 C 0 B

LA L0 H C A2 K

A= 5 .01 H 05 P o NI

A B L4 P 01 N .01 P A1 ¢ H P D1k

A- 7 .01 H 01 .or C

A- B 01 N 01 P C

A- 9 a1 P 0% N 0 F . F c 01 N R
A-10 A1 C 02 H . F C .M H

A-11 A1 N .01 a1 F C

A-12 L% N C oroop [ oe W

A-13 A1 P .00 P 02 N 01 .01 F C JAnoK

A-1h C N P

A-15 ¢ 1N .01 P 02 F A1 F

A-1T c A3 N .0+ F

A-14 H .1 .nmoF C

A-1% A1 T W MM L1 H 01 C .M
A-21 C L1 M .41 N (W

A-22 Q¢ P

A-23 too few data

o- 1 .01 K L

o- 2 . .01 H .M P c .0
0- 3 .01 N AR 13 P c

n- 4 BT JH £ C

b- 5 < .01 H P A1 P C

L6l



Table 107, continued.

Well Chloride Conductanca pH Hardres: Ca.Hardoess M, Atkal inity Temg. Turbidity
O- & 01 M 01 M 1 P T A C
- 01 W A1 M 1P L1 P C A2 D
n- B L C 01 N L1 P O G L .0 H

b- 9 C L1 W . F M1 L0 (o .0 H

B-i0 a1 N 01 N O 01 £ c .01 H

o-11 1 C L5 M L1 N .11 P 0% C A2 D

B-12 c 1 b .01 P L

B-13 c C Lt M C 01 C [ .01 P
b-14 e P T .05 H ) - 01 £ C .05 P
0-15 C a1 N .01 F <

0-16 P P 01 M P P P

b-17 L 0 ¢ .01 H L

b-18 L1 M 0t b W ! At F .02 P
M- 1 0% A1 C .01 N C £ 1 M

M- 2 .01 M .0z M 1N L1 C c A M

M- 3 A1 W L1 M L2 C 1P 3 . L3 R A2 M
M- & D1 0F P Mil C

M- 3 21N .0t L s C 01 N

M- & 01 C L3 M L

M- 7 31N B2 P LN AN

M- B LM c C .03 P
M- 9 rC N e F C

M1 2 c L1 N C .05 M

M-15% C 411N C .02 N R FET
H-15 ton few data

F- 1 [ i 0 H 1P C

F- 2 C L1 M VL i C ol

F- 3 C L1k .03 C C

F- 4 i C 1 H C A1 ¢ c

Tkl



Tabie 107. continued.

Wall Chloride Conductance pH -Hardress Ca.Hardness M.Blkalipity Temp. Turbidity
F- 5 L4 A1 N 01 P P C

F- & .81 G .01 C AN A1 C 01 C A
F- 7 1P 44 P A1 M 01 C c C 08 M

F- B 1 P a1 F A1 W 010 01 ¢ .01 C

F- 4 .01 H 01 M 0% H .02 M

F-10 01 H A5 N .01 H 01 M 41 M

F=11 D1 H A1 M .01 H 01 M 01 N

H- 1 01 02 N A1 O L C AN

AG-1 C 01 M C C C O N

AG-12 .01 N < < C A N

GHURA P 01 N

¥- 1 a1 P 1M D200 C C

¥- 2 L1 P A1 M o1 o L1 C R

¥- 3 1N A1 8 C £

¥- & .41 F 81 N L1 C 01 C L4 N

¥- & A1 N .03 P .0 N

¥- & c 01 N A4 N
| ton few data

thl



194

Cluster Analyses

The cluster analysis program generates a specifled number of groups of
water quallcy data. The entire date Ffile, which can fnglude all or
speclfic water quality parameters, i1s analyzed by the cluster program and
each value is placed into a discrete group. Membership Ln m cluster was
determined hy the distance away from an initlal seed value in the beginning

nf the analvsis and a cluster mean wvalue at the end of analysis. This
produced a prescribed ssat of mathematically dlstinct clusters. These
clusters did not necessarily correspond to individual wells. There are

clusters which do nat have any well memherships. Wells with widely
scattered data will balong to mote clusters than wells with snall wariances
in data. However, there is usually a primary cluster which describes
individual well memberships for specitic or prouped water quality
parameters. The cluster program can generate clusters that dc net have any
prinary well memberships. These clusters gemerally contain outlier data.
The mean water quality valuves for specific water guality paramefers ar a
combined series of parameters cam be assessed agalnst cluster mean valucs
to deteemine well membership.

Tables 108 to 113 present the primary well membership by cluster with
4 different cluster criteria analyses [(cluster = 4, %, 10, 3) for water
quality parameters chloride, specific c¢onductance, total and ecaleivm
hardness, alkalinity and pH, These tables show which wells associate by a
specific water guallty parvameter. Those clusters of particular interest
are those with Nhigh mean values, which are indicative af peoorer wWater
quality. Wells In these higher value ¢lusters are potential orablem wells,
in terms of water gquality. These wells ar "outlier clusters” correspond to
the tail of a teotal-data normal distrihution curve. Group nemhership for
¢lusters equal te 20, 15 and 10 are pasically similar, & 3 cluster
analysis defines water quality well membership in the broadest categoTies:
very good, good, moderate, and paoT.

A more comprehensive type of cluster analysis uses all water gqualicy
parameters in conjunction to produce groups. This type of cluster apalysis
ran alsn assess which parameters have the greatest weight in group ot
cluster determinations. Parameters which are major contvibutions to
clustars, in order of importance, are chloride, specific conductance, total
hardness, calcium hardness and alkalinity. The parameters pH, temperature
and turbidity are least 1mportant in group determination, Tables 114 tao
117 present the mean and standard deviations of parameters in clusters for
4 different cluster criteria schemes f{clusters = M, 15, 10 and 5). Well
membarships 1in these clusters are shown in Table 118, Frimary and
secondary cluster memberships for each well are shown for cluster analyses
with 20 elusters. Only primary cluster memberships are shown for cluster
analyses with 13, LD and 5 clusters,. The percent data membership 1in a
cluster is shown for each well, This percentage membarskip provides a
measure of the data scatter and can shew major changes in data trends.
Wells with high percentage primary daca memberships In a cluster are
indicative of s=table wells, as related to overall water quality. Those
wells which have lower primary percentages and Common secondary memberships
have increasing, decreasing, or cyclic water guality behavioral patterns.
Wells with more secondary memberships were usually showlng poaltive ot
cyclic trends in specific water quality paraneters. Wells that assoclate
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by primary membership, hased on the 20 cluster analyses nf combined water
quality parameters, are shewn Iin Table 119. This c¢luster set provides the
best way to group wells in relation to management zones and general water
quality. There are 12 wells (cluaster &) which have very good overall water
quality with consistently low parameter concentrations and shew almost oo
significant behavior trends, There is a majoricy of wells (43 wells aor
60%Y which also have overall wvery good water quality (cluater 4, 16, 2)
with a few higher parameter concentrationa, These weglls have commen
signiricant behavicral trends. Wells in cluster 2 exhildic primarily cyclic
trends, while clusters 4 and 16 show a mixture of posicive, negative and
cyclic tremds. There are 9 wells which have goopd general water guality
with perledic moderate to poor water quality., These wells show mostiy
cycliv trends with a larger variance in data (water quality is mere crratic
from month cto month), There are 3 A-series wells which have mederate
overall water quality with perindic paor water guality and exceedances of
the chloride standard., These wells have shown decreased water gquality over
timez. They are in the Pagn Bay and Sahanan Maagas management zones. There
are A wells (M-9, A-13, A-14, A-17, A-18, A-~21} with poor overall water
gquality and high to very high parameter comcentrations. These wells have
mean chlerides which exceed the chloride standard for potable water. These
wells should be rvemoved from the distribution system. They are lecated din
the Sabanan HMaagas and Tapuan management zones.

In order te determine which water quality parameters contributed to
the moderate and poor overall quality in grouped weils, specific parameter
nlurter analvses were used to determine well memberships 1in "outlier
clusters", These outlier wells, which have higher parameter concen-
tratiocns, are shown 1 Table 120, These wells fall along the tall of a
total-data mnormal distributlon curve. {utlier wells are identifled by
management zone inm Table 121, Management zones or portions of managenent
zones listed in this cable showld have low priority for future well
development.

Water wells can be prouped by geographilcal lecations and assessed in
relation to water quality { Figure ). This tvype of grouplng can
potentially characterize regicnal afqulfaer quality, assuming the
geographical grouping places water wells in a similar geclogical unie with
essentially uniferm thydreogeclegic features. One  posslble  set of
geographical groups for water wells hased on prownimity of wells and general
geological units 1s as follows:

Croup Water Wells

H M-gerles: 1, 2, 3, 4, B, and 9

2 M-saries; 5, 6, 7, 10, 12, §4, 15 with D-gerias: 14, 15, 14,
17, and 18

3 D-series: 1, 2, 3, 4, &%, &, 7, &, %, 10, 11, 12, 12, and
CHUBRA

& FP-serie=: 5, 6, 7, &, and 9§

5 F-serles: 1, 2, 3, 4, 1{}, and 11

f AG-series: 1 amd 2

7 A-serie=: %, 10, 13, 14, 15, 17, 18, 19, 21, 22, and 28

g A-geriesr 2, ?, B, 11, 12, and 20

3 A-geries: 1, 3, 4, &, 23, and 25

10 ¥Y-serfes: 1, 2, 4, 5, B, 7
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ln order to determine if these geographical groups gf water walls

correspend to water quality, comparisons were made of prigarlily group
membership from both separate parametber and comhined parameter cluster
analyses. Taking group 1 (M=series} water wells with a 20 cluster analysis
for combined paramater, the geographical membership did not correspond with
the water quality membership. The other geographical groupe also ghowed
generally poor correlation with water quality. Other comtinations of’
geographical groups were also analyzed and found to have poor cerrelation
with water quality., Therefore, geographical grouping of water wells is not
a2 reasonable acheme for regional characterlzatien of ‘the groundwater
aquifer. As a resgult, statistical data were not presented In this raport
using the PUAG wall series geographical locatien scheme.

An analysis of varlance test made between basgl and parzbasal water
wells as mapped in the NGLS, showed mo significant differerce 1n water
quality. There are both high and low water quality basal aid parabasal
wells.

Table 119 presents the primary cluster membership of water wells from
cluster analysis (N=20) of combined water quality parameters., This
grouping of water wells shows that the water quality relatlonsbips are not,
for the most part, a geopraphical clusters which could reflect underlying
gealogy. Some of the water well clusters relate to parabasal condivions
{See Table 119, cluster 4} which Indicate a correlation with the velcanie
basement {(Figure 18)Y. Table 119 shows that there is a zoné zlong central
sagtern Guam, which encompasses management zones Pape Bay, Sabianan Maagas,
Manaca, Barrigada, Asbeco and Taguan. Thiz zope has poor quality
groundwater with higher chloride concentrations {(Figure 13). There 1s
apparent salt water intrusiom along this zone. Based on the Tisults of new
wells drilled in the Toto management zene and previaus results from the
Agana Swamp management Zone, thig salt water intrusion zote extande across
central CGuam. This roughly correspomds te the basal portion of the
argillacecus member of the mariana limestone. Drilling operations should
he either avelded or done with great care within this regiom of the Toto
apd Agana Swamp management zones.

There are management zones or portions of management zones which
produce poor water quality fer selected parameters (chlorifes, specific
conductance, total and calclum hardness) from production wells (Figure 19}

1. Sabanan Maagas (entire zone)

2. Barrigada {area around A-15, 4=22)

3. Pago Bay (entire zone)

b Chalan Paga (porticons)

5. Taguan {ac M-9)

6. Mimitz {area around A-1 and 4-23}

7. South Dededo {area arcund D-8}

4, Y-Sengsong (area around D-13 and new D wells in line with ocean)

Although there are no data from the Manaca managem:nt zons, 1t
probably also Thas poor water qualiey from =salt water Intrusion. A
saltwater intrusion zone is koown to extend inte the Barrigada zone, which
implicates the manaca management Zone as alag having saltwater Intrusion.
4 consideration of groundwater gquality does net appear tc be a major



'I'}?

criteria in the establishment of maragement =zones in the WOLS., There are
suome management zones which produce very good te poor quality well water
{i.a. Dededa South). Clumped distribution of water wells in  some
management zones and none in others made 1t unfeasible to analyze water
quality by these zonea. Tn terms of groundwater guality, managetent Zome
boundaries, as well as the namber of zenes, sheuld be re-cvaluated.
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Figure |8, Groundwater management
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and 198Llc).
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Table 108, Cluster analysis of water quality paramelers: Chloride.
Cluster Clusler Cluster Mamber & well Membership
[ro=20) Mean Standara oev. (By Well Mean])

1 18.6 7.5 1247 1-B,11,12,32,38,39,4%,54 50-62 66,71
: .7 5.8 917 23,30,40,07 46,63 ,68-71

3 £2.9 7.0 B 71,22.24,26,27 ,41,51,53,63 .66

L 133 6.3 543 25,31,35.3?,45,4?,55,6?,?3

5 95.3 5.9 437 20,4 49,57 ,58

E 118.1 .6 234 29,5051

7 104, 3 6.3 20H 15,50

! 163,60 5.2 150 9,36

9 18%.1 6.4 Bi i+

18 .2 ) G 10,33

11 232.5 B.4 111 18

12 753.9 6.5 49 17 et

13 277.0 7.2 M4 14,15
14 - 2038 6.5 63 13
15 2:i.7 6.7 b4 16

113 gy, 3 6.0 47
177 3661 7.5 25
18% 390.3% 6.2 7
19¥ K19.3 6.2 'y
2 Lgz.9 a.0 2
Cluster

{no=15]

1 ia.g 11 1539 1-5.11,12.32.35,39,43,54,59,5ﬂ-62,64,?2,69-?0
2 ig.0 6.1 B0 23,24,3ﬂ,3h,56.hﬂ,#?,uL,EE.EE,EE,?1
3 &k.B 7.8 71 21,22 25,26,27,31,65,67,37,41,47,57,03,55,73
& 21,9 7.8 L58 35,05 48 b9 57 5B

] 119.0 B.2 73 79,50,57

[ 1504 r.9 bk 15,36,56

T 17% . B.E 1ig 9,18

L) 212.5 2.0 126 10,37

9 2 L 7.9 134 17,16

Y



Table 103, tontivued

Cluater Cluster Cluste- Memhers HWell Mermba=ship
[no=13] Mean Standard Dew, (By weil Mean;
10 9.2 B.0 132 T4 19,44
" Fazlioe | 9.8 1CE 13,14
12+ 331.2 B.4 77
13* 361.8 14,6 LE
14* 4041 11,8 E
15+ 432.7 9.3 o
Cluster
(no=10}
1 22.9 Bod 1996 T=8,11,18,23,32,38,39,43 46,50 ,59-08 ,64-72
2 56.8 11.3 147 FV, 02,2527, 30,31 ,u0-42 47,51 ,53 55 ,b5=67 73
k! 94.8 13,4 Gh2 2, 29,315,455 ,46-50,55,57,54
b 152.0 1.2 354 9,153,248 36,56
& Z205.1 14,2 1E1 10,33
B 247.7 i2.3 203 1F=19 4%
7 288 .1 12.3 162 13,154,165
B* EFL 12.9 110
o 7L 11.5 27
1 G Y27 .6 4.5 16
Cluster
(=53]
1 33.1 5.7 INES 1-8,11,12,21-23,24-27,3-32 34,3743 46,47 51 ,53-55,59-73
s 1038 8.7 1378 9,15,20,28,29,35 36 ,45,46-50,57 ,5A-58
3 2188 1z2.4 475 10,14, 17-159,33 454
& 9.7 18,58 ir7 13,16
ax 94,5 3.5 28

* Tnese clusters cortzin observations, Rhat are aut!yers [either uncommonly high or low values)
and de not regresent rpean well values.
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Tahle 109, Cluster analvsils of water quality parameters: Specific Conductance.

Cluster Cluster Clustsr Member - Well Memberzhip
[(mo=20) Hean Standard Dev. By Well Mean]

T® 230 25 &

e 230 21 BB

3 327 17 292 32,560,702

4 B 15 682 30,38,3%,43,59,60-63,69,71

5 530 24 1232 2-6,21-27 3 4043 47,51 ,53,55,66,68,70
& 607 21 39 1,7,Ba11,12,31,3¢ ,46,49,65,72
7 692 26 522 23,35 ,45 48,50 57,58 64 67

| 789 | 27 20,52

g 880 27 146 28,36,56

10 933 23 129 3,1%,33

1% 1047 24 €

12 1119 20 1138 10, 4

13 1212 23 119 12

1t 1303 11 ag 14,17 ,14

15 1297 L1 1 -]

16 1098 14 | 12

17+* o83 18 9

18% 1708 19 16

19+ 1798 3 4

2k 19010 W] Z

Cluster

no=15]

1* 276 1B iz

2 400 30 463 3,39 ,48,54,72

3 500 19 1oy 2-6,21-27,30,34,36,40-4,87,51,5%,55,59-63,68-71
b 603 11 160 1,7,8,11,42,31,35,37 46 685,57 ,ab-67,73
5 735 46 597 10,29 ,45,57,58

6 e 17 185 18,16 ,56

7 1042 49 154 9,715,353

B 1163 37 196 14,44

Loy



Table 10%, contipued

fluzter Cluster Cluater Members Well Membership
[no=15] Mean Standard Dew, {Ey Well Mearn)
4 1289 6 11E T4 ,17-1%
11 1395 1% b0 16
11 1457 15 101 ]
1% 1602 16 19
13% 1704 v] 12
L L] 1777 6 T
15= 1500 W] IS
Cluster
[no=1()
1* 306 38 48
z LEE #5 160)5 FO,37 38,539,438 0% 3963 ,69,71,72
3 b e X a7 1967 T-B, B, T2, 2127 %0, 54 35 37 40-47 ,46-51,53,55,57 64 66 ,70,73
4 Th 5C L 10,016,739 ,45,52 56,35
5 F54 sh 241 15,33,36
2} 1109 49 9 G, 10,
7 1385 31 197 L& 16-19
i} 1515 45 130 13
s 115 % pasd
100% [ 98] i 1
Clusker
{no=5}
1 420 b a3 30,37 ,38,39,43 54,5963 ,6%,71,72
Z 593 B 3379 1-8,18,12,20-29,01, %%, 55,37 ,40-0% ,45-5%  55-08 ,b4-6&,70,71
3 1026 125 E12 R VI S 1
1349 e EVER 13,14 ,18-19
L+ 1667 &4 a2

* These clusters centdin gbservatiens, that are cutlvers (vithwer cnoommnnly Rign af Gon yalues)
dafid thy AOL Tepresent mean well values,
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Tabla 110. Cluster analysis ol water qualify parameters: Total Hardoess.
Cluster Cluster Cluster Hambers Well Membership
{ne=20) Hean Stanmdard Dev. (By Well Mean)

1* 115%.2 3.6 2

T 136.2 6.6 5

ar 1608 4.8 aT

4 179.3 5.1 243 31,548,701

5 197 .1 5.1 L8D 27 ,8% ,47-51,53 .1

£ 2174 5.9 296 76,28,30,38,39,52,55,57,63

7 23748 5.9 738 21-26,79 341,13 ,34 37 ,40-41,59-62,65,68-79,73
] 259.4 6.5 492 20,15 ,36,45,56,58 ,66,67

9 280.6 6.0 418 206,006

0 30,9 4.5 16 1,7,8,11,12,64

11 323.0 5.9 335 15,16

12 347,3 &.6 102 15

13 67,3 0.7 FE] 2,10,17

14 LA 4.3 72 18

15 3949.1 5.i g7 L

16 4718,3 4.5 a4 1%

17 432 .6 3.7 2B

Hi LLS 4.8 27

19#% L1 % 5.8 ?
20 gL, 2.1 3
Cluster

(nos15)

1% 125.0 O.& 5

I* 1549.3 6.0 k1

3 162.% 6.3 360 37,584,712

y 2037 5.8 73 26,27,30,38,39 63,47 -53,55,57,71
> 126.8 7.6 1069 21'25,28,3l,33.3&,ET,HD-MZ,SQ'EE,EE-TG,?S
[ 751.9 7.1 623 20,279,315 ,36,45,5% 58 6567

7 277.3 £.3 519 76, bk e

8 30,6 £.5 166 1,7,85,11,12 64

Wi



Table 114,

coentinued

Lluster Cluster Cluster Member s Well Membership
fro=15} Mean Srarddard De. [By Well Mean}
& H.a 6% 156 15,06
10 EL N a5 100 =]
11 I65.8 5.6 Be 310,17
12 3904 6,6 118 14,18
13 515.2 7.6 L 13
1k 51,7 B.& o4
15 h76.B 10.6 b
Cluster
{na=10
Ll 134.3 13.1 4
2 1826 3.0 §75 2,49 ,51,54,72
3 215.3 1.1 1341 2588, 30,31 ,37-39,%1 43,47 ,45,50,52 ,53,55,57,59-4% 71
& 253 .4 12.8 112% 2,01-2u 29,33-%6 40,04 ,45,56,58 ,65-70,73
5 296.7 12.5 E98 1,2,3-8,11,12 715 46,64
6 3438 13.4 2149 16,15
7 In7 .y 10.8 183 B,10,18,17
B 4200 7.0 a5 13,18
L 45,2 7.5 349
0% 476 .8 4.9 5
Cluster
{na=%}
1% 143.6 1.9 ga
2 2125 17,3 T164% ¥5-7B,30-32,37-35 61 -03 47-55 57 50-£3, 71,72
3 275.0 22.5 1579 1-8B, 11 12 15,2124 ,2% ,33-36 40 4645 55 08 G4-T7G, 11
4 3647 25.5 413 0,13, 14 16,19
5 430.8 16.0 128

* These clusters contain chservations, that are out wers (sither unzormondy high or low values!

and do nok represent mmar vel? valoos.
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Fable 111. Cluster analysis of water guality paramelers. Caleunim Nardness.
Cluster Clusker Clunter Member < Wall Memberzhip
[ne=101 Mean Standard Dewv. (By Well Muan]

1* 120.6 3.9 g

* 137,49 %.5 1

3 155,86 4.7 7BR 37,43

4 1740.2 4.5 672 27,36-308,47-51,53,54,57 71,72
5 185,7 y,2 801 26, 28-31,33,39,40,42 44 ,55,58,73
& 00,7 L B35 71-25,41,53-03 ,68-Th

7 718,32 4.7 381 3k 52,56

B 7338 .G 197 45 ,=65-67

3 3.5 bk ral 16,20,35 46

10 264.5 b1 170 2,%,5,6,15,1%

11 278.6 4.1 v 1,4,7,8,11,60

12 292.5 4.5 1659 17

13 351.5 5.6 137 9,10

Ta EEEML 5.5 113 iy, 17

15 351.45 5.0 3 13

16 3667 .5 57 15
17 L L i

1p 395,17 £ 14

Tow 416,84 4.1 5
in0* 451.7 & 3
Cluster

Imo=131]

Hd 123.6 5.4 12

2 Thy. 7 5.5 §og 43

3 165.0 5.8 125 I6-3E, 58, 48-51,56,55,72

i 1847 5.7 1041 21-31,33,39,40,07 40 47 ,58,53,57 ,66,71,73
5 205 .40 .8 BES 34,35, 41,56 ,58-67,69

5 3.0 B.0 3E0 20,45, 6567 ,70

7 257.5 &7 185 3,6,%5,16,19,45

B 279.6 6.6 353 1,%,8,5,7,8,11,50

(1UE



Tahle 111. continwed

Cluster Cluster Cluster Membor & Well Memberzhip
{no=15} Mean Standard Dev. [By Well Mean?
4 g7 6.9 183 12

10 325,5 6.3 109 5, 10,44 ,17
Al | 345 .8 6.1 101 13

12 165.8 6.1 81 18

13% 34859.5 6.7 33

T4+ 408 .0 5.2 B

15% 451,2 0. 1
{luster

[no=10}%

1 137.0G B.1 &1 43

) 166.1 7.8 957 17,%6-3B 47 -55,57 .72

3 193.8 3.5 1598 71-31,33-25,39-57 4% ,56,58-63,69-71,13
& 229.% 12.3 615 16,20,45 46,65 ,66-568

5 I70.6 10.6 £19 1-8,11,15,1%,64

& 306.0 10.% 766 %,10,12

7 EUTI: 1058 187 11,14,17

-] 37680 8.0 BS 182

L Q0z. &8 5.9 14

10 451,12 4] T

Cluster

[no=5}

1 159,48 9,5 693 32,36-%8,41 ,47-55,57,72

H 196, 2 16.1 7133 16,20-31,33-35,39-42 ,40-4E 56 ,58-63,69-71,73
3 2171.7 .7 105% 1-12,%5,13,45 b6 6

4 349_8 18.9 287 13,14,17,15

L 4.3 12.9 17

¥ These clusters contéin observations, that are gutlyers (either ungommonly high er low valoes]
and do pot represent mean meli waiues,

02



Table 112, Cluster analysis of water quality parameters: ¥Methyl Alkalinity.

ung

Clustar Cluster Cluster Hamber & 'Welh Mempership
[no=2{) Mean Standard Dev, {By Well Hean)
i 103.8 3.3 14

2% 114,10 £ BE

kL 130.9 5.7 216

4 Thi, 2 3.9 L14 37,33,48-52,57

5 157.9 4.0 535 27,43 ,47,53755,71,72

& 1714 B 1 599 75-26,36-39,47,44 ,56,63,73
7 185 N0 569 16,19,21-26 ,28-31,34,35,40,42,58,59,61,63
B 199.1 5.0 473 45,60,62,65,68,70

9 2134 &1 332 10,66,67

10 227.7 19 124 15,46

1 2435 3.7 200 1=6,8

12 253.% 3.8 178 7,11,13,18,17

13 266.B 3.5 216 18

14 178,64 3.5 196 ,10,12,64
3 5% 290.0 11 A3

16w i .6 3.3 53
17% 2.8 2,9 25

16% 373 1,8 7

15% ieh.0 1) 1
0% 31,0 il i
Cluster

tne=13%

1" 105,3 3,7 b

ix 111.3 5,7 =1

3 141.3 6.0 550 32,33 ,88-52,57

& 160.9 5.6 118 77,43 ,47,53-55,71,72

5 140,14 5.5 839 16,19,11-25,28—31,3#-42,4&,56,5&,59,51,53,69,?3
6 199.0 5.2 509 45,60,62 ,65,68,70

T E17.F 5.4 79 0,66 ,67

B 237.3 5.4 0T 1B, 0,15,



Table 112, continued
Cluster Ciuster {fluster Hembers el Merhership
(np=13] Mean gtardard Dew. (Hy Well Mean)

S 257 .4 5.7 65 TL11,03 .14 17

140 275 .8 5.1 e 9,710,717 64

1 2925 5.4 12% 18

12% 39,6 4.0 L ¥

13% 3r6.Y 4,1 a
4% =TI 4] 1

15% 3.0 ] 1

Cluster

{ro=10)

1% 10%.6 4.5 L17)

1= 12%9.5 6.5 08

3 153,5 7.8 g 27,32,33,43 ,47-55,57,71,712

4 179.4 B.0 1151 16,1%,21-26,28-31,34-87,44,56,58,59 61,63 ,69,73
5 6.9 B.9 823 el 45,860,682 ,65-68,70

& 239,09 3,1 483 1-6,8,15,46

7 271.2 B.3 415 TLO-1e 17 68

2] 2985 7.9 135 14

o 323.2 .1l 12

10 i72.5 12.1 2

Cluster

{no=5}

1 13z.5 10,5 555 32 ,3% 4/-52,57

2 174.5 Ta.49 2240 TE19, 2131, 5442 44 ,53-56,58,59,41 ,65 ,69-73
3 729.9 17,9 1070 1=6,8,15,70,45,46,60 ,62,65-65
5 8.8 T¢.5 459 P 10-18,17F 18 64

- A 24,3 1

* These ciusters contain observations that are outlyers (either urcommorly bigh or Tow values)

and do Mot represent mean weld wvalues,
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Table 113. Cluster analysis of water quality parameters: ph.
Clustar Cluster Cluster Members Well Membership
{no=20} Mean Scandard Dev. {By Well Meanl

1% .3 ] 1

iy k.53 0.02 2

kL 607 R0 4

Lk 6.75 Q.0 19

5+ 6.62 ¢.0z 5

&% 6.90 p.02 137

T+ 6.98 0,03 259

8 1.07 0,03 B4 1,8,6-8,11-18

3 7,16 0,03 578 2,3,5,9,10,17,18,66,67

10 T.25 &.03 25 15,19 ,46,64 ,63,70
1 7.35 0.03 780 16,21,23-25,34 00,42 45 47 ,56,58-63,65,68,73
12 7.4h 0.03 760 20,27 ,26-32,35,36,38 41 ,48,52-55,57,71,72
13 7,53 0.03 6Bt 33,17,39,44 ,49,50

EL ] 7.61 0.03 2 @1,
15% 7.k 0.0 182
16% 7.87 Q.03 73
1 7.92 0.0% 25
16 B.11 4.05 15
19%* B30 .05 2
20 8.60 0 1
Cluster
{no=151

1% 6.30 4 1

v 6.53 9.02 2

i* B4 0.0% 23

4x b. 67 0.0% 176

g% E£.99 003 3588

L&) 7.1 0.0 750 1-8,10-14,17 66,67

7 7.24 0.0y BY3 9,15,16,19,46 65 ,6%,70

B 7.37 0. 04 1123 16,20-27,29-37,34 =36, 38, 60-42 85,47 49,5263 ,65,68,71-73

L8



FTable 113,

cantinued

- — e I——a - ——

Llyster Cluster Clusker Membar s Hell Menbersrip
{ne=15] Mean Standard Dew, By Well Mean)
9 750 0,04 1037 28,332,737 ,30 44 50,51
14 1.61 {4.04 G40 43
11% n.m .04 168
12% 7.41 .05 A1
13% 8,07 .05 K
L 8.4 406 5
15+ 8.60 LH 1
Clustes
{na=14
1* B, b g.11 3
2k 5.78 0.04 6l
1* B.95 0.05 6D
& 7.15 .06 1262 115, 1719 46 64 67 6% 70
& 7.35 008 1719 16,20-27 7937 3536, 56,4042  b5-09,52-63 65,68 ,71=-73
& 7.5 3.06 1319 8.33,57 39, 4%k 50,517
T 7.76 0.07 L) B3
B* B.01 0,07 48
g% 8.75 .06 5
1 B.60 i 1
Clyster
tna=5]
1* 6.B7 0,11 16
2 707 [F 1638 1=15,17-19,46 64 .67 65,70
3 T.42 0.1 07E Y6, H0-47 40,45, 47-63 ,65,65,71-71
4 7.76 0.12 430 43
gk 8.35 0.1 g

* These pluskers contdin ohservatiane that are ogtlyars {eitter cncommorly high or low waloees) ard do noet
represent pean mell values,

[T4



Table il&. Cluster analysis of warer quality parameterTs: Combined data with 20 clusters.

HMEAN
Cluster Hembers Chl Cond pH T. Hard Ca.Hard M. Alk T emp Turb
(na=201}

1 a2 6.6 119 T.47 2724 .5 196,52 18290 6.9 €.23
Z 1455 1.1 £18 1.38 228.70 194,29 174 6% 16.8 .18
3 3B 126.5 1652 7.25% G20.71 F56. 24 26049 7.7 Q.79
4 e 7L L7 7.45 204 36 17874 167.53 6.9 .19
5 109 159.5 G4 7.16 36067 314,28 261,66 7.7 0.75
6 155 178.0 950 7.40 26177 1,85 177.08 6.9 D.z?
7 105 298.4 1453 7.15 407 .52 34k, 76 25700 7.7 Q.24
8 820 2h .1 B 712 296,30 27321 251,73 27 .4 .20
s Bl 105.0 1514 7.30 EFATEL I60.18 184,35 7.6 0,30
10 g2 312.9 1354 7.52 LT 234,85 172,20 1.5 0.8
11 124 191,04 1048 T.19 3. HB 314,67 3,37 7.6 .27
11 427 122.0 TES T.u2 737.35 19%. 75 170.19 2.H Q.13
13 66 720,59 13140 T 15 397.6% w2 M 274 .55 1.5 0.23
15 71 2E6 .4 1195 7.43 194,92 229,593 178,42 7.3 0.30
15 3 4T 1136 T.38 A9, 18 715.08 19 .58 7.3 .24
16 1192 46,3 a1k 1,40 ir1.u3 192,42 /675 26.B L[]
17 15 1053 1850 Joly A7 169,51 156,50 1g.9 n.16
18 17 254 .3 1374 7.10 i16.29 130.04 I55.03 7. 0.26
19 9 557.3 1446 .15 450 . %0 ED.EBE 25527 26.0 0.34
1 £ i50.6 1203 7.3 400,76 345,04 261 .06 7.6 [.23%




Table 4. <ontinued

STANDARD DEYLIATIDN

Cluster Chi fond pii T. Hard Ca. Harn M. Alk Temp Turh
(no=20}
1 12.3 43 a.1% 36,16 3716 EEN-4 0.5 f.25
Z 15.9 EY o 20 2B.43 26.30 013 0.6 b.18
3 38.8 14 0. 25 23,80 35,42 31.57 0.6 0.6
4 1%.9 3k 019 L, 36 24,55 I1h,5% 0.6 0,35
5 59.0 =0 G 20 36.86 12.42 IT. MG a, s 0,33
& 42.2 i Luie 30.05 14,35 8.17 a.z 0,20
7 4001 ¥ 0.3 26.21 31.85 35.09 a.4 n.18
B 13.8 bi 0.1 23,78 I7.45 28,04 d.a 0.1%
9 55.3 45 0.5 2t.76 16.31 16.96 4.5 0.5&
10 479 4 0,23 L 15.08 31,41 0.6 0.1
1 01 i 0,22 31.69 34,51 38, 4% 4.5 047
i L 45 019 28.748 7.13 nar 8.7 0.:3
13 35.% 32 n.20 27 .63 38,26 3z.52 G.& 0,19
14 #i1.3 L& 0.1% 13.83 3715 3i.67 0.6 4.3
135 3,6 &7 0.26 35.%6 43.73 35,20 d.6 0.1
L] 21.3 27 Q.20 2%.87 0,72 36,51 G.& n.27
17 2%.2 71 a.04 16.06 11,5E 18.11 G.3 n.09
18 b 4 a.19 57.28 La.407 12,55 0.5 Q.30
% 17.7 55 0,149 .61 iy 0% Uy 81 G.5 a.2%
0 dh 2 37 .1 i.18 9.76 36.77 0. J.1%

£17



Table 115. Cluster apalysis ¢f water quallfy paramelers: combined data with 153 vluerers.

HEEH
Clusker Members rhi Cond pH T. hard Ca.Hard H, Alk Tamp Turb
tno=15)
1 135 2318.5 1239 7.13 156,51 337.80 266.E3 7.6 5.5
2 =1 25.7 331 7.hb 233.15 6,11 197.11 6.9 0.23
3 124 292.8 1450 T.14 407 . 7B 347, AL 259,99 7.7 0.24
4 72 13,2 1543 7.3 137,71 266,40 158.52 7.6 0.3%
& GR0 25.9 581 I 284,92 ZET.09 24y 78 17.6 0,20
E 7 5.0 1850 7.4 148,80 162.58 157,14 76.7 0.6
7 g1 337.1 1701 7. 435,13 371,85 258.24% 7.4 0.31
8 1525 13,0 461 742 212,59 154,93 171.78 6.8 D20
9 1503 72,5 Bl3 7.41 273.64 159,78 171,38 76.4 Q.18
10 113 190.2 1057 7.18 367,45 311.83 261 .B5S 27.5 Q.27
i1 167 228.5 1115 7,40 292.72 223.14 186,48 27.3 .25
12 368 132.6 A423 7.543 242,33 19435 172.%7 16.9 n.2e
13 110 155.3 B39 T4 Ak DY 8041 60,76 27.40 G.27
14 23 53,7 1377 7. 1% 376.75 322,60 251,13 21.5 0.25
15 =14 05,7 1339 7.3 313.55 237,10 174,18 7.k .30

A



Table 115,

STAMDARD DEVIATION

conkinued

Cluster Ch Cond pH T. Hard {3 Hard M Alk Temp Turk
fne=151
1 48,7 Ll 7.13 28,43 32.55 31536k 0.5 n.28
Z 11.8 = | 7.20 38,41 4s .20 1B.36 0.6 0.24
3 43,0 52 7.22 5.76 .99 35.85 (AL a.18
4 51.%9 52 7.2y 40,90 34,29 39,99 d.6 0, 5%
5 14,2 Y& T7.18 2517 1556 3247 9.6 4,17
[ 26,5 E 7.08 40.01 11.3% 21.595 0.6 4,11
7 3.8 £5 7.23 22.89 3050 1r.u3 .5 4.4
B HE | G 7.19 25.08 22.%4% 26.25 .6 .35
k- 8.2 58 7% 2545 2179 27.78 .5 .17
10 % | 61 7. 33.83 iL.86 4 17 O, 5 b.21
11 88.1 &7 7.3 3557 47.09 34, 60 0.6 (.43
12 149.2 &8 7.4} Ih.01 26.1h 19,69 6.7 2.58
13 56.1 65 T.HG B L 13,25 31.85 o.7 d.18
14 6.0 5Q 7.2 LY 15,40 13,53 0.B o.27
15 51.0 8 f.23 34.32 ar.3d I%.36 0.6 D.2&

[

(]



Table 116. (luster analysis of water gualily paTdmeters: rombined dats wick 18 clusters.

HEAN
Cluster HMember s £hl Lond pH T. Hard (a Hard W AW Tenp Turk
[re=107

1 30 LRIV 1729 AR 430.38 IEE.33 208,34 77 .89 [, 26
i 135 105 4 §390 r.an 330.1¢ 155,97 18684 7.5 0.3
3 T LR ) 766 r.u? P X 198,49 173,40 26,57 u.1z
5 307 Mo 1066 7.3 311.50 252.07 210,08 271,35 .25
5 a1g | 75 [ 204,73 181 .56 16E.76 2E.82 .20
f 2x 47 .4 1% L 218,140 187 .36 172.70 6,812 Q.20
T 224 237.0 117 7.7 386,22 334,13 2R1.BT 27,61 0.75
i} 15 153.9 1850 rr 41, 36 168,70 1a0.92 16,55 0,17
s 1129 .9 60E 7.16 225,68 61 .28 235 86 L 0.19
10 129 7.9 1507 T7.16 397 .4k 334,74 156 .6R r.Tl 0.2n

STAHDASD DEVIATLION

Cluster Ch Card ol i. hard Ca Hard Y Ak Terp Turb
{na=10}

1 ot E¥S 0,20 i3.05 RELTY 35,03 .47 J.24
2 459 T Q.:% 45 .92 46.71 37,95 0,55 Y
3 4i.9 17 G, 20 3B . 4G 35,40 b, &b 0.7Z Q.47
& Lr.8 L L.25 4605 58, 00 47 87 0L e f1.35
5 15.72 7 0.8 X250 370 3F. e 0.&3 042
& 250 SB 0.2 23.30 7129 b 4B 0.5% 0.2a
7 L0.7 77 boz? 33.97 35,24 EEIL 4% £.24
& 31.0 7l 005 39,4 LRy LT [.3d 0.0
2 2.5 bl 0.29 2707 0,73 LR .68 1,15
b 52.0¢¢ Gl .20 43,0 LR 1 L1303 .57 T4

g1



Table 117, Cluster analvsie of water quality parateters: combined data with 5 clusters.

MEAN
Cluzter Members Chi Cond pH T. Hard Ca Hard M ATk Temp Turt
{ro=5"
1 158 2807 1355 P23 158,258 291 .40 232,00 7. 55 a.27
2 H7 1248 1680 7.26 4021 1,12 253.248 7. 73 0,24
! Eh 188.4 1013 F.29 319.5% 2By .7 E 210.02 273 &, 24
4 3255 7.5 BOG 7.33 2224 2109 192 .04 IB.96 a. 20
& 1000 9.1 LEL TAE 211,65 184,78 171.55 26,83 a.11
STAHDARD DEVIATION
Cluster cht Cond pH T. Hard {a Hard H Ak Temp Turt
(no=5]
1 Lo. 8 T .24 L Bt .67 52.541 .54 0.3
? 54 .0 =8 a.26 LT 53,04 4579 .59 0,30
i 5.d 112 Q.2% a0, 25 66, 94 501, 51 .63 LY
L 6.8 80 0.23 39.05 81 58 43, M1 0.e5 0,27
5 15.7 47 a.149 25,47 2F.57 28,31 0,60 0,36




Tasle LI8. Primary ard zecondary woll mechershlp in clusters 1Lowe combinssd
water auality paraneter analvsiz. The cutal b point tor
inelusion in secandaTy memlarshiz for cluskers L%, (U and B 0s
about 10% data membership.

Well Cluster Primary  Secvondary Dluster “Mentwrship
WHEL/TDAR Humber Cluster [Na, (%)
(Ho. L2}

- - . L= -

i | 24 BT {4,900

1% 5(0%)
11 niga)
3 {97}
s 2 74 SRy Ly, ey aday w1301y IR0
15 {82
1 0 QLN
3 G0H4) 514
A~ ] 0 B4 20041y, LE0 TR
L5 SN
KA H{95)
3 4(96)
GlA- & 20 B{ADY LTy, 26100, 38 ], 001) L 1R(H)
15 H{B9)
19 G507
3 4090
nAh— 3 20 B{30% FELs, 2 02) 481, 3010 Ih({&)
15 {900
14 (a0
5 4(494)
fih- 0 2t B{E7) LTy, 20y A0y, 5010, Laew)
15 S{84)
10 S{E: Bl
5 41557
7la- 7 2 Biayl 20100,503)
La ({89}
10 D{Qa)
3 G{9EY
5 & 20 B{E1Y S{EY  BORY Q0L L2y el
15 5{8%)
10 F{RAY

5 {4}
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Tuble 118, continued.
We:1 | Cluster Primary Secandary Cluster Membership
WER I JEnac Number Cluster [Ko. (%)]
(Moo ()1
Gfa=- 4 21 11(59} EEZﬁ],6{5),?(1},13{2},l9{l],EU(E}
15 104713 14Im
10 4{65) T{24)
5 385y
1fA=10 A0 11028} 3{Lh},ﬁ{2]‘?(1},]0{1},12{2},]3{&},14(1],
lE(Z},lH{E}.EG{ZS}
15 1047 la{an, 15010y
14 7(65) 412473
) {61 INERY
Lifn-t1 20 a{amn E(2?},ﬁ{l],5{1},9(]],1&{1]
[ 3 3940}
143 9{aL)
5 40949
120a-12 iy E(o1) 2[2}.5{?},9(2}
L5 5{94)
] LY
3 4{%8)
LifAa-13 2 T{aa) 3{18},5(2),9(1],1D{2},tI{lD},lH{E},]ﬁfﬁ],
LB{2),19(5),20(5)
15 34 TLIBY L1000
10 16 (49Y 10142413y, 3401y
5 {507 2030%, 3020
Tafd—id4 20 {29y ACEY L B0LY, 9053, 110150, 134123, 09¢.23, 12¢3)
20 16)
15 3¢39% LE223 104143
10} T34 ZELEY,ACI0), 104020
5 1{£9) 20100, 30213
Lhfa=-1h 20 61323 5{3U},H{i},9(2},]ﬂ{1),1]{13},]2(]2).15{&}
L5 12 LLICLBY, 12¢230, 15627
Lo H{54) (40}
o 3089}
16/4-17 2 a[38) 021, 700, I0€273, LY, 1L019) 1506, 1&8(1)
15 {30 110223, 15038
10 A[55) A{20% 00017}
5 I i(la)
L7 fa=18 20 2T 323,500,901, 1004) , 1L{173,13(13),15{5},
20£17Y
15 1037) ARy, 10{16)



Tahle 118, continrued.

Well Cluster Primary  Secondary Cluster Membership
WER1/PUAL Number Cluster [Fo. (%3]
[Bo. (%3]
17 /018 10 7{al) FO1RY L, &010),10(023)
5 1LeTF2) {217
LA/A-1Y 20 130197 LAY, 50010, AC3), TELAY,L 9L, 1000, 1202),
L4y, Lafly, L1905 ,20(10)
13 1{25% {20, FLLEY L I00NT)
4] 7(38) 1614y, 3010) ,4¢12),10023)
5 3(375 1¢32},2(29)
T9fa- 2l o0 10307 BEYY, 7013, 8y, 115, 14024}, 15¢19,16¢1;,
VEDYY L 20{5%)
L5 11(43) 41107 ,15{4133
t0 4 (40) 2(371,7021)
5 1{&B7) 3(29%
AifA=22 20 12{90) 2(5),6{%)
13 1Z(7R) {14}
10 3(95)
5 &{3a)
fade f e 23 ELE 175 {257
la BLTS) E{35)
L0 o 1007}
5 G4 300
=1 20 268) 015,400 0,802, 1241y, LL{2)
15 9(859) Biy)
in GC70) {25}
5 L{98)
22in- 2 2(71Y VYOI A48 B0y, 20Ty, LR{22)
13 9(90%
V] b {hi) QLo
! 497}
23/n- 3 20 TR (70) Y 20RY 40130 ,8(4),1243)
5 B9 9{2m
L LYY
5 407U} L2l
24— 4 20 16{72) LERY, 2015, 4043 ,804)
15 B2 af11y,B(32)
19 e{21)

3 4(86) SC14)
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Table 118. continued.

Well Cluster Primary Secondary Cluster Membership
WERI/PUAC  Numher Cluster [Hc. (E)]
(Mo, (2)]
25/0- & a0 PAEYS! A02Y,6(2),8(3), 1628
15 a{ao 8{15)
L] 6{ED) 9{18)
5 G{RLY
26/D~ & 20 16{62} 2(25),4(7 .01y, B(4)
L5 9{59) SC11y, 80340
in &(917
5 G{EDY 518}
21— 7 20 16{8L) 204, 6013),B(H)
L5 H(59) 4{is)
I0 TREY
9 E{TH) 5(22)
28/~ 8 2n 12(50) 200, a04),504),6{29),15(3)
13 12(63) g(lL9)
111 3(79) 412)
5 4080% 30400
0/0- 9 20 12{73) 201AY,4011,5{1),6(5),LA(5)
15 1249} B(34)
1} 1 HE)
5 4£917)
30/n-10 20 Iy 102, 2010 ,4028),12(4)
15 E(79}
10 GiES}
5 5(51) 504
31/0-11 20 2159} A6, 805, 12(2),18(27)
15 afeEw 814
14 6(55) 3(327,9013;
5 4090 I
12ip=12 20 4{84) 1{1&),2{1),17(1)
L5 g{81 2{1h)
1o 5(H4)
5 {100}
A3in-13 0 17045) ZCAY ALY, B1AY 906, LOCLI4Y, 14(9),15(1),
6 {3}, 17(1}
15 12{34) G{23),11(%),15{153}
10 30607 2022y ,4(11)

5 (460 1(22),3(22)



a2
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Table 118. eontinued.
Wall Cluster Frimary Secondary Cluster Membershdp
WER [ FPUAG Bumber Cluster [Mo, (%11
[Ho. (E1]
34 0-14 A0 LA{63) 1613,26148),401),6(9),1001), 12030, 1401
15 9{413} S(19},8(34)
I EIRT1Y
g N1y 5{12)
$5/0=~15 m 2{71) 12{16Y,l4(1),16(9)
15 F{H#1) P20
140 9(41) 1039Y, 6200
3 4(99)
G5 fi-1h i 2{55) 4C10Y,8{3),12{15),16C10), )7 (1)
15 H{54) 2093 ,5(%9),8{(21}
RE, Of44) 3023, 60280
5 GRGY S(160
hRfN=17 20 214680 A1, 8003160207
15 3497 A(12),9(39)
10 9({ 78} HiLB)
5 H180)
RTID-1H il 2B 44%) 8060, L6{6Y
L3 aigL) 5013
L0 9{ 7R}
5 4{%73
BT I CI! 20 Glal) 2(5],4[1},5{6),]1[1},12{33},13(9}
. L2{68) L1{L3)
10 3(68) L{21}
5 (R4 G372
A7 M= 2 20 2{76} ACLY, A0, RESY,1203),160014)
b5 G{a5y
10 A{6H9) 318y, 13017}
5 40967
IG/M- 20 HER1Y {1,206 ,1A(29)
i5 B2{92)
10 H{90)
5 S{RLY 4019
39/ M- & 20 4R L2y, Lot 1E)
L5 F{9a)
Lo {32} {14}
5 S{%4)



Table 118, continuwed,

Hell Cluster Primary Secondary Cluster Membershilp
WFR1/PUAG  Wumber Cluster [Ho. (%71
[Ko. (Z)]
L0/M- 5 20 16{749) L{ED, 20100, 4063 ,B04)
15 {47 5{11),B{4l)
10 6{94)
5 4{82) 5{183
51/M- & 20 20449) 446 ,8(7), 16038}
15 9{63) (14,8023
10 CRELY alla)
5 L{goy 5{11%
42 /M- 7 20 1e{7M LOLY 302y, a0113.8051,12003
15 8{68) 530090200
{0 6{B8)
5 &{773 3{23)
43/M- 8 0 4{91) 1(3),2(13,16(5})
'5 8{96)
i0 &{69) 5{31)
g 5¢033
i fu- B 20 14432} G413 ,0(15),10{10} 11017, 1204, 13{3),15(24},
L7{33,18{13)
15 11{5&) 12{93,15(17}
10 41627 2{17)
5 3{487 L{45)
45 M-12 20 2(55) VUL, BOSY,12(37), 1501}, 1601}
i5 9{kE) (103, 82{17)
10 3{58} {3k}
5 44957
46 M-14 20 E(52) L{ay , 20413,1203)
15 507N 923}
10 9{B6]
5 4{97)
68 /M-15 20 16(44) 2433 ,4411),8(11)
15 S{500 5{12},8(38)
10 6(75) {20}
5 4{88) 5(12)
47/F- 1 20 16 (48] 2042Y,44{5),8(5)
15 9{79) 8157
10 6 (B0} 9{13]

5 410947



Takle V1#. rvontinued.

Well ¢luster Primary Secondary Cluster Membership
WER1/P0AS  Humber Clustear [Ho. (23]
190. (231
hAagT- 2 2 265 B{&4Y,120(297,1A(1),17(1}
L5 S(E3) 124137
Y 3052} B (44)
5 A9y
49FF~ 3 20 2{RT) A1), 120150, 16{163,17{1)
(] B34} (103
10 B{R4TY 329}
4 g [4h)
SO0/F- 4 20 2{HEY ﬁ{ll],5(2],6(2],1&(1#),1?(3}
! Q{56 H(lﬂ},lﬁ[iﬂj,13(1#j
10 3(57) H{41)
5 4{85)
51/ F- & 20 Le{54) 2E12Y 4020 ,803),1301),17¢C1)
15 A{6HY Hi{32)
10 685]
3 4 A6} 5{33)
Y2/F— h 20 12037) 2(37%,4013,5(6),6{L1}, 1600}, 17C1}
15 G9(59) 12{28) 13D
10 K141y b{28)
5 A{THY (20
SAfF=- 20 1HLR3) Etzlj,ﬁ{ﬁ),ﬂiﬁﬁ,iE{l}.l?EL}
L3 9(52) 5£9),8038)
11 6{90)
! 41{B7) 5(13)
S4)F- & 20 H86) l{ﬁ},?{l},lﬁ{b},l?{lj
15 B{95]}
L1} S{RZ} 60377
3 S{46}
55/F- 9 0 1e{51) 2029, 4018) ,8(1)
15 8{567 {427
10 R{OE)
5 41 T4} 50267
5H/F-10 20 12{38) 2012),3(8),6(35),%(2},16(3)}
15 12037 0{27),11¢L4),L3(12}
14 Jrad) a{21y,6(11}

3 4{497 3047



Tabkle l1B, contilnuead,

Well Clusrer Primary Secondary Cluster Membership
WERI/PUAG Number Cluster [Ha. (%)]
fHa. (E)1]
57/F-11 n 2{49) B{d)y,12(34),16{13}
L3 985} 12012}
10 347y B(4&13,9¢12)
5 4( 1003
S8iH- 1 20 2{57 8{1y,12{39),146()
15 a{69 12{2m)
10 3{55) B30, 9015)
) 4{987
55/Y- 1 20 16062) P{2Y,204Y,4(32)
15 EEED 5{9)
14 6B ({10}
5 4152} 5{49)
edfy- 2 20 1&(7T1) 1Y, 4028
15 R(B7) S(10)
14 B{9L1)
g 4(52) (48]
BLiY- 3 20 LE{54) LOLY, 200 ,4019)
i5 {85}
10 8{91)
5 5{B7) A 333
62/Y~ 4 20 16607 Vi, 2408y aliyy. L2l
15 BRI LY
14 60973}
5 4{52) 5{48)
H3f¥- 5 20 l6{63) 1(21,208),4009),802)
15 a(R0) G010}
10 G{92)
5 4054) S{4E)
BOfY- & 0 16(56) V(3),2013), 428}
15 B{743 g{13)
10 6(82) 5107
5 B{53) G{47)
Jafy- 7 20 4050 1IN, lelasy
15 B{63) 5(25),5(12)
10 A(AZ) {12y

5 A{50) 5050}



Tahle 1iA. contlinued.

Well Lluster Frimary Secondary (luster Membership
WERL/FUAG  Numher Cluster [Me, (5}]
[No. (®)]
TlinG-1 20 1R{51]) 201 ,4048)
15 LY 2{16)
L{t 6 {BE) {103
O 5054) 4460
TifaG=2 20 4079} 1f15),14¢1),16(5)
15 a{ALY
14t 5071 B{dh)
5 5(96)
73/ GELRA 20 2{5h} A05),B02Y, 16030
LS 9{7L} B(21}
11 B{70) 9(24}

5 4{86) S{l4)




Table 119.

Primary cluster memborship of water wells hased on cluster analysis of combined water
quality parameters with management zones and general potable water quality from these zones.
The data ig from the 20 cluster analysis and only the mean chnlaoride values are shaown,

ranked from lewest to highest. The primary membership is based on all the analvzed water

quality parameters {(see Table 114 and LLEY,

Clyster  HMean Chlaride

Wells by Primary Wembership

Managemant iong

Gengral water gquality

B TR A=1 to A-8,A-11,A=12,A-23,M-14 3,32,33,2,45 Very good
1 6.6 generally water quality of
4 7.4 D-12,M-3,M-4 ,M=B,F=8,Y-7 AC~2 44 ,8,43,75,16 all parameters is very
16 b3 b-3,0-4,D-6,0-7,D=10,M-5 ,M-7 M-15,F-1, good with few higher values.
F=5,F=7,F-3,1-1 to Y-6,AC-1 n5,42,43,25,47 28,16
2 71.2 O=1,D-2,0-5,0<11,0-15,0-16 to D-18,M-I,
H-6,M-12,F-7 te F=t,F-11,H~1,CHURA 4%,8,87,43
12 122.0 A-22,D-8,0:0,0+13,0-14,F-6,F-10 30,45,29,43 42 tioad
5 1594 generally good water quality
& 176.0 A-15,M-1 30,36 with occassional high walues,
11 191.0 A9, A-10 13 Muderate
17 195.3% pericdic high {peor}
15 na. 7 water quality values.
13 220.9 A=1% 1
plo] 250.6 Poar
4 2541 water qualiky generally wikh
1% /e M-8 FL: high to very high values.
7 29B.¢ A=13,A-14,A-18 i3 Exceeds thleoricde standard
9 5.6 A-1T 33 (250 mgfiL) Ffor potable mater,
10 11z.9 A-11 33
3 3265
19 357.3

L7



Takle L20.

Clusters of water wells

which have high mean value for gapocitTied water quality parameters.
These wells are shuwn in the cluster analysis as outlyers.

CHLOREDE WPECLFIC COMDUCTAMCE TOTA. HARDMES: CalLCLUM HARDMESS METHYL ALKALINITY
wells Mean Yie 115 Mean Wells Mean welts Mean wells e an
[clusters = 70
28 18% .1 9,13,33 85 1,7,8,11,17,64 301,49 z 292.5 t-6,0 L5
13,33 0, YO, 40 1120 15,14 3230 3,10 NG Fol1,18,14,47 53,9
18 732:.5 19 1210 19 3473 14,17 333.4 18 266.B
17,44 253 ,9% 14 ,17,18 1305 9,10,17 ERSP 13 301.3 9,710,113 ,Bit 278.6
14,19 277 .0 16 1 el 1E 1B .G 18 66, T
13 08, p* 13 15040 T4 169, 1
16 Erarhy 13 G1H. 3
[clusters = 153
5,78 L 9,115,203 1040 15,16 323.8 12 2,7 1-6,8,15,46 137.3
10,33 212.5 10,4 1165 4 347.8 9,10,16,17 32553 7,11,13,14,17  I57.4
17,14 2405 1h,17-749 129¢ g,10,17 1636 13 344, 8 9,10,12,64 i7s.8
16,19, 44 260.2* iB 1335 14,18 3904 13 65,8 16 at.s
13,16 208,71+ 13 1500 13 415, 7
[clusters = 10}
10,3 2551 15,333,736 95k 1G,1¢ 343,58 G,0,12 3060 176,85 ,15,46 229.9
17,108,159, 44 3.7 G, 10,44 1150 9,1%,14,17 387 .4 13,14,17 346 .5 T,0-14,17 64 7.2
13,14 ,16 2BH.1* 14 ,16-19 345 13,18 420.0 ! 3760 18 0% .L
13 1515
(elusnters - 5}
10,16 ,17=1%,33 .34 218.6 9,10,15,335,34 1025 59,50,13,14, 34T 14,14,17,7%  349.8 7,10 18,17, 182.8
13,16 309, 7+ 12,940, 16-1% 1320 16-149 3ab .7 1H &4

* gxceeds chloride standard of 250 rg/i
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Table 121. Management zone locatlons of water wells which have high mean values far specified water
frality paramelers.

Farometer Water Wells Managment Zone

Chlorida 100a=-100 , 130A-13) , LA{A-14),160A=-170, 17 (A-18),19(A-2]1) Sabanan Maagas

Specifiec Conductance

Total Hardness

Calrcium Hardneses

Llkalinity

1B(A-15)
28(D-8)
33{D-13)
44 (M-9)

S(A-8) ,100A-10), 130A-13) 04 0A-14) , 160a-17),1 7 {a=1H),
19¢4-21)

IE{A-19]

15€A-153

32(D-13Y

44 (M=-9

1(a-1),64(A=-23}
OCa-9),000A-103,130A-123) ,140A-14) 16 {A=17},17{a~18Y,
190A-21)

l1E(A-19}

15(A-15)

FLA=TY , B{A-8),110a-11),12{a-12)

9A-9),100a-107) ,13{A-F3), 1a(a-14), 171 A-1R)
12{4-12)
[8{A~19)

FLA=1),3048=-3),5{A~5) ,h{A—R) ,Aa(A-2T)

G{A-4Y ,904-9) , 100A-10},13¢A-13) , Ta(A=ta), L7 {418}
2{a=2)

FLA-T),BlAa=-8Y L1 dA=11), 1 40A-22)

18{A-19)

150A-15)

AR (M-14)

- ——— - -_—

Pago Bay
South Dededo
Y-Sengsong
Tapuar

Sabanan Maagas
Sahanan Maagas
Pago Bay
Barrigada
T-Bengsong
Taguan

Nimite

Sabanan Maapus
Sabanan Maagaa
PFago Bay
Barripada
Chalan Page

fabanan Maapas
Chalan Papo
Pago Bay

Mimitz

Sahanan Maagas
hgana Swamp
{Faian Fago
Pago Bay
Larrigada
fouth Dedede

BTY
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RECUMMENDAT TUKE

& change should be made In test procedures for water ruality
paramctetrs pH and specific electrical conductance. These
rarameters should be analvaed ac the well site as soun alcer
sampling as poszible.

Total dissolved solids {TDSY ar total filtrable residee znalwsis
should be added to water gquality sampling sels. Thig would make
it posslble to determine carbon Jdiowide content which can be dene
nemegraphilcally with pH, temperature, total alkalinity and total
winetal content (TDS} data. Asddirionally, the hicarhonate,
carbonate, hydroxide and calcium carhnnate saturabion centent af
well water can be determined nomographically er by calculation,

The pumping tate at the time of water quality sampling should be
measured and included on the water gquality data sheet.

Periadic (semi-annual) water qualiry tests leor mnitrate anid
nitrlte—nitragen, total phosphorsus, snlfate and iron shcould he
conducted. These tests should be dome far all producticon Waker
wells, This data would Le uasetul in Che characterizaticn ol
proundwater aquallty.

Quarterly sampling of water wells for water guality data will not
croduce encongh Information to assess or predict well behavior.
The frequency of data analyses for water wells should he on =
manthly basis. However, if there are iinancial o1 prrsonael
constralnts which inhibl¢ more rrequent watar well sampling for
ihe entlte well series, then selected wells should be monitored
on a monthly hasis and the remainder on a auarterly schedule. A
selection of those wells shewing positive, cvelic and negative
rhloride trends should be monitored cun a2 monthly basis, This
would provide the minimal dwmount of dinfrrmatlen necessary o
gvaluzte the groundwater aquifer hakavier. & selection ol wells
from the following list showld be included in a monthly montteo-
ing schedule;

ChloTide behavier Trends

Well series Positive Cyelle Kegatbive

A=-series AT, 4-13 n-10,4-19 ot

D-serics D14, D-16,GHURA D-11,1-17 D—&,B-7,0-10,0-18
M—ggerics M-1,H-6 M= ,M-12,M=14 H—2,M-3

T-serics F-7,F-8 F-5,F-f F-4,F=-10,F=11
T-series ¥-1,7-2,¥-4 none nane

bLiG-series AG-1 none e

At least one well from each series and from each trend group (if
applicable} should be monitored on a monthly basis. This amounts
te o mipimum of 13 wells (18¥) that weuld have mere f[requent
monitoring, Lt wosld probably me best to momitor all three of
the pesitive trend Y-series wells.
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There 18 a need to conduct more water quallcy and bydrogeclogical
research in the reglon of the Yigo trough. More hydrogenlogical
information will be needed in this replon to better delinecate the
vplcanic basement and configuration of the trough. More water
quality dinformaticn will he needed to determine causes for
increased chlorides in 3§ Y-series production wells.

Records far the ailr Force MW series water wells should be
ohtalned and, if availabled, analvezed for water gqualiry erends.

Since there is some Layne International water well gualiry data
availlable for production wells prior to 1970, thls data should be
tabulated and evaluated apaingt the PUAG historical daca-hase,

More detailed and useable monthly water productlion records should
be mailntaiped for water wells.

Management zone boundaries. in relaticn to proundwater quality
should be re-evaluated and the numbey of management zones reduced
to mora realistically assess groundwater regioms.

On a once a year hasis, GEPA or an independent water quality
laboratory should collect and analyze a duplicate set af water
wall gamples 1n conjunccion with the PUAG routine monitoring
sampling set to determine the reliabiliey of PUAG data.

The puidelines ouclined in the NGLE management reporcs should be
used for placement of water wella. Some recent water wells were
drilled In lvw pricrity zones as designated by rthe KGL5. Several
of these wells have poor water quality.

The following management #omes nr portions of management rzones
should be given low priority in future exploratory drilling for
water wells:

. Sabanan Masgas (entire zome)

2. Pago Bay (entire zone)

3. Agana Swamp (entire zonel

4, Toto (entire zZome)

5. Manaca (entire zonme)

. Asheco fentire zome)

7. Taguan {entire zone)

8, Sasajvan {entire zone)

9, Barrigada {most of zone}
10, Chalan Fapgo tporcions}
11, Nimice {area around A-l and 4-23)
12. South Dededo farea around D-8)
13. Y=-Sengsong {area around D-13}

14, Dededos Yorth {in D-13 flow line with ocean)



202

TEARLY GUIDELIETS

The foliowing guidelines apply to yearly statisticaly analyses af PUAG
production water well data il well sampling crntinues only on 4 quarterly

bwasis.

L,

.

The

tmly baslc statistics should be done for each water quallty
parameter analyzed by water well, These hasie statlstics should
inelude:

EAaTe

. =tandard deviation

number of analvsis months
minimum and maximuam values

4 e P
+

Caleculated parameters should be cencrated from measured water
gquallty parameters and analvzed for basic statistics,

& vearly supplement of the hasic statistical data should be wade
and xepr with the historical data report.

‘nllowing puldelines apply ta yearly statlstice]l  analwvses of

monthly PUAG production water well data.

Scatistics should ke done lor each caleulated and weasured warer
quality parameter analyzed bv well, The basic and advaonceard
statistics should include:

pumber of analvsis months

number of missing months (should he ERLY. months)

mear

standard deviation

minimum and maximun values

95 percent confidence limits

7. deviation of new yearly mean {rom nistorizal mear

., t-test of new yearly mean and hlsterical mean to Agcertain
i{ mears are from the same data distributien {pupulaticn ol
datal.

%, linmar regression of data to determine yearly trend ov Jack
i brend.

0. cluster analvsis with a 20 cluster criteria for sepatate and

combined water guality parametera. This would determine

change in water well membership in relation to hasic Watetr

quality behavior,

wnoLeoiaa fes

g
+

New water gquality data should be keypunched anto a sorced master
data file to maintain an updated water quality record for aach
praduction water well.

It betcer pumping recerds become available, then analysis shonld
be made of rtelationships between pumping rate and chloride
cencentration.
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A yearly supplement of statistics and water well trends should be
made and kept wilth the histerical data report.

After S-years of monthly data analyses for water wells have heen
gathered for some or all wells, then a new histerlical data-base
should Te tahulated, analyzed and evaluated, SAS procedures
should be used for data analyses. When a larger monthly data-
base becomes available for water wells, it will be pessible to
determine long—term trends by applv¥ing time—series omalysls.
This time-series information will make it possible to predict
water well gqualicy hbehavior whickh will greatly cnhance well
management. Additionally, a longer water well data-base will
make It passihle to hetrer chatacterize the groundwater aguifer
which will help in the location of future water well siltes,
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