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AES"Or

The  objective  of  this  study was  to assess  the  present  and  future
ixpaLcts  of  leachate  from  the Barton  Cbunty  sanitary  land fill  on  cater
quality  in  the  local  drinkingwatel.  aquifer  and  the Cheyenne Bottans
Waterfcwl  Refuge,  a dcmgradient  vetland.    This cas  accomplished  ty
analyzing  local  ground  and  surface raters  for  organic  and  inorganic
contaminants,  estimating  the  quantity  of  leachate  generated  and  its
likely  direction Of  flcw,  and  evaluating  the  inf luence of  landfill-
operating  practices  on  leachate  generation.

A Ironitormell  netcork  Of  seven  wells  mas  installed  to  salxple
groundrwater  quality  inside  the  landflll's property  limits.    Eight  local
daestic wells  and  three domgrndient  surface-cater ponds also were
saxpled.    One  shallctw veil  tapping  an  unused  `pper  aquifer  ms  formd  to
be highly  contaninated  with volatile  organic  chemicals  (Vacs).    This
well  res directly  adjacent  to  some of  the  ea,rliest waste  cells
constructed  at  the  land fill.    A  second  challov well  chomed  possible
leachate  contaninatlon ty  inorganic  chemicals and  dissolved  onganlc
carbon  (IXX=).    The well  that  supplies cater  for  the  landfill's
scalehouse  also contained  trace amounts  of Vacs.    The  remining rater
qunllty  sapling  points  and  the Cheyenne Bottons  seened  to be unaffected
ty  landfill  leachate.    The  installation Of additional  IImitor veils  in
the  upper aqulfer,  to more precisely  delineate  the degree Of
contarnlnation  that has occurred ,  is  reccrmended.

A caputer-based  soil-moisture model  mag  used  to  estimte  leachate
generation  at  the  landfill.    Model  Itesults  chow that  significant
quantities  of  leachate  can  theoretically be  generated  in  average  and
above.-.average  precipitation years.    Vertical  hydraulic  conductivlties
(K)  were  determined  for  the  landflll's  cover  and  underlying  soils.    This
informtlon res used  to predict  rates of  infiltration  into the  land fill
as well  as  the direction of  leachate lnovenent  out  of  the  landflll.    K-
values  for  the  ]andfill's  cover  soil  mere  found  to vary  significantly
and  are  thought  to be  controlled ty  the  clay  content  and  the  degree of
cernprctlon.    K-values  for  the  underlying  soils mere  reported  to be inch
lcmer,  thus a  lateral  direction of  leachate  flow  is  expected.
Eventually,  this  could  lead  to  the  contamination  of  nearby,  local
danestic wells.

Current  landfill-operating praetlces do not  fully  confom to
accepted  sanitary  landfill  practices  in  that  the  solid caste  ln  the
active  trenches  and  the  'twet  pit"  is  not  covered  chily with  soil.    Thus,
precipitation  is allcmed  to  fall  directly on  the castes during  the
period  the mstes are  exposed.    This practice lnay  contribute
signlflcantly to  leachate  generation  and  should  therefore be  abandoned.

Department  of  Civil  Ehgineerlng                         Thesis  Supervisor
April,  1987                                                                  Dr.  Stephen  J.  Randtke

Associate Professor
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GIAprER  1:      INIROIN7OrloN

BACREEroun

rfunicipal  sanitary  land fills are often  cited as  sources of ground-

rater  contanlnatlon.    The  regulations  prcmulgated  on  RA;y  19,  1980,  by

the United  States  thvironmental  Hotection  Agency  (USEPA)  under  the

Resouroe  Conservation  and  Recovery  Act  (RCRA)  are  intended  to mlnimlze

ground-water  contamination  d`re  to  landfill  leachate.    This  is

accaxpllched ty  regulation of  landflll-construction practices and

establishment  of  onsite monitor-well  networks.    These  networks  ar+e

speclfled  to have  one upgradient  and  three downgrndient monitor veils

installed  ln  the  uppemtost  aquifer  adjacent  to the  land-dlaposal

facility.    The  ultimte  goal  is  to minimize  the  envlrtonmental  impacts of

landfills.    A mjor  environmental  i]Ipact  resulting  from  the diaposal  of

solid waste  into a  sanitary  land fill  occurs when vrater  passes  through

the  solid caste,  accunlates various  contalninants,  and percolates or

leaches  into underlying  ground raters or  downgradient  surface raters,

seriously  degrading rater quality.    Civerall ,  the effectiveness  of  the

regulations  depends  on  siting  considerations  as well  as  on  design  and

mnagenent  procedures.

Potential  pollution  from a canltary  landflll  mist  be  considered  in

its  design  and  location.    Understanding  the  factors  and  conditions

involved  in  the productioh Of  leachate  is  necessa,ry  for  its  elimination

and  control.    Because  of  the  high  cost  of  cleaning  tp  contamimted

ground rater,  it  is  important  to be able  to predict  the extent  of  a
leachate  problem and  to  atteapt  to prevent  its  occurrence.    A mjor  goal

in planning,  designing,  and  operating  a sanitary  landflll  should  be  to

miniJnize  all  souroes Of  cater  reaching  the castes  so  that  leachate
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plloduction  is  eliminated.    I.ieachate  production  can  be minimized  or

nearly eliminated ty preventing rater contact with the castes ty  the use

of  surface  and  subsurface dminage  and  properly  selected  cover mterlal

that  is  graded  and  seeded with a high-evapotranaplratlon  crop.

Scorn  AND  CBJECTIVES

FTesented here are  the  results of a site  investigation of  the

Barton County  srmltary  landfill  near Great  Bend,  Kansas.    The

investigation  res  ccxpleted  ty  the  Kinsas Geological  Survey  (HGS) ,  with

technical  assistance  provided  ty  the Kansas Department  of  Health  and

Environment  (KRE) ,  and  in  cooperation  with  the  Earton  county  Engineers

Office.    The primry purpose of  this  study ms  to give an  initial

indication of  possible  leachate  formtion and  the  ef fects any  such

leachate might  have on  the  local  rater  quality.    This  includes  the  local

drinking.-water aquifer as nell  as  long-ten raterquality effects on  the

Cheyenne  Bottas  Waterfcwl  Refuge,  a  downgradient  wetland.

RrsEARcil  AppROAor

To begin  the  study,  an  initial  site visit ms mde  to determine

soil  types,  site drainage,  vegetation,  waste-cell  construction,  and

other  physical  factors  that  could  affect  the  generation  and migration Of

leachate  at  the  landfill.    Also,  water  levels were  recolided  frcm  the

available  domestic  and  stock vells  near  the  landfill,  which provided

data  for  the  construction of  a  general  potentionetric-surface tnap Of  the

drinking-imter  aquifer  underlying  the  landfill.    All  available veil  1cgs

were  examined  to better  define  the  geology  of  the  site  and  the  depths  of

possible cater-bearing  zones.

After  reviewing  the veil  logs  it res  deelded  to drill  three inDnitor
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vells into the drinkingwater aquifer and  three mnitor veils  into a

shallow zone  that  hnd  raterbearing  potential.    one  shallow lnonltor nell

res placed  topograpbically  dcrmgradient  in  a clay  zone.

Since  this  study was undertaken with  the  interition of  giving

preliminary  indications of possible rater-resource  contamination by the
landfill,  a better understanding of  the characteristics Of minicipal

solid raste  leaehate res needed.    To achieve  this,  a  literature  I`eviev

mas  perfolned  and  is  presented  in  chapter  2.    Based  on a knowledge of

the  types of chemicals  typically present  ln  leachate  and  the  analytical

capabilities  that  were  available,  the vrater  samples were  analyzed  for

volatile  organic  chemicals  (Vacs) ,  dissolved  organic  carbon  (Duo) ,  and

the nmjor  inol.ganic  anions  and  cations.    Results  frcm  these  analyses  are

chown  and  discussed  in  chapter  6.

Soil  samples mere  collected  from  the  landfill's  cover  soil  as nell

as  the  underlying Dulrota  clay.    Vertical  hydraulic  conductivity  (K)

values  mere  determined  for  these  samples.    K-values  for  the  cover  sc)il

goveni  the  rate at which rater can  infiltrate  the  land fill  surface.   K-
values  for  the underlying  clays  govern  the  rate  and  direction  Of

leachate movenent  out  of  the  landfill.

In  an  effort  to q.unntify  leachate  genera,tion  at  the  landfill ,  a

soil-in)istune  ccxputer model  mag  used  to  estimate  leachate quantities

that  the  land fill  could  theoretically be cape,ble  of  yielding  during

abov-average,  below.--average  and  average  precipitation  water  years.    The

results  of  the model  are  discussed  in  chapter  7.    Finally,  possible

leachatemigration  pathm;ys  are  analyzed  and discussed  in  chapter  8.
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CHAFTFR  2:     MUNICIPAL  soblD  WASTES  AID  I.ANDFIIL  IHACiIATES

ccNlposlTlcIN  OF  soblD  wAsrE

The coaposition of  solid mste  in a  land fill  plays a vital  role  in

determining  the  chemical  characteristics of  leachate.    The  typical

ccxposition  of municipal  solid castes  and  their  nomal  range of

variation  is  given  in  table  1.    The major  ccxnponents  of  solid  caste

include:    food  castes,  paper,  cardboard,  plastics,  textiles,  ru.bber,

leather,  garden  trinings,  wood,  glass,  tin  cans,  nonferrous metals,

ferrous  metals,  dirt,  ashes  and brick.    'The degradation  of  cach of  the

various ccmponents of  solid waste  imparts  dlffel.ent  cheulcal

constituents  to  the  leachate.    mcrobial  grcuth  and  the  acconpanying

biochcmical  breakdcm of  solid wastes  are  responsible  for mny Of  the

ccxponents  of  leachate.    As cater  enters  the  landflll  and  the  solid

wastes beccne  saturated,  the  soluble material  initially present  in  the

solid mstes will  dissolve  and microrganisns will  begin  to grcw on  the

lroist  wastes.    Soluble  organic matter,  nutrients,  dissolved minerals,

and other  constltuents are  then  released  into  the rater as ty-products

of  the microbial  metabolian of  caste  ccmponents,  or  as a  result  of  the

alteration  of  the  chemical  environment  (e.g. ,  FH,  oxygen  concentration,

etc.)  try  the  microbes.

In  addition  to the mjor  oonstituents of mmicipal  solid caste

described  above,  there  are  sore  canponents  that  are  generally  smll  in

volume  but  which lnay  be highly  significant  sources  of  pollution.    These

are  such  things  as ba.ttel'ies  (mercury,lead,  and  cadmium) ,  waste

solvents,  and  oonon household  products  including  dmin  cleaners,  paints

and paint  thinners,  automotive oil  and  antifreeze,  pesticides,  and  oven

cleaners.    These  so  called  "eapty"  product  containers  are  regularly
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Table  1.    Ccmposition  of  solid  castes.

Component
Percentage  ty veight

Range                   Typical

Fond ustes
Paper
cardhard
Plastics
Textiles
Rubber
IJeather
Garden  trinhings
Wded

Glass
Tin  crms
Nonferrous lnetals
Ferrous metals
Dirt,  ashes,  brick

Adapted  frcm Tchobonaglous  et  al. ,1977.



disposed  of  at  saLnitary  landfills where  the  residues  can  find  their ray

into  the  soil  and cater  systens.    The  product  containers  can  release

anll  amounts  of  toxic  chemicals  into  the  leachate.    If  the  contaminants

are  not  ndsorbed by  the  soil,  they  can  enter  the  ground rater,  where

they are  of  concern,  even  at  trace  levels.

Principal  mechanisas ty which the  solidmste mss  is  tlurisferred

to percolating rater  can  be divided  into  three Iba,jor  categories.    One

mjor mechanien is the entrainlnent of  solid"ste particulate and

soluble mterial  ty  the  percolating cater.    The otber  two nELjor

mechanisnrs  are  the dissolution of  soluble  salts  in  the castes  and  the

biodegradation  of  organic mterial  to  gaseous  and  sc)luble  form.

BIOREICAI.  DFGRADATICN  CF  SonlD  WASTES

Municipal  solid-.mste  stabilization  in  a Sanitary  landfill  can be

separated  into  tro nmjor biological  stages:  1)  an  aerobic  degradation

phase;  and  2)  an  anaerobic  degradation  chase,  which  develops  once  the

oxygen  originally  present  in  the  landfill  is  consumed.    The  large  amount

of  organic mtter  in  solid  castes  allows biodegradatlon  to proceed.

Garbage,  which  consists  Of  food  wastes  and  garden  trimmings,  rakes  up

approximtely  27% of mmicipal  solid raste.    It  is prirmrlly organic  in

nature and  is generally  the  first  caponent Of  solid caste  to undergo

biodegradation.

Aeroblc  Degradation

Aeroblc  degrada.tion  Of  the  solid mstes will  occur  first  in  a

sanitary  landflll.    Bacteria will  begin  to gum on  the  surface of  the

biodegradable  fractions  of  the castes  and  start netabollan by

hydrolyzing  ccxplex organic  structures  to  simple,  soluble molecules.
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Ii3achate  produced  during  the  aerobic  phase  also  is  characterized  ty  the

dissolution of  highly  soluble  salts  initiaLlly present  in  the  landfill.

The  leachate  formed during  this  initial  mase  is rest  likely a result  of

moisture  that  vras  squeezed  out  Of  the castes  during  ccmpaction  and  cell

constmction .

Anaerobic  Degrndatiori

The  aerobic  degradation phase  is  generally  short  because  of  the

high biochenical  oxygen  denmd  (Boo)  of  the  solid mstes  and  limited

amount  of  oxygen  present  in  a  sanitary  landfill.    Chce  the  oxygen  is

echausted,  the microorganisms  cannot  conpletely inetaboll2re  the  organic

matter  and  begin  to break  it  dcm  to organic  acids which  arte  readily

soluble  in  water.    Thus,  soluble  organic  acids  begin  to  acc`rmilate  in

the  land fill.    The microorganisms  involved  in  these  processes obtain

energy  for  gruth  from the chenical  reactions  that  occur during

lnefabolien and  a portion  of  the  organic caste  is  converted  into  cellular

or  exocellular mterial  (Crawlord  and  Smith,1985).

As  the  initial  anaerobic biodegradation processes occur,  the

organic-acid  accirmilation  yields a  lcw HI  leachate  and  considerable

concentrations  of  inorganic  ions  (e.g.,  Cl,  sO4,  ca.,  Mg,  Nh).    The

increase  in  cation  and  anlon  concentrations  probably  results  I rcm the

leaching of  readily  solubilized mterials  including  those originally

available  in the  solid mste and  those mde available ty biodegradation

of organic in,tter.

The  second  stage  of  anaerobic biodegradation  is  characterized try

methane  fementation by methanogenic bacteria.    The  anaerobic  conditions

and  the  soluble  onganic  acids  create  an  envirorment  where  the methane

ba,cteria  can  grcw.    The methanogenic bacteria  utilize  the  end  products
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frorl  the  first  stage  of  anaerobic  degradation  to yield methane  and

carbon  dioxide.    Methane  fermentation  generally  begins  within  one  year

following  solldmste  placenent  (Walch  and  Kinman,1979).    The

nethanogenic bacteria prefer a  relatively  neutral  HI  (6.6  to 7.4)  and do

not  like acid  oonditlons.    The acid  formtion  in  the  first  stage  tends

to  lower  the HI  and  lf  acid  formation  is  excessive,  the  activity of  the

methanogenic beterla can be  inhibited.

The methane  and  carbon  dioxide  produced  by  the  bacteria  tend  to

ccne  out  of  solution  and  rise  to  the  surface  of  the  land fill.    'This  gas

production  can be  considered  as  a  dangerous  problem,  a  deslra,ble  asset,

or  an  lnconsequentla,I  mtter,  depending  on  the  philosomy on which  the

land fill  is managed.    In  sane  cases where  lcprpemea,bility  clay  covers

have been  placed  over  the  surface  Of  landfills,  the  gases  have  been

forced  to IIx}ve  laterally  through  the  soil  instead of  migrating

vertically  to  escape  into  the  atmosmere  at  the  land  sfl]rface.    Ch

numerous  occasions  dangerous  levels  of  f lama,ble  and  aspbyxiating

methane  gas  have  aecunLilated  ln  the hasenents  of  tmildlngs  that  are

located  close  to  landfills.    On  the other  hand,  1f a  sanitary  landflll

is  designed with  the  intent  to collect  the methane  gas,  the  gas  can be

captured,  concentrated,  and  used  as a  source  of  energy.

ImcHATE  CENERATlou

In  general,  it  has  been  found  that  the  quantity  of  leachate  is  a

direct  function Of  the  amount  of  extemal  rater  entering  the  landflll.

In  fact,  if  a landfill  is constructed properly,  the production of

measura,ble  quantities  of  leachate  can be  eliminated  (Tchohamoglous  et

al.,1977).

Initially  the  solid caste acts as a gronge,  absorbing cater until
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it  becomes  saturated.    When  the  solid  caste  is  40-60%  Saturated,

bacterial  growth and  solidwaste  degradation will  begin  (Metzler,

1981).    As  additional  cater  enters  the  landfill,  the  2Dne of  saturation

will  move  domrard  through  the  solid  wastes.    The migrating  zone  of

saturation will  transport dissolved  substances  and  the bypreducts of

microbial  mefaboliso as well  as  to  fluch out  relatively  insoluble

contaminants  that  can be  carried  along with  the  saturated  zone.    Then

sufficient rater enters the  landfill  to saturate the entire thickness of

the mste  cells,  inter mvcment will  continue  downrard,  out  of  the

landfill  towards  the  ground cater.    Hcmever,  if  precipitation  is  low,

the  2Dne  of  Eraturation will  oscillate with  the  occurence  of

precipitation  events.    During  extended  dry periods,  the  zone of

saturation  will  move  upmard  due  to  direct  evaporation  and

evapotranspiration at  the  land fill  surface.    Solubilization  and

biochemical  stabilization will  continue  in  the  saturated  cones,  but

there will  be no  flcw of  leachate out  of  the  landfill.    During wet

periods,  the zone of  saturation will  move donrard  as precipitation
enters  the  landfill.    The duration  and  intensity of  the wet  period will

determine  how far  the  zone  Of  satLiration will  ndgrate  tonrds  the hottcm

Of  the  landfill  before  the  next  dry  period  begins.

IHAciIATE  MIGRATION

Cnce  lcachate  leaves  the  landflll,  it will nfigrate  tcmrds  the

ground rater.    The  transport  rate  and  direction  through  the  soil  zone

will  depend  on  the porosity  and  pemca,billty  of  the  landflll  soils.    In

general,  1eaLchate will  follow  the  path  Of  least  resistance.    Ijeachate

will  tend  to  flow  laterally around  the  lcmer  peneability  soils  such as

clay  and  vertically  through  the higher  penneability  soils.    Clays  have

9



the  greatest  adsorptive  capacity  of  the  soil  types.    Clays  generally

carry a  net  nega,tive  change,  thus  they will  attract  positively  charged

ions  and  remove  them  from  the  migrating  leachate  solution.    Negatively

charged  ions  such as  chloride will  pass  through  the  clays  relatively

unaffected.    Thus,  chloride  can  be used  as a possible  tracer  to

delineate  the  extent  to which  the  leachate  plime has  spread  in  the

ground cater.

When  leachate  reaches  an  aquifer,  it will  travel  in  the  direction

of  ground-'coter  flow.    I.ieachate  generally  rermins  in a  relatively

discrete  sone within  the  ground rater  and  foms  an  elongated pltme  in

the direction of  ground-ter  I low.    Considering  the  large areal  extent

of frost  landfills,  the  tine  span  elapsed  for  possible  contamination,  and

the  retardation  effects  due  to  attenuation  and  geochemical  reactions

with  aquifer mterials,  most  su.bsurface  leachate  contamination  cannot  be

attributed  to a  single  plume.    Rather,  the  contaminated  zone mist  be

regarded  as  a mltiplicity  Of  plumes,  superimposed  in  three  dimensions.

idIACHATE  CHARflorFRlsTlcs  Arm  rmENIIAL  ENvlRormillrmAL  EFFRErs

The  chemical  characteristics of  sanitary  landfill  leachate vary

widely due  to different  waste  characteristics,  clirmtic  conditions,  and

the  Fhysical  composition Of  the castes  (i.e.  bailed  or  shredded castes

versus unprocessed castes),  etc.    This  large variance  can be  seen  ln  the

values  of  table  2.    Also,  cordisposal  of  liquid  castes  and  sewage

sludges with  solid castes can  significantly alter  leachate quantities

and  characteristics.

When  lea,chate  is  released  ty  a  landflll ,  underlying  ground raters

and downgradient  surface raters  can be  adversely  affected.    If  leachate

percolates  to a drinklngwhter aquifer  in high enough concentrations,  it

10



Thble 2.    Typical  leachate  characteristics.

Constituent Oc)ncentration  Range
(mg/L,   except _gil)

BcO5  (5-day  biochemical  oxygen  dennd)
T"  (total  organic  cartoon)
Tlm  (total  dissolved  organic  car.bon)
CXD  (chemical  oxygen  dermd)
Total  suspended  solids
Total  dissolved  solids
Organic  nitrogen
Anllrmia  nitrogen
Nitrate
Total  phosphorus
ortho moaphous
Alkalinlty  as caco3
pr
Total  hardness  as  Caco3
Calcium
Magresiun
lfotassiun
Sodium
Chloride
Sulfate
Total  iron

2,OcO-30,OcO

1 , 5cO-20 , OcO

2cO-30 , OcO

3,00045,000
2cO-1 , coo

5,Ocordo,Oco

10nooo
10-8cO

5to
1-70
1-50

1 , coo-10 , OcO

5 . 3-8 . 5
3cO-10,OcO

2cO-3 , OcO

50-1 ' 5cO
200-2 , OcO

2cO-2 , OcO

loo-3 , OcO

loo-1 , 500
50nooo

Sources:    Freeze  and  Cherry,1979;  Tchohanoglous  et  al. ,1977.
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can  render  the  aquifer rater  useless  for  further hirmn  consumption.

This  can have  very  serious  implications  for  the  local  pepulation,

especially  if  ground cater  is their only available  source of cater.

In  cases where  leachat-contaminated  ground rater  f lcms  into a

surfacewater  body,  cater  quality  can be  degraded  to a point  where

noml  use of  the water body will  have  to be  discontinued.    Fish  and

other biological  life  forms right be ]dlled  or have  their  growth

retarded due  to high concentrations of  leachate.    If  readily

biodegradable  organics  are present  in  the  inconing  leachate,  oxygen

depletion  Of  the  surface-rater body will  occur.    Scme bottotrfeeding

fish,  such as carp and  catfish,  have  a tendency  to  Concentrate

contaminants  (e.g. ,  heavy metals  and  synthetic  organic  chenicals)  within

their  body  tissue  and  may became  inedible.    Also,  if  a  leachate-

contaminated rater body  ls used as rater  supply  for  stock animls or

waterfowl,  these  uses  also night  have  to be discontinued.

As  previously discussed,  when  leachate  reaches a drinking-rater

supply,  nrmy  undesira,ble  effects  can  occur.    For  exanple,  inorganic

constituents  such as  salts can  impart a displeasing  taste  to drinking

rater.    As  can be  seen  in  table  2,  high  concentrations  of  salts are

corlnon  in lmmicipal  landfill  leachates.    Another  inorganic  constituent

of  apecial  concern  is  nitrate.    The  presence  of  an  excessive

concentration of  nitrate  in drinking water my  result  in cyanosis  (blue

babies)  Of  infants  to whcm  the vfater  is  being  fed.    Water  containing

lrore  than 45  ngth of  nitrate  (as ro3)  should  not be used  in  formila

prepaLration  or  as  drinking rater  for  babies  under  3  IIDnths  of  age  (Hen,

1985 ) .

Other  contaminants  such as  trace metals,  caste  solvents,  etc. ,  are

12



not  chown  in  table  2,  tnt  can  pose  potentially  adverse  environlnental

problans  if  they  find  their may  into a drinking-inter  supply.    Trace
metals  have been  found  to be  toxic  to  fish  and  himn  beings  albove

threshold  concentrations.    Waste  solvents  have  become a  himan  health

concerm  as  there  is  a potentiaLl  health  risk associated with  their  long-

term consumption.    Although  such  contaminants  represent  only a  anll

fraction of  the  leachate  coDpositlon,  they  can have  potentially

significant  impacts on  local  cater  quality.    Consequently,  they  are

being  looked  at  carefully  ty  regulatory  agencies.
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aIAPTER  3:     slTE  DEscRlprloN

sTum  rmTIOIN

The predoninant  industries  in Barton Cbunty  are  agriculture  and

petroleum.    The  county  has  approximtely  32,OcO  residents  and  is  lcx3ated

in  south-central  Kinsas.    For  the past  15 years,  residential,

co[IInereial,  and  industrial  refuse has been disposed of  at  the  county

landfill.    The  landfill  site  is  caxposed  Of  al)out  240  acres and  is

situated  on  the Cheyeme Bottoinsr Arkansas River  valley  divide  in  the

eastern  half  of  see.12,  T.19  S.,  R.13  W  (figure  1).

The  landfill  site  is  positioned  in a  ravine on  the  north  slope of

the divide  that  drains  directly  tcmrds  the Cheyenne Bbttons.    The

ravine  represents a  local  catershed  that  exists  inside  the  landfill's

property  line.    The  Cheyenne  Bottoms-Arkansas RIver  valley  divide  is  a

ridge of  Dakota  Formation  covered with wind-deposited  loess  that

separates  the  trkansa,s  fiver  valley  from  the  Cheyenne Bottoms.    The

divide  is  from 1  to 3  miles  wide  and  extends  roughly  from U.S.  Hi8hray

281,  north  of Great  Bend,  to  a point  northwest  of  Ellinrood,  Kansas.

HISTCRT  CF  TIIE  BARTCN  CDUNIY  I.ANDFIIL

The  Ehrton  County  sanitary  landfill  began  operation  on January  1,

1972.    It  `imas  one  of  the  first  sanitary  landfills  to begin  operation  in

the  state  of fansas.    According  to  the  county  engineer,  the  land fill

receives approxlmtely 90  tons of  solid caste per day  for approxlnately

302  days  each yeal'.    Residential,  camercial,  industrial,  and  roe

pemitted hazardous wa,stes  such as pesticides,  acids,  caustics,

asbestos,  and  solvents have been  disposed  Of  at  the  landfill  over  its

15-year  history.

The wastedisposal  operation began  in  the  southernmost  portion  of
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Figure   1.     Areal  geology  of  Choyonne  Bottoms  and  Barton  County,   Kan8a8.



the  ravine  and proceeded  northward  as  the  ravine rae  filled  (figure

2).    The  design  of  the  landfill  has  enployed  the  use  of  trenches

excavated approximtely 20+0  feet  into  the  loess.    The castes bear

directly  on  the  loess.    A  typical  trench would  have  dimensions of  30

feet  in width  and  200-300  feet  in  length.    Chce  a trench  is excavated,

approximtely 6  feet of  ccmpacted  solid caste  is accumulated follnd by
a 6-inch  layer  Of  loess  to  cover  the taste  cell.    A period  of  three  to

four weeks  is usually  required before  the 6-foot  thickness of  solid

caste  can be attained.    The creation of caste  cells  is  continued until

the  top Of  the  trench  is 3  feet  below the  desired  final  land-surface

elevation .

Following  the  coxpletion of  a  solidwaste  trench,  a 3-foot mntle

of  soil  consisting  of 2  feet of  loess  and  1  foot  of  topsoil  is  conpacted

on  top of  the uppennost  cell.    The  3-foot mntle  is  then  sloped  to

provide  surface  drainage  fran the  site  northrard.    It  mas  observed  that

proper  surface drainage ras  not  consistently  achieved  over  the  coxpleted

areas of  the  landfill.    Many  smll  depressions  in  the  soil  mntle were

noted,  which  allcmed  tfater  to accumulate  after  a pmecipitatlon  event.

These depressions are  suspected  to be caused ty differential  settlenent

of  the deccxposing  solid mste,  perhaps  coupled with  inadequate  sloping

of  the  soil  mantle.

When  precipitation occurs,  solid waste  is deposited  in what  has

been  termed  as  the  landfill's  "wet  pit."   The  "vet  pit"  is a  north-

south-trending  apen  trench  that  is  approximtely  100  feet  wide,    700

feet  long,  and  40  feet  deep.    The  "wet  pit"  is  located  due  north  Of  the

scale house  near  the  entrance  of  the  landfill  ln  order  to  reduce  the

travel  distance  Of  vehicles mnuevering  over muddy  roads.
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Figure   2.     Areal   view  of  the  Barton  County   land fill.
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Solid raste  accumulated  in  the  "vet  pit"  is covered with  soil  once

or  twice during  the  year  and  is open  to  the  atmosphere  the  ranainder of

the  time.    The  'het  pit"  is a cause of  concern for officials of  the

Kansas Department  of  Health  and  Environment  because  the  pit  can  easily

accumilate  several  feet  of  standing rater  in  its  lcmest  point.    This

water  is  in direct  contact with the wastes  in  the  pit which can  result

in direct  leaching  from the castes.

The EELrton Cbunty  sanitary  landfill  opened  eight  years  prior  to  the

RCRA  legislation.    Thel.efore,  as was  the  case with  the majority  of

land fills  in  operation  before  EmA,  no monitor wells  mere  installed

prior  to  the  opening of  the  site.    Additionally,  no  soil  borings were
coxpleted  at  the  site  to determine  geologic-unit  thic]messes  and  the

depth  to  water.    However,  geologic  informa,tion  from  the  numerous  oil-

well  logs  in  the  area mere  used  to determine  the  suitability  of  the  site

for  the  lcoation of  the  landfill.

slTE  GmLrm

Geologic  formtions at  the site consist of a leer bedrock unit,

the Cretaceous Dakota  formtion,  which  is  overlain by Pleistocene

lcess.    The  loess  is  late Pleistocene  in  age  and  is  caxposed  chiefly of

lcess or  loess-like  silt,  with  scne  card and gravel  deposits near the

totton of  the  formtion.    The  silt  is  tan,  yellow tan,  brcm,  and  gray

ln  color  and  contains  scxne  fine  sand,  clay,  and  caliche  nodules.

Fragments  of  "aLlgaL1  limestone, "  cretaceous  Sandstone,  and  "ironstone"

are  croon at  the base Of  the  fomation  (IIatta,1950).

ApproxinELtely  90% Of  the  landfill-site  land  surface  is  underlain  ty

the  loess which  ranges  in  thickness  f ran several  inches  near  SSH  ffl  and

thickens  to more  than 60  feet  at  the  southern  boundary  of  the
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land fill.    The  loess  unconforma,bly  crverlies  the  hakota  Formtion  (figure

3),  which  is  2cO-300  feet  thick  in  this  area.

The hakota Formtion  is Cretaceous  in  age  and  is  ocxposed  of

altemating beds of vari-colored  clay,  shale,  siltstone,  and

sa.ndstone.    Clay  is  the  dominant  type  of  rock  in  the  Dckota  Fbrmtion

and  is  light  to dark  gray,  white,  tan,  brom,  yellow,  or  red  in  color.

White,  gray,  yellow,  tan,  and  brown  finer  to  coarse-grained  sandstone

occurs as thin beds  ln  the clay and as  lenses  ranging  fro a  fen feet  to

more  than  30  feet  in  thic]mess.    The  sandstone  lenses  occur  as

discontinuous  bodies  that my be  encountered  in  any  part  of  the

formtlon  (Ija,tta,1950).    The  hakota  Formtion  onops  out  in  the  north

end  of  the  ravine  between  SSW  ffi  and  SSH  #,  where  the  loess  has  been

renoved  ty  erosion  (figure  2).

slTE  GEormlc  HlsTony

CretaLceous deposits mere  laid  don  on a  long-roded,  deeply

weathered Pemian  surface.    During  the Early Cretaceous,  the  sea res

transgressing  northrard  over  tbe  arcs  and  depceited  the Cheyenne

Sandstone  on  the  shoreline  of  the  transgressing  sea.    Marine  sediments

of  the Kicm  Shale  follaed  (figure 4 and  figure  5).    A general

regression  of  the  sea marked  the  end  of  the  Early  Cretaceous  and  the

beginning  of  the  deposition of  the Dakota  Fbrmtion.    This  regression  of

the  sea  vras  not  continuous  but  ms marked by minor  f luctuations  of  the

choreline  resulting  in mrine  and  continental  beds  being  interbedded

(ha,tta,1950).

The Da]sota  Fbrmtion  generally  ls  considered  to  have  been  deposited

under nmrlne  conditions  f rcm this  regressing  sea  and  under  nonmarine

conditions  ln  a bordering  lcw-lyirig  coastal  and  deltaLic  plain  (Keene  and
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Undifferentiated  deposits  of  eolian,  fluvial ,  and
colluvial  deposits of mostly  silt,  occasionally overlying
sand  and  gravel.

ceallala  Formtion:    Crosslbedded,  generally  arkosic
gravel,  sand,  and  silt,  locally  cenented with calciLm
carbonate.    Containing  limestone,  volcanic  act,  online
sandstone,  and bentonitic  clay.

Niobrara Chalk:    Interbedded,  soft,  calcareous  shale,
chalk,  and  chalky  limestone.

Chrlile  Shale:    Chalky  shale  and  thin  beds  of  chalky
limestone.

Greenhorn  limestone:    Cnal]ry  shale  alternating with  beds
of  hard  chalk;  contains  thin beds of  hard  crystalline
limestone.

Graneros  Shale:    Noncalcareous  shale  containing  selenite ,
pyrite,  and  thin beds of  flnergrained  sandstone.
Dckota  Formtion:    Varicolored  clay,  shale,  siltstone,
occurring  in  alternating beds of  ironstone,  and  sandstone

Kion  Fbrmtion:    Light-gray  to black  shale  and  sandy
shale,  with beds  and  lenses of mediurr  to  finergrained
gypsum.

Cheyenne  Sandstone:    Sandstone,  very  fine  to  fine  to
mediim--grained  siltstone,  with  scme  clay  and  shale.

Undifferentiated  red beds  consisting of  red  siltstone,
shale,  sandstone,  with  lesser  amounts  of  gyps`m,  salt,
anhydrite,  limestone,  and  dolonite.

Figure 5.    Description of  geologic  units.
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Bayne,1977).    At  the  beginning  of  late  Cretaceous  tilne,  the  arrea  mag

again  sutmerged  beneath a  shallow  sea  and mny  hundreds  of  feet  of  shale

and  limestone  (Graneros  Shale,  GI.eenhom  limestone,  Chrlile  Shale,  and

Niobrara  chalk)  were  deposited.

During lrost  of  the Dertiary Period,  the  surface res  exposed  and

several  hundred  feet  of ljate Cretaceous  roclrs were  eroded,  hence  their

absence  in  the  drilling  logs.    Deposition  of  sediments  of  the Ogallala

Formation  occurred  during  the  Pliocene  epoch  of  the  Tertiary.    These

deposits  mere  thin  in  this  area  and mere  removed  try  erosion  during

Pleistocene  tine.    Much of  the present  topography of  this  arcs  is  the

result  of  erosion  which begari  during  the  Pleistocene  and  which  has

continued  to  the  present  time  (Bayne,1977).

The Pleistocene history  of  this  area  is  very  coxplex  and  accurate

interpretation  is difficult.   I.ate  in  the Pleistocene erosion occurred

in  the  Cheyenne Bottons Valley  that  ranoved  the  silt,  sand,  and  gravel

of  the  undifferentiated Pleistocene  formtion which mas deposited during

the  early Pleistocene.    These  eroded  sedlments  had  been  originally

deposited by  streams  carrying material  I rcm the Rocky lfountains  and  from

areas of Tertiary rocks  to the vest.    This  late Pleistocene  erosion res

followed ty  strean deposition Of  silt,  sand,  and  gravel  in  the valleys

and whndblom  silt  on  the  divides  (undifferentiated  loess).

slTE  wArm  REscxpRcrs

The  importance  of nnintaining  suitable  groundwater  resources  in

this portion of  the state is illustrated ty the  fact  that almost  the

entire pepulation of Ea,rton Cbunty  chtains  its cater  sopply  frm

wells.    In  addition  to hLmi uses,  wells  supply cater  for  livestch: and

several  raterfowl  and  fishing  ponds  throughout  the  county.
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The rater-bearing  formations  that  underlie  the  EELrton  county

landfill  arie  in  the Dckota Formtion as nell  as  ln a  thin,  rater-bearing

zone at  the  unconform,ble  contact between  the  loess  and  the Pekota

Formtion.    This  thin zone will  be  referred  to  in  this paper as  the

upper  aquifer.    Currently,  the upper  aquifer  ls  not  ]moni  to be used  as

a water  supply  in  the  area.

dakota Formtion

The discontinuous  sandstone  lenses  of  the Dakota  Foma,tion  are  the

chief  sources  of  rater  in  the upland  areas of  Barton County,  which

includes  the  BELrton  Cbunty  land fill  area.    Approximately  onerthird  Of

the  recorded  cells  in  Barton  County  during  the  1940's  obtained  their

cater  frern  the DaJsota  Fbrmtion,  thus mklng  it a very  important  rater

resource  (latta,1950).    The  shallcmest  sandstone  lens  that  is  tapped

for.  domestic  use  near  the  landfill  occurs  at  a depth of  approximately

105  feet  below  the  landfill  surface.    Three monitor  wells  were  placed  in

this  lens  to provide rater+quality  infomatlon  concerning  the  local

drinking-rater aquifer.

Water  frcm  the hakota  Fbmation  in  the vicinity  of  the  landfill  is

under  confined  pressure.    The  Dckota  clay  layers  above  the  sandstones,

and  the  Klora  Shale  below,  act  as  confining  beds.    The  quantity  of  rater

available  frcm the wells  is  quite variable,  with  yields  ranging  frcm a

fen  gallons  per rinute  to a  few hundred  gzLllons  per minute  (I,.atta,

19sO ) .

Literature  reports  indicate  that  the  general  flcw of  ground rater

in  the Dakota Foma,tion  is  in  an  east-northeasterly  direction  (Keene  and

Bayne,1977).    This  is  due  to  recharge  Of  the  aquifer  in  the  uplands  to

the west  and  the  dlschange  aLrea  to  the  not.theast.    Figure 6  shcms  the
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piezometric-head  contours of  the Dakota  Fbrmtion  in  the  vicinity of  the
landfill.    The  contours  are  generalized  due  to  the  limited  nunher of

wells  in  the  study area as nell  as  to  the vide  range of nell-capletlon

depths,  screened  intervals,  and  gravel-pack  intervals.    These  factors

can  all  have  an  effect  on rater  levels  inside  the veil  casing.    Water-

level  measurenents  that were  recorded  specifically  for  this  study  to

determine  groundr"ter-f low direction  in  the dakota Fbrmtion mere  in

general  agreanent with the ground"terflcw directions  indicated by
Keene  and  ELyne  (1977) .

Upper  Aquifer

The  ipper  aquifer  is  located  on  an unconformity betveen  the  loess

and  the Dakota  Formation.    An  unconformity  is a  surface  that  represents

a  time  interval  duririg which  deposition ras  nonexistent ,  or  the  surface

of  the  existing  rocks mas weathered,  eroded,  or  fractured.    Aquifers  are

ccrmonly  associated with  unconfomities,  either  in  the veathered  or

fractured  zone  directly  underlying  the  surface of  the buried  landscape

or  in  permea,ble  zones  in  ccarscrgrained  sediments  laid  dcmi  on  top  Of

this  surface when  the  systeri  entered a  new  era  of  accretion  (Freezre  and

Cherry,1979).    Coarse  sand  and  fine  gravels  mere  found  while  drilling

through  the  upper  aquifer  (see  drilling  logs  ln appendix  1).

The upper  aquifer underlies  the  landfill  locally  and  is inch  closer

in vertical  distanee  to the caste cells  than  the Dckota aquifer.

Haever,  there  is not  sufficient cater-level  data  fliom cfoservation cells

to construct a raterlevel  contour rap of  the upper aquifer.    Therefore,

a  contour rna,p  of  the  top  of  the  Dakota  Fbrmation rag  prepared  with  the

assuxption  that  the  ground  cater  would  I low  along  the  upper  surface  of

the  Drfuota  clay  (figure  7).    This  contour lnap will  be  presented  later
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with  respect  to possible  contaminant-migration pathways.

Drilling  samples  showed  that  the  lower 5-15  feet  of  the  loess

contains more  coarse  sand  and  fine  gravel  than  the upper  part  of  the

fomation.    The  upper 2-6  feet  of  clay  in  the  underlying Dckota

Form.tion  has  been  veathered  and  rerorked  and  has  a inch  higher  sand  and

gravel  content  than  the  lower  Dakota  claLys.    'The  combination  of  the

porous  loess with  the  porous  upper REota  allcws  for  the  aecunnilatlon

and migration of  rater  in  the  upper  aquifer.    This  upper  aquifer has  had

very  little documentation  in  the  literature because  it  generally does

not  yield water  in  sufficient  quantities  to be used as a cater  supply.

The  loess--.m]sota  contact,  which  the  upper  aquifer  surrounds,  crops

out  near  the  currently  inactive north boundary of  the  landfill  in  the

lcwer  portions  on  the  ravine.  niring  the  course  of  the  field vtol.k,  no

springs  or  seeps  were  observed  near  the  contact  outcrop.    Hcwever,  no

observations vere mnde  in  this  study during  or after  a prolonged

precipitation  event.

Surface  WELters

IIocated  in  the  north  section  are  three  surfacewater  ponds

connected  in  series  by  a  drainage  channel.    The  ponds  are  referred  to  in

this  report  as  SSW  fl,  SSW  ra,  and  SSH  #,  going  from  south  to  north.

SSW  represents  shallcw  surface  water  as  shcmi  in  figure  2.  These  ponds

act  as holding tELsins  for  the  surface  nmof f  generated  frcm the  active

portion Of  the  land fill,  as well  as  for a drinking-cater  supply  for

cattle.    Then  the  ponds  reach  their  respective cater-holding  capacities,

cater  flows over a  spillway  northmrd  to  the  next  pond  until ,

eventually,  the vater will  flow out  of  the  SSH rs  and  enter  a smll

drainageray  that  dischanges  into the Cheyenne Bottans.
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CHAPTER  4:     DEslen  AND  cINSTRuorloN  OF  mlE  mNlrm-WEI.L  NETroRE

WEL  PLACENHRT

The  emphasis  of  this  study  res  to  identify  if  and where  ground

wa,ter  mag  being  contaminated by  leachate  fran  the  landfill.    To  obtain

this data,  seven monitor veils,  2  inches  in diameter,  mere  installed  ty

the Kansas Geological  Survey  near  the  fenced  boundaries  which  surround

the active portion  of  the  landfill  (figure  2).    Or  the  seven veils

installed,  three  wells  (DW  #1,2,3)  were  considered  deep  wells  or  Dckota

wells  and  mere  ccmpleted  to  a depth  of  approxilmtely  122  feet  by  a m]d

rota,ryndrilling  rig.    The  locations of  the wells  in  reference  to  the

active  portion  of  the  landfill  are  as  follows:    DW  ffl  to  the  ea,st,  IN  ffl

to  the west,  and  DW  ffi  to  the  northeast.    The wells  penetrate

approximately  15  feet  into  a sandstone  lens  of  the DELkota  Fbrmtion.

Machin-slotted well  screen mag  placed  over  the  lcwer 20  feet  of

borehole.    This  sandstone  lens  represents  the  challcwest  source  of

drinking  rater  presently  being  used  in  the  areaL.    The  purpose of  the

mJsota cells res  to provide  groundwater+quality  data on  the  challcmest

drinking-cater  aquifer  that  would be  affected  first by  leachate which

originated  fran the  landfill.

The  rmnaining  four  veils  are  Considered  to  be  challcw  cells  (SW

#1,2,3,4) ,  and  their.  purpose ms to provide  groundrraterqiiality data

for  the  upper  aquifer.    SW  fl  is  15  feet  north  of  DW  ffl  and res  drilled

and  constructed  in  the  same manner  as  the  Dakota wells  (rotary  drilling

and 20  feet  of  veil  screen).    This nell  provides  a control  to  ccxpare

water qunllty between  the  upper  aquifer  and  the  drinking-water  aquifer

at  the  same  loco,tion.    SW  fl  is 72  feet  in  depth  and  penetrates  the

upper 6  feet  of a  23-  foot  sandstone  lens  encountered 6  I eet  below the
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loess-Dckota  contact.    This  sandstone  lens  is  typical  of  sEndstones  in

the Dakota  in  that  it  ms discontinuous  over  the  site  and was  not

encountered  ln  the  other mlsota vrells.    The  20-foot  screened  interval

allcmed  ground  water  fran the  upper  aquifer  as well  as  any  water  in  the

upper  srmdstone  lens  to be  sampled.

SW  7ra  and #  are  located  directly  north of  the  current  landfill

fence  line  and  are positioned  on  the  east  (ffl)  and vrest  (#)  sides  of

SSH  fl.    SW  ffi  is  26  feet  in  depth  and  SW  ffi  is  27  feet  in  depth.    Both

vells  penetrate  several  feet  into  the  top of  the Dedsota  Folmtlon.    The

screened  interval  ls  10  feet.    This  allowed  the  sampling of  "ter

obtained  exclusively  from the  upper  aquifer.    These cells  are also

topographically  downgradient  from the caste  cells.

SW  #  is  located  near  the  north boundary  of  the  land fill  just  to

the  east  of  SSH  rs.    The well  is  20  feet  in depth,  the  entire  length

being  in  DELkota  clay.    The  screened  interval  ls  10  feet,  but  no vrater

has  been  found  ln  the  well.    The  purpose  of  this  well  ms  to  provide

dcmgradlent,  challcw groundwhter  data at  a reasonable distance  fran

the  active  landflll,  but  obviously  no data can be  attained  from a dry

well.    SW  ffi,  3,  and  4 mere  drilled  with  a hollcmsten  auger.

The  arcal  placenent  of  the wells  rag  chosen with  respect  to  the

amount  of  drilling  time  available  (two reeks)  balanced  with  an  attexpt

to  ensure  suf ficient  covernge on  all  sides  of  the  landfill  with  an

enphasis  on  dongradient  vells.    Safety precautions mere  taken  during

the  actual  drilling  of  the monitor wells  to  ensure  the  safety  Of  all

personnel  corking  in  direst  contact  with  the water  from the cells.    All

personnel  who handled  the rater or  handled  the  equipent  that  care  in
contact with  the rater  frcm  the veils  more  rubber  gloves  in  the  event
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the  irater  was  contaminated.    Also,  a GasTechtor  lfodel  3220S  mag  used  to

monitor  air  q.uality  above  the well  head.    As  described  earlier,  nethane-

gas production  is a ccrmon typroduct  of  the  decorposition of  solid

wastes.    No  ga,see  were  detected  by  the GasTeehtor.

wEiL  cINSTRuorloN

Ma,terials  used  in  construction  Of  the  monitor  veils  mere  provided

ty  Burton County  and  included  2-inch-dialneter,  Schedule-80,  Polyvinyl

Chloride  (PVC)  threaded  veil  casing  and  screen,  gravel  pack,  fine  send,

cenent,  slip  caps,  bailers,  and  poly  rope.  Miscellaneous  ites were

provided  as  needed  ty  the  Kansas  Geologica,I  Survey.    The  gravel  pack  and

fine  sand  were  supplied  by  the  Stone  Sand  Company  of  Great  Bend.    Ttwo

loads  of  the  gravel  pack  and  one  load  Of  fine  rand  mere  rejected  upen

arrival  at  the  landfill  due  to contamination ty diesel  fuel  and asphalt

being  dispersed  throughout  the  sand matrix.    The  truck  tlrat  had  hauled

the  sand  had  previously  contained  aspha,1t;  diesel  fuel  hrd  been  used  to

clean  out  the  truck bed  prior  to hauling  the  gravel  pack  and  fine  sand

to  the  landfill.    Following  the  rejection  of  the  contaminated  sELnd,  a

clean  truck res  dispatched  that  delivered  clean  sa,nd  for  use  in  the

nronitor  wells.
'The  seven  vells  mere  constructed  in  accordance  with  RIFE

requirements  (see  figure 8  and  a,ppendlces 3  and 4).    Deviations  from

standard lronitor-well  Construction  which mere  approved  ty K"IE

included:    the  screened  interval  did  not  extend  over  the  entire  aquifer

thiclmess;  2-inch-diameter  casing res used  instead  of  4  inch;  drilling

rig  and  equipment  were  not  decontaninated  between  each well;  toreholes

were  grouted  beginning  approxinmtely  10  feet  above  the nell  screen  and

continuing  to  land  surface;  very  fine  sand  vas  used  between  the  gravel
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Figure  8.     Standard  moaitoring  well  desigzi.

(From   KDHE   1986)
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pack  and  bentonite  seal  to  prevent  enclicachment  Of  the  grout  into  the

gr.avel  pack.    When  grout  invades  the  upper  portion  of  the  gravel  pack

the  result  often  is  an  erroneously  high PEI when  vrtyter  saples  are

analyzed.    The  gravel  pack,  bentonlte  pellets,  fine  sand,  and  grout  vere

placed  beginning  at  the  botton of  the  borehole  and  continuing  uprards

using  1/2-inch  PVC  tremie  pipe.    This  procedure  mag  enployed  in  the

three  Dakota  cells  as  nell  as  SW  fl.    SW  ra,  #,  and  #4  mere  shallow

enoudl  to allcw materials  to be poured  in  fran the  land  surface.

The  lJxportance  of  a pmoper  gI`out  seal  ls  to prevent  migration  of

cater or contamimnts dcm  the borehole  to ensure  the  isolation of  the

particular aquifer of  interest.   Grout res allcmed  to cure  for
approximtely  24  hours  before  developfnent  mag  started.    This  lag  tinre

res  included  to  further  Deduce  the  chance  of  uncured  gI`out  being  pulled

into  the  gravel  pack tryr  the  sudden  evacuation of  cater  fran  the  well.

Texperature  logs mere  run  on IN  fl  seven  hours  af ter  grout

placenent  and  IN  #,  14  hours after  grout  placenent.    This  procedure rag

undertaken  to verify  that  the  grout  placed  dcm  the hole  actually res

resting  on  top of  the  gravel  pack  and vas  not  lodged  higher up  in  the

armulus  of  the  borehole.    The  temperature probe res  able  to detect  the

depth Of  the  grout  seal  because  the  heat  of  hydration of  curing  grout

res  sufficient  to produce measurable raining  inside  the nell  casing.

Tb  prevent  cross  contamination between  wells  during  the  development

and  sampling  procedures,  an  individual  hailer  res  dedicated  to  each

well.    Conventional  ballers have been  chcm  to produce  little  sanple

alteration  (Houghton  and  Berger,1984).    The  six mnltor  vells  that

pr`oduced  water  were  extensively  developed with  the  bailers  irmediately

after  the  grout  cured.    Developing  involves  the  nenoval  of vell  cater  in
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order to clear  the cell  of drill  cuttings and m]d.    Extraneous mtter

could  affect  the  chenical  analysis Of  the cater.    To  quntlfy how veil

the nell  rater res  cleaned  during  develop(neat,  cater  saxples mere

collected  fran pr  ffl  and  DW  ffi  prior  to  and  after  development.    Clays  ln

these  saxples  mere  analyzed  try  the  KansELs Geological  Survey  using X-ray

diffraction  to determine a  general  ratio between  the quantity  of

drilling mid  (bentonite  clay)  and  the  qqutity  Of  Dalsota  clay present

before  and  after  development.    The  results  showed  a  significant

reduction  in  the  amount  of  bentonite  left  in  the  post-development  rater

saple.
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CHAFTER  5:      SAELIRE  mocEDUREs  AID  ANALyTlcAL  METHcus

A  total  of  17  rater-seznple  locations were  used  during  this  lnitlal

investigation  Of  the  BELrton  Oc>unty  landfill  (figure  9).    Or  the  17

saple  locations,  six  samples were  from the monitor vells  installed ty

the RES,  eight  fnon  local  danestic cells,  and  three  frcm  the

downgradlent  surface-rates  ponds.    The  samples  were  collected  on  July 8

and  9  of  1986,  and mere  kept  on  ice  until  they  mere  transferred  to  their

respective  analytical  locations  on  July  10.    The  samples  were  analyzed

for  volatile  cnganic  chemicals  evcx3s)  using  the  gas  chromtogram/nmss

spectrophotometer  (GC/MS)  in  the  environentalconganic  lalboratory  Of  the

REHE.    mssolved  organic  carbon  (IXXJ)  analyses  mere  perfomed  ty  the

author  using  a  Xertex/Dchrmann  Total  Organic  Carbon  Analyzer  (Model  DC-

80)  1n  the  Ehvlronmental  Health  Science  and  Engineering laboratory  of

the University  of Kansas.    The  inorganic  analyses were  perfomed  in  the

geochemistry  lalboratory  of  the  RES.

The  procedure  for  collecting  gI`oundwater  saples res as  follows:
-   Water  levels were  recorded  in  each  well  pr'lor  to  salnpling.

-   At  least  three  casing volumes mere  eatracted  from  the sells  using

either a boiler or a Bennett  Saxple P`xp  to  remove  the  stagnant

rater  lnslde  the  nell.    Domestic  cells  mere  evacuated  ty  removing  50

gallons  of  rater  through outdoor  spigots.
-    Immediately  follwlng  evacuation  Of  the veil  casing,  saxples  mere

collected  for  laboratory  analysis  and  for  field  tests  (temperature,

rH,  and  specific  conductivity).    Saxples vere  obtained using  the

sane method  that  ms  enployed  to  evacuate  the wells.
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Figure  9.     Location  of  Water-quality  sampling  poirltB.
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-   Saaples mere  refrigerated  after  collection and  transported  to the

respective  laboratories  for  analysis.

Saxples  for  the  determination of Vac's vere  collected  in  accordance

with KRE  regulations.    The Vcr  sanples  were  collected  in 40-rfu  glass

bottles with teflon" septa and plastic  hole  caps,  provided ty the

environmental-organic  laboratory  of  REFIE.    The  bottles  were  conpletely

filled with  saxple  to prevent  any  air  fran ccming  in  contact  with  the

sample  and  volatilizing  any  of  the  VcO's  before  analysis.

Im  samples mere  collected  ln 4corfu glass bottles with teflon"-

lined  screw  caps.    Approximately  150  nn Of  rater  ms  collected  in  each

bottle.    'The Ire  saples mere  aeldifled  in  the  field  to a HI of  tro

units with  concentrated  phosphoric  aLcld.    The  lcw pr  coupled  with  the

ref rigeration  of  the  cainples  should  have  retarded  any biological

activity  that  could  have  degraded  scme  of  the  carbon  before  analysis.

The  acid  also  converts  the  inorganic  carbon  (bicarbonate  alkalinity)  to

cO2  gas  which mag  later  driven  out  of  solution ty  aeration.    In  the

laboratory,  the  Eanples mere  first  filtered  through a O.45-micraeter

glass-fiber  filter,  follcwed ty a  fiveulnute purging with  nitrogen  gas
to  remove  any  inorganic  or volatile  carbon  in  the  saples.

Samples  for  determination of  all  inorganic  constituents  except

phosphate  mere  collected  in  250rfu polyetheylene  bottles  and

acidified.    Saxples  for  phosphate  detemimtion were  collected  in

unacidified  5corfu polyetheylene bottles.

Dakota wells  fl  and  #  were  sampled  using  the  closed-system Bermett

Saxple Puxp.    The  other  four  monitor'  vells  mere  sapled  with  the

individual  baller  dedicated  to the well.    Dcmestlc cells  (IN

#4,6,7,8,9,10,11,12)  mere  sampled  directly  from  the  outdcor  spigot
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nea,rest  the  cell.    The  challcw  surfacewater  ponds  (SSW)  mere  saxpled  ty

wnding out  into  the  pond  and  filling  saxple bottles  directly with  pond

cater.    rubber  gloves mere ron ty all  personnel  when handling  the

sample inter.
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cHAprER  6:     ANAljyTlcAI.  REsuliTs  AND  DlscussloN

Ija,horatory  results of  the  chemical  analyses  are  shcmi  in  tables  3

and 4.    Table 3  lists 1"  and Im  concentrations  in  the  samples.    Table

4  is a  surmary of  the  concentrations of  dissolved  inonganic  constituents

in  the  saples.    The  data  indicate  that  SW  ffl  is  the veil  affected qDst

ty  the  landfill.    This vas to be expected  since  this well  is  the  closest
to any of  the tmried caste  cells.    The  approximte  location  Of  the  top

of  the vell  screen  in reference to the buried waste  is  10  feet  to the

east  of  and  15  to  30  feet  belcw  the  bottom of  the  caste  cells.    SW  ffl  is

screened  ccmpletely  through  the upper  aquifer  and  extends 6  feet  into an

upper,  discontinuous,  Dalsota  sandstone  lens  (figure  3).

CRGANIC  CONSTITUENTS

hfunicipal  landfill  leachates often  chow the  presence  of  organic

compounds,  which  are  either  flushed out  of  the  solid  castes ty  the

percolating rater  or  produced  during  the biodegradatlon of  the castes.

Synthetically  produced  volatile  organic  chenicals  would  be  an  example of

organics  that mere  flushed  out  of  the  solid rastes  and  not  biologically

pr'oduced.    Total  organic  carbon  and  dissolved  organic  cartoon  could  be

produced  ty  diverse microbial  populations  stabilizing  the castes.

Volatile  Organic  Chenicals

Very  high  concentrations  Of  Wac's  mere  found  in  saxples  fran  SW  fl,

while much  srmller  concentrations  were  found  in  in  ffi,  #4,  and  ffl2,  and

SW  ffl.    VOC's  are  chemicals  used  or  produced  in  the  manufacturing  Of

mny  products  such as detergents,  pharnmceuticals,  dyes,  and

insecticides.    VcO's also  are  found  in household  pmoducts  such as  apt

removers,  rug  cleaners,  drain  cleaners,  air  fresheners,  shce  police,  and
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Table  3-Organic  constituents  in  water  sarnples  taken  July  1936  (all  values  in    ug/Ii  except  for  DOC).

Dakota  wells   (DW) Shallow  wells   (SW)
shallow  (ssw)
surface  waters

Constituent

Chloromethane

Bromonethane

Vinyl  chloride

Chloroethane

Dichloromethane

1 ,1 -Dichloroethylene

1 ,1 -Dichloroe t;hare

Trarrs  a/or  Gis
1, 2-DichloI.oethylene

Trichloroinethane   (THM)

1, 2-Dichloroethane

1, t ,1 -Trichloroet;hane

Tetrachloromethane

#1         #2        „

ND             ND            ND

ND             ND             ND

ND             ND            ND

ND             ND             ND

ND             ND            ND

ND             ND             ND

ND             ND             ITD

ND             ND             ND

ND             ND             ND

ND            ND            ND

ND             ND             ND

ND             ND             ND

BromodichloT.onethane   (T")     ND          ND          ND

1 , 2-Dichloropropane

#4         #6         ifi          ire         #9         #`0       #ii       #i2

ND            ND            ND            ND             ND            ND            ND            ND

ND            ND            ND            ND             ND            ND            ND            ND

NI)            ND            ND            ND             ND            ND            ND            ND

ND            ND            ND            ND            ND            ND            ND            ND

ND            ND            ND            ND            ND            ND            ND            ND

1. 7         ND             ND            ND             ND             ND            ND             ND

ND             ND             ND             ND             ND             ND             ND             N D

ND            ND             ND            ND             ND            ND            ND            ND

ND            ND            ND            ND            ND            NI)            ND            0. 8

ND            ND             ND            ND             ND            ND            ND            ND

1.9         ND             ND            ND             ND             ND            ND             ND

ND             ND             ND            ND             ND             ND            ND             ND

ND            ND            ND            ND             ND             ND            ND            ND

ND             ND             ND             ND             ND             ND            ND             ND             ND            ND             ND

# 1           #2          #3

ND            ND            ND

ND            ND            NI)

19.7      ND            ND

19.6      NI)            ND

187         ND           ND

699        ND           ND

263        ND           NI)

122         ND            ND

I.4         I.0        ND

ND             ND             ND

loco     ND          ND

ND            ND             ND

ND             ND             ND

0. 8        NI)           ND

# 1          #2         #3

ND             ND            ND

ND            ND             ND

ND            ND            ND

ND            ND            ND

ND            ND            ND

ND             ND            ND

ND            ND            ND

ND             ND            ND

ND             ND             ND

ND             ND            ND

ND             ND             ND

ND             ND             ND

ND            NI)            NI)

ND             NI)             ND



Tat)1e  3  Continued

Trans   1,3-Dichloropropane       ND

Tr ichloroethylene                        ND

Benzene                                                      ND

Dibromochloromethane   (TIM)     ND

GIS   1, 3-Dichloropropane           ND

1,1, 2-Trichloroethane                ND

Bronoform   (T")                             ND

1,1,2,2-Tetrachloroethane       ND

Tetrachloroethylene

Toluene

Chlorobenzene

ELhylbenzene

Meta-Xylene

Or.the  &/or  Para-Xylene

1, 3  Dlchlorobenzene

1,2  &/or   , ,4-
Dlchlorolobenzene

Dichlorofluoromethane

ND            ND             ND             ND             ND            ND

ND            ND            ND            ND             ND            ND

ND             ND             N1)             ND             ND             ND

ND            ND            ND            ND             ND            ND

ND            ND            ND            ND             ND            ND

ND            ND            ND            ND             ND            ND

ND            ND            ND            ND             ND            ND

ND            ND             ND            ND             ND            ND

ND             ND            ND

ND             1.9          ND

ND            ND            ND

ND             ND             ND

NI)             ND            ND

ND            ND            ND

NI)            ND            ND

ND            ND             ND            ND

NI)            ND            ND            ND

ND            ND             ND             ND

ND            ND             ND            ND

ND            ND            ND            ND

NI)            ND             ND            ND

ND             ND             ND             ND

NI)            ND            NI)            NI)            ND            ND            NI)

ND            ND            ND            Det.       ND            ND            ND

ND            ND            ND            ND

ND           ND           ro           ND

ND            ND            ND            ND

ND            ND            ND            ND

ND            ND            ND            ND

ND            ND            ND            ND

ND            ND            ND            ND

ND            ND             ND            ND

ND             ND             ND             ND

ND             ND             ND             ND

ND            ND            ND            ND

ND            ND            ND            ND

ND            ND            ND            ND

ND            ND            ND             ND

ND            ND            ND            ND

ND             ND             ND             ND

ND            ND            ND             ND

ND            ND            ND

685        ND           ND

2.2        ND           ND

ND             ND             ND

ND            ND            ND

ND            ND            ND

ND            NI)            ND

ND            ND            ND

13.3      ND            ND

3.6        ND           ND

ND            ND            ND

ND            ND            ND

ND            ND            ND

1.0         ND            ND

ND             ND            ND

ND             ND             ND

Det.      ND           ND

ND            ND            ND

ND            ND            ND

ND            ND            ND

ND            ND             ND

ND            ND            ND

ND            ND            ND

ND            ND            ND

ND            ND             ND

ND            ND            ND

ND            ND             ND

ND            ND            ND

ND             ND             ND

ND             ND             ND

ND            ND            ND

ND            ND             ND

ND            ND            ND

ND             NI)             ND



Table  3  Continued

T r i ch lor ofl uorome thane                ND          ND          ND           ND          ND          ND          ND          N D          ND          NI)          ND

Dinethyl   D isulfide                           ND           ND          ND           ND           ND           ND           ND           NI)           ND          ND          ND

Doc,   (ng/I,)                                        0.sg    0.66    0.68     1.22    0.57    0.49    0.75    0.51     0.42    0.57    0.85

NOTE:     Det.   =  detected
ND  =  not  detected
Samples  collected  7-10136

Ilet.       ND            ND                     ND            iTD            ND

NI)            Det.       ND                     ND            ND            ND

2.68    5.26     3.ce           4.79    8.co     io.ig



Table  4-Inorganic  constituents  in  water  samples  taken  July  1936.

Dakota  wells   (DW) Shallow  wells   (SW)
shallow  (ssw)
surface  waters

Constituentt

Silica

Calcium

Magresiun

Sodium

Potassium

Bicarbonate

Sulflate

r,hloride

Ni.trate

Armoniun

*Phosphorous  as  P04

Field  pr

Lab   HI

#i          #2         #3         #4         #6         in

17            12            9.6         29           19            10

76         83         58

12              15              14

53           92            121

3.9       5.0       5.0

295       ro5       345

36         80         60

52         92         80

2.9       0.3       0.2

0.1         0.1         0.1

151         82            49

16             13             15

36           71            182

5.2       3.3       6.2

255        321         337

38         40          106

181         73            134

12            1.4         0.5

<0.1       <0.'      0.1

ire         ff3         #io       #ii       #`2

27            15            13            12            24

14'3        77          74           74          71

15            21             19            19            6.4

34         376       93         88         25

4.6       8.2       3.9       3.8       2.3

286        216       297        271        256

20             176         81              115          11

132        521         io4       en          23

59         0.2       0.2       0.2       3.0

0.1         0.2        0.1         0.1         0.1

<0.05   <0.05   <0.05   <0.05   <0.05   <0.05   <0.05   <0.05   <0.05   <0.05  0.ro

r,.55    ].45    ].25    6.so    ].2o    r7.,o    6:,5    r,.co    6.85    ].`5    r7.o5

r7.5b    ,i.co    ].65    ].45    ].55    r,.6F5    r,.co    .,.g5    r7.45    r7.65    r7.co

#1         #2        „

38         26         2 2

241         158       48

24          25         8.7

54            310         115

6.5       4.9       5.5

466        316        315

31           343        57

274       366      48

9.9        39           15

0.1          <0.1      0.I

<0.05   <0.05  0.07

6.cO     7.25     7.55

r|.4o   r|r|o    8.oo

#1           #2          #3

10            10            15

26          27          34

2.7       3.2       4.2

13             14              16

5.0      8.5       '0

93           102        135

12              10              '1

11                 15                16

0.4         1.4        0.1

0.I         0.1         0.1

0.07    0.24    0.46

8.35    7.25    8.ro

8.io    8.05    8.ro



Tat)le  4  Continued

Field  specific
conduct,ance,      I.mhos/on          750       1100     1000     1300    750        14cO     1150     2500     1040     940       600

Ijab  specific
conductance,     umhos/on         7cO       920       9ro       1060    coo       1140     1000    2300    935       900       481

Field   tenp,    °C                                     17.018.017.016.016.017.016.5     ND          17.017.016.0

Note:     *Urracidified  sanples

tconcentrations  of  mg/Ij,   except  for  pll

1750     3250    850

1600     2250     775

16.0     16.0     18.0

220       220       250

211         243        286

30.5     28.0    30.5



solvents.    These  chemicals  do  not  occur  naturally  in  ground  cater;  thus,

their  presence  is  an  indication  Of  man-made  contamination.

VcO's  ar+e  becoming  a  new  focus  of  concern  due  to  their  potential

health  effects  fran  longLtem  consunptlon.    Sore Vac's  have  been  shown

to be carcinogenic  and/or  to have  adverse  ef fects  on  the  central  nervous

systen,  liver,  and  kidneys.    The  degree of  toxicity varies widely  from

chemical  to  chemical  and  long-tenn effects  of  lcw dosages  are  not  ]mcrml

for ray VcO's.

Neither  KRE  nor  the  U.S.  EPA  currently  have  enforcea,ble  standards

for Vcr  contamination.    EPA  is  in  the  process  of  developing  guidelines

or  standards  for  apecif ic Vlco  concentrations  in drinking rater which

will  be  called  the  Recormended  lfaximm Contaninant  Levels  (RIELs).

RMCH.s  are  nonenforcea.ble  health  goals  set  at  levels  which  could  result

in  no  adverse  health  effects  and  include  an  adequate margin  of  safety.

Also,  the  EPA  plans  to  propose  lfuxirmm Cbntaminant  lj=vels  (hfflls)  for

volatile  organic  chemicals.    IEL's  are enforcea,ble  standards  established

to prevent possible adverse health effects  to individuals drinking  the

water.    Table  5  lists  the  nine  VOC's  for  which  RIffl.s  have  been  proposed.

For  the core  frequently  found Vac  contaminants,  REIE  has

established  Kansas  Notification  I.evels  (ENLs)  and  Kansas  Action  Levels

(KAls;  table  6).    The  Kamsa,s  NI)tification  level  is  defined  as  the

concentration  Of  a Vcr  albove which  KRE  has  the  option  to  require

notification  to  the  consumers  and  to  reccrmend  that  appropriate

preventative  action be  taken ty  the  well  owner.    Kansas Action Ijevels

are  defined  as  the  concentration  above  which RI}IIE  wi.Il  require  both

notification  to  the  consumers  and lnandatory  action by  the  well  owner

(KDHE,1985).    The  KAL's  are  levels  of  VOC's  which  do  not  present  any
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fable 5.  Federal  reconended lmxirmm contaminant  levels  for volatile
organic  chenicals,  proposed  40  OrR  141.50,

Federal  Register  (6-12-84).

Vcr

1.    Trichloroethylene

2.    Tetrachloroethylene

3.    Tetrachloranethane  (carton  tetrachloride)

4.    1,1,1Trichloroethane

5.    Vinyl  chloride

6.    1,2-Dichloroethane

7.     Ben2rene

8.    1,1-Dichloroethylene

9.    p-Dichlordbeflzene
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pTOpoed EL

0

0

0

2cO

0

0

0

0
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Table 6.  Kansas  volatile organic  chemical  notification
and  action  levels;  all  values  in  ugA  (ppb) ;

KDHE,   1985.

VOIATIIE
ORGANIC   CHERAICAIIS

ChloraethaneBrc-thane
Vinyl  chloride
Cnlorcethane
Dichloranethane
1 ,1-Dichloroethylene
1 , 1-Dichlorcethane
Trams  1,2-Dichlonoethylene
Trichlorcmethane  ( THM)
1 , 2-Dichlorcethane
1,1,1Trichloroethane
Tetrachloromethane
Brcmodichloromethane  ( THM)
1,2-Dichloroproparie
Trams  1, 3-Dichloropropene
TI.ichlorcethylene
Benzene
Dibromochloromethane  (THM)
Cis  1, 3-Dichloropliopene
1 , 1 , 2Trichloroethane
Brcnefom  (THM)
1 , 1 , 2 , 2-Jlletrachloroethane
Tetrachloroethylene
Toluene
Cnlorobenene
Ethylbenzene
Meta-Xylene
Ortho  &/or  Para-Xylene
Tvac

EL

+
+

1.0
+
+

0.23
+
+
1cO*

0.7
16.8
0.27

1cO*
+
+

1.8
0.67

1cO*
+

0.6
1cO*

0.17
1.0
3.5

+
+
+
+
10

EL

id
id

18
6.7

1.7
10.

340
id
id
620**
620**
id

ImEorlon  LIMIT

Note:    Cis  1,2-Dichloroethylene  is  reported  as Thans  1,2,-
Dichlorcethylene.

EEL - Kansas rotification Iievel
H - Kansas Action Level7iiiir - Trihalonethane
Tvac  -Sum Of  all  Vac,  except  ThM's  and  1,1,1-trichloroethane.
+ - Any  positive detection.
*  -'HIM  is  regulated  ty Kansas Drinking  Water  Standards,  total
" <        loo ug/L
id -Insufficient data  to establish a  level.
**  -  Stm of  all  xylene  isoners  pl.esent.
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chol.t-ten consumption health  problens and  are based  on possible  adverse

health effects  frcm  long-ten consullption.

The detection  limit  for  the  analysis  of  volatile organic  chenicals

is  in  the  range of  1.0 ugA  (parts per billion).    This  is  ccxprable  to

a  drop Of  the  contaninant  in  a swlrming  pool  of cater nrasuring  50  feet

ty  50  feet  ty  8  feet  deep  (kecool,1986).    The  Environmental  Organic

I.aboratory's Vac  analysis  detects  the  presence  of  32  different

chemicals.    These  chemicals minly  include  chlorinated  organics  and

coxponents  Of  petrochemical  products.    The  four  chemicals which mke  ip

the  trlhalomethane  group  also  can  be  detected.    Trihalornethanes  are

fomed when  natural  organics  in  the  ground rater  react  with  chlorine

which  is used  as a disinfectant.

The min  contaminants  found  in  the  land fill  are  chlorinated

hydrocarbons  cannon  in  conercial  and  industrial  solvents  (1,1,1-

trichloroethane,  trichloroethylene ,1,1-dichloroethylene).    Also  found

at  the  landflll  were  lower  concentrations of  gasoline  and  petrochemical

coxpounds  such  as  xylene,  benzene,  and  toluene.    Sources  for  these

chemicals  are  abundant  in  the  arcs,  especially  near Great  Bend,  which  is

the  regional  center  for  industry and oil-field opera,tions.

It  ls dif ficult  to accurately predict  the  fa,te Of  chlorinated

hydrocarbons  in  the  landfill  environment.    In  general,  volatllizatlon,

microbial  degradation,  chemical  hydrolysis,  oxidation,  and  sorption  can

all  affect  the  fate  of  chlorinated  hydrocarbons  in  the  environment.

Studies  ty  mvidson  (1978)  and Grlffln  and Chou  (1980)  suggest  that

sorption ty  soils my  ty  the  dominant  removal  mechanlen for  chlorinated

hydrocarbons  in  soil/cater  systens.    The mjor  adsorbents were  found  to

be  clay minerals,  iron  and  manganese  hydrated  orldes,  and  organic
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nELterial.    Chlorinated  hydrocarbons  vere  chown  to  lcach  equilibriim

within a  few hours  in  adsorption  studies,  and  the  adsorptlon  prcx3ess res

sham  to  confom to  the  Freundlich  adsol.ption  equation.    Civerall ,

chlorinated hydrocarbons  are highly  resistant  to  aqueous  phase mobility

through earth mterials,  because of  their  low rater  solubilities and

strong  sorption ty  soils.    However,  they  have been  found  to be very

mo'bile  in  organic  solvents  (MCcfarty  and  Rlttman,1981).

In  sumary,  Vcr  contamination at  the  landfill  ves  generally

confined  to  SW  fl.    The  analyses  cloned  that  six  out  of  the  nine

federally  regulated Vac's  from  table 5  were  present  in  SW  #1  and  all

exceeded  the  proposed  HEL.    The  concentration  Of  1,1  dichloroethylene

ms  found  to  exceed  the  proposed  RIEL  in  IN  #4.    A  total  of  14  Vac's

were  present  in  SW  ffl  and,  except  for  the  trihalanethanes,  all  of  their

concentrations  exceeded  the  Kansas Notification I.evel.    Seven  out  of  the

14  also  exceeded  the  RImsas  Action  ILevel.    The  1,1  dichloroethylene

concentration  in  DW  #  exceeded  the  EL but  did  not  exceed  the KAL.

Although Vac  concentrations  vrere  detected  in  in  ffl  and  ffl2  and  SW  ffl,

the  concentrations  were  below  both  the  EPA's  proposed  RIffls  and  RI)EIE's

Rife  and  KAI.s.

Dissolved  Organic  Carbon

Dissolved  organic  carbon  concentrations mere  detemined  fnorn  each

Of  the  saxpling  locations  and  are  presented  in  taLble  3.    In a  study

conducted  ty Ijeenheer  et  al.(1974) ,  Im  levels  vel.e  determined  from  loo

different  sites  in 27  states.    The  levels Of  the DOC  in ground"ter

samples  collected  mere  generally  very  lcw,  but  values  ranged  fran

undetectable  to  as  high  as  15  mg4,  with  85% of  all  the  values below 2

mg/L.    Six  samples  collected  in  sandstone  aquifers  had  a median  value  Of
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0.7  mg/L  and  a lnean  value  Of  1.0  ng/L.    A  recently  conducted  study  of

Dac  concentrations  in Kansas  ground rater  included  three  sanples  frcm

the  Dakota  Fbmation  which  had  a mean  concentration  Of  0.59  ngA  (Miller

et  al.,1986).    The  IXX}  levels  frcm  the  present  study  also  are  genemlly

very  low with  the  exception  Of  the  challcw veils  that  penetrate  the

upper  aquifer  and  the  surface-cater  ponds,  which  will  be  discussed.

IXXJ  levels  have  been  crown  to  decrease  with  increasing  depth  Of  the

sanple  in  an  unpolluted  aquifer  (Junk  et  al.,1980).    The nrajor  sources

of  organic  car.bon  in  an unpolluted  aquifer  are  from  the  overlying  soils,

surface vegetation,  and  surfacermter  infiltration.    Surface caters

normlly  contain  higher  levels  Of lm  originating  from decaying  organic

nntter  on  the banks  and bottcm sediments.    The  surface-ter  ponds

dcmigradient  frcm  the  landfill  also have organic mtter being  added try

the  excretions  Of  the  livestock  that  use  the  ponds  for drinking rater.

IXX}  levels  obtained  from  this  study  follow  the  trend  of  decreasing

DOC with  increasing  depth.    The  surface  waters  chow  the  highest  levels

with  a mean  (=)  value  of  7.69  ng/Ii  follomed  ty  the  chaLllow veils  (=   =

3.67  mg/L)  and  finally  the  Dakota  wells  (=   =  0.70  mg/L).    Dckota  wells

# 1  through  #4,  which  are  located within  the  fenced-in  portion of  the

active  landfill,  chow  slightly  higher mean  lm  levels  (E   = 0.89  ng/L)

than  do Dakota, wells  # 6  through  fl2  (=   =  0.59  mg/L),  which  can  be

considered  unpolluted  background wells.    IN  #,  which  is  the cater

supply  for  the  scale  house  at  the  landfill,  hnd  the  highest  IXX3  value  of

all  the  Dakota wells  (1.22  mgfu).    Poor  well  maintenance  could  account

for  this  high value  in DW # because  the  rvc  casing  that  extends above

the  land  surface  is  cracked  and  open  to  contaminants  entering  the cell

from  the  land  surface.    Overall,  IXX3  levels  in  saples  frlon  the  mJsota
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cells do not appear  to have been  significantly affected ty  the  landfill.

Orga,nic  contanination  often will  cause  an  increase  in  IXX3  levels of

one  or lnore  orders  Of  nELgnitude  over  background  Im  levels.    Values

greater  than  the  threshold  levels  Of  IXX}  (>  5  mg/L)  could  indicate

contamination  and  possibly  onganlc rna,terials moving  into  the  aquifer

from sources  such as  surfacerrater  infiltration and  sLibsurface rastcr

disposal  aperations  (lfalcolm and Ii=enheer,1973).    1"  levels  in  challow

wells  #1,  2,  and 3  are  approximately  one  order  of magrltude  higher  than

those of  the mkota nells.    All  three  of  the  challcw vells  are  near  the

active  landflll.    Unfortunately,  no background rm  data are  available

for rater  in  the ipper aquifer.   Therefore,  it  is  impossible  to

precisely quantify  the effect  the  landfill  has had on  the in  levels  in
the  ixpper  aquifer.    The rm  levels  reported  in  table  3 might  be  norml

IXX3  levels  for  the  upper  aquifer.

Surfacewater  infiltration  from SSW  fl  is  not  consider.ed  to be  a

factor  in  the  DOC  levels  of  SW  ffi  and  ffi  because  the  inorganic  analyses

shoved  the caters  to differ greatly,  with no  significant  infiltration

and mixing  evident.    SW  ra  (5.26  mgA Im)  contained  the  greatest  level

Of  all  the  ground-inter vells  and  this  is  possibly  due  to  some  landfill

leachate migrating  to  the well  through  the  upper  aquifer.    Do provide

more definitive  informtion  regarding  the  effects of  the  landfill  on  the

IXX)  values  in  the  upper  aquifer,  more  shallow wells  would  be  needed  on

all  sides  of  the  active  landfill.    Or  these veils,  at  leaLst  one  should

be  placed  to provide  reliable upgradient,  unpolluted,  background rater

samples.

51



INOREANlc  aiNSTITUENTs

The  concentrations of  inorganic  constituents  in  ground cater

collected  in  the  sampling  progran are  given  in  table  4.    Table 7  chows

the various inorganic constituents  in  the  landfill  saples conpred  to

concentration  ranges  reported  for  leachate  and  to  the EPA's  drlnking-

rater  standards.    Shallow veils fl  and ffi  seem to be  slightly  i]"cted

ty  the  landfill,  as  also vras  seen  in  the VOC  and  IXX)  analyses.    It

should be  recognized  that rmch higher  concentrations  of  the  ions  chcm

in  table 7  can  occur  naturally,  especially  in Kansas,  so  these

concentrations per  se cannot be definitively associated with  landfill

leachate.    Hcmever,  comparison of  the  concentrations of  inorganic

constituents  in  SW  ffi  with  the  concentrations  in  nearby  veils

(e.g.,  SW  ife)  not  polluted  with Vor3s  suggests  that  leachate my  be

present .

SW  ffi  and  #  are  in  close  proximity  (approximtely  600  feet)  and

both  tap  the  upper  aquifer.    These  factors  should  nomally  result  in

very  similiar rater  types betveen  the  tro veils.    The  cation  (ca,  Mg,

Na)  and  anion  (sO4,  Cl,  NIle)  concentrations  are  much  higher  in  SW  ffi

than  SW #  (table 4).    These higher  concentrations  can be attributed  to

the  location of  the well,  which  is  northeast  (topographically

dcmgradient)  of  the  mLjority  of  the vraste  cells.    SW  ffi  is  located  to

the  northwest  of  the majority of  the waste  cells,  which  is upgradient

from  the  predicted  direction  of  groundwater  flow.    SW  fl  also  contained

high  levels  of  Ca,  HcO3,  and C1,  and  as  has  already  been  chown,  res

contaminated  with VcO' s  from  the  landfill.

It  should be  noted  that  Dakota wells  #4,  7,  8,  9,  and  10  are

screened  at  lower  depths within  the mkota Formtlon which  contain
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Table  7.  Ccxparlson  of  inorganic  rater  quality  to  ranges  for  various
inorganic  constituents  in  leachate  fran  sanitary  landfills

(fran  Freeze  and  Cherry,1979,  and  Tchobanoglous  et  al. ,   1977).

hachate
range sw#L*    swtt*    sfHrs*    r]«RA      T"ife      Tmas*

C a l ciLm        200 -3000

Sod ium           200-2cOO

Ch 1 ori de      loo -3000

Su 1 fate        loo-1500

Ni t rate       540

1nklngmter
standards

241          158            22          151          143            77                     None

54         310         115           36           34         376                    None

274         366            48          181          132          521                       2 sO

31         343            57           38           20         176                      250

9.9            39            15            12            59         0.2

Note:    All  values  in  mg/L
*  denotes  cell  not  presently  used  for  drinking  rater
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ground  rater with higher  Cl  levels.    Discussions with  local  drillers  and

landoners  shormed  that  ln  general,  the water  in  the Dakota  Formtion

naturally  increases  ln  sELlinity with  incresing  depth.    Also,  samples

frcm wells in #4  and  #  contained  elevated  levels of  nitrate  that  could

be  caused ty  sources  other  than  the  landfill.    These  alternative  sources

could be  scalcrhouse  septic-tank  leakage or  poor nell  construction,

which  could  allcw nitrates  to  enter  the cells  at  or  near  the  land

surface.    A possible  mtuml  altematlve  could be  the nitrlfication of

aJnronl\m  ions mgrating  upmrds  frcm deep,  amaeroblc  sedlments.

Tin  cans  and  ferr.ous metals  ccxprise  approxllnately  8% ty  veight  Of

a  typical  mmicipal  solid  raste  (table  1).    A tin  can has  tin  plate

layered  over  steel.    Tin  is highly  resistant  to degradation  ln  an

anaeroblc  environment,  but  conpaction  of  the  tin  cans within  the

landflll  will  break the tin  surface exposing  the  steel.    Steel  is

prime,rily  ocxposed  of  iron,  but  also  contains manganese,  sulfur,

phosphorous,  silicon,  nickel,  chrcmiun  and  vanadi`m  in  s!na.Iler  aDDunts

(ifetzler,1981).    Iron,  mnganese  and  chriomlum are  all  partially  soluble

at  typical  leachate HI  values.    Iron  is  found  ln  leachate because

landfills quickly becone  anaeroblc  after caste tn]rlal ,  producing  a

chemically  reducing  environment  in which  ferric  salts  are  reduced  to

ferrous  colts.    Ferrous  sa,Its  are more  soluble  and  thus  iron  leaches

frcm the  landfill.    Considering  these  facts,  future  rater  samples  should

be  analyzed  for metals  such  as  iron,  which could  be  a good  indicator  of

the  presence of  leachate.    Iron  analysis could  improve  the  ability  to

track  the  leachate  pl\me because tndkground  iron  concentrations  should

be  very  low  (0.01  to  10.0  mgth)  1n  the  upper  aquifer.
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CHAPTER  7:      ASSESSMENT  CF  SITE  IIEACIIATE  GENERATICIN

It  is evident  frcm analytical  results  that  sane  leachate  ls being

generated ty the  landflll.   This  leachate has  the potential  to becne a

human-health  problen ty  entering  the  local  drinking.-grater aqulfer  and  to

threaten  stock animals  and wildlife  ty  degrading  the rater  quality  in

the  Cheyenne Bottors  and  the other  surface vraters between  the  landflll

and  the  Bottoms.    Therefore,  an  estimate  of  the  amount  of  leachate  being

generated by  the  landfill  and  the directions  it might  migrate  is

tryrtant .
A quntltatlve  description of  leachate  generation  from the  land fill

is essential  for determining  its  effects on cater quality and  the value

of  control  methods.    Ifethods  of  estinELtlng  leachate  generation  include

field  tests,  physical  and mthena,tical  models,  and monltoring of  actual

installa,tions.    All  Of  these methods attapt  to produce accurate

estiJnates of  leachate  generation;  but,  due  to  the  mmerous  factors

involved  in  leachate  generation,  such  estimates  are  only  aLccurate  wlthln

an  order  of mgritude.    This  lads of  accuracy  is  due  primarily  to  the

inability  to measure the  surface-runoff  coef flclents and evaporation

rates  of  the  landflll  site  and  adjacent  area  (Duval  et  al.,1979).

Other  problens  include  estlmtlon of  the  in  situ permca,blllties  (1.e.

hydraulic  conductivities)  of  castes and  Of  the  underlying  and  cover

soils.    All  these  factors  contribute  to  the  problem Of  estilmting

lcachate volue.

The volume of  leachate  generated  at  a  landfill  is dependent  on mny

factors.    In  general,  the most  i]nportant  factors  are  (Reason  et  al. ,

1968 ) ,

*  Availability Of cater
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* Ijandfill-surface  coriditlons

*  Solid-waste  conditions,  and

*  Uriderlying  soil  oondltions.

Current  federal  solidmste  legislation prohibits  landfilling

within a  floodplain,  prime.rily  eliminating  ground inter as a  potential

cater  source  for  leachate  generation.    Thus,  the  prlnmry  contributor  to

the  a.vailability Of water  to a  landfill  is direct  precipitation.    In

order  to assess  the  ef fect  of  precipitation  on  the Barton Cbunty

landfill,  climtologlcal  data were  obtained  frcm the Great  Bend  (ffi218)

weather  station,  located  at  latitude  38®,  21'  N and  longitude  98®,    46'

W  along  the  Arkansas River  south of  the Cheyenne  Bottus Waterfowl

Refuge.    The  average  annual  precipitation  ls  24.7  inches  based  on  52

years  Of  record  from  1931  to  1982.    The  average  annual  precipitation

since  the  opening  Of  the  landfill  in  1972  to  1982  vas  26.74  inches;  73%

of  this  precipitation  occurred  during  the months of  April  through

Septanber.    Water  reaching  the  landfill  surfaLce  try  precipitation nmy

evaporate,  transpire,  infiltrate  through the  landfill  surface,  or  leave

the  site  as  surface  runoff .    Surface  conditions which may  affect

leachate  generation  include vegetation,  cover material ,  surface

topography,  tcxperature,  himidity,  and  wind  speed  albove  the  landfill.

The quantity of rater  that  can  infiltrate  through  the  surface of

the  coapleted  portions  of  the  landfill  depends on  the hydraulic

conductivity Of  the  cover  soils.    At  the  present  time,  the  cover  soils

at  the  landflll  are ccxposed of  lcess excavated during  the  construction

Of  new  trenches.    Tco  cover  soil  saxples  were  collected  for  hydraulic

conductivity analysis  from oonpleted  portions of  the  landfill.    The

saxples were  located  northeast  of  the  scale  house  near  the middle of  the
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site.    Vertical  hydraulic  conductivities  (K)  vere  determined  ty  the

author using  the constant-head pemeabillty  test  in the Kansas

Geological  Survey's  porous  media  laboratory.    The  K-values  vrere  mcasured

to be 0.96  feet/dry  and 2.66  feet/dry  for  the  tro  samples.    Pemea,billty

ranges  for  the  loess  reported  in  the  BELrton county  soil  survey

publication  (1981)  were  measured  frcm  1.20  feet/day  to 4.00  feet/day.

The  results  chow a  fairly wide  range  of  permca,bility  and  it  is  thought

that  pemeabillty values of  the cover  soil  will  vary  over  the  landfill

with  the  clay  content  and  the  degree  of  ooxpaction.

Once  the  field capacity of  the  surface  cover  soil  is attained,

1eachate will  percolate  through  the  solid rastes.    Field  capacity  is

defined  as  the maximm moisture  content  which a  soil  or  solid mterial

can  retain  in  a gravitational  field without  producing  Continuous

downward  percolation.    Studies of  typical  munlclpa.I  solid  caste  chow

that  approxilnately 40% of  the  total  solid raste  is ccxposed  of  paper

products  (table  1).    Paper has a  large raterholding  capacity;  thus,
once  the wastes are  saturated,  they  have  the  potential  to hold lroistul.e

between  coversoll  wetting  and  drying cycles.    Each  time  the  field

capacity  of  the  cover  soil  ls  attained,  a  slug  or  pulse  of  leachate  can

be  generated tyr  the caste  cell  provided  that  the castes  have  rcrmlned  at

field capacity.

MonELING  OF  IEACHATE  GENERATION

The  Versatile  Budget  Version  2  (VB) ,  a  soil-moisture  ccmputer

model,  was  used  to  slmlate  the water budget  in  the  arcs of  the

land fill.    The VB  program  uses  readily  a;vailable  data  (soil  and  cropping

patterns,  dally  temperatures,  and preclpltation)  to calculate a  simple
wa,ter h]dget.    The model  produces  estimtes  of  soil-Iroisture  deficit
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(SD) ,  nmoff  (RO) ,  potential  evaporation  (PE) ,  actual  evaporation  (AE) ,

and  deep  drainage  (DR).    Deep drainage  is  considered  to be  the cater

which percolates below  the  rooting  depth.    Vegetative  grcuth  requires

the  usage  of  large  amounts  Of  vRIter,  which  is  the  reason  that  any  cater

migrating  belcw  the  rooting  zone  is  oonsldered  to be deep  drainage

(Baier  et  al.,1979).    This  slxple budget  provides  enough  data,  to make

sore  general  estilnates  of  the rater balance  at  the  landflll.    The lnost

important  parameter which  af fects  leachate  production  ls  dralnnge below

the  rcoting  depth.

The  input  parameters  used  ty  the  model  vere  adjusted  to becone  as

site  specific  as  possible  for  the  landflll.    Comnon  parameters  include:

1)  crop  (vegetation)  coefficients;  2)  solaLr  energy  at  the  top Of  the

atmosphere;  3)  soil  available  water  capacity  (AWC);  4)  daily

temperatures and  precipitation;  and  5)  Z-table  values  (representing  the

relatlonchip between  the  ratio of  actual  to potential  evaporation as a

function of  soil  moisture  available  to vegetation).

The Z-table  chosen  for  the  landfill  simlates  clayey-silt  soil.

The  crop  coefficients  of  Brcme  grass mere  used  because  they  are

considered  to be  the  equivalent  to  natural  growth.    Vegetative  cover  for

the  colxpleted  pol.tions  of  the  landfill  consists Of  native  grasses  that

have  rooted on  the  landfill.    In  calculating  the  root-zone  depth

paraneter  for  the  AVC,  a rooting  depth  of  3  feet  res  used  for  the  grass

on  the  landflll.    Brane  grasrs  ls  nonnally modeled  using a 5-foot  mooting

depth but res  shortened because of  the  landflll' s cover-soil  thlclmess

of 3  feet  and  the  fact  that  solid caste does  not  provide a  suitable

rcoting mterlal.

In  estlnELtlng  the  amount  Of  lcachate  generated,  it  ms  assulned  that
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the  solid caste res at  field  capacity and  that  the deep drainage values

represent  the  amount  of  water  that  reaches  the  top of  the  solid waste.

Thus,  if  the castes  are at  field  capacity,  any additional  irifiltration

will  puck  leachate  through  the bottan of  the caste  cell.    Consequently,

the values  chown  ln  table  8  are  the  theoretical-nraxlmm  lea,chate

estimtes  for the ccxpleted portioris of  the  landfill.

The  Controlling  factor  ln  this  scenario  ls  the moisture  content  of

the  solid waste.    If  the waste  ls not at  field  capacity,  then  the rate

and mLgnitude  of  leachate  generation  could  be  lcmer.    Based  on  personal

obervations,  it  is  thought  to be doubtful  that  field  capacity of  the

solid wastes  is very  often  achieved  in  completed  portions  of  landflll.

This  ls due  to the  climtlc conditions Of  the arcs along with the

initial  dehydrated  Condition of  the castes and  the  intermediate-cover-

soll  layers  that  usually  exist before  the  fiml  cover  ls  placed.    If

slgniflcant precipitation has  not  occurred  lmediately before  the

addition of  the  final  cover,  the mstes and  intemedlate-cover-soils are

very  lcw  in moisture  content.    Or  course,  this  ls  not  the  case  if  mstes

are  allowed  to be  saturated try  standing rater  in  the bottan of  the

trenches,  or  lf  proper  drainage of  the  cover  soil  is not  provided.    Ill

these  cases,  the  initial  dry  conditions Of  the mstes would  not  be

significant because  the vrastes could  become  saturated  over  time.

If  field capacity of  the  entire  thic]mess Of  the waste  cells  is

rat.ely attained at  the  landfill,  the mjor methods  for  the  generation of

leachate could be  channellng  of  water  through  the  pores of  the wastes

and direct  leaching  of vmstes ty  standing rater  in  trench bottorl)s.

Allowing cater  to accunlate  ln  the bottom of  active  trenches  and  the
"wet  pit"  my be  a nmjor  cause  of  lcachate  generation.
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Table  8.  Estimtes  of  leachate  generation.

fuc;-£cet|year
Actual                                        Deep         mximm

Water  yeaLr     FTecipitation     evapotranaplration     Runoff     drainage     lcachate

1957                   36.56  in.

1984                   23.02  in.

1956                     12.21   1n.

28.10  in.               2.38  in.     5.55  in.         37.00

18.93  in.                1.50  in.    6.09  in.         40.cO

15.92  in.               0.76  in.     0.48  in.           3.20
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Coxputer  inns mere nude  for cater  years  with precipitation  that veg

average  (figure  10,  1984-23.02  inches),  above  average  or  vet  (figure  11,

1957-36.56  inches) ,  and  below  average  or  dry  (figure  12,1956-12.21

inches).    In  table 8,  deep drainage  for  the  three different  years  is

5.55  inches/year  (wet) ,  6.09  inches/yeaLr  (average) ,  and  0.48  inches/yea.r

(dry) .

It  should be noted  from  table  8 that  deep drainage  for  the vret  year

(1957)  is  slightly  lees  than  the  average  year  (1984).    It  would  be

expected  that  greater preclpltation could  result  ln higher drainage

through  the  soil,  but  this  is  not  the case  ln  this  sltuatlon.    Three wet

years rere modeled  and  all  created  less  deep  dralnnge  than  the  average

yeaLr .

Twlo  conditions  can  be  proposed  to  account  for  less  deep  drainage

occurring  ln a wet  year.    The  first  condition  that  affects  the  amount  of

deep drainage  ls  the  times during  the year  that  precipitation occurs.

The  months  betveen  November  and  March  usually  have  lcw  precipitation,

but  the  average rater  year  (1984)  had  above-average precipitation  in

Noverfer.    This brought  the  soil  near  field  capacity  for  the winter

months.    Additiona,I  precipitation  during  Decefroer  through  February when

the nnJority of  the  cover  soil  ms  saturated  and  frozen,  allowed  deep

drainage  to begin with  the  start  of  the  spring  rains  (figure  10).

Secondly,  during  the modeled  vet  years,  the majority  Of  the  year.1y

preclpltatlon  occurred  in  large  stoms  (>  2  inches)  during  the  spring

and  s`mner months  (figure  11).    This  results  ln a high  runoff  situation

and  coincides with  the  period  that  plant  use of cater  and  dlreet

evaporation  are  greatest.    Thus,  a  lower drainage value  could be

expected .

61



VEF]SATILE-SOIL    MOISTURE    BUDGET

OCT             NOV             0EC             JAN             FED             MAFI          Apf]IL         HAY           JUNE         JULY           AUG           §EPT           0CT

6EAPY    SOIL-BPOME    GPIASS           WATEF]    YEAF]     1gE)4

Figure   10.     Cumulative  landfill  uater  balaace  -average  year.
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VERSATILE-SOIL    MC)ISTUF]E    BUDGET

OcT            NOv            OEc            jAN            FED            MAD         APF]IL         MAy           juNE         uuLy           AUG          §EPT

GEAPIY    SOIL-BPloME    GPIASS            WATEF]    YEAF]     1957

Figure  11.     Cumulative  landfill  water  balance  -wet  year.
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Figure  12.     Cumulative  landfill  water  balance  -dry  year.
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The  leachate values  generated  ty  this nDdel  are  estimates  for  the

ccxpleted portion Of  the  landflll  that  have  the 3-foot  coversoll  mantle

in  place.    The  'het  pit"  and  the  active  trenches will  have different

values  for  leachate  generation  than  the  completed  portions Of  the

land fill.    These  tro  areas are  either  uncovered  or have  a 6-inch  layer

of  soil  over  the  solid waste.    Also,  these  trenches  receive  surface  run-

on rater  until  the  time  they  are  completely  filled  and  graded  to  the

proper  slope.    These  conditions  a.Ilcw  for a  higher  rate  and magnitude of

leaching  from  the castes  that  could  cmly be  quantlfled  ty  a  leachate-

colleetion  systen.
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aIArrm  8:     AssEssMENI  oF  slTE  IEACRATE  MIGRATlon

The raterlquallty  data collected  fran the Dckota wells  indicate

that  the  leachate  presently  is confined  to the `pper aquifer.    The

DakotaL wells,  which draw rater  frcm the  shallonest  local  drinking.inter

aquifer,  chow  no  lxpact  from  the  land fill  leachate.    DW  #  does  chow a

s[na,ll  amount  of  VCC  contanlnatlon  as  well  as  elevated  nitrogen  levels,

but  this  cannot  positively be  connected with  leachate  percolating

downward  through  the Dckota  clay.    Due  to  the  poor well-head  condition,

1eachate  in  the  \pper  aquifer  could  be  flcwlng  into  the  gravel  puked

well  anulus.

One  concern  about  the  ooncentratlon  and  direction  of  the

contaminants  in  the upper aqulfer  is  that  there are  several  local

donestic cells  near  the  land fill.    These cells  are  generally  gravel

packed  frcm 10  feet  below  land  surface  to  the  bottom of  the well.    If

the  contamination  pl`me  reaches  the  veils  try  lateral  movanent,

pollutants  could  enter  the nell  annulus  frcm the upper  aqulfer  and  flow

dowi  into the drinkingwhter  aquifer.

Another  concern ls  that  the  upper  aquifer  possibly  discharges

tonrds  the  stock  ponds  and  the  Cheyenne  Bc>ttcms.    In  the  event  that

contaminated cater were  to  seap  frcm the  upper-aqulfer  outcrop on  the

north  slope  of  the  divide,  dcmigradient  surfacewater  bodies  could  be

contamimted.    This  situation might  already  exist  at  the  land fill  as  the

rater  quality  slightly decreases  in  SSH  ffl  and ffi,  which  are  at  a

greater distance  frcm the  landflll.

It  could  be  expected  that  if  only polluted  runoff  inter  from  the

active  landfill  were  flowing  into SSH  fl,  then rater  quality would

iaprove with  increasing  distance  from  the  landflll  because  of  dilution
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effects and hiological  stabilization of  the contaminants  ln  the

landfill-runoff  rater.    The  inorganic  and  IXX)  analyses  actually  chow

decreasing  surfacemter quality with  lncreaslng  distance  frcm the

landfill.    Nb VcO's  were  found  ln  the  ponds;  but  this  cas  expected

because  the  pond  rater  ls  exposed  to  the  atmogivere,  which could  permit

volatilization of  any VcO's  present.

It  is possible  for  leachate  to enter  SSH  ffi  and  re without  entering

SSH  fl,  and  the decreasing inter quality  could be  the  result  of  leaehate

from  the  upper  aquifer  discharging  into  the  lcmer  ponds  frcm  the  outcrop

in  the  landfill  ravine.    In  the northern portion of  the  landfill  ravine,

the  `xpel`  aquifer  crops  out  near  the  northern  edge  of  SSH  ffl  and  on  all

sides  of  SSW  ffi.  Thus,  dischanges  into  the  ravine  from the  upper  aquifer

could  be  degrading  the rater  qunllty  of  SSH  ra  and  the  dowigradient  SSH

ffi.   Nevertheless,  the ratenquality data do  not  lndlcate  the  presence

of  significant  amounts  of  leachate.

Since no  runoff  saxples mere  collected  frcm  land fill  drainage,  it

mag  not  proven  that  runoff  cater  frcm the  land fill  is heavily

polluted.    If  the  runoff cater  is  relatively pure,  its quality could
naturally degrade with  tine  and  increasing distance  fnarl the  land fill ,

as  reflected  in  the  surfacemter  analyses  (tables 3 and 4).    With

incrcaslng rater  age,  Im  concentrations  in  the  ponds would  increase due

to algal  productivity  and  nmroff rater  from the  surrounding  pasture.

Also,  the  concentration of  salts would  increase due  to  evaporation  and

increased  dissolution  Of  minerals  from  the  snirrounding  sedlments.

Considering the minimal  data  that  are currently available,  the  natural

processes  are  a more  likely  cause  Of  the  surface-inter  degradation  than
upper-aquifer dlschange.    A more  conclusive  anser  could be  provided  if
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the dlrectlon of  transport  of  the pollutants  in  the upper aquifer mere

investigated  in  greater detail.

rmimABILIT¥  oF  nlE  ImorA  a.A:¥

Pollutants  in  the upper  aquifer  can  either ulgrate vertically

through  the Dahaota  clay,  or  horizontally  a.long  the  top of  the  clay.    In

order  to detemine  if  the pollutants will  rigrate dcmirard  tcmards the

drinking-inter aqulfer,  tro  soil  saxples were  collected  to determine

vertical  hydraulic  oonductlvities of  the m]sota  clays  underlying  the

landflll.    The  samples  were  analyzed  by  the  author  ln  the Kansas

Geological  Survey' s  porousmedia  lalboratory.    Hydraulic  conductlvitles

were  detemined  using  the  constant-head  pemeability  test.    The  saxples

were  taken  at  depths  of  1  foot  and  6  feet  I nom  the  top  of  the  Dalsota

Formtlon.    The  samples  consisted  of  red  sandy  clay  and  were  relatively

undisturbed  ty  the  sampling  procedure.    Hydraulic  conductivities  vrere

measured  to be  1.56  feet/day  and  2.25  feet/day  for  the  1-foot  and 6-foot

calnples  respectively.

The measured  values  are  higher  than  the  average  values  for  Dckota

clay due  to  the  sand  content  in  the  clay  in  the upper  portion of  the

mkota  in  this  area  ooupled with  the  fact  that  sampling  always  affects

the  in  sltu pemeabllltles  sonewhat.    Sanples of Dckota  clay  inspected

during  drilling  choved  the  candy  clay present  only at  the  top of  the

folmtlon,  with  lower  saxples conslstlng of  hard  clay.    Literature

reports  indicate  that  the  Confining  clay  layers Of  the halsota  Fbrmtion

have vertical  hydraulic  conductivities  ranging  from O.col  foot/dry  to

0.00001  fcot/day  (Butler,  1982).

Below the  landfill,  the  thickness  of  the Dalrota  clay  separating  the

contaminated upper aquifer  frcm the  shallowest  andstone drlnking"ter
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aquifer  ranges  from  17  feet  below IN  fl  to  60  feet  below  IN  ffi.    The

clay  thic]messes  were  determined  frcm  the  drilling  and  galm  logs.    The

conservative calculation of only  17  feet  of  clay  thiclmess below " fl

vras mde with  the  assumption  that  contaminants  are  completely  dispersed

throughout  the  23-foot-thick discontinuous  sandstone  lens.    The

thic]messes of  these Dalrota  clays,  along with  the  low vertical  hydraulic

conductivity  of  the  confining  clay  layers,  indicate  a  laLteral  direction

of  contaminant  transport  as  opposed  to  vertical.

Figul.e  7  choms  the  elevation  of  the  erosional  surface  of  the Dulsota

Formtion,  indicating a,  slope  in  an  east-southeasterly direction belcw

the  landfill.    Considering  the  low pemea.bility characteristics of  the

underlying  clay,  the  contaminants  are  expected  to migrate  in a  simillar

direction.    This  could  possibly  account  for  the  poor  vrater  quality  of  DW

#4.    This  well  is  located  downgradient  (in  reference  to  the  upper

aquifer)  from  the  'whet  pit"  and  the  earliest  caste  cells  that  vere

constnicted at  the  landfill.    Upperaqulfer  leachate  flcwlng  towards the

well  could  be affecting  the rater  quality.    As with  the potentlometric-

surface mp,  the  linited  amount of  data allus only a very  generalized

contour mp of  the  clay.

cDrmAMINANI-TRANspcRr  mocEssrs

The  Physical  processes  that  control  the  transport  of  dissolved

substances  (solutes)  in a  groundwhter-flow  systen are  advection and

hydrodynanic  dispersion.    Advection  ls  the  process ty which  solutes are

transported by  the bulk motion of  the  flowing  ground rater.

Hydredynamlc  dispersion  is  the  process  that  causes  the  solutes  to  aprend

out  frcm their  expected  advectlon-I low paLths  and  also  causes  dilution of

the  solutes.    It  occurs because  of mechanical  rdxlng  during  fluid
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advection and because of molecular dif fusion due  to the  the-I-kinetic

energy Of  the  solute particles.    At  lcw ground...inter velocities,

molecular diffusion  is the controlling  factor  in  the dispersion of  the

contaminants.    At  high  velocities,  mechanical  mlxlng  ls  the  dcminant

dlsperslve  process.    Groundrwhter  velocities mere  not  [neasured  or

estinnted  in  this  study;  thus,  the dominant  dlsperslve  process  in  the

upper aquifer  is unlmown.    For  the  initial  study,  it  is  sufficient  to

conclude  that  the  contaminants  in  the  upper  aquifer will  probably

migrate  horizontally  along  the  top  of  the  Dalsota  clay.

It  is  possible  that  the upper aqulfer  as described may be a  perched

cater  table  occurring  only  in  the  vicinity  Of  the  landfill.    The upper

aqulfer  could be  recharged  through  the botton of  the  "vet  pit"  as well

as through the active  trenches.    This could  result  in a  limited quantity

and  areal  extent  of  rater  ln  the upper  aquifer which will  vary  over  tlJne

with  the amount  of  precipitation  that  the  landflll  I`eceives.    In  a

perched water  table,  the ground-ten velocities would be  lcw,  allwlng
lnolecular  diffusion  to become  the  controlling  factor  in  the dispersion

of  the contaminants.    It  is also not  ]mom  if  the discontinuous upper

sandstone  lens  penetrated  in  the  boreholes  of  DW  #1  and  SW  ffl  ms

previously  contaminated  along with  the  upper  aquifer which  rests on  top

of  it.    Currently,  SW  ffl  is  screened  through  both  the  upper  aquifer  and

the  sandstone  lens;  thus,  determining  if  the  sandstone  lens res

contaminated  prior  to drilling  ls  lxpossible.    A nell  screened  to

isolate  the  upper-sandstone  lens would be  needed  to determine  if

contamina,tlon  has  invaded  the  sandstone.    It  is  possible  that  the `xper

discontinuous  sandstone  lens  ls  now  locally  contaminated by  the vertical

pathray  created  ty  SW  fl.
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considering  the high pemea,bility  of  the  sediments  in  this  zone  and

the  fact  that  only 7  feet  of  Thkota  sandy clay  separate  the  loess  and

the  sandstone  lens,  it  is  thought  that  the  sandstone  lens res at  least

partially  conta]ninated  before  SW  ffl  vras  drilled.  As  a  precaution,  SW  ffl

should  be  drilled  out  with  an  overslzed  bit  and  plugged  with  gliout  to

eliminate  the vertical  pathway  for  contaninants.    These  points  reinforce

the  need  for more  shallow cells or  anger  probes  to better  define  the

arcal  extent of  water and  contanlnated rater,  along with a better

understanding  of  the rater-level  gradient  in  the upper  aquifer.
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CEIAFTER  9:      suMMARy  ANI]  cx»ml7slcENs

The  results  fran the raterq+iallty analyses  indicate  that  scne

contaninatlon ty  landfill  leachate has  a,1rendy cocurred  in  the  upper

aquifer.    The mjor  contaminants  found were Vcts which  are  potential

human  carcinogens.    The  deeper  drlnklngwater  aquifer  and  the  surface

rater  ponds  seem to be  unaffected by  landflll  leachate.    A nDre  detailed

monitor-well  network  (chapter  10)  should  be  installed  in  the  upper

aquifer  to more  precisely  delineate  the  extent  and  degree of

contaminat ion .

The  BELrton  Cbunty  camitary  landfill  ls  located  in  a geologic

environment  favora,ble  for minimizing  the  environmental  lJlpacts  on  the

drinking-water  aquifer  underlying  the  landflll.    Hcmever,  Irodeling  chus

that  significant  quantities of  leachate can be  generated;  therefore,  the

landflll  has the potential  to produce  undesirable effects on the

dcwngradlent  surface-rater bodies  through  surface  runoff  and  possible

dlschanges  frcm  the  upper  aquifer.    Also,  local  donestlc  nells  could

potentially be  contamimted by  lateral  1eachate  flow along  the  top of

the Dakota  clay.    The  considerable  thickness  and  lcw pemea,billty  of  the

Dakota  clays  have  protected  the drinking-cater  aquifer  frm)

contamination ip  to  this  point  and  should  oontlnue  to do  so.

In  I.egard  to  possible  ef fects  on  the  Cheyenne  Bottans Waterfcwl

Refuge,  it  appears  that  the  landfill  ha,s had  no  iJxpact  on rater  quality

in  the Bottans.    The  contaminated upper  aquifer  does  not  underlie  the

Bottcxns and  crops  out  approxlmtely  2 mles  to the  south  of  tool  5.    In

the event  that  the upper  aquifer  a.ccunlates enough cater  to begin

discharging  substantial  quantities of  leachate  tonrds  the Bottcms,

microblal  activity,  natural  aeration  and  evaporation  (for VcO's) ,
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dilution effects,  and  cla,y  adsoxption  and  ion  exchange could  help

stabilize  any  contaminants before  they  reach  the Bottans.

The use  of  the  coquter-based  soil-Inoisture model  provided

theoretical  lnaslmn values  for  leachate  generation  ln  ccmpleted  portions

of  the  landflll.    IIeachate  generation  values  for  the  exposed  active

tl`enches  and  the  "wet  pit"  would  be much  gI.eater  than  the  modelled

values  for  ccmpleted  trenches.    Model  results  lndlcate  that  slgniflcant

quantities of  leachate can  theoretically be generated  in average and
albove-average  precipitation  years,  while  little  or  no  leachate will  be

formed  ln below-average  precipitation  years.    The model  also  shord  that

leachate  genera.tion  is heavily  dependent  on  the  time  Of  year

precipitation occurs  and on the  intensity of  the precipltaticm events.
In  general ,  the nrmngenent  and aperational  practices  at  the

lamdfill  follow accepted  sanitary-landfill  guidelines.    The  one major

wealmess  is the  failure  to provide a daily  soil  cover  for  the  solid

wastes  in  the  active  trenches as well  as  the  "vet  pit."   This  practice

my be a mJor  contributor  to  lcachate generation.    If ,  in  the  future,

the  solid  vrastes  are  covered  daily with  soil,  leachate  generation my be

grmtly curtailed.
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CHAFTER  io:     REcxrmENDATIONs

Several  options  are  availaLble  to  attexpt  to prevent  any  further

contamination of  the rater  resources  snirrounding  the  landfill.    The

first  step wc}uld  be  to  install  more  shallow vells  on  tl]e  east,  vest,  and

south sides of  the  landfill  to define  the  extent of  contamination  in  the

upper  aqulfer.

To  facilitate  Correlation of cater quality  in the \xpper aquifer  to

water quality in  the drlnklng-ter aquifer,  it would be desirable  for

tco of  the  new Shallow cells  to be placed  near  Dakota cells  ffi  and  se.

One  shallow well  could  be  placed  on  the  west  side  of  the  landfill  near

DW  ne  and  the  other  on  the  east  side  near  IW  #.    A distance  of  at  least

15  feet  separating  the  cells  (e.g.,  SW  #1  and  DW  #1)  could  be  ndvisa,ble

to rdnimize  cross-contamination  posslblllties.    On  the  cast  side  of  the

landflll  where  contamination  has been  found,  at  least  three  lnore  challov

vells  should be  installed.    This veuld  provide  better  coverage

paralleling  the wastes  in  the  geneml  direction of  ground.rmter  flcw.

It  ls neconlended  that  tro of  the nells be  located at  least  5cO  feet  to

the  east  of  DW  ffl  arid  #.    The  third  well  could be  located  500  feet  east

of  the  southeast  corner of  the current  landfill  fenceline  (figure  13).

A  shallow well  or wells  could be  placed  along  the  south boundary betveen

the  scale  house  and  cast  fencellne.    Oonsiderlng  the  dip of  the Dakota

clay,  vells  on  the  south and  east  sides  should  have  the  greatest

probability  to  chcw contamination.    If  contamination  also  is  found  in

these  proposed veils,  ndditioml  vells would be  needed  a.t a  further

distance  from the  landfill's  fencellne until  the  limit  Of  the  pline  can

be  determined.

Oontamlnation  ls expected  to mve  laterally over  the  top of  the
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75



relatively  ixpermea,ble  mkota  clay.    Since  the  plulne  could  eventually

reach  the  local  dcnestic wells and  contaminate  the drinking-ter

aquifer  by  flcwlng  don  the cell  annulus  (see  chapter  8),  any  new

danestic wells drilled  in  the vicinity of  the  landfill  should be

screened  and  gravel-packed  only  in  the  producing  zones  greater  than  105

feet.    A  grout  sea,I  should  be  placed  starting  al>owe  the well  screen  and

extending up  to  land  surface.

If  the  eatent  of  contamination  is detemined  to be widespread by

the  chemical  analysis  provided ty  the  proposed  shallow wells,  renedial

alternatives mist  be considered.    Alternatives could  include:  1)  an

impelnea,ble  surfaLce  liner  for  the capleted  portions of  the  landfill,  or

liners  placed  in  the bottcm Of caste  trenches  prior  to  filling;  2)

installation of  a  leachat-collection  and  treatment  system;  3)  improved

site  drainage  and  seeding  of  completed  areas with a high-

evapotranspiration  crop;  4)  provision of a  daily  soil  cover  for vaste

cells and  the  'bet  pit,";  and  5)  pullping  of  standing rater  in  the bottom

of  active  trenches or  the  "vet  pit"  as  soon  as  possible  following  a

preclpltatlon event  to minimize  infiltration  into  the underlying

castes.      Alternatives  3,  4,  and 5  together would  probably be  less

expensive  than  either  alternative  1  or  2,  but  an  econonlc  analysis  of

the  above options  should be mde  if  widespread  contamination  ls

discovered.    It  should  be  noted  that  alternatives  3  and 4 are  Considered

norml  sanitary-landfill  practices,  but  they were  not  consistently being

lxplenented  at  the  time  this  study res  cc[xpleted.

It  is  recorlnended  that  future  trenches be  constructed  ln  such a ray

so as  to rdnimize  the  quantity of  surface  run-on occurring.    Also,  each

day's  solid  waste  should be  placed  in a  sea,ll  enougiv  area  in  the  active
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trench  so the  proper  thickness  (6  feet)  can be attained  before  the  daLily

soil  cover  is  placed.    These  tro  reconnendations  should  greatly  reduce

the  alnount  of  cater  coming  into direct  contact with  the wastes,  thus

reducing  leachate  production.

As  res mentioned  earlier,  SW  fl  should  be  plugged  to prevent

contaminants  from migrating  downrards  through  the  upper  discontinuous

sELndstone  lens  and  coming  that  mich  closer  to  the  drinkingwhter

aquifer.    Another  option  that  should be  considered  is  the  future  use of

DW  #4  as  a vrater  supply  for  the  scale  house.    This  cell  seems  to be

downgradient  from the  upper  aqulfer,  and  sane  contanination ms  evident

in  the  chemical  analyses.    Ifore  saples  should  be analyzed  frorl the

well,  with the results being  coDpred  to  those of  this  study.    If

contamination  ls  again  detected,  a new rater  supply  for  the  scale  house

should be  considered.    At  the  time  of  this  study,  DW  #4 ms being  used

as a source of drinking cater  as nell  as  for other uses.

This  study  has  provided a  general  indication of  the  extent of  local

rater-resource  contamina,tlon  frcm  the ELton county  landfill.    It  has

also provided  an  assessment  Of  future  effects  pollution  frcm the

landflll  could  have  on  surrounding  groundwhter  Enipplles  and  the

Cheyenne Bottcus  Waterfowl  Refuge.    Presently,  the  land fill  has  not

significantly affected  any usa,ble rater  supplies.    Unfortunately,  as  ls

the  case with  every  subsurface wastedlsposELl  operation,  the  landflll

does hold  potential  for  future  adverse  envirormental  ]xpacts,  especially

if  the management  and operation of  the  site  fail  to meet  reeornended

sanitary-1andfill  guidelines.
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CHARTER  12:     AFENDICFS

Appendix  lrdeologlc  logs of  monitor  and  donestic  wells.

DW  fl  19-13-12dbd.    Sanple  leg  of  torehole;  drilled  ty RES  in
June  1986.    Surface  elevation,  1886  feet.

QUATERNARlr-RElsTOcENE
Undifferentiated  loess

Thichess
ft

Silt,  clayey,  red-b -.....................           8
Silt,  clayey,  brcmi,  some  red ...............           12
Silt,  clayey,  tan-gray;    contains roe

caliche  nodules  and  coarse  sand  and
fine  gravel ..............................            15

Silt,  clayey,  tan-gray;    contains  scme
caliche  nodules ..........................           21

Silt,  clayey,  sandy,  tan-gray;    contains
sore  callche  nodules  and  a Sandstone
lens  at  57.5  feet ........................             3

CRETACEousiuIFIAN
Dakota  Formtion

Clay,  silty,  red-tan;    contains  abundant
coarse  sand  and  f ine  gravel ..............            3

Clay,  nulticolored;  contains  some  free
srmd.................................

Sandstone,  veathered;  Contains  are  gray
sandy  clay ...........................

Sandstone,  gray,  very  porous ............
Clay,  milticolored;    contains  camdstone

lens  aLt  96.5  feet ................
Sandstone,  veathered,  yellcmgold;

contains  roe miltlcolored clay. .
Sandstone,  white,  tight .............
Clay,  miltlcolored;  contains bits  Of

sandstone........................

.....             17

.....               4

.....                1

.....                8

IN  7ra    19-13-12bnd.    Sanple  lag  of  torehole;  drilled  ty RES  in
June  1986.    Surface  elevation  1882  feet.

QUATERNAR!r-REISTOcENE
Undif ferentiated  loess

Thickness
ft

Road  fiii ...................................               1
Silt,  clayey,  sandy;  red-bllown ..............           27
Silt,  clayey,  candy,  gray  and  red-bmcm;

contains a  few  callche  nodules ...........            9
Silt,  tan-brown;    contains  callche  and

coarse  sand  and  I ine  gravel ........

82

...            26

Depth
ft
8

20

59

62

68

80
91

108

112
113

121

Depth
ft

1
28

37

63



cRRTACEcxpsrdulFIAN
dakota Formtlon

Clay,  red,  sandy;  contains  fine  gravel  .....
Clay,  whit-buff   ...........................
Clay,   red-tan ...............................
Clay,   red ...................................
Clay,   tanwhite .............................
Clay,   brow .................................
Clay,   E5andy,  b -..........................
Clay,  milticolored ..........................
Sandstone,  veathered,  fine  grained,  yellcw-

gold;  contains  sane multicolored  clay ....

DW  ffi    19-13-12acd.    Saple  log  of  borehole;  drilled  ty  RES  in
June  1986.    Surface  elevation,  1886  feet.

QUATERNARI-PLEISTOCENE
Undif ferentiated  loess

Silt,  clayey,  gray-tan

Thickness
ft

.9
Silt,   clayey,  dark-bl`cmi ....................
Silt,  clayey,  red-brcm .....................
Silt,  clayey,  sandy,  tan-brcm;  contains

caliche  nodules beginning  at  23.0  feet. . .

CRRTACECxpS+UI.FIAN
Irakota  Formtion

Clay,  milticolored;  contains  fine  to medium
gravel  in upper  5.0  feet.

Clay,   tan-yellcw ............................
Clay'   gray ..................................
Sandstone,  veathered ,  yellow-gold ;  contains

scne  multlcolored  clay ...................
Clay,  candy,  miltcolored ....................
Clay,  multicolored ..........................
Clay,  candy,  milticolored ...................
Clay,  multlcolored;    contains  sand  lenses

at  loo  ft,  103  ft  and  log  ft .............
Clay,   sandy,  multicolored ...................
Sandstone ,  meathered ,  yellcw-gold;  contains

multicolord  clay ........................

IN  ffl    19-13-12dcc.    Driller's  log  of  domestic  nell.
Thickness

QUATEENART-REISTOCENE
Undif ferentiated  loess

TOpcoil.............................
Silt'  clayey,  b -.................
Silt,  clayey,  brown;  contains  bmoken

sELndstone........................

83

ft
2

62

9

Depth
ft
9

15
19

51

Itepth
ft

2
64

73



cRETACEousrdulFIAN
Dedsota  Formtion

Clay,  miltlcolored ....................
Cla,y,  mltlcolored;  contains  sandstone

bits,  ,  ,  ®  ,,,,,  ®  ®  ,,,,  ®  ,,,,,,,,,,,,,,  ®

Clay,  nmlticolored ....................
Sandstone;  contains  rae clay  streaks.

37                   110

46                 156
30                  186
44                 2 30

in  ffi    19-13-12aac.    ire  log  available;  no cater-quality  sample  taken.

IN  rs    19 .... 12-06ccb.    No  log  a;vailable;  domestic  cell.

FT  #    19-12U7bbb.    Driller's  leg of  domestic  nell.

QUATERNARr-RElsTOcmvE
Undif ferentiated  loess

Silt'  clayey .......

cRRTACEcxpsrdulFIAN
mkota  Fbrm.tion

Sandstone..........

Thickness       depth
ftft

150                   150

23                  173

DW  ae    19-13-12ddd.    ND  log  available;  donestic  nell.

DW  re  19-12-06txld.    Driller's  lag  of  domestic  nell.
Thickness

cRETACEo[7srdulFIAN
Dakota  Formation

Topsoil  with  milticolored  clay ..............
Sandstone,  bllcm,  tight..
Sandstone,  brcm,  soft...
Pyrlte,  hard .............
Sandstone,  bncm,  soft...

in  #1019-13-12trdd.    Driller's

eyATERNARI-RElsTOcENE
Undif ferentiated  loess

Clay.....................

CRRTACFxus+UIFIAN
Dalsota  Fbrmtion

Shale, , o o , , o ,
Sandstone....

ft

log  of  donestlc  well.
Thickness

ft
..................              10

............................             70                       80
.............             44                    124

W  ffll    19-13-12ccd.    Drillel.'s  log  of  donestlc veil.
Thic]mese        Depth

QUATERNARlr-REIsrocENE
Undif ferentiated  loess

84

ftft



TOpsoil...........................
Clay,  brom;  contains  limestone...

CRETACECxpS+UIFIAN
hakota Formtion

Clay.......................
Sandstone  and  clay .........
Clay.......................
Clay  and  sELndstone  streaks.
Clay.......................
Sandstone  and  clay  streaks.

DW  fl2    19-13-14abb.    Driller's  log  of  domestic  nell.
Thicknes

QUATERIur-RElsTOcENE
Undif ferentiated  loess

Topsoil  and  brown  clay.

cRmACEousrfuLFIAN
mkota  Fomia,tion

Clay,  yellcwwhite .....
Sandstone,  brow,  soft.
Clay,  red-gray .........

SW  ffl    19-13-12dbd.    Sample  leg  of  borehole;  drilled  ty  RIGS  in
June  1986.    Surface  elevation,  1886  feet.

QUATERNARI-RElsTurENE
Undifferentiated  loess

Thicinese
ft

Silt,  clayey,  dark  bran ....................            2
Silt,  clayey,  gray-brcm ....................
Silt,  clayey,  tan  and  light-brown;  contains

caliche  beginning  at  25.0 ................
Silt,  clayey,  tan  and  light-brow;  contains

sac  I ine  gravel .........................

Silt,  clayey,  tan and  light-brcm;  contains
sane  sand  and  f ine  gravel ................

CRETACEOusiuIFIAN
Irakota  Fomation

Clay,  Sandy,  milticolored;  contains  some
broken  sarldstone  and  sELnd ................

Clay,  sandy,  milticolored;  contains  less
broken  sandstone  and  sand ................

Sandstone ,  yellowwhite ;  contains  some
srmdy  clay ...............................

85

Depth
ft

2
16

43

57

59



SW  ffi    19-13-12aca.    Saxple  lag  of  borehole;  drilled  ty RES  in
June  1986.    Surface  elevation,  1862  feet.

QUATEENARr-RElsTocmvE
UndifferentiaLted  loess

TOpsoil............................
Silt,  clayey,yellcw-brmn ..........
Silt,  light  tan ......
Silt,  clayey,  yellctw.

onACEOusrfulFIAN
dakota Formtion

Clay,  mlticolored.

Thickness
ft

SW  ffi    19-13-12a,cb.    Sample  log  of  borehole;  drilled  ty  RES  in
June  1986.    Surface  elevation,  1870  feet.

QUATERNARY-REISTOCENE
Undif ferentlated  loess

Thichaees
ft

TOpcoil.....................................2
Silt,  clayey,  yellctwbrctwn ..................             6
Silt,  clayey,  light-tan;  contains caliche

ncrdules..................................1
Silt,  clayey,  light-tan;  contains caliche

nodules  and  occasional  gravel  with  iron
oxide  at  23.5  ft .......................

CRETAICEOUS+UIFIAN
Dckota  Fbrmtion

Clay,   red .................................

SW  #4    19-13-12anb.

CRETACEOusiuLFIAN
TOpsoil.........
Clay, red-b-.

26

depth
ft

2
8

9

1423

427

Saxple  log  of  borehole;  drilled  ty  RIGS  ln
June  1986.    Surface  elevation,  1835  feet.
Hole  plugged  frcm 20.0  ft  to  50.0  ft  with  grout.

Clay,   sandy,  red-brow .........................
Clay,  red-brcm with  gliry  stringers ............
Clay,   light-gray ...............................
Clay,  m`iltlcolored .............................

86

Thic]mess       Depth
ftft
11
23
25
38
513
37sO



DW#1

Counts   pot   second   (CPS)

.  0'3                 C..''           .I.40.  0® Dop'h(Fo®')

Land   surlaco
olova`Ion:        1886    loot 0

50100

j3
r i

i.
I

(`'-

``L.

I

t .1

--
_,

DW#2

Counts  per  second  (eps)
.00              GR         160.00 Oopth.(Foot)0

Land   3urtaco
olovatlon:       1882   toot

i

50loo

'\

L, i
I

.

--

Appendix   2-Natural  gamma  ray  logs.

Lithologic

Characterlzatlon

Common   parameters   for   all  logs:

Probe  speed  a  10   f eet/minute

Horizontal   displacement   =  0

Time  constant   =  2  seconds

Lithologic

Characterization

clayey  zone

Sandy  zone

Qu  =  undiff erentiated  Loess

Kd  = Dakota  Formation

Note:   The  computer  generated  lithologic  characterization  columns  are  generalized

and  may  not  consistently  agree  with  the  geologic  logs  for  the  boreholes.
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rJW # 3
Counts   per   second   (eps)

.  calo                 GR          140. 00 Depth(Foot)0
Land   surfaco
olevatlon:        1886   foot

i

50loo

I
i

I
},
L

>

<

-

SNI # 1
Counts   per   second   (CPS)

.0©               GR         140.00 Dopth'(F®ot)0
Land   surtaco

olovatlon:       1886   toot

--`.,,

5072

I-

i
<\-

=

-1

88

Lithologic

Characterization

Lithologic

Characterization



S;IN # 2.

Counts   per   second   (CPS)

.00              GR        140.00 I         Depth(Foe')

Land   surlaco

olevatlon:.1862   foot a

26
>-I-

S;IN # 3
Counts   per   second   (CPS)

. Oca                GR          i4ta. 6i3 DOp'h(Foot)0

Land   surtaco
olovatlon:       1870   teet

=_
-J=

27
i-

SNI # 4
Counts   per   second   (eps)

. 00               GR         .140. 00 I         Depth(Foot)0
Land   surfaco
elovatlon:       1830   feet

20
'-

-```

89

Lithologic

Characterization

Lithologic

Characterization

Lithologic

Characterization



Appendix  3"onitol.-  and  domestic-well  construction  specifications.

Well         Well
nunber      t

Lend          Static            Water-                                Gravel-
We 1 i          sur fac e        water             level             Sc r een             pack

(i:g€}     e{:::#on    (i:::i     measurement    interval      intervaldate              ( feet )           (feet )

Bentoni te        Grout             Casing                             Water-
interval      interval      diameter      Casing     ttearing
(feet)           (feet)         (inches)    material      zone

DW    #1                       M                 121

EN   #2                 M             122

DW   #3                   M               121

EN   lf4               D           230

DW   #6                  D               ivli

"  #7             D         lrl3

Dw   ffi                 D               NI,

DW   #9                 D             195

UW   #10               D              124

DW   #11                D             240

1886                1827

1882                 1816

1886                 1821

1888               1827

1830                    NI,

t3:,5                | 'TTl

1887                 1817

1799                1792

1850               1804

1900               1 col

July   1 986           101-121            96-121

July   1986          102-122           90~122

July   1986           101-121            90-121

May   1 g86           180-230          40-230

NI,                           NI,

May   1986            153-173

NI,                            NI,

1 35-1 68
October   1985      176-195

May   lg86           io4-124

November   1976     160-240

NL

10-195

10-124

?

94 -96             0-94

89-so             ongg

88-so          ore

None              040

NI,                        NI,

None                 4-14

NL                         NI,

None                0-10

None                0-I 0

None                0-10

Dakota
2                   PVC       Sands t one

Dakota
2                   PVC       Sandst one

Dakoi;a
2                   PVC       Sand s t one

Dakota
5                   PVC       Sand s t one

Dakota
NI.                     T\rL         S and st o ne

Dakota
5                    PVC       Sand st one

Dakota
NI,                  NI,        Sand stone

Dakota
8                   PVC       Sand stone

Dal{ota
5                   PVC       Sandstone

Dakota
5            Styrene  sandstone



EN   #12              D            loo

sN   #1               „             rl2

SW   #2                 M               26

SW   #3                  M                2'7

SW   #4                 M               20

NI,  =  No  log  available
PVC  =   Polyvir\yl  chloride
M   =  Monitol.   well
D  =   Domestic  well

1910              1827         <Januny   1986       80-100            74-Ice

1886              1833             July   1 986            52-'72

1862               1852             July   1986             16-26

1870              1851              July   1986            17-27

1835              None             July   1 986            10-20

47-72

1 4-26

15-27

8-20

None                0-10

4547           045

12-14                0-12

14-15                0-14

6no                   OL6
20-23            23-50

5

2

2

2

2

Dakota
PVC       Sand stone

upper
PVC         aqui fe r

upper
PVC         aqui fer

upper
PVC         aqu i fer

Dakota  clay
PVC        no  water



Appendix  4-Well-construction  requirements;  KRE ,  1986.

1.   Six-inch  steel  or rvc protective casing with raterproof  cap will  be
placed  over  the nell.    The  casing  should  be  set  ln  a Concrete  pad  and  extend
36  inches  albove  the  ground  line.

2.    A 2-foot  2Dne  of bentonite  pellets  is  to be placed  on  top of  the  gravel
pack.

3.    Gravel  pack  for cells my  be  sand,  gravel,  chat,  or  crushed  sELndstone
meeting  the  requirenents  of  Type U.D.-1.    Source  arcs  for  gravel  pack must be
identlfled .

4.    bfanufaetured 4-inch nell  screen  or horizontal-slotted  schedule 40  or
nrmual-slotted PVC  schedule  40  shall  be  used.    Maxjmm  slot  size  1/8  inch.
hhaximm vertical  distance between  slots  is 6  inches.

5.    Pipe  specifications:    Schedule-40  threaded  rvc  casing  or  better.    Nc)  joint
solvent  should  be  applied.

6.    Upper  10  feet  of  hole  shall  be  grouted.

7.   Prior  to the drill  rig entering  the area of  investigation,  the drill  rig,
bits,  rods,  and  any  other  hardware which  could  cone  into  contact  with  the
horehole  or drilling  fluid rest  be rached  with hot  potable rater  to  remove  any
contaminants.    The water  ptxp  and  drilling-rig  pluheing  systen should be
thoroughly  flushed with  potable rater  to  flush any  contaminants  present.

8.    This  decontamination  procedure  shall  be  used  after  the  caxpletion of  each
lronitoring  nell  to  eliminate  cross  Contamination between  cells.

9.    All  casing  used  to  conplete monitorlng  wells  shall  be  decontaminated ty
raching  (inside  and  out)  with  biodegradable  soap  (i.e.  Alconox) ,  follaed  by  a
thorough rinsing with a potable-ten  supply.

10.  During  the  constmction of  the mnitoring vells,  the use  of  lubricating
oils or  solvents on  drill-rod  threads  should be  eliminated  or very minimal  to
avoid  contaninatlon  Of  the  ground  rater  rtyy  hydrocar+bon  or  organic  solvents.

11.  All  drilling  fluids  (vrater)  should be  obtained  fran an off site  potablgr
vater  supply of know  chemical  qunllty.    Saxples  should  be collected  from the
drilling rater'  source prior  to  intlal  drilling and  sutmitted  to the Kansas
Department  of  Efealth  and  mvironment  for  chemical  analysis.

12.  Flush-joint  thread,  4-inch  Schedule-40  PVC  casing,  has  been  specified  to
be used  in  all  ronitoring cells.    The  casing  should be  connected  ty  the
threads,  hand-tight,  with no  solvent  or  cenenting lmterial  used  cm  the  casing
joints.
13.  All  drilling-fluid mds  or  additives  shall  be  a,pproved  ty  the  KDEH  prior
to use  in  the construction of  the wells.
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14.  All  vells  shall  be  developed  ty puxplng  and  flushing  ty  the  drilling
contractor  to  sufficiently  renove  drilling  fluids  and mids.    The wells mast be
developed until  the purprstream discharge  is characteristic of  the  aqulfer
caters,
15.  All  cells  shall  be  ocxpleted  to  the  shale  contact  (40+5  feet  in depth).
All  wells  should be  screened  from  the  static rater  level  to  the  shale
contact.    Any  changes  in  the  screening  interval  Of  the cells  shall  be nude ty
the Department's  representative present  as  the wells  are being  constructed.

16.  The  source  of  the  gravel  pack  used  to  complete  the monitorlng  cells rust
be  approved  ty  KRE.

17.  All  grouting rna.terials  and  grout  rixtures mst  meet  specifications  defined
in Article  30,  Water Well  Contractor License  and Water Well  Constmction
Regulations.
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