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Chapter  I

IrmoDucTION

In  recent  years,  a  nationwide  concern  has  risen  over  the  quality  of

exlstltig  ground-water  supplies,   which  are  being  threatened  by  the  consequences

of  past  waste-disposal  practices  of  various  kinds.     Although  many  of   these

waste-disposal  operations  are  being  ldentlf led  and  terminated  as  a  result  of

perceived  contamlnatlon  potential,   1ncreaslng  evidence  exists  that  continuous

movement  of  remaining  pollutants  ln  af fected  aqulfers  will  persist  as  a

serious  hazard  to  the  exlstlng  freshwater  resources.     This   report  ls  concerned

with  the  problem  of  managing  groundirater  reserves  under  such  circumstances

for  purposes  of  reducing  the  adverse  ef f ects  of  past  disposal  practices  on

limited  freshwater  resources.

1.1     Statement   of   Problem

Equus   Beds   aqulfer   ln  south-central  Kansas   (Fig.1)   is   one  of   the`mo§t

productive  aquifers  ln  Kansas.     Substantial  amounts  of  water  of  generally  high

quality  are  pumped  from  this  aquifer  each  year  for  minlclpal,   industrial,   and

agricultural  actlvltles.     In  1931,   an  oil  field   (Burrton  oil  field)  was

discovered  near  the  town  of  Burrton  ln  the  west-central  part  of  the  aqulf er

(Fig.1).     Prior  to   this  discovery  no  records  of  water-quality  problems  ln  the

Burrton  area  existed.     A  water-quality  report  of   the  area  ln  1938  showed  that,

1n  the  Burrton  area,   chloride  concentration  ranged  f ron  10  to   100  ng/L

(Burrton  Task  Force,1984).     Due  to  extensive  oil-industry  actlvltles   ln  the

area,   surface-disposal  ponds  were  used  to  dispose  of   the  oil-field  brine.

This  activity  together  with  leaks  from  the  dlstrlbutlon  lines  and  pressurized

shallow-disposal  wells  created  a  general  ground-waterluality  degradation  ln
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the  area  whose  extent  became  apparent  ln  early   1948.     Since   then  the  area  has

been  nonltored  by  State  and  Federal  agencies.     In  recent  years,   some  efforts

have  been  made  on  the  part  of   the  local  groundwater  management  dlstrlct

(G.W.M.D.   #2)   to  clean  up   the  contaminant   plume.     The   disposed  oil  brine  had

an  average  chloride  concentration  of  approxlnately  100,000  mg/L.     Ill  the

period  fron  1931  to   1948,   thl§  practice  increased  the  chloride  concentration

of   the  ground  water  ln  the  vicinity  of   the  ponds   to   250  mg/L,   and  ln  an  area

of   about   1/4  mi2,   concentration  of   1000  mg/L  were   observed   (Whltcemore  et   al.,

1985).     h  Figs.   2a  and  2b  the  dlstrlbutlon  of  chloride  concentration  in  1948

for  shallow  (less   than  50  ft)   and  deep   (tnore  than   50  ft)   observation  wells  as

reported  by  Burrton  Task  Force   (1984)   are   shorn.     In  Fig.   3  the  concentration

and  major  sources  of  chloride  at  shallow  and  lnternedlate  aqulf er  depths   for

1982-84  as   reported  by  Whittemore   et   al.   (1985)   are   shown.     As   can  be

observed,   the  plume  ls  dlsperslng  ln  the  dlrectlon  of  the  Wlchlta  well  field.

The  basic  question  ln  the  minds  of   the  managers  of   this  water  resource

are:     a)  how  can  an  aqulfer  reclamation  and  restoration  program  be  lnltlated

ln  this  area  so  that  the  impact  of  this  plume  on  the  agricultural,   1ndustrlal,

and  munlclpal  wells   ls  mlnlDized,   and  b)   1s   such  a  program  econonlcally  and

physically  feasible?

1.2     Review  of   Previous  Work

The  geology  and  hydrology  of   the   study  area  have  been  investigated  since

the   1940's.     Several  studies  by  the  Kansas   Department  of  Health  and

Envlronnent  were  not   formally  published.     One  of   the  first   comprehensive

hydrogeologlc  reports  was   by  Wllllams   and  Lohman   (1949).     In  this   report   the

geography,   geology,   and  ground-water  resources   of   the  region  comprising

Mcpherson  County,   almost   all  of  Harvey  County,   and  portions   of   Sedgwlck,   Reno,
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and  Marlon  counties  were  lnvestlgated   (Fig.1).     The  emphasis   ls  put  on  the

Pleistocene  water-bearing  Mcpherson   (the  Equus  beds)   formation,   because  this

fornatloa  was   the  source  of   freshwater  for  several  cormunltles.     The

saltwater,  which  has   resulted  from  improper  disposal  of  oil-field  brlnes,   1s

f ormally  documented  to  be  a  source  of   saltwater  intrusion  into  several  nearby

wells.     Fent   (1950)  described   the  geology  and  ground-water  resources  of  Rice

County.     The  cross   secclon  map  representing  the  dlstrlbutlon  of   the

unconsolldated  naterlal  prepared  by  Tent  shows  a  noticeable  varlatlon  ln

bedrock  topography  ln  this  county.

Stranel   (1956,   1966)   reviewed   the  work  of  W111iams   and  I.ohman  and

concluded  that  approxlnately  67%  of   the  water  pumped  f ron  the  well  f leld  of

the  City  of  Wichlta  had  come  from  recharge  by  preclpltatlon.     This   ls  an

lndlcation  of  high  productlvlty  of  this  aqulfer.

Bayne   (1956)  described  the  geography,   geology,   and  groundl7ater  resources

of  Reno  County.     Other   studies   by  Petrl  et  al.   (1964),   Lane  and  Miller   (1965),

Plnney  et   al.   (1975),   Leonard  and  Klelnschmidt   (1976),   and  IIathaway  et  al.

(1981)  have   lnvestigaced   the  geohydrology  and  hydrogeochemlstry  of   the  Equus

beds   area.     Gogel   (1981)   1nvestlgated   the  geohydrology  of   the  Wellington

aqulfer  which  underlies   the  Equus  Beds  aqulf er  ln  the  western  half  of   the

area ,

Since   1972  several  1nvestlgators  have  developed  and,   to  a  degree  of

success,   have  applied  dlgltal  computer  models  to  predict   the  future  water

quantity  and  quality  of   the  area.    Halepaska  et  al.   (1972)  developed  a  dlgltal

computer  model  and  applied  lt  to  the  Equus  beds.     Their  lnvestlgatlon  does  not

state  clearly  how  the  calibration  for  aqulfer  parameters  was  performed,  nor

what   the  parameters  obtained  from  the  callbratlon  were.     Whereas,   although  a

resemblance  exists   between  the   1970  measured  and  calculated  head  reported  by
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Halepaska  et  al.   (1972),   dlscrepancles  can  be  detected  even  visually.     mapp

(1973)   developed  a  dlgltal  basin  model  to  simulate   the  hydrology  of  a  stream

basin.     This  model,  which  requires  preclpitatlon  data,   cllmatlc  information,

boundary,   and  lnltlal  condltlons,  was  designed  to  calculate  both  streanflow

and  groundwater  levels.     The  basic  block  of   this  model  con81sts  of  units   to

perf orm  a  mass-balance   for  dlf f erent   components  of   the  system.

Green  and  Pogge   (1973)   expanded  on  the   technical  description  of  mapp's

model.     The  appllcatlon  of   their  model  to  the  Equus  Beds  aqtilfer  is  Well

docunented.     The  groundi.ater  component  of   the  model  assumes   the  aqulfer

transnlsslvlty  does  not  change  with  time   (confined  aqulfer).     By  a  trial  and

error  procedure,   a  transnlsslvlty  matrix  was  calculated.    A  storage

coefficient  of   .15  was  assigned  to  all  nodes   ln  the  modeled  area.     In  general,

the  model  made  a  good  slmulatlon  of   the  average  condltlon  ln  the  area.     Some

discrepancies  are  present  during  extreme  weather  condltlons   (drought  or  wet

periods),   which  may  be  associated  with  assumptions   ln  the  model.

Sophocleous   et  al.   (1982)   and   Sophocleous   (1984)   used  a  multlple-

regresslon  technique  developed  by  Cooley   (1977,   1979)   to  calibrate  a  steady-

state  ground-water-flow  model  of  the  same  area.    The  velocltleg  calculated  by

this  model  were   then  used  in  a  transient  mass-transport  Inodel  developed  by

Konikow  and  Bredehoeft   (1978).     The   steady-state  condltlon  was   based  on  the

1940  water  table  which  was   assumed   to  have  persisted  up   to   the  present   tine.

However,  we  will  demonstrate  ln  this  report  that  the  velocity  vectors  ln  the

area  show  variations  with  time.     Therefore,   the  assumption  of   steady-state

velocity  may  be  questionable  as  far  as  velocity  vectors  are  concerned.

Recently,   Spinazola  et  al.   (1985)  have  calibrated  a  transient  flow  and

mass-transport  model  for  this  area.     Because  the  results  of  their  study  play

an  important  role  ln  the  model  development  and  appllcatlon  of   our  proposed
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management  model,   their  study  will  be  reviewed  ln  more  details.

The   three-dimensional   flow  model  used  by  Splnazola  et   al.   (1985)   was

developed  by  MCDonald  and  Harbaugh   (1984).     The  use  of   a  three-dlmenslonal

model  was   justlf led  because  of   the  vertical  leakages  into  and  out  of  the  Eqous

Beds  aqulfer.     To   simulate   the  rate  of   fluid  exchange  between  the  Equus  Beds

aqulfer  and  the  underlying  Wellington  aqulfer,   the  vertical  leakages

calculated  by  Gogel   (1981)  were  used.     The  recharge  was   cotl81dered   to  be  a

function  of  preclpltatlon,   the  nature  of  the  land  surface,   and  the  nature  of

the  unsaturated  naterlal  between  the  land  surface  and  the  water  table.

Evapotransplratlon  was  assumed  to  exist  for  cells  where  the  altitude  of   the

water  table  was  less   than  10  feet  below  land  surface.     River  leakages  were

calculated  using  a  vertical  hydraulic  conductance  and  the  record  of  hydraulic

head  at  different  points  ln  the  river.     Using  the  data  obtained  froth  the  above

analysis,   first  a  steady-state  model  of   the  1940  water  table  was  calibrated.

Then,   aqulfer  properties  and  boundary  condltlons  described  ln  this  model  were

used  to  represent   the  f low  ln  a  transient  slmulatlon  for  the  period  f ron  1940

to  1979.     The  calibrated  model  was  verified  by  comparing  its  results  with  the

measured  heads   for   1971   and   1980.

In  the  Second  part  of   their  study,   Spinazola  et  al.   (1985)   used  a

transient  nags-transport  model  developed  by  Konlkow  and  Bredehoeft   (1978)   to

predict  the  future  location  of   the  plume  ln  a  portion  of   the  aqulf er  where  a

saltwater  plume  exists.    Their  conclusion  is   that  because  of  lack  of  exact

knowledge  about   the  volume  and  concentration  of   the  disposed  brine,   as  well  as

several  other  factors,  a  precise  simulation  of  the  dlstrlbutlon  of  chloride

ion  would  be  unlikely.     In  spite  of  the  uncertalntles  which  existed  ln  the

lnltlal  condition  of  slmulatlon  and  data  with  which  the  results  were  compared,

an  acceptable  degree  of  correlatlofl  seems   to  exist  between  the  observed  and
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calculated  concentrations.    By  large,   their  conclusions  are  similar  to  that  of

Sophocleous   (1984).     According  to  their  nags-transport  projection,1f   the

punpage  rate  of   1971-1979  is  continued  to   the  year   2020,   the   500qg/L  contour

of  equal  chloride  ion  will  arrive  at  the  northwest  corner  of  the  Wlchita  well

f leld .

1.3     Scope  and  contents   of   study

The  primary  objectives   of   our  study  are:   (1)   to  develop  an  optimal

management  strategy  for  containment  and  removal  of  oil-f ield  brine  ln  the

Equus  Beds  aqulfer  ln  south-central,   Kansas;   (2)   to  evaluate   the  practlcallty

of   the  proposed  groundi.atermanagement  options;   and   (3)   to  gain  lnsights  ltito

the  development  of  improved  groundiratermanagement  models   for  large-scale

aqulfer  systems.    A  strong  emphaslg  will  be  placed  ln  this   lnvestlgatlon  on

both  the  theoretical  and  the  practical  aspects  of   the  solution  procedures.

Chapter  2  presents  a  literature  review  of  the  previous  studies  ln

conjunction  with  optimal  management  of  groundiyater-aqulfer  systems.     The

basic  requlrement8  of  a  ground-watermanagenent  model  will  be  discussed  ln

detail  along  with  a  description  of   techniques   that  are  currently  used  to

incorporate   the  flow  model  into   the  management   problem.

In  Chapter  3,   the  ground.iraternanagement  problem  ls   formulated  ln  terms

of  an  optlnlzatlon  problem.     The  objective  of   the  optlnlzatlon  problem  ls   to

minimize  the  total  pumpage  required  at  a  set  of   lnterceptlon  wells,   which  ls

designed  to  contain  the  movement  of  contanlnant  plume  to  a  llnlted  area  of  the

aqulfer.    An  lnnovatlve  decomposltlon  technique  presented  in  this  chapter  is

of  practical  importance  f or  large-scale  f leld  appllcatlon  of  ground-water-

nanagenent  models.
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We  start  Chapter  4  by  descrlblng  the  construction  of  a  flow  model  for  the

Equus  Beds  aqulfer.     The  model  1s   calibrated  and  validated  with  the  observed

water-level  dlstrlbutions.     In  the  second  part  of   this  chapter,   the  lnanagenent

model  will  utlllze  the  hydrogeologlc  parameters  determined  from  the

callbratlotl  phase  and  will  develop  management  options  for  containment  of

pollution  ln  this  aqulfer.     The  management  options  will  be  evaluated  with

respect  to  their  practlcallty  and  effectiveness.

In  Chapter   5,  a  solute-transport  model  1s  developed  to  simulate  the

transient  ilrovement  of  chloride  particles   ln  the  aqulfer.     The  model  will  be

used  a8  a  predlctlve  tool  to  demonstrate  the  effects  of  dlf ferent  management

plans  on  the  projected  solute-concentration  dlstrlbutlons.

Chapter  6  surmarizes   the  major  f lndlngs  of   this   study  and  lists  some

recommendations.     The  main  conclusion  ls   that  without  proper  management,   the

Wlchlta  well  field  ls  likely  to  be  affected  by  the  saltwater  plume.    Whereas

the  degree  of   saltwater  lntruslon  may  be  controlled  by  some  of   the  management

plans  proposed  ln  this   study,   the  cost  of   these  plans  will  be  a  major  factor

ln  their  lnplementatlon.     It  ls  recommended  that  on  selective  sites   (hot

Spots),   aqulfer  cleaniips  be  considered.     The  scale  of   these  clean-ups  must  be

decided  based  on  the  avallablllty  of   funds.

Appendix  I  contains  theoretical  development  f or  llnearlzatlon  of  non-

llnear  flow  equations  de§crlblng  the  flow  of  water   through  unconf lned

aqulf erg .

In  Appendices   11  and  Ill,   the  input  data  to  the  flow  model,  velocity

vectors,   and  optimum  punpage  rates  for  the  three  management  plans  are  listed.
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Chapter  2

GBOuNDiIAmRapt]AIITy  tiAHAGRERT  roDELs

2.1    Literature  Review

In  recent  years  the  reclamation  and  cleaniip  of  contaminated  aquif ers

have  become  the  Subject  of   con81derable  research.     The  basic  objectlve8  of

these  studies  are   to  formulate  an  ef fectlve  method  for  containment  of   the

plume  and/or  to  take  steps  which  will  lead  to  clean-up  of  the  aqulfer.     In

theory,   the  development  of  hydraulic  barriers   combined  i71th  mass-transport

models   should  provide  a  reliable  method  for  containment  of  a  plume  and  f or

predlctlori  of  what  will  happen  to   the  plume  as  a  result  of   this   containment.

In  using  this  approach  f or  containment  and  cleaniip  of  groundirater

pollution,   1nvestlgators  have  become  aware  that   the  large  number  of   feasible

comblnatlons  of  management  options  prohlblt  their  practical  use.     The  use  of

the  numerical  models  slmulatlng  the  flow  and  mass-transport   through  porous

tDedla,   combined  with  an  optlmlzation  technique,   reduces   the  number  of

acceptable  solutlons  substantially.     The  models  which  use  slnulators   together

with  optlmlzatlon  techniques  are  called  the   ..ground-water-quality  management

models."     The  management  models   provide  us  with  the  ablllty  to  lnvestlgate   the

best  management  optlonB   f or  aqulf ers  which  are  used  f or   f reshwater   supply  as

well  as   for  temporary  storage  of   llquld  waste.     The  solutlons   to  these

problems  require  8trategles  for  coatalnment  and  cheaniip  of  waste,  while

provldlng  for   the  freshwater  detnands.     The  use  of   slmulatlon  models  alone  has

been  well  documented   [see  Reddell  and  Sunada   (1970),   Bredehoeft   and  Pinder

(1973),   arid  Konlkow  and   Grove   (1977)].     One   of   the  models   which  deals  with   the

combined  use  of  optlmlzatlon  techniques  and  ground-water  models  is  given  by

W1111s   (1976a).     Thl8   study  assumes   that   steady-state  conditions   exist   in  the
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aqulfer  whose  asslnllatlve  waste  capacity  ls  considered  to  be  an  integral

component  of  a  waste-treatment   system.     The  cost   of   the  system  to  be  mlnlmlzed

was  assumed  to  be  the  sum  of   the  treatment  costs  and  the  cost  of   lnported

water  for  recharge.     Constraints  were  imposed  on  the  water  quality  at   the

supply  wells  and  recharge  wells.     Due  to  the  assumption  of  constant  velocity

(steady-state),   first  8olvlng  the  Steady-state  8olute  di8trlbutloa  for  each

constituent  ls  possible.    Then,   these  distributions  are  used  as  constraints  ln

a  management  model  which  mlnlmlzes   the  cost  a8   defined  above.     Futagaml  et  al.

(1976)  used  a  linear-programmlng  model  to  maximize  total-waste  disposal  under

local  waste-load  restrlctlons  to  a  surface-water  system.    They  used  f lnlte-

dlf ference  or  finite-element  techniques   to  account  for  the  physical  behavior

of   the  system.     Their  approach  involves   the  embedding  of  ground-water-flow

equations  into  the  management  model  a8  constraints,   which  creates   large

matrices  for  large  systems.

The  management  of  aqulf erg  under  steady-state  condltlon  nay  not  be

representative  of   the  condltlons  of  many  aqulfers  ln  use  today.     As   the  demand

for  water  from  these  aqulfers  increases,   the  Steady  velocity  fields  gradually

disappear  and,   therefore,   future  management  of   these  systems  must  be  based  on

transient  models.     To  consider  transient-flow  condltlon8,   some  lnvestlgators

have  suggested  the  embedding  method.     That  ls,   by  the  use  of  flnlte-difference

or  flnlte-element  methods,   the  equations  of  state  may  be  dlscretlzed  and

included  ln  the  management  model  in  the  form  of   constraints.     The  work  of

W1111s   (1976b)   is   an  example   of   the   embedding  method  applied   to   food-

processlng  wastes  used  for  spray  lrrlgatlon  to  deternlne  eff luent  disposal

standards.     A  one-dimensional  flnlte-element  model  which  considered  advectlve

and  dlsperslve  transport,  adsorptlon,  and  first-order  klnetlc  decay  ln  the

unsaturated  zone  was  embedded  ln  the  con8tralnt  matrix.     Whereas   the  enbeddlng
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method  ls  successful  for  snail  problems,   its  application  to  large  problems  ls

subject  to  nunerlcal  1nstablllty  and  lnaccuracles.     Gorellck  et  al.   (1979)

developed  a  transient  model  for  the  management  of  an  aqulf er  with  a  river  as  a

possible  source  of  pollotlon.     In  their  paper  the  authors  did  not  use  standard

optlnizatlon  techniques.    Rather,   the  block  structure  of  the  constraint  matrix

ls  exploited.    By  as8unlng  the  pollutant  concentration  at  the  source  location

as  a  parameter,   the  concentratlon8   throughout   the  system  are  expressed  a8  a

function  of   this  parameter.     By  varying  this  parameter,   its  mlnlmum  value  over

time  ls  clef lned  as   the  maxlmun  concentratioD  allowable  ln  the  source  water

over   the  management   period.     Wlllis   (1979)   developed  a  management  model   for

conjunctive  management  of  water   supply  and  quality  of  an  aqulfer.     He

decomposed   the  model   into   two   components:   a  ground-water  hydraulic-management

component,   and  a  pollutant-source  management   component.     This  decoupllng

technique  enabled  him  to  set  up  two  linear-programlng  problems.     In  the  first

problem,   the  hydraulic  heads  were  controlled  at  pumping  wells  and  injection

wells  to  8atlsfy  a  targeted  demand.     In  the  second  problem,   the  waste-

1njectlon  concentrations  were  Inaxlmlzed  while  satlsfylng  a  waste  load  and

provldlng  for  water  quality  at  all  wells  for  all  periods.    Rather  than  using

transient  hydraulic  properties,  an  average  ground-water-|reloclty  field  over  a

certain  period  was  assumed  for  the  water-qualltynanagement  model.     Thl8

assumption  forces   the  water  quality  to  be  evaluated  at  the  end  of  the  period

for  which  the  velocity  field  ls  assumed  to  be  constant.     This  can  lead  to

erroneous  conclusions,   because   the  peak  contaminant  plumes  may  not  arrive  at

the  beglnnlng  or  at  the  end  of   the  periods.

Gorellck  and  Remson   (1982)   proposed   the  use  of   concentration-response

matrix  ln  order  to  alleviate  the  numerical  dlf f lcultles  associated  with  the

use  of   embedding  techniques.     They  cori81dered  a  one-dlmenslonal  groundirater
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model  with  mltlple  sources  of  pollution.     The  objective  was   the  management  of

waste  disposal  1n  an  aqulf er  so  that  solute  concentratlonB  at  Supply  wells  do

not  exceed  water-quality  standards.    By  assuming  that  the  velocity  field  ls

constant,  unit-response  functlotis  for  the  concentration  were  developed.     Then

a  llnearirogranmlng  solution  of  the  concentration  at  the  supply  wells  was

obtained.

h  another  study,   Gorelick  (1982)  generated  the  concentration-response

matrix  from  the  nasa-transport  model  of  Konikow  and  Bredehoeft   (1978)   for  a

llnearTprogramlng  management  model  to  maximize  waste  lnjectlon  at  several

plant  sites  subject  to  a  llnlt  on  solute  concentration  at  observation  wells.

The  model  was  uged  to  evaluate  several  patterns  of  waste  disposal,   and  the

conclu81on  was   reached  that  pulsing  method  ls   superior  over  continuous  method

of  lnjectlon.     The  basic  shortconlng  of   the  ground-water-flow  and  mass-

transport  optlnlzatlon  models  ls  that  the  f low  f leld  must  be  deternlned  prior

to  pollution-management  studies.    This  somewhat  lnhlblts  the  ability  of  the

lnvestlgators   to  answer  a  basic  question,   i.e.,  what  ls  the   ..best..   flow  field

so  that  the   "best"  pollution  management  ls  achieved.

Colarullo  et  al.   (1984)   designed  and  demonstrated  the  use  of  a  plune-

containnent  model  for  an  aqulfer  used  for  freshwater  supply.     They  used  the

present  Worth  of   the  total  cost  of  pumpage  f or  all  wells  over  all  time  periods

a9   the  objective  function  to  be  mlnlmlzed.     The  constraints  associated  with

this  model  were   the  naxlmum  rate  of   pumpage,   maximum  permlsslble  drawdown,   and

reversal  of  velocity  vectors  ln  the  x  and  y  dlrectlons  at  certain  observation

points.     They  used  drawdown  unit-response  functions  as  described  by  Maddock

(1972)  and  extended  lt  to  velocity  field  to  calculate  the  velocity  unit-

response  functions.    Theo  by  assunlng  that  linear-systen  theory  ls  valid  for

the  problem  under  lnvestlgatlon,   they  used  these  functlon8  to  generate
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coefflclents  for  the  velocity  constraints.    The  objective  function  created  a

quadratlc-programing  problen  with  linear  constraints  whose  solution  was

demonstrated  for  a  hypothetical  but  reallstlc  aqulfer.    They  calculated  the

optimal  pumping  policies  f or  eight  f reshwater  well  f ields  and  11  plume-

1nterceptlon  wells.     They  successfully  reversed  the  velocity  vectors  at  five

ob8ervatlon  wells  and  calculated  the  mlnlmun  cost  of  the  operation  for  a  f lve-

year  planning  period.    Whereas   thl§  denonstratlve  model  was  quite  successful,

1t  convinced  the  lnvestlgators  that  the  appllcatlon  of  these  types  of

management  models   to  real-llf e  aqulf erg  with   50-loo  pumping  wells  and  a

reasonable  length  of  planning  period,   1s  beyond  the  means  of  available

computing  facllltle§.

Atwood  and  Gorellck   (1985)   designed  a  lnodel   to   reverse   the  gradient  at

certain  points  in  the  aqulfer  optlmally.    Their  objective  function  mlnimlzed

the  sun  of  pumping  and  recharge  rates.     For  each  control  point,   two  decision

varlables  were  included  ln  the  management  model:   the  pumping  rate  and  recharge

rate.    Their  approach  guaranteed  a  fixed  hydraulic  gradient  around  the

shrlnklng  plume'9  perimeter.     This  approach  is  an  excenslon  of   the  unlt-

response  matrix  method  used  by  Colarullo  et  al.   (1984).     They  applied   this

model  Successfully  to  the  Rocky  Mountain  arsenal.     The  statistics  on  the

linear-programming  models  are  indlcatlve  of   the  conputlng  demands  required  by

these  models.     Their  constraint  matrix  contained  832  decl§1on  varlables

(columns)   and   512  cotistralnts   (rows)  with  a  total  non-zero  matrix  elements   of

198,258  for   32  pumping  periods,   32  observation  wells,   and   15  potentially

active  wells.

In  another   study,   Irefkoff  and  Gorellck   (1985)   designed  a  model  for

optlnal  rapid  removal  of   contaminant  plume  ln  an  aqulfer.     Using  Darcy's  Law,

they  calculated  the  minlmun  average  velocity  required   to  move  a  particle  of
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pollutant  from  a  point  on  the  periphery  of  the  plume  to  the  lnterceptlon

wells.    Then  this  velocity  was  uged  to  calculate  the  hydraulic-head  varlatlon

required  to  achieve  the  objective.     The  unit-response  function  method  was  used

to  generate  the  coefflclents  of  the  constraint  natrlx.    The  objective  function

was  assumed  to  be  the  total  cost  of  pumpage  for  all  time  periods,   slmllar  to

the   one  formulated  by  Maddock   (1972)   and  used  by  Colarullo   et   al.   (1984).     The

results  of   this   study  are  very  supportive  of  conclu81ons  concerning  the

capabllitles  of  these  models  for  large  systems.

2.2     Basic  Requlrenents   of   Ground-water-management  Models

The  major  role  of   the  ground-water-management  models   ls   to  I lnd  pollcles

which  can  be  used  f or  the  subsurf ace  envlronnent  and  then  evaluate  the  ef f ects

of   these  policies  on  Surface  waters.     The  management  of   the  ground-water

resources  clearly  must  consider  the  confllctlng  environmental,   econonlc,   and

lnstltutlonal  factors.    Whereas,   formerly  many  groundwater  resources  have

been  tapped  and  used  to   the  advantage  of  economic  development,   their  future

exploltatlon  clearly  ls   jeopardized.    This  ls  due  to  the  fact  that  many  of

these  resources  are  being  depleted  faster  than  they  are  being  replenished,  and

the  ef f ects  of  their  exploltatlon  on  surf ace  waters  and  envlronnent  are  now

being  felt.

The  main  structure  of   the  lnanagement  lrodels  consists   of   three  basic

lten8 ,

1.       A  set  of  partial  dlfferentlal  equations  descrlbe8  the  flow  of  water

and  perhaps  chemicals   through  porous  nedla.     These  equations  provide  the  state

of  the  system  such  as  drawdown,   hydraulic  head,   and  concentration  of  certain

species  as  a  function  of  declslon  variable   (pumpage).     These  equations  require

pre-assigned  spatlally  dlstrlbuted  parameters  of  the  porous  media  such  as
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transmisslvlty,   storage  coefflclent,  and  disperslvlty  coefflclents.

2.       Boundary-condltlon  equations  specify  the  conditions  at  the  boundaries

such  as  recharge,  head,   and/or  concentration.

3.       Initial-condltlon  equations  specify  the  state  of  the  system  prior  to

the  lnltlatlon  of  new  steps  taken  for  its  nanagenent.

Because  these  equations  nay  be  nonllnear  functions  of   state  and  declslon

varlables,   the  parameters  descrlblng  the  physical  properties  of  the  system  are

spatlally  dlstrlbuted,   and  the  shape  of   the  subsurface  environment  ls

irregular,   a  closed  analytical  solution  representing  these  systems  does  not

exist.    Therefore,  numerical  solutlons  such  as  flnlte-dlfference  or  flnlte-

elenent   techniques   should  be  used  to  obtain  approximate  solutions.     These

solutlons  are  generally  referred  to  as  the  predlctlve  solutlons,   1.e.,   the

state  of   the  system  for  a  given  stress  condltlon  can  be  approxlmated.

When  ground-water-f low  and  contaminant-transport  models  are  solved  ln

cotljunctlon  with  an  objective  function  and  an  optlmizatlon  technique,   they  are

called  the  management  models.     Management  models   seek  to  identify  the  best

strategy  for  the  management  of   the  ground-water  or  ground-water/surf acewater

resources.     In  these  models,   both  quality  and  quantity  may  be  considered  as

declsloa  varlables .

Generally  speaking  two  types  of  objective  functions  can  be  formulated.

In  the  first  type,   the  expllclt  economic  functions  Such  a8  net  benefit  or

cost-per-unit  declslon  variable  may  be  included  into  the  management  lrodel.

Examples   of   this   type   of   models   are   the  work  of  Maddock   (1972,   1973,   1974),

and  lt8   exten81on  by  Colarullo  et  al.   (1984).     In  the  second  type,   the

objective  functions  contain  the  econonlc  terms  lnpllcltly.    Exanple8  of  thl8

type  of  objective  function  are  the  mlnlmlzation  of   the  total  drawdowti  or

maxlmlzation  of   total  hydraLulic  heads,  nlnlmlzatlon  of   the  total  water
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shortage   (W1111s,1983),   or  maxlnizatlon  of   total  pumpage   (Heidarl,1982b).

For  all  these  objective  functions,   the  dlfferentlal  equations  de§crlblng

the  state  of  the  system  "st  be  incorporated  either  ln  the  objective  funcclon

or  ln  the  constraints.     This  process  provides  a  link  between  the  objective

function  and  the  distributed  parameter  ground-water  models.    This  linkage  ls,

generally,   referred  to  as  embedding.

2.3    Groundi7ater-flow  Models

The  equation  descrlblng  the  tran81ent  flow  of  water  through  a  conf lned

two-dlmenslonal,  heterogeneous  aqulfer  ls

i*Tii-, + + (T#, = Sit + R + Q (1)

where

T  =  transmisslvlty  Censor,   L2/I;
h  =  hydraulic  head,   L;

S   =  storage  coefflclent,   L°;
R  =  source  term  representing  average  volume  flux  per  unit  area  of

natural  or  artlflclal  recharge,  L/T;
NW

Q  =      I   q(i,n)  6(x,xw),   a  sink  term  representing   the   total  pumpage
j=1

rate  per  unit  area  from  NI  wells  during  time  step  ti,   L/T;

q(J,n)  I  punpage  rate  per  unit  area  of  well  j  during  period  n,   L/I;  and
6(x,xj)   =  1s  a  Dlrac  delta  function  lndlcatlng  Chat  wells  are  to  be  treated

as  a  point  source.
t  I  tine  variable,  I;  and

x  and  y  =  Carte81an  coordinates,   L.

Equation  (I)  1s  linear  with  respect  to  variable  h.     In  an  unconflned  aqulfer  T

=  Kh,  where  K  ls   the  hydraulic-conductlvlty  ten8or.     Then  the  head

dl§trlbutlon  ls  given  by  the  Bousslne8q  equation   (Bear,   1979)
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fr[KhiL]  + 5>[Kh #]  = syii + R + Q (2)

where  Sy  i§   the  speclflc  yield  of  the  aquifer.     This  equation  ls  nonllnear  ln

terms  of  variable  h.     Since  the  solution  of  a  linear-dlstrlbuted  model  1s  more

convenient,   techniques  have  been  developed  for  the  llnearizatlon  of  equation

(2)   (see  Bear,   1972).     In  Appendix  I,   a  llnearlzatlon  technique  for  equation

(2)   1s  presented.     This   llnearlzatloti  technique  may  become  important,   because

the  nanagenent  model  adapted  ln  this  study  uses  the  llnearlzed  fom  of  the

flow  equation  only.

Equation   (1)   or  a  llnearized  form  of   (2)  may  be  written  as

frT
8 (Ho-a )

Ox

which  can  be  expanded  to

a (Ho-s )

@y

a (Ho-s )

@t
+R+Q (3)

i=(T ¥, - frT ¥, + i*T #, -

@*T#,=#-#+R+Q     (3-a,

where    Ho  =  steady-state  hydraulic  head,   L;   and

a   =  drawdoun,   L.

Equation   (3-a)  may  be  written  as   two  equatlon8:

*T ¥, + #T #, - R = o
i*T ¥, + &T #, = S ii + Q
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Equation  (4-a)  represents   the  steady-state  condltlon  of   the  system,   and

equation   (4-b)   1s   the   tran81ent   component  which  when  superimposed  on   the

solution  of   (4-a)  will  give  the  total  response  of  the  system.     It  ls  lnportant

to  realize  that  ln  decomposing   (1)  or  llnearlzlng  the  fom  of   (2)   into   (4-a)

and   (4-b),   one  has   to  consider  two  sets  of  equations,1f  a  transient  solution

ls  required.     One  set,   (4-a),  will  provide  the  steady-State  capture  terms  such

as  R(x,y)   for  a  given  Ho(x,y)   and  I(x,y).     The  other  set   of  equations   (4-b)

will  provide   the  drawdoun,     s(x,y,t),   as  a  function  of  T(x,y),   S(x,y),   and

Q(x,y,t).     To  obtain  the  hydraulic  head  at  a  time  t,   this  drawdown  mist  be

8uperlnposed  on  Ho(x,y).     Realizing   that   the  punpage,   Q,1n   (4-b)  has   to  be

satlsfled  from  storage  is   important.     Boundary  contrlt)utlons   (capture  terms)

are  assumed  unperturbed,   and  they  are  included  ln  ten  R  of  equation  (4-a).

In  reality  pumpage  may  disrupt  the  boundary  condltlons  and  natural  recharge  or

discharge,   R,   can  change  with  time.     If   these  changes  are  known,   they  can  be

included  ln  the  transient  part,   (4-b).    Note  that  when  I(x,y)   is  constant  ln

(1),   Kh  ln  (2)   1s  a  functlon  of   time.     Therefore,   llnearlzation  of   (2)   1s

subject  to  llmitatlons.     Experience  Shows   that  the  solution  of  equation  (2)

may  be  approxlmated  by   the   solution  of   equation   (1),   1f     a   =  H  -h  <    .25H0

(see   Jacob,   1944,   Bear,   1979).

For  equations   (I)  and   (2)   the  boundary  conditions  are:

I)       constant  head  along   the  portion,    rL   ,       of   the  boundary,1.e.,  h  =

Ho   or   S   =  0;   and

2)       constant  flow  along  the  portion,    r2,   of   the  boundary,1.e.,

|}E I,   constant  where  a  I  the  unit  vector  normal  to    r2   .
Therefore,  1f  flow  ls  to  remain  constant  Ei I J2E -£1 =  0,  which

@n@n

lndlcate8  that  natural  recharge  and  dl8charge  terms  will  renaln  constant  on

r2.
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The  inltlal  condltlon,   Ho,   1s   the  hydraulic  head  on  which  future

drawdowns  are  superimposed.    Most   comonly,   the  hydraulic  head  associated  with

the  steady-state  18  used  for  Ho,1.e.,

h(x,y,O)   =  Ho  and   s(x,y,O)   =  0   at   t   =  0.

2.4     Embedding  Approach

The  lncorporatlon  of   the  equations  descrlblng  the  flow  of  water  and  mass

ln  porous  media  into  a  management  model   1s   called  embedding.     Basically  there

are   two   types   of   embedding   techniques   (Maddock,   1983),   namely,   difference

(direct)   embedding  and  response   function.     These  techniques  are  described

below .

2.4.1    Dlfference~embeddlng  Technique

In  this  technique  the  governing  equations  are  dlscretlzed  and  directly

embedded  into  the  management  model  as   constraints.     For  example,let  us  assume

that   the  following  ground-water-quality  Inanagement  model  1s   formulated:

IJN
tax   Q   =z:        I:        I      Q(1,i,ti)

1=1   j=1   n=1

subject  to

Q(1,j,n)  <   Q(1,j,n)  <   a(1,j,a)

EL(1ij,n)   <   S(1,j,n)   <   5l(1,j,a)

(5)

where         Q  (1,j,a)   a  punpage  or   induced  recharge  at  node   (1,j)

during  tine-period  n;
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a    and  Q    =  upper  and  lower   limits  of   Q;

s(1,j,n)     =  drawdoim  at  flode   (1,j)   at   the  end  of   time-

step  n;

I and  s      =  upper  and  lower  llmlts  of   s;

I  and  J  =  total  number  of  nodes  in  x  and  y  directions,

respectively ;

1  and  j  =  node  lncldence;   and

N  =  total  time.

If  drawdown  in   (6-b)   is  represented  by  equation   (4-b),   then  for  tine-step  a,

constraint   (6-b)   for  a  rectangular-grid  system  with    Ax  and  Ay  spacing  between

nodes  may  be  written  as

A(1,j)   [s(1-1,j,n)   -s(1,j.n)]   -B(1,j)    [s(1+1,j,n)   -a(1,j,n)]

+  C(1,j)   [s(1,j-1,n)   -a(1.j,n)I   -D(1,j)   [s(1,j+1,a)   -a(1,j,n)I

-!££{il s(1,j,n)  -£££{jl)§(1,i,n-1)  -Q(1,i,n)

By  rearranging  the  terms   ln   (7),   the  unknown  s(i,j,n)  nay  be  expressed  as  a

function  of  known  varlables.     Then  this  expression  may  be  constralnted  as

i(1,j,n)  <   s(1,j,a)  <   i(1,J,n)
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where

A(1,i)   =

2B(1,i)     =AT7

2

T(1-1. j )I( 1, j )
T(1-1, i )+I(1, i )

I( 1+1, i )I( 1, j )
I(i+1,j  +I(1,j)

I(1, i-1 )I(1, j )C(1. j)   I  ATE  =T={-i==3=f=;£±-{±-:jt

D(1.j,  -A+ -i:#:;#(i-:i?

At  =  length  of   tlDe  step.

Excellent  examples   of   this  approach  to  embedding  are  Works   of  Aquado  and

Remson   (1974),   Alley   et  al.   (1976)   and  Nlsal   et   al.   (1983).     This   type   of

embedding  can  be  used  to  lnvestlgate  optimal  recharge  and  discharge

pollcles.     In  addition,1t  can  handle  linear  as  well  a8  non-linear  equations

lf  proper  nathematlcal  programmlng  packages  for  handling  non-linear

constraints  are  available.     Its  disadvantages  appear  when  lt  ls  used  for  large

problems.     Since  ln  these  problems   the  number  of  unknouns   ls  high,   the  number

of  constraints  also  i§  high.     This  ls  because  for  every  node,   (1.I),   an

equation  such  as   (7)  mist  be  written  for  each  time  step  n,   regardless  of

whether  that  node  ls  a  pumping  node  or  not.     For  exanple,   for  a  system  with

1000  nodes  and   30  time  steps,   30,000  declslon  varlable8   corre8pondlng  to

hydraulic  heads  over  space  and  time  exist   (Gorellck,1983).     Solution  of   this

problem  with  readily  available  equipment  and  sof tware  ls  at  the  least

lmpractlcal.     Another  severe  problem  a8soclated  with  this   technique  ls  that

even  lf  a  solution  can  be  secured,   its  accuracy  ls  suspect,   as  the  number  of

mathenatlcal  operations  required  increases  enormously  and  noticeable  errors

can  be  introduced.
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2.4.2    Response-function Technique

The  response-function  embedding  technique  ls  an  approach  based  on  the

assumption  that  a  linear  relatlonshlp  exists  between  the  drawdown  and

pumpage.    This  assumption  ls  valid  only  for  linear,  partial-dlfferentlal

equations   such  as   (4-b)   or   (I-11)   1n  Appendix  I.     Any   system  which  18

stationary,1.e.,   the  boundary  condltlons  do  not  change  with  tine,   and  which

8atls£1es   the  laws  of  superposltlon  ls  considered  a  linear  system  (Cheng,

1959).     The  response  of   the   linear  System  to  a  g1\ven  excltation  can  be

evaluated  by  its  response  to  a  unit  impulse.    For  these  systems,   convolution

integral  nay  be  written  so  that   (Haddock,   1972)

srx,t>  = /~  /:  Frx,,t  Grx,x,tit  did,
X

where

(8)

srx,t)  =  response  of   the  system  (drawdown)  at  point

¥  and  tine  t;

Frx,i)  =  tine-rate  change  of  the  system  input

(punpage);   and

Grx,x,ti)  =  the  Creen's  function.

In  discrete  form,   equation   (8)   for  a  system  conslstlng  of   NI  wells  may  be

expressed  as

NIB
a(k,n)   a    I       I:     p(j,n')  P(k,I,nTh'+1)

Jal  n'-1

21
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where

s(k.n)   =  total  drawdoim  at  well  k,   at   time

period  n;

8(k,j,n-n'+1)   =  unit-drawdown  response  function  at  point  k  at  time-

step  n.-ti'+1  due  to  a  unit  pulse  generated  at  point

j;   and

p(j,n')   =  punpage  at  well  j  at  time  period  n'.

Since  a  =  Ho-h,  h  =  Ho-a.     Then  hydraulic  head  at  point  k  at   the  end  of   tlme-

§tep  n  may  be  written  as

NIn
h(k,n)   =Ho(k)   -I       I     a(k,j,nn'+1)     p(i,n')

j=1   n'=1

Vx(k,n) = --= I
©@xe

NIn
ZZ:

j=1  n'=|

(10)

With   the  use  of   Darcy's   I.aw  and  equation   (10),   x  and  y  velocity  components   at

each  point  k  at  the  end  of  tine  step  a  may  be  written  as

"+i--`            K        0h            K     0Ho(k)

and

vy(k,n)

@x

ap(k,j:nn.'+1,)  p(I.a.)
@x

K        @h            K     @Ho(k)
©          ay             ©              @y

T      :      K    0B(k,j,n-n'+1)
j£=|  nz,=1  a 8y p(j,n')

Or

NIn
Vx(kin)   =  Vox(k)   -jz=[  ni=[8vx(k.I.nTh'+1)   P(i.n')

and
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NWn
Vy(kin)   3  Voy(k)   -j£=[  ni=LPvy(k.jinTh'+1)   P(jin')

where

Vox(k)   and  Voy(k)=  Steady-state  velocltles   ln  x

and  y  dlrectlons  at  point  k  given

by  the  f lrst  terms  on  the

right-hand  sides  of   (11);

8vx  and  8vy             =  unit-Velocity-respoase  functions  ln

x  and  y  dlrectlon  given  by  the

punpage  coef f lclents   ln  the  second

terms   on  the  right-hand  side  of   (11);

0=  porosity;   and

K  =  isotroplc  hydraulic  conductlvlty

Further  lnformatlon  on  the  descrlptlon  of   these  equations  and  the  procedure

for  their  calculatlons   can  be  obtained  from  Colarullo  et   al.   (1984,1985).

2.4.3    Advantages   and  Disadvantages   of   Unit-response  Functions:

The  unit-response  functions  have  beea  used  extensively  ln  the  management

and   simulation  models    [see  Maddock   (1972,   1973,   1974),   Halnes   and  Drelzen

(1977),   Morel-Seytoux   (1975),   Heldari   (1982a,   b)].     Because   these   functions

can  be  generated  only  f or  nodes  where  some  change  ln  the  systen  such  a9

drawdorm  or  velocity  ls  being  Inanaged,   they  are  clearly  superior  over  the

difference-embedding  technique.     Their  use  does  not  encounter  the  numerical

lnaccuracle8  normally  associated  with  the  dlf ference-embedding  technique  for
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large  systems.     Once  they  are  calculated  for  a  particular  system,   they  can  be

used  ln  a  slmulatlon  or  a  management  model  repeatedly  with  dlf f erent  scenarios

or  con8tralnts.

In  practice  the  use  of  these  functions  exhlblts  several  dlfflcultles.

Sltice  the  derlvatloti  of   these  functions  ls  based  on  the  assumptlon8  of   llnear-

systens  theory,   their  accuracy  ls  subject   to  devlatlon  from  this  theory.

There  18  a  range  of  declslon  varlable8  for  which  these  as8umptlon8  are

valid.     For  example,   drawdowns  calculated  by  these  functions  are  valid  if  they

do  not  exceed  25%  of   the  total  saturated  thlckne§s.    Above  this   limit  the

drawdowns  mst  be  corrected  using  Jacob's  correction   (Jacob,1944).

Another  disadvantage  of  these  functions  ls  ln  their  demand  f or  large

computer  storage  when  applied  to  a  large  system.     Whereas   these  functions

require  less  computatlonal  capablllty  than  the  direct  embedding  technique,   for

large  systems,   they  require  computatlonal  capabllltles  that  can  only  be

provided  on  main  frame  computers.     For  example,   1f   the  management  policies   of

100  wells   ln  an  aqulfer  are  being  lnvestlgated  for  20  time  Steps,   the

drawdorm-response   function,     a,   requires  a  storage   of   (loo  X  100  X  20)   which

many  small  computers  can  not  possibly  provide.     If   the  objective  function  or

constraints  also  include  velocity  conslderatlon  for,   say,   10  observation

points,   a  storage  of   (loo  X  10  X  20)  mist  be  assigned   to  each  veloclty-

response  functions  Bvx  and  Pvy.     Even  lf   such  storage  were  available,   one  has

to  question  the  wisdom  of  using  the  computer  resources   ln  such  a  restrlcclve

way.     This   storage  requirement   ls   ln  addltlon  to   the  storage  and  computer-time

requirements  which  will  be  needed  for  a  mathematical-programnlng  algorithm

such  as  linear  or  quadratlc  programlng.    For  the  case  posed  above  a  total  of

2000  columns   (unknowns)   and  as  many  or  more   rows   (con8tralnts)   exist.

Solution  of  a  mathematical-programmlng  matrix  of   this  nagnltude  on
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mlnlcomputers  with  available  nathenatlcal-progranmlng  packages   such  as  MINOS

[Murtagh   and   Saunders   (1977)]   or   LINcO   [Schrage   (1981)]   1f   not   impossible,   1s

impractical .

25



chapter  3

APPROACH   IN  HIS   STUDY

The  main  objective  of  our  proposed  management  model  1s   to  f lnd  a  set  of

optimal  pumpage  rates  for  several  1nterceptlon  wells  so  that  the  contaminant

plume  near  the  totm  of  Burrton,   Kansas,   1s  contained  and  gradually  cleaned

up.    To  achieve  this  objective,   an  approach  similar  to  that  of  Colarullo  et

al.   (1984)  was  adopted.     The  main  differences  between  the  approach  ln  this

study  and  that  of  Colarullo  et  al.   (1984)  are  ln  the  objective  functloa  and  ln

a  decomposltlon  technique  which  makes   the  solution  of   large  management  models

on  nlnlcomputers   po§slble.     The  model  and  the  decomposltlon  technique  are

described  below.

3.1     Formulation  of   a  Groundti7aLter-management  Model

The  nanagemerit  model  was   designed  to   find   the  optimum  pumpage   rates   at

prespeclfled  locations  which:   1)   reverse  the  velocltles  at  certain  observation

points,   2)  provide  for   the   freshwater  demand,   and  3)   llmlt   the  drawdown  at

punplng  wells   to  prespeclfled  levels.    As  will  be  seen,   this  prespeclfied

level  of  drawdoim  was  set  as  a  linear  function  of   saturated  thickness.     The

choice  of  an  objective  function  plays  as  lnportant  role  ln  the  design  of  this

model.     From  previous   experience   [see  Colarullo  et   al.   (1984)],   whereas  an

objective  function  based  on  total  cost  18  quite   logical  and  can  be  lmplemented

for  a  linlted  number  of  unknorms,   its  appllcatlon  to  systems  with  large

numbers  of  unknown8  clearly  will  require  computing  capabllltles  beyotid  the

capacity  of  the  available  facllltles.    Also  the  cost  functions  required  for

this  objective  function  are  not  readily  available.    Therefore,   1n§tead  of

mlnlmlzlng  the   total  cost,   an  objective  function  based  on  minlmlzlng  the   total
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pumpage  was  selected.     In  mathenatlcal  form,   this   function  and  lts  a8soclated

constraints  may  be  represented  as  follows:

NIN
MlnF   =£        I     p(j,n)

J=1   n=1

subject  to

1)      Velocity-reversal  constraints :

v(k,n)  ;   Vo(kon) k   =   1,    NO
n=1'...,N

2)       Freshwater  constraints :

FW

I:      p(j,n)>   D(n)        n=1 ,..., N
j=1

3)       Drawdoun  constralnt§ :

s(i,n)  <  a(j)

4)       Pumpage-rate  constraints:

o  <   p(j,n,  <  F(j,    i  :  ::

•,NW

•,N

•,NI
•,N

(13)

(14-a)

(14-b)

(14-c)

( 14-d )

where                    F  a  objective  function  to  be  mlnlmlzed;

p(j,n)   =  pumpage  rate  of  well   j  during  tine-period  n;

v(k,n)  =  resultant  average  velocity  at  observation-point

k  at  end  of  time-period  n  created  as  a

result  of  all  pumping  actlvltles;
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vo(k,a)   =  premanagement  average  velocity  at  observation

point  k  at  end  of   time-period  ri;

D(a)   =  freshwater  demand  during  period  n;

s(j,n)   a  drawdoun  at  pumping  well  j  at  end  of   time-period  n;

i(j)     a  upper  limit  of  drawdown  at  well  j;

a(j)    a  upper  llmlt  of  pumpage  rate  for  well  j;

NW  =  total  number  of  potential  active  wells,

f ron  which  the  f lrst  FW  wells  are  the

freshwater  wells;

NO  =  number  of  velocity-observation  wells;   and

N  I  total  number  of  time  periods.

The  state  of   the  system  was  assumed  to  be  represented  by  linear  equation

(1)  and  its  equivalent,   equations   (4-a)  and   (4-b).     The  solution  of   the

transient  component  of  equation   (1)  was  assumed  to  be  represented  by  equation

(9).     The  velocltles  ln  x  aLnd  y  dlrectlons  were  assumed  to  be   represented  by

equation   (12).

3.2     Decomposition  Technique

Concerns  over  the  dlmen8ionallty  requirements  of   the  ualt-response

functlon8  have   led  us   to   the  development  of   the   f ollowlng  decomposltlon

technique.     This   technique  effectively  reduces   the  computer-Storage

requirements  of   the  unit-response  functions  and  mathematical-programmlng

packages  to  a  point   that  solution  of  models  with  several  thousand  unknouns

becomes  po8slble  on  mlnlcomputerB.     The  major  part   of   the  following  paragraphs

on  the  development  of   this   technique  ls   from  Heidarl   (1985  a,   b).
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Consider  a  large  aqulfer  with  several  hundred  pumping  wells.     One  lnay

write  the  following  management  model  for  this  aqulfer:

Optimize  F  =  f(p.s)

subjectto:       p<p<F

a   <    s   <    a

vx <  vx <  r
X

vl< vy < vy

where

(15)

( 16-a )

(16-b)

( 16-a )

(16-d)

F  =  objective  function  to  be  optlnlzed;

P   =  Pumpa8e;

p  and  i    =  upper  and  lower   llmlts  of  pumpage;

s   =  drawdoun;

5-and  s     =  upper  and  lover   llmlts  of  drawdown;

Vx  and  vy=  velocltles  at  observation  points   ln  x

and  y  dlrectlons;   and

Vx.  Vy.  i x.  and  i ;  upper  and  lower  llmlts  of  velocltles  ln  x

and  y  dlrectlon6  at  observation  points.

If  NW  active  wells  and  NO  velocity-observation  points  are  ln  the  system,

the  drawdoim  and  velocities  at  points   j  and  k  at   time-step  n  may  be  written  as
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NW

s(i,n)   =  s(1,0)  +   I     6(i,j,n)
j=1

NI
Vx(k.n)   =  Vx(k.0)   +  jfg[  6vx(kijin)

NI
vy(k,n)   =  Vy(k.0)   +  jEL  6vy(k.j'n)

where :

(17)

(18)

(19)

s(1,n)   =  drawdown  at  well  i  at  end  of   time-

step  n;

s(1,0)  =  drawdown  at  well  i  before  lnltlatlon  of

punpage  policy;

6(i,j,n)   =  incremental  drawdown  at  well  1  due   to

punpage  of  well  i  f ron  start  of

pumpage  policy  to  end  of   time-step

n;

vx(k,n)   and  vy(k,n)   =  x  and  y  components  of  velocltles  at

observation-point  k  ac  end  of  time-step

n;

Vx(k.0)   and  vy(k,0) =  x  and  y  component  of  velocities

at  observationiolnt  k  bef ore

lnltlatlon  of  punplng  policy;   and

6vx(k>j.n)   and  6vy(k,i,a)=  1tlcrenental  velocltles   ln  x  and

y  dlrectlon8  at  observation-

point  k  due  to  pumpage  of  well

j  from  lnltlatlon  of

punpage  policy  to  end  of

time-step  n.
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Note  that   ln  equations   (17)   through   (19),   pumpage,   p,   1s   included  lmplicltly

through  6 ' a .

Now  lf   the  aqulfer  ls  dlvlded  into  C  cells,   each  with  Mc  pumping  wells
C

Such  that       lw  =c£=[  Mc    and  Kc  velocity-observatloa  points,   equations   (17)

through   (19)   for  nodes  ln  cell  c  may  be  written  as

M
C

s(j,a,n)   =  a(j,c,0)   +    I:     8(j,c,i,c,n)
1=1

cMc'
+      I       I:     6(j,c,1,c',n)

c'=|   1=1
c'±c

M
Vx(k.Cin)   =  Vx(k.Cio)   +  [£=:     6vx(kicil.Cin)

6vx(k. a I j ,c ' ,n)

M
C

vy(k,a,a)   a  vy(kicio)   +  ±E=[  6vy(k.Cilicin)

cMc'
+I:

c,=1
c'±c

lil  6vy(kicI1,a.,a)

(20)

(21)

(22)

where  subscript  c  or  c'   designates   the  cell  where  a  pumping  well  or  an

ob8ervatlon  point  ls  located.

In  (20)   through   (22),1f   the  last  terms  on  the  right-hand  sides  are

knoun,   the  computational  demands  will  be  restricted  to  that  of    6(j,c,1,c,n),

6vx(k'C,1,C,n)   and    6vy(k,a,1,c,a)   only.     In  practice,   the  last   two   terms  on

the  right  hand  sides  of   (20)   through   (22)  are  not  known.     One  may  write   these

equations  for  cell  c=1,   make  a   "reasonable"  guess  for  the  third  terms  on  the

right-hand  sides  of  these  equations,   and  calculate  the  second  terms  for  cell

c=1.     Then  the  Sane  equations  may  be  written  ln  the  context  of   the  management
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model   (13)   through   (14-d)   for  cell  c=2.     Now,   the   third   term  on  the  right-hand

sides  of   these  equations  may  be  calculated  by  using  the  results  obtained  f or

cell  c=l  and  ..reasonable"  guesses  for  the  values  associated  for  cells  c=3

through  C.     Contlnulng  ln  this  mamer,   these  equations  may  be  written  for  each

cell  c,   and  the  third  terns  on  the  right-hand  sides  may  be  calculated  by  using

the  calculated  results  of   cells  c'=1,2 ,...   c-1,   and  a  "reasonable"  guess

for   this   term  for  cells   c+1,   c+2 ,... C.     Once   the  second  terms   for  these

equations  are  calculated  for  C  cells,   the  "reasonable"  guesses  can  now  be

replaced  by  the  new  values.     This   completes  one  lteratlon.     The  next   lteratlon

uses   the  exact  salne  procedure,   except  the  values  of   the   third  terms  are  now

those  obtained  in  the  first  lteratlon.     Iteratlon8  may  continue  until

convergence  ls  reached,   based  on  some  lteratlon  crlterla  such  as

11    p(k,c,n,a)   -p(k,c,n,in+1)   11    <   eL   for   all   C

11    s(k,c,n,in)   -a(k,c,n,in+1)   11    <   e2   for   all   a

Or

where

(23)

(24)

i

p(k,c,n,in)   =  pumpage  for  well  k  in  cell  c  during  time-

period  a  calculated  ln  lteratlon  n;

a(k,c,n,in)   =  drawdown  at  well  k  ln  cell  c  at  end  of

tine.period  n  calculated  ln  lteratlon  a;

and

€i  and  €2  =  Crlterla  set  depending  on  degree  of

accuracy  required.
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The  advantage  of  this  technique  ls  that  rather  than  solving  a  large

nathenatlcal-programlng  matrix,   one  solves  a  series  of  small  matrices  whose

sizes  can  be  adjusted  to  the  available  computing  facilltles.     Therefore,  very

large  mathematical-..programlng  problems  can  be  decomposed  and   solved  on

ulnlcomputers .

3.3    Radius  of   Influence

To  make  this  lteratlve  technique  even  more  efflclent,   one  may  estimate  an

upper  llmlt  for  the  radlu8  of  influence,   Rk,   for  each  punplng  well,  k.     Then

the  above  computatlonal  procedure  may  be  conf lned  to  the  nodes  which  fall

wlthln  this  radius.     Thus  ln  (20)   through  (22)   instead  of  adding  all  terms   for

1=1,   Mc,   or  Mc.,   only  tens  which  are  associated  with  wells  wlthln  Rk  may  be

considered.     This  reduces   the  computatlonal  efforts,   as  only  a  subset  of  Mc  or

Mci   affects   the  drawdown  a  or  velocltles   Vx  and  Vy.

The  value  of  Rk  f or  each  pumping-well  k  may  be  estimated  using  an

empirical  formula  such  as   the  one  given  by  Bear   (1979).     In  this   study  the

following  enperlcal  formula  was  used:

Rk(t)   =   [1.5   (tT/F)1/2]   ce (25)

where         Rk(t)   =  radius  of  lnfluetice  at  time  t  for  well  k  (L);

I =  average  transmisslvlty  ln  vlclnity  of  well

k,  w(ii,;
t   =  time;

5-  =  average  storage  coef f lclent  ln  vlclnity  of

well  k,   (L°)   ;   and
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cl             =  mltlpller    >     1  to  guarantee  that  all  wells

affected  by  k  fall  wlthln  Rk.

Heidarl   (1985b)  glve8  a  flow  chart  for  the  lteratlve  procedure  outlined  above.

3.4    Velocity  CalculatlonB

h  order  to  carry  out  the  computations  of  a  nanagenent  II]odel  such  as   (13)

through  (14-d),   the  velocities  at  observation  points  must  be  calculated.    Thl8

was   done  using  Darcy's   law:

vx,k,n, = -i @L-= -i
©Oxe

v yfJ£ ,Jl)  -- - K    Oh(k,n)
©@y

8Ho(k)           K     @s(k,n)

@x                     ©               @x

K     @s(k,n)= vox(k)  -  IT

K     @Ho(k)
edy

- v eyf lJZ)  -

@x

K    0s(k,n)
Soy

K    Os(k,n)
©@y

( 2 5-a )

(25-b)

where                    K         =  permeablllty;

h(k,n)         =  hydraulic  head  at  well  k  at  time-step  n;

©                     =  poro81ty;

Ho(k)         -Steady-state  head  at  well  k;

s(k,n)         =  drawdoim  at  well  k  at  end  of   time

period  n;   and
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Vox(k)  and  voy(k)     =  steady-state  velocltles  ln  x  and  y

dlrectlons .

Using  a  flnlte-dlf ference  fortnulatlon  these  equatlon8  for  well  k  designated  by

lndlces  1  1n  y  direction  and  j  ln  x  direction  may  be  written  as

vx(1,i,n,  5  -i
e

vy(1,j'n,  =  - K
©

Ho(1ij-1)   -_Hofi:ill?  _  s(1,i+_.Il.)_ Tiff+i

Ho(1-1ij)   -Ho(1+1,j)

2Ay
s(1-1,j,n)   -s(1+1,j.n)

2Ay

(26)

where    Ax  and  Ay  increments  ln  x  and  y  dlrectlons.     This  flnlte  difference

approxlmatlon  of  velo.cltles  assumes   that  K  and    0   are  constant  between  node

(1,   j)  aLnd  its  adjacent  nodes,   and  Ho  and  s  vary  llnearly  across   the  adjacent

nodes.     All  these  assumptlon§  are  subject   to  questions  and  may  introduce

errors  ln  the  calculation  of  velocltle8.    In  particular  the  assumption  of

llnearlty  can  introduce  noticeable  errors.     A  more  accurate  method  of

obtaining  velocities  is  to  conduct  their  calculatlons  directly  as  a  continuous

function  of   space  and   time   (see  Zljl,1984).
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Chapter  4

DEslcN  AND  Appl.ICATloH  or  A  i4AIIArmHNI  rot)EI.

As  stated  before,   the  main  objective  of  this   study  ls  to  design  a

management  model  for  the  oil-brine--polluted  Equus  Beds  aqulf er  ln  south-

central  Kansas   such  that   the  rate  of  plume  advancement  can  be  controlled.    For

an  advancing  plume,   installation  of  interception  wells  ls  a  viable  option.     In

making  declslons   to  install  1nterceptlon  wells,   some  major  questions  must  be

answered  lf  a  cost-benefit  analysis  ls  the  basis  for  the  final  declslon.

These  questions  are:

1)       Where  should  the  interception  wells  be  installed?

2)       What   ls   the  mlnimun  rate  of  pumpage  f or  each  lnterceptlon  well  so

that  the  main  purpose  for  their  lnstallatlon,   1.e.   containment  of  the

plume,   1s   achieved?

3)       How  long  should  the  lnterceptlon  wells  be  operated?

4)       What   should  be  done  with  the  intercepted  f luid?

5)       Is   the  process  economically  feasible?

In  this  chapter  first  a  flow  model  1s  constructed  for  the  area.     Then  a

management  model  1s   designed,   constructed,   and  applied   to   the  management

area.     The  output   from  this  model  provlde8   direct  answers   to  some  of   the

que8tlons   raised  above.     Other  questlon8   can  be  answered  by  inferring  from  the

results  of   the  model.
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4.1    Flownodel  Development  and  Valldatlon

A  speclflc-aqulfer  dlgltal  model  requires   two  main  components:   an

appropriate  digital  slmulator  capable  of  representing  the  actual  f low

conditions   (boundaries  and  dimension  of  f low)  and  a  set  of  aqulf er  parameters

such  as  the  hydraulic  conductlvlty,   the  recharge/discharge,   and  the  storage

coef f lclent .

To  build  such  a  flow  model  for  a  given  aquifer,   one  needs

1)       to  select  a  stiltable  nunerlcal  §1mulator,

2)      to  gather  all  available  data  relevant  to  the  aqulfer,  particularly

data  relating  to  the  properties  of  the  aqulfer;

3)       to  adjust  the  aqulfer  parameters  through  callbratlon  stages,   steady-

state  as  well  as  transient,  until  calculated  hydraulic  heads  match

the  observed  ones  for  given  periods  of   time;   and

4)       to  validate  the  f low  model,   that  1g   to  ensure  that  the  f low  model

clef lned  by  the  chosen  dlgltal  slmulator  and  the  adjusted  set  of

aqulf er  parameters  will  be  able  to  closely  simulate  observed

hydraulic-head  values  beyond  the  calibration  time  period.

4.1.1     Numerical  Slmulator

Because  the  management  model  1s  built  on  the  assumption  of  horizontal

flow  only  and  because  consistency  throtighout  this  study  ls  highly  desirable,

the  numerical-slmulator  selection  had  to  be  restricted  to  two-dlmenslonal

models   only.
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A  two-dimensional,   flnlte-difference,   ground-water-flow  model  developed

by   the  U.S.   Geological  Survey   (Trescott   et   al.,1976)  was   chosen  to   simulate

the  Equus  Beds  aqulfer.     This  model  1s   designed  to  slnulate  ground.ivater  flow

ln  a  confined  or  water-table  aqulfer,   or  ln  an  aqulfer  where  both  condltlons

may  exist.    Heterogeneity,   anisotropy,   and  irregular  boundaries  of  the  aqulfer

nay  be  handled  by  the  model.    Well  discharge,   constant  recharge,   leakage  from

coDflnlng  beds,   and  evapotransplratlon  may  also  be  represented.

For  confined  or  unconflned  aqulfer8,   the  governing  equation  for  a  two-

dlnenslonal  flow,   as   given  by  Plnder  and  Bredehoeft   (1968)   is

i=(Kxxbii)  +i7(Kyyb§i)  =S|i+w(x,y,t)         (27)

where         Kxx  and  ftyy  =  the  prlnclpal  components   of

hydraulic-conductlvlty  Censor   (L/T) ,

which  are  assumed  to  colnclde  with

Cartesian-coordinates  axis ;

b  =  saturated  thickness;

h  =  hydraulic  head   (L);

S  I  storage  coef f lclent  or  speclf lc  yield

(dimenslonless) ;   and

w(x,y,t)a  volunetrlc  flux  of  recharge  or

withdrawal  per  unit  surface  area  of

aqulfer   (LT-1).

Equation   (27)  may  be  dlscretlzed  using  a  finite-difference  grid.     When

this  equation  ls  written  for  every  grid  node,  a  matrix  ls  generated  which  may

be  solved  by  one  of   three  matrix-solving  schemes:   the  strongly  lmpllclt

procedure   (SIP),   the  alternating-dlrectlon  lmpllclt  procedure   (ADI),   or  the
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line--succes81ve  overrelaxatlon  procedure   (LSOR).     All  three  methods   should

yield  comparable  solutloris.     However,   one  may  be  more  appropriate  than  the

others  depending  on  the  problem  under  conslderatlon.     ADI  ls,   1n  general,   the

most   competetlve  method  ln  terms   of   convergence  and  convergence  rate  as

well.     It  may  have  trouble  coDverglng  ln  steady-state  slmulatlons  involving

extremely  variable  coefficients.

4.1.2.     Data   Sources   and Setmup

It  was  orlglnally  planned  to  base  the  management  study  ln  the  Equu8  beds

on  the  flow  model  developed  by  Splnazola  et  al.   (1985).     The  results  of   that

study  revealed  dlf f erences  ln  basic  assunptlons  such  as  the  use  of  a  three-

dlmenslonal  slmulator  versus   the  necessity  to  use  a  two-dimensional  slmulator

ln  this  study.     For  the  sake  of  consistency  between  the  two  projects,

considerable  efforts  were  made  to  alter  Splnazola's  model  nlnimally  while

satlsfylng  all  the  addltlonal  assumptions  and  restrlctlons  lnposed  by  the

management  model.     In  this   section,   the  data  obtained  from  the  Splnazola  et

al.   study,   its  sources,   and  the  alterations  will  be  described.

A  63  by  44  onemlle-spacing  f lnlte-dlf ference  grid  was  selected  to

represent   the  area  extending  over  the  Equus  beds   (Fig.   4).     The  grid  cells  or

nodes  are  clef lned  as  active  lf   the  hydraulic  conductlvlty  ls  posltlve  and

inactive  otherwise.     An  active  node  lnay  be  set   to  represent  a  constant-head

grid  cell  a8  a  part  of  a  set  of  boundary  condltlong.     Inactive  nodes  adjacent

to  active  nodes  represent  no-flow  boundaries  of  the  aquifer.

The  aqulfer  paraneter8  were   then  assigned  to  nodes  I ollowlng  the  grid

conflguratlon  described  above  and  shorn  ln  Fig.   4.     The  hydraulic-conductlvlty

dl8trlbLitlon  was  based  on  the  transmlsslvlty  map  generated  by  Rlchards  and

Ifunaway   (1972).     Other   sources  of  hydraulic  conductlvlty  data  included
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aqulfer-test  analyses   (Reed  and  Burnett,   1985)  and  laboratory  analysis  of

samples   (Willlams   and  Lohman,1949,   p.101).     The  hydraulic  conductivity

ranges   from  15  to   800  ft/day.     Fig.   5  shows  a  dlstrlbutlon  of   the  adjusted

hydraulic  conductlvlty.    Actual  values  for  hydraulic  conductivity  are  listed

in  column  4  of  Table   lln  Appendix  11.

Because  the  unit-response  function  generator  associated  with  the

management  model  1s   not  designed  to  account   for  evapotransplratlon,   the

evapotransplratlon  was  conblned  with  the  areal  recharge  to  yield  a  net  or

effective  recharge  for  consistency  between  all  Stages  of   this  study.     The

ef f ect  of  evapotran8plratlon  would  theref ore  be  accounted  f or  through

recharge.    Note  that  the  dlgltal  slmulator  allows  the  recharge  to  vary

spatlally  but  not  with  time.     The  net  recharge  ls  the  difference  between  the

Steady-state  areal  recharge  and  evapotranspiratlon.     Splnazola  et  al.   (1985)

calculated  the  steady-state  areal  recharge  as   the  product  of  a  recharge  factor

which  ls  a  function  of  soil  type  and  clay  thickness  and  the  normal  average

preclpitatlon  prevailing  up  to   1940.     The  evapotransplration  was  considered

only  for  those  nodes  where   the  steady-state  water-table  level  was  not  more

than  10  ft  below  the  land  elevation.

The  Arkansas  and  Little  Arkansas   rivers  mere  represented  as  leakage  nodes

between  a  confining  bed  and  the  aqulfer.     Leakage  ls  controlled  by  the  river

stage  and  the  vertical  hydraulic  conductance  of  the  conf inlng  bed  and  its

thickness.    The  vertical  conductance  is  simply  the  product  of  the  vertical-

hydraulic  coriductivlty  and  the  area  occupied  by  the  river  within  the  grid

cell,   dlvlded  by  the  conflnlng-bed  thickness.    Nodal  values  for  the  vertical

conductance  C  and  the  river  stage  are   listed  ln  colurms   10  and   11  of  Table   1

1n  Appendix  11.     Fig.   4  shows   the   locations  of   the  two  rivers.     The   thickness

of   the  confining  bed  was   set  at  one  foot   for  all  river  nodes.
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Figure  5.    Hydraulic-conductlvlty  distribution  of  Equus  Beds
aqulfer.     (After   Splnazola  et  al.,1985).



The  western  edge  of   the  Equus  Beds  aqulfer  ls  underlain  by  a  brlne-

saturated  stratum,   the  Wellington  Formation.     The  two  formations  are  however

separated  by  lmperneable  layers  of   shale  averaging   250  ft  ln  thickness.     Their

interactions  were  shown  to  be  negligible  by  Splnazola  et  al.   (1985).     Using

the  U.S.   Geological   Survey's  modular   three-dlnenslonal  flow  model   (MCDonald

and  Harbaugh,   1984),   Spinazola  et   all.   (1985)   incorporated   the  effects   of   the

Wellington  Formation  in  their  analysis  as  a  second  layer  and  calculated  the

fluxes  between  the  two  fornatlons.     These  fluxes  are  negllglble  compared  to

other  sources  of  discharge/recharge,   and  they  mostly  occur  from  the  Wellington

to  the  Equus  beds.     These  fluxes  were  accounted  for  ln  this   study  as  discharge

wells   (see   last   colum  on  Table   Ilo  Appendix  11).

4.1.3.     Steady-state  Calibration  of   2-D  Model

A  steady-state  calibration  was  pert ormed  to  adjust  for  recharge  and

hydraulic  conductlvlty  wherever  necessary.     The  aqulfer  parameters  described

ln  the  previous  section  along  with  the  steady-state  water  table  calculated  by

Splflazola  et  al.   (1985)  were   taken  as   lnltlal  guesses   for   the   two-dimensional

steady-state  simulation.     Actual  pumping  wells   exlstlng  before   1940   (see  Table

2  1n  Appendix   11)  were   combined  with   the  Wellington  f luxes   and  were   considered

in  the  model  as  discharge  nodes.

The  results  of   the  steady-state  callbratlon  were  ln  good  agreement  with

those  obtained  by  Spinazola  et  al.   (1985)  despite  the  addltlonal  constraints

reported  above.     The  difference  between  the  calculated  steady-state  head  and

that   of   Splnazola  et   al.   (1985)  varied  between  0  and  0.3  ft.     For  a  few  nodes,

the  difference  was  greater  than  0.3  ft  but  never  exceeded  2  ft.     Therefore  we

concluded  that  the  lnltlally  chosen  parameters  did  not  need  further

ad jug tment .
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4.1.4.     TraD81ent   Callbratlon  of   2-D  Model

Transient  callbratlon  ls  a  means  of  adjusting  for  the  storage

coefflclent.    In  additioa  to  the  data  required  for  a  steady-state  slmulatlon

and  the  aqulfer  parameters  derived  from  the  steady-state  callbratlon,

transient  hydraulic-head  data  and  discharge  rates  are  needed.     The  two-

dlnenslonal  model  of  Trescott  et  al.   (1976)  does  not  allow  for  transient

recharge  as   does   the   three-dimensional  model  of  MCDonald  and  Harbaugh

(1984).     'Therefore,   dl8charge  by  wells   remains  as   the  only  time-dependent

factor  ln  the  model.

Annual  withdrawal  rates   from  the  Equus  Beds  aqulf er  from  exlstlng  wells

were  originally  obtained  from  the  Dlvlslon  of  Water  Resources,   Kansas   State

Board  of  Agriculture.     The  total  annual  discharge  was   then  plotted  versus   time

as   shown  on  Fig.   6  and  dlvlded  into  segments   of  approximately  constant

slopes.     Each  segment  defines  a  period  of   tine  over  which  the  discharge  rate

ls  averaged  for  each  well;   discharges  wlthln  a  grid  cell  were  added  together,

and  this   discharge  value  was   assigned   to   the  associated  node.     These  perlod8

will  be  referred  to  as   the  stress  periods.     Five  stress  perlod§  were  defined

from  1940  to   1980,   the   first   one   from   1940  to   1952,   the   second   from   1953   to

1958,   the   Chlrd   fron   1959  to   1964,   the   fourth   from   1965  to   1971,   and   the   flf th

from  1971  to   the  end  of   1979.     Table   31a  Appendix   11  lists   the   average

discharge   (1n  cfs)   for  each  stress  period  by  grid   location.     The  maximum

observed  value  for  discharge  ls  of   the  order  of   6  cfs.

Flg8.   7  to   11   Show  the   locations   of   the   pumping  wells   for  each  Stress

period.     'Thelr  8uccesslon  reveals   that   the  Wlchita  well  field  evolved  during

the   1940'§  and  substantially  increased  ln  size  between   1940  and   1980.

A  transient   slmulatlon  was  performed  with  one-year  pumping  perlod8  uslag

the  discharge  rates  defined  above.     This  time  step  was  also  adopted  for  the
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1940      1950     1960     1970      1980

Figure   6.     Total  annual  ground-water  withdrawal  fron  Equus  Bed.s
aquifer,   1940-1979.
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Figure   12.     Histogram  of  error  dlstrlbutlon  for   1971  water  table
(observed  head  vs.   simulated  head).



nanagenent  model.     The  storage   coefflclent  was   set   at   0.15  and  assigned

uniformly  to  all  active  nodes.    The  results  were  then  analyzed  statlstlcally

by  comparing  the   1971  simulated  water  table  with  the  observed   1971  water

table.     The  hlstogran  ln  Fig.   12  shows   that   the  assumed  parameters  yield  a

satlsfylng  head  dlstrlbutlon  since  the  standard  devlatlon  between  the  observed

and  calculated  head  ls  of   the  order  of   4.4  ft.     Furthermore  the  histogram

displays  a  normal  error  dlstrlbutlon.     Fig.   13  shows  the  comparison  of   the

calculated  hydraulic  head  contours  with  the  observed  head  for   1971.     The

contour  lines  match  closely,   showing  that  the  choice  of   the  parameters,

1ncludlng  0.15  for   the  storage  coefflclent,   1s  §atlsfactory.

4.1.5     Valldatlon  of   Flow  Model

The  flow  model  developed  at  this  point  mist  be  further  validated.

Hydraulic  heads  vere  calculated  for  the  end  of   1979  using  the  previously

defined  model.     They  were  then  compared  with   the  water-table  dl8trlbutlon

observed   ln  early   1980.     The   results   are   shown  on  Figs.   14  and   15.     The

histogram  (Fig.14)  displays  a  normal  dlstributlon  of   the  error   (ob8.  head  -

calc.  head)  with  a  standard  devlatlon  of  3.9  ft.     Therefore  we  concluded  that

the  parameters  and  boundary  condltlons  assumed  for  the  flow  model  adequately

represent  the  general  condltlon  of  the  aqulfer.     These  parameters  and  boundary

conditions  are  presented  for  each  node  ln  Table   1  of  Appendix  11.
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-simulated  head
---observed  head

Figure   13.     Simulated  vs.   observed  head   for   19711n  Equus   Beds
aqulf er .
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Figure   14.     Histogram  of  error  dlstributlon  for  1980  water  table
(observed  head  vs.   simulated  head).
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Figure   15.     Simulated  vs.   observed  head  for   1980  in  Equus  Beds
aqulf er .
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point  k:

M2n

I          I     Bvx(k.i.nm'+1)  P2(j,n')
j=|    n'--1+1

vx(k,n)

n
I    Pvy(k.jinTh'+1)  P2(j„  ;    vy(k.n)

n'-1+1

( 29-a )

( 29-b )

where  k  =  1 ,...,   K  ls   the  number  of   the  observation  points,   and  vx  and  vy

are  the  sumatlons  of  the  first  two  terms  on  the  right-hand  side  of   (28-a)  and

(28-b).     The   signs   of   the  equations   in   (29-a)   and   (29-b)   depend  on  the   signs

of  vx  and  vy   (see  Colarullo  et  al.,1985).     In  these  equations  vx  and  vy

represent  the  velocltles  at  a  partlcLilar  point  k,   at  tine  n >ni  lf  punpage

Policy  pi  were  ln  effect  from  time  step  1  to  ni.     The  left-hand  side  of   these

equations  represents   the  induced  velocltle8  due  to  pumpage  policy  p2  1nltlated

during  tine  period  f ron  ni  +  1  to  n,  which  will  reverse  or  neutralize  vx  and

vy.     Then  depending  on  what   the  signs  of  vx  and  vy  are  at   tlme|erlod  n,   a

proper  sign  f or   these  equatlon8  must  be  chosen.

The  objective  function  (13)   together  with  constraints   (14-a)   through   (14-

d)   represeflts  a  linear-programing  model  which  can  be  Solved  with  readily

available   packages   such   as  MINOS   (Murtagh  and   Saunder8,   1977)   or  LINDO

(Schrage,   1981).

4.2.2    Application  of  Management  Model

The  mnagement  model  was  applied  to  the  area  of   the  aqulfer  shorn  ln  Fig.

16.     The  reasoning  for  the  choice  of   this   area  was  based  on  the   location  of

the   500ipn  contour  of   the  plume  shorn  ln  Fig.   16.     Wlthla  the  management  area
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as  of   1985,   a  total  of   35.7  cfs  ls  allocated  for  lrrlgatlon,   industry,   and

munlclpalitles.     Fig.   17  shows   the  location  of   the  nodes  wlthln  this  area  and

the   1985  pumpages   based  on  Dlvlsion  of  Water  Resources   allocation  of   ground

water  ln  the  vlclnlty  of  each  node.     The  management  model  seeks   to  find  new

policies   for  nodes  wlthln  the  management  area  which  will  achieve  the

objectives  of  this   study.     Other  nodes   ln  the  model   (outside   the  management

area)  were  kept  at   the  pumpage  rates   of   1985.     The  management  period  was   set

fron  1985  to  2020.     Based  on  the  groundwateriirlthdrawal  rates  given  ln  Fig.

6,   five  perlod§  of   constant-pumpage  rates  were  established  for  each  node  from

1940  to   1985.     Table  3  of  Appendix  11   lists   these   pumpages   for   the   five   time

periods  for  all  nodes.     This  varlatlon  in  punpage  rates  has  affected  the

velocltles  ln  the  study  area.

In  Figs.   18-a  and   18-b  the  groundwater  flow  velocltles  at  eight

observation  points  are  plotted  versus  tine.    In  calculating  these  velocltles

the  punpage§   of   Table   3  of   Appendix   11  were   used   from   1940   to   1985,   and

pumpages   of   1985  were  assumed   to  remain  constant   to   the  year   2020.     Velocltles

responding  to  the  changes   ln  punpage  pollcleg   from  period   to  period  can  be

observed.     With  constant   pumpage  of   1985,   the  velocities  become  constant  at

about   1995.     In  Figs.   19-a  and   19-b  the  changes  of  velocltles  with  time  at   the

same  nodes  are  plotted  versus   time.     From  1940  to  about   1960,   some  nodes   are

decelerating.     However,  with  the  unusual  increase  ln  pumpage  starting  at  about

1960   (see  Fig.   3),   a  considerable   increase  ln  velocltles   occured.     Figs.   18

and  19  are  lndicatlve  of  the  transient  water  level  ln  this  area.    Therefore,

the  steady-state  condltlon  assumed  by  Sophocleous   (1984)   1s  not  prevailed.
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Bshwaterscharge (cfs)
0. 0. 0.

0. .2 .37 0. 0. .31 .45

.13 0- .27 0. 0. .28 2.35

.01 0. 0. 0. 0. 0. .39 1.32 .16

.14 0- 0. 0. 0. 0. .52 .59 .12 0

.04 0. 0. 0. 0. 0. .25 .11 .11 3.17 2.33

.28 .19 0- .16 .24 .54 0. 0. .0 1.09 2.96I

0. .21 .26 .36 .39 .69 .05 .11 .1 .21 1.22

.1 .15 .08 .14 .03 .61 .11 .21 .36 3.52 .76

lo.
.17 .24 0. .47 .27 .11 .16 .26 .13 .09

.03 0. .33 .03 .22 .29 4.06 .09 0.

Figure   17.     1971-1985  pumpage   rates   (cfs)   1n  management   area.
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Figure   18.     Velocity  variatlon8  v§.   time  for  selected  observation
points .
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Figure   19.     Varlatlons  of  velocity  with  time  vs.   time  for  selected
observation  points.



4.2.3     Results   of  Management  Model

In  application  of   the  management  model  to  the  management  area,   three

different  management  plans  were  con81dered.     These  plans  and  their  results  are

described  below.

4.2.3  -a)     Mana ement   Plan  A:

In  this   plan  pumpage  rates   ln  the  management  area  given  ln  Fig.   17  were

assumed  to  be  kept   constant   to  year   2020.     Then,   1nterceptlon  wells  were

placed  along  the  500ppm-contour  line  of  the  plume  to  neutralize  the  plune's

rate  of  advancement  at  speclfled  observation  points.     In  Fig.   20  the   1985

velocity  directions  and  the  location  of  the  interception  wells  and  the

observation  points  are  shown  for  this   scenario.     The  arrows   deslgnatlng  the

velocltles  as  shown  ln  this  figure  do  not  represent  the  nagnltude  of  the

actual  velocity  vectors.    This  ls  because  ln  this  figure,  all  velocltles  were

to  be  shown  no  matter  how  small  or   large.     This   figure  may  be  used  to  conclude

the  direction  of  water  flow.     In  the  upper  left  of  Fig.   20,   the  velocity

vectors  wlthln  the  window  are  plotted  to  scale.     The  actual  velocity  vectors

ln  Fig.   20  may  be  used  to  compare  the  relative  magnitude  of  velocities  wlthln

the  window.     In  Table   1  of  Appendix  Ill,   the  magnitude  of  velocltles  ln  the  x

and  y  dlrectlong  for  the  observation  points  wlthln  the  wlndov  of  Fig.   20  to  be

neutralized  by  the  interception  wells  are  listed  for  years   1985  to  2020.

These  relatively  high  velocitle§  are  lndlcatlve  of  the  amount  of  lnterceptlon

pumpage  which  has   to  be  carried  on  for  their  neutrallzatlon.     In  Fig.   21,   the

total  optlnum  punpage  of  the  lnterceptlon  wells  ls  plotted  versus  tine.    The

lnltlal  1nterceptlon  rate  during  the  flr8t  year  ls  90.15  cfs,   a  pumpage  rate

whose  economic  feaslblllty  ls   seriously  questioned.     In  Table  2  of  Appendix

Ill,   the  punpage  rate  of  the  lnterceptlon  wells  are  listed  for  years  1985  to
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Figure  21.     Optimal  brine-1nterceptlon  rate  vs.   time  for
Management   Plan  A.



2020.     These  high  pumpage  rates  are  required  ln  order  to  reverse  the  velocity

vectors  of  the  observation  points  listed  ln  Table  1  of  Appendix  Ill.     These

rates  drop  to  a  total  of  55  cf s  af ter  3  years  of  lnterceptlon  and  remain

constant  to  year  2020.    The  reason  that  the  rates  remain  constant  ls  that

other  punpages   ln  the  management  area  remain  constant   to  year   2020,   and

therefore  the  system  reaches   steady  state  ln  about  3  years.     In  Fig.   22  the

velocity  directions  for  the  entire  aqulf er  are  shown  for  year  1986  af ter  the

interception  pumpages  started.    This  pattern  of  velocity  reversals  ls  observed

for  other   time  steps   ln  the  management  period.     It  rmist  be  emphasized  again

that   the  arrows   1n  Fig.   22  show  the  direction  of  water  movement  and  not   the

relative  magnitude  of  velocity  vectors.     The  actual  velocity  vectors  one  year

after  the  lnltlatlon  of  the  interception  for  the  window  shown  ln  Fig.   20  are

plotted  to  scale  ln  the  upper  left  of  Fig.   22.     A  comparison  of   this   figure

with  Fig.   20  reveals  that  velocity  vectors  at  the  observation  points  are

either  reversed  or  their  magnitudes  have  been  made  very  small.    After  one  year

of  lnterceptlon  (Fig.   22),   the  interception  wells  have  created  a  stagnation

zone  ln  front  of   the  plume.     This   stagnation  zone  ls  kept   to  year  2020  by  the

total  pumpage  rate  given  ln  Fig.   21.     In  Fig.   22,  velocity  vectors  are

representative  of   the  average  velocltles  over  each  cell.     They  do  not

represent  the  velocity  vectors  at  the  punplng  wells  which  by  clef lnltlon  are

infinity.    The  overall  effect  of  the  pumpage  at  the  lnterceptlon  wells  ls  that

the  dlrectlon  and  magnitude  of  the  velocltles  at  the  observation  points  are

changed  drastically.

4.2.3  -b)     Nana ement   Plan  8:

In  this  plan,   the  freshwater  pumpage  rates  were  included  together  with

the  punpage  rates  of  the  lnterceptioti  wells  ln  the  management  area  as
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unknouns.     The  lncerceptlon  wells  and  observation-point  configuration  together

with  the  freshi7ater  nodes  are  shown  ln  Figs.   23-a  and  b.     In  Table  3  of

Appendix  Ill  the  velocity  vectors  ln  the  x  and  y  dlrectlons  for  each

observatloa  point  ln  this  plan  are  listed  for  years   1985  to   2020.     These

vectors  were  calculated  by  setting  the  pumpage  within  the  management  area

equal  to   zero  and  by  keepltig   the  pumpages   outside  the  management  area

constant.     For  a  management  period  from   1985  to   2020   (35  years)   there  exist   78

X  35  f resh-water-punplng-rate  unknorms   and   13  X  35  brine-interception  pumplng-

rate  unknown§,   totaling  3185  unknowns.     The  respective   linear-programmlng

model  will  have  a   total   of   3185   columns   and   3185  +  2   (4  X  35)   +  35  +  I  rows.

The  3185  constraints  are  a8soclated  with   the  drawdown  constraints.     Because

there  are  four  velocity-observation  points,   and  for  each  point  during  each

time  step  two  velocity  constraints   (x  and  y  directions)  mist  be  satlsfled,   a

total  of  280  velocity  constraints  exist.    During  each  time  step  the  total

fresh-water  demand  adds  a  total  of   35  freshiJater-demand  contraints.    Finally

there  is   the  objective  row,   which  when  added  to  the  other  constraints

generates  a  total  of   3501  rows.     Since   the   solution  of   an  LP  model  with  3185

columns  and   3501  rows   ls  beyond  the  capablllty  of   the  available  computing

facllltles,   the  deconposltlon  technique  described  ln  Chapter  3  was  used.     A

total  of   10  arbitrary  zones  were  set  up  as   shown  ln  Fig.   23-b.     In  doing  §o

some  interception  wells  had  to  be  dlvlded  between  two  adjacent  cells.     This   ls

because  of   the  nature  of   the  decomposltlon  technique  described  ln  Chapter   3.

During  each  lteratlon,   each  cell  mist  have  the  capability  to  control  its  orm

velocity  vectors  a§  well  as  velocity  vectors  ln  the  adjacent  cells.

Therefore,   if  an  lnterceptlon  well  1s   located  on  the  boundary  between  two

cells,   its  pumpage  must  be  dlvlded  into   two  unknown§  which  must  be  calculated

during  the  solution  of   the  LP  models   for  those  cells.     During  each  time  step,
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10  small  LP  models  were  solved  lteratively  until  the  convergence  criterion

(23)  was   satlsfled  for  all  cells  and  all  wells.    e  was  set  equal  to   .01  cfs.

To  satisfy  the  freshwater  demand,   the   total  freshwater  demand  was  dlvlded

among  the   10  cells  proportional  to  the  allocated  rights  ln  each  cell.     Table  1

lists   the  freshwater  demand  for  each  of   the   10  cells.

Cell

1

2

3

4

5

6

7

8

9

10

1985

Freshwater  Demand

2.88

2.79

3.40

3.72

3.87

5.08

3.70

3.87

3.78

2.91

36.00   cfs              TOTAL

TABIE   1.     Freshwater-demand  dlstrlbutlon  ln  management   area.
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The  decomposition  reduced  the  size  of   the  LP  models   effectively.     The

largest   LP  model  had   561  rows   and   455  columns  which  could  be  solved  easily  on

the  minicomputer  Data   General  MV-8000.

In  Fig.   24,   the   total-optimum  pumpage   (freshwater  and  intercepted  water),

the  freshwater  punpage,   and  the  intercepted  water  are  plotted  versus  time.     AS

can  be  observed,   the  total  freshwater  demand  of   36  cfs  ls  constantly

satlsfled.     However,   the  lnterceptlon  rate  which  starts  at   55.22  cfs   for   1986

and  drops  to  a  constant  value  of   42.5  cfs  in  year  2020  clearly  ls  not

econonlcally  a  viable  option.     In  Table  4-a  and  b  of  Appendix  Ill,   the  pumpage

rates  of   the  lnterceptlon  wells  and  freshwater  wells  are  listed.     The  pumpage

rates  of  the  freshwater  wells  remain  constant  with  tine.    Therefore  only  one

value  is  listed.     Since  the  pumpage  rates  of  the  lnterceptlon  wells  change

with  time,   they  are  listed  for  each  year  ln  the  management  period.     In  Fig.   25

the  velocity  dlstrlbutlon  for  one  year  af ter  the  lnltlatlon  of  the

lnterceptlon  ls  plotted.    Fig.   25  also  includes  the  actual  velocity  vectors  of

the  nodes  wlthln  the  window  of  Fig.   20.     As  may  be   seen  the  velocltles  at   the

observation  points  have  been  diverted  toward  the  lnterceptlon  wells  or

neutralized  effectively.

4.2.3  -a)     Management   Plan  C:

In  this  plan  the  re-allocation  procedure  for  freshwater  demand  subject  to

neutralization  of  velocity  vectors  ln  the  management  area  of  Fig.   20  was

repeated  for  a  different  set  of  interception  wells  and  observation  points.

The  location  of   these  wells  and  points   together  with  the  nodes  used  f or

pumpage  of   freshwater  are  shown  ln  Fig.   28-a.

In  Table  5  of  Appendix  Ill  the  velocity  vectors  f or  the  observation

points   for  year   1985  to   2020  to  be  neutralized  by  the  management  model  are
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listed.     These  vectors  were  calculated  by  setting  the  pumpage  rates  of   the

nodes  wlthln  the  nanagenent  area  to  zero  and  keeping  the  pumpage  rate  outside

this  area  to  the  level  o£   1985.

The  LP  model  for   this   plan  coritalns   3115  unknowns   representing  the

pumpage  rates   for   89  active  nodes.     It  contains   3115  constraint  rows

representing  the  drawdown  constraints,   280  con8tralnt  rows   representing  the

velocity  constraints,   35  constraint  rows  representing  the  demand  constraints,

and   1  row  representing  the  objective  function.     Since  the  solution  of  an  LP

model  conslstlng  of   3115  colums  and   3431  rows  with  the  available  computing

facllltles  was  not  possible,   the  area  was   decomposed  into   10  zones  as   shoim  ln

Fig.   26-b.     This   decomposltlon  generated   10  LP  models  whose   solution  was

obtained  iteratlvely  on  ninlcomputer  Data  General  MV-8000.

In  Fig.   27  the  total  punpage  rate   (freshwater  and  intercepted  water),

freshwater-pumpage  rate,   and  intercepted-water-punpage  rate  are  plotted  versus

time.     The  freshwater-pumpage  rates  are  constantly  8atlsfled  at   the  rate  of   35

cfs.     In  Table  6-a  and  b  of  Appendix  Ill  the  optimal  freshwater-pumpage  rates

and  lnterceptlon-pumpage  rates  for  this  plan  are  listed.

The  interception-pumpage  rate  starts  at   51.42  cfs   ln  1985  and  drops   to

about   35  cfs   ln  seven  years.     Table  7   of  Appendix   1111sts   the  optimal  pumpage

rates  of  the  interception  wells  for  each  year.    Again  this  plan  produced  an

unreallstlc  interception  pumpage  rate.

h  Fig.   28  the  dlrectlon8  of  flow  are  shown  for  the  entire  aqulfer  after

one  year  of  brine  lnterceptlon.     In  the  upper  left  of  Fig.   28,   the  actual

velocity  vectors  af ter  one  year  of  lnterceptlon  within  the  window  shown  ln

Fig.   20  are  plotted  to  scale  for  conparlson  purposes.     The  velocity  vectorg  at

observation  points  are  redirected  or  reduced  to  a  very  small  value.    However,
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Figure   27.     Optimal  pumpage   rates   for  MaLnagement   Plan  C.
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a  velocity  vector  associated  with  the  interception  well  seems  to  be  still

active ,

As  will  be  shown  ln  the  next  chapter,   the  three  management  plans  reverse

the  movement  of  the  pollutant  from  the  north  vest  to  the  city  wells.     It  will

be  also  shown  that  management  plan  A  ls  most  ef f ectlve  from  the  point  of  view

of   speed  ln  clean  up.     However,   as  was   shown  this   ls  also   the  most  expensive

plan.     Therefore,   depending  on  the  urgency  to  clean  up  the  pollutant,   one  nay

choose  plan  A  which  ls   the  most  ef f lclent  or  other  two  plans  which  are  less

efflclent  but  also  less  expensive.
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Chapter  5

TRAHSIERT  roDELIHG  op  cm.ORIDE  rovEREm

In  thl8  chapter,  a  solute-transport  model  1s  used  to  determine  the  extent

of   the  chloride  lnovement   over  a  selected  area  of   the  Equus  Beds  aqulf er  where

a  major  well  field  supplies  water  for  the  city  of  Wlchlta.    We  start  the

modeling  analysis  by  speclfylng  lnltlal  and  boundary  condltlons  and  asslgnlng

appropriate  hydrogeologlc  parameters  to  all  nodes  ln  the  aqulfer.

Subsequeatly,   the  model  will  be  evaluated  tnalnly  on  the  basis  of  available

observed  chloride  dlstrlbutlons.    The  lnjectlon  rate  and  concentration  of

contamlnatlon  sources  required  for  modeling  analysis  are  obtained  from

previous  hydrologlc  reports  of   the  same  area.     Once  the  process   of  model

evaluation  is  satlsfactorlly  completed,   the  model  will  be  used  to  study  the

ef f ects  of  proposed  ground-water  withdrawal  and  management  pollcles  on  the

migration  of  contaminants   throughout   the  ground-water  system.

5.1    Solute-transport  Process

The  major  components  of   the   transport  process   ln  a  ground-.water-aqulfer

system  are  advectlon  and  dlsperslon  (1ncludlng  molecular  dlffuslon).

Advectlon  ls  a  process  by  which  fluid  particles  are  moved  as  a  result  of

pressure  and  elevation  differences,  while  dlsperslon  refers  to  the  mlxlng  and

spreading  of  liquid  particles  caused  by  molecular  dl£fuslon,   pore-size  scale

varlatlons  of  velocity,   and  large-scale  heterogeneltles.    The  effects  of

chemical  reactions  and  ion  exchange  on  solute  concentration  are  negllglble  for

most  field  problems  and  are  not  considered  ln  our  analysis.    Moreover,   the

density  and  viscoslty  are  assumed  to  be  constant  and  independent  of   the

concentratlofl.

The  transport  of  a  dissolved-chemical  8pecles   ln  flowing  ground  water  ls

nathematlcally  described  by  the  solute..mass  continuity  equation  or  the  so-
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called  advectlon-dlsperslon  equation.    The  two-dlmenslonal  transient  form  of

the  transport  equation  for  a  conservative  (nonreactlve)   solute  may  be  written

as   (Bear,   1979)

a+ (bD„ i+)  -a+ (bcvi) -
-± = @Jii2
©@t

(30)

where  c(x,y,t)  1s   the  solute  concentration,  M/L3;   b  ls  the  saturated  thickness

of   the  aqulfer,   L;   D±j  ls   the  hydrodynamlc  dlsperslon  Censor,   L2/T;   vi  ls   the

seepage  or  average  pore  velocity,   L/T;    t  ls  the  solute  concentration  ln  a

source  or   sink  fluid,   M/L3;  W  ls   the  riet  volume  flux   I(Q  +  R  in  Eq.   (1)I   per

unit  area  at  a  source  or  sink,   L/T;    ©   is   the  effective  porosity  of   the

aqulfer,   dlmenslonless;  x±,  xj  are  the  spatial  coordinates,   L;   and  t  ls   the

tine  variable,  T.

The  term  on  the  right  side  of  equation  (30)  represents   the  temporal

varlatlon  of  the  solute  concentration  wlthln  the  system.     The  changes  ln

coticentratlon  due  to  the  hydrodynamic  dlsperslon,   advectlve  transport,   and

f luld  sources  and  sinks  are  described  by  their  respective  terns  on  the  lef t

side  of  equation   (30).

The  seepage  velocity,  vi,   required  for  solution  of  the  transport  equation

ls  derived  by  slnultaneous  solutlons  of  the  groundi7ater-f low  or  f luid-

corltlnuity  equation  and  the  Darcy  equation.    The  grouridirater-govemlng

equation  for   the  two-dlmenslonal  transient  f low  ln  an  lnhonogeneous  and

anisotroplc  aqulfer   ls   represented  by   (Bear,   1979)

a+ (T" fry  = S 1# + W (31)

where  h(x,y,t)   1s   the  hydraulic  head  or  water-level  elevation,   L;   T±j  ls   the
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transmisslvlty  Censor,   L2/I;   S  ls   the  storage  coefflclent,   dlmenslonless;  and

W,   x,   and  t  are  as  defined  previously.

The  hyraulic-head  function  calculated  from  equation  (31)  is  inserted  into

the  Darcy  equatloo  to  compute  the  dlstrlbutlon  of   the  seepageireloclty  field,

vl:

vl = - ± @1
©@x] (32)

Note  that  ln  equation   (32),   K±j  ls  the  hydraulic-coriductivity  Censor,  which  ls

related  to  the  transmlssivlty  by  the  expression  Tij  =  bKij.

In  surmary,   the  equations  for  solutemass  contlnulty,   fluid  contlnulty,

and  seepage  velocity,   respectively,   equations   (30),   (31),   and   (32),   together

with  a  Set  of  lnltial  and  boundary  condltlons  provide  a  complete  mathematical

descrlptlon  of   the  solute-transport  process.     One  has  to  start  the  transport

sinulatlon  by  solving  equations   (31)  and   (32)   first.     The  velocity

dlstrlbutlon  resulted  from  §olutlon  of  these  equations   ls,   then,  used  to

clef lne  the  advectlve-transport  term  ln  equation   (30)  and  also  to  derive  the

values  of   the  hydrodynamlc-dlsperslon  coef f lclents  which  depend  on  the

velocity.     Subsequently,   equation   (1)  1s   solved  to  find  the  spatial  and

temporal  varlatlon  of   the  solute  concentration  ln  the  ground-water  system.

5.2     Numerical  Model

The  U.S.   Geological   Survey  solute-transport  model   (Konlkow  and

Bredehoeft,   1978)   selected  for  our  analy§1s   is  one  of   the  most  widely  used

models   for  predlctlons   of   contaminant  movements   ln  actual  field  sltuatlons.

The  model  combines  f lnite-dlf I erence  solutlons   to  the  ground-water-f low  and

seepagenyeloclty  equatlon8  with  the  method  of   characterlstlcs   §olutlon  to  the

solute-transport  equation.    The  set  of  approxlnate  equations  from  ground-
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water-f low  equation  are  solved  using  an  lteratlve  alternating-dlrectlon

lmpllclt  procedure.

In  the  method  of  characterlstlcs,   the  numerical  solution  of  the  solute-

transport  equation  ls  achieved  by  lntroduclng  a  set  of  novlng  points  that  can

be  traced  with  ref erence  to  the  statloriary  coordinates  of  the  finlte-

dlfference  grid.    Each  point  has  a  concentration  associated  with  lt  and  ls

moved  through  the  flow  system  ln  proportion  to  the  tine  increment  and  the

velocity  at  the  location  of  the  point.    The  moving  polnt8  simulate  advectlve

transport  because  the  average  concentration  over  each  cell  of   the  f lnlte-

dlf ference  grid  will  change  with  time  as  dlf f erent  points  enter  and  leave  the

area  of  the  cell.    The  addltlonal  changes  ln  concentration  caused  by

hydrodynamlc  dlsperslon  and  f luld  sources  are  computed  using  an  expllclt

flnlte-difference  equation.    More  details  of  the  nunerlcal  procedures  used  ln

the  model  may  be  obtained  by  referring   to  Konikow  and  Bredehoeff   (1978).

5.3    Area  of   Investlgatlon

For  practical  reasons,   the  location  of   study  is  limited  to  a  560  ml2  area

ln  the  south-central  part  of   the  Equus  Beds  aqulfer  (Fig.   29).     The  study  area

cotltalns  the  main  brine-pollution  Sources  near  the  city  of  Burrton  and  a  well

field  which  ls  a  slgnlflcant  source  of  water  supply  for  the  city  of  Wlchlta.

The  areas  of   the  Equus  Beds  aqulfer  not   to  be  af f ected  by  the  pollution  are

excluded  from  this  analysis.     The  Arkansas  River  along  the  southwestern

boundary  and  Little  Arkansas  River  in  the  north  are  the  two  major  streams   ln

the  region.    Note  that  the  selected  area  f or  solute-transport  lnvestlgatlon

contaln8   the  area  con81dered  previously  for  exploring  the  pollutlon-

contalnment  options.

The  area  of  interest  ls  subdlvlded  into  a  network  of  rectangular,

unlformally  spaced  cells  which  constitutes  the  flnlte-difference  grid   (Fig.
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line-succes81ve  overrelaxatloti  procedure   (LSOR).     All  three  methods   should

yield  comparable  solutions.     However,   one  may  be  more  appropriate  than  the

others  depeadlng  on  the  problem  under  conslderatlon.     ADI  ls,   1n  general,   the

most   competetive  method  ln  terms  of   convergence  and  convergence  rate  as

well.     It  may  have  trouble  converging  ln  Steady-state  slnulatlons  lnvolvlng

extremely  variable  coefficients.

4.1.2.     Data  Sources   and  Set-up

It  was  orlglnally  planned  to  base  the  management  study  in  the  Equus  beds

on  the  flow  model  developed  by  Spinazola  et  al.   (1985).     The  results  of   that

study  revealed  differences  ln  basic  assunptlons  such  as  the  use  of  a  three-

dimenslonal  slmulator  versus   the  necessity  to  use  a  two-dlmenslonal  slmulator

ln  this   study.     For  the  sake  of  consistency  between  the  two  projects,

considerable  efforts  were  made  to  alter  Splnazola's  model  mlnlnally  while

satlsfylng  all  the  addltlonal  a§suxptlong  and  restrlctlon8  imposed  by  the

management  model.     In  this   section,   the  data  obtained  from  the  Splnazola  et

al.   study,   its  sources,   and  the  alterations  will  be  described.

A  63  by  44  onemile-spacing  flnlte-difference  grid  was  selected  to

represent   the  area  extending  over  the  Equus  beds   (Fig.   4).     The  grid  cells  or

nodes  are  clef lned  as  active  lf   the  hydraulic  conductlvlty  ls  posltlve  and

lnactlve  otherwise.     An  active  node  may  be  set   to  represent  a  constant-head

grid  cell  as  a  part  of  a  set  of  boundary  condltlon8.     Inactive  nodes  adjacent

to  active  nodes  represent  no-f low  boundaries  of  the  aquifer.

The  aqulf er  parameters  were   then  assigned  to  nodes  I ollowlng  the  grid

conflguratlon  described  above  and  shoim  ln  Fig.   4.     The  hydraulic-conductlvlty

dl8trlbutlon  was  based  on  the  transmlsslvlty  nap  generated  by  Rlchards  and

Dunaway   (1972).     Other   sources  of  hydraulic  conductlvlty  data  included
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aqulfer-test  analyses   (Reed  and  Burnett,   1985)  and  laboratory  analysis  of

samples   (Willlams   and  Lohman,1949,   p.101).     The  hydraulic  conductlvlty

ranges   from  15  to   800  ft/day.     Fig.   5  Shows  a  dlstrlbutlon  of   the  adjusted

hydraulic  conductlvlty.    Actual  values  for  hydraulic  conductivity  are  listed

ln  column  4  of   Table   lln  Appendix  11.

Because  the  unit-response  function  generator  associated  with  the

management  model  1s  not   designed  to  account   for  evapotranspiratlon,   the

evapotransplratlon  was  conblned  with  the  areal  recharge  to  yield  a  net  or

effective  recharge  for  con81stency  between  all  stages  of   this   study.     The

ef f ect  of  evapotransplratlon  would  therefore  be  accounted  for  through

recharge.     Note  that  the  dlgltal  slmulator  allows   the  recharge  to  vary

spatlally  but  not  with  time.     The  net  recharge  ls  the  difference  between  the

steady-state  areal  recharge  and  evapotransplration.     Splnazola  et  al.   (1985)

calculated  the  steady-state  areal  recharge  as  the  product  of  a  recharge  factor

which  ls  a  function  of  soil  type  and  clay  thickness  and  the  normal  average

preclpltatlon  prevalllng  up  to   1940.     The  evapotransplration  was  considered

only  for  those  nodes  where  the  steady-state  water-table  level  was  not  more

than  10  ft  below  the  land  elevation.

The  Arkansas  and  Little  Arkansas   rivers  were  represented  as   leakage  nodes

between  a  confining  bed  and  the  aqulfer.     Leakage  ls  controlled  by  the  river

stage  and  the  vertical  hydraulic  conductance  of  the  conf lnlng  bed  and  its

thickness.    The  vertical  conductance  is  slnply  the  product  of  the  vertlcal-

hydraullc  conductivity  and  the  area  occupied  by  the  river  within  the  grid

cell,   dlvlded  by  the  confining-bed  thickness.    Nodal  values  for  the  vertical

conductance  C  and   the  river  stage  are   listed  ln  colurms   10  and   11  of   Table   1

1n  Appendix  11.     Fig.   4  shows   the  locations  of   the   two  rivers.     The   thickness

of   the  confining  bed  was   set  at  one  foot   for  all  river  nodes.
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EZZZ]  0<K<100   ft/d
EE 100<K<500  ft/d
Hill 500<K<750  ft/d

Figure  5.     Hydraulic-conductlvlty  dlstrlbutlon  of  Equus  Beds
aquifer.     (After   Splnazola  et  al.,1985).



The  western  edge  of  the  Equus  Beds  aqulf er  ls  underlain  by  a  brlne-

saturated  stratum,   the  Wellington  Fornatlon.     The  two  fornatlons  are  however

separated  by  lmperneable  layers  of  shale  averaging  250  ft  ln  thickness.     Their

interactions  were  shown  to  be  negllglble  by  Splnazola  et  al.   (1985).     Using

the  U.S.   Geological   Survey's  modular   three-dimensional  flow  model   (MCDonald

and  Harbaugh,   1984),   Splnazola  et  al.   (1985)   incorporated   the  effects  of   the

Wellington  Fornatlon  ln  their  analysis  as  a  second  layer  and  calculated  the

fluxes  between  the  two  formations.     These  fluxes  are  negligible  compared  to

other  sources  of  discharge/recharge,   and  they  mostly  occur   from  the  Wellington

to  the  Equus  beds.     These  fluxes  were  accounted  for  ln  this  study  as  discharge

wells   (see  last  colum  on  Table   lln  Appendix  11).

4.1.3.     Steady-state  Callbratlon  of   2-D  Model

A  steady-state  calibration  was  performed  to  adjust  for  recharge  and

hydraulic  conductivity  wherever  necessary.     The  aqulfer  parameters  described

ln  the  previous  section  along  with  the  steady-state  water  table  calculated  by

Splnazola  et  al.   (1985)  were   taken  as   lnltlal  guesses   for   the   two-dimensional

steady-state  slmulatlon.     Actual  pumping  wells  exlstlng  before   1940   (see  Table

2  1n  Appendix   11)  were  combined  with   the  Wellington  f luxes   and  were  considered

ln  the  model  as   discharge  nodes.

The  results  of   the  steady-state  callbratlon  were  ln  good  agreement  with

those  obtained  by  Spinazola  et  al.   (1985)  despite  the  addltlonal  constraints

reported  above.     The  difference  between  the  calculated  steady-state  head  and

that   of   Splnazola  et   al.   (1985)  varied  between  0  and  0.3  ft.     For  a  few  nodes,

the  difference  was  greater  than  0.3  ft  but  never  exceeded  2  ft.     Therefore  we

concluded  that  the  lnltially  chosen  parameters  did  not  need  further

ad jug tment .
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4.1.4.     Transient   Callbratlon  of   2-D  Model

Transient  callbratlon  is  a  means  of  adjusting  for  the  storage

coefficient.    In  addltloa  to  the  data  required  for  a  steady-state  simulation

and  the  aquifer  parameters  derived  from  the  steady-state  callbratlon,

transient  hydraulic-head  data  and  discharge  rates  are  needed.    The  two-

dlmenslonal  model  of  Trescott  et  al.   (1976)  does  not  allow  for  transient

recharge  as   does   the  three-dimensional  model  of  MCDonald  and  Harbaugh

(1984).     Therefore,   discharge  by  wells  remains   as   the  only  time-dependent

factor  ln  the  model.

Annual  withdrawal  rates   from  the  Equus  Beds  aqulfer  from  exlstlng  wells

were  orlglnally  obtained  from  the  Dlvlslon  of  Water  Resources,   K.ansas   State

Board  of  Agriculture.     The  total  annual  discharge  was   then  plotted  versus   time

as   shown  on  Fig.   6  and  dlvlded  into  segments  of  approximately  constant

slopes.     Each  segment  defines  a  period  of   time  over  which  the  discharge  rate

ls  averaged  for  each  well;   discharges  wlthln  a  grid  cell  were  added  together,

and  this   discharge  value  was   assigned   to   the  associated  node.     These  periods

will  be  referred  to  as   the  stress  periods.     Five  stress  perlod§  were  defined

from  1940  to   1980,   the   first   one   from  1940  to   1952,   the   second   from   1953   to

1958,   the   third  fron   1959  to   1964,   the   fourth  from   1965  to   1971,   and   the  flf th

from  1971   to   the  end  of   1979.     Table   31a  Appendix  11  lists   the  average

discharge   (1n  cfs)   for  each  stress  period  by  grid  location.     The  maximum

observed  value  for  discharge  ls  of   the  order  of   6  cfs.

Flg8.   7  to   11  Show  the   locations   of   the  pumping  wells   for  each  stress

period.    Their  8uccesslon  reveals   that  the  Wlchlta  well  field  evolved  during

the   1940's  and  substantially  increased  ln  size  between  1940  and   1980.

A  transient   simulation  was   perf ormed  with  one-year  pumping  periods  using

the  discharge  rates  defined  above.     This   time  step  was  also  adopted  for  the
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1940     1950     1960     1970     1980

Figure   6.     Total  annual  ground-water  withdrawal  from  Equus  Bed,s
aquifer.   1940-1979.
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observed  head  -  simulated  head  (feet)

Figure   12.     Histogram  of  error  dlstrlbutlon  for   1971  waLter  table
(observed  head  vs.   simulated  head).



management  IIrodel.     The   storage   coefflclent  was   set   at   0.15  and  assigned

uniformly  to  all  active  nodes.    The  results  were  then  analyzed  statlstlcally

t>y  conparlng  the   1971   simulated  water  table  with  the  observed   1971  water

table.     The  histogram  ln  Fig.   12  shows   that   the  assumed  parameters  yield  a

8atlsfylng  head  dlstrlbutlon  since  the  standard  devlatlon  between  the  observed

and  calculated  head  ls  of   the  order  of  4.4  ft.     Furthermore  the  histogram

displays  a  normal  error  distrlbutlon.     Fig.   13  shows  the  comparison  of   the

calculated  hydraulic  head  contours  with  the  observed  head  for   1971.     The

contour  lines  match  closely,   showing  that   the  choice  of   the  parameters,

1ncludlng  0.15  for  the  storage  coefflclent,   1s  satisfactory.

4.1.5     Valldatlon  of   Flow  Model

The  flow  model  developed  at   this  point  mist  be  further  validated.

Hydraulic  heads  were  calculated  for  the  end  of   1979  using  the  previously

defined  model.     They  were  then  compared  with  the  water-table  dlstrlbution

observed   ln  early   1980.     The   results   are  shown  on  Figs.14  and   15.     The

hlstogran  (Fig.14)  displays  a  normal  dlgtributlon  of   the  error   (ob8.  head  -

calc.  head)  with  a  standard  devlatlon  of   3.9  ft.     Therefore  we  concluded  that

the  parameters  and  boundary  condltlons  assumed  for   the  flow  model  adequately

represent  the  general  condition  of   the  aqulfer.    These  parameters  and  boundary

condltlons  are  presented  for  each  node  ln  Table   1  of  Appendix  11.
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Figure   13.     Simulated  vs.   observed  head   for   19711n  Equus   Beds
aqulf er .
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Figure   14.     Histogram  of  error  dlstributlon  for  1980  water  table
(observed  head  vs.   simulated  head).
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Figure   15.     Simulated  vs.   observed  head   for   1980  in  Equus   Beds
aqulfer.



point  k:

M2n

I          I     Bvx(k.j.nm'+1)  P2(jin')
j=|    n'-1+1

n
I     Pvy(k.jinTh'+1)   P2(j,n')

n'-1+1

vx(k,n)

vyfJL,Jl)

( 29-a )

( 29-b )

where  k  =  1 ,...,   K  ls   the  number  of   the  observation  points,   and  vx  and  Vy

are  the  sumatlons  of  the  first  two  terms  on  the  right-hand  side  of   (28-a)  and

(28-b).     The  signs   of   the  equations   in   (29-a)   and   (29-b)   depend  on  the   signs

of  vx  and  vy  (see  Colarullo  et  al.,1985).     In  these  equations  vx  and  vy

represent  the  velocities  at  a  particular  point  k,   at  time  n >ni  lf  pumpage

Policy  pi  were  ln  effect  from  time  Step  1  to  ni.     The  left-hand  side  of  these

equations  represents   the  induced  velocltles  due  to  pumpage  policy  p2  1nltlated

during  time  period  from  ni  +  1  to  n,   which  will  reverse  or  neutralize  vx  and

vy.     Then  depending  on  what   the  signs  of  vx  and  vy  are  at   timeperlod  n,   a

proper  sign  for  these  equations  must  be  chosen.

The  objective  function  (13)   together  with  constraints   (14-a)   through   (14-

d)   represeDts  a  linear-programing  model  which  can  be  solved  with  readily

available   packages   such   as  MINOS   (Murtagh  and   Saunders,   1977)   or  LINDO

(Schrage,   1981).

4.2.2     Appllcatlon  of  Management  xp_eel

The  management  model  was   applied  to  the  area  of   the  aqulfer  shorn  ln  Fig.

16.     The  reasoning  for  the  choice  of  this  area  was  based  on  the  location  of

the   500-ppm  contour  of   the  plume   shorn   ln  Fig.   16.     Wlthiri  the  management  area
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as  of   1985,   a  total  of   35.7  cfs   ls  allocated  for  irrigation,   industry,   and

nunlclpalities.     Fig.   17  shows   the  location  of   the  nodes  within  this  area  and

the   1985  pumpages   based  on  Dlvlslon  of  Water  Resources   allocation  of   ground

water  ln  the  viclnlty  of  each  node.     The  management  model   seeks  to  find  new

pollcles   for  nodes  wlthln  the  management  area  which  will  achieve  the

objectives  of   this   study.     Other  nodes   ln  the  model   (outside   the  management

area)  were  kept  at   the  pumpage   rates   of   1985.     The  management  period  was   set

from  1985  to   2020.     Based  on  the  groundwater--withdrawal  rates  given  ln  Fig.

6,   five  periods  of  constant-pumpage  rates  were  established  for  each  node  from

1940  to   1985.     Table  3  of  Appendix  11  lists   these  punpages   for   the  five  time

periods  for  all  nodes.     This  varlatlon  ln  pumpage  rates  has  affected  the

velocities  in  the  study  area.

In  Figs.   18-a  and   18-b  the  groundwater  flow  velocltles  at  eight

observation  points  are  plotted  versus  time.     In  calculating  these  velocities

the  pumpages   of   Table   3  of   Appendix   11  were  used   from   1940  to   1985,   and

punpages  of   1985  were  assumed  to  renaln  constarit   to   the  year   2020.     Velocltles

responding  to   the  changes   ln  pumpage  policies   from  period   to  period  can  be

observed.     With  constant   pumpage  of   1985,   the  velocltles   become   constant  at

about   1995.     In  Figs.   19-a  and   19-b  the  changes   of  velocltles  with  time  at   the

same  nodes   are  plotted  versus   tine.     Fron  1940  to  about   1960,   some  nodes  are

decelerating.    However,  with  the  unusual  increase  ln  pumpage  starting  at  about

1960   (see  Fig.   3),   a  considerable   lncrea§e  ln  velocltles   occured.     Figs.   18

and  19  are  lndlcative  of   the  transient  water  level  1n  this  area.    Therefore,

the  steady-state  condltlon  assumed  by  Sophocleous   (1984)   1s  not  prevailed.
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Figure   17.     1971-1985  pumpage   rates   (cfs)   1n  management   area.
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Figure   18.     Velocity  varlatlons  vs.   time  for  selected  observation
points .
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Flgtire   19.     Varlatlons  of  velocity  with  time  vs.   time  for  selected
observation  points.



4.2.3    Results   of  Management  Model

In  appllcatlon  of   the  management  model  to  the  management  area,   three

different  management  plans  were  considered.     These  plans  and  their  results  are

described  below.

4.2.3  -a)     Management   Plan  A:

In  this  plan  punpage  rates   ln  the  management  area  given  ln  Fig.   17  were

assumed  to  be  kept   constant   to  year   2020.     Then,   1nterceptlon  wells  were

placed  along  the  500ipm-contour  line  of  the  plume  to  neutralize  the  plune's

rate  of  advancement  at   specified  observation  points.     In  Fig.   20  the   1985

velocity  directions  and  the  location  of  the  lnterceptlon  wells  and  the

observation  points  are  Shown  for  this  scenario.     The  arrows   deslgnatlng  the

velocities  as  shown  ln  this   figure  do  not  represent  the  magnitude  of   the

actual  velocity  vectors.    This  ls  because  ln  this  figure,   all  velocltle9  were

to  be  shown  no  matter  how  small  or   large.     This   figure  may  be  used  to  conclude

the  dlrectlon  of  water  flow.     In  the  upper  left  of  Fig.   20,   the  velocity

vectors  within  the  window  are  plotted  to  scale.     The  actual  velocity  vectors

ln  Fig.   20  nay  be  used  to  compare  the  relative  magnitude  of  velocltles  wlthln

the  window.     In  Table   1  of  Appendix  Ill,   the  nagnltude  of  velocltles  ln  the  x

and  y  dlrectlon8  for  the  observation  points  wlthln  the  window  of  Fig.   20  to  be

neutralized  by  the  lnterceptlon  wells  are   listed  for  years   1985  to  2020.

These  relatively  high  velocltle§  are  lndlcatlve  of  the  amount  of  lnterceptlon

pumpage  which  has   to  be  carried  on  for  their  neutrallzatloti.     In  Fig.   21,   the

total  optlnom  punpage  of  the  lnterceptlon  wells  18  plotted  versus  tine.    The

lnltlal  1nterceptlon  rate  during  the  first  year  ls  90.15  cfs,   a  pumpage  rate

whose  economic  feaslblllty  ls   serlotisly  questioned.     In  Table  2  of  Appendix

Ill,   the  pumpage  rate  of  the  lnterceptlon  wells  are  listed  for  years   1985  to

47



---r,---/
+\\,-----
\`--------------\+
-------L\
-+------11---------
--L------
L  *  `\  `L  .-----

{,,,--

t=:I;.'¢f£=33??3S=S
£,+`=£>~r======t±=

::3Z¥L:=:i+-+,,i/,+~_--_~_-.,,,,,,
=,,,,,,,Z,,\--,J

==ff~,,.,-,i+.,-,-,,,,,,,',','„'-)
`,,,-,,,,,

'._,-,',`,::'j
--

\\-,^®-.

i''-,}='````5? / f ,, ` =>t
- \\ \ \--\\----\\

\\``\L\``t-==,_T`\',
SSS:S=i::::::3;'!

`=t>_`_`_````}``}\``=\``--``` ``` `\`

•Observation     ENo-flow
polnt                              boundary  node

A Interception
well

Figure   20..     1985  velocity  field.   boundary  of  management   area,   and
locatioa  of  lnterceptlon  wells  and  velocity-
observation  points   f or  Management  Plan  A.



1985 2000
Time  (years)

2020

Figure  21.     Optimal  brine-1nterceptlon  rate  vs.   tine  for
Management   Plan  A.



2020.     These  high  pumpage  rates  are  required  ln  order  to  reverse  the  velocity

vectors  of  the  observation  points   listed  ln  Table  1  of  Appendix  Ill.     These

rates  drop  to  a  total  of   55  cf s  af ter  3  years  of  lnterceptlon  and  remain

constant  to  year   2020.     The  reason  that   the  rates  remain  constant  is   that

other  pumpages   ln  the  management  area  renaln  constant   to  year   2020,   and

therefore  the  system  reaches   steady  state  ln  about  3  years.     In  Fig.   22  the

velocity  directions  for  the  entire  aqulf er  are  shown  for  year  1986  af ter  the

interception  punpages  started.    This  pattern  of  velocity  reversals  ls  observed

for  other  time  steps  ln  the  management  period.     It  mist  be  enphaslzed  again

that   the  arrows   1n  Fig.   22  show  the  direction  of  water  movement  and  not   the

relative  magnitude  of  velocity  vectors.     The  actual  velocity  vectors  one  year

after  the  lnitiatlon  of  the  lnterceptiQn  for  the  window  shorn  in  Fig.   20  are

plotted  to  scale  ln  the  upper  left  of  Fig.   22.    A  comparison  of   this   figure

with  Fig.   20  reveals  that  velocity  vectors  at  the  observation  points  are

either  reversed  or  their  magnitudes  have  been  made  very  small.    After  one  year

of  lnterceptlon  (Fig.   22),   the  lnterceptlon  wells  have  created  a  stagnation

zone  ln  front  of  the  plume.     This   stagnation  zone  ls  kept   to  year  2020  by  the

total  pumpage  rate  given  ln  Fig.   21.     In  Fig.   22,  velocity  vectors  are

representative  of  the  average  velocltles  over  each  cell.     They  do  not

represent  the  velocity  vectors  at  the  pumping  wells  which  by  clef lnltlon  are

lnflnity.    The  overall  effect  of  the  pumpage  at  the  lnterceptlon  wells  ls  that

the  dlrectlon  and  magnitude  of  the  velocltles  at  the  observation  points  are

changed  drastically.

4.2.3  -b)     Mana ement   Plan  8:

In  this  plan,   the  freshwater  pumpage  rates  were  included  together  with

the  pumpage  rates  of   the  lnterceptlon  wells  ln  the  management  area  as
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unknouns.    The  interception  wells  and  observation-point  configuration  together

with  the   fresh--water  nodes   are  shorn  ln  Figs.   23-a  and  b.     In  Table  3  of

Appendix  Ill  the  velocity  vectors  ln  the  x  and  y  dlrectlon8  for  each

ob8ervatlon  point  ln  thl§  plan  are  listed  for  years   1985  to  2020.     These

vectors  were  calculated  by  setting  the  pumpage  wlthln  the  management  area

equal  to  zero  and  by  keeping   the  pumpage8  outside  the  management  area

congtant.     For  a  management  period  from  1985  to   2020   (35  years)   there  exist   78

X  35  fresh-water-pumping-rate  unknowns  and   13  X  35  brine-interception  punplng-

rate  unknowns,   totaling  3185  unknowns.     The  respective   linear-programmlng

model  will  have  a   total   of   3185   colurms   and   3185  +  2   (4  X  35)  +  35  +  1   rows.

The  3185  constraints  are  a8soclated  with   the  drawdown  constraints.     Because

there  are  four  velocity-observatloa  points,   and  for  each  point  during  each

time  Step  two  velocity  constraints   (x  and  y  dlrectlons)  must  be  satl§fled,   a

total  of  280  velocity  constraints  exist.    During  each  time  step   the  total

freshirater  demand  adds  a  total  o£   35  freshiyater-demand  contralnts.    Finally

there  18   the  objective  row,   which  when  added  to  the  other  constraints

generates   a  total  of   3501  rows.     Since   the   solution  of   an  LP  model  with  3185

columns  and   3501  rows   ls  beyond  the  capablllty  of   the  available  conputlrig

facllltles,   the  decomposltlon  technique  de8crlbed  ln  Chapter   3  was  used.     A

total  of   10  arbitrary  zones  were   set  up  as   shown  ln  Fig.   23-b.     In  doing   so

some  lnterceptlon  wells  had  to  be  dlvlded  between  two  adjaceot  cells.     This  ls

because  of   the  tiature  of   the  deconpo61tlon  technique  described  ln  Chapter   3.

During  each  lteratlon,   each  cell  mist  have  the  capablllty  to  control  its  oim

velocity  vectors  as  well  as  velocity  vectors  ln  the  adjacent  cells.

Therefore,   1f  an  lnterceptlon  well  1s   located  on  the  boundary  between   two

cells,   its  pumpage  must  be  dlvlded  into  two  unknowns  which  must  be  calculated

during  the  solution  of  the  LP  models   for   those  cells.     During  each  tine  step,
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10  small  LP  models  were  solved  lteratlvely  until  the  convergence  criterion

(23)  was   satlsfled  for  all  cells  and  all  wells.    a  was  set  equal  to   .01  cfs.

To  satisfy  the  freshwater  demand,   the  total  freshwater  demand  was  dlvlded

among  the   10  cells  proportional  to  the  allocated  rights  ln  each  cell.     Table  1

11st8   the  freshwater  demand  for  each  of   the   10  cells.

Cell

1

2

3

4

5

6

7

8

9

10

1985

Freshwater  Demand

2.88

2.79

3.40

3.72

3.87

5.08

3.70

3.87

3.78

2.91

36.00   cfs             TOTAL

TABIE   1.     Freshwater-demand  distrlbutlon  ln  management   area.
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The  decomposition  reduced  the  size  of   the  LP  models  effectively.     The

largest   LP  model  had   561  rows   and   455  columns  which  could  be  solved  easily  on

the  minicomputer  Data  General  MV-8000.

In  Fig.   24,   the   total-optimum  pumpage   (freshwater  and  intercepted  water),

the  freshwater  punpage,   and  the  intercepted  water  are  plotted  versus  time.     As

can  be  observed,   the  total  freshwater  demand  of   36  cfs   ls  constantly

satlsfled.     However,   the  lnterceptlon  rate  which  starts  at   55.22  cfs  for   1986

and  drops  to  a  constant  value  of   42.5  cfs  ln  year  2020  clearly  ls  not

economically  a  viable  option.     In  Table   4-a  and  b  of  Appendix  Ill,   the  punpage

rates  of   the  lnterceptlon  wells  and  freshwater  wells  are  listed.     The  pumpage

rates  of   the  freshwater  wells   remain  constant  with  time.     Therefore  only  one

value  ls  listed.     Since  the  pumpage  rates  of  the  lnterceptlon  wells  change

with  time,   they  are  listed  for  each  year  ln  the  management  period.     In  Fig.   25

the  velocity  dlstrlbutlon  for  one  year  af ter  the  lnltiatlon  of  the

lnterceptlon  ls  plotted.    Fig.   25  also  includes  the  actual  velocity  vectors  of

the  nodes  wlthln  the  window  of  Fig.   20.     As  may  be   seen  the  velocltle8  at   the

observation  points  have  been  diverted  toward  the  lnterceptlon  wells  or

neutralized  effectively.

4.2.3  -c)     Management   Plan  C:

In  this  plan  the  re-allocation  procedure  for  freshwater  demand  subject  to

neutrallzatlon  of  velocity  vectors  ln  the  management  area  of  Fig.   20  was

repeated  for  a  different  set  of  lnterceptlon  wells  and  observation  points.

The  location  of   these  wells  and  points   together  with  the  nodes  used  f or

pumpage  of   freshwater  are   shown  ln  Fig.   28-a.

In  Table  5  of  Appendix  Ill  the  velocity  vectors  f or  the  observation

points   for  year   1985  to   2020  to  be  aeutrallzed  by  the  management  model  are
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Figure   24.     Optimal  pumpage   rates   for  Management   Plan  8.
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listed.     These  vectors  were  calculated  by  setting  the  punpage  rates  of  the

nodes  wlthln  the  managetnent  area   to   zero  and  keeping  the  pumpage  rate  outBlde

this  area  to  the  level  of   1985.

The  IP  model  for   this   plan  contaln§   3115  unknowns   representing  the

pumpage  rates  for   89  active  nodes.     It  contalng   3115  constraint  rows

representing  the  drawdown  constraints,   280  con8tralnt  rows  repre§entlng  the

velocity  con8tralnts,   35  constraint  rows  representing  the  demand  constraints,

and  1  row  representing  the  objective  function.     Since  the  solution  of  an  LP

model  conslstlng  of   3115  colums  and   3431  rows  with  the  available  computing

facllltle8  was  not  possible,   the  area  was   decomposed  into   10  zones   as   shown  ln

Fig.   26-b.     This   decomposltlon  generated   10  LP  models  whose   solution  was

obtained  lteratlvely  on  minlconputer  Data  General  MV-8000.

In  Fig.   27  the  total  pumpage  rate   (freshwater  and  intercepted  water),

freshwater-pumpage  rate,   and  intercepted-water-pumpage  rate  are  plotted  versus

tine.    The  freshwater-pumpage  rates  are  constantly  satlsfl'ed  at  the  rate  of   35

cfs.     In  Table  6-a  and  b  of  Appendix  Ill  the  optlnal  freshwater-pumpage  rates

and  interception-pumpage  rates  for  this  plan  are  listed.

The  lnterceptlon-pumpage  rate  starts  ac   51.42  cfs   ln   1985  and  drops   to

about   35  cfs   ln  seven  years.     Table  7   of  Appendix   1111sts   the  optimal  pumpage

rates  of  the  lnterceptlon  wells  for  each  year.     Again  this  plan  produced  an

unreallstlc  interception  pumpage  rate.

h  Fig.   28  the  dlrectlons  of   flow  are  shown  for  the  entire  aqulfer  after

one  year  of  brine  lnterceptlon.     In  the  upper  left  of  Fig.   28,   the  actual

velocity  vectorg  af ter  one  year  of   intercepclon  within  the  window  shown  ln

Fig.   20  are  plotted  to  scale  for  conparlgon  purposes.     The  velocity  vectors  at

ob8ervatlon  polntg  are  redirected  or  reduced  to  a  very  small  value.     However,
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Figure   27.     Optimal  pumpage   rates   for  Management   Plan  C.
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a  velocity  vector  associated  with  the  lnterceptlon  well  seems   to  be  still

active ,

As  will  be  shown  ln  the  next  chapter,   the  three  management  plans   reverse

the  movement  of  the  pollutant  from  the  north  west  to  the  city  wells.     It  will

be  also  Shown  that  management  plan  A  ls  most  ef f ectlve  from  the  point  of  view

of   speed  ln  clean  up.     However,   as  was   shoim  this   ls  also   the  most  expensive

plan.     Therefore,   depending  on  the  urgency  to  clean  up  the  pollutant.   otie  nay

choose  plan  A  which  ls   the  most  ef f lclent  or  other  two  plans  which  are  less

efficient  but  also  less  expensive.

53



Chapter  5

TRAHSIEm  roDELIHG  oF  CmoRIDE  rovREm

In  this  chapter,  a  solute-transport  model  1s  used  to  determine  the  extent

of   the  chloride  movement  over  a  selected  area  of   the  Equus  Beds   aquif er  where

a  major  well  field  supplies  water  for  the  city  of  Wlchlta.    We  start  the

nodellng  analysis  by  speclfylng  lnltlal  and  boundary  conditlon8  and  asslgnlng

appropriate  hydrogeologlc  parameters  to  all  nodes  ln  the  aqulfer.

Subsequeatly,   the  lnodel  will  be  evaluated  mainly  on  the  basis  of  available

observed  chloride  dlstrlbutlons.     The  lnjectlon  rate  and  concentration  of

contamlnatlon  sources   required  for  tnodellng  analysis  are  obtained  from

previous  hydrologlc  reports  of   the  same  area.     Once  the  process  of  model

evaluation  is  satlsfactorlly  completed,   the  model  will  be  used  to  study  the

ef f ects  of  proposed  ground-water  withdrawal  and  natiagement  pollcles  on  the

migration  of  contaminants  throughout   the  ground-water  system.

5.I     Solute -transport  Process

The  Inajor  components  of   the  transport  process  ln  a  ground-water-aqulf er

system  are  advectlon  and  dlsperslon  (1ncludlng  molecular  dlffuslon).

Advectlon  is  a  process  by  which  f luld  particles  are  moved  as  a  result  of

pressure  and  elevation  differences,  while  dlsperslon  refers  to  the  mlxlng  and

spreading  of   liquid  partlcle§  caused  by  molecular  dlf fusion,   pore-size  scale

varlatlons  of  velocity,   and  large-scale  heterogeneltles.    The  effects  of

chenlcal  reactions  and  ion  exchange  on  solute  concentration  are  negllglble  for

most  field  problems  and  are  not   considered  ln  our  analysis.    Moreover,   the

density  and  viscoslty  are  assumed  to  be  constant  and  independent  of   the

concentratloo.

The  transport  of  a  dissolved-chemical  species   in  f lowing  ground  water  ls

mathem8tlcally  described  by  the  solute-mass  contlnulty  equation  or  the  so-
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called  advectlon-dispersloD  equation.    The  two-dinenslonal  transient  form  of

the  transport  equation  for  a  conservative  (nonreactlve)   §olute  may  be  written

as   (Bear,   1979)

a+ (bD„ i+)  -a+ (bcvi) -
-± = @Lqu
©@t

(30)

where  c(x,y,t)  1s   the  8olute  concentration,  M/L3;   b  ls  the  saturated  thickness

of   the  aqulfer,   L;   D±j  ls   the  hydrodynamlc  dlsperslon  tensor,   L2/T;   v±  1s   the

seepage  or  average  pore  velocity,   L/T;    t  ls  the  solute  concentration  ln  a

source  or   sink  fluid,   M/L3;  W  ls   the  net  volume   flux   [(Q  +  R  in  Eq.   (1)]   per

unit  area  at  a  Source  or  sink,   L/T;     ©   1s   the  effective  porosity  of   the

aqulfer,   dlmensionless;   x±,   xj  are  the  spatial  coordinates,   L;   and  t  1§   the

time  variable,   T.

The  term  on  the  right  side  of  equation  (30)  represents   the  temporal

varlatlon  of  the  solute  concentration  wlthln  the  system.     The  changes  ln

concentration  due  to  the  hydrodynamlc  dlsperslon,   advectlve  transport,   and

f luld  sources  and  sinks  are  described  by  their  respective  terms  on  the  lef t

side  of  equation   (30).

The  seepage  velocity,  vi,   required  for  solution  of  the  transport  equation

ls  derived  by  simultaneous  solutlons  of  the  groundwater-f low  or  f luid-

continuity  equation  and  the  Darcy  equation.    The  groundwater-governing

equatlotl  for   the  two-dimensional  transient  f low  ln  an  lnhomogeneous  and

anisotroplc  aqulfer   ls   represented  by   (Bear,   1979)

o¥ (T" i+,  = S li + W (31)

where  h(x,y,t)  is  the  hydraulic  head  or  water-level  elevation,   L;  Tij  ls  the
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transmlsslvlty  Censor,   L2/T;   S  ls  the  storage  coefflclent,   dlmensionless;   and

W,   x,   and  t  are  as   defined  previously.

The  hyraullc-head  function  calculated  from  equation  (31)  is  inserted  into

the  Darcy  equation  to  compute  the  dlstrlbutlon  of   the  seepagenyelocity  field,

V1:

vl = - ± @1
©Ox] (32)

Note  that  in  equation   (32),   K±j  ls  the  hydraulic-conductivity  Censor,  which  ls

related  to  the  transmisslvlty  by  the  expre§slon  Tij  =  bKij.

In  summary,   the  equations  for  solutenass  contlnulty,   fluid  continuity,

and  seepage  velocity,   respectively,   equations   (30),   (31),   and   (32),   together

with  a  set  of  lnltlal  and  boundary  condltlons  provide  a  complete  mathematical

descrlptlon  of   the  solute-transport  process.     One  has  to  start  the  transport

slnulatlon  by  solving  equations   (31)  and   (32)   first.     The  velocity

distribution  resulted  from  §olutlon  of  these  equations  ls,   then,  used  to

define  the  advectlve-transport  term  ln  equation  (30)  and  also  to  derive  the

values  of   the  hydrodynamic-dlsperslon  coef f iclents  which  depend  on  the

velocity.     Subsequently,   equation  (1)   1s   solved  to  find  the  spatial  and

temporal  variation  of   the  solute  concentration  ln  the  ground-water  system.

5.2     N`rmerlcal   Model

The  U.S.   Geological   Survey  solute-transport  model   (Konlkow  and

Bredehoeft,   1978)   selected  for  our  analy§1s   ls   one  of   the  most  widely  used

models   for  predlctlons  of   contaminant  movements   ln  actual  field  sltuatlon8.

The  model  combines  f lnlte-dlf f erence  solutlons   to  the  ground-water-f low  and

seepagertyeloclty  equatlon8  with  the  method  of  characteristics  solution  to  the

solute-transport  equation.     The  set  of  approximate  equations  from  ground-
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water-f low  equation  are  solved  using  an  lterative  alternating-dlrectloti

lmpllcit  procedure.

In  the  method  of  characterlstlcs,   the  numerical  solution  of   the  solute-

transport  equation  ls  achieved  by  lntroduclng  a  Set  of  moving  points   that  can

be  traced  with  reference  to  the  stationary  coordinates  of  the  flnlte-

dlfference  grid.     Each  point  has  a  concentration  a8soclated  with  lt  and  16

moved  through  the  flow  system  ln  proportion  to  the  tine  increment  and  the

velocity  at   the  location  of   the  point.     The  moving  polnt8  simulate  advectlve

transport  because  the  average  concentration  over  each  cell  of  the  flnlte-

dlf f erence  grid  will  change  with  time  as  dlf f erent  points  enter  and  leave  the

area  of  the  cell.     The  addltlonal  changes  ln  concentration  caused  by

hydrodynamlc  dlsperslon  and  f luld  sources  are  computed  using  an  expllclt

flnlte-difference  equation.    More  details  of  the  numerical  procedures  used  ln

the  model  may  be  obtained  by  referring   to  Konlkow  and  Bredehoeff   (1978).

5.3    Area  o£   Investlgatlon

For  practical  reasons,   the  location  of   study  ls   llmlted  to  a  560  ml2  area

in  the  south-central  part  of   the  Equus  Beds  aqulfer  (Fig.   29).     The  study  area

cotitalns   the  main  brine-pollution  §ource§  near  the  city  of  Burrton  and  a  well

field  which  ls  a  slgnlflcant  source  of  water  supply  for  the  city  of  Wlchita.

The  areas  of   the  Equus  Beds  aqulfer  not   to  be  af f ected  by  the  pollution  are

excluded  from  this  analysis.     The  Arkansas  River  along  the  southwestern

boundary  and  Little  Arkansas  River  ln  the  north  are  the  two  major  streams  in

the  region.    Note  that  the  selected  area  for  solute-transport  lnvestlgatlon

contains   the  area  considered  prevlou81y  for  exploring  the  pollutlon-

contalnnent  options.

The  area  of  interest  ls  subdlvlded  into  a  network  of  rectangular,

unlfortnally  spaced  cells  which  constitutes   the  flnlte-difference  grid  (Fig.
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Figure   29.     Location  of   study  area  for  solute-transport  modeling.



29).     Each  cell  has   dimenslon8   of   1  nile   by   1  mile.     A  total  number  of   451

active  cells  are  ln  the  area.     The  model  1s  based  on  the  block-centered

finite-difference  grid;   1n  other  words,   associated  with  each  cell  are  average

values  of  solute  concentration,  water-level  elevation,   and  any  other

hydrogeologlc  parameter  defined  at   the  center  of  the  numerical  block.

5.4     SoLirce9   of   Contanlnatlon

As  described  before,   the  main  source  of  groundiiater  cotitamlnatlon  ln  the

study  area  ls  believed  to  be  the  brine-disposal  ponds  used  during  the  oll-

recovery   operations   of   the   1930's   and   1940's   (W1111ams   and   I.ohtnan,   1949;

Leonard  and  Klelnschmldt,   1976).     Inltlally,   the  brine  had  leaked  from  the

ponds  into  the  soil  and  alluvlal  aqulf er  causing  localized  pollution  of  water

supplle8  1n  the  vlcinlty  of  the  city  of  Burrton.     Since  then,   the  saline  water

has  been  gradually  carried  eastward  and  south-eastward  ln  the  general

dlrectlon  of  ground-water  f low.

Splnazola  et  al.   (1985)  have  analyzed  published  and  unpubllshed

lnf ormatlon  about   the  brine-disposal  poDds  and  concluded  that   the  major  brine

penetration  into   the  aqulfer  had  occurred  between   1932  and   1943.     The   total

volume  of  brine  estimated  by  Splnazola  et  al.   (1985)  was   dlstrlbuted  over   the

areas  where  surface-disposal   "evaporation  plts'.  were  located   (Fig.1).     For

modeling  purposes,   these  areas  were  assigned  a  high  chloride-concentration

dlstrlbutlon  during   1940,  which  was  deternlned  by  mixing  the  volume  of  brine

entering  each  section  with  volume  of  water  ln  storage  beneath  that  section

(Splnazola  et  al.,1985).     This   Sane  lnformatlon  has  been  provided  by

Splnazola  et  al.   (1985)  and  will  be  used  ln  our  solute-transport  analysis.

In  addition  to  the  oil-£1eld  brine,   the  high  concentration  of  chloride  ln

the  Arkansas  River  ls  known  to  have  been  contrlbutlng  to  the  deterloratlon  of

groundirater  quality  through  the  stream-aqulfer  lnteractlon.    However,   the
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extent  of  the  sallnei.ater  pollution,  in  this  case,  has  been  limited  to  the

areas  adjacent  to  the  river.    The  numerical  model  incorporates   the  effects  of

the  Arkansas  River  into  slmulatlon  by  assigning  high  chloride  concentration  to

the  leakage  flux  at  the  stream  cells.

Several  other  sources  of  chloride  contamination  are  ln  the  study  area

stLch  as  upwelllng  of  brine  f ron  the  lover  Permian  Wellington  Fornatlon  or

leakage  of  brine  from  corroded  and  improperly  ca§ed  disposal  wells   (Leonard

and  Kleln8chmldt,   1976).     These   Sources  have,   however,   been  recognized  as

small-scale  problems  and  will  not  have  any  slgfllf leant  ef fects  on  the  regional

ground-water  quality.

5.5    Required  Input  Data  for  Solute-transport Modeling

In  addltlon  to  the  contaminant-source  lnformatlon,   the  solute-transport

modeling  requires  prior  knowledge  about  the  boundary  condltlon8,   the  lnltlal

dlstrlbutlons  of  hydraulic  head  and  solute  concentration,  various  aqulfer

hydrogeologlc  parameters,  naLtural  recharge,   leakage  from  stream-aqulfer

lnteractlons,   and  the  rateg  and  locations  of  pumping  wells.     In  chapter  4,   we

described  the  speclf led  values  of  some  of  this  lnf ornatlon  obtained  f ron

Splnazola  et  al.   (1985)   for  an  area  which  covers   the  entire  Equus  Beds  aquifer

and  contains  the  Selected  area  for  solute-transport  analysl§.    Utlllzlng  the

same  lnformatlon,   appropriate  values  of  hydraulic  conductlvlty,  natural

recharge,   storage  coefflclent,   porosity,  and  discharge  rates  were  assigned  to

the  corresponding  numerical  cells  of  the  area  under  lnvestlgatlon.     The

8peclf lcatlon  of  the  remalnlng  input  data  requlre§  a  more  detailed

explanation .

An  accurate  lnltial  descrlptlon  of  water  quality  ln  the  aquif er  ls

essential  1f  reliable  projectlon8  of  chloride  concentration  are  to  be  expected

from  the  model.     However,   prevlou9  reports  of   this  aqulfer  have  revealed
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serlou8  deficiency  ln  available  water-quality  data  (Sophocleous  et  al. ,

1982).     Among  other  factors,   sporadic  dlstrlbutlons  of  water  analyses  ln  time

and  space  and  widely  dlf ferent  techtilques  used  for  collection  and  analysis  of

water  samples  were  nentloned  to  have  contributed  to  the  poor  and  inaccurate

water-quality  records.    Despite  considerable  data  deflclency,   the  lnitlal

chloride  dlstrlbutlon  required  for  the  transient  solute-transport  simulations

was  determined  based  on  a   1940  chloride-dlstrlbution  map  of   the  Equus  Beds

aqulfer  by  Wllllans  and  Lohman   (1949)   (Fig.   33).     Note   that   the  conceDtratlon

of  chloride  long  within  the  areas  of  evapotransplratlon  pits  are  calculated

using  the  analysis  described  in  the  previous  section.     As   can  be  seen  from

Fig.   30,   the  areas  with  high  chloride  concentration  were  initially  llmlted  to

the  western  and  southwestern  boundary  of   the  study  area  where   the  major

sources  of  contamlnatlon  are  located.     The  remalnlng  areas  have  a

concentration  of  less   than  100  ng/L  representing  ground  waters  of  relatively

high  quality  at  the  beglnnlng  of  slmulatlon8.    The  chloride  concentration  of

net   recharge  was   assumed   to  be   10  mg/L.

The  prescribed  flow-boundary  condltlons  mere  assumed  along   the  perimeter

of  the  study  area.    The  speclficatlon  of   this  boundary  condltlon  requires

additlotlal  slmulatlons  with  the  ground-.water-f low  tnodel  developed  ln  chapter

4.    The  results  of  these  slmulatlons  will  deternlne  the  groundwater

velocltles  along  the  boundary  which,   in  turn,  are  used  to  calculate  the  rates

of  ground  waters  f loving  into  the  sy8ten.     Note  that  the  boundary  f luxes  will

vary  with  time  and  will  also  depend  on  the  existing  and  projected  ground-

wateriJlthdrawal  condltlons.     In  a  slmllar  manner,  we  calculate  the  leakage

fluxes  from  the  Arkansas  River  and  Little  Arkansas  River.     The  speclfled

boundary  and  leakage  f luxes  f or  each  time  interval  are  added  to  the  lists  of

pumping  and  lnterceptlon  wells  ln  the  input  data.
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Figure  30.     Inltlal  dl8trlbutlon  of  chloride  concentration  (1n
mg/L)   for  solute-transport  modeling.



As  nentloned  before,   the  movement  of  solute  partlcle§  1s  directly  related

to  the  advectlon  and  dlsperslon  process.     The  advectlve  transport  of  solute

depends  on  groundwater-velocity  f leld  which  ls  calculated  lnternally  by  the

model.    However,   the  evaluation  of  dl§perslon  transport  requires  ag  input

data,   the  values  of  longltudlnal  dlsperslvlty  and  the  ratio  of  transverse  to

lateral  di8perslvlty.     These  parameters  cannot  be  easily  measured  ln  the

field.     Sophocleous  et  al.   (1982)  have  performed  a  sensltlvlty  analysis  to

determine  the  ef f ects  of  model  response  to  reallstlc  values  of  the

dlsperslvlty  coefflclents.    Their  analysis  shows  that  for  this  speclflc  field

appllcatlon,   the  model  results  are  relatively  lnsensltive  to  the  varlatlons  in

these  parameters.     Obviously,   advectlon  process   ls  the  predominant  drlvlng

force  for  solute  transport  ln  this  area.     Our  modeling  analysis  will  be  based

on  values  of   100  ft  and  0.3  for  longltudlnal  dl§perslvlty  and  the  ratio  of

transverse  to  lateral  dlgpersltlvlty,  respectively.

5.6    Results  of  Model  Evaluation  and  Projection

An  inltlal  evaluation  of  the  predlctlve  capability  of  the  solute-

transport  model  1s   reqtilred  before  proceeding  to  use  the  model  f or  projections

of  chloride  concetitratlons  obtained  under  different  management  pollcles.

As   Stated  before,   due  to  the  manner  ln  which  the  past  data  were

collected,   the  hlstorlcal  evolution  of  contamlnant's  spreading  cannot  be

determined  for  this  aqulfer.     Therefore,   only  recent   (1980)  water-quality  data

were  utlllzed  for  a  conparl8on  of   simulated  and  observed  chloride

dlstrlbutlons.    The  result  of  this  comparison  ls  shorn  ln  Fig.   31.    The

dlf f erences  ln  chloride  coacentratlons  are  attributed  to  the  measurement

errors,  modeling  errors,  and  numerical  dlscretlzatlon  errors  involved  ln  this

analysis.     In  view  of  all  these  uncertalntle8,   the  agreement  between  the  two

sets  of  concentrations  Seems   to  be  satisfactory.    A  large  discrepancy  ls   seen
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Figure   31.     Comparison  of   1980  simulated  and  observed  chloride   ion
dlstrlbutlons   (1n  ng/L).



between  the  actual  chloride-concentration  measurenents  at  several  locations

that  are  ln  the  vlclnlty  of  each  other   (see  Fig.   31).    This  ls  believed  to  be

due  to  the  complex  rmiltl-1ayerltig  nature  of   the  Equus  beds  aqulf er  ln  these

areas.     Clearly  some  layers  have  been  affected  by  the  contaminant-plume

nlgratlon,  while  the  others  still  contain  freshwater§  with  high  quality.    The

solute-transport  model  used  ln  our  analysis  can  not  take  the  exlstlng  multl-

aqulfer  condltlons  into  conslderatlon.

Further  evaluation  of   the  lrodel  1s   obtained  by  comparing  the   1980  cones

of  depre§slons  I ron  the  f low  model  of   chapter  4  and  the  solute-transport  model

(see  Fig.   32).     Fig.   321ndicaLtes   that   the  hydraulic  gradients  and  therefore

the  ground-water  velocities  generated  f ron  the  two  models  are  ln  close

agreement.     This  ensures   that  the  advective  terms  which  play  a  slgnlflcant

role  ln  the  transport  of  chloride  particles  are  computed  with  reasonable

accuracy  ln  the  solute-transport  lnodel.

The  next  phase  of  our  nodellng  analysis   involves  using  the  model  for

predlctlon  of  chloride  concentrations  under  different  management  pollcles.

Obviously,  we  should  f lrst  exanlne  where  the  future  locations  of  contaminant

f ront  would  be  lf  no  ef f ores  were  taken  for  pollution  control  or

containment.    Assuming  the  current  groundirater  pumpage  will  persist  ln  the

future,  and  no  remedial  action  is  taken,   the  chloride-concentration

distrlbutlons  are  estimated  for   the  period   1985  through   2020   (see  Fig.   33-

a).    As  can  be  seen  from  Fig.   33-a,   the  line  representing  250ng/L

concefltratlon  will  reach  the  Wlchlta  well  field  by  the  year  2020.     The

contaminant  plume,  which  was   orlglnated  from  the   two  major  pollution  sources

at  the  Burrton  area  and  Arkansas  River,   advances  from  the  southwest  and

northwest  dlrectlon8  toward  the  well  field.    The  results  of  this  analysis

lndlcate  that  an  ef f ectlve  ground-water-management  program  Should  be
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Figure   32.     Comparison  of   1980  drawdown  contour   lines   (in  ft.)
calculated  with  flow  model  of  Chapter  4  and  solute-
transport  model.



implemented  ln  this  area  lf  protection  of  Water  supply  of   the  Wlchlta  well

field  ls  of  concern  to  the  managers  of  the  Eqous  Beds  aqulfer.

In  chapter   4,   we  proposed  three  management  plans   for   the  containment  of

oil-field  brine.     These  plans  involved  considerable  pumpage  of  contaminated

water  at  a  set  of  lnterceptlon  wells   located  along  the  line  of  advancing

contaminant  plume.     These  punpageg  are  used  ln  three  addltlonal  solute-

transport  slmulatlons,  and  the  future  chloride-concentration  distrlbutlon8

fron  appllcatlon  of   the  management  prograns  were  projected  f or  the  period  1985

to  2020.     Figs.   33  b,   c,   and  d  represent,   respectively,   the  chloride

concentrations  associated  with  the  management  plans  A,   a  and  C.     In  all  these

cases,   the  contanlnant  plume  from  the  Burrton  area  was  prevented  from  reaching

the  Wlchlta  well  field.     This  was   the  naln  purpose  of   our  management

programs.     The  shrinkage  of   250rmg/L  concentration  profile  obtained  under

management  plan  A  has  been  more  effectlve  than  that  of  plan  8  and  C   (Fig.   33-

b,   c,   and  d).     This  was,   however,   at   the  expense  of   increased  pumpage§   at   the

interception  wells.     Fig.   33  demonstrates  also  that  the  contanlnant  plume

continues  to  advance  from  the  Arkangas  River.     This  ls  due  to  the  fact  that  no

effort  has  been  taken  to  control  the  pollution  caused  by  the  Arkansas  River.

Addltlonal  1nterceptlon  wells  are  needed  ln  the  southwestern  part  of  the

Wlchita  well  f leld  lf  the  pollution  advancement  f ron  the  Arkansas  River  is  to

be  avoided.

The  resultg  of  solute-transport  modeling  verify  that   the  hydraulic

barrier  or  stagnation  zone  created  by  lnplenentatlon  of  the  propoged

management  plans   ls   ef f ectlve  ln  contaLlnment  of  polluted  waters   from  the

Burrton  area.     The  economical  feaslblllty  and  engltieerlng  design  as  well  a§

several  other  issues  involve  further  lnvestlgatlons  and  evaluatlon8.
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Figure  33.    Projected  chloride-concentration  dlstrlbutlons   (1n
ng/L)  under  different  management  plans.



Chapter  6

sunoIARy  AHD  coNCLusloNs

6.I     Surmary

This   study  lnvestlgated  the  optimal  containment  and  gradual  removal  of  a

saltwater-brine  plume  ln  the  Equus  Beds  aqulfer  ln  South-central  Kansas.     The

brine  movement   in  this  area  ls   considered  to  be  a  major  threat  to  the  Wlchita

well  field,  which  ls  a  slgnif leant  source  of  water  supply  f or  the  city  of

Wlchlta .

Inltlally,  using  the  available  data  from  previous  lnvestlgatlons,  a

ground-water-flow  model  of   the  area  was   constructed  and  used  to  clef lne  the

shape  and  dlrectlon  of   the  plume  advancement.     The  results  of  groundwater-

f low  slmulatlons  lndlcate  that  lf  no  management  action  ls  taken  f or  isolation

of  the  contaminated  water,   the  Wlchlta  well  field  will  be  ln  danger  of

contamination  by  the  year   2020.

This   study  proposed  a  technique  for  controlling  the  mlgratlon  of

contanlnants  by  pumping  water  f ron  a  set  of   lnterceptlon  wells  that  were

designed  to  reverse  the  ground-water  velocltles  along  the  antlclpated  front  of

the  contaminant  plume.     The  required  mlnlmum  discharge  rates  at   the

lnterceptlon  wells  were  obtained,   1n  a  systemic  routine,  with  the  use  of  a

ground-watermanagement  model.     The  desirable  property  of   the  management  model

ls  that  lt  ellninates  the  need  for  exces81ve  nultlple-f low  §1nulatlons  by

searching  f or  the  optimum-discharge  rates  ln  an  ef f lclent  manner  using  a

linearirogranming  routine.    large-scale  field  appllcatlon  of  the  management

model  can  be  carried  out  by  all  lteratlve-decomposltlon  solution  procedure

proposed  ln  this  study.     This  latter  approach  greatly  reduces  the

computatlonal  demands  of   the  management  model  for  large  systems.     Finally,   the
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results  of   the  management  model  were  used  ln  a  solute-transport  tlrodel  for

verlflcatlon  of   the  plume  containment  and  gradual  removal.

6.2     Conclusions

In  this   study,   we  developed  a  model  for  use  ln  management  and  planning  of

large  aqulfer  systems  and  then  demonstrated  the  practical  appllcatlon  of  the

model  to  an  actual  groundwater-contamination  problem  ln  Kansas.     The  speclflc

conclusions   reached  f ron  the  development  of   the  management  model  are

surmarlzed  below.

1.       The  ground-water-management  models  which  are   constructed  by  comblnlng

optlmlzatlon  techniques  with  ground-water-f low  or  solute-transport

slmulator8  are  valuable  tools  ln  deslgnlng  the  most  ef f lclent  plan

for  contalnnent  and  gradual  removal  of   llquld  wastes  or  contanlnated

water .

2.       The  governing  equation  of  ground-water  flow  can  best  be  incorporated

into  the  nanagenent  models  ln  the  f orm  of  unit-respoase  embedding

technique.     The  fundamental  as8unptlon  associated  with  this   technique

ls   the  llnearlty  of   the  system  response  with  respect  to   the  pumpages.

3.       The  exce§slve  computer  storage  atid  conputatlonal  time  associated  with

large-scale  appllcatlons  of   the  management  models  nece8sltate  the  use

of  a  decomposltlon  method  such  a8   the  one  proposed  ln  this   study.

4.       Using  reversal  of  velocities  or  hydraulic  gradients  along  the  plume

front  as  constraints,   a  zone  of  plume  contalnnent  or  stagnation  can

be  created  by  the  management  model  results.    The  validity  of   the

results  mist  be  checked,   however,  with  a  Bolute-transport  model  such

as   the  one  used  ln  our  anaLlysls.

The  appllcatlon  of   the  proposed  management  model  to  the  brine  plume  ln

the  Equus  Beds  aqulf er  ln  Kansas   indicates   that
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1.       Under  the  present  punplng  strategy,   the  250  ng/L  chloride-

concentration  prof lie  will  reach  the  Wlchita  well  f leld  by  the  year

2020.    To  preserve  the  fresh  groundiiater  resource  of  this  area,

1mplementatlon  of  a  ground-water-management  plan  ls  esgentlal.

2.       All  proposed  management  plans  were  successful  1n  controlling  the

movement  of   the  contaminants.     The  total  discharge  rate  at

lnterceptlon  wells  ls  about  40  to  50  cfs.    The  chloride  concentration

of   the  intercepted  water  ls  at   least   250  mg/L.         For  containment  and

gradual  removal  of  the  contanlnated  water,   a  period  of  at   least   30

years  will  be  needed.     The  total  cost  of  withdrawal  and  dl§positlon

of  contaminated  water  of   such  quantity  ls  excessive,   however,   which

makes   the  proposed  management  plans  econonlcally  inefficient.

3.       Using  a  solute-transport  model,   the  250mg/L  concentration  profile

was  shoim  to  be  kept  away  from  the  Wlchita  well  f leld  f or  all  three

nanagenent  plans.     Plan  A  has  shown  to  be  more  effective  than  plans  8

and  C  but  at   the  expense  of   increased  punpage  at   the  proposed

lnterceptlon  wells.

4.       The  contaminant  plume  will  continue   to  advance   from  the  Arkansas

River  eastward  ln  the  dlrectlon  of  the  well  field.    A  set  of

interception  wells  should  be  constructed  along  the  front  of  the

advancing  plume  lf  groundi.ater  contamlnatlon  f ron  the  Arkansas  River

ls  to  be  avoided.

5.       The  conclusions   reached  with  respect   to  the  economic  feasibility  of

the  results  of   the  management  model  are  restricted  to  these  speclf lc

management  plans.     These  results,   should  not,   under  any

clrcungtances,   be  extrapolated  to  other  cases  of  containment  and

cleaniip  problems.     It  18  proposed  here  that  based  on  the
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avallabllity  of  funds  for  cleaniip  of  the  aqulfer,   interception  wells

may  be  designed  for  the  high  concentration  areas   (hot   spots).     It  is

believed  that  such  investment  will  be  high  and  will  contribute  to  the

future  water  quality  ln  the  study  area.
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APPENDIX   I

Llnearlzatlon  of  Flow  Equation

f or  thcohf lned  Aquif er

Bousslnessq  equation  describes   the  two-dlmenslonal  ground-water  f low  ln  an

unconflned  aqulfer   (Bear,   1979):

a+[Th Lk]  + @i(in   #]  =  Sy |k +  R + Q

Let  lnltlal  head  in  the  aqulfer  be  Ho.     Then:

@±[K,Ho-s,

0 (Ho-a )

@x I   + a+[K(Ho-s,

where  s   =  drawdovn.

Assume

then

and  let

a(Ho-S).         _a(Ho-S)

8y         J          _y        Ot

(I-1)

+R+Q

h_f31
H

SSig2i
1s*=-
F

2
(sHo-+,

(I-2)

(I-3)

(I-4)

where             F=+/   /  Hoda   ;  A=area  of   the  aqulfer;   and  Ho  =  1nltlalwater  table.
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From   (I-4)

sH2s* - £ + i = o
H2F

then    a   =

Or

Or

Ho/i ± /(Ho/i)2  -4(1/2  I)s*

2(1/2E-)

a   a  Ho   -/Ho2  -  2Es*

Ho-a   = /Ho2  -  2Es*

using  (I-5)

a+[K(Hot)@*Hors)]=-@*RE-#)

and

a+[K(Hone)@i{Hong)]=-#RE-§ji)

and

Or

@T*Ho-s,

H-s
=  -  (Ho2  -  2Es*)1  2    Sy  i+0

(Hot)

[Ho2  -2E (i sHo  _ + a;]1/2  -yi
--,(:::;    sy=

s   @Li -  - s, i+
y8t

Swith(I-6),(I-7),and(I-8),(I-1)becomes:

o*RE-LS  + #K-H-@#)  =  Sy %Ei + R + Q
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(I-6)

(I-7)

(I-8)

(I-9)



which  ls  linear  and  lnay  be  written  as

*

@*T* :#*  )  + @*T* |#*)  =  Sy :# + R +  Q
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APPENDIX   11

Aqulf er  Properties  and  Observed  Data

f or  Equu8  Beds  Aqulf er
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TABLE   11.1:     Hlstorlcal  and  calculated

data  f or  grid  points

Contents :

COLUMN

11

2J

3CHN

4K

5R

68

7HO

8H71

9H80

10C

llHr

12Qw

Row  index  ln  finite-difference  grid.

Columi  index  ln  flnlte-difference  grid.

-llndlcates  constant-head  node.     01ndlcates  active  node.

Hydraulic  conductlvlty,1n  ft/day  (ft/d).

Net  recharge  =  areal  recharge  -  evapotran8plratlon  as

evaluated  ln   1940,1n  inches/year   (1n/y).

Bedrock  elevation,   in  ft.

Steady-state  head,   1n  ft.

Observed   1971  head,   1n  ft.

Observed   1980  head,   1n  ft.

Cotif lnlng-bed  conductance  =  (vertical  hydraulic

conductlvlty  tlmeg  area  covered  by  river  in  cell)+

thickness  of  conflnlng  bed;   1n  ft2/day  (ft2/d).

River  stage,   1n  ft.

Flux  from  the  Equus  beds   to  Wellington  Formation,1n  cfs.
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0     .0000
1370     .0219

0     .0451
0     .0839
a     .0001
0     .0000
0     .0000

1445     .0000
0     .0000
0     .0000
a      .017Z

1379      .OZ07
0     .0295
0     .0340

1399      .0041
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000

C

ft2,d
.0000E+OO
.1118E-OZ
. 0000E+00
. 0000E+OO
. 0000E+OO
. 0000E+OO
.0000E+OO
.1118E-02
. 0000E+OO
. 0000E+OO
. 0000E+OO
I 1 1 1 8E-02
. 0000E+OO
. 0000E+OO
. 1 1 1 8E-02
. 0000E+OO
. 0000E+OO
. 0000E+00
. 0000E+OO
. 0000E+OO
. 0000E+00
. 0000E+OO
. 0000E+00
. 0000E+OO
.1118E-02      1387      .0143
.0000E+00            0     .0184
.0000E+00            a     .0184
.0000E+OO            0     .0090
.0000E+OO             0      .0012
.0000E+OO            0     .0000
.0000E+OO            a      .0000
.0000E+OO            0      .0000
.0000E+OO             0      .0000
.0000E+OO            0     .0000
.0000E+OO            0     .o000
.0000E+OO            0     .0000
.0000E+OO            a     .0000
.0000E+OO            0     .0000
.0000E+OO            a     .0091
.0000E+OO             a      .0116
.0000E+OO             0      .01Z3
.0000E+OO            a      .0122
.0000E+00            0      .OZZ4
.0000E+00            a     .0000
.0000E+OO            0     .0000
.0000E+OO            0     .0000
.0000E+OO            0     .0000
.0000EcOO            0     .0000
.0000E+OO            0     .0000
.0000E+OO            a     .0000

H80H71HO

ft
1383.26
1370.00
1 387 . 82
1388.31
1379.00
1389.00
1440.71
1445.00
1 468 . 49
1478.Z7
1 39 i . 84
1 379 . 00
1398.97
1401.12
1399.00
1 4 1 6 . 94
1429.23
1447.80
1455.42
1 463 . 1 1
1479.81
1490.18
1499.44
1 502 . 45
1387.00
1410.Z3
1413.44
1 4 i 8 . 43
1427.87
1442.57
1 458 . 1 7
1471.31
1 484 . 76
1495.46
1 499 . a 1
1 505 . 1 4
1507.91
1512.36
1418.48
1419.21
14Z1.12
1424 . 14
1 43Z . 3 1
1449.71
1471 . Z7
1489.85
1 500 . 36
1506 . 47
1510.21
1513.75
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150
150
150
25
25
10

/y
9
9
a
7

.10

.10

.39
2.41
2.41
2.41

97
97
39
10
10

10
97
97
10
10
10
10
10
39
97
97
97
97
39
39
10
10
10
10
97
97
10
10
10

.10

.10

.10

.97

.97

.97

.60

OHO

ftft
470     1516.45
47o     i5ia.58
490     1535.84
380     1426.31
330     1425.88
Z95     1427.02
310     1429.13
Z95     1435.89
355     1446.56
370     1471.84

0     1491.20
0     1501.64
5      1511.78

455     1518.54
455     1520.55
455     1522.84
470     1524.88
500      1530.31
505     1535.15
505     1537.43
400     1436.32
330      1431.1:
290     1431.70
SOS      1433.49
295     1438.71
355     1439.99
380     1461.33
400     1485.39
455     1500.08
455      1512.15
455     1518.91
455     1522.33
455     1524.58
480     15Z7.50
505     1531.77
505     1535.99
505     1538.82
505     1541.06
400     1442.95
330     1434.79
Zgo     1434.96
290     1435.98
300     1437.54
355     1439.47
370     1454.44
380     1477.97
405     1497.49
450      1511.50
455     1518.05
440     1521.35
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H71            H80                  C

ft          ft          ft2,d
1518         1518      .0000E+OO
1520        15ZO      .0000E+OO
1527        1527      .0000E+OO
14Z5        1420      .0000E+OO
1411         1409      .0000E+OO
1416        1408      .0000E+00
1414         1408      .0000E+OO
1430        1420      .0000E+OO
1439        1438      .0000E+00
1467        1468      .0000E+OO
1490        1490      .0000E+OO
1502        1502      .0000E+00
1511         1512      .0000E+OO
1515         1514      .0000E+OO
1519        1518      .0000E+OO
1522        15Z2      .0000E+OO
15Z4        15Z4      .0000E+OO
1527        15Z7      .0000E+00
1529        1529      .0000E+00
1532         1533      .000DE+OO
1435        1428      .0000E+00
1421          1418      .0000E+OO
141Z        1408     .0000E+00
1410        1408      .0000E+OO
14Zl        1423     .0000E+00
1430        1429      .0000E+OO
1451         1454      .0000E+OO
1478        1479      .0000E+OO
1503        1503      .0000E+OO
1516         1515      .0000E+OO
1521         1517      .0000E+OO
1523        1523      .0000E+OO
1525        1525     .0000E+00
1527        15Z7      .0000E+OO
1529        15Z8      .0000E+OO
1532        1533      .0000E+OO
1534       1534     .0000E+00
1535        1535      .0000E+OO
1440        1434     .0000E+00
1428        1418     .0000E+00
1413        1408      .0000E+OO
1414         1408      .0000E+OO
1419        1423      .0000E+00
14Z7        1423      .0000E+OO
1440        1443      .0000E+OO
1468        1469      .0000E+OO
1491         1493      .0000E+OO
1512        1513      .0000E+OO
1523        1522      .0000E+OO
15Z5        1525      .0000E+00

HrQw

f t      cf s
0     .0000
0     .0000
0     .0000
a     .0053
a     .0068
0     .0070
0     .0054
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
()      .0025
0     .0034
0     .0036
a     .0025
0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
a     .0000
0     .0003
0     .0010
0     .0013
0     .0009
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000



R8HO

f t/d      in/y    f t         f t
.39     1470     1524.69
.39     1480     15Z8.52
.39     1505     1533.31
.io     i5oo     i536.a8
.10     1505     1539.83
.10     1505     1542.50
.10     1505     1544.82
.97     1450      1471.12
.97     1400     1449.12
.97     1340     1437.43
.10     1290     1437.Z4
.10     IZ70     1437.67
.10     1280     1438.43
.10     1300     1439.43
.10     1350     1450.04
.10     1370     1470.08
.97     1405     1489.84
.97     1480     1508.39
.95     1470     1515.35
.39     1445     1518.63
.39     1480      1523.11
.39     1480     15Z7.95
.39     1505     1533.17
.10     1480     1537.20
.10     1480     1540.28
.10     1500     1543.36
.10      1510     1546.51
.34     1520
.97     1430
.97     1355
.10      1300
.10     1285
.10     1315
.10     1320
.10     1340
.10     1380
.97     1430
.97     1470

1550.08
1 451 . 92
1439.33
1438.gz
i 438 . 94
1439 . 15
1439.47
1 445 . 67
1462.87
1 485 . 29
1500.44

-.46     1440     1506.83
.10     1455     151Z.87
.10     1480     1519.36
.10     1480      1525.91
.03     1480     1531.12
39     1480     1536.53
39      1SOO      1540.69

.39     1505     1544.34

.39     1510     1547.77

.39      1500      1551.14

.39     1520     1555.ZO

.97     15ZO     1559.64

80

H71            H80              C

ft          ft         f t2,d
1525        15Z5      .0000E+00
1529        15Zg      .0000E+00
1532        1533     .0000E+00
1534        1534      .0000E+OO
1535        1535      .0000E+OO
1538       1538     .0000E+00
1544    `    1543      .0000E+OO
1470        1499      .0000E+OO
1443        144Z      .0000E+OO
14Z3        1414      .0000E+OO
1415        1409      .0000E+OO
1416        1409     .0000E+00
1417         1415      .0000E+OO
1422        1414      .0000E+OO
1433        1440      .0000E+OO
1459        1466      .0000E+OO
1485        1488      .0000E+OO
1510        1510      .0000E+OO
1513        1509      .0000E+OO
1517        1516      .0000E+OO
15Z2        152Z      .0000E+OO
1530        15Z9     .0000E+OO
1533        1532      .0000E+OO
1535        1535     .0000E+OO
538        1538     .0000E+OO

. 0000E+OO

. 0000E+00
1549      .0000E+OO

1449        1448      .0000E+00
1421         1416      .0000E+OO
1417        1409     .0000EcOO
1417        1409      .0000E+OO
1418        14lz      .0000E+OO
14Z2         1411      .0000E+OO
1429        1419      .0000E+OO
1454        1457      .0000E+OO
1489        1490      .0000E+OO
150Z        1502      .0000E+OO
1502        150Z      .0000E+OO
1508        1508      .0000E+OO
1516         1515      .0000E+OO
15Z3        1523      .0000E+OO

. 0000E+00
1538        1533      .0000E+OO
1538        1537      .0000E+OO
1543        154Z      .0000E+OO
1545        1545      .0000E+OO
1547        1547      .0000E+OO
1553        1553      .0000E+OO
1562        1563     .0000E+00

HrQw

f t    cf s
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0001
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
a     .0000
0     .0726
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000



OHO

ftft

.97     1435     1450.83

.97     1380     1440.94

.10     1300     1440.28

.10     1Z90      1440.08

.10      13ZO      1439.85

.10      1320      1439.11

.10     1340     1441.23

.10     1400     1453.56
97     1450     1478.20

.10     1460     1491.70

.10     1435     1500.Zg

.10     1480     1508.54

.10     1480     1515.30

.39     1480     1523.80
15Z8.91

.39     1480     1535.66

.39     1490     1539.98

.39     1490     1543.27

.39     1490     1546.20

.39     1505     1549.3Z

.39     1510     155Z.64

.97     15ZO     1557.13

.52     1520     1556.39

.97     1435

.97     1370

.10     1320

.10     1270

.10     1300

.10     1320

.10     1370

.10     1400

1 452 . 48
1442.34
1441 . 43
1 44 1 . 08
1440.95
1441 . 00
1442 . Z2
1 444 . 55

.10     1452     146Z.38

.10     1440     1484.73

.10     1430     1493.64
1 498 . 95

.39      1470      1511.23

.39     1490     1521.02

.39     1500     15Z9.27

.39     1490     1535.13

.39     1480     1538.48

.39     1480     1540.77

.39     1495     1542.93

.39     1505     1545.09
1545.16

.97     15ZO     1552.79

.12     1505      1552.59
1457.91

.97     1380     1443.49

.10     1330     1442.39

.10      1285     1441.87

81

H71            H80             C

ft          ft         ft2,d

1449        1447      .0000E+OO
1420        1412      .0000E+00
1418        1409      .0000E+OO
1419        1409     .0000E+00
1421         1413      .0000E+OO
1424        1416      .0000E+00
14Z8        1419      .0000E+OO
1444        1443      .0000E+OO
1475        1474      .0000E+OO
1490        1489      .0000E+OO
1494        14gz     .0000E+00
1501         1500      .0000E+OO
1514         1513      .0000E+OO
1523        15Z3      .0000E+OO
1526        1528      .0000E+OO
1531         1531      .0000E+OO
1537       1536     .0000E+00
1542        1541      .0000E+OO
1543        1543      .0000E+OO
1545        1547      .0000E+OO
1549       1549     .0000E+00
1560        1560      .0000E+OO
156Z        1563     .0000E+00
1449        1448      .0000E+OO
14Z6        1414      .0000E+OO
1419        1409      .0000E+OO
1421         1413      .0000E+OO
1422        1414      .0000E+OO
1424        1418     .0000E+00
1428        1419      .0000E+OO
1435        14Z8      .0000E+OO
1460        1460      .0000E+OO
1478        1478      .0000E+OO
1486        1486     .0000E+00
1497        1497     .0000E+00
1512         151Z      .0000E+OO
1522        1522     .0000E+OO
1526        1526      .0000E+OO
1531        1530      .0000E+OO
1535       1535     .ooooEroo
1535       1535     .0000E+00
1542        1541      .ooooEroo
1543        1542      .0000E+OO
1545        1546      .0000E+00
1550        1550      .0000E+OO
1555        1557      .0000E+OO
1455        1454     .0000E+00
1434        1419      .0000E+OO
1425        1415      .0000E+OO
1424        1415      .0000E+OO

HrQw

ft    cf §

0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0004
0     .0001
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0091
a     .0028
0     .0008
0     .0001



8             HO              H7l           H80

ftft ft

0      1441.71         1424         1417
0      1441.97        1425        1419
5     1442.94        1428        14Z4
0     1444.64        1437        1429
0     1448.00        1436        1438
0      1471.49        1466        1497
0     1489.13        1485        1485
0     1499.86        1497        1497
0      1510.02        1510        1510
0      1517.9Z         1518         1519
a     15Z6.97        15Z3        15Z3
0     1533.03        1528        15Z8
0     1535.88        1532        153Z
0     1537.Z7        1535        1535
a     1538.48        1537        1536
5     1540.03        1538        1539
0      1541.39        1540        1541
0     1548.35        1543        1544
5     1548.43
0     1463.14
0     1444.04
0     144Z.96
0     1442.35
0      1442.11
0      144Z.34
5      1443.11
0     1444.42
5     1446.82

1465.33
1483 . 56
1 496 . 73

80     1508.98
5     1514.85
0     1522.46
0     1527.48
0     1530.90
0     153Z.64
0     1533.63
a     1534.47
0     1536.35
0     1540.09
5     154Z.90
5     1490.99
5     1458.64
a     1444.52
0     1443.25
5     1442.44
0     1441.99

1550        1550
1463         1461
1434        1420
1427         1418
1426         1419
14Z7         1419
1427        1423
14Z8         1425
1435        14£8
1438         1439
1459         1461
1484         1485
1496        1496
1507        1506
1514         1513
1519         1518
1523        152Z
1527        1527
1529        1528
15Z9        1529
1530        1531
1533        1533
1537        1537
1540        1539
1490        1489
1460        1455
1438        1425
1431         1420
1428        1423
1428        1423

0      144Z.13        1428        1424
0     1442.78        1429        14Z8

82

C

ft2,d

.0000E+OO

. 0000E+OO

. 0000E+00

.0000E+OO

. 0000E+OO

.0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+00

. 0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+00

. 0000E+00

. 0000E+00

.0000E+00

.0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+00

. 0000E+00

.0000E+(-10

. 0000E+00

.0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

.0000E+00

. 0000E+00

. 0000E+OO

. 0000E+00

. 0000E+OO

. 0000E+OO

. 0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+00

. 0000E+OO

HrQw

ft      cf s

0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0026
0     .0013
0     .0004
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0      .(.1000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000



HrQw

f t     cf s

0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
a     .0000
a     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
a     .0000
0     ,0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000

C

ft2,d

. 0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

.0000E+00

. 0000E+00

. 0000E+OO

. 0000E+00

. 0000E+OO

. 0000E+OO

.0000E+00

. 0000E+OO

.0000E+OO

. 0000E+OO

.0000E+00

. 0000E+OO
.0000E+OO
. 0000E+OO
. 0000E+OO
.0000E+OO
.0000E+OO
. 0000E+OO
. 0000E+00
. 0000E+OO
.0000E+OO
. 0000E+OO
. 0000E+00
.0000E+00
.0000E+OO
. 0000E+OO
. 0000E+OO
. 0000E+OO
.0000E+OO
. 0000E+OO
. 0000E+OO
. 0000E+00
.0000E+OO
. ooooEroo
. 0000E+OO
.0000E+OO
.0000E+OO
.0000E+OO
. 0000E+OO
.0000E+OO
.0000E+OO

H80

ft
H71H0

ft

1443.95
1445 . 97
1 46 1 . 88
1 480 . 03
1491. 83
1 503 . 1 0
1510.24
1516.08
1521.10
1524.84
1528.57
1527.40
1528.5Z
1531.64
1535.00
1537.42
i 534 . 75
1447.77
1445.00
1443 . 07
1441 . 83
i 44 1 . ZO
1441 . Z8
1441.91
1 443 . 06
1444.90
1458.79
1474.48
1486.65
i 496 . 34
1 504 . 1 2
1510.11

1515.37
1518.02
1519.35
1519.84
1518.35
1524.84
1 528 . 53
1534.24
1 536 . 26
1529.55
1455 . 17
1445.70
1441 . 96
1440.31
1439.71
1439.81
1440.44
1441. 43

83



R8HO

ft/d      in/y   ft        ft

150.           .39     1405     1443.48
25.           .39     1410     1453.53
Z5.           .39     1410     1488.22
i>z,            .39      1440      1480.60
25.           .39     1420     1490.43
25.           .39     1445     1497.15

1470     1501.89

H71            H80                 C

ft          ft          f t2,d

.39     1470     1508.42

.39      1480      1511.28

.39      1470      1512.12

.10      1460      1511.86

.60     1460      1512.14

.67     1480     1517.30

.10      1490      1525.13

.39     1495     1532.34

.97     1505     1537.48
Z.41      1390      1467.61

50.
50.
50.
50.
25
25
25
25
25
25
25
25
25
25.
Z5.
25.
25.
25.

.97     1350     1447.78

.39     1320     1440.31

.39     1270     1438.15
.39     lz80     1437.88
.39     1320     1437.96
.39     1370     1438.40
.39     1370     1438.95
.39     1405     1440.39
.39     1410     1447.55
.39      1410      1461.91
.39     1430     1474.34
.39     1430     1485.49
.39     1445     1492.32

-.06     1460     1496.37
.39     1470     1501.83
.39     1460     1503.99
.39     1440     1504.47
.71      1440      1503.41
.42     1460     1504.82
.10      1480      1512.10
.10      1485      15Z1.5B
.39     1495     1529.74
.97     1505     1536.10

0.
1534.67

.97     1370     1443.18
1310      143E.89
1260     1436.13

150.           .39     1270     1435.98
150.           .39     1300     1435.93
150.           .39     1350     1438.04
150.           .39     1360     1438.55
150.           .39     1380     1437.51
150.           .39     1395     1439.76

84

1438        1438      .0000E+OO
1451         1451      .0000E+00
1463        1463      .0000E+OO
1480        1479     .0000E+00
1493        1492      .0000E+OO
1497        1498      .0000E+OO
1502        1502      .0000E+OO
1508        1508      .0000E+OO
1511         1511       .0000E+OO
1511         1511       .0000E+OO
1507        1506     .0000E+00
1506        1507      .0000E+OO
1512        1512      .0000E+00
1523        1522      .0000E+OO
1529        1529      .0000E+OO
1536        1538      .0000E+OO
1465        1463      .0000E+OO
1445        1435      .0000E+OO
1435        1427      .0000E+OO
1434        1425      .0000E+OO
1434        1423     .0000E+00
1434        1424      .0000E+OO
1438        1429     .0000E+00
143G        1428      .0000E+OO
1432        1437      .0000E+OO
1444        1444     .0000E+00
1457        1457      .0000E+OO
1469        1469      .0000E+OO
1482        1483      .0000E+OO
1493        1492     .0000E+00
1497        1497     .0000E+00
1501         1502      .0000E+OO
i5o6       i5o4     .ooooEroo
1500        1499     .0000E+00
1497        1496      .0000E+00
1498        1498      .0000E+OO
1507        1508      .0000E+OO
1519        1519      .0000E+OO
15Z9        1528      .0000E+OO
1534        1534      .0000E+OO
1535        1535      .0000E+00
1440        1430     .0000E+00
1432        1426      .0000E+OO
1432        1422      .0000E+OO
1429        1423     .0000E+00
1433        1423      .0000E+OO
1434        1424      .0000E+OO
1434        1427      .0000E+OO
1436        1435      .0000E+OO
1437        1432      .0000E+OO

0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000



.39

.39

.39

.10
-2.51

.10
-2.15

.39

.39

.39

.39

.39

.97

.97
1.11
-,56

.39

.39

.39
-1. 7Z

.10

.39
-1,91

.39
-.23

.39

.39
- 1 . 74

.39

ft

1453.03        145Z
1467.Z7        1464
1480.13        1481
1488.Z0        1488
1491.82         1491
1495. 43        1494
1497.68       1495
1497.90        1491
1493. 7Z        1488
1499. 71         1489
1502.76        1499
1517.87         1515
1526.25        1524
1534.20        1533
1538.93        1537
1438.15        1437
1433. 8Z        1429
1434.05        14Z9
1433.94        14Z9
1433.84        14Z9
1433.81         14Zg
1434.09        1429
1435.04        1428
1437.29        1433
1448.12        1450
1462.08        1484
1475.5Z        1473
1483.93        1481
1484.57        1483
1488.88        1488
1491.74         1489
1492.29        1487
1486. 39        1485
1496.54        1488
1503.51        1493
1514.46        1507
1522. 62        1520
1531.72        15Z9
1539.18        1537
1431.93         1430
1431.89         1428
1432.12         14Z7
1431.94         14Z9
1431.75        1429
1431.50        1428
1431.37         1429
1432.03        1428
1435.00        1429
1442.43        1439
1454.90        1449
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145Z      .0000E+OO
1462      .0000E+OO
1478      .0000E+OO
1485      .0000E+OO
1490      .0000E+OO
1493      .0000E+OO
1495      .0000E+OO
1491      .0000E+OO
1488      .0000E+OO
1489     .0000E+00
1499     .0000E+00
1513      .0000E+OO
1524      .0000E+OO
1533      .0000E+OO
1537      .0000E+OO
1431      .0000E+00
1422      .0000E+OO
14Z4      .0000E+OO
1424      .0000E+00
14Z3     .0000E+00
1423      .0000E+OO
1428      .0000E+OO
1428     .0000E+00
1429      .0000E+OO
1443      .0000E+OO
1462      .0000E+OO
1473     .0000E+00
1480      .0000E+OO
1483     .0000E+00
1487      .0000E+OO
1488     .0000E+00
1486      .0000E+OO
1485      .0000E+OO
1488      .0000E+OO
1491      .0000E+OO
1510      .0000E+00
1519      .0000E+OO
1529      .0000E+OO
1537     .0000E+00
1423      .00l)OE+OO
1423      .0000E+00
14ZZ      .0000E+OO
1423      .00!JOE+00
1423      .0000E+OO
1423      .0000E+OO
1423      .0000E+OO
1428     .0000E+00
14Z9      .0000E+00
14]4      .0000EcOO
1447      .0000E+OO

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0      .0020
0      .001Z
0     .0005
()        .0(-1()()

0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000



Z5.         2.41      14ZO      1466.32
25.        2.10     1440     1476.04
Z5.      -1.Z4     1440     1478.70

5.           .39     1430     1481.94
.39     1445     1484.99
.10     1480     1485.83

50.

25.
25
Z5
Z5.
25
25
25
25
25

1470     1483.38
1470     1492.75
1470     1499.86

.39     1480     1509.14

.42     1490      1516.48

.19     1505     1527.80

.36     1505     1538.30

.£0     1380     1430.62

.25     1330     1430.48

.39     1260     1430.40

.39     1240     1430.07

.39     1280     14Z9.58

.39     1305     1428.91
1428.40

.39     1310     1429.04

.39     1330     1431.76

.10     1330     1436.57

.10     1350     1443.59

.10     1380     145Z.32

.10     1430      1462.70
2.41      1420     1472.45

.39      14ZO      1475.11

.10      1445      1478.77

.10     1460     1478.44
5.        -.15     1455     1481.75
5.            .10      1445      1487.91
5.           .10     1455     1493.59
5.           .23     1480     1502.13
5.           .09     1480      1511.90
5.           .52     1505     1525.5Z
5.           .82     1505     1534.87
5.           .04     1420     1437.36

50.
0.
0.

.39     1360     14Z9.8l
1429.22

.39     1255     1428.87

.39     1Z35      14Z8.25

.39     1270     1427.33

.39     1280      1426.18

.34     1320     14Z5.12

.39     1330      14Z5.38

.39     1340     1426.72

.39     1320     1431.57

.10     1340      1437.29

.10     1375     1444.25

86

H71            H80            C

f t          f t        f t2,d

1484        1463      .0000E+OO
1472        1473      .0000E+OO
1477        1477     .0000E+00
1480        1479      .0000E+OO
1479        1479     .0000E+00
1481         1481       .0000E+OO
1483        1483     .0000E+00
1489        1485      .0000E+OO
1495        1498      .0000E+OO
1502        1502      .0000E+OO
1516        1517      .0000E+OO
1524        1524     .0000E+00
1537        1537      .0000E+OO
1428        1423      .0000E+OO
14Z5        14Z2      .0000E+00
1426        1422      .0000E+OO
1429        1421      .0000E+OO
4Z8        1421      .0000E+00
425        1423      .0000E+OO

. 0000E+00

. 0000E+OO

. 0000E+00

. 0000E+00

. 0000E+OO
1450        1448      .0000E+OO
1462        1460      .0000E+OO
1470        1468     .0000E+00
1471         1489      .0000E+OO
147Z        1471      .0000E+00
1473        1473      .0000E+OO
1478        1476     .0000E+00
1483        1483      .0000E+OO
1485        1486      .0000E+OO
1493        1492      .0000E+OO
1510        1514      .0000E+00
1523        1523      .0000E+OO
1534        1534      .0000E+OO
1442        1442      .0000E+OO
1430        1423     .0000E+00
1425        1422     .0000E+00
1426        1423      .0000E+OO
14Z9        14Z3      .0000E+OO
1426        1422      .0000E+OO
1419         1418      .0000E+OO

1420         1419      .0000E+OO
1425        1423      .0000E+OO
1425        1426      .0000E+OO
14Z6         1427      .0000E+OO
14Z9        14Z8      .0000E+OO
1438        1437      .0000E+OO

0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
a     .0074
0     .0027
0     .0009
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
a     .0009
0     .0043
0      .0016
0     .0003
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000



RB

ftld    inly    €t

Z5.            .10     1405     1452.14
25.           .97     1410      1461.60
25.           .39     1430     1466.10
25.        -.27     1440     1466.88
25.      -1.67     1450     1466.01
25.           .10     1440     1477.51
25.           .10     1440     1483.33
Z5.           .10     1440     1487.82
Z5.        -.sO     1460     149Z.95
25.        -.55     1470     1504.58
25.         1.63     1505     1522.19
25.           .33     1505     1530.98

5.           .97     1420     1449.07
150.           .39     1360     1429.54
150.            .39     1310      1428.41
150.           .39     1270     1427.55
150.           .39     1240     1426.56
150.            .39     1Z60      1425.19
150.           .39     1275     14Z3.25
150.      -1.36     1320     1418.00
150.           .39     1330     1420.96
150.           .39     1340     1420.97

.39      13ZO      1424.42

.39      1330      1431.31

.10     1360     1437.77

.10     1370     1444.Z3

.97     1390      1451.79
5.        Z.41      1410      1458.09
5.           .10     1440     1459.56

25.           .10     1430     1494.20
Z5.           .10     1455      1471.70

5.            .10     1455     1476.64
5.        -.69     1460     1477.19
5.     -I.77     1470     1481.09
5.        -.12     1470     1500.71
5.         1.92      1470      1511.43

97     1430      1451.08
39     1410     1433.06
10     1320     14Z7.55

150.        -.39     1250     1426.45
150.            .10      1240      1425.14
150.           .10     1260     1423.34
150.           .10     1280
150.      -1.76     1320
150.           .39     1330
150.           .39     1340
150.           .39     1340

25.           .39     1345
25.           .39     1355
25.           .39     1355

1 420 . 72
1414.00
1417.1Z
1 4 1 7 . 73
1418.6Z
1 425 . 06
1 432 . 33
1437.85

87

H7|           H80           C

ft          ft        ft2,d

1449        1448      .0000E+00
146Z        1461      .0000E+00
1465        1464     .0000E+00
1463        1461      .0000E+OO
1464        1463      .0000E+OO
1469        1469      .0000E+OO
1477        1477     .0000E+00
1479        1479      .0000E+OO
1487        1487      .0000E+OO
1502        150Z      .0000E+OO

0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000

15ZO        1520      .0000E+OO             0      .0000
1530        1530      .0000E+OO
1448        1446      .0000E+OO
1130        14Z4      .0000E+00
1420        1419      .0000E+OO
1421         1420      .0000E+OO
14Z3        1422      .0000E+OO

0     .0000
0     .0001
0     .0000
0     .0000
0     .0000
0     .0000

i4ig       i4i8     .ooooEroo           o     .oooo
1419        1418      .0000E+OO             0      .0000
14Z0        1419      .1432E-OZ      1418      .0000

.0000E+OO             0     .0000

.0000E+OO            0     .0000

.0000E+OO

. 0000E+00
9      .0000E+OO

1439        1439      .0000E+OO
1451         1450      .0000E+OO
1465        1459      .0000E+OO
1458        1457      .0000E+OO
1458        1459      .0000E+OO
1464        1464     .0000E+00
1473        1472      .0000E+OO
1474        1474      .0000E+OO
1479        1479      .0000E+OO
1497        1493      .0000E+OO
1513        1510      .0000E+00
1455        1453      .0000E+OO
1430        14Z9     .0000E+00
1421         1421      .0000E+OO
1417        1419      .0000E+00
1419         1419      .0000E+OO
1417         1417      .0000E+OO
1417         1417      .0000E+OO

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000

1417        1417      .155lE-OZ      1414      .0000
1418        1418      .0000E+00
1420        1419      .0000E+OO
14Z4         1419      .0000E+OO
1424        1424      .0000E+OO
1428        1427      .0000E+OO
1430        1430      .0000E+OO

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000



I        J        CHN 8HO
ft

.39     1360     1442.69

.02     1380     1448.20
-.85     14Z0     1448.02

.10      1445      1457.91

.10     1450     1466.80

.10     1450     1470.08
1468.96

.10     1465     1481.74

.10     1470     1495.04
-.01      1460     1502.24

.97     1430     1449.00

.97     1410      1436.00

.97      13ZO      1427.61

.10     1280     1425.96

.10      1230      1424.13

.39     1Z40      14ZZ.04

.10      1Z70      1418.98

.39      13ZO      1410.00

.39     1330     1413.28

.39     1340     1413.85

.39     1355     1414.78

.39     1360     1419.90

.39     1355     1427.04
-.15     1330     1431.87

.39     1340     1435.8G

.39     1370     1439.19

.10      1420      1441.61

.10     1440     1448.94

.10      1455      1458.81

.10     1450      1465.41

.10     1440     1489.09

.10      1455      1477.01

.10      1470.     1488.34

.97     1470     1497.52

.62     1470     1495.23
50     1434.56
20     1428.50

.59     1305     1426.09
14Z3.59

•39      1Z30      1421.31
.39     1270     1418.00
.39     1320      1413.52
.39     1330     1405.00

55     1408.56
.39     1355     1409.44

60      141Z.7g
.39     1355     1420.92
.39     1320     1426.55
.39      1330      1430.11

380     1432.69

88

H71            H80
ftft

C

ft2,d
1440        1441      .0000E+00
1445        1445      .0000E+00

.0000E+OO

. 0000E+OO

. 0000E+OO
1468        1497      .0000E+OO
14Gg        1468      .0000E+OO
1478        1478     .0000E+00
1490        1487      .0000E+OO
1499        1498      .0000E+00
1452        1450     .0000E+00

0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000

1438        1438      .0000E+OO            0     .0000
1426        1425      .0000E+OO
1419        1419      .0000E+00
1419        1419      .0000E+00
1418         1418      .0000E+OO

14

1422         14
14Z4         14

. 0000E+OO

. 1 193E-02

. 0000E+OO
. 0000E+OO
.0000E+00
. 0000E+00
.0000E+OO

1428        1428      .0000E+OO
1432        143Z      .0000E+OO
1439        1438      .0000E+OO
1438        1438     .0000E+00
1444        1446      .0000E+00
1460        1458      .0000E+OO
1464        1494      .0000E+OO
1464        1464      .0000E+OO
1474        1499     .0000E+00
1481         1481       .0000E+OO
1495        1492      .0000E+00
1493        1491      .0000E+OO
1437        1436      .0000E+OO
1430        14Zg      .0000E+OO
1422        1422      .0000E+OO
1419        1419      .0000E+OO
1419         1419      .0000E+OO
1415         1416      .0000E+OO
1412         1412      .0000E+OO

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000

1410      .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0046
0     .0038
0      .0013
0     .0000
0     .0000
0     .0000
0     .0000

1408        1408      .1670E-02     1405      .0000
1409        1409      .0000E+OO             0      .0000

1424

1412      .0000E+00            0      .0000
.0000E+00            0     .0000
.0000E+00            0     .0000
.0000E+OO            a     .0000

1425        14Z5     .0000E+00            0     .0000
14Z8        1428      .0000E+00            a      .0000



ft/d in/y    f t         f t

25.        -.52     1410     1432.88
.            .10      1430      1440.75
.            .10      1435      1448.48

25.            .10      1440      1456.59
25.             .11)      1440      1463..17
Z5.           .10     1450     1470.16
25.           .10     1465     1479.53
25.           .97     1475     1489.00
25.        -.73     1470     1480.48

750.           .00     1495     1560.00
750.           .00     1495     1555.00
750.           .00     1495     1554.00

5.           .00     1555     1620.00
5.           .00     1540     1615.00
5.           .00     1500     1595.00
5.           .00     1480     1555.00
5.           .00     1450     1520.00

25.           .00     14ZO     1485.00
25.           .00     1380     1498.00
Z5.        Z.32     1380     1449.00
25.        2.41      1350     1441.00
Z5.        4.35     1330     1436.89
50.        2.41      1310      1429.54
50.        2.41      1300     14Z6.85
50.           .39     1210     1424.01
50.      -1.69     1230     1421.04
50.     -2.54     lz70     1415.00
50.            .39      1310      1411.00
50.           .39     1330     1408.00
50.     -2.41      1340     1402.00
50.           .39     1340     1403.93
50.           .39     1355     1405.28
Z5.           .97     1340     1413.60
25.           .39     1330     1420.98
Z5.           .39     1330     14Z5.22
25.           .39     1360     1427.Z6
Z5.       -.37     1380     1427.34
Z5.            .10     1420      1434.08
Z5.            .10      1420      1441.49
25.        -.32     1425     1447.29
25.           .39     1430     1455.65
25.            ,10      1440      1461.51
25.           .10     1455     1469.62
25.           .97     1460     1477.15
25.        -.9Z     1450     1471.14

750.           .00     1505     1562.00
-1.09     1495     1556.08

.49      1495      1551.41

.16     1490     1547.40
50.           .45     1480     1541.53
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ft          ft        f t2,d

1431         1431       .0000E+00
1437        1437      .I)000E+00
1445        1447      .0000E+00
1457        1457      .0000E+00
1459        1460      .0000E+I)0
1467        1464      .0000E+00
1477        1476      .0000E+OO
1487        1486      .0000E+OO
1482        1481      .0000E+OO
1560        1560     .0000E+00
1555        1555      .0000E+00
1554        1554      .0000E+00
1620        1620      .0000E+OO
1615        1617      .0000E+OO
1595        1595      .0000E+OO
1555        1555     .0000E+00
1520        15ZO      .0000E+OO
1485        1485      .0000E+OO
1498        1468      .0000E+00

r-W
f t      cf s

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
a     .0230
0     .0334

1455        1458      ,2391E-OZ      1449      .0329
1442        1440      .2391E-OZ      1441      .0444
1436        1437     .0000E+OO            0     .0203
1432        143Z      .0000E+OO             0      .0103
1427       1427     .0000E+00            0     .0048
142Z        1422      .0000E+00            0     .0013
1415        1415      .0000E+OO             0      .0000
1413        1413      .Z6goE-02      1415      .0000
1410        1409      .1943E-02     1411      .0000
1407       1407     .2092E-02     1406     .0000
1398        1398     .3Z88E-02     1402     .0000
1403        1403      .0000E+OO
1408        1409     .0000E+00
1414         1415      .0000E+OO
1418        1418      .0000E+00
1420        1420      .0000E+OO
1423        1422     .0000E+00
1426        1428      .0000E+OO
1429        1429      .0000E+00
1435        1436      .0000E+OO
1446        1446     .0000E+00
1453        145Z      .0000E+OO
1458        1458     .0000E+00
1469        1468      .0000E+OO
1479        1480     .0000E+00
1473        1473     .0000E+00
i5gz        1562      .OOOOEroo
1558        1559      .0000E+OO
1550        1550     .0000E+00
1546        1546      .0000E+OO
1543        1543      .0000E+OO

0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
0     .0000
0     .0000



025.
025.
025.

025.
025.
025.

97     1500     1538.45
97     1510     1568.98
83     15ZO     1600.97
83     1505     1608.49
93     1490     1593.Z7
93     1440     1565.57
87     1430     1525.04
08     1390     1490.27
15     1360     1473.04
97     1320     1455.82
41      1310     1436.00
35     1300     1430.51
35     1230     1427.55
35     1195     1425.00
72     1230     1419.00
41      1310      14ZO.37
41      1310      1417.44
41      1320     1413.09
41      1330     1406.51

20     1396.00
.39     1330      1401.53
.39     1340     1408.19
.39     1330     1415.94
.39     1340     14Z1.24
.39     1360     1423.15

1380      14ZZ.79
.39     1410     1428.76
.10     1410     1435.46
.19     1410     1440.76
.39     14Z0     1446.88

-.20     1430     1451.88
.39     1445     1459.64
.03     1450     146Z.7Z
.00     1450     1557.00
.34     1460     1551.82
.55     1470     1547.45
.04     1480     154Z.97
.08     1480     1538.07
.97     1480     1534.49
.74     1495     1535.06

10     1549.36
1505     1575.98

0         5.        4.83     1495     1599.04
0         5.        4.73     1480     1589.85

5.        3.85     1440     1556.61
Z5.        4.83     1430     1513.Z4
25.        5.31      1390     1492.47
Z5.        2.41      1350     1499.37

13Z0     1448.44
1431. 00
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ft

. 0000E+00

. 0000E+OO

. 0000E+OO
1609        1810      .0000E+OO
1591         1593      .0000E+OO
1560        1560      .0000E+OO
1525        1525      .0000E+OO
1492        1492      .0000E+OO
1470        1468     .0000E+00
1450        1448      .0000E+OO

a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a      .0141
a      .OZ98
0     .0314
0     .0320

1438       1439     .2690E-02     1436     .0216
1433        1433      .0000E+OO             0      .01Z5
1427        14ZB     .0000E+00            a     .0063
14Z2        142Z      .0000E+OO             0      .0011
1418        1418      .2242E-OZ     1419     .0000
1418        1418      .0000E+OO            0     .0000
1419        1417      .0000E+OO             0      .0000
1413        1413      .0000E+OO             0      .0000
1409        1408     .0000E+OO            a     .0000
1398        1398     .ZZ42E-02     1396     .0000
1403       1402     .0000E+00
1408        1408     .0000E+00
1411         1411       .0000E+OO
1413         1412      .0000E+OO
1417         1417      .0000E+OO
1419        1419      .0000E+00
14Z3        1423     .0000E+00
1428        14Z9     .0000E+00
1438        1437      .0000E+OO
1449        1448      .0000E+OO
1453        1452     .0000E+00
1458        1458      .0000E+OO
1464        1464      .0000E+OO
1557        1557      .0000E+OO
1552        155Z      .0000E+OO
1545        1545      .0000E+OO
1542        1541      .0000E+OO
1537        1537      .0000E+OO
1534        1532      .0000E+OO
1530        1530      .0000E+OO
1540        1540      .0000E+OO
1580        1578      .0000E+OO
1595        1593      .0000E+OO
1585        1585      .0000E+OO
1560        1560      .0000E+OO
1525        1525      .0000E+OO
1503        1503      .0000E+OO
1470        1469      .0000E+OO
1455        1453      .0000E+OO
1437        1435      .1943E-OZ

0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
a     .0000
0     .0000
a     .0000
0     .0000
0     .0018
0      .0128
a     .0259
a     .0327
0     .0304
0      .OZ15

1431       .0117



2
2
2
2

R8HO

Etld   inly    ft         ft

0     150.        Z.41      1ZIO      1426.00
0     150.        4.12     llgs     14Z3.00
0     150.        Z.18     1Z50     14Z5.74
0     150.        2.41      1310     1424.64
0     150.        1.78     1305     1421.92
0     150.        Z.41      1305      1417.71

150.        1.18     1320     1408.70
.     -2.99     1310     1394.00

39     1330     1399.40
9          L}       25.           .39     1330     1404.03
0          0       Z5.           .39     1355     1409.93
I          0       25.           .39     1400     1415.72

3€'.          0        25.            .10      1380      1418.60
33         a       25.       -.39     1370     1417.35
34          0       25.           .39     1390     1421.14
35         a       25.           .39     1410     14Z7.30
36          0       25.           .10     1410     1430.80
37          0       Z5.           .39     1410     1436.39
38         0       Z5.           .39     1420     1444.56
39          0       Z5.           .97     1420     1451.88
40          0       Z5.           .12     1430     1452.41

3       -1     750.           .00     1395     155Z.00
4          0     750.           .01     1405     1547.00
5          0     750.        -.Z9     1460     1543.71
6          0     750.        -.ZB     1470     1538.89-/         a     750.        -.20     1460     1533.44

a         0    750.       -.65     1480     15Z8.06
9         0     750.        3.39     1470     15Z2.79

10          0     750.        4.35     1465     1519.37
11          0     750.        4.35     1475     1517.33
12          0          5.        4.83     1505     1580.41
13          0          5.        4.83     1500     158Z.sO
14          0          5.        4.83     1490     1581.Z5
15          0          5.        4.83     1460     1553.63
16         a         5.        4.83     1390     1525.98
17          0          5.        3.79     1380     1497.08
ia         o         5.        4.21     i3io     1474.83
l`q          0          5.        4.83     1275     1458.86

a         5.        4.83     1230     1444.90
0       Z5.       4.35     llsO     1432.42
a     150.        Z.41      1240     1430.08
a     150.        Z.41      1260     14Z8.56
0     150.        Z.41      1250     1426.13
a     150.
025.
025.
025.
025.
025.
0Z5.

2.41      1Z55
.40     1280

1.20      1310
.39     1310

2.41      1320
.39     1350
.39     1370

1423.47
1415.94
139Z.00
1 396 . 12
1 40 1 . 59
1404.89
1407.94
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H71            H80            C

ft          f t        ft2,d

HrQw

f t      cf s

1428        1429     .2391E-OZ     1426     .0065
1423        1423     .1943E-02     1423     .0026
1419        1419      .0000E+OO             a      .0000
1418        1419      .0000E+OO             0     .0000
1415        1418     .0000E+00            0     .0000

1400        14

5     .0000E+OO            0     .0000
.0000E+OO            0     .0000
.2092E-02     1394     .0000
.0000E+OO            0     .0000
.0000E+OO            0     .0000

1404        1404     .0000E+00            0     .0000
1408        1408     .0000E+OO
1409        1410      .0000E+OO
1412        1413      .0000E+OO
1417        1416      .0000E+OO
1419        1418      .0000E+OO
14Z8        14Z4      .0000E+OO
1438        1434      .0000E+OO
1443        1443      .0000E+OO
1454        1451      .0000E+OO
1455        1454      .0000E+OO

1552      .0000E+OO
. 4484E-02
. 0000E+OO
.0000E+OO

15Z9        1529      .0000E+OO
1529        1526      .0000E+OO
1523        152Z      .0000E+OO
1517        1518      .0000E+OO
1509        1519      .0000E+OO
1555        1552      .0000E+OO
1580        1584      .0000E+OO
1580        1582     .0000E+OO
1592        1560     .0000E+OO
1539        1539      .0000E+OO
1494        1494      .0000E+OO
1468        1468      .0000E+OO
1462        1482     .0000E+00
1450       1450     .0000E+00
1435        1434      .0000E+OO
1423        1423      .0000E+OO
1419        1419      .0000E+OO
1410        1415      .0000E+OO
1414        1413      .0000E+OO
1406        1408      .0000E+OO
1390        1390     .1943E-02
139Z        1391      .0000E+OO
1395        1393      .0000E+OO
1400        1400      .0000E+OO
1405        1405      .0000E+OO

0     .0000
a     .0000
0     .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
a     .0000
a     .0000

1547     .0000
0     .0000
a     .0000
0     .0000
a     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0034
0     .0086
0      .0117
0     .0070
0     .00Z6
0     .0023
0     .0064
0     .0054
0     .0033
0      .0011
0     .0000
0     .0000
0     .0000
0     .0000

1392     .0000
0     .0000
0     .0000
0     .0000
0     .0000



025.

025.
a     150.
0     150.

8HO

ftft

.39     1400      1411.58
1360     1410.53
1370     1413.50

.39     1390     1417.90

.10     1405     1420.99

.10      1410      14Z5.11

.39      1410      1433.31
1410      1445.02
14ZO      1444.82

.00     1390     1549.00

1fj           0        25.
ilo         0         5.
21             ,'         Z5.

150.
150.
150.

27         a       25.
2F,          a       25.
i,fl         a       25.
3,,,,25.
3,          0      25.
liz:         0       25.
3:i          0       25.
34         0       25.

150.

1390     1543.00
.99     1430     1540.00
.63     1460     1534.72
.09     1460     1529.38
.39     1460     1523.63
•39     1460     1519.38

11      1455      1515.89
46     1460     1512.80
86     1454     1509.35
41      1505     1528.50
35     1SIO      1561.9Z
83     1500     1560.80
83     1455     1543.19
35     1400     1501.90
35     1340     1478.07
83     1320     1470.50
83     1250     1458.04
83     1195     1439.36
35     1195     1433.88
41      1195      1431.48
41      1195     1428.74
41      1195      14Zg.1Z
41      1220     1423.72
35     1255      1411.34
35     1260     1385.00
41      1300     1394.99
27     1310     1400.46
41      1320     1404.02
41      1340      1404.18
41      1355     1398.00

.39     1370     1403.09

.39     1380     1407.45

.39     1400     1414.Z3

.10      1410      1419.19

.10      1410      1422.04

.00     1390     1549.00

.97     1390     1541.81

.51      1390     1535.00
-1.04     1395     1529.00
-I.48     1445     15Z5.51
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H71           H80            C                          Hr        Qw

ft          ft        f t2/d          f t      cf s

1407        1407      .0000E+OO            0     .0000
1407        1407     .0000E+00
1409        1410      .0000E+OO
1413        1414      .0000E+00
1419        1418      .0000E+OO
1423        1421       .0000E+OO
1433        1433      .0000E+OO
144Z        1440      .0000E+OO
1445        1443     .0000E+00

0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000

1549        1549     .0000E+00            0     .0000
1543        1543     .4484E-02     1543     .00t)a
1539        1539      .0000E+00
1532         1531       .00!}OE+00
1528        15Z6      .0000E+OO
1522        15ZZ      .0000E+00
1517        1514      .0000E+00
1504        1509     .0000E+00
1496        1509     .0000E+00
1509        1509      .0000E+OO
1523        152Z      .0000E+OO
1580        1560      .0000E+OO
1584        1562      .0000E+OO
1550        1549      .0000E+OO
1495        1495      .0000E+OO
1475        1474      .0000E+OO
1495        1495      .0000E+OO
1458        1458     .0000E+00
1445       1444     .0000E+00
1429        1428     .0000E+00
14Z3        1417      .0000E+OO
1414        1413      .0000E+00
1411         1410      .0000E+OO
1409       1405     .0000E+00
1404        1400      .0000E+OO

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
a     .0000
a     .0000
0     .0033
0     .0065
0     .0071
0     .0048
0     .0036
a     .0049
0     .0060
0     .0055
0     .0040
0      .0017
0     .0000
0     .0000
a     .0000
a     .0000
0     .0000

1390       1390     .2242E-02     1385     .0000
1393        1391      .0000E+OO            a     .0000
1398        1398     .0000E+OO            0     .0000
1403        1404     .0000E+OO            0     .0000
1404        1404      .0000E+OO            0     .0000
1403        1403     .1118E-02     1398     .0000
140Z        1402      .0000E+OO
1408        1408      .0000E+OO
1413        1412      .0000E+OO
1416        1415      .0000E+00
1419        1418      .0000E+OO
1549        1549     .0000E+OO
1544        1543      .0000E+OO

0     .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000

1537        15]7     .4484E-OZ     1535     .0000
1528       1532     .3888E-02     1529     .0000
1522        15Z1      .0000E+00            0     .0000



750.           .39     1460     1519.49
750.           .37     1460     1515.02
750.        2.09     1470     1510.93
750.        2.41      145Z     1507.76
750.        2.41      1452     1504.38
750.           .40     1457     1500.91

25.        1.Z6     1470     1508.27
25.        4.48     1460     1515.76
5.        4.83     1460     1517.39

150.        4.35     1420     1477.3Z
25.        4.35     1350     147Z.g8
25.        4.82     1320     1464.83
Z5.        4.83     1Z45     1455.51
25.        4.83     1220     1445.31

150.        4.35     1Z30     1437.50
150,        2.41      1240     1434.05
150.        2.41      1240     1430.57
150.        Z.41      1205     1427.53
150.        2.41      1190     1424.94
25.        2.41      1205      1414.88
Z5.        4.35     1240     1385.00
25.        2.41      1255     1385.00
Z5.         1.18     1270     1393.86
25.        2.41      1305     1397.9Z
25.        2.41      1305     1397.61
25.        2.41      1320     1390.00
Z5.        2.41      1350     1389.00

.39     1370     1395.77

.39     1390     1405.69
.            .10     1405      1414.14

50.           .39     1405     1418.88
25.           .39     1395     1419.43

LEO.           .00     1405     1554.00
150.           .97     1390     1542.32

0     750.           .97     1390     1534.30
0     750.          .97     1390     1528.84
0     750.           .97     1390     1517.00

0    750.

.99     1395     1514.00

.38     1455     1512.24

.97     1480     1507.83

.97     1450     1503.18

.97     1420     1499.53

i8          0       Z5.
17          0     150.
18           0      150.
19          0     150.
•4,(,           0      150.

14Z0     1496.80
1420     1493.93

Z.10     1385     1491.56
3.50     1405     148Z.36
4,35     1405     1471.58
4.35     1355     1484.83
4.35     1290     1458.74
4.83     1240     1453.25

93

7        1517      .0000E+00
1        1509     .0000E+00
2        1508      .0000E+OO
8        1504      .0000E+OO
8        1502      .0000E+OO
9        1500      .0000E+OO

1500        1500      .0000E+OO
15ZO        1520      .0000E+OO
1528        15Z9      .0000E+OO
1482        1479      .0000E+OO
1468        1468      .0000E+OO
1464        1462~   .0000EcOO
1457        1457     .0000E+OO
1448        1448      .0000E+OO
1439        1433      .0000E+OO
1428        1423     .0000E+00
1419        14lz      .0000E+OO
1414        1408     .0000E+00
1409        1407      .0000E+OO
1404        1403      .0000E+OO

0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0004
0     .0008
0     .0018
0     .0022
0     .0023
0     .0021
0     .0006
0     .0002
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000

1395        1393     .1494E-02     1385     .0000
389       1386     .1345E-02     1385     .0000
391        1380     .0000E+00            0     .0000
395        1394     .0000E+OO            0     .0000

1396        1396     .0000E+OO            0     .0000
1395       1395     .5219E-03     1390     .0000
1395       1395     .7455E-03     1389     .0000
1399        1399      .0000E+OO
1405        1404      .0000E+OO
141Z         1411       .0000E+OO
1416         1416      .0000E+OO
1418        1418      .0000E+OO
1554        1554      .0000E+OO
1545        1545     .0000E+OO
153Z        153Z      .0000E+OO
15Z5        15Z5      .0000E+OO

a     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000

1518        1518     .3587E-02     1517     .0000
1514        1514      .50BZE-02      1514      .0000
1508        1508     .0000E+00
1503       1504     .0000E+00
1498        1502     .0000E+OO
1496        1498      .0000E+OO
1495        1495      .0000E+OO
1493        1493      .0000E+OO
1493        1493      .0000E+OO
1485        1485      .0000E+OO
1470        1469      .0000E+OO
1495        1464      .0000E+OO
1460        1459      .0000E+OO
1454        1454      .0000E+OO

0     .0000
a     .0000
0     .0000
0     .0000
0     .0004
0     .0009
a     .0014
0     .0015
0     .0015
0     .0012
0     .0006
0     .0003



25.
-1      150.

0     150.

0    750.
0     750.
0    750.`'     750.

a    750.
0    750.

35     12ZO     1447.60
35     1Z30     1441.38
89     1Z60     1436.30
41      1230      1431.79
41      1190     1428.3Z
17      1180      14Z5.69
41      1190      1418.43
41      1Z20      1403.24
41      1250     1383.00
41      1270     1388.75
41      1280      1391.13
41      1280     1390.84
41      12sO     1386.69

90     138Z.00
60     1386.54

97     1370     1399.05
39     1405     1411.68

.39     1400     1418.88

.01      1390     1416.13

.00     1430     1556.00

.97     1400     1544.63

.97     1390     1535.81
90     1527.46

.97     1390     1520.00

.90      1400      1515.19

.46     1400     1507.00

.50     1450     1504.31

.97     1420     1499.25

.73     1400     1495.67
0     1492.99

1370     1488.39
1360      1481.31
1370     1474.78

2.97     1380     1498.97
3.29     1340     1463.02

150.        3.49     1Z80     1457.46
0     150.        3.43     1Z20     145Z.62
0     150.        3.33     1200     1447.94
0     150.        3.46     1255     1442.58
a     150.       4.35     lz60     1436.99

150..         1.76      1230      1431.90
150.         2.41      1180      14Z8.15

1180      14Z5.39
1190      1420.OZ

1409.85
i 396 . 75
1 378 . 00

.39     1280     1381.55
1280     1382.44

.39     1Z80     1379.94

94

H71           H80            C

f t          ft        f t2,d

1445        1445      .0000E+OO
1440        1439      .0000E+OO
1432        14Z6      .0000E+OO
1417        1414      .0000E+OO
1410        1409     .0000E+00
1409        1407     .0000E+00
1401         1400      .0000E+OO
1393        1390      .0000E+OO

HrQw

f t      cf s

0     .0000
a     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000

1388        1387     .1794E-OZ     1383     .0000
1384        1385     .0000E+OO            0     .0000
1389       1388     .0000E+00            0     .0000
1387        1387     .0000E+OO            0     .0000
1387        1388      .0000E+OO            a     .0000
1385       1385     .9694E-03     1382     .0000
1390        1391      .0000E+OO
1402        1402      .0000E+OO
1414         1412      .0000E+OO
1414        1410      .0000E+OO
1417        1416      .0000E+OO
1556        1556     .0000E+OO
1548        1547      .0000E+OO
153Z        1532     .0000E+00
1524        1524     .0000E+00
517        1517      .0000E+OO
512        151Z      .0000E+00

0     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000

507       1509     .3587E-02     1507     .0000
503       1504     .0000E+00

1498        1498      .0000E+OO
1494        1495      .0000E+OO
1492        149Z      .0000E+OO
1489        1488      .0000E+OO
1486        1484      .0000E+OO
1478        1478      .0000E+OO
1499        1469      .0000E+OO
1464        1463      .0000E+OO
1457        1457     .0000E+00
1452        145Z      .0000E+OO
1445        1445     .0000E+00
1438        1438      .0000E+OO
1432        1426      .0000E+OO
1416        1413      .0000E+OO
1414        1408      .0000E+OO
1409        1404     .0000E+OO
1403        1393      .0000E+OO
1384        1380      .0000E+OO
1381         1383      .0000E+OO

a     .0000
a     .0000
0     .0000
0     .000Z
0     .0004
a     .0007
0     .0009
a     .0009
0     .0007
0     .0005
0     .0002
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000

1377        1377     .Z989E-02     1378     .0000
1378        1378     .0000E+00            0     .0000
1378        1378      .0000E+OO            0     .0000
1377       1377     .0000E+00            0     .0000



025.

0Z5.
'.:,         Z5.

-i      150.
a     150.
U      150.
a     150.
a     150.

8          0     150.
9           ,:)       750.

0     750.
a.

1,±.'           0     750.
I:`3           0      750.
14           0      150.
Ii          0     150.
16           0      150.
I,/           0      150.
1r;              J`        150.
11,                        150.

20          o     150.
21                            ,I)               1+.'i.).I

ft

.39     1Zgo     1376.00

.39     1340      1381.01
2.41      1370     1396.15

.97     1390

.39     1390
-.67     1370

.97     1405

.00     1470

.97     1440

1406.85
1 4 1 1 . 89
1413.15
14Z3.04
1556.00
1545.27

.97     1400     1536.45

.97     1390     1528.73

.97     1380  ,1521.22

.97     1380     1513.98
3.60     1370     1507.ZO
i.89     1405     1500.00

-1.18     1380     1496.32

.14     1360     1492.42

.97     1340     1489.54
-.51      1320     1484.33

1.5Z      1300      1477.61
2.41      1250      1472.02
3.69     1Z95     1466.88
3.84      1Z80      1461.43
2.17     1250     1456.38
3.63     1Z00     145Z.05
3.40      1ZZO      1447.74

2'.+`           0      150.         1.85      1270      144Z.34
23          0     150.        2.22     1270     1436.28
Z'4           il      150.         2.41      1230      1431.04
2]          0     150.        2.41      1190     14Z6.go
±G           0      150.        2.41      1180      1423.34
27          0     150.        2.41      1180     1419.58
=9          0        25.        2.41      1200     1412.90
±9          0       25.        2.41      1220     140Z.24
3{J          0        2S.         2.41      1255     1374.00
3t          0       25.        -.66     1Z50     1372.00
3`/          {1        25.        2.41      1260     1370.00

lJ       25.           .39     1260     1373.57
0     150.           .39     1280     1372.00
I)      3.50.         5.31      1310      1378.57
a        Z5.        2.41      1350     13Bg.Z9
a       25.           .97     1370     1398.07

f:5.        -.10     1390     1403.55
Z5.     -1.16     1380     1409.58

97     1405     1422.48
€        ~1      150.           .00     1500     1556.00
4           {J      150.            .97      1470     1546.03
5          0     150.           .97     1440     1537.23
3            t}       `L5{'J.              .97      1400      1529.64
7          a     150.           .97     1395     152Z.58

95

H7|           H80           C

ft          ft        ft2,d
HrQw

f t      cf s

1375       1375     .8894E-03     1378     .0000
1385        1385     .0000E+OO
1391         1391      .0000E+OO

1401      .0000E+OO
7      .0000E+OO

1413      .0000E+OO
1420         1419      .0000E+OO
1556        1556      .0000E+OO
1548       1546     .0000E+00

151

. 0000E+OO

. 0000E+OO

. 0000E+OO
1512        1512      .0000E+OO
1507        1508     .0000E+00

a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000

1502        1506      .4783E-OZ     1500     .0000
1497        1497     .0000E+OO             0     .0000
149Z        1492      .0000E+OO
1488        1489      .0000E+OO
1485        1484      .0000E+OO
1481         1480      .0000E+00
1476        1475      .0000E+00
1469        1469     .0000E+00
1494         1463      .0000E+Ot)
1458        1457      .0000E+OO
1451         1450      .0000E+OO
1445        1444      .0000E+OO
1436        1434      .0000E+OO
1429        1427      .0000E+OO
1414         1412      .0000E+OO
1413        1406      .0000E+OO
1405        1404      .0000E+OO
1399        1393      .0000E+OO
1386        1382      .0000E+OO
1383        13BZ      .0000E+OO
1375        1378     .1196E-02
1367        1367      .1943E-OZ
1373        1372      .1345E-02
1373        1374      .0000E+OO
1375        1375      .1118E-02
1373        1372      .0000E+OO
1384        1383      .0000E+OO
1399        1400      .0000E+OO
1401         1400      .0000E+OO
1409        1408      .0000E+OO
14Z1         1420      .0000E+OO
1556        1S56      .0000E+OO
1547        1547      .0000E+OO
1531         1531      .0000E+OO
15Z5        1525     .0000E+00
1519        1518      .0000E+OO

a     .0001
0     .0002
0     .0004
0     .0005
0     .0008
0     .0008
()       .()005

0     .0004
a     .0002
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
a     .0000

1374     .0000
137Z      .0000
1370     .0000

0     .0000
1372     .0000

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
a     .0000
0     .0000



0     150.

750.

750.
150.

.97     1380     1515.60

.35     1380     1508.64

.35     1370     1500.78

.14     1350     1494.00

.54      13ZO      1489.44

.67     1310     1485.85

.87     1240     1480.28
1Z05      1474.81

150.        2.41      1195      1499.56
150.        Z.41      1230      1464.49
150.        2.41      1230     1459.52
150.        2.39     12Z0     1455.01
150.        2.05     12Z0     1451.03
150.        2.01      1280     1446.88
150.        3.98     1345     1441.05

1270     1434.43
1230     14Zg.40

.73     1190      14Z4.97

150.
150.

1180      1421.06
1180      L416.94

41       1180      1411.90
41      1195      1407.40
16     1220     1395.76

.97     1255     1382.20

025.

1250     1369.00
.39     lz50     1370.37
.97     1Z60     1370.00
.41      1270     1374.94
.97     1300     1382.44
.97     1350     1390.22

0       25.      -1.13     1380     1394.87
0       Z5.           .39     1390     1410.52
•:.        i5.            .97      1405      1423.14

150.           .00     1510     1560.00
150.           .97     1505     1548.39
:50.           .97     1490     153g.3Z
150.           .97     1450     1531.08
150.           .97     1440     15Z4.01
'.b`O.            .97      1400      1517.OZ

0    750.
0     750.

95     1510.47
90     1502.38

1370      1493.19
1330     1487.00

1.34     1255     1481.00
1.Z6      1195      1476.58

1190      1471.69
2.41      1190      1468.63

1200      1461.63
90      1457.10

1190      1452.91

96

H71            H80            C

ft          f t        f t2,d

1514        151Z      .0000E+00
1508        1508     .0000E+00
1501         1500      .0000E+OO

HrQw

f t      cf s

0     .0000
a     .0000
a     .0000

1495        1495     .4783E-02     1494     .0000
1491        1489      .0000E+OO
1486        1484     .0000E+00
148Z        1479      .0000E+OO
1477        1477     .0000E+00
1473        1474      .0000E+OO
1497        1497      .0000E+OO
1463       146Z     .0000E+00
1457        1456      .0000E+OO
1449        1449      .0000E+OO
1445        1444     .0000E+00
1438        1438      .0000E+OO
1427        1426      .0000E+OO
1419        1417      .0000E+00
1409        1408     .0000E+00
1406        1402     .0000E+00

0     .0002
0     .0002
0     .0003
0     .0004
0     .0005
0     .0005
0     .0004
a     .0003
0     .0002
a     .0001
0     .0001
a     .0000
a     .0000
a     .0000
0     .0000

1399        1394     .0000E+OO            0      .0000
1388        1389     .0000E+OO            a     .0000
138Z        1385      .0000E+OO            0      .0000
1376        1380     .0000E+OO            0      .0000
1372        1378      .0000E+OO            a      .0000
1366        1366     .1943E-02     1369     .0000
1374        1373     .0000E+OO            0     .0000
1375      .1375      .1044E-02     1370      .0000
1377        1377      .0000E+OO
1379        1379      .0000E+OO
1389        1386      .0000E+OO
1393        1394      .0000E+OO
1408        1408      .0000E+OO
14ZO        1417      .0000E+00
1560        1560      .0000E+OO
1548        1548      .0000E+OO
1538        1538     .0000E+00
1532        1532      .OOOOEroo
1520        1519      .0000E+OO
1515        1514      .0000E+00
1510        1509      .0000E+OO
1500        1500      .0000E+OO
1494        1494      .0000E+OO

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000

1488       1489     .3886E-02     1487     .0000
1481        1480     .4484E-02     1481      .0002
147S        1475      .0000E+OO
147Z        1472      .0000E+OO
1469        1489     .0000E+00
1464        1464     .0000E+00
1459        1459      .0000E+OO
1455        1454      .0000E+OO

0     .0003
0     .0004
0     .0004
0     .0004
0     .0004
0     .0003



50.        i.04     1220
50.          .83     1300
50.       -.42     1355
50.        1.65     1300
50.        3.57     1250
50.         1.48     1195

1 449 . 0 1
1444.65
1438.35
1 432 . 24
1427.26
1 422 . 75

50.        -.5Z     1170     1418.67
5ij.         2.41      1170      1414.72
50.        2.28     1180     1410.37
50.         1.96     1195     1406.32
25.        1.51      1220     1397.64
Z5.           .64     1230     1385.21
Z5.     -Z.37     1240     1366.00
50.          .97     1255     1368.83

0     1369.20
0     1366.00
0     1376.46
a     1385.52
0     1394.98
0     1407.73
5     1422.78
0     1547.66
5     1543.44
5     1535.14
5      1527.17
a     1519.68
5     1513.00
0     1504.41
0     1494.40
0     1485.98
0     1478.61
5     147Z.00
0     1468.00
0     1463.13
a     1458.22
0      1454.11
5     1449.89
0     1445.76
5      1441.15
0     1435.82
0     1430.00
5     14Z4.89
5     1420.44
a     1416.38
0     1412.26
0     1407.79
5     140Z.81
0     1395.3Z
a     1387.45
0      1378.17

97

HrQw

f t      cf s

8     .0000E+00           0     .0002
4      .0000E+OO             a     .0001
8     .0000E+OO            0     .0001
9      .0000E+OO             0      .0001
7     .0000E+OO            0     .0002
5     .0000E+OO            0      .0001
2     .0000E+OO            0     .0000
1      .0000E+OO            0      .0000
i      .0000E+OO            0     .0000
7     .0000E+OO            0     .0000
6     .0000EcOO            0     .0000
4     .0000E+00            0     .0000
6     .1794E-02     1366     .0000
Z     .0000E+OO            0     .0000
2     .0000E+OO            a     .0000
Z      .1118E-02     1366     .0000
5     .0000E+OO            0     .0000
3     .0000E+OO            0     .0000
Z     .0000E+00            0     .0000
7     .0000E+00           0     ,0000
7     .0000E+00           0     .0000

.0000E+OO            0     .0000
5     .0000E+OO            a     .0000
8     .0000E+OO            0     .0000
0     .0000E+OO            0     .0000
5     .0000E+OO            0     .0000
3     .0000E+OO            a     .0000
4     .0000E+00            0     .0000
5     .0000E+OO            0     .0000

88     .0000E+OO            a     .0000
.0000E+00            0     .0000
.4484E-OZ     1472     .0002
.4185E-02     1488     .0003

64      .0000E+OO
60      .0000E+OO

6      .0000E+OO
2      .0000E+OO
7      .0000E+OO
3      .0000E+OO
7     .0000E+00
9      .0000E+OO
5      .0000E+OO
5      .0000E+OO
2      .0000E+OO
1      .0000E+OO
5      .0000E+OO
a      .0000E+OO
6      .0000E+OO
3      .0000E+OO
9      .0000E+OO

0     .0003
0     .0004
0     .0003
0     .0003
0     .0003
0     .0002
0     .000Z
0     .0002
0     .0002
0     .000Z
0     .0003
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000



I        J        CHN     K

ft/d
RB

in/y    f t

150.     -2.99     1270     1362.00
Z5.           .97     1270     1366.27
25.           .39     1300     1363.00
L`5.           .39     1330     1373.26
25.        -.07     1330     1381.53
25.          .97     1370
Z5.           .39     1380

!EO.         2.41      149S
150.        2.41      1505
Z5.        2.41      1505

1:-tt:).          2.41       1510
150.           .97     1510
150.        2.41      1500
150.        2.41      1480
Z5.        2.41      1450

139Z.49
1 399 . 1 2
1 548 . 47
1547.74
1544.18
1 533 . 6 1
i 525 . 51
1517.99
1509.99
1500.00

150.        5.31      1420     1485.21
1477.26
1469.37
1484.00
1 459 . 00
1456.00
1450.89
I 445 . 70
1441.16
1 438 . 79
1 432 . 00
1427.07
14Z2.31
1418.04
1414.11

150.         1.06      1180     1409.71
150.        2.85     1180     1404.99
€150.         4.35      1170      1399.89
'.50.        3.06     1210     1393.78
•.50.         1.99     1220     1386.93
'50.        2.76      1250     1379.§6

150.        3.43      1250     1372.88
25.     -2.58     1Z90     1358.00
Z5.          2,41       1310      1357]011
25.           .39     1330     1399.78
25.           .39     1330     1379.19
25.           .39     1360     1387.93
25.           .39     1370     1393.26

150.      -2.41      1495     1547.90
150.        2.41      1495      1549.30
Z5.        2.41      1505     1552.50
25.        2.41      1510     1548.27
25.           .97     15ZO     1539.29
25.        Z.41      15ZO      1538.24
25.         Z.41      1510     1525.47

98

H71            H80            C

f t          ft        ft2,d

1361        1361      .2391E-02
1365        1365      .0000E+OO
13G5        1385      .1193E-02
1370        137Z      .0000E+OO
1383        1382      .0000E+OO
1383        1384      .0000E+OO
1388        1398      .0000E+OO
1550        1550      .0000E+OO
1552        1553      .0000E+OO
1546        1548     .0000E+00
1537        1539      .0000E+OO
15Z2        15ZZ      .0000E+OO
1517        1519      .0000E+OO
1510        1509      .0000E+00
1500        1499     .0000E+00
1489        1489      .0000E+OO
1480        1480     .0000E+00
1471         1469      .0000E+OO

HrQw

f t      cf s

1362     .0000
0     .0000

1363     .0000
a     .0000
a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000

1465        1465     .1793E-02     1494     .0000
1461        1460     .3886E-02     1459     .0001
1457        1457     .3886E-02     1456     .0002
1453        1453      .0000E+OO
1450        1449     .0000E+00

5      .0000E+OO
9      .0000E+OO
4     .0000E+00

1429        14Z8      .0000E+OO
1421         1414      .0000E+00
1412        1407      .0000E+00
140Z        1403      .0000E+00
1395        1396      .0000E+OO
1388        1388     .0000E+00
1381         1382      .0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+00
1364        1365      .0000E+00
1355        1355      .2092E-02
`.358        1358      .134ZE-02

1367        1368      .0000E+OO
1377        1378     .0000E+00
1384        1385      .0000E+OO
1385        1390      .0000E+00
1537        1537      .0000E+OO
1549        1552      .0000E+OO
1551         1551       .0000E+OO
1544        1546      .0000E+OO
1535        1535      .0000E+OO
1529        1533      .0000E+OO
1519         1519      .0000E+OO

a     .0002
0     .000Z
0     .0002
0     .000Z
0     .0002
a     .000Z
0     .0002
0     .0003
0     .0004
0     .0007
0     .0004
0     .0000
a     .0000
0     .0000
0     .0000
0     .0000

1358      .0000
1357     .0000

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000



2.41
2.41
5.31
2.41
2.41
1.96
1.65
2.41
3.59
3.44
4.35
3.02
4.35
4.35
3.90
Z.6Z
3.58
1.69
2.41
1.96
.67

1.07
I.71

.39

.39

.97

.97

.97

5.31
2.41
Z.41
Z.41

.64
4.Z2
4.07
3.87
4.35
3.45
4.35
3.08
2.82
2.83
3.01
2.41
Z.41

470     1509.12
450     1494.91
420     1482.74
370     1466.53
300     1460.49
240     1456.34
195      145Z.Z5
180     1447.00
190     1442.23
195     1437.86
230     1433.Z5
280     1428.92
SOS     1424.47
310     1419.93
Z75     1418.30
ZOO      1412.10
180     1407.29
leo     140Z.13
160     1397.00
ZOO      1391.31
210     1385.13
190     1378.93
240     137Z.03
280     1355.00
310     1354.00
330     1368.00
330     1376.73
360     1386.47

1 389 . 81
1555.69
1554.99
1499.22
1489 . 00

400      1474.16
345     1458.69
345     1454.30
290     1449.7Z
245     1445.Z5
ZOO      1440.00
195     1435.00
195      1431.40
220     1427.12
280     1422.82
goo     1418.12
310      1413.74
260     1409.49
220     1404.45
1sO     1398.92
170     1393.50
150     1388.38

99

507
492
483
471

35
33
27
Z1

412
402
397
387
381
37Z
368
365
64

366
374
380
385
551
549
Sol
487

5
4

434
429
424
419
412
405
398
387
380
372

H80            C                          Hr         Qw

f t         ft2,d

506      .0000E+OO
491      .0000E+00
483      .0000E+OO
470     .0000E+00
460     .0000E+00
455      .0000E+OO
454     .0000E+00

f t      cf s

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000

451      .5082E-OZ     1447     .0001
447     .0000E+00
443      .0000E+OO
435     .0000E+OO
432     .0000E+00
427     .0000E+OO
419      .0000E+OO
412      .0000E+OO
401      .0000E+OO
397      .0000E+OO
388      .0000E+OO
377      .0000E+OO
371      .0000E+OO
365      .0000E+OO
385      .0000E+OO
368      .0000E+OO
359     .1345E-02
355     .2242E-OZ
367      .0000E+OO
375     .0000E+00
38Z      .0000E+OO
386      .0000E+OO
551      .0000E+00
551      .0000E+OO
499     .0000E+OO
488     .0000E+OO
476     .0000E+00
458     .0000E+OO
455      .0000E+OO
451      .0000E+OO
447      .0000E+OO

0     .0002
0     .0002
0     .000Z
0     .000Z
a     .0002
0     .0003
0     .0003
0     .0004
0     .0006
0     .0007
a     .0008
0     .0000
0     .0000
0     .0000
0     .0000

1355     .0000
1354     .0000

a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
a     .0000
a     .0000
0     .0000
0     .0000

445     .4185E-OZ     1440     .0002
440     .26goE-OZ     1435     .0002
432     .0000E+00
428     .0000E+OO
423      .0000E+OO
418     .0000E+00
412     .0000E+00
408      .0000E+OO
399     .0000E+OO
388      .0000E+OO
379      .0000E+OO
37Z     .0000E+00

0     .0002
a     .000Z
0     .0002
0     .0003
a     .0004
0     .0005
0     .0006
0     .0008
0      .0011
0     .0013



1.Z9     1180      1383.29
1.46     1200     1377.78
1.81      1210      1371.74

.72     1Z50     1364.96

.39     1290     135Z.00

.97     1310     136Z.59

.97      1320     1371.16

.97     1370     1382.87

.39     1390     1386.31
2.41      1445     1501.79
2.41      14Z5     1493.86

0     1482.96
0     1463.59

.41      1395     145Z.49

.41      1370      1448.41

.41      1340      1443.21

.41      1290      1438.10

.14     1230     1433.77

.35     1210     14Z8.00

.80     1195     1424.58

.65     1205     1420.01

.14     1280     1415.59

.02     1300     1410.98

.00     1305     1406.00
11      1260      1400.88
30     1Z05     1395.10

1389.32
1384.98

3.98     1180     1381.06
2.04     1200     1378.08
Z.30      1Z10      1370.29

30     1362.84
1350.00

.97     1300     1357.00

.97     13ZO     1394.37

.39     1355     1372.01

.16     1355     1381.06
Z.41      1440     1464.69
2.41      1420     145Z.05
2.41      1410      1448.02

00     144Z.37
1436.BZ

20     1431.42
75     1428.40
50     14Z1.00

2.03     1200     1416.00
3.53     1200     14lz.40
1.73     1260     1407.72
3.51      1305     1402.45
3.81      1270     1396.58

loo

H71            H80            C

f t          f t        f t2,d

HrQw

f t      cf s

1367        1364     .0000E+OO            a     .0000
1363        1361      .0000E+00            0     .0000
138Z        1362      .0000E+OO            0      .0000
1361        1359      .0000E+00            0     .0000
1355        1355     .1794E-02     1352     .0000
1362        1384      .0000E+OO
1372        1373      .0000E+OO
1378        1379     .0000E+00
1385        1384     .0000E+OO
1510        1509     .0000E+00
1491        1489      .0000E+OO
1481        1479     .0000E+00
1459        1459      .0000E+OO
1454        1454     .0000E+00
1447        1447      .0000E+OO
1444        1443      .0000E+OO
1440        1439     .0000E+00
1435        1434      .0000E+OO

a     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0003

14Zg        1429     .3587E-OZ     1428     .0003
14Z5        14Z5      .0000E+OO
1422         14Z1      .0000E+OO
1417        1415      .0000E+OO
1410        1409      .0000E+OO
1405        1405      .0000E+OO
1399       1398     .0000E+00
1392        1391      .0000E+OO
1384        1385     .0000E+00
1374        1374      .0000E+OO
1367        1366      .0000E+OO
1362        1381      .0000E+OO
1358        1358      .0000E+OO
1354        1355      .0000E+OO

0     .0003
0     .0003
0     .0003
0     .0004
0     .0005
0     .0007
0     .0009
0      .0014
a     .0019
0      .0221
0     .0000
0     .0000
0     .0000

1349        1349     .2989E-OZ     1350     .0000
1357        1355     .0000E+00
1367        1368      .0000E+OO
1373        1373     .0000E+00
1379        1379      .0000E+OO
1465        1465      .0000E+OO
1458        1458      .0000E+OO
1449        1449      .0000E+OO
1443        1443      .0000E+OO
1435        1435      .0000E+OO
1430        1429      .0000E+OO
1425        14Z5      .0000E+OO

0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0004

1422        1423     .3587E-02     14Zl      .0003
1418        1418      .4484E-02     1416      .0003
1413         141Z      .0000E+OO
1407        1407      .0000E+OO
1403        1403      .0000E+OO
1398        1398     .0000E+00

a     .0004
0     .0004
0     .0004
0     .0008



K               R               a               HO

ft/d    in/y    ft          ft

4.Z2     lz25
3.46     1180
3.54     1180
4.35     1160
2.41      1190
4.35     1Z20
3.73     1230

-Z.00     1Z40
.04     1250
.19      1305

1390.36
1 385 . 60
1382.37
1378.59
1373.89
1 398 . 82
1 36 1 . 79
1 348 . 00
1 35 1 . 03
1355.83

.39     1330     1360.30
2.41      1455      1489.41
2.41      1445     1459.03
2.41      1420      1441.13
Z.41      1410      1438.24
2.41      1400     1429.73
4.35     1360     1423.89
4.35     1340     1418.65
4.35     lz55     1413.88
4.35     1200     1408.00
4.35     1200     1402.00
2.87     1Z60     1399.00
3.04     1270     1393.85
3.64     1250     1388.07
3,25     1190     1383.23
4.35     1160     1379.47
Z.53     1170     1375.34
1.74      1180      1371.95
2.41      1205     1397.14
2.09     1230     1380.93
2.41      1240      1354.Z8

-1.53     1245     1344.00

.39     1305     1349.51

.39     1330     1353.08
2.41      1410      1426.52
4.35     1380     1421.73
4.35     1355     1416.56
4.35     1330     1410.95
4.35     1250     1405.70
4.35      1190     1401.53
2.01      1205     1398.90
4.35     1280     1391.00
4.22     1260     1385.00
4.19      1195     1380.00
3.70     1155     1376.88
3.29     1170      1373.09
Z.95      1180      1389.10
4.35     1200     1364.20
2.41      1210      1359.62
Z.1B      1230      1355.66

101

C

ft2,d

.0000E+00            0     .0010

.0000E+00            0     .0018

.0000E+OO            0     .0033

.0000E+OO            a     .0027

.0000E+OO            a      .0031

.0000E+OO            0     .0000

.0000E+00            0     .0000

.1794E-02     1348     .0000

.0000E+OO            0     .0000

.0000E+OO            a     .0000

.0000E+OO            0     .0000

.0000E+00            0     .0000

.0000E+00            0     .0000

.0000E+OO            0     .0000

.0000E+OO            0     .0000

.0000E+00           a     .0000

.0000E+OO            0     .0000

.0000E+OO            0     .0005

.0000E+OO            0     .0007

.3587E-02     1408     .0008

.4185E-02     1402     .0008

.4185E-OZ     1399     .0008

.0000E+OO            a      .0007

.0000E+00            0     .0009

.0000E+OO            0      .0015

.0000E+OO            0      .0023

.0000E+OO            a      .00Z7

.0000E+00            a     .0033

.0000E+00            0     .0045

.0000E+OO            0     .0026

.0000E+OO            a     .0000

.3438E-02     1344     .0000

.0000E+00            0     .0000

.0000E+OO             0     .0000

.0000E+OO            0     .0000

.0000E+00            0     .0000

.0000E+00            0     .0007

.0000E+00            0     .0009

.0000E+OO             a      .0010

.0000E+00            0     .0010

.0000E+OO             0     .0007

.4185E-02     1391      .0006

.4185E-02     1385     .0007

.1793E-OZ      1380      .0011

.0000E+OO             0      .0017

.0000E+00            0     .0024

.0000E+00            0     .0031

.0000E+00            0     .0036

.0000E+00            0     .0034

.0000E+00            0     .0000



8HO

ftft

-1.49     1270     1339.00

.39      1305      1344.91

.39      1310      1346.57
4.35     1405      1419.66
4.35     1375     1413.75
4.35     1340     1408.61
4.35     1290     1403.45
4.35     1200     1398.53
4.35     1175     1393.43
3.30     1220     1388.07
4.35     1240     1382.69
4.35     1150     1378.00
4.35     1145     1374.00
4.12     1180      1370.84
3.80     1170     1388.58
3.60     1190     1362.17
1.41      1205      1357.93
2.41      12Z0     1353.86
2.41      1240     1349.37

-Z.74     1270     1336.00

.89     1305     1340.30
.86      1305      1341.10

1375      1411.48
1380      1407.41
1320      1401.43
1250      1395.19
1190      1390.20

35     1195     1385.12
35     1180     1380.08
92     1140     1378.21
9Z      1145      1372.19
63     1155     1367.00
04      1170      13G3.00
19      1190      1357.00
22     1195     1355.52
84      12ZO      1351.6S
10      IZ40      1347.41
03     1260     1342.73
39     1290     1332.00
49     1305     1338.47
35     1365     1408.3G
35     1340     1403.76
35     1300     1391.16
35     1Z05     1387.02
35      1190     1382.61
35     1180     1378.09
35     1125     1373.67
35     1145     1369.74
35     1155      1365.87
14      1160      1361.47
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H71            H80            C

f t          ft        ft2,d

346        1346     .1494E-02
340        1340     .0000E+00
343        1344      .0000E+00
423        1423      .0000E+OO
415         1414      .0000E+OO
408        1408     .0000E+00
404        1404      .0000E+OO
399        1399      .0000E+OO
395        1395      .0000E+OO
392        1392     .0000E+00
387       1388     .0000E+00
383       1384     .3587E-02
377       1378     .3886E-02
372        1372     .0000E+00
368        1388      .0000E+OO
360        1359      .0000E+OO
355        1355     .0000E+00
353        135Z     .0000E+00
345        1344      .0000E+OO
335       1335     .2690E-02
337        1337      .0000E+OO
339        1339      .0000E+OO
414        1414      .0000E+00
408        1407     .0000E+00
403        1402      .0000E+OO
397        1397      .0000E+OO
393       1392     .0000E+00
388       1388     .0000E+00
384        1383      .0000E+OO
379        1379     .0000E+00
374        1373      .0000E+OO
368       1368     .5380E-02
364       1364     ,3886E-02
357       1357     .3886E-02
353        1352      .0000E+OO
349       1349     .0000E+00
343        1343      .0000E+OO
333       1333     .0000E+00
33Z        1333     .239lE-OZ
335        1337      .0000E+OO
410        1409      .0000E+OO
403        1402      .0000E+OO
395        1395     .0000E+OO
388        1389      .0000E+OO
384        1383     .0000E+OO
379        1379     .0000E+OO
374        1374      .0000E+OO
369        1389     .0000E+00
365        1365     .0000E+OO
360        1360      .0000E+OO

HrQw

f t      cf s

1339     .0000
0     .0000
(3        .Oof;'()

0     .0000
0     .0000
0     .0012
0      .0014
0      .0014
0     .0005
0     .0003
0     .0003

1378     .0004
1374      .0008

a     .0023
0     .0031
a     .0035
0     .0037
0     .0038
0     .0040

1336     .0000
0     .0000
0     .0000
0     .0000
0     .0000
0     .0021
0     .0025
a     .0037
0     .0043
0     .0043
0     .0039
0     .0025

1367     .0029
1363     .0034
1357     .0038

a     .0040
0     .0040
0     .0034
0     .0000

1332     .0000
0     .0000
0     .0000
0     .0000
0      .0015
0     .003Z
0      .0041
a     .0042
0     .0040
0     .0036
0     .0036
0     .0039



ft

750.        3.60     1180     1357.15
750.        i.53     1Z05     1351.00
750.         1.10     1220     1348.84
?5{!.            .78      1240      1344.80
750.           .81      1280     1339.71
750.     -2.99     1Z90     1328.00

25.         I.34      1Z90     1333.1Z
'£`?:,I          t.83      1300      1344.84

25.        4.35     1380     1407.59
350.        4.35     1340     1389.00
350.        4.35     1275     1384.37
350.        2.41      1200     1379.92
350.        2.Z6     1180     1375.38
350.        2.41      11Z5      1371.22
350.        2.41      1135     1367.33
350.        i.42     1150     1362.87
750.         1.18     1160     1358.57
750.           .90     1180     1354.43
750.           .68     1200     1350.08
750.           .52     1Z20     1344.00
750.           .29     1240     1340.00
750.         1.95     1Z80     1336.35
750.           .39     1290     1326.00
750.        -.35     1280     13ZZ.00

25.        1.50     1285     1327.68
25.        4.35     1360     1394.27

350.        4.35     1330     138Z.21
350.        2.41      1270     1377.71
350.         1.50     1195     1372.80
350.        1.z7     ii8o     i36a.29
350.        2.41      1140     1364.09
350.        Z.41      1140      1359.79
350.        2.23     1160     1355.47
750.           .28     1180     1351.2Z
750.           .02     1200     1347.00
750.        1.44     1Z20     1342.82
750.        i.28     1240     1337.00
750.         1.62      1280     1331.00
750.        2.04     1280     1326.08
750.        -.97     1Z70     1318.00
750,         2.41      1Z80      1318.31
25.        Z.41      1360      1389.19
25.        Z.41      1340      1382.Z2

350.        2.41      1250     1369.52
350.        -.97     1190     1365.10
350.        2.16      1180     1360.84
350.        2.41      1145      1358.24
350.        Z.41      1180      1351.93

€;.         2.41       1180      1347.56

750.        -.36     1200     1343.11

103
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f t        ft2/d          ft      cf s

.0000E+OO            0     .0042

.5639E-02     1351      .0046

.0000E+OO            0      .0048

.0000E+OO            0     .0053

.0000E+00            0     .0098

.2541E-02     1328     .0000

.0000E+00            0     .0000

.0000E+00            0     .0000

.0000E+OO            0     .0000

.0000E+OO             a      .00Z7

.0000E+OO            0     .0037

.0000E+OO            0     .0043

.0000E+OO            0     .0043

.0000E+OO            0     .004]

.0000E+OO            a     .0041

.0000E+OO            0      .004Z

.0000E+00            0     .0044

.0000E+00            0     .0048

.0000E+OO             0      .0051

.3886E-02     1344     .0055

.4185E-02     1340     .0058

.0000E+OO             0      .0062

.1193E-OZ      1326      .0062

.2989E-02     1322     .0000

.0000E+OO            0     .0000

.0000E+OO            0      .0000

.0000E+OO             0     .0044

.0000E+OO            0      .0048

.0000E+OO            0     .0046

.0000E+OO            0     .0046

.0000E+OO            0     .0045

.0000E+OO            0      .0047

.0000E+OO            0      .0049

.0000E+OO            0     .0054

.0000E+OO             0      .0057

.0000E+OO            0     .0060

.239lE-02     1337     .0062

.4185E-02     1331      .0060

.0000E+OO            a      .0047

.1943E-02     1318     .0000

.0000E+OO

. 0000E+OO

. 0000E+00

. 0000E+OO

. 0000E+OO

.0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+OO

.0000E+OO

0     .0000
a     .0000
0     .0056
0     .0047
0     .0048
0     .0049
0      .0051
0     .0054
0     .0059
0     .0063



R8HO

350.
350.
350.
350.
350.
750.
50-

ftft

lzIO     1339.50
.51      1240     1335.56
.76     1280     1329.85
.52     1280     1322.00
.96     1280     1314.00
.41      1280     1314.73

1Zg1      1313.09
1360     1396.57

.31      13ZO      1377.96

.74     1270     1361.85

.07     1190     1358.79

.97     1170      1352.15
-.Z5     1150     1347.75

Z.41      1170      1343.44
2.41      1180      1339.88
-.66     1200     1335.98

.01      1240     1332.03

.30     1280      1326.19
80     1318.00
80     1312.§9
80     1307.00
78      1309.18
50     1388.98
20     1369.07

36     lz60     1352.95
41      1190      1347.67
19      1145      1343.48
41      1160      1339.61

-.32     122
-.01      1Z6

1.29      128

1335.84
1 332 . 1 1
1327.97
1322.09
1 3 1 3 . 00

.41      1Z70      1304.00

.41      1270      1304.74

.41      1278     1304.38
1375.93
1 355 . 71
1342.20
1338.52

180      1335.10
170      1331.47

13Z7.82
1323.23
1317.05

70     1302.00
70     1299.00
70     1299.10
79     1298.62
40     1382.39
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H71            H80            C                          Hr         Qw

ft          ft        f t2/d          ft      cfs

1335        1335     .0000E+OO            a     .0097
1332        1332     .0000E+00            0     .0068
1327        1328     .0000E+OO             0      .0067
1322        1324     .3886E-02     13Z2     .0064
1317        1318      .Z840E-02     1314      .0077
1312        1313      .0000E+00
1314        1315      .0000E+OO
1395        1393      .0000E+OO
1378        1376      .0000E+OO
1365        1363      .0000E+OO
1354        135Z      .0000E+OO
1347        1346      .0000E+OO
134Z         1341       .0000E+OO
1338        1338      .0000E+OO
1335        1335      .0000E+OO
1332        1332     .0000E+00
1327        1327      .0000E+OO
1323        1323      .0000E+OO

0     .0000
0     .0000
0     .0000
a     .0037
0     .0048
a     .005Z
a     .0055
0     .0058
a     .0066
a     .0071
0     .0074
a     .0075
0     .0074

1317        1318      .3886E-02     1318      .0096
1312        1312      .0000E+OO
1306        1306     .2386E-02
1311         1311       .0000E+00
1386        1384      .0000E+OO
1370        1399     .0000E+00
1355        1351      .0000E+OO
1344        1341      .0000E+OO
1338        1338      .0000E+OO
1335        1334      .0000E+OO
1332        1333     .0000E+00
13Z7        13Z8      .0000E+OO
1323        1323      .0000E+00
1317         1318      .0000E+OO

0     .0048
1307     .0000

0     .0000
a     .0052
0     .0056
0     .0056
a     .0059
0     .0063
a     .0072
0     .0078
0     .0083
0     .0086
0     .0086

1312        1314      .3886E-OZ      1313      .0076
1306        1308     .5380E-02     1304     .0050
1301         1302      .0000E+OO
1310        1310      .0000E+OO
1376        137Z      .0000E+OO
1358        1353      .0000E+OO
1342        1339      .0000E+OO
1335        1335      .0000E+OO

.0000E+00

. 0000E+OO
132Z        1323      .0000E+OO
1317         1318      .0000E+OO
131Z         1313      .0000E+OO

. 3886E-OZ

.3587E-02

.0000E+00

. 0000E+OO
1379        1378      .0000E+OO

0     .0000
0     .0000
a     .0068
0     .0058
0     .0061
a     .0097
a     .0077
0     .0085
0     .0093
0      .0101
0      .0108

1302      .0102
1Z99     .0078

0     .0000
0     .0000
0     .0000



R8HO

f t/d    in/y    f t          f t

57       30          0       Z5.        5.31      1300     1359.08
57       3}           a     350
57        3`.t:           0     350
57       33         0    350
57       34          0     350
57       JJ         0    350
5-/       36         0     750
57       3/         a     750
57        1ih`          a     750
57       3g          0     750
57       40         0     750
57       4i          a     750
58       £'il          0       25
58         :i( '{            a         25
58        :;:           a     350
58          :`,; -...,,       350

56`         `:':            a      350
58        =!j-           0     350

2.41      1270     1337.63
-.59     1180     1333.72

2.41      1180      1330.12
.19      1170      1326.41

Z.41      1190      132Z.70
-.41      1250      1318.22
-.97      1Z80      1311.14

2.25     1270     1298.00
-I.41      1280     1295.00

-.23     1280     1291.00
Z.41      1272     1292.87
2.41      1355     1384.28
Z.41      1340      1361.05
2.41      1290      1333.52
2.41      1240      1328.75
-.86     1180      1324.52
-.97     ii7O      r3£J!.94

41      1ZIO      1317.08
07      1280      1311.79
66      1Z70      1305.05
41      1280      1297.46
39     1260     1290.00
39     1280     1288.00
39     1265     1287.35
41      1320      1329.51
39     1260     1323.10
41      1180      1319.Zg
97      1170      1315.11
41      12Z5      1310.50
41      1250     1304.97
41      1280     1299.33
39     1255     1Z93.04
39     1255     1286.98
39     1260     1279.00
39     1267     1281.60
36      1300     1315.97
56     1260      131Z.44
41      1170      1308.49
41      1190      1304.22
00      1Z20      1299.11
94     1230     1294.27
39     1250     1Z87.79
39      1255      1281.15
39     1255     1278.00
39     1Z60     1276.04
00     1250     1312.00
00     1170     1308.00

.00     1170     1303.00

.00     1180     1300.00
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H71            H80            C                           Hr         Qw

f t          f t        ft2,d

359        1358     .0000E+00
340        1340      .0000E+OO
331         1332      .0000E+OO
3Z5        1325      .0000E+OO
3Z1         1323      .0000E+OO
317        1]18      .0000E+00
313        1314      .0000E+00
308        1308      .0000E+OO

f t      cf s

0     .0044
0      .0061
a     .0070
a     .0081
0      .0091
a      .0104
0      .0118
0     .0135

goo        1302     .26goE-02     1298     .0149
292        1295      .4185E-02     1Z95     .0158
288        1288     .6875E-02     1Zgl      .0194
Z91         1298      .0000E+OO
380        1378      .0000E+OO
360        1360     .0000E+00
338        1339     .0000E+00
325        1325      .0000E+00
317         1319      .0000E+OI)
313        1314      .0000E+00
3lz        1313      .0000E+00
SOS        1309      .0000E+00
303        1304      .0000E+00
294        1295     .0000E+00

a     .0000
0     .0000
0     .0059
0     .0067
a     .0075
0     .0085
0     .0096
0      .0112
0     .0134
0      .0167
0     .0201

287        1288      .4783E-02     1290     .OZ17
Z83        1285      .8967E-02     1Z86      .0150
284        1284     .0000E+00
329        1330      .0000E+OO
320        1320      .0000E+OO
31Z        1312      .0000E+00
307        1307     .0000E+00
304        1305     .0000E+00
301         1303      .0000E+OO
299        1298      .0000E+OO
289        1290      .0000E+OO
283        1285     .0000E+00

0     .0000
0     .0073
a     .0081
0     .0083
a     .0098
0      .0115
0      .0140
0      .0197
0      .0271
0     .0396

278        1280     .4484E-02     1279     .0190
281         1281      .0000E+OO
318         1318      .0000E+OO
SOS        1309      .0000E+00
306        1308     .0000E+00
302        1303     .0000E+00
295        1Z95     .0000E+00
Z92        1293     .0000E+00
285        1285     .0000E+00
277        1Z80     .0000E+00

0     .0000
0     .0094
0     .0069
0     .0097
0     .0109
0      .0116
0      .0212
0     .0318
a     .0790

Z73        1275      .3587E-02     1276      .OZ44
274        1Z77      .0000E+OO
312         131Z      .0000E+OO
308        1308      .0000E+OO
303        1303      .0000E+OO
GOO        1300      .0000E+00

0     .0000
0      .OZ23
0     .0000
0      .0112
0      .0112



HO

ft

1295.00
1290.00
1280.00
1270.00
1Z85.00
1270.00
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H71

ft
H80

ft

C

ft2,d

. 0000E+00

. 0000E+00

.0000E+00

. 0000E+OO

. 0000E+OO

.0000E+OO

HrQw

f t      cf s

0     .0000
0      .OZ23
0     .0003
0     .2234
0     .0003
0     .0000



TABLE   11.2:     Discharge   from  wells   prior   to   1940

Grid

ladlces

IJ

1222

348

338

328

349

3410

1.035

1. 380

1. 380

1. 380

1.380

1. 380
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TABLE   11.3:     Pumpage  rates   for  grid  points   la  different

stress   periods   f ron   1940  to   1980

Contents :

COLUEN

1

2

3

4

5

6

7

I          Row  index  ln  finite-difference  grid.

J          Column  index  ln  flnlte-difference  grid.

P#1       Pumpage   rate   from   1940   to   1952,   in  cfs.

P#2       Pumpage   rate   from   1953   to   1958,   1n   cfs.

P#3       Pumpage   rate   from   1959   to   1964,   in   cfs.

P#4       Pumpage   rate   from   1965   to   1971,   1n   cfs.

P#5       Pumpage   rate   from  1972   to   1980,   in  cfs.
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IJ p#1

. 00000

. 00000

. 00000

. 00000

.00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

.00000

.00000
-. 07262

. 00000

. 00000

. 00000

. 00000
- 1 . 87829

. 00000

. 00000

. 00000

. 00000
- . 1 4469

. 00000

. 00000

. 00000

.00000
-2 . 07000

.00000

. 00000

. 00000

. 00000

. 00000

p#2

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

.00000

. 00000

. 00000

.00000

. 00000

.00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

.00000
- . 09680

. 00000
- . 32200

. 00000

. 00000
-2 . 6643Z
-.38318

. 00000

. 00000
- . 08556
-. 17871

. 00000

. 00000

.00000

. 00000
-2.07000

. 00000

p#3

. 00000

. 00000
. 00000
. 00000
. 00000
. 00000
.00000
.00000
. 00000
. 00000
. 00000

- . 1 54Z 1

. 00000
- . 03036

. 00000

. 00000

.00000

. 00000
-.13662

. 00000
. 00000
. 00000

- . 1 235 I
.00000
. 00000
. 00000
. 00000
. 00000
. 00000

-.14131

. 00000
- . 922 1 Z

. 00000

. 00000
-Z.49118
-.34466
- . OZ795

.00000
- . 26275
-.Z1197

. 00000

. 00000

. 00000

. 00000
-3 . 1 65 I 7
-. 04347
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p#4

. 00000

. 00000

.00000

. 00000
- . 1 7 1 58

. 00000
-. 12Z48
-. 15272
- . 09407

. 00000

. 00000
-.20976

. 00000
-.02484

. 00000

. 00000
-.19136

. 00000
-. 10764
- . 1 8354

. 00000

. 00000
- . 1 3552

. 00000

. 00000
-1 . 54008

. 00000

. 00000
- 1 . 25350
-.11828
-.16974

-1.01311
-.30602

. 00000
-Z . 77361
-.5Z973
- .Orlr' Un

.00000
-. L9832
-.29729

. 00000

. 00000

. 00000

. 00000
-3.55567
-.08188
-.11960

. 00000

. 00000
-.16929

p#5

-.10184
- . 1 6345
-. 12052
- . 15456
-. 14335
-. 23460
-.Z9256
-.38349
-. 14091
-. 20838
-.11362
- . 1 6934
- . 1 7968
-.29146
-. 08970
-.24461
- . 1 723 i
- . 1 5364
- . 35498
-. 30437
-.26717
-.11316
- .Ow7rln
-. 05900
-. 09706

-1. 20281
- . 1 95 1 7
-.53130

-2.20187
-. 07544
-.06159

-1 . 92Z49
-.63722
-.28808

- 1 . 4 1 680
-. 44283
-. 04569
-,49749
-. 44973
- . 34362
-. 06440
- . 04499
-. 27986
-. 20493

- 1 . 55832
- . 13772
- . 1 5057
-. 17838
-. 37840
-.27539



P#2

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. 00000         . 00000

. 00000          . 00000

. 00000         . 00000

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. 00000          . 00000

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo
-.05138       -.11500

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

pll3                 Pli4                 P!15

. 00000          . 00000       -.164Z2

.00000       -.13179       -.24944

. 00000         . 00000       -. 09994

.00000       -. 01858       -.03416
-.07896       -. 20907       -.14490

. 00000          . 00000       -.14386

.00000         . 00000      -. 00996

. 00000          . 00000       -. 06394

. 00000         . 00000       -. 27545

. 00000          . 00000       -.15732

. 00000          . 00000       -. 49322

. 00000       -. Z7600       -. 35861

.00000          . 00000       -.19251

.00000          .00000       -.11914

. 00000       -.07888       -.17986

.00000       -.15813       -.47932

. 00000          . 00000       -. 38116
-. i85a4      -.26588       -.5267o

. 00000          . 00000       -. 3Z818

. 00000          . 00000       -. 01932

.00000       -.01173       -.01104
-.14283       -.14881        -.35770

. 00000          . 00000       -. 58167

. 00000         . 00000       -.15628

. 00000       -. 05Z44       -. 06026

. 00000          . 00000       -.10246

.00000          , 00000       -.21183

.00000          .00000       -.11765

. 00000          .00000       -.12144

. 00000          . 00000       -. 33368
-.04830       -. 09136       -.27945

. 00000         . 00000       -. 30636

. 00000       -. OZ622       -. 26987

. 00000          . 00000       -.16229
-.13303       -.14168       -.16560
-.00690      -. 03174       -.37709
-.09350       -.12775       -.16184

. 00000         . 00000       -. 3287Z
-.075sO       -.08602       -.2Z163

. 00000          . 00000       -. 09906

.00000       -.12834       -. Z605Z

. 00000       -.15180       -.Z023l

.00000          .00000       -.13317

. 00000         . 00000       -. 08505

. 00000         . 00000       -. 26634

. 00000          . 00000       -.15925

. 00000       -. 06072      -. 03450

. 00000         . 00000       -. Z2632

.00000       -.11868       -.13855

. 00000         . 00000       -. 04002

Ilo



PILL                         P!F2

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo         . ooooo
-.13910       -.19504

. 00000          . 00000

. ooooo          . ooooo

.00000       -.04416

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo         . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo         . ooooo
. ooooo         . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. 00000          . 00000
. ooooo         . ooooo
. 00000         . 00000
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo          . ooooo

-.083]2       -.15732
. 00000          . 00000
. 00000          . 00000
. 00000          . 00000
. 00000           . 000,',-`'
. ooooo         . ooooo
. ooooo          . ooooo
. 00000          . 00000

.00000

. 00000

. 00000

P113                    Pli4                    P115

-.0262Z       -.03795       -.19658
.00000       -.16836       -.28919

-.2Z218       -.18878       -. 45708
. 00000       -. Z9394       -. 87344

-.38088       -. 46723       -.675Z8
-.07969      -. 08659      -. 08998

. 00000          . 00000       -. OZ429
-. 03588       -. 01794       -.18906

. 00000       -. 28842       -. 20746

.00000       -.Z7911       -.20447

. 00000          . 00000       -. 3447Z
-.08832       -.13731       -.35673

. 00000          . 00000       -. 30360

. 00000         . 00000      -. 09828

.00000          . 00000       -.16192
-. Ogz4g       -.12029       -.2Z597

.00000       -.04830       -.07314

. 00000       -. 08878       -. 03754

. 00000          . 00000       -. 06394

. 00000          . 00000       -. 21942

.00000          . 00000       -.1Z788
. 00000       -.12460       -. 30526
.00000          . 00000       -.05313

-.10902       -.17152       -.37398
.00000       -.00138       -. 06959
.00000       -.01794       -.16919
.00000          . 00000       -.14897
. 00000          . 00000       -. 03450

-.24974       -. 248Z1       -. 2Z26g
.00000          . 00000       -.Z0459
.00000       -.19918       -.Z8244

-.06578       -.08326       -.Z1390

. I)0000       -. 03381        -.10442
-. 06244       -. 08477       -.20991

.00000       -.13386       -.07728

. 00000         . 00000       -. 38054
. 00000       -. 03381
. 00000       -.04416
. ooooo          . ooooo
. ooooo          . ooooo
. 00000       -. 0538Z
. ooooo         . ooooo
. 00000          . 00000
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. ooooo          . ooooo
. 00000       -. 05986
. ooooo          . ooooo
. 00000       -. 06486

lil

-. 02346       -. 08867
-.07912       -.05994

. 00000       -. 08992
-.18814       -.12328
-.16054       -.23123

. 00000       -.18Z44

. 00000       -. 06658

. 00000       -.03381

. 00000       -. 08349
-.43424       -.58711

. 00000       -. 00276
-.15082       -.08556

.00000       -.13179
-. 03560       -. 03726



0          . 00000          . 00000       -. 0055Z
o         . ooooo          . ooooo          . ooooo
1          . 00000          . 00000          . 00000
2          . 00000          . 00000          . 00000
6          . 00000          . 00000          . 00000
8          . 00000         . 00000          . 00000
I         . 00000         . 00000         . 00000
9          . 00000          . 00000       -. 01794

11           .00000       -.01656     -1.09958
13          . 00000          . 00000       -. 23736
25          . 00000          . 00000          . 00000
Z8         . 00000          . 00000          . 00000

3          . 00000          . 00000          . 00000
5          . 00000          . 00000       -. 027EO
7          .00000    -2.16212    -3.16820
8       -.19148

10          . 00000
11     -i.85426
12          . 00000
Z8          . 00000
29          . 00000
39         . 00000

3         . 00000
5          . 00000

- . 35328
. 00000

-1.71258

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

- . 354 1 1

. 00000
- 1 . 7 1 700

. 00000

. 00000
- . 1 8354

. 00000

. 00000
- . 05658

8    -2.04171     -2.58080       -.50536
10     -Z.07000
12          . 00000
23         . 00000
24          . 00000
25         . 00000
29          . 00000
31           . 00000

7       -.055Z0
a       -.09108
9       -. Z8758

10    -2.28263
11           . 00000
14          . 00000
21          . 00000
2Z          . 00000
23          . 00000
25          . 00000
26          . 00000
28          . 00000
30          . 00000
33         . 00000

p#4 P#5

-.21562
- . 07 1 78
- . 09025

-.07412       -.02489
.00000       -.19994
. 00000      -. 04209
. 00000       -. 08437

-. 04278      -.09522
. 00000       -. 06044

-i.16334     -1.68130
-.02254       -.01533
-.577Z4       -.19044
-.18788       -.OZ040

. 00000       -. 55559

. 00000       -.18975
-.92460       -.89961
-.05338       -..01794

-1.75438       -. 72634
-.41538       -.95971
-.87492       -.90311

-1.65817     -1.59006

. 00000       -. 05520

. 00000       -. 066Z4
-.Z7916       -.32430

.00000       -. 00414
-.09764      -. 76099
-. 05539       -. 05313
-.91513     -1.60985

-2.07000     -3.19967    -3.58840       -.99161
. 00000
. 00000
. 00000
. 00000
. 00000
. 00000

-. 05520
-.20125
-.37904

-3.76027
. 00000
. 00000
. 00000
.00000
. 00000
.00000
. 00000
. 00000
. 00000
. 00000

. 00000

. 00000

.00000
-3.99841

. 00000

. 00000
- . 05520

-1. 07474
-.37619

-2.58916
.00000

-1. 00119
-.1Z006

. 00000

. 00000

. 00000

.00000

.00000

. 00000

. 00000
7    -6.07200    -6.09294    -5.79379
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-3.98860     -3.Z47Z9

.00000       -.01242

. 00000       -. 04968
-4.16996     -4.02285

. 00000       -.10557

.00000       -.01104
-.05520       -.06486
-.71800       -.69782
~.55121        -.20803

-4.53449    -4.52594
. 00000       -.01587

-.66792       -.18691
-.54694       -.14179

.00000       -.04471

. 00000       -.35135

. 00000       -. 07866

.00000       -.16422

. 00000       -. 04692

.00000       -.11247

.00000       -.10649
-6.56585     -6.25615



P#1 P!i2                  Pli3                  P114                  P!15

9    -2.76000    -Z.76000    -3.Z4438     -3.54719    -5.63592
21          . 00000
23          . 00000
24          . 00000
25          . 00000
Z6          . 00000
TJ         . 00000
28          . 00000
29       -.01380
30         . 00000
33         . 00000
35         . 00000

7          . 00000
8          . 00000

15          . 00000
24          . 00000
25         . 00000
27       -.30105
28     -2.71947
Z9          . 00000
32          . 00000
33         . 00000
34          . 00000

3         . 00000
4          . 00000

16          . 00000
18          . 00000
26          . 00000
27          . 00000
Z8     -2.03412
29          . 00000
31          . 00000
3Z          . 00000
35    -3.21074
36          . 00000
3         . 00000
5         . 00000
8         . 00000

10          . 00000
16          . 00000
18          . 00000
19          . 00000
20         . 00000
22          . 00000
27     -1.08765
28          . 00000
30          . 00000
31       -.15902
32          . 00000
33          . 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
-.01380

. 00000

. 00000

. 00000
- . 04664
- . 04664

. 00000

.00000

. 00000
- . 53452

-2 . 14475

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

.00000

. 00000
-1 . 70867

. 00000

. 00000

.00000
-3 . 17584

. 00000

. 00000

.00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
- 1 . 355 1 6

.00000

. 00000
- . 3E800

. 00000

. 00000

- . 1 0902

. 00000

.00000
-1 . 46004
-1.11062

. 00000

. 00000
-.01132
- . 04899
-.04554

. 00000
- . 09329
-. 09329

. 00000

. 00000

. 00000
-.22108

-2 . 36725
-.05106
-.26579

. 00000

.00000
-.07314

. 00000

. 00000

.00000
-. 08728
- . 09936

- 1 . 95298
- . i 0005

. 00000
-.04416

-3 . 04897
. 00000

-. 09660
- . 07452

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
-1.08330

. 00000
-.11661
-. 39827

. 00000

. 00000

113

- . 50278
. 00000

- . 25530
-1 . 22642
-1.13396

. 00000
-.27600
- . 054 1 0
- . 06923
-.04174

. 00000
-. 12006
-.12006
- . a 1 766

. 00000
-.04140
-.38956

-2 . 17252
-. 06578
-. 18722

. 00000

. 00000
-.066Z4
-.15686

.00000
-. 03795
- . i 0304

. 00000
-1. 07048
-. 13634
- . 00966
-. 13869

-2 . 85779
. 00000

-. 08211
-. 05677

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
- . 68329

. 00000
- . 05658
-.42523

.00000
-.71ZO8

- . 1 7549
-.20102
-. 36689
-.87431

-1.31713
-.31050
-.44666
- . 1 4382
- . 1 7885
-.01637
-.08788
-.16437
-.19437
-.10488
-.27117
-.26381
-.27799

-2.35091
- . 1 4 1 97
-.23706
-.01173
-.05762
-. 03892
-.08510
- . 03220
-.32982
-.25991
-. 39054

- i . 3 1 882
-.16118
-.01656
-. 026ZZ

-2 . 44459
- . 00483
-. 06872
-.04727
-.01518
-. 07590
- . 38502
-.18871
-.28566
- . 14490
-.1ZZ36
- . 59493
- . 1 2305
-.18087
- . 38617
- . 1 1 59Z
-. 94438



p#2 P#3 Pli4                elf 5

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

26          . 00000
ZJ          . 00000

00000          .00000    -1.Z8816       -.06785
00000       -.12496
00000         . 00000
00000     -2.10174
ooooo          . ooooo
00000          . 00000
ooooo          . ooooo
00000          . 00000
ooooo          . ooooo
ooooo         . ooooo
00000          . 00000
ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. 00000         . 00000

-.16528       -. 07383
.00000       -.16330

-. 72490      -.08367
. 00000       -. Z0838
.00000       -.Z1114
. 00000       -.18989
. 00000       -. OZZ77
.00000       -.1297Z
. 00000       -. 35052
. 00000       -. 27498
. 00000       -. 2838Z
.00000       -.11523
. 00000       -. 04140
. 00000       -.18450

-.04278       -.24932
.00000       -.10764
.00000       -.10930

28     -4.10455     -5.19340     -2.69845    -1.925Z9     -3.1723Z
Z9     -3.10394     -3.93691     -2.48098     -Z.1740g     -2.32944
30         . 00000
31          . 00000
32          . 00000
33         . 00000
34          . 00000

7          . 00000
9          . 00000

11           .00000
13          . 00000
14          . 00000
17          .00000
19          . 00000
20         . 00000
21          . 00000
Z2          . 00000
23          . 00000
24          . 00000

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

. 00000       -. OZ001

.00000       -.401Z3

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. 00000       -. 0676Z

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo
28     -1.14275     -1.75582     -1.19453

. 00000       -. 03962

.00000       -. 03174

. 00000       -.15346

.00000       -.14628
-.00874       -. 06821
-. 7576Z       -. 63557
-. 273Z4       -.30176
-.07314       -.36158

.00000       -.11684
-.05327      -. 08004

. 00000       -. 03588
-.10948       -.27554

.00000       -.18899

. 00000       -. 0027G

. 00000       -. 03588

. 00000       -. 07636
-.31740       -.54295
-.80119     -1.09081

Z9     -3.9Z291     -4.85921     -3.33739     -Z.31781     -Z.95842
31          .00000          .00000       -.11488
38         . 00000         . 00000          . 00000

7         . 00000          . 00000         . 00000
9          . 00000          . 00000          . 00000

10          . 00000          . 00000          . 00000
14          .00000          . 00000       -.107Z9
21          . 00000          . 00000          . 00000
22          . 00000         . 00000         . 00000
23         . 00000         . 00000         . 00000
24          . 00000          . 00000          . 00000
Z5          . 00000          . 00000          . 00000

114

-.10902       -.23263
. 00000       -. 07521
.00000       -. 08142
. 00000       -.09108
. 00000       -. 09690

-.14628       -.15180
. 00000       -. 20562
. 00000      -. 26082
.00000       -.36018
. 00000       -.39247
. 00000       -. 89304



P#| P#2

. 00000          . 00000

. ooooo          . ooooo

. 00000          . 00000

. ooooo          . ooooo
-1.55854     -2.41868

. 00000          . 00000

. ooooo          . ooooo

. 00000         . 00000

. ooooo          . ooooo

. ooooo          . ooooo

. 00000         . 00000

. 00000          . 00000

. 00000          . 00000

. 00000          . 00000

. 00000          . 00000

. 00000          . 00000

. 00000          . 00000

. 00000          . 00000

. 00000          . 00000

. ooooo          . ooooo

. 00000          . 00000
-.65369      -.87538

-2.06385    -1.43037
. ooooo          . ooooo

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
-1. 86513
-.98840

. 00000
- . 06538

. 00000

. 00000

. 00000

.00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
-2 . 16248
-1. 46740

. 00000
-.10741

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000

P#3

. 00000

. 00000

. 00000

. 00000
-1 . 03417

. 00000

. 00000

. 00000

. 00000

. 00000

.00000

. 00000

. 00000
- . 02 1 1 6

. 00000

. 00000

. 00000

. ooooo

. 00000

. 00000
-3.39922
-.5Z771
-.987Z5
-.04416

. 00000

. 00000
-.08096
-. 02790

. 00000

. 00000

.00000

. 00000

. 00000

. 00000

. 00000

.00000

. 00000

. 00000

. 00000
- . 848Z2
-. 77722

. 00000
-. 12448

. 00000
-.21804

. 00000

. 00000

. 00000

. 00000

. 00000

115

p#4

- . 07€59
. 00000
. 00000
. 00000

-.86348
-.30406
- . 1 8630

. 00000

. 00000

. 00000
-.06555

. 00000

.00000
- . OZ760

. 00000

. 000')0

. 00000

. 00000

. 00000

. 00000
-3.39775

-. 45737
-1 . Z0455

. 00000
-. 52854
-.35742
- . 18906
-. 08753
- . 1 9 1 82

. 00000

. 00000

.00000
-. 7093Z

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
- . 7Z33 1
-. 68567

. 00000
- . 1 3583
- . 084 1 8
- . 38502

. 00000

. 00000

. 00000

. 00000

. 00000

p#5

- . 05Z82
-.10695
-.10143
- . Z 1 1 60

- I . 2 i 688
-.51415
-.21589
- . 037Z8
-.06716
-.00276
- . 06781
- . 09798
-. 14789
-. 07885
- . 14308
-. 0278¢
-.61095
-. 1 1040
-. 20838
-.36329

-3.51777
- . 79 1 1 5

-i . 50390
- . 00460
-. 58236
-.40725
-. 12420
-. 093Z3
-.31247
-. 06693
-. 16797
-.23gzo
-.46843
-.26815
-.11316
-.15677
-.25622
-.12604
-.09453
-.92048

- 1 . 02 1 05
- . 1 028 1
- . 15080
-.07762
-. 49020
-.11546
-.03174
-. 13064
- . 20976
- . 03082



I       J            P#1

44     Z4          .00000
44    25          .00000
44     26          .00000
44     27          .00000
44     28          .00000

29         . 00000

p!12                    P113 p#l+                   plF5

. 00000         . 00000         . 00000       -. 33368

.00000       -.01104       -.01104       -.02760

. 00000          .00000       -.17940       -.Z1789

. 00000         . 00000         . 00000       -. 29396

.00000     -2.OZ556     -2.77658    -4.05597

. 00000          . 00000          . 00000       -. 09384
31     -1.71017     -1.39541     -1.44017     -1.02101     -i.03899
32       -.60272       -. 71001       -.28097
33    -1.24545    -1.57780       -.36763
34          . 00000
35          . 00000
36         . 00000

45     18          .00000
45     18          .00000
45     19          .00000
45    20          .00000
45    25          .00000
45     27          .00000
45    28          .00000
45    29          .00000
45    30          .00000

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. 00000          . 00000

. ooooo         . ooooo

. ooooo          . ooooo

. 00000          . 00000

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. 00000          . 00000

-.38502       -. 41232
-. 40867      -.56595

.00000       -.31119

. 00000       -.04416

. 00000       -. 00690

. 00000       -.13800

.00000       -.24219
-.02898       -.1040Z

. 00000       -.30774

. 00000       -.24917

. 00000       -. 29256

. 00000       -.44804
-.02898       -. 38748
-.03312       -. 08023

45     31     -2.39878     -2.40120     -1.65490     -1.64498     -1.54452
45    3Z    -2.22594     -2.70043    -1.76171     -i.4Z456    -i.54299
45     33     -1.38897     -1.69211     -1.42937     -1.54579     -1.93813
45    34          .00000
45    36          .00000
45     37          .00000
46     19          .00000
48     ZO           .00000
46     21          .00000
4G     23          .00000
46    24          .00000
46     25          .00000
46     29          .00000
46    30          .00000
46    32         .00000
46     33          .00000
46     34          .00000
46    35          .00000
46    36          .00000
46    38          .00000
47    20          .00000
47     22          .00000
47    23          .00000
47    30         .00000
47     31          .00000
47    32         .00000
47    33          .00000
47    34          .00000
47    35          .00000

. 00000          . 00000

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. 00000          . 00000

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

. 00000          . 00000

.00000    -1.45728

.00000     -2.05013

. ooooo         . ooooo

.00000       -.12558

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. ooooo         . ooooo

. 00000       -. 067gz

. ooooo          . ooooo

. ooooo         . ooooo

116

. 00000

. 00000

. 00000

. 00000

. 00000

.00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
- 1 . 40996
-1. 77961
-. 40867

. 00000

. 00000

. 00000
- . 07 1 78

. 00000
-. 08878

. 00000

. 00000
-. 05879

. 00000
- . 04232

- . 26174
-. 17457
-.09177
-.G867B
-. 1044Z
-. 399Z8
-.16238
-.Z8097
-. 1872Z
-. 54709
- . 3 1 395
- . 1 4973

-1. 57795
-1 . 83003
-.49189
-. 34863
- . 1 5683
- . 1 7802
-.11006
-.13938
-. 37475
-.18400
-.Z0148
-.21785
-. 15663
- . 1 i 945



p#1 pll2                 P!i3 p#4

. ooooo         . ooooo          . ooooo          . ooooo

000
COO

000

ooooo          . ooooo          . ooooo
00000          . 00000       -.16767
00000       -.09108       -.22Z87
00000          . 00000       -. 08901
ooooo          . ooooo          . ooooo
ooooo          . ooooo         . ooooo
ooooo         . ooooo         . ooooo
ooooo         . ooooo         . ooooo
00000          . 00000       -. 21735
00000          . 00000       -. 08142
00000         . 00000       -. 04968
00000       -.13800       -.11730
00000       -.06003       -. 05106
00000          . 00000       -. 06106
ooooo          . ooooo          . ooooo
ooooo          . ooooo          . ooooo

. ooooo          . ooooo          . ooooo

. ooooo         . ooooo          . ooooo

. ooooo          . ooooo          . ooooo
. ooooo         . ooooo         . ooooo
. ooooo          . ooooo          . ooooo

-.07262       -.10741       -.20120

. ooooo          . ooooo          . ooooo

. ooooo         . ooooo         . ooooo

. ooooo          . ooooo          . ooooo

. ooooo          . ooooo          . ooooo

. ooooo         . ooooo          . ooooo

. ooooo         . ooooo          . ooooo

000
000

p#5

-. Z7324
- . 34362
-.21960
-.22880
-.Z8091
-.16215
-. OZ987
-.21827
-.27485
- . 23065
-.24316
- . 2 1 1 69
-.341a9
- . 66433
-. 06694
-. 25760
- . 0 1 93Z

. 00000       -. 50096

. 00000       -. 20608

. 00000      -. 35006
. 00000       -. 03496
.00000       -.14122

-.31799       -.37Z75

.00000       -.14938
-.00Z7g       -.05503

.00000       -.11651

.00000       -.14812

. 00000       -. 09620

. 00000       -. 23638
00000       -. OZ180       -. 34895       -. 60950
ooooo          . ooooo          . ooooo
00000          . 00000          . 00000
ooooo          . ooooo         . ooooo
00000         . 00000       -. 35576
00000          . 00000       -. 00138
00000          .00000       -. 08141
ooooo          . ooooo          . ooooo
00000          .00000       -.16312
00000          . 00000       -.14538
ooooo          . ooooo          . ooooo
ooooo          . ooooo          . ooooo

. ooooo          . ooooo          . ooooo         . ooooo

. ooooo          . ooooo          . ooooo         . ooooo

. 00000          . 00000          . 00000       -. 21666

. ooooo         . ooooo         . ooooo

. ooooo         . ooooo          . ooooo

. 00000

. 00000

. 00000

. 00000

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo

.00000     -1.36Z06
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-.24840
-. 14076

. 00000

. 00000

. 00000

- . 06762
-. Z6358
-. 14628
- . 608 1 2
-. 45954
-.17710
-.16836
-.27283
-.55491
-.411Z4
-.01380
- . 1 1 799
- . 0 1 1 04
-.42581
-.28713
- . 25599
-.27255
-.Z8612
-.31484

-2.85841     -3.32334



Pill                      P112.

52    31          .00000          .00000
5Z     3Z          .00000          .00000
52     33          .00000          .00000
52    38          .00000          .00000
52    38          .00000         .00000
52    39          .00000          .00000
52     40          .00000          .00000
53    Z7          .00000          .00000
53    30          .00000          .00000
53     31          .00000          .00000
53    32         .00000         .00000
53     33          .00000          .00000
53    35          .00000          .00000
53    36          .00000         .00000
53    40          .00000         .00000
54     27          .00000          .00000
54    30         .00000          .00000
54     31          .00000          .00000
54     32          .00000         .00000
54     33          .00000          .00000
54    34          .00000          .00000
54    36          .00000          .00000
54    39       -.75368    -1.38000

Pli3                 P#l\

. 00000      -. 83932

. 00000          . 00000

. 00000       -. 02594

.00000       -.10718

.00000       -. 01877

.00000       -.14559
-.24288       -.57063

. 00000       -. 05382

. ooooo         . ooooo

.00000    -Z.00924

. 00000       -. 04784

. ooooo          . ooooo

. ooooo          . ooooo

. 00000       -. Z7508
-.28649       -.24978

. 00000       -. 03980

. 00000       -. Z2080

.00000     -1.26960

. 00000          . 00000

. ooooo          . ooooo

. ooooo          . ooooo

. ooooo          . ooooo
-.93647       -. 72667

P#5

-. 90405
-.16854
-. 06854
-. 09798
-. 03358
-. 08280
-. 53728
-.13031
-.OZ795

-2.25599
-.31345
-.21804
-.1 Z351
-.32182
-. 2903Z
- . 02997
-. 05762

-2.62§14
-.158Z4
-.30912
-.00414
-.00414

-1.13528
54     40       -.75369     -1.38000     -1.4Z057     -1.69921     -2.16721
54     41          .00000          .00000
55    32          .00000         .00000
55    33          .00000          .00000
55    34          .00000          .00000
55    39          .00000          .00000
55     41        -.02760       -.OZ875
56     3Z          .00000          .00000
56    33          .00000          .00000
59     39          .00000       -.00276

. ooooo          . ooooo

. ooooo          . ooooo

. 00000          . 00000

.00000       -. 04140
-.00621        -.01242
-.02760       -. 00621

. 00000          . 00000

. 00000       -. 09881
-.01311         -.01381

56     41        -.81101        -.96416     -1.18956     -2.87917
57    33          .00000          .00000          .00000          .00000
57    36          .00000          .00000          .00000       -.00966
57     41       -.27600       -.Z7945       -.42558       -.34046
58     39          .00000       -.12006       -.12118       -.48457
58     40       -.03450       -.0377Z       -.13524       -.17171
58     41     -1.65600     -1.65600     -1.68829     -1.60126
59     33          .00000          .00000          .00000          .00000
59     34          .00000          .00000          .00000       -.24104
59     38          .00000       -.00276       -.00345       -.008Z8
59     39       -.00276       -.00391        -.02539       -.05125
59     40     -1.87893     -2.11715     -2.93940     -2.59559
60     33          .00000          .00000       -.01610          .00000
60     40       -.20700       -.20700       -,13340       -.Z2B91
91      34           ./`10000           .00000           .00000       -.25852

-.07958
- . 1 0902
- . 10460
-.08108
-. 03450
-. 1 1385
-.11316
-.35449
-.01441

-1. 22222
- . 09384
- . 54924
- . 03558
- . 90528
-. 16269
-. 55430
- . 35466
-.30114
-.01027
- . 05750
- . 9 1 464
-.00690
- . 16422
-.86317

61     35          .00000          .00000       -.44022       -.72974     -1.04356
61     37          .00000          .00000          .00000       -.04899       -.04036
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IJ

9139

pliL                  PIII

.00000       -. 00138

P#3

. 00000
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p!i4                 Pli5

. 00000       -. 02346



APPENDIX   Ill

Velocity  Vectors  and  Optlnal

Punpage   Policies   for  Three  Management   Plans

120



TABLE  Ill.1:     Calculated  velocltles  at

observation  points   f or  management  plan  A

Cotltents :

COLUMN

1              Year   or  management   period.

2             Observation  well   #.

3            0bservatloni7ell  row  index  ln  flnlte-difference  grid.

4            0b8ervatlon-well  colurm  index  ln  flnlte-difference  grid.

5             Velocity  ln  X-dlrectlon  at  ot)6ervatlon  well   (ft/see).

6             Velocity  ln  Y-dlrectlon  at  observation  well  (ft/see).
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YEAR WELL   # X-VEL
ft/see

. 68687E-05

.64135E-05

. 72917E~05

.81635E-05

. I 0303E-04

. 11254E-04

.94028E-05

.68677E-05

.64153E-05

. 7Z932E-05

.81655E-05

. 10309E-04

. 11267E-04

.94170E-05

1            33            22            . 6866ZE-05
2            34            23            . 64165E-05
3            35            24            . 72941 E-05
4            36           .24             . 81668E-05
5            37            23            .10313E-04
6            38            22            .11278E-04
7            39           21             . 94292E-05

.68644E-05

.64172E-05

.72945E-05

.8167GE-05
•10317E-04
.11286E-04
.94397E-05

.686Z4E-05

.64176E-05

. 7Z946E-05

.81680E-05

. 10320E-04

. i 1294E-04

.91487E-05

i           33          z2           . 6es02E-05
2            34            Z3             . 64178E-05
3            35            Z4            . 72944E-05
4            36            24             . 81681E-05
5            37           23            .10322E-04

122

Y-VEL
ft/see

- . 25484E-05
I . 17740E-05

.13534E-06

.77140E-06

. 15140E-05
I 18237E-05
.21416E-05

-. 25303E-05
-. 17647E-05

.13956E-06

. 7700ZE-06

.15069E-05

. 16077E-05

. 21 197E-05

-. 25146E-05
- . 1 7569E-05

. 14282E-06

. 76834E-06

. I 5002E-OS

. 1 5933E-05

.21001E-05

- . 2501 i E-05
- . I 7503Eco5

. 1 4532E-06

. 76649E-06

. 1 494OEro5

. 1 5803EcO5

.20825E-05

- . 24893E-05
-. 17447EcO5

. 14720E46

.76.54E¢8

. 1 4882E-05
• 15686E-05
. 20888EcO5

- . 24793E-05
-. 17400E-05

. 1 4860E-06

. 76257EcO6

. 14829E-05



YEAR           WELL   #

1991                 a
1991                  7

1997

123

ill

38
39

33 2Z

X-VEL
ft/see

.11300E-04

.94564E-05

. 68580E-05

.64177E-05

. 72941 E-05
•81679E-05
. 103Z4E-04

11306E-04
.94631E-05

. 68559E-05

.64175E-05

. 72936E-05

.81677E-05

. 10325E-04

. 1 1310E-04

. 94689E-05

.68537E-05

.64171E-05

. 72930E-05

.81673E-05

.10326E-04

.11314E-04

.94739E-05

.68518E-05

. 64167E-05

. 72924E-05

.81688E-05

. 10326E-04

. 1 1317E-04

.94782E-05

. 68496E-05

.64162E-05

. 72917E-05

.81663E-05

.10327E-04

. 1 1320E-04

.94819E-05

. 68477E-05

Y-VEL
ft/see

.15580E-05

. Z0529E-05

-. 24706E-05
-. 17381 E-05

.14959E-06

.76061E-06

. 14780E-05

.15485E-05

.20403E-OS

-. 24632E-05
- . 1 7329E-05

. 15025E-06

. 75870E-06

. 1 4735Ero5

. 1 5400E-05

. 20292EcO5

-. 24569E-05
- . 1 730ZE-05

. i 5066E-06

. 75684E-06

.14693E-05

.15323E-05

.20192E-05

-. 24516E-05
-.17Z8lE45

.15086E-06

.75505E-06

. 14655E-05

.15254E-05

.20103E-05

-. 24472E-05
-. 17263E-05

.1508BE-06

. 75333E-06
. 14621 E-05
.1519ZE-05
.20023E-05

-. 24434E-05



YEAR           WELL   #

124

X-VEL
i t / see

.64157E-05

. 7291 1 E-05

.81657E-05
. 103Z7E-04
.11322E-04
.94852E-05

. 68459E-05

.6415lE-05

. 7Z904E-05

.81652E-05

. I 0327E-04

. 1 1324E-04

. 94B80E-05

.§8441E-05

.64146E-05

. 72897E-05

.81646E-05

. 10328E-04

. 11326E-04

.94905E-05

.68425E-05

.64140E-05

.72890E-05

.81641E-05

.10328E-04

. 1 1328E-04

.94927E-05

. 684 I oE-05

.64134E-05

. 7Z884E-05

.81635E-05

.10328E-04

. 1 1329E-04

.94946E-05

.68396E-05

.64129E-05

. 72877E-05

.81630E-05

.10328E-04

. 1 1330E-04

Y-VEL
i t I see

-. 17249E-05

. 15075E-06

.75169E-06

. 14589E-05

. 15136E-05

.19951E-05

-. 24403E-05
-. 17238E-05

. 15051 E-06

.75013E-08

. 14560E-05

.15085E-05

.19887E-05

-. 24378E-05
-. 17231 E-05

.15018E-06

. 74894E-06
. 14533E-05
.15040E-05
. 19830E-05

-. 24358E-05
- . 1 7225E-05

. 14975E-06

. 747Z2E-06

.14508E-05

. 14998E-05

. 19778E-05

-. 24342E-05
- . 1 722 1 E-05

. 14927EcO6

. 74587E-06

.14485E-05

. 14961 E-05

.19731E45

-. 24330E-05
- . i 7220E-05

. 1487ZE-06

. 74455E-06

.14464E-05

. 14927E-05



YEAR

2002

125

WELL   #      I

39 21

X-VEL
i t I see

. 94963E-05

Y-VEL
ft/see

. 19689E-05

.6838ZE-05

.64123E-05

.7287lE-05

.81625E-05

.103Z7E-04

. 11331 E-04

. 94978E-05

. 68370E-05

. 641 19E-05

. 72865E-05

.81619E-05

.10327E-04

. 1 1332E-04

.94991E-05

. 68358E-05

. 841 13E-05

. 7285gE-05
.81615E-05
.10327E-04
. 1 1 ]33E-04
.95002E-05

. 88347E-05

.64108E-05

. 72854E-05

.81610E-05

. 103Z7E-04

.113]3E-04

.95013E-05

.68337E-05

.64103E-05

. 72848E-05

. a 1 606E-05

. 10327E-04

.11334E-04

.95022E-05

• 68327E-05
.84099E-05

-. 24321 E-05
- . 17219E-05

. 14815E-06

. 74333E-06

. 14445E-05

. 14896E-05

. 19651 E-05

-. 24315E-05
-. 17Z21 E-05

.14753E-06

.7421£.F-t)6

. 1 44z7Ero5

. 14867E-05

. 1961 7E-05

-. 24311 E-05
-. 17223E-05

.14691E46

.74lozE-06

.i44ioEro5

. 1 4842E-05

. 1 9585Ero5

-. 24310E-05
-. 17Z26E-05

. 146Z3E-06

. 73993E-06

. 14394E-05

. 14818E-05

.19557E-05

-. 24311 E-05
-. 17230E-05

. 14556E-06

. 73888E-06

. 1 4380E-05

. 14796E-05

. 19531 E-05

-. 243 1 3Ero5
- . 1 7235E-05



YEAR WELL   # X-VEL
i t / see

. 72843E-05

.81602E-05
. 10327E-04
. 1 1334E-04
. 95030E-05

.88318E-05

.64094E-05

. 72838E-05

.8159BE-05

.10327E-04

. 1 1335E-04

.95037E-05

.68310E-05

.64090E-05

. 72834E-05

.81594E-05

. 10327E-04

.11335E-04

.95044E-05

.68302E-05
.64085E-05
. 72830E-05
.81591E-05
. 10326E-04
. 1 1335E-04
. 95050E-05

.68294E-05

.64081E-05

. 72825E-05

.81588E-05

.10326E-04

.11336E-04

.95055E-05

. 68287E-05

.64078E-05

.72821E-05

.81584E-05

. 10326E-04

.11336E-04

. 95080E-05

126

Y-VEL
i t I see

.14486E-06

. 73789E-06

. 1 4386E-05

. 14776E-05

.19507E-05

-. 24316E-05
-. 17240E-05

.14416E-06

.7369lE-06

. 14353E-05

. 14758E-05

. 19486E-05

-. 24321 E-05
-. 17246E-05

. 14345E-06

. 73599E-06

.14341E-05

.14741E-05

. 19466E-05

-. 243Z7E-05
-. 17252E-05

. 14274E-Og

.73509E-06

. 14330E-05

. 14725E-05

.19448E-05

-. 24334E-05
-. 1725gE-05

. 14203E-06

.73421E-06

. I 431 9Eco5

.147l oE-05

.19431E-05

~ . 24342E-05
- . 17266E-05

. 1 4 1 31 E-06

. 73339E-06

. 1 430gE-05

. 1 4696E-05

.19415E-05



YEAR           WELL   #

127

X-VEL
i t / see

.68281E-05

.64074E-05
•72817E-05
.81581E-05
. I 0326E-04
. 11336E-04
.95065E-05

.68275E-05

.64070E-05

.72814E-05

.81579E-05

. 10328E-04

.11336E-04

.95069E-05

.68269E-05

.64067E-05

.72810E-05

.81576E-05

.10328E-04

.11337E-04

. 95073E-05

. 68264E-05

.64063E-05

. 72807E-05

.81573E-05

.10326E-04

. I 1337E-04

. 95076E-05

Y-VEL
i t I see

-. 24350E-05
- . I 7273E-05

. 14061 E-06

. 73258E-06

. 14299E-05

. 14683E-05

.19401E-05

-. 24359E-05
-. 1728 i E-05

. 13990E-06

.73178E-06

. 14Z90E-05

.14671E-05

. 19388E-05

-. 24368E-05
-. 17Z88E-05

13918E-06
.73lolE-06
.14281E-05
.14680E-05
.19375E-05

-. 24378E-05
- . 17296E-05

.13849E-06

. 73027E-06

.14272EcO5

. 14649E-05

.19363E-05

. 68259E-05         -. 24388E-05

. 84060E-05         -.17304E-05

. 7Z803E-05            .13780E-06

. 81571E-05             . 72955E-06

.103Z6E-04             .14264E-05

. 1 i337E-04            . i4639Ero5
-95079E-05            .19353E-05

. 68254E-o5         -. 24398Ero5

. 64057E-05          -.17312E-05

. 72800E-05            .13710E-06
. 81568E-05            . 72884E-06
.10325E-04             .14257E-05
.11337E-04             .14830E-05



YEAR RILL   # X-VEL
ft/see

.68249E-05

.64054E-05

.72797E-05

.81566E-05

.103Z5E-04

. 1 1337E-04
•95085E-05

128

Y-VEL
€t / see

-. 24409E-05
-. 17320E-05

. 13641 E-06

. 728 1 3E-06

.14Z49E-05

. 14621 E-05
. 19333E-05



TABLE   Ill.2:     Optimal  punpage   rates   for

lnterceptlon  wells  of  managemetlt  plan  A

Contents :

COLUEN

1

2

3

4

Year  or  management   time   step.

Row  index  ln  flnlte-difference  grid.

Column  index  ln  flnlte-difference  grid.

Optimal-flow  rate  ln  cfs.

129



WELL   #

130

JQ
cfs

21                5.10683
2Z            30. 20000
23              2.88702
23              7. 28594
2Z              11.82168
21              14.46284
Z0             18.38074

2 . 92977
15.87110

. 97563
4.24513
7 . 59395

10.36879
16.37022

21               2. 73906
Z2             16.35403
23                  .70019
23               3. 70Z81
Z2              6. 77230
21               9.67293
20             16.59335

2.65485
16.1911Z

. 50118
3.4Z917
6 . 39349
9.35397

16 . 82980

Z . 59674
16 . 17674

. 35858
3.25762
6 . 16987
9.20176

17.04848

2 . 55 1 59
16.22517

.24919
3 . 1 3639
6.01069



YEAR WELL   #

131

JQ
cfs

9 .11834
17 . 24350

21                 2.51438
Z2             16.33072
23                  .15399
23              3.04707
22              5.90568
21                9.07937
Z0             17. 42500

2.48145
16 . 44925

. 06962
2 . 97701
5.82714
9.05918

17 . 58792

2 . 45333
16 . 56429
2 . 918§8
5 . 76790
9.04796

17.73274

2.42951
16.63641
2 . 85654
5 . 72024
9.04596

17 . 86189

2 . 40873
16 . 70982
2.80171
5 . 68054
a . 04606

17.97600

2.39015
16.77771

2 . 753E}3



YEAR WELL   #

4
5
6

132

Q
cfs

5.64755
9.04968

18.07721

Z.37339
1 6 . 83963
2.71251
5.61829
9.05199

18 . 16653

2 . 35808
16.89473
2.67613
5.59327
9.05579

18 . 24507

2.34422
1 6 . 943 1 8
2.64443
5 . 570 1 3
9 . 05894

18.31396

2.33166
I 6 . 986 I 1
2.61636
5.55154
9 . 06 i 96

18 . 37442

2 . 32026
T] .OrRz]7
2.59176
5 . 53393
9 . 06382

18.4Z754

Z . 30994
17 . 05505
2.57034
5.51772



YEAR RILL  #

133

Q
cfs

9 . 06599
18.47383

2 . 30053
17.08272
2 . 55090
5 . 50561
9.06801

18.51456

2 . 29208
17 . 10620
2 . 53408
5.49316
9.06997

18.55009

2 . 29208
17 . 10620
2.53408
5.49316
9 . 06997

18.55009

2 . 29208
17 . 106ZO
2.53408
5.49316
9.06997

18.55009

2 . 29208
1 7 . 1 0620
2 . 53408
5.49316
9 . 06997

i 8 . 55009

2.29208
1 7 . 1 0620
2 . 53408
5.49316
9 . 06997

18.55009



RILL  #

Z014
2014
2014
?I) I 4

2014
2014

134

Q
cfs

2 . 29208
1 7 . 1 0620
2 . 53408
5.49316
9 . 06997

I 8 . 55009

2 , 29208
1 7 . 1 0620
Z . 53408
5.49316
9 . 06997

i 8 . 55009

2 . 29208
17 . 10620
2 . 53408
5.49316
9 . 06997

1 8 . 55009

2.29ZO8
17 . 10620
2.53408
5.49316
9 . 06997

1 8 . 55009

21                2.29208
22              17.10620
23               2.53408
22                5.49319
21                9.06997
20             18. 55009

Z1               2.29208
22             17.10620
23              2.53408
22              5.49316
21               9. 06997
20            18. 55009

21               2. 29208
22             17.10620



WELL   #

2019
ZO19
2019
2019
2019
2019

135

JQ
cfs

23              2.53408
22               5.49316
21               9. 06997
20            18.55009

21               2.2gzo8
22              17.10G20
Z3              2. 53408
22               5.49316
21               9.06997
20             18. 55009

21               2. 29208
22             17.106Z0
Z3               2.53408
2Z               5.49316
21               9.o6997
ZO             18. 55009

2 . 29208
1 7 . 1 0620
2 . 53408
5.49316
9 . 06997

18.55009

2 . 29208
17 . 10G20
Z . 53408
5.49316
9.06997

18 . 55009



TABLE   Ill.3:     Calculated  velocltle8  at

observation  polnt§   f or  management  plan  8

Contents :

COLUEN

1              Year  or  management   period.

2             Observation  well   #.

3            0bservationwell  row  index  ln  flnlte-difference  grid.

4            0bservatlonirell  colum  index  ln  flnlte-difference  grid.

5             Velocity  ln  X-dlrectlon  at  observation  well   (ft/see).

6             Velocity  in  Y-dlrectlon  at  observation  well   (ft/§ec).

136



YEAR WELL   # V
X

(ft/s)
. E}5814E-05

.94034E-05

. 78144E-05

. 59217E-05

. 8299ZE-05

.9166ZE-05

. 76568E-05

.58138E-05

.80057E-05

. 8896ZE-05

. 74752E-05

. 57069E-05

. 77377E-05

. 86.330E-05

. 72945E-05

.56090E-05

. 75066E-05

.83941E-05

.71260E-05
•55206E-05

.73130E-05

.81852E-05

. 69742E-05

.S4413E-05

.71532E-05

.80062E-05

.68404E-05

.53708E-05

.70221E-05

. 78544E-05

. 67237E-05

.53085E-05

.B9150E-05

. 77264E-05

V
y

(ft/s)

.11544E-05

. 10610E-05

.13557E-05

. 22964E-05

.10216E-05

.95215E-06

.12698E-05

.22773E-05

. 87966E-06

.87165E-06

. 12345E-05

.22857E-05

. 75645E-06

.82049E-06

. 12333E-05

.231Z3E-05

. 65847E-06

.79310E-06

.12537E-05

. 23505E-05

.58428E-06

. 78358E-06

.12876E-05

.23961E-05

. 53014E-06

. 78896E-06

. 13297E-05

. Z4458E-05

.49192E-06

. 79936E-06

.13761E-05

.24971E-05

. 46cOOE-06
.81779E-06



YEAR           WELL   #         I

138

V
X

(ft/s)

. 682Z7E-05

. 52537E-05

.68276E-05

.76187E-05

.65357E-05

. 52056E-05

.67561E-05

.75ZBIE-05

.64607E-05

.51634E-05

. 66978E-05

.74519E-05

. 63962E-05

.51Z66E-05

. 66500E-05

.73878E-05

.63407E-05

. 50943E-05

.86109E-05

. 73337E-05

. 62929E-05

.50661E-05

.65789E-05

.7Z879E-05

.62516E-05

.50413E-05

• 65526E-05
. 72492E-05
.62161E-05
.50197E-05

.65310E-05

.72164E-05

.61852E-05

.50006E-05

V
y

(ft/s)

. 14243E~05

. 25484E-05

.44938E-06

. 83999E-06

. 14725E-05

. 25985E-05

. 43966E-06

. 86430E-06

.15196E-05

.26466E-05

.43499E-06

.88953E-06

. 15648E-05

. 29922E45

. 43392E-06

.91476E-06

.16076E-05

. Z73SOE-05

.43541E-06

.93947E-06

.16478E-05

.27749E-05

.4386lE-06

.96314E-06

. 16851 E-05

. 2Bl i BE-05

. 44296Ero6

. 98569E-06

.17197E-05

.28458E-05

. 44796E-06

. 10068E-05

. 17514EcO5
•28769E-05



YEAR           WELL   #

2005
2005
2005
2005

139

V
X

(ft/s)

.85133E-05

.71886E-05

.61586E-05

. 49840E-05

. 64987E-05

.7164gE-05

.61355E-05

. 49693E-05

. 64866E-05

.71447E-05

. 6 1 1 53E-05

.49564E~05

. 64767E-05

.71274E-05

. 60978E-05

. 49450E-05

.64685E-05

. 71127E-05

. 80826E-05

. 49350E-05

.64617E-05

.71001E-05
•60693E-05
. 49262E-05

.6456lE-05

. 70893E-05

.60577E-05

.49184E-05

.64515E-05

. 70800E-05

.60476E-05

. 491 15E-05

V
y

(ft/s)

. 45335E-06

. 10266E-05

. 1780gE-05

. 29054E-05

. 45882E-06

.10447E-05

.1807ZE-05

.29314E-05

. 46422E-08

.10814E-05

. 18314E-05
•29550E-05

. 46947E-06

. 10766E-05

. 18534E-05

.29765E-05

. 47448E-06

. 10906E-05

. 18734E-05

. 29959E-05

. 47920E-06

. 1 1032E-05

.18914E-05

.30135E-05

.48381E-06

. 11148E-05

.19078E-05

. 30294E-05

. 48769E-06

. 11 Z5ZE-05

.19225E-05

. 30437E-05



YEAR

Z015
Z015
2015
Z015

2017
2017
2017
2017

WELL   #

140

V
X

(ft/s)

.64478E-05

.7072lE-05

. 60387E-05

. 49054E-05

.84446E-05

. 70652E-05

.80310E-05

. 49000E-05

.64421E-05

. 70593E-05

. 60242E-05

. 48953E-05

. 64400E-05

. 70543E-05

.60182E-05

.48911E-05

. 64383E-05

. 70499E-05

.60130E-05

. 48874E-05

.64369E-05

. 70461 E-05

. 60084E-05

.48841E-05

.84357E-05

. 70429E-05

.60044E-05

.48812E-05

. 64348E-05

. 70401 E-05

. 60009E-05

. 48786E-05

V
y

(ft/s)

.49145E-06

.11346E-05

. 19358E-05

. 30566E-05

. 494goE-06

.11431E-05

.19478E-05

. 30683E-05

. 49803E-06

.11508E-05

. 19586E-05

. 30788E-05

. 50088E-06

.11577E-05

. 19683E-05

. 30882E-05

. 50345E-06

. 1 1639E-05

. 19770E-05

. 30967E-05

. 50576E-06
. 11695E-05
. 19848E-05
.31043E-05

. 50784E-06

. 1 1745E-05

.19918E-05

. 31 1 1 1 E-05

. 50969E-06

. 1 17goE-05

.19981E-05

. 31 173E-05



YEAR

2020
2020
20ZO
20ZO

WELL   #

141

V
X

(ft/s)

64341E-05
. 70376E-05
. 59978E-05
. 48764E-05

.64335E-05

. 70355E-05

.5995lE-05

. 48743E-05

V
y

(ft/s)

. 51 134E-08

. 11830E-05

. 20038E-05

.31228E-05

.51281E~06
1 1868E-05

. 200B8E-05

.31278E-05



TABLE   Ill.4.a:     Optimal   freshwater  pumpage

rates  f or  nanageDent  plan  8  ln  management  area

Contents :

COLUEN

1 Row  index  of  freshwater-supply  wells  ln  I lnlte-cliff erence

grid .

Column  index  of  freshwater-supply  wells  ln  flnlte-

dlfference  grid.

Freshwater-discharge  rate  ln  cfs.

142



Q
cfs

. 50000

. 50000

. 00000

. 00000

. 00000

. 00000

. 50000

. 50000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
1 . 00000
1 . 00000

. 00000

. 00000

. 00000
1 . 00000
1 . 00000
1 . 00000

.00000

. 00000

. 00000
i . 00000
1 . 00000
1 . 00000
1 . 00000

. 00000

. 00000

. 00000
i . 00000
1 . 00000
1 . 00000
1 . 00000
I . 00000
I . 00000
1 . 00000
1 . 00000
1 . 00000
I . 00000

.00000

. 00000

. 00000

. 00000

. 00000
1 . 00000
1 . 00000
1 . 00000
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Q
cfs

1 . 00000
1 . 00000

. 00000

. 00000

. 00000

. 00000

. 00000

. 00000
I . 00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000

. 00000

. 00000

. 00000

. 00000

.00000

. 00000
1 . 00000
I . 00000
1 . 00000
1 . 00000
1 . 00000

. 00000

.00000

. 00000

. 00000

144



TABLE   III.4.b:     Optlnal  brine-1nterceptlon  rates

f or  management  plan  8  ln  management   area

Contents :

COLUMN

I

2

3

4

Year  or  management   time   step.

Row  index  lD  flnlte-difference  grid.

Column  index  ln  flnlte-difference  grid.

Optlnal-flow  rate  ln  cfs.

145



146

Q
cfs

1 1 . 1 900Z

3 .16274
1 1 . 95935
12.82016
16 . 08392

7.71834
3.28075
8 . 44382

10.38759
15 . 73597

6 . 98583
3 . 40082
7.82127

10 . Z9988
16.30862

6.53688
3 . 37090
7.48447

10 . 30897
16.67982

6 . 25099
3.27787
7 .TJ2:JZ

10.32538
18.93874

6 . 04143
3 . 15390
7 .12044

10 . 32969
1 7 . 1 1958

5 . 8952Z
3.03013
7.01217

10.33433
17 . Z4651



147

Q
cfs

5 . 78983
Z.91578
6.93Z41

10 . 3386Z
17 . 343£8

5.71216
2.81446
6.87219

10.34Z90
1 7 . 4 1 685

5 . 65352
Z . 72678
6 . 82563

10 . 34720
17 . 47369

5 . 6080Z
2.65198
6 . 78892

10.35092
17.51791

5 . 57239
2 . 58870
6 . 7595Z

10.35416
I 7 . 55319

5.54358
2 . 53543
6 . 73569

10 . 35682
17 . 58099

5.520ZO
2 . 49074
6 . 7 1 593

10.35881
17 . 60333

5.50101
Z . 45324
6 . 69933

10 . 36004



148

Q
cfs

17 . 62088

5 . 48494
2 . 42186
6 . 68538

10 . 38100
17.63515

5.47144
2.39550
§ . 67356

10 . 36102
17 . 64607

5 . 46009
Z . 37345
6 . 66346

10 . 36094
17 . 85506

5 . 45035
2.35483
6 . 65465

10.36040
17 . 681 76

5.44193
2.33912
6.64704

10.35928
17 . 66695

5 . 43483
2 . 32587
6 . 84032

1 0 . 358 1 7
17 . 67072

5 . 42862
Z.31467
6 . 63457

10.35692
17.67357



2011
2011
2011

2011
2011

2012
Z012
2012
2012
2012

149

Q
cfs

5.42321
2 . 30517
6 . 62950

10.35544
17.67561

5 . 4 1 850
2 . 29709
6.6Z501

10.35391

17 . 67685

5 . 41444
2 . 29020
6.62100

10 . 352 44
17.67754

5.41110
2 . 28433
6 . 61764

10.35082
17.67778

5.40797
2 . 27930
6.61442

10 . 34941
17.67769

5 . 40546
2 . 27495
6 . 6 1 1 65

10.34787

17.67744

5 . 40317
2.27122



2020
2020
2020
2020
2020

150

Q
cfs

6 . 60929
10 . 34635
17.67690

5.40124
2 . 26798
6 . 60703

10.34500
17 . 67628

5 . 39954
2.Z6514
6 . 60501

10.34359
17 . 87549

5.39791
2 . 26270
6 . 60327

10.34232
17.67465

5 . 39663
2 . 26055
6 . 60187

10.341lG
17.67369

5.39564
2.25865
6.60009

10 . 33992
17.67291

5 . 39478
2.25698
6 . S9856

10.33889
17.67177



TABLE   Ill.5:     Calculated  Velocltles  at  Observation

Points   f or  Management  Plan  8

Contents :

COLUEN

1              Year  or  management   period.

2             Observation  well   #.

3            0bservatlonivell  row  index  ln  flnlte-difference  grid.

4            0bservatlonirell  colum  index  ln  finite-dl£ference  grid.

5             Velocity  ln  X-dlrectlon  at  observation  well   (ft/sec).

6             Velocity  in  Y-direction  at  observation  well  (ft/see).
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YEAR RILL  #

152

V
X

ft/s
. 71073E-t)5
.85418E-05
. 94023E-05
. 78410E-05

. 6930ZE-I)5

. 82454E-05

.91639E-05

. 76904E-05

. 87608E-05

. 79473E-05
. 88927E-05
. 75092E-05

. 66005E-05

. 76775E-05

. 86284E-05

. 73272E-t)5

.64564E-05

. 74456E-05

.83885E-05

.71573E-05

.63312E-05
. 72515E-05
.81788E-05
. 70042E-05

.62248E-05

.70913E-05

. 79990E-05

.88693E-05

. 61355E-05

. 69600E-05

. 78466E-05

.87517E-05

.60613E-05

. 68527E-05

V
y

ft/s
-. 10907E-05

.11578E-05

. 10567E-05

.13295E-05

-.12227E-05

. 102Z4E-05

. 94354E-06

. 1 Z351 E-05

-. 13593E-05

.8776gE-06

. 860Z6E-06

. 11980E-05

-. 1489ZE-05

. 75248E-06

. 80766E-06

.11971E-05

-. 16050E-05
. 6532gE-06
.77971E-06
. 12185E-05

-. 17043E-05

. 57843E-06

.77013E-06

. 12536E-05

- . 17876E-05

. 52394E-06

. 77374E-08

.1Z967E-05

-. 18566E-05
. 48558E-06
. 78650E-06
. 13440E-05

- . 19136E-05

. 45966E-06



YEAR           WELL   #         I

153

V
X

ft/s
77181E-05
66500E-05

. 59997E-05

.6765lE-05

. 76099E-05

. 65624E-05

.59489E-05

. 68935E-05

.75189E-05
.64869E-05

. 59070E-05

. 66350E-05

. 74424E-05

. 64220E-05

. 58725E-05

.65871E-05

.73779E-05

.63661E-05

.58441E-05

.65480E-05

. 73236E-05

.63180E-05

.58207E-05

.65158E-05

. 72776E-05

. 62764E-05

.58016E-05

. 64895E-05

. 72387E-05

. 6Z406E-05

.57859E-05

.64678E-05

. 72057E-05

. 62095E-05

V
y

ft/s
. 80534E-06
. 13931 E-05

- . 19604E-05

. 44309E-06

. 82797E-08

. 14422E-05

-. 19991 E-05

. 43348E-08

. 85270E-06

. 14900E-05

-. 20311 E-05

. 42892E-06

. 87833E-06

. 15359E-05

-. 20577E-05

. 42799E-06

. 90394E-06

. 15793E-05

- . 20799E-05
.42961E-06
.92899E-06
. 1 6 1 99E-05

- . 20986E-05

. 43293E-06

. 95299E-06

.16577E-05

-. Z 1144E-05

. 43740E-06

.97583E~06

.16927E-05

-. Z 1278E-05

.44251E-06
.99715E-06
.17248E-05



YEAR WELL   #

rs4

V
X

ft/s
. 57730E-05
.64501E-05
.71777E-05
.6ia27E-o5

.57624E-05

. 64354E-05

.71539E-05

.61594E-05

.57538E-05

. 84233E-05

.71336E-05

.61391E-05

.57468E-05

.64133E-05

. 7 1 1 63E-05

.81215E-05

. 5741 1 E-05

.64051E-05

.71014E-05

.61061E-05

.57364E-05

.63983E-05

.70887E-05

.60927E-05

.57327E-05

. 63927E-05

. 70779E-05

. 6081 1 E-05

. 57297E-05

.63881E-05

. 70G85E-05

.60708E-05

.57273E-05

.63843E-05

V
y

ft/s
- . 21393E-05

.4480lE-06

. 10172E-05
. 17543E-05

-. 21492E-05
. 45357E-OB
. 10356E-05
.17812E-05

-. 21578E-05
. 45907E-06
. 105Z4E-05
. 18057E-05

- . Z 1652E-05

. 46440E-06

.1067gE-05

. 18280E-05

-. 2171 7E-05

. 46948E-06

. 1 08 1 9E-05

. 184B 1 E-05

- . 2 1 775E-05
. 47427E-08
. 10948E-05
. 18664E-05

-. 21825E-05
. 47874E-06
. 1 1064E-05
. 188ZgE-05

-. 21870E-05
. 4t)288E-06
. 1 1 170E-05
. 18978E-05

- . Z I 910E-05

. 48669E-06



YEAR           WELL   #         I V
X

ft/s

. 70605E-05

.60619E-05

V
y

ft/s

. 11265E-05

.19113E-()5

155

. 57253E-05

.83812E-05

. 70538E-05

.60541E-05

. 57238E-05

. 63786E-05

. 70477E-05

. 60473E-05

. 57226E-05

. 83765E-05

. 70426E-05

.6a4i3E-o5

.57217E-05

.63748E-05

. 70382E-05

. §0360E-05

.57210E-05

. 63734E-05

. 70344E-05

.60314E-05

. 57205E-05

. 637Z3E-05

. 7031 I E-05

. 60274E-05

.57201E-05

.63714E-05

. 70283E-05

. 60238E-05

.57199E-05

.63706E-05

. 70259E-05

.60207E-05

-. 21945E-05
.49018E-06
. 1 1351 E-05
. 19234E-05

- . 21978E-05

.49335E-06

. 11429E-05

. 19343E-05

-. 22006E-05
. 49924E-06
. 11499E-05
. 19441 E-05

-. 22033E-05

. 49884E-06

. 1 1561 E-05

. 19529E-05

- . 22057E-05
. 501 18E-06
. 1 1618E-05
• 19608E-05

-. 2Z078E-05
. 503Z9E-06
a 11669E-05
. 19679E-05

- . 22098E-05
.50517E-06
. 1 1 7 1 4E-05
. 19742E-05

-. 22116E-05

.50684E-06

. 11754E-05

. 19799E-05



YEAR           WELL   #

Z020
Z020
2020
2020

V
X

ft/s
.57197E-05
. 63700E-05
. 70238E-I)5
. 60179E-05

V
y

ft/s
- . 22133E-05

.S0834E-06

. 1 1791 E-05

.19850E-05



TABLE   Ill.6.a:     Optimal   freshwater--pumpage   rates   for

management   plan  C  ln  management  area

Contents :

COLUMN

1 Row  index  of  fresh  water  supply  well  1n  flnlte-dlf f erence

grid.

Colurm  index  of  fresh  water  supply  well  1n  flnlte-

dlfference  grid.

Fresh  water  discharge  rate  ln  cfs.
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158

Q
cfs.

. 50000

. 50000

. 00000

. 00000

. 00000

. 00000

. 50000

. 50000

. 00000

. 00000

.00000

. 00000

. 00000
1 . 00000
1 . 00000

. 00000

. 00000

. 00000
1 . 00000
1 . 00000
1 . 00000

. 00000

.00000

. 00000
I . 00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000

. 00000

. 00000

.00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000

. 00000

.00000

1 . 00000
1 . 00000
1 . 00000
1 . 00000



Q
cfs,

1 . 00000
. 00000
. 00000
.00000
. 00000
.00000
. 00000

1 . 00000
1 . 00000
1 . 00000
1 . 00000
1 . 00000

. 00000

. 00000

. 00000

. 00000

. 00000

.00000
1 . 00000
1 . 00000
1 . ooo`oo
1 . 00000
1. 00000

. 00000

. 00000

. 00000

. 00000
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TABLE   III.6.b:     Optimal  brine-interception  rates

f or  management   plan  C

Contents :

COLUMN

1

2

3

4

Year  or  management   time   step.

Row  index  ln  flnlte-difference  grid.

Column  index  ln  flnlte-difference  grid.

Optimal-flow  rate  ln  cfs.
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161

Q
cfs

11.10150

1 . 44490
1 0 . 1 1 860
12.04040
16 . 42850

a.06570
1 . 40870
6.52010
8.57620

1 5 . 05 1 90

7.41270
1 . 55550
5.803ZO
7 . 99510

15.37910

7.01390
1 . 55740
5.39250
7 . 68760

15.60060

6 . 75580
I . 49490
5 . 13730
7 . 49350

15.74490

6 . 55500
1 . 400ZO
4 . 95550
7.35670

15 . 84010

6 . 40490
1 . 30340
4 . 83270
7 . 258ao

I 5 . 90600



YEAR

162

Q
cfs

6 . 28930
1. Z1320
4 . 74650
7 . 18700

1 5 . 95350

6 . i 9890
1.13290
4 . 68420
7 . 13300

15.98930

6 .12660
1 . 06390
4.63800
7.09130

18.01691

6 . 06830
1 . 00520
4 . 60260
7 . 05870

16 . 03830

6.02040
. 95610

4 . 57510
7.03270

16.05530

5 . 98070
.91540

4 . 553ZO
7.01150

1 6 . 06850

5.94740
.88160

4 . 53570
6 . 99430

18.07880



16L3

Q
cfs

5.91910
. 85390

4.52120
6 . 97970

1 6 . 08650

5 . 89530
. 83 1 00

4 . 50940
6.96750

1 6 . 09250

5.87480
.81210

4 . 49930
8 . 95700

16 . 09650

5 . 85720
. 79660

4 ..49120
6.94810

16 . 09950

5.84Z00
. 78390

4 . 48400
9.94050

18.10130

5 . 82890
. 77340

4 . 47790
6.93380

1§.10210

5.81770
. 76470

4 . 47270
6 . 9Z800

1 6 . 1 02Z9



YEAR

164

Q
cfs

5 . 80780
. 75750

4 . 4G830

6 . 92270
16.10190

5 . 799ZO
. 75160

4 . 46450
6.91820

16.10110

5 . 79190
. 74660

4.46110
6.91430

16 . 10010

5 . 78580
. 74240

4.'45830
6.91070

16.09860

5 . 78010
. 73890

4 . 45580
6 . 90760

16.097ZO

5.77510
.73610

4 . 45370
6.90480

16 . 09570

5 . 77100
. 73360

4.45190
6 . 90230

16.09410



YEAR

165

Q
cfs

5 . 76730
. 73 1 50

4 . 45030
6 . 90000

16 . 09250

5 . 78430
. 72970

4 . 44900
6 . 89800

16 . 09070

5 . 76 1 50
.7Z8lo

4 . 44780
6 . 89620

16.08910

5.75920
. 7Z680

4 ..44690
6.89440

16.08771

5 . 75700
. 72560

4 . 44610
6 . 89300

1 6 . 08600

5.75530
. 72450

4 . 44530
6.89170

16 . 08450

5 . 75360
. 72380

4 . 44470
6 . 89050

16 . 08299
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