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ABSTRACT

The  groundwater.  obser`vation  well  networ.k  in  many  par`ts  of  Kansas  has  been

developed  and  expanded  through  the  years  without  any  attempt  to  determine  the

adequacy  of  the  network  for.  any  specified  pur`pose  or.  to  assess.its  cost

effectiveness.    This  study  res  under`taken  to  examine  the  existing  gr.oundwater.

level  networ`k  in  nor.thwest  Kansas  and  to  determine  the  feasibility  of  br`inging

the  ronitor.ing  of gr.oundrater.  levels  in  that  area  to  a  spatially  uniform  level

of  accuracy.     in  order  to  achieve  this  goal,  we  employed  the  theor.y  of

r.eglonalized  var`iables  to  estimate  the  amount  of  spatial  variability  of  the

groundwater`  sur.face.     The  error.  analysis  pr`oduced  by  univer`saLl  kriging

indicates  that  it  is  not  pr`actical  to  attempt  to  r`educe  the  estimtion  er.ror

in  the  water.-table  sur`face  uniformly  thr`oughout  the  I.egion,  because  to  do  so

would  incr.ease  the  cost  of  monitor.ing  wells  dr.astically.    For  example,   to

attempt  to  r`eduee  the  pr.esently  existing  error  by  50  percent  thr-oughout  the

map  would  r`equire  at  least  16  times  more  wells  than  the  curr`ently  existing

well  networ`k  in  that  r.egion.     On  the  other.  hand,   incr`easing  the  spacing

between  wells  does  not  gr.eatly  increase  the  uncer.tainty  already  present  in  the

estimation  pr.ocess.    Our  analysis  shows  that  a  racer.-level  well  networ.k

consisting  of  one  well  every  four  miles  yields  maps  that  ar.e,   for`  pr.actical

pur`poses,   indistinguishable  from  those  pr`oduced  using  the  pr.esent  network.
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mROI]ucTION

The  gr`oundwater.  obser.vation  well  networ.k  in  KaLnsas  has  been  developed  and

expanded  through  the  year`s  without  any  attempt  to  deter.nine  the  adequacy  of

the  network  for.  any  specified  purpose  or  to  assess  its  cost  effectiveness.

It  ls  therefor.e  proposed  that  aL  systematic  redesign  of  the  net.iror`k  be

under`taken  in  or.der  to  examine  the  feasibility  of  br.inging  the  monitoring  of

mjor'  aquifer.s  within  the  gr.oundrater`  management  distr.icts  to  a  spatially

uniform  level  of  accur.acy.    This  will  involve  optimizing  the  infor'mation

gained  fr`om  each  observation  veil  and  modifying  (increasing  or  decreasing)  the

number.  of  obervation  wells  in  order.  to  upgrade  the  accuracy  of  the

estimates .

In  order  to  achieve  the  above  goal,  it  is  necessar.y  to  estimate  the

amount  of  spatial  var.iability  of  the  gr.oundwater  surface.    This  can  be  done  by

str`uct`maLl  analysis ,  a  statistical  pr.ocedurie  that  lnvestigaLtes  the  behavior  of

a  napped  variable  with  changes  in  distance  (Jour.nel  and  Huijbr.egts,1978;.

0lea,1975).    The  basic  tool  to.be  used  in  assessing  the  degree  of  spatial

continuity  of  the  irater  table  is  the  semivariogr.am,  a  plot  of  the  semivar`iance

of  the  rater`  surface  versus  distance  fr`om  the  observation  wells.    The

semlvar.lance  is  a  statistic  char.acterizing  the  rate  of  change  of  a  napped

var.iable  with  respect  to  distance  and  is  based  upon  the  expected  value  of  the

squar`ed  differ`ences  between  values  of  the  napped  variaLble  spaced  a  cer'taln

distance  apaLrt.     The  groundwater  sur'face  ls  conslder`ed  to  be  a  r.egionalized

variable which  is  aL  continuous  vat-iable  having  a  variation  too  complex  to  be

described  by  a  war.kable  mthematical  function.    Specialized  statistical

methods,  known  as  "regionalized  var.iable  theor.y"  (Matheron,   1963)   have  been

developed  to  study  r.egionalized  var`iables.    Extensive  discussions  on  the

theory  of  r`egionalized  variables  are  available  in  the  liter.atur`e  (Jour.nel  and
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Huijbr.egts,1978  and  I.efer`ences  therein).     Once  the  semivar`iogram(s)   of  the

gr.oundwater.  sur.face  has  been  determined,   it  is  possible  to  estimate  the

expected  error.  in  pr`edictlons  of  the  gr`oundwater  level  at  any  point,   fr`om  any

specified  networ'k  of  observation  wells.     KGsndeveloped  computer.  contour`ing  and

Kriging  techniques  ar`e  used  to  contour.  the  water`  surface  and  to  map  the  likely

error  at  ever'y  estimated  point  in  the  gr.id.

This  methodology  is  applied  to  Gr.oundwater  lfanagement  Distr.ict  #4  in

northwest  Kansas  in  an  attempt  to  show  that  appr.eciable  improvements  in

efficiency  could  be  accomplished  without  impair'ing  the  wor`th  of  the  data

gathered  fr`om  the  network.     The  for`znat  of  this  repor't  follows  closely  two

pr.evious  r`eports  on  networ`k  design  of  Gr.oundwater.  lfanagement  Distr`icts  #1

(Olea  and  Davis,1980)   and  #2   (Olea,1980).

STRUCTURAi-   ANALYSIS   OF   GROUNDWATER   MANAGMENT   DISTRICT   #4

A  str`uctur.al  anal sis  res  perfor`med  on  water`  level  obser`vations  made  in

Jamary  1979  in  Gr.oundrater.  Management  Distr.ict  #4,   an  ar.ea  of  near`ly  5,000

squat.e  miles-1n  nor`thwest  Kansas,   including  Sher.man,   Thomas,  and  Sher`idan

counties,  and  par.ts  of  Cheyenne,   fawlins,   Decatur.,   Gr`aham,   Logan,   and  Cove

counties.     The  data  set  consists  of  327  measur`ements  (see  Appendix  A)  made  in

water  veils  scattered  at  ir`r.egular  locations  within  the  Dlstr.ict  and  outside

near.  its  boundairies.     Aver.age  spacing  between  wells,  as  defined  from  the

contoured  ar.ea  of  lfap  4  and  the  number`  of  wells  within  that  ar`ea,   is  about  3.6

miles.     The  measur.enents  define  a  water.  sur.faLce  that  for.ms  aLn  undulating  plane

dipping  to  the  east  and  nor.theast.

Semival.iograms  are  calculated   fr.om  measur.ements  made  aLlong  pr`ofiles

defined  by  aLppr.oximaLtely  unifor.mly  spaLced  observaLtions   (Fig.I).     Two  profiles

a,r'e  constructed  acr.oss  the  District. fr.om  appr.oximately  east  to  west,  one  from
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southwest  to  northeast  (all  three  her.eby  r`efer.r.ed  to  as  E-W  pr.ofiles) ,  and

thr.ee  from  appr.oximately  north-northwest  to  south-southeast  (her.eby  refer.I.ed

to  as  N-S  profiles) .    "e  E-W  pr`ofiles  extend  thr`ough  the  centr.al  part  `of  the

District  acr.oss  Sherman,   Thomas,   Sheridan,   Decatur.,  and  Gr`aham  counties.     One

contains  16  wells  aLnd  is  appr`oximately   115  miles  long;   the  second  contains  14

wells  and  is  appl.oximately  85  miles  long;  and  the  third  contains  10  wells  and

is  approxlmtely  70  riles  long.    Tbe  N-S  pr.ofiles  contain  11,  9,  and  8  wells,

respectively,  moving  from  west  to  east  across  the  District  and  ar`e  63,  50,  and

45  miles  long  respectively.    The  first  and  longest  N-S  pr`ofile  extends  from

Cheyerme  to  ShermaLn  County,   the  second  fr.om  Rawlins  to  Thorns  County  and  the

third  from  Decatur.  to  Sher.idan  County.

SEMIVARIOGR"  A"AI.YSES

The  aver`age  semivar`iogr.am  for  the  three  E-W  pr`ofiles  ls  shown  in  Figure

2.    Note  tbat  the  plot  of  semivar.lance  ls  concave  upwar`ds  and  tangent  to  the

hor`izontal  axis  at  the  or.igin.    This  indicates  that  the  sur.face  is  very

continuous,  with  no  abrupt  discontinuities  or  changes  in  slope.    Also  note

that  the  senivariance  continues  to  r.ise  to  the  limits  of the  semivar`iogr`am  and
^

that  the  mximum  semivariaLnce  of    ¥=  453,115  appr.eciably  exceeds  the  var.lance

of  the  obser.vations  themselves,  which  is     a£ =  96,940.     This  r.eflects  the

pr`onounced  eaLstward  dip  of  the  water.-table  surface  aLnd  indicates  ther`e  is  no

distinguishable  limit  to  the  zone  of  influence  about  an  ot)servation  well

within  the  District.    That  is,  any  well  within  the  Distr`ict  can  pr`ovide  some

degree  of  infor'mation  aLbout  any  other  point.

A  senivar.iogram  for`  the  longest  N-S  line  is  shorn  in  Figur`e  3;  this

semivar`iogram  also  exhibits  an  incr.ease  in  semivar`iance  with  distance  and

moderate  continuity  at  the  or.1gin.    in  aiddition,  the  semivariogram  exhibits  an
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0.0                   15.8                  31.6                  47.4                  63.2                  79.0
DISIINCE  BETWEEN  WEl.LS,   MILES

Fig.  2  -  Average  semivar`iogram  of  gr.oundrater.  observations  taken  in  wells
spaced  at  appr.oximately  7.9-mile  intervals  along  east-west  lines  through
Groundwater.  Management  Distr.ict  #4.
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Fig.  3  -Semiovar.iogr`am  of  gr.oundwater  observations  taken  in  wells  spaced  at
.    approximately  6.3-mile  inter`vaLls  along  a  nor.th-south  line  thr`ough
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distance  beyond  which  the  difference  between  the  semivariance  and  sill  is
considered  negligible  and  is  equal  to  appr.oxinately  20  miles.



appar!ent  "semi-sill, "  or  inter.val  of  almost  constant  semivariance.    This

feature  r.esults  from  snail  localized  differ.ences  in  water.  level,  which  ar.e

expr.eased  as  relatively  minor  undulations  of  the  contour`  lines  on  mps  of  the

lra.tor.  table  (Davis  and  OleaL,1980).     These  small-scale  differ'ences  would

appear'  as  closed  highs  and  lows  if  the  r.egional  dip  (tr.end)  of  the  sur`face

were  removed  fr`om  the  data.     Due  to  the  r.elaLtively  small  number  of  points  in

the  N-S  lines,  ther.e  ls  an  aLppreciable  anount  of  fluctuation  in  the

semivariogram .

.Fr.on  the  N-S  semivariogram  a  20-mile  neighborhood  or  r`ange,  cor.r.esponding

to  the  semi-sill  in  that  semivariogram,  was  selected.    In  tur.n,  this

neighbor`hood  rag  ezBployed  to  determine  the  degree  of  the  polynomial  that  best

represents  the  dr.ift.     A  neighbor.hood  of  these  dimensions  would  encompass  four.

data  points  in  any  direction.    The  dr.ift  or.  trend  descr.ibes  the  regular.  manner.

in -which  the  r.egionalized  variable  under  study  behaves  over  the  neighborhood

r.egion.    Regionalized  variable  theory  allows  for.  the  removal  of  the  local

tr`end  aLnd  for.  semivar.lance  calculations  for  the  residuals  from  this  dr`ift.    To

confirm  that  most  of  the  character`istics  of  the  E-W  and  N-S  semivariogr.ams

r.esult  fr.om  a  pronounced  dip  of  the  surface,  and  that  a  limited  neighborhood

is  appropr`1ate ,   seznivar`iograms  were  coxputed  for  all  pr'ofiles  assuming  a  20-

mile  neighborhood  and  a  first-degr.ee  polynomiaLl  drift.     Figur.es  4  aLnd  5  are

semivaLr.iograms  of  the  r.esiduals  fr.om  this  drift  for`  the  aver`age  thr'ee  E-W  and
\

thr.ee  N-S  pr.ofiles  respectively.     Both  the  exper.1mental  semivar`iogram

calculated  fr'om  the  I.esiduals  themselves  and  the  expected  semivar`iogram

calculated  from  the assumed  firstndegr`ee  (polynomial)  model,  are  shown.     The

almost  exact  cor`r.espondence  between  the  two  suggests  that  the  selection  of

neighborhood  size  and  or.der`  of  drift  ar.e  appr`opr`iate.
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7.9                           15.8                         23.7
DISTANCE  BETWEEN  WELLS,   MILES

31.6

Fig.  4  -  Semivar.iogr.am  for  the  residuals  fr.om  a  firstndegr`ee  polynonial  dr`ift
fitted  to_..the  obser`vations  of  the  aver.age  east-west  semivaLriogr'aLZD.     The
neighbor`hood  (r.ange  or  zone  of  influence)   is  20  miles  and  contains  four.
obser.vations.    The  theoretical  semivar.iogr`an  is  shown  as i,  the
experlDental  semlvar`1ogr.am  as  o.
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6.3                            12.6                           18.9
DISTINCE  BETWEEN  WELLS,   MILES

25.2

Fig.  5  -Semivar`iogr.am  for.  the  residuals  from  a  fir.stndegr.ee  polynomial  drift
fitted  to  the  observations  of  the  aver.age  north-south  senivar.iogr`am.    The
neighbor.hood  is  20  miles  and  contains  four  observations.    The  theor`etical
semivar`iogram  is  shown  as i,  the  exper.imental  semivar.iogram  as i.



DESIGN   OF   A   NETWORK   FOR   GROUNDWATER   MANAGEMENT   DISTRICT   #4

The  Halter-level  sur`face  is  regaLr.ded  as  isotr.opic  with  aL  air.cular  zone  of

influence  having  a  radius  of  20  miles  extending  ar.ound  each  observation

well.    Since  the  surface  is  pr`esumed  isotr.opic,  the  most  efficient  space-

cover.ing  patter.n  that  can  be  devised  is,  for.  practical  reasons,  a  r`egular.

square  gr.1d  of  observation  wells  which  is  very  easy  to  fit  into  the  township

aLnd  range  system.    Only  a  portion  of  the  Distr.ict,  corresponding  to  a  block

whose  dimensions  are  equal  to  the  neighborhood  size,  need  be  considered.    The

entire  map  may  be  envlsloned  as  a  ser`ies  of  such  blocks  adjacent  to  one

another .

The  procedure  to  obta-in  both  the  er'r.ors  of  estimation  (as  measured  by  the

standard  deviation  of  estimation)  and  the  most  likely  value  of  the  water.  table

elevation  is  called  unlver.gal  kri In  order.  to  make  estimations  using

universal  kriglng,  there  "st  be  enough  measurements  located  inside  the

neighborhood  or.  zone  of  influence.     A  convenient  number.  is  10  to  12.     No

significant  iqpr`ovements  are  obtained  by  adding  mor`e  wells  inside  the

neighborhood,   if  they  ar.e  far.ther  away  from  the  closest  16  wells  (Olea,

1980).    Any  radius  of  sear`ch  smaller  than  the  r.adius  of  the  zone  of  influence

is  theor.etically  acceptable  as  the  maximum  distance  between  sample  points,  but

it  ls  obvious  that  the  maximum  ar.eal  cover.age  of  the  wells  occur's  when  the

r.adius  of  scar.ch  ls  equal  to  the  radius  of  the  zone  of  influence.    Since  the

objective  is  to  utilize  the  minimum  number  of wells,  a  radius  of  search  equal

to  20  iniles  is  considered,  which  cor`r`esponds  to  the  range  shorn  in  the

semivar`iogram  in  Figur`e  3  for.  the  water.-table  elevation.     In  view  of  the  east-

west  semivariogr.ams  in  which  there  is  no  discer`nible  limit  to  the  zone  of

influence,  this  r.ange  selection  is  consider.ed  conservative.    The  maximum

number`  of  veils  inside  the  zone  of  influence  is  set  to  16  to  allow  for.  the
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possibility  of  missing  observations  and  to  still  be  able  to  make  an

estimation.    Although  16  wells  "st  be  found  inside  a  air.cle,  around  the  point

being  estimaLted,  it  is  easier  to  think  in  terms  of  an  equivalent  square

pattern.    A  squar.e  patter.n  of  4  by  4  wells  yields,16  wells  inside  the  zone  of

influence  if  the  diaLgonal  of  the  squar.e  pattern  is  equal  to  the  I.ange.    The

spacing  between  wells  in  such  a  pattern  is  4.7  miles.    If  the  spacing  is

conservatively  I.educed  to  P  miles  I)etveen  vells,  the  pattern  contains  9  wells

per`  4  tounships  or  2.25  wells  per  tormship.     This  r'epr.esents  the  minimum

acceptable  density  of wells,  as  determined  by  the  structur.al  analysis.

Because,  as  we  have  seen,   the  racer-table  sur`face  shows  a  pr`onounced

eastrar.d  dip   (trend)   and  the  selected  semivar`1ogram  (Fig.  3)   shows  a  mode.rate

continuity,  we  mst  postulate  a  dr`ift  and  use  the  semivar.iogr.am  of  the

r.esiduals  rather.  than  the  semivar.iogram  for  the  reglonalized  variable

itself.    Drifts  of  zero  (no  trend),  one  (fir.st-order.  tr.end),  and  2  (second-

or.der`  trend)  are  risuaLlly  consider.ed.    From  the  structural  analysis,  a  fir.st-

degr.ee  drift  is  most  suitable,  yielding  a  linear.  semivar.lance  for  the  first

or.der.  residuals  for.  Gr.oundrater`  lfanagement  Distr`ict  #4  of

(h)   =115h          (ft2'/mi) for_.h £20  miles (1)

The  aver.age  slope  of  all  semivariograms  at  their  origin  is  approximately  115

ft2/mile.    Changes  of  the  semivar.lance  with  r.espect  to  distance,  h,  pl.ovide

infor.nation  about  the  spatial  variation  of  the  r.egionalized  var`iable,  in  this

Case  the  lilater  level  measurenents.    The  relatively  steep  slope  near  the  origin

indicates  a  distribution  thaLt  changes  r.elatively  r`apidly  with  respect  to

distance .
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Fig.  6  -Estimation  standar.d  deviation  contours  for`  Groundwater  Management
District  #4  for`  obser.vation  wells  spaced  4  miles  apar`t  in  a  squar.e
patter.n .



Fig.  7 --Estimation  standar`d  deviation  contours  for.  Groundwater.  Management
Distr`ict  #4  for  obser.vation  wells  spaced  3.6  miles  apar`t  in  a  square
patter.n .



ESTIMIATION   0F   EREORS   IN   EN   "OPTIMAL"   NETWORK

Since  the  Calculated  err.ors  depend  only  upon  the  character`istics  of  the
\

semivaLriogr`aLm  and/or`  the  geographic  locations  of  the  observation  wells,   they

do  not  change  with  differ'ences  in  the  actual  values  of  the  sur.face.    If  we

ignor.e  bor`der.  effects,  the  standard  deviation  of  estimation,  which  is  a

neasur`e  of  the  calculated  er`ror,  will  repeat  indefinitely  as  a  patter`n  inside`

the  squares  defined  by  sets  of  four`  wells.    The  boundary  effect  is  only

Present  within  10  miles  of  the  aLotual  map  border.s.     Figure  6  is  a  contoured

maLp  of  the  standard  deviation  of  estimation  for'  Gr.oundwater  management

District  #4,  within  an  area  defined  by  four.  wells  of  the  obser.vation  network

where  lrells  ar.e  spaced  four  miles  apar`t.    The  standard  deviation  r.ises  shar`ply

army  fr.on  the  wells,  reaching  a  naximm  of  almost  16-foot' in  the  center  of  the

squar.e  patter.n,  because  the  center.locations  ar.e  the  most  distant  fr'om  the

control  points.     Throughout  the  map,  no  mor`e  than  5¢..of  the  estimated  values

will  deviate  by  more  than  32  feet  (twice  the  16  feet  standard  er.ror`)   fr`om  the

value  of  the  wa.ter.  table  at  the  center`  of  the  r'egular.  patter'n  (a  squar`e

patter.n  of  4  wells  separ`ated  by  a  spacing  of  4  miles) ,  which  is  the `location

where  the  racer.  table  will  be  estinated  with  the  least  reliability.    This

value  aLlso  r.epr`esents  the  minlmun  accur.acy  thaLt  will  be  obtained  if

Groundwater.  Management  Distr.ict  #4  is  sampled  on  a  4-mile  grid.

A  theor`etical  network  of  observation  wells  may  be  constr'ucted  that

cor.responds  to  the  pr`esent  well  density  ln  Groundwater`  Management  Distr`1ct  #4,

but  the  wells  ar`e  shifted  to  a  squar.e  gr.id  pattern.    A  complete  20-by  20-nile

block  Will  contain  about  30  wells  located  on  approximtely  3.6-nile  centers.

Figure  7  is  a  contoured  mp  similar.  to  Figure  6,  but  with  the  existing  average

spacing  of  3.6  miles.     The  maximum  standar`d  deviation  of  15  feet  is  not  very

differ.ent  from  the  16  feet  calculated  fr`on  the  four.-mile  spaced  networ.k.
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A  sensitivity  analysis  calm  be  conducted  to  test  other.  alter`native

networ.ks.    The  problem  is  already  bounded  as  a  4-mile  spacing  represents  a

ninimm  in  ter`ms  of  networ`k  density,  yielding  a  nrap  with  a  minimum  level  of

confidence.    The  theor.y  of  r`egionalized  variables  predicts  that  in  a  contour`ed

map  genez.abed  by  universal  kriglng,  the  estimation  var`ianee .1s  a  linear

function  of  the  distance  between  wells  if  the  semivaLr.lance  is  linear  (-viz  eqn

1) .    A  standard  deviaton  of  16  feet  is  the  equivalent  of  a  var.lance  of  256

feet.    in  order`  to  r'educe  the  estimation  vaLriance  by  a  factor  of  4,  the

distance  between  veils  must  be  I.educed  by  a  factor  of  4  as  well,   that  is,   fr`om

4  miles  to  1  mile.     Such  a  network  will  pr.oduce  a  map  whose  maximum  estimation

variance  at  the  center.  of  any  squar.e  pattern  of  irells,  spaced  1  mile  apar`t,

will  be  64  feet,  or.  a  standard  deviation  of  the  estimate  of  8~feet.    Figure  8

is  a  contour  maLp  of  the  standar.d  deviation  of  estimation  for  an  infinite

network  having  wells  spaced  ever.y  1  mile.    Figur.es  6  and  8  illustraLte  that  by

using  16  times  as  many  wells,   the  standar.d  deviation  of  estimation  can  be

reduced  by  one-half  at  every  location  in  the  map.    This  implies  that  the

mini"m  networ.k  is  almost  optinal  when  compared  to  any  pr.actically  achievable

•   sampling  density.    No  signlflcant  change  in  the  map  confidence  will  be

observed  with  major  incr.eases  in  the  number  of  wells.    For  example,  doubling

the  nuqfoer`  of  wells  ln  a  r'egular  network  will  only  reduce  the  standard

deviation  of  estimation  by  a  factor.  of  1.2.     It  can  be  inferr.ed  fr`on  the  above

that  significant  reductions  in  standard  err.ors  of  the  estimated  water  table

can  be  achieved  only  at  great  expense.

Figure  9  r`epr`esents  ar  nomogr.am  for.  calculating  the  spacing  and  r`elative

well  density  that  would  be  r`equired  to  r.educe  the  estimation  standar`d

deviation  of  cater-table  elevation,  shown  in  Figure  6,  for  a  4-mile  well

spacing  to  any  desir`ed  value.    For  example,   to  I.educe  the  maximm  standar`d

10



Fig.  8  -Estimation  standard  deviation  contours  for  Groundwater  Management
District  #4  for`  observation  wells  spaced  1  mile  apar.t  in  a  squar.e
patter`n .



100.0                  75.0                   50.0                   25.0                    0.0                      1.0                     2.0                     3.0                     4.0
REIATivE  WELL  DENsny                                                                            WELL  spAclNG,   MILES

Fig.  9.  -Nomogram  for  calculating  the  spacing  and  r.elative  well  density  that
would  be  required  to  reduce  the  estimation  standard  devlatlon  of
racer-table  elevation  for.  a  4-nile  well  spacing,  shotm  in  Fig.  6,  to
any  desired  value.



deviation  of  16  feet  in  a  r.egular  grid  with  a  4-mile  well  spacing  by  50

per`cent,   one  enter`s  the  r.elative  standard  deviation  or`dinate  at  0.50. and  moves

hor.izontally  in  both  directions  until  the  cur.ves  are  intersected;  then,  one

moves  dormwards  towaLrd  the  abslssas  to  read  the  well  spacing  value  (1  mile  in

this  case)  and  the  r.elative  well  density  (in  this  case,   16  times  more  wells

relative  to  the  4-mile  squar.e  grid) .

MAPPING   RESULTS

japj shows  the  327  water  wells  used  in  this  study,  r.epr.esenting  the

pr`esent  network.    ]§pJL shows  the  resulting  contour  map,  pr`oduced  by  univer'sal

krlging,  of  the  water-fable  elevation  using  the  KGS  gr.aphics  system  SURFACE  11

`  (Sapson,1978).     This  map  r.epr`esents  the  closest  possible  appr.oximation  to

r`eality,  as  it uses  all  information  available.   !§pf is  a  contour  map  of  the

estlmat.ion  error,  giveh  as  the  square  root  of  the  estiznation  var`iance  (i.e. ,

the  standaLr`d  deviation  of  estimation  for  this  pattern  of  327  wells).    in  fact,

this  map  shows  the  uncer`tainty  already  pr`esent  in-the  water-level  estimaLtlon

process  using  the  existing  well  network.    Let  us  suppose  that  at  some  location

on  the  nap  the  water  level  ls  estimated  to  be  at  3,050  feet  and  10  feet  is

r`ecorded  on  the  err'or  map.     If  the  er.ror`  is  assumed  to  be  dlstr`ibuted

normally,  the  probability  is  95  percent  that  the  differ.ence  between  the

estimated  irater-table  elevation  and  the  true  one  is  less  than  20  feet  (twice

the  10-foot  standard  err`or`).

~j±pj shows  the  location  of wells  selected  as  being  closest  to  those  in  a

regular  network,  which  has  wells  every  fodr  miles.    The  selection  pr.ocedure

I.etains  9  wells  per  4  townships.    The  final  pattern  contains  241  wells,  a  net

r`eduction  of  26  per.cent  or  86  wells.    ±±p| is  the  contour.  nap  pr.oduced  using

only  measurements  from  the  reduced  networ.k  of  241  wells.    j±pJ is  a  contour.
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map  of  the  standar.d  deviation  of  estimation  for.  the  r.educed  network  of

wells.     Compar.ison  of  the  two  staLndar.d  deviation  Maps  5  and  8  indicates  that

the  estimation  er.rors  for  both  maps  ar.e  very  similar.,  despite  their  26  percent

differ.ence  in  the  number  of  wells.    It  should  also  be  noticed  that  in  both

naLps  the  calculated  maximum  standar.d  deviation  is  greater  than  the  estimated

maLximm  standar.d  deviation  for.  the  ideal  networik  (Figs.  7  and  6  )   due  to  non-

regular`  spaLclng,  boundary  effects,  and  missing  data  for.  a  number  of  blocks  in

the  maps.    lfap  9c  is  the  dlffer`enoe  in  vater`-table  elevations  shown  in  Maps  4

and  7.    The  maximum  discrepancy  is  consistent  with  the  standar`d  deviation

raps .

In  or.der  to  evaluate  the  significance  of  the  standard  deviation  Map  5,  a

saiturated  thickness  map  Was  der.1ved   (19p   lQ).     The  I.elatlve  er.ror`  rtyp _.11.._  shows

the  na.tio  of  the  standar.d  deviation  of  estimtion  to  the  saturated  thickness

map.     Thus,  cr.itical  areas  ar`e  defined  wher`e  aL  oeritain  er'r.or`  of  estimation

will  have  significant  impact  on  the  gr.oundwater`  r'eserve  estimations.

CONCLUSIONS

The  er.ror.  analysis  pr.oduced  by  univer.sal  kriging  indicates  that  most  of

the  increase  in  estimation  err.or  in  the  racer-table  sur`face  occur.s  within  a

shor.t  distance  of  the  obser.vation  wells.    It  is  not  pr`actical  to  attempt  to

r.educe  this  er.r`or.  unifor.mly  thr`oughout  the  region,  because  to  do  so  would

incr.ease  the  cost  of  monitor`1ng  the  racer.  wells  by  at  least  an  or.der.  of

magnitude.    For  example,   to  attempt  to  r.educe  the  preseritly  existing  err`or

(Map  3)   by  50  Percent  throughout  the  zDap  would  require  at  least  16  times  more

wells  than  the  cur.rently  existing  well  networ.k  of  Groundwater.  Management
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District  *4  (Fig.  9).    On  the  other`  hand,   increasing  the  spacing  between  wells

does  not  greatly  incr`ease  the  uncertainty  air.eady  present  in  the  estimation

process .

A  irater.-level  well  network  consisting  of  one  well  every  four.  miles  yields

maps  that  are  for  pr`actical  pur.poses  indistinguishattle  fr.om  those  pr.oduced

using  the  present  network.    Assuming  the  present  networ.k  is  satisfactor.y  for.

the  purposes  of pr`edicting  changes  in  the  water.-table  elevation  related  to

vaLrlous  pumping  or  r'echarge  mechanisDs,   the  reduced  networ`k  should  be  equailly

satlsfac tory .

The  error  nap  is  a  very  power.ful  tool  that  can  be  used  to  evaluate  the

reliability  of  features  on  a  map  produced  by  universal  kr.iglng  (Olea  and

Davis,1977).     Cer.tain  probable  and  fictitious  str`uctur.es  can  be

dl£fer`entiated  in  aLn  objective  manner'.     The  er.ror.  map  aLnd  the  semivar`iogr'am

can  also  be  used  to  deter`mine  wher`e  more  infor.tnation  ls  necessar`y  to  r'eflne

the  map  and  to  estimate  the  number.  of  additional  measur.ements  that  will  be

needed.    In  this  ray,  regionalized  var.iable  theory  pr`ovides  criteria  by  which

futur.e  measur'ements  can  be  planned  in  or`der  to  achieve  specified  levels  of

reliability.    The  estimation  er.ror  can  be  reduced  to  aL  pr.escr'ibed  limit  by

taking  mar.e  measur`enents  in  these  cr.itical  ar`eas.    Therefor.e,  the  best  retur`n

in  ter`ns  of  improvement  in  confidence  pert  new  well  added,  can  be  obtained  by

locating  the  new  well  wher.e  the  estimation  standard  deviation  is  a  maximum.

As  kriging  ls  a-statistically  optimal  method  of  estimation,  no  other  technique

will  provide  better.  estimates  in  ar.eas  of poor.  control.
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APPENDIX    A



JPAGE   1

I . I) . I,OCATION                LAT.               I,ONG.

38W     2   CDC      -101.555      39.989
38W     8   DCC      -101.607      39.975
38W  30   BI)C      -101.630      39.939
39W  25   CBC      -101.654     39.935
39W  27   BBC    '-101.692      39.857
40W  28   DBA     -101.81139.850
41W   33   DBC      -101.926      39.834
42W   14  DI)D      -101.993      39.874
37W   19   BBC      -101.523      39.783
37W  21   I)DD      -101.469      39.772

-101.416     39.752
-101.715      39.776
-101.638     39.772
-101.725     39.752
-101.816     39.814
-101.802     39.781
-101.824     39.763
-101.772     39.754
-101.921      39.798
-101.959     39.752
-102.031     39.829
-101.444     39.712
-101.594     39.740
-101.561     39.714
-101.618     39.685
-101.585     39.693
-101.664     39.732
-101.690      39.701
-101.744     39.705
-101.690     39.673
-101.805      39.694
-101.920     39.705
-101.880     39.680
-101.962     39.665
-101.459     39.618
-101.536     39.624
-101.571     39.607
-101.560     39.586
-101.730     39.627
-101.674     39.631
-101.749      39.613
-101.649     39.586
-101.822     39.645
-101.784     39.620
-101.796     39.622
-101.803     39.596
-101.866     39.634
-101.939     39.604
-102.034     39.655

W   14   CBC      -102.01139.616

X-C00RD  Y-C00RD     WATER
(MI )            (MI )           LEVEI,

56.293      102.471     3008.
53.538      101.460     3041.
52.285        98.958     3080.
51.041        98.703     3092.
49.054        93.321     3216.
42.687        92.801     3339.
36.598        91.677      3412.
33.009        94.444     3461.
58.048        88.239     3239.
60.909        87.506     3196.
63.775         86.151      3175.
47.808        87.691     3306.
51.920        87.461`    3285.
47.308        86.064     3333.
42.435        90.299     3338.
43.182        88.049    -3270.
42.054        86.794     3295.
44.808        86.178     3344.
36.840        89.172     3434.
34.854       86.049     3435.
31.006        91.329      3496.
62.286        83.394     3205.
54.296        85.223     3295.
56.046        83.482     3292.
53.048        81.469     3330.
54.799        81.978     3308.
50.550        84.705      3317.
49.176        82.573     3350.
46.310        82.809     3372.
49.178        80.574     3367.
43.050        82.044     3395.
36.951        82.789      3387.
39.054        81.031     3429.
34.717        80.042     3454.
61.546        76.892     3244.
57.421        77.245      3312.
55.550        76.110     3339.
56.173        74.614     3341.
47.054        77.438      3411.
50.052        77.704     3380.
46.051        76.432     3412.
51.428        74.588     3403.
42.171        78.662     3444.
44.172        76.921      3429.
43.548        77.042     3433.
43.171        75.290     3454.
39.791        77.901      3469.
35.946        75.784     3517.
30.848        79.305      3496.
32.093        76.671     3531.



PAGE   2
I.D. LOCATION                 LAT.               LONG.

2W  36   CCB      -101.992      39.571
6W   18   DDB      -100.276      39.962
9W     3   DDB      -100.557      39.991
9W   19   BI)D      -100.620      39.953
0W  34  I}I)D      -100.667      39.917
6W   11   BEA     -100.213      39.900
8W   13   ABA     -100.409      39.886
9W  24  BCC      -100.534     39.866
0W  26  I)CC      -100.655      39.845
6W  30   CBB      -100.291      39.763
7W   32   ABA     -100.373      39.756
8W     6  I)CB     -loo.506     39.818
8W  32   BCA     -100.495      39.752
9W   12   BEA     -100.532     39.814
9W   17   DCB      -100.600      39.788
9W  31   I)Cd      -100.618      39.743
0W  26   BBB     -100.665      39.770
6W     8DDD     il00.256     39.714
6W   19   I)CA     -100.280      39.687
7W   17   DAC      -loo.371      39.703
7W  33  888     -100.366     39.669
8W   15   AAA     -100.443      39.712
8W  30  I)DI)     -loo.500     39.671
0W     7   888     -100.740     39.727
6W     5   ADI)      -100.257      39.648
6W  26  DI)A     -100.20139.584
6W  33   I)CC      -100.245      39.569
8W     7   BBC      -100.516      39.638
8W   14  ADD     -100.425      39.620
8W   17   DAC      -100.483      39.616
9W   11   BAA     -100.546     39.640
9W  22   CBB     -100.572     39.604
0W  35   BCB     -100.666     39.578
6W     4   CDC      -100.216      39.118
7W   16   AAA     -loo.315      39.102
9W     4DAD     -100.535      39.123
0W  27   ABE     -100.636     39.075
4W  35   I)DI)        -99.958     39.481
5W  28   CBC      -100.124     39.499
3W  24  BBC        -99.842    `39.347
2W     4ACI)      -100.873      39.127
2W   19   AAB     -100.908     39.089
4W   16   COB      -101.103      39.093
6W     6ADI)      -101.350      39.128
6W     6DBB      -101.357      39.126
5W  23   BCC      -101.184     38.910
6W  20   CCB      -101.351      38.905
3W  29   CCC      -101.055      39.931
1W     3   CAI)      -100.788      39.906
2W   14  DCA     -100.876      39.876

X-COOED  Y-C00RE     WATER
(MI )            (MI )           LEVEL

33.084        73.539     3589.
124.168      101.463     2391.
109.223      103.196     2508.
105.948      100.519      2549.
103.497        97.986     2575.
127.589        97.241     2423.
117.193        96.074     2456.
Ilo.584       94.592     2587.
104.179        92.990     2683.
123.656        87.688     2484.
119.316        87.106     2563.
112.127        91.243     2528.
112.824        86.753     2616.
110.762        90.969     2525.
107.200        89.158     2562.
106.250        86.015     2608.
103.744        87.852     2617.
125.571        84.328     2426.
124.365        82.438     2445.
119.495        83.482     2543.
119.781        81.110      2509.
115.617        84.043     2607.
112.662        81.126     2635.
99.803        84.788     2683.

125.646        79.824     2479.
128.689        75..480     2414.
126.357        74.325      2457.
111.824        78.864     2625.
116.714        77.683     2589.
113.596        77.388     2633.
110.201        78.959      2657.
108.864        76.433     2673.
103.900        74.590     2769.
128.528        43.274     2517.
123.232        42.080     2608.
111.403        43.298  `   2732.
106.050        39.878     2793.
141.826        68.627     2357.
132.909        69.671     2432.
148.265       .59.491      2124.
93.255        43.314     2953.
91.401        40.684     2970.
80.923        40.817     3099.
67.601        43.081     3219.
67.224        42.956     3216.
76.699        28.163      2912.
67.696        27.734     3011.
82.871        98.695      2878.
97.058        97.151     2646.
92.395        94.953     2700.



PAGE   3
I . I) .

012
022
032
042
052
062
073
083

LOCATION

09           3   33W
10           3   33W
11            3   34W
123
133
143.
153
163
174
184
19-4
204
214
224
234
244•254

264
275
285
295
305
315
325
335
34,5
355
366
376
386
396
406
416
426
436
446
456
466

36W

RAT.               I'ONG.

-100.932     39.859
-100.990     39.845
-101.195      39.886
-101.301     39.874
-101.347     39.874
-101.310     39.843
-100.849     39.805
-100.777     39.785
-101.009      39.816\
-101.051      39.801
-101.121     39.828
-101.107      39.768
-101.149     39.750
-101.205     39.778
-101.336     39.792
-101.392     39.787
-100.802     39.710
-100.742     39.670
-101.058     39.701
-101.026     39.673
-101.150     39.660
-101.287     39.729
-101.189      39.703
-101.264     39.671
-101.411      39.741
-101.367     39.714
-100.779     39.629
-loo.831     39.600
-100.761     39.598
-100.882     39.613
-101.050     39.593
-101.094     39.654
-101.136     39.591
-101.236     39.627
-101.372     39.606
-100.317     39.554
-100.354     39.542
-100.328     39.503
-100.443     39.504
-100.542     39.544
-100.505     39.524
-100.563     39.484
-loo.642     39.564
-100.619     39.538
-100.642     39.525
-100.612     39.511
-100.176     39.463
-100.232     39.414
-100.473     39.460
-100.494     39.437

X-CcORE  Y-CcORE     VATER
(MI )           (HI )          LEVEI,

89 . 461
86 . 384
75 . 425
69 . 827
67 . 347
69 . 342
93.924
97 . 776
85 . 408
83 .178
79 . 437
80 . 207
77.976
74.976
67 . 993
65 . 012
96 . I+J 4
99 . 723
82 . 847
84 . 608
78.016
70.630
75 . 883
71.899
64.025
66.397
97 . 780
95 . 079
98.793
92 . 346
83 . 396
81. 001
78.793
73 . 418
66 .177

122.569
120.593
122 . 000
115.903
110.531
112.525
109 . 482
105 .184
106 . 460
105 . 222
106.861
130 . 205
127 . 302
114.332
113 . 236

93.784     2721.
92.7L3     2.]72.
95.505     3009.
94.598     3096.
94.566     3131.
92.466     3086.
90.095     2814.
88.769      2776.
90.730      2795.
89.701      2830.
91.537     2866.
87.419     2886.
86.149     2926.
88.000     2973.
88.950     3128.
88.538     3161.
83.619     .2748.
80.902     2737.
82.824     2981.
80.849     2972.
79.897     3039.
84.600     3092.
82.878     2986.
80.606     3068.
85.403     3176.
83.555    `3172.
18.000     2774.
75.969     2830.
75.881     2829.
76.817      2889.
75.334     3023.
79.553      3021.
75.154     3072.
77.613      3099.
76.055      3200.
73.275      2526.
72.364     2568.
69.754     2557.
69.662     2636.
72.333     2693.
70.993     2680.
68.181      2726.
73.609     2759.
71.882     2745.
70.982      2776.
70.013      2760.
67.108     2462.
63.687      2481.
66.633     2652.
64.989     2662.
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21   ABE     -100.450     39.437
36  ABA     -100.392     39.407

2  DBD     -100.522     39.471
21   ABB     -100.56139.437
30  ABA     -100.S96     39.422
14  I)AA     -100.183      39.356
16   CI)I)     -loo.230     39.351
11   I}CI)      -100.299      39.365
33   BED     -100.346     39.318

9   ABC     -loo.450     39.377
1   DCB     -100.506     39.382

29   BAA     -loo.582     39.335
11   CBC      -100.645      39.370
13  BAA     -100.610     39.357
30  ABC     -100.710     39.333
12   CCC      -100.292     39.278
19   DDI)     -100.369      39.249
4BCC      -100.460     39.300
6   CCB     -100.497      39.295

31   AAC     -loo.483     39.232
17   BAB      -100.584     39.277
3  AAB     -loo.649     39.306

16   CDA     -100.675      39.266
35  888     -100.645     39.234
20   CBC     -loo.367     39.166
51)I)8     -100.464     39.208

29  DAA     -100.462     39.153
20   CCC      -100.589      39.163

8  ODD     -100.685      39.192
12  AI)A     -100.610      39.201
17   DAI)      -100.685      39.181
3   BCC     -101.445     39.562
7   BEA     -101.498      39.553

16   CDD     -101.456     39.526
9   ABI}      -101.563      39.551

20   ACC      -101.584     39.519
9   DDD      -101.670   -39.540

10AAC      -101.765      39.551
30  DCC      -101.825      39.496
35   BCC      -101.76139.489

1   ABB     -101.843     39.567
9   BCB     -101.908     39.549

191)81)      -101.934     39.515
27   DBD     -101.878     39.500

2  AAA     -101.967      39.568
8   CBB     -102.040     39.546

22   DCC      -101.993      39.511
30  AI)A     -102.043     39.506

4  BBC     -101.463     39.479
5   CCB     -101.482     39.470

X-COOED   Y-CO0RD     WATER
(MI)

115 . 600
118.741
111.716
109 . 652
107 . 815
129.961
127 . 498
123 . 765
121. 322
115 . 665
112.674
108 . 644
105 . 250
107 .136
101. 782
124.233
120 .149
115 . 245
113.263
114.077
108.577
105 . 060
103 . 723
105.381
120 . 358
115 . 094
115 . 274
108 . 440
103.296
107.287
103 . 304

62 . 327
59 . 498
61.719
56.035
54.926
50 . 315
45 . 240
42 . 042
45 . 475
41. 076
37.562
36 .176
39 .176
34 . 426
30 . 511
33 . 028
30 . 377
61. 358
60 . 369

(MI )           LEVEI'
65.021      2623.
63.061      2587.
67.344     2690.
64.929     2712.
63.898     2738.
59.707      2380.
59.300     2411.
60.254     2494.
56.958     2535.
60.886     2631.
61.221     2681.
57.903     2748.
60.224     2768.
59.382     2756.
57.666     2840.
54.242     2569.
52.177     2622.
55.617     2650.
55.216     2686.
50.841     2686.
53.896     2755.
55.844     2796.
53.071     2822.
50.845     2799.
46.415     2585.
49.225     2684.
45.468     2664.
46.010     2762.
47.937      2830.
48.623     2774.
47.187      2829.
73.025      3261.
72.384     3294.
70.521      3288.
72.237      3354.
69.977      3391.
71.450     3439.
72.169      3481.
68.397     3555.
67.916      3510.
73.273     3518.
72.030     3572.
69.655     3606.
68.647     3580.
73.289      3583.
71.793      3631.
69.409     3645.
69.037      3671.
67.267     3318.
66.635     3336.
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37W   11   ACE     -101.417      39.463
37W   17   BI)A     -101.475      39.448
39W     9   888     -101.686     39.466
39w  24  Bin    -ioi.623     39.437
39W   30   CCB      -101.724     39.411
40W     6  ADB     -101.820     39.476
40W  29   BBA     -101.814     39.422
40W  35   888     -101.761     39.408
40W  36   BAB      -101.738     39.408
41W     7   BCB     -101.946      39.462
41W   10  BEA     -101.888      39.466
41W   16   ADC      -101.895      39.446
41W  28  DEB     -101.goo     39.415
42W     7   BAA     -102.043     39.459
42W   17   CCC      -102.041      39.439
42W  27   AAB     -101.989      39.422
37W  21   CCC     -101.464     39.337
37W  28   ABC      -101.455      39.334
37W  32   ABE     -101.474     39.321
38W   17   CI}D      -101`587      39.352
38W  24  AAB     -101.506     39.350
38W  28  ACC      -101.566     39.330
39W     2   BAA     -101.642     39.393
39W   15   CCC     -101.668      39.352
39W   17   I}CD      -101.694      39.3S2
39W  27   AAB     -101.654     39.335
39W  28   CAB      -101.682     39.328
40W   12   I)BA     -101.731      39.371
40W   17   COB      -101.812     39.353
40W   20   CBC      -101.817      39.340
40W  20   CCC      -101.817      39.337
40W  20   BAA     -101.801      39.342
40W  24  AAA     -101.727      39.350
40W  25   AAC      -101.729      39.333
40W  35   CCB     -101.762     39.310
41W   17   CBA     -101.926      39.357
41W  25   BBC     -101.854     39.333
42W   15   DDB      -101.989      39.353
42W   19   ABB     -102.051      39.350
42W  29   ACB     -102.032     39.332
42W  31  DCD     -102.048     39.308
42W  34  DCB     -101.994     39.310
38W   13   BCC      -101.520     39.272
39W     2   BAB     -101.645      39.306
39W   17   BBA     -101.704     39.277
39W   19   CCC      -101.725      39.250
40W     8   CCB      -101.817      39.281
40W     8   COB      -101.813      39.281
40W   13   CDC      -101.739      39.264
40W  27   CDC      -101.776      39.235

X-CcORE  Y-COORE     WATER
(MI )            (MI )           LEVEL

63.834        66.162     3290.
60.744        65.136     3337.
49.440        66.312     3477.
52.827        64.330     3440.
47.434       62.546     3502.
42.279        67.021     3559.
42.634        63.270     3571.
45.461        62.285     3524.
46.692        62.292     3509.
35.540        66.026     3646.
38.666        66.270     3611.
38.286        64.895     3624.
38.029        62.767     3648.
30.365        65.781     3706.
30.488        64.403     3729.
33.263        63.273     3700.
61.380        57.513     3356.
61.880        57.268     3349.
60.884       56.381     3372.
54.818        58.458     3445.
59.142        58.366     3391.
55.933        56.964     3443.
51.826        61.319     3452.
50.446       58.432     3476.
49.065        58.424     3491.
51.203        57.309     3468.
49.692  -56.800     3495.
47.061        59.791     3504.
42.737        58.518     3596.
42.484       57.641     3600.
42.485        57.391     3602.
43.350        57.770     3596.
47.306        58.290     3508.
47.181        57.163      3517.
45.448        55.528     3571.
36.643        58.763     3702.
40.498        57.137     3641.
33.249        58.515     3736.
29.968        58.268     3761.
30.972        57.015      3782.
30.085        55.387     3797.
32.990        55.509     3766.
58.406       52.978     3433.
51.707        55.309     3480.
48.560        53.289     3544.
47.427        51.407     3558.
42.466        53.514     3623.
42.715`      53.514     3612.
46.682        52.404     3563.
44.690        50.394     3597.
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251          9   40W  29   888     -101.818     39.248
252           9   41W
253           9   41W
254           9   41W
255           9   41W
256           9   42W
257           9   42W
258           9   42W
259           9   42W
260           9   42W
261         10   37W
262        10   40W
263        10   41W
264        10   42W
265        10   42W
266           6   31W
267           6   31W
268           6   32W
269           6   32W
270           6   33W
271           6   33W
272           6   33W

73           6   34W
74           6   34W
75           6   34W
76           6   35W
77           6   35W
78           6   36W
79           6   36W
80           6   36W
81           6   36W
82            7   31W
83            7   31W
84           7   32W
85           7   32W
86           7   33W
87            7   33W
88           7   33W
89           7   34W
90           7   34W
91            7` 34W
92           7   35W
93           7   36W
94          7   36vi
95            8   31W
96           8   32W
97           8   32W

8           8   33W

5   DCC     -101.919      39.293
14  BBC      -101.873     39.275
28  AAA     -101.894     39.248
34  BAB     -101.887     39.234

8  AAA     -102.025     39.292
11   CCC      -101.985      39.279
14  AAA     -101.968     39.277
16   CI}D      -102.016      39.264
35  ABE     -101.976     39.234
23  ABE     -101.418      39.176
10   AI)C      -101.767      39.199
15   CAD     -101.885      39.181
21888     -102.023     39.175
24  BEA     -101.964     39.175
3  AI)B     -loo.76139.563

33   CCD     -100.791     39.482
12  CBC     -loo.849     39.544
29   CI)C     -loo.918     39.497

7  888     -101.054     39.553
23  DDI)     -100.962     39.511
31   CAB      -101.049      39.488
10  DDA     -101.093     39.542
11   COD     -101.084     39.540
17   CBC     -101.146     39.529
2   COD     -101.195     39.555

26   ACE     -101.193     39.506
6  BCD     -101.387     39.562

11   ACC      -101.305      39.548
30  DCB     -101.380     39.499
341)I)a     -101.319     39.484

1   I)CA     -100.726     39.469
26   CCC     -loo.756     39.410

7   ACA     -100.930     39.463
13  AAA     -loo.833     39.451
7   BDA     -101.047     39.462

21   DBC     -101.007     39.428
35  anl)     -loo.963     39.4o3
8  888     -101.147     39.466

25  AAA     -101.056     39.423
26  I)BD      -101.080     39.413
10   CCC      -101.221      39.453
17   CCC     -101.371     39.439
35   CBB     -101.315      39.401
20   COD     -100.805      39.337

7   BAA     -100.935      39.379
12  BBC     -100.840     39.370

2   CI)D     -100.973     39.381
9           8   33W     7   AAB     -101.040     39.379
0           8   33W34BBC     -100.999     39.319

X-COORE  Y-COORE     WATER
(MI)

42 . 457
37 . 004
39 . 484
38 . 359
38 . 727
31. 344
33 . 489
34.371
31. 843
33 . 984
63.917
45 .182
38 . 837
3 1 . 446
34 . 606
98 . 838
97.304
94 .165
90.491
83 . 205
88 .119
83 . 494
81.112
81. 607
78 . 275
75 . 658
75 . 804
65-411
69 . 799
65 . 809
69 . 070'100 . 778

99 . 224
89 . 889
95 .101
83.637
85 . 782
88 .168
78 . 308
83 .161
81. 926
74.327
66 . 330
69 . 348
96.682
89 . 677
94.790
87 . 678
84 . 060
86 . 337

(MI)   \        LEVEL
51.262     3625.
54.382     3693.
53.132     3664.
51.253     3680.
50.253     3693.
54.259     3788.
53.381     3757.
53.254     3733.
52.380     3801.
50.250     3776.
46.422     3228.
47.893     3606.
46.624     3742.
46.244     3859.
46.243     3807.
73.507     2838.
67.866     2887.
72.087     2903.
68.797     2952.
72.579      3039.
69.771      2983.
68.087     3050.
71.805     3060.
71.686     3054.
70.898     3101.
72.627     3112.
69.251     3146.
73.045     3219.
72.090     3189.
68.678     3263.
67.704     3229.
67.026     2842.
62.886     2870.
66.415     2979.
65.720     2920.
66.339     3041.
63.990     3026.
62.266     2992.
66.522     3124.
63.585     3055.
62.945     3065.
65.613     3169.
64.558     3273.
61.952     3252.
57.858     2916.
60.656     2985.
60.089     2947.
60.760     2999.
60.598     3041.
56.495     3018.
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-101.068     39.392
-101.165     39.384
-101.089      39.341
-101.378     39.365
-100.775     39.292
-100.764     39.261
-100.724`     39.234
-100.899     39.288
-loo.885     39.243
-100.990     39.272
-101.048     39.242
-100.964     39.232
-101.057     39.289
-101.243     39.227
-100.741      39.161
-100.799     39.161
-100.901      39.212
-100.862     39.205
-100.916      39.151
-100.990     39.211
-101.053     39.167
-101.062     39.220
-101.071     39.200
-101.092     39.185
-101.288     39.141
-101.515      39.047
-102.000     39.105

X-C00RE
(MI)

82.559
77 . 355
81. 470
65 . 983
98 . 336
98 . 984

101.130
91. 720
92.498
86 . 859
83 . 765
88 . 245
83 . 240
73-286

loo . 323
97 .198
91.637
93 . 781
90 ..913
86 . 888
83.560
83.031
82.544
81. 432
70.932
58 . 794
32 . 661

Y-C00RD     WATER
(MI )           LEVEI'
61.454     3056.
60.885      3124.
57.941     3062.
59.435     3302.
54.750     2912.
52.632     2910.
50.781     2870.
54.424     2972.
51.306     2952.
53.249     3014.
51.101      3017.
50.508     2990.
54.345     3043.
49.965      3173.
45.772     2881.
45.737     2908.
49.168     2972.
48.697     2959.
44.905     2971.
48.998     2999.
45.979     3057.
49.595     3015.

`48.213     3038.

47.195      3076.
44.064     3189.
37.484     3229.
41..354     3844.


