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rme  Sharpe  Melia
M.S.   in  Environmental  Health  Science

aesTRAer

The  primary  purpose  of  this  study vas  to  examine  the  inportant
groundwater  quality  and  sediftient  parameters  in  glacial  buried-valley
aquifers  and  to  then  establish  relationships  between  the  groundwater
quality  and  the  characteristics  of  the  surrounding  sediments.    This
was  accollplished  by  obtaining  sediment  cores  and  constmcting
monitoring  wells  at  six  sites  in  northeast  Kansas.    The  sediment
cores  were  analyzed  for  color,  pH,  moisture  content,  total  organic
carbon  (`") ,  extractable  organic  carbon  (ECX=) ,  extractable

i¥!f:;;?;n:i;;:#:;:¥n::i:;;;#ii¥?i:;¥![!:¥:¥fli:=:
#cie;cation  and  anion  s

Many  of  the  groundvater  salnples  contained  Doc  concentrations  of

#:i¥:::::?:;;jd:I::::;;jia:¥::fr::¥:iii;ii:gji
sediment  cores  varied widely with depth  and vas  highly  related  to  the
color  of  the  sediment.    At  the  majority  of  the  sites,  the  TCX:  content
was  found  to  be  highest  in  the  topsoil  saltple,  althcngh  the "
increased  again  in  the  darker  gray  sedilnents  located at  the  mid-
depths  of  the  cores.    The  HFP  concentrations  and yields  produced  by

w¥eins#:¥n#::ee::::::#¥eh#:Src::ceTn:I::€:T:n::a±ethd:#:es
sedinents .
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Three  sites  (a  cross-section  from Nemaha  County)  were  found  to  have
the  highest  overall  concentrations  of  all  constituents  examined  and
thus  also  the  pcorest  groundvater quality.    To  obtain higher quality
9roundvater,  veils  drilled  in  the  glacial  buried-valley aquifers  of
northeastern  Kansas  should be  located where  the  lighter  colored
sediments  are  thickest  and  screened  in  the  lighter  upper  sediments.
Wells  drilled  into  the  higher  yielding aquifers  in  the  darker  glacial
deposits  should be  expected  to  produce  water  of  poorer  quality.

Department  of  Civil  Engineering                            Thesis  Supervisor
May,1987                                                                                 Dr.   Stephen  J.   Randtke

Associate  Professor
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INn-CTlcIN

A.  Background

Because  of  the  increased  demand  for  groundvater  in many  areas

and  the  requirement  that  all  voter  supplies  meet  increasingly

stringent water  quality  standards,  a  need  exists  for  more  infomation

on  groundwater  quality  and  its  relationship  to  the  geologic

formations  it  is  taken  from.    In northeastern Kansas,  glacial  buried-

valley aquifers  are  the  major  source  of  groundvater  for  public water

supplies.  Surface  voter  in  the  area  is  scarce,  and  its use  is  often

ixparied  kyy various  vater  quality problens  such  as  excessive  algal

growths,  high  concentrations  of  organic  matter,  and  taste  and odor

problems.    Therefore,  the  demand  for  groundrater  in  northeast  Kansas

is  increasing.

Many  of  the  grcundvater  supplies  in  northeast  Kansas  have  been

found  to  have  concentrations  of  nitrate  above  the  45  mg/L  primary

drinking voter  standard promlgated by  the  IPA.    In other veils  high

concentrations  (exceeding  primary or  secondary  standards)  of  armenia,

iron,  manganese,  total  dissolved  solids,  and  sulfate  occur.    In

addition,  levels  of "  above  1.0  mg/I.  are  comon,  and  sore water

saxples  have  been  found  to  produce  concentrations  of  trihalcmethanes

(T"s)  just  below  the  ETA  standard  of  100  ugA  (ceme  et  al.,1984).

Due  to  such water  quality problems,  several  test wells  mst

often be  drilled before  good quality voter  is  found.    From the data

available  for  this  area,  it  is  not  presently possible  to  predict
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where  to  drill  a well  to  obtain water  of  good  quality.    Thus,

research  is  needed  to  discover what  factors  influence  the  cater

quality  in  this  and other glacial  buried-valley aquifers.

a.  Research Objectives

The  primary purpose  of  this  study was  to  examine  the  ixportant

groundwater  quality and  sediment  parameters  in  glacial  buried-valley

aquifers  and  to  then  establish  the  relationships  between  the

groundeter  quality and  the  characteristics  of  the  surrounding

sediments.    Important  objectives  of  this  study  included  the

foilowino:

1.    To  examine  the  spatial  (horizontal  and vertical),  texporal

and  seasonal  variations  in  the  concentrations  of  organic

carbon  and  Tt" precursors  in  the  grcrmdvater;

2.    To  identify  the  geological  and  9eochemical  factors

influencing  the  concentrations  of  organic  rriatter  in  the

sediments  and  grcrmdvater;

3.    To  ascertain whether  there  is  a  relationship betveen

sediment Tar and grcundrater  in;

4.    To  provide  guidance,  with  respect  to well  location  and

depth,  to  those  seeking high quality groundvater  in glacial

buried-valley aquifers;  and

5.    To  determine  what  relationships  might  exist  betveen  the

inorganic  chemical quality of  the  groundrater  (particularly

RE4+, Fe,  and in)  and  sediment  characteristics,  depth,

season,  location,  local  geology,  etc.

2



C.  Research Approach

Six  study  sites  mere  chosen  in  northeast  Kansas:  one  in Marshall

County  and  five  in  Nenaha  County  (see  Figure  1) .  Sediment  saxples

(cores)  were  obtained  from  each  site  and  were  analyzed  for  color,  pH,

moisture  content,  extractable  armoni\m  ion,  TOC,  EOC,  and  ETFP.

Wells,  at "ltiple  depths,  vere  constructed at  each  site  and were

sampled  seasonally  for  DOC,  TFP,  pH,  N114+,   total  Fe,   total  in,  and

principal  inorganic  cherical  constituents.
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REIATED  RESEARCFI

A.  Organic  Matter  In Groundrater

Measurement

Dissolved  organic  carbon  (DOC)  and  total  organic  carbon  (")

are  the  paralt`eters  most  often  used  to  measure  the  natural  organic

carbon  content  found  in groundvater.    in  is defined as  the  organic

carbon  passing  through  a  0.45  un membrane  filter.    Doc  is  a  reliable

lneasure  of  both  the  sixple  and  coxplex  organic  molecules  making  up

the  dissolved  organic  load.    Most  of  the  ne  is  slnaller  than  the

colloidal  range  o£  0.001-0.45  un  (Thurman,1985a).

"  is  a measurement done without  filtering  the  saxple.    It

represents  the  s`m of  Doc  and  particulate  organic  carbon  (PCC).

Groundvater  saxples  taken  fron public  and  private  water  supply veils

usually  contain  little  particulate  matter.    Thus  Tar  and Doc values

should  be  almost  identical.    In new veils  set  up  for  monitoring

purposes  and  in wells  that  are  infrequently p`xped,  large  quantities

of  sediment  are  often brought up  in  the voter.    In  such  situations

DC€  is  a  more  accurate  measure  of  the  organics  actually present  in

the  pore  voter.    DCX=  is  also  more  accurate  because  of  the  potential

for  incoaplete  combustion  of  particulate  matter  present  during  Tar

auelysis.
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Concentration  in  Groundvater

RE  values  for  groundvater  typically  range  from  0.2-15  ng/L

(Leenheer  ±± ±|. ,   1974;  Maier  et  al. ,   1976;  Spaulding ±± ±|. ,   1978;

Barcelona,1984).    Exceptions  to  these  values  are  found  in  the

Southeastern U.S.  and  in  seri-tropical  regions  where  organic  rich

surface  water  recharges  the  groundvater.    Here  coCs  have  been  fo`md

to  range  fron  6-15  mg/L  (Thurman,1985b).    A  coxprehensive  study  done

by  Leenheer  £E ±i.   (1974) ,  which  included  loo  groundvater  supplies  in

27  states,  including  sandstone,  gravel,  limestone,  and  igneous

aquifers,   found  the  average  and median  CXXs  for  all  aquifers  but

crystalline  rock  aquifers  to  be  1.2  ng/L  and  0.7  mg/I.  respectively.

The  median  value  for  crystalline  rock  was  0.5  mg/L.    The  RE

measurenents  mere  also  found  to  be  independent  of  the  depth  of  the

saxple  and  its  inorganic  chemistry.

The  16  public  groundrater  supplies  included  in  the  study Py

Syrons  g± ±|.   (1975)   had  an  average  TCX=  of  1.85  mg/L  (1.32  ng/I.

excluding  one  sample  from  Florida  with  a  very high  'Ico).    In  a  recent

Kansas  study,  Miller  g± ±|.   (1986)  salrpled  50  groundvater  supplies

representing nlost  of  the  itiajor  aquifers  in  Kansas.    The  average  Tar

concentration  (all  saxples ve[e  very  clear  except  for  t`ro which vere

filtered)  was  1.05  ng/L,   ranging  fran  0.21  to  3.31  mg/L.    Hence,  Tar

concentrations  in  Kansas  9rcundvaters  are  similar  to  those  found  in

other  areas.
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Trihalonethane  Formation  Potential

Natural  organics  in  grcundvater  are  in  and  of  themselves  rarely

a  serious  contaminant  problem.    Rather,  it  is  the  rms    and  other  by-

products  forlred  kyy  the  reaction  of  free  chlorine  with natural  organic

lratter  present  in  the  groundvater  which  are  presently of  greatest

concern.     Four  T"  species  are  formed:   chloroform  (CHC13),

bronodichlorcnethane  ( CHC12Br ) ,   chlorodibrono[[`ethane   ( CHCIBr2 ) ,  and

bronoform  (CREr3).     It  has  been  documented  that  chlorofom  is  an

animal  carcinogen  and  the  other  three  species  are  suspected  to  be

carcinogenic  (RES  1977,1980,1982).     In  addition  to  the  formation  o£

'"s,  other  organic  halogen  colnpounds  are  famed  (Christman ±i ±|. ,

1983;   Fleishacker  arid  Randtke,1983;  Oliver,1983).     For  the  lnost

part,   the  health  e££ects  of  these  other  compounds  are  not  known

although  sore  of  these  organic  halogens  have  been  shorn  to  have

mitanogenic  effects  (Kringstad fi ±|. ,1983).    Because  of  the  unknown

nature  of  the  public  health  risk  posed  by  these  coapounds,  in  1979

the  EPA pro"lgated  a  National  Prilliary  Drinking Water  Standard  of  100

ug/L  for  total  T" concentration  for  all  drinking cater  supplies

serving  10,000  people  or  more.    Kansas  extended  this  standard  to

include  all  new or  modified cater  supplies  regardless  of  size.

The  ixportant  chenical  reactions  in T"  fomation,  analytical

techniques  involved  in measuring  'rms,  and  treatment  alternatives  for

controlling T"  fomation  are  discussed  in  Symons £± ±|.   (1981).    The

fomation  of  THMs  is  a  function  of  organic  carbon  (precursor

Concentration) ,  pH,  texperature,  free  chlorine  dose,   residual  free

chlorine  concentration,  and bromide  ion  concentration  (Symons ±± ±|. ,

1975,1981;   Stevens  and  Sylnons,1977;  Any  ££ ±|.,1984).
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Generally  Kansas,  as  well  as  the  rest  of  the  U.S.,  has  been  lrore

concerned with "4  formation  in  surface  water  supplies  because  there

have  been  fev problems  with  groundvater  supplies  meeting  the  "ZM

standard.    The  only  exception  to  this  is  in  the  southeastern U.S.

where,  as  was  mentioned  previously,  the  groundvater  often  contains

larger  quantities  of  organic  carbon  than  are  typically  found  in

groundvater.    Syrons £! ±|.   (1975)  found  an  average  of  14.6  ug/L

total  "s  for  15  groundrater  supplies,  although  one  saxple  (the  one

from  Florida)  contained  427  ug/L  "s.

In  the  previously mentioned  study done  Py Miller £± ±|.   (1986) ,

only  four  of  the  50  saxples vere  found  to  have  a  total  T"

concentration  above  100  ug/L,  the  highest  being  178  ug/L.    The

average  concentration vas  45.4  ug/L.    It  "st  be  noted hovever  that

the  incubation period vas  four  days  at  25°C  and  the  free  chlorine

dose was  slightly higher  than what would  normally be  used  in  the

field.    Therefore  the  T" concentrations  reported maybe  slightly

higher  than  those  that  actually occur  in  the  field.    Nevertheless,  it

is  logical  to  conclude  that  few groundrater  supplies  in  Kansas  are  in

danger  of violating  the  coo  ug/L  standard.    Hcnrever,  if  the  standard
a-.

iLLLE

is  lovered  to  10-25  ugfi-;-as  is  being discussed,  then-a  umber  of

groundrater  supplies  may be  found  in violation.

Origin

Since  organics  present  in groundrater  contribute  to  T"

formation,  understanding  the  origins  of  the  organics  in may help  in

the  effort  to  control  "" formation.

8



Groundvater  is  found  in  the  saturated  zone  where  all  the  pore

spaces  are  filled with cater.    Directly above  this  saturated  zorie  and

extending  to  just  below  the  land  surface  is  the  unsaturated  zone.    In

this  zone  the  pore  spaces  are  filled with both voter  and  air.    The

thickness  of  the  unsaturated  zone  is  variable  aLnd  depends  upon

precipitation,  evapotranspiration,  and  the  underlying  geology  of  a

given  area.    This  unsaturated  zone  contains  soil  moisture  which  acts

as  a  barrier  to  inconing  organic  matter  from  the  ground  surface.    The

concentration  of  organic matter  occurring  in  these  shallow

interstitial  waters  is  also  decreased Py biological  decay and

adsorption  on  to  the  nearby  sediments  (Thurman,1985b).

In  texperate  regions  such  as  Kansas,  spring  runoff  flushes

organic matter  from the  soil  and plant  litter  into  the  `msaturated

zone.      S`mer  and  fall  stoms  also  flush  the  unsaturated  zone

(Truman,1985b).    These  events  carry  significant  quantities  of

organic  matter  and hunic  substances  to  the  saturated  zone  of

groundvater.

It  is  also  thought  that  sore  of  the  natural  organics  present  in

groundwater  cone  from  the  surrounding  sediments.    Most  organic  matter

in  groundvaters  having  REs  of  0.2-1.0  mg/L  is  thought  to  co(ne  frcm

bacterial  action  on  the  kerogen present  in  the  sediments.

Groundvaters  having higher  concentrations  of  Doc  probably are  the

result  of  direct  contac-t  of  the  vater  with  sediments  rich  in  kerogen,

such  as  the  2-4  ng/I.  DcO  average  for  groundvaters  found  in  oil  shale

deposits  (Thurman,1985a  and  198Sb).     Kerogen  is  fossilized  organic

lnatter  present  in  the  geologic material  of  the  aquifer.    It has  a

similar  stmcture  to  hunic  acid,  and  is  perhaps  related to hunic

9



substances.    It  is  hypothesized  that  kerogen  is  fomed  in part  Py  the

action  of  time  and  environmental  conditions  on  the  original  hunic

(organic)   input  deposited  during  sedimentation  (mic  and  Durand,

1977 ) .

However,   since  the  concentration  of  organic  lttatter  (IX)C)   in

groundrater  is  generally  low,  Thurlnan  (1985a)  gives  several

explanations  as  to why  this  is  so:

1.    The  residence  time  of  groundvater  in  an  aquifer  is  in  the

range  of  hundreds  to  thousands  of  years.    Organic  carbon,

being  a  food  source  for  heterotrophic  microbes  present  in

the  cater,  is  corrverted  to  carbon  dioxide  (cO2)  contributing

to  alkalinity  in  aerobic  conditions.    under  anaerobic

conditions  a  large  fraction  of  the  carbon  becomes  methane

( CH4 ) .

2.    Aquifer  materials  such  as  clays  adsorb  and  bind organic

matter,  and  it  is  chenically and biochemically degraded  to

cO2.

3.    Only  trace  amounts  of cater  soluble  organics  leach  fran the

sediments,  making  an  insignificant  contribution  to

groundrater  Doc  concentrations.

a.  Sediment  Organic  Matter

befinitions

A  review of  the  origins  of  organic  carbon  in  sediments  is

relevant  since  organics  present  in  sediment do  contribute  organics  to

groundvater.    Before  enbarking  on  a  review,  the  definitions  of  sore
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basic  terms  (taken  from  Stevenson,1982)  are  included  to  better

clarify  the  discussion.

1.     Soil  Biomass: organic matter  conprised of  living ricrobial

mss,

2.    Hunts  or  soil  or anic mtter: the  total  amount  of  organics

present  in  the  soil,  excluding undecoxposed  plant  and animal

tissues,  partial  decoxposition  products,  and  soil  bionass.

3.    Hunic  Substances: high  molecular  weight  brown  to  black

colored  substances  fomed  by  secondary  synthesis  reactions.

A generic  term  to  describe  colored material  or  its  f ractions

based on  solubility.

4.    Non-hLrics: the  part of inmis  consisting of  biocherical

rolecules  such  as  amino  acids,  carbohydrates,  fats,  raxes,

resins,  and  organic  acids,  etc.

5.    H`min:    the  alkali  insoluble  fraction  of  hLms.

6.     HLric  Acid: dark  colored  organic  material  which  can  be

extracted  Py various  (usually  alkaline)  reagents,  but  is

insoluble  in dilute  acid.

7.     Fulvic  Acid: lighter  colored organic materials  left  in

solution after  acidification and  removal  of hunic  acid.

Origin

Plant  organic  natter  is  incorporated  into  soil  kyy association

with  clays  and metal  ions.    Soil  organisms,  such  as  fungi  and

bacteria,  metabolize  carbokydrates,  cellulose,  lignin,  and  sixple

organic  molecules  like  amino  acids,  sugars,  and  fatty acids.    The

products,  ty-products,  and  remins  of  this  biological  activity build
11



up  in  the  soil  (Thurman,1985b).    Organic  material  leaches  dchm  into

the  sediments  through irom and  root  chamels  and  coats  the  sediment

particles.    Organic  material  is  also  transported  to  depths  by earth

corms  and  burrowing  animals  which  mix  different  soil  layers

(Stevenson,1982  and  1985).    Eventually  the  characteristic  soil

profile  forms.    Figure  2  illustrates  the  various  soil  horizons  (based

on  Stevenson,   1982  and  Thurman,   1985a) .

Soil  Horizon  Formation

The  0  horizon  contains  the  very youngest  organic  material

consisting  of  partially decoltposed  fresh  plants.    Horizon A contains

recent  plant  matter  that  is  currently decoxposing.    The  bottom half

of  horizon A,  A2,   is  lighter  in  color  and  contains  more  silicon  (Si)

and  less  iron  (Fe)  and  aluninun  (Al)  than  the  upper  part  of  horizon

A,  A].    In  addition,  organic  matter  is  also  severely  leached  from A2

where  it  is  not  in AL.    The  organic  material  in  horizon  8  consists

mainly  of  transported  hunic  and  fulvic  acids.    The  material  in  8  is

older  than  the  lnaterial  present  in A.    Much  of  the  Fe,  A1,  and

organics,  which  are  lost  from A2,  acctmlate  in horizon a.    Therefore

the  color  associated with  the  8 horizon  is  darker  than  that  o£ A2.    A

secondary maximm of  h`ms  is  often  associated with acamilation  of

clay  and  sesquiexides  (Fe  and Al)  and  often  occurs  in  horizon  a

(Stevenson,1982  and  1985).    Horizon  C  contains  the  oldest  material

in  the  soil  profile  and  little  organic  carbon  (Thurlnan,  1985a) .

The  fact  that h`ms  is  often associated with  clay has  also  been

illustrated  in  a  study done  ty Abdul  !± ±|.   (1986).    This  study  found

that  the  largest  fraction of  organic  carbon  in  three  aquifer  core
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sediments  appeared  in  the  0-53  urn   particle  range  (fine  clay  to

coarse  silt,  Wentworth  particle  size  classification  chart).    However,

the  organic  carbon  associated with  the  0-53  un partical  range  only

coltprised  23%  of  the  total  aquifer  organic  carbon.

anic  Matter  Interactions

Several  logical  explanations  exist  as  to why organic  matter

associates  so  strongly with  sesquiexides  and  clays.    There  are  four

general  ways  in  which  humic  substances  are  bound  in  sediments

(Stevensori,1982  aLnd  1985):

1.    As  insoluble rlcC lexes  of  humic  and  fulvic  acids.

This  mechanism  is  significant  in organic  rich  sediments

where  the  humus  content  is  inch  larger  than  the  content  of

clay  and  metal  complexes.

rlc  CO lexes  of  hunic  and  fulvic  acids  bound

ether divalent  and  trivalent  cations i.e.   ca2+,   Fe3+,

and  A13+).    This  mechanism  is  most  likely  to  occur  in  the  a

soil  horizon where  substantial  amounts  of  Fe,  Al,  and

organic  matter  accLndate.    This  can  also  occur  in

situations  where  clay minerals  have  became  so  coated with

trydrous  oxides  that  the  oxides  control  the  surface

reactions .

3.a holdin the  or anic  substances  in  betveen  la rsof

minerals . The  only ray  to  solubilze

this  organic  lnaterial  is  to destroy  the  clay with

kydrofluoric  acid  (ff).

14



4.a tion onto  cia s.    Hunic  materials  in most  mineral

soils  are  associated with  clay kyy one  of  the  following  four

adsorption  nechanisms :

a.    Physical  adsorption  caused  Py van  der Waals  forces

and dipole-dipole  interactions.

b.    Electrostatic  attraction/chemical  adsorption,  which

is  a  cation  exchange  reaction.    This  occurs  when  a

Positively  charged  organic-cation  ( i.e.  R-N]|3+)

replaces  an  inorganic  cation  in  the  clay matrix.

c.    qurogen  bonding.

a.    Coordination  complexes  can  form when  a  clay metal

ion  foms  a  bridge  to  an  organic  molecule.    These

clay-metal-hurms  coxplexes  are  the  most  ccabon way

that  hunic  material  is  bound  to  clay.    Again  ca2+,

Fe3+,  and A13+  are  the  main  ions  responsible  for

foming  the  conplexes.    ELmic  substances  bcrmd  as

clay-Ca2+-hunic  coltplexes  can  be  easily displaced  Py

a  mono`ralent  cation.     The  Fe3+  and A13+  complexes,

on  the  other  hand,  are  very  strongly bcnmd and  are

not  easily displaced.

C.  Glacial  Buried Valleys

Glaciated  Central  Re

the  glaciated  area  o£  Northeastern  Kansas  is  part  of what  is

called  the  Glaciated  Central  Region.    This  region  covers

approximately  1,297,000  km2  and  extends  fran  the  Triassic  Basin  in
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Connecticut  and Massachusetts  and  the  Catskill  mciuntains  of  New York

in  the  east  to  the  northern great plains  of  Montana  in  the vest

(Graham  et  al.1985).

The  deposits  are  underlain Py  flat-lying  consolidated

sedimentary  rocks  of  Paleozoic  to  Tertiary age.    Glacial  deposits  of

till  and unsorted  rock  particles deposited directly Py  ice  sheets  lie

above  the  bedrock.    The  till  is  interbedded  and  overlain  kyy  sand  and

gravel  deposited  kyy meltvater  streans,  silty  clay deposits  from

glacial  lakes,  and  in  parts  of  the  North Central  States  Py  loess.

Loess  is  a  well  sorted  silt  thought  to  have  been deposited  by  the

wind  (Grahan ±± ±|. ,   1985) .

The  glacial  deposits  are  thickest  in buried  valleys  over  bedrock

surfaces.    In  the  region vestrard  from Ohio  to  the  Dakotas,  the

thickness  of  the  glacial  deposits  exceed  the  relief on  the  pre-

91acial  surface  so  the valleys  are  not  evident  by visual  inspection

of  the  present  land  surface.    Till,  lacustrine  silts  and  clay,  and

large  thicknesses  of  highly permeable  sand  and  gravel  make  up  the

glacial  deposits  found  in  the  buried valleys  (Graham et  al. ,  1985) .

Groundvater  is  found  in  both  the  glacial  deposits  and  the

bedrock.    Small  to moderate  arounts  of  groundvater  can be  found

anywhere  in  the  region.    Sand  and  gravel,  limestone,  dolomites,  and

sandstone  provide  larger  quantities  of water.    Because  parts  of  the

region are  underlain kyy  limestones  and dolomites,  the  groundrater  is

often  hard.    In  some  areas  Fe  is  a  problen,  and  sul£ates  may  exceed

250  mg/L  in  sore  sandstone  aquifers  (Graham  et  al.,1985).
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Northeastern  Kansas  Area

The  part  of  the  glaciated  central  region  lying  in northeast

Kansas  was  glaciated  approximately  1-2  million  years  ago  during  the

pre-Illinonian  tilde.    Surface  deposits  include  till,  outvash,  and

lacustrine  deposits,  loess,  and  alluvium.    The  deposits  are  from  the

Quaternary period.    Pennsylvanian  and  Pemian  shale,  limestone,  and

sandstone  bedrock  formations  can  be  found  near  the  land  surface  in

some  places  or  under  the  younger  sediments.    The  lt`ain  buried-valley

aquifer  now  extends  fran Marshall  to Atchinson  County  in  Kansas  and

is  a  tributary of  the  ancestral  Grand  River  in Missouri  (Denne  et

±.'  1986a,.

Denne  £± e|.   (1986b)  completed  a  study  of  12  northeastern  Kansas

counties  in which  the  locations  of  the .buried  chamels  were  napped

and  the  nature  of  the  sediments  and cater  quality  in  the  aquifers was

described.    The  buried valleys were  detemined  to  be  up  to  three

miles  wide,   400  feet  deep,  and  75  miles  long.    The  valley deposits

consist  of  basal  gravel  less  than  20  feet  thick  under  layers  of  clay,

silt,  sand,  and/or  gravel.    The  deposits vary both vertically and

laterally,  often within  short  distances  (Denne ±± ±|. ,  1986a) .

Local  grcundvater  supplies  cone  zllainly  from  confined  and

unconfined  sand  and  gravel  aquifers which  can  yield  up  to  500  gallons

per  minute.    Water  levels  range  from  5  to  50  feet  below  the  ground

surface  to  as  mich  as  100  feet  or  more.    me  construction  of  the

wells  is  such  that nixing  of voter  fran all  aquifers  occurs  and

therefore  the  water  level  neasurements  and  groundrater  samples  f ron

theses veils  are  representative  of  all  the  aquifers  through which  the

wells  are  drilled  (Denne  et  al.,1984).
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The  cherical  quality of  the 9roundvater  is  often  fairly good,

but  there  are  instances  of  caters  having  levels  of  `IDS,  ro3  ,  S042-,

Cl-,  Fe,  and in  that  exceed  the  primary or  secondary national

drinking  vater  standards.    N114+  concentrations  o£  <  0.1-4.2  ng/I  also

have  been  measured.     In  deeper  water  saaples  taken  from  the  southern

part  of  the  buried valley,  N114+  concentrations  above  0.5  ng/L  have

been  measured  (Denne,1983;  Denne  et  al.,1986b).

Organic  carbon  data  are  lacking  for  the  area,  but  in January

1984  seven  previously  existing wells  saxpled  in  Nenaha  County mere

found  to  have  0.9-2.4  Ing/I,  'Iac  with  an  average  value  of  1.4  ng/L.

Six  other  wells  saapled  in  northeast  Kansas  had measured  TcO  values

of  0.1-2.4  mg/L  with  an  average  of  1.2  mg/L  (Denne  et  al.,1984).

In  1982  and  1984  TFP  vas  measured  on  water  samples  from  four

wells.    Samples  were  chlorinated  and  then  incubated  for  7  days.

Samples  from  three  of  the  veils  produced  ""  concentrations  of  67-98

ug/L.    The  water  from  the  fourth well  produced  a  concentration  of  25

ug/L.    Three  of  the  four  saxples were  dominated  by  brominated

halo forms.    It  is  also  interesting  to  note  that  the  saaple  producing

25  ug/I,  of  T"s  contained  a  large  anount  of  'RE,  but  had  low

concentrations  of  NI4+,  Fe,  and in  (Hathany £± ei.,1984;  Deme ±±

al.,1984).    Since  the  saxples  producing  higher  anounts  of  'rms

contained  higher  amounts  of NI4+,Fe,  and in,  these  results  suggest

that  reducing  conditions  may  favor  trm4  production  (Denne  et  al. ,

1986b) .

Extractable  NI14+  was  measured  in  the  sediments  taken  I ron  three

test  cores  drilled near  one  of  the wells  that had high NI4+  in  the

9rcundvater.    The  amount  of  extractable  NI4+  increased with  depth,
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from  2  mg/kg  in  the  top  soil  to  74  mg/cg  in  grayish  sedinents  and

buried  soil  horizons  (benne £± e|.,1984).    Wood  fragments  and  a

black  "sam"  vere  produced during drilling  of  sore  of  the  core  holes

and  test  holes.    The  black  "scum"  tested negative  for  oil  and vas

thought  to  be  comprised of  buried hunic  substances  (Hathavay e! ei. ,

1984;  cerme  et  al.,1984).
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SITE  DESCRIPTICIN

Six  sites were  chosen  to  examine  the  sediments  and cater  quality

in  the  buried valley  system,  begiming with one  site  in  southeastern

Marshall  County  progressing  eastr`rard  along  the  longitudinal  axis  of

the  system  to  southeastern Nemaha  County.    Table  1  shows  the  core

zones,  well  depths,  and well  screen  intervals.    More  ccxplete

descriptions  are  found  in  Denne £± ±|.   (1986b) .

Site  ST  (4S-lop-17-ABD,  Vemillion  7.4  Minute  Quadrangle  rap)   is

located  in  a pasture  used  for  grazing  cattle.    (In  fact  the  cattle

were  quite  friendly during  groundvater  saxple  collection).    The  site

is  deep  into  the  field,  and  there  are  fam buildings  and a  junk  car

pile  located  to  the  east  of  the wells.    The  surface  elevation  is  1240

feet.    The veils  lie  about  185  feet  frcm and  15  feet  higher  than  t`ro

small  fan ponds.    The  land  slopes  from  the  top  of  a  hill  (elevation

1295  feet)  downward  tovard  the  northvest  and  the  Black  Vemillion

River.    The  surface  till  contains  boulders xp  to  four  feet  in

diaineter.    The  site  is  also  located  near  the well  yielding  the  25

ug/L  T"  concentration  found by Denne £± ±|.   (1984) .

Site  SA  (4S-12E-21RAB,  Coming  7.5  Minute  Quadrangle  Map)   lies

in  a  planted  field  and  is  on an upland.    The  wells  are  located  in  the

field  directly next  to  a  gravel  road.    The  surface  elevation  is  1360

feet,  25  feet below the highest point  of a hill  lying  1000  feet  to

the  south-southeast  of  the  site.    Plow g`rards  mere  installed  around

the  wells  to  keep  the  farmer  fran knocking  over  the  well  casings

during plowing.  The  surficial  deposits  are  glacial  till.
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Site  N  (4S-12E-34BCD,   Coming  7.5  Minute  Quadrangle  Map)   is

located  in  a  hay  field  just  east  of  a  fan house  and garden and

southeast  of  a  pasture where  cattle  graze.    The  field  is

approximately  100  feet  from a  paved  road.    The  surface  elevation  of

the  site  is  1350  feet  and  roughly  35  feet  below a  hilltop  1000  feet

to  the  west.    As  at  site  SA,  the  surface  deposits  are  glacial  till.

The  site  is  about  30  feet  above  a  small  intermittent  stream  that  is

about  400  feet  east  of  the  site.    The  stream  is  a  tributary  to  Red

Vermillion  Creek.

Site  C  (5S-12E-12BBC,  Coming  7.5  Minute  Quadrangle  Map)   lies  in

a  pasture  which  is  sometimes  used  for  cattle.    Currently  a  horse

grazes  there.    The  surface  elevation  is  approximately  1245  feet  and

the  site  is  loo  feet  from Red Vemillion  Creek.    The  creek  becomes

peremial  rather  than  intermittent  a  few hundred  feet  to  the  north

(upgradient  fron  the  site.    Deposits  of  all`rvi`m occur  along  the

creek.    The  city  of  Coming  is  now operating  a  sewage  lagoon  about  a

mile  upstream  from  the  site.    The  site  is  located  upstream and  across

a  highvay  (east)   fron  a  60  foot  deep  well  (5S-12E-llRAD)  which

previously had been used  to  supply Coming with water.    This  was  the

veil  that vas  previously  found  to  have  a  TIM  concentration  of  98  ug/L

(Denne  et  al.,1984).

Site  L  (4S-12E-2ADD,  Gaff  7.5  Minute  Quadrangle  Map)   lies  on  a

slope  and drains  toward an  intermittent  drainagevay.    The  drainagevay

is  a  tributary of tolfley Creek.    The wells  are  located deep  in  the

field which  is  sometimes used  to  graze  cattle.    An  abandoned  barn  is

found  to  the  northeast and planted  fields  lie  to  the  northvest  of  the

wells.    The  surface  elevation  is  1290  feet,  70  feet  below  the  top  o£
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a hill  to  the  northvest.    Glacial  till mkes up  the  surface deposits

at  this .site  also.

Site  H  (4S-14E-35Dm,  Wetmore  7.5  Minute  Quadrangle  Map)   is

found,  right  off  a  gravel  road,  in a  field  sonetines used  for  grazing

cattle.    The  site  lies  at  the  north  edge  of  sonewhat  flat alluvial

deposits  along Wolfley Creek.    The  drill  site  is  located  about  1000-

2000  feet  north  of  the  creek.    The  surface  elevation  is  1090  feet,

but  the  land  slopes  upvard  to  the  north.    Within  one  mile  the  surface

elevation becones  1200  feet.    Mud  or  standing cater  is  usually  found

near  the veils  and  is  due  to  the  seepage  of  groundvater.
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Site/       Well  depth
Well *         ifl
ST-M                           80
ST-D                       175

Table  1
Core  and Well  Depths

Well  Screen  Horizonlan
70-80

171-175

41-45
185-198
277-28S

45-52
154-164
213-223
327-334

23-30
66-73

202-207

20-30
139-145

14-20
28-35

135-154

Core  depths
JEL

0-2        156-165
14-16     165-174
25-35     174-183
78-87     183-192

111-120

0-2        127-136
7-15     191-200

37-45     250-259
66-75     277-286

0-3       150-159
10-15     159-168
51-60     226-235
60-69     327-336

0-2       150-159
10-28     201-210
66-75

0-2       186-195
14-16     256-265
21-30     338-347
59-68     361-370

110-119

0-2        115-124
10-35     146-155
76-85

*  S-  shallow,  Mii  middle,   and  DII.  deep

#  veil  screen  horizons  are  those  of  the  original  5-inch
veils.    "e  2-inch liners  later  installed  in  these wells  are
screened  at  41-45,   181-194,   and  276-284  feet.
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sArqpl.Ire  pROcE"7REs  Are  SAMPLE  HaeLING

A.  Well  Drilling  and  Construction

The  veils  for  this  study vere  carefully constructed  to  avoid any

extraneous  groundvater  contamination.    The  nell  casing materials  vere

made  out  of  polyvinylchloride  (PVC)  pipe.    No  drilling  nds  with

organic  additives  vere  used,  and  all  water  used  in  drilling was

chlorinated.    A gravel  pack was  placed  betveen  the well  casing  and

the  drill  hole vall  for  the  entire  depth of  the well  screen

interval.    To  insure  that  no  intercormections  betveen  aquifers

occurred,  cement vas  placed above  the  gravel  pack  all  the  way  to  the

land  surface.    Most  of  the  vells  were  developed  kyy  bailing  or  forced

air  lift  pLxping within one  day of  construction.    More  complete

information  on  the  well  drilling and  construction methods  can be

found  in  Denne  et  a_I_.,   (1986a  and  1987).

a.  Groundvater  Sample  Collection

In  this  study  all  salnpling  equipment  vas  made  out  of  PVC.    PVC

vas  chosen  because  it  had  been  shot^m  to  have  a  minimal  contamination

effect on veil water  sirles,  especially in  regard  to extraneous "

addition.     Four  of  the  shallow veils  mere  bailed  (SA-S,  N-S  H-S1,  and

H-S2) ,  and  the  rest  of  the  veils  were  saztpled  using  a  PVC  hose

attached  to  an  air  coxpressor  (Sears  Craftsman  5-HP,   20  gal,  Model

#919.157140)  to  air  lift  cater  out  of  the  veil.
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The  bailed  wells  were  bailed until  the  bailer  (1  1/2"  PVC)  calne

up nearly  expty.    The  veils ve[e  then  allonred  to  recover  anywhere

from  1-24  hours  before  sample  collection,  depending upon  recovery

rate  and  the  amount  of  silt  contained  in  the  cater.    The  saaples  for

determination  of  RE  and  TFP vere  poured directly  fron  the  bailer

through  a  thoroughly  rinsed  plastic  fumel  and  into  a  500-mL  glass

bottle  with  a  polyethylene-lined  screw  cap.    Another  saxple,  to  be

analyzed  for  alkalinity,  pH,  and  major  cations  and  anions,  was  poured

into  a  500-mL  polyethylene  bottle.    A third  saxple vas  taken  for

analysis  of  nitrogen  species  (NI4+  and  ro3  )  and  trace  metals.    This

saxple vas  filtered  in  the  field using a  PVC  filtering  apparatus  with

brass  fittings  designed  by  the  USGS.    A vacuum was  achieved  Py

attaching  a  bicycle  foot  puxp  to  the  PVC  filtering  apparatus.    The

filters  used mere  0.45  `m  (Grade  RE25,  Schleicher  &  Schuell,   Inc.,

Keene,  N.H. ).     The  200-nL  saxple  vas  filtered  into  a  polyetkylene

bottle  containing  2-nL  of  6  M  redistilled  kydrochloric  acid  (HC1) .

Developing  time  on  the  pumped  veils  was  30  minutes  to  2  hours

depending upon  the  pupping  rate.    Proper  veil  purging  is  ixportant  in

insuring  unbiased  saxples  (Barcelona  and  Helfrich,  1986;  Dunhar  et

al.,1985).    The  stabilization of  the  solution  chemistry parameters,

pH  (prydrion  PEI  paper)  and  specific  conductance,  were  used  as

indicators  of  thorough veil  purging.    Also  several  p`xp  tests

(staggered  sample  collection)  vere  perfomed  to  insure  that  the  RE

levels  had  stabilized.      These  p`xped  saxples  were  collected directly

into  a  rinsed plastic  bucket  as  the water vas  being  forced  f ron  the

well.    The  procedures  for  transferring  the  water  into  the  bottles  and

filtration were  the  same  as  for  the  bailed wells.

25



Four  of  the  wells  (N-M1,  N-M2,  N-D,  and  L-M)  had  initially  high

pH  values(2.12) .    The  other  wells  had  stagnant vate[  pH values  of  6-

7.    However,  within  five  minutes  of  pupping  the  pH  values  in  the  four

wells  decreased  to  and  remained  stable  at  6.    This  phenomenon was

probably due  to  minor  grout  contamination  near  the  screens  in  the

wells.    A  saxpling  bias  due    to  extensive  grout  contamination

generally  is  associated with  contimed  high  pH  readings  even  after

exhaustive  pupping  (Barcelona  and  Helfrich,1986;  Duhar £± ±|. ,

1985)  and  therefore  should  not  have  influenced  the  results  of  this

study.    Barcelona  and  Helfrich  (1986)   report  having  found  pH  values

between  7  and  8  and  stagnant  water  pH values  in  the  8-12  range  in

uncontaminated water  saxples,  in good  agreement with  the  results  of

this  study.    They also  found  that  the  alkalinity  in  grout

contaminated veil  saaples  vas  mainly due  to  hydroxide  ion  (OH-) ,  and

no  such  findings  occurred  in  the  inorganic  analysis  of  the veil

saxples  taken  in  this  study.

Another  bias  that  can  occur  in  groundvater  saxpling  is  caused  kyy

aeration of  the  saxple while  it  is  being  collected.    This  can alter

pH  thrcngh  the  loss  o£  C02,  decrease  calcium  and  bicarbonate  ion

concentrations  through  calci`m carbonate  precipitation,  cause  the

oxidation  of  Fe2+,  and  cause  a  loss  of  volatile  organic  chemicals

(Vacs).    S-aeration  is  introduced when bailing wells  and "ch more

occurs  during  forced  air  ptxping.    The  purpose  of  this  study vas

mainly  to  examine  Doc  and not Vacs.  Since  natural  RE  is  non-

volatile,  and  since  the  method used  to  determine  RE  irrvolves

aeration,  the  aeration  of  the  samples  should  not  have  affected  the

RE  Ineasurements  or  the  study  results  (Nielsen  and  Yeats,  1985) .
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After  the  saxples  mere  collected,  they mere  placed  in  coolers

with  blue  ice  and  brought  back  to  the  lab  for  analysis.    once  in  the

lab  they were  stored  at  4°C until  analysis  could be  coxpleted,

generally within  24  hours.

C.   Core  Saxpling

The  shallchr  cores  at  all  sites  vere  collected using an  auger  rig

without  the  use  of water  or  drilling "d.    The  deeper  cores were

collected using  a  h]rdraulic  rotary  rig.    More  coaplete  details  of  the

caring  procedures  and  equipment  are  given  in  Denne £E ±|.   (1986a) .

Cnce  collected,  the  core  saxples were  cut  into manageable  lengths  (1-

2  feet),  wrapped  in plastic,  labeled,  stored  in  coolers with blue

ice,  brought  back  to  the  Kansas  Geological  Survey,  and  stored  in  a

refrigerator  at  4°C.    Sub-saxples  mere  subsequently  taken  from

various  zones  of  the  cores  Py  cutting  out  pieces  of  previously

undisturbed  and unexposed material ,  placed  in  four-ounce  glass

bottles with  teflon-lined  screw caps,  and  stored at  4°C  (if  analysis

could  not  be  immediately undertaken) .    If  more  saxple  was  desired

than  could  fit  into  the  four  ounce  bottle,  an additional  portion i^ras

placed  in  a  polyetkylene  bag  (whirlpack,  Fisher  Scientific,  St.

Louis,  ro)  and  stored  at  4°C.    Each  salttple  to  be  analyzed  for

extractable  NI4+ was  obtained Py  cutting  into  the  center  of  a  core

section and  triming avay material  near  the  outer  edges  of  the  core

section  to  leave  a  rectangular  sample  approxilnately  2  X  1  X  1  inches

in  size.    Each  saxple  vas  then wrapped  in  plastic  and  alunin`m  foil

and placed  in  a  freezer  to  preserve  it  for  later  analysis.    Saxples
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were  also  taken  for  microbial  analysis,  as  reported  by  Sinclair  et

i.  ,1987,.
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ARALurlcAL  MrmoDs

A.  Groundvater

Grcundvater  salnples  were  analyzed  for  Doc,  TFP,  NH4+,  dissolved

Fe  and  un,  pH,  and major  inorganic  cations  and  anions.    All  the  water

saxples  for  RE  and  TFP  analysis were  filtered  through  glass  fiber

filters  (whatman  954-AH)  prevashed with  reagent  grade  deionized water

(Milli  Q,  Millipore  Corp.,  Bedford,  in).

RE

RE vas  detemined  by  the  UV-persulfate  oxidation  method  (505  a)

described  in  Standard  Methods (APHA,   1985)   for  non-purgeable  organic

carbon.    Saaples  were  acidified  to  pH  <  2  with  concentrated  H3ro4,

purged  for  5  mirmtes  at  150  ccAin./10  mL  at  room  tenperature  to

renove  cO2,  and vere  cell  shaken before  injection.    The  analyzer  used

was  a  Dohmann  DC-80  Total  Organic  Carbon Analyzer  (Xertex  Carp. ,

Santa  Clara,  CA)  equipped with  a  sediment  saxpler.

TFP

The  U.S.  IPA developed  a  zDethod  for  detemining  maximm TFP

(Bellar £± ±|. ,  1982) ,  but  it  is  expressly  for  regulatory  purposes

and  not  designed  for  c6mparing  one  sanple  to  another.    At  this  time

The  Joint  Task  Group  on  Trihalonethane  Formation  Potential,  appointed

to  develop  a  TFP  procedure  to  be  included  in  the  next  addition  of

Starrdard uethods , is  working  on  a  method.    However,   they  have  not  yet

reached  a  consensus,  and  therefore  no  "standard"  method  exists.
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Many difficulties  arise  in  the  detemination  of  TFP.    '"

concentrations  depend  on pH,  chlorine  contact  time,  chlorine  dose,

chlorine  residual,  bromide  ion  concentration,  temperature,  and

numerous  other  factors.    TFP  is  a  function  not  only of  the  intrinsic

properties  of  a  salnple,  but  also  of  external  factors.    External

conditions  can  be  lnanipulated  in  the  laboratory,  but  it  is

practically  impossible  to  control  all  factors  because  not  all  factors

work  independently  of  one  another.    For  exaaple,  t`ro  saaples  with  the

same  concentration  and  type  of  organic  matter  contacted with  the  same

chlorine  dose  can  produce  different  chlorine  residuals  chie  to  other

constituents  in. the  saltple.    If  chlorine  doses  are  such  that  the  same

residual  concentration  is  produced,  the  saxple  i.rich  the  higher

chlorine  dose will  produce  more  rms.    The  fact  that  laboratory

conditions  generally do  not  accurately  reflect what  might  happen  in

the  field  also  presents  scoe difficulties.    Often  laboratory

conditions  produce  a  maximm concentration  of  "s  which  is  higher

than what imild be  found  in  the  field.

For  these  saxples  the  TFP  procedure  was  designed  to  produce  the

lnaximm concentration  of "s under  conditions  sonewhat  resenbling

those  in  the  field and also  allowing  for  comparable  results  betveen

saxples.    The  groundvater  saaples  were  buffered  to  pH  8.2  (the  pH

near  most  of  the  groundvater  saxples  collected).    A  chlorine  contact

time  of  4  days  (96  hours)  and  a  final  chlorine  residual  of  >  0.2  mg/L

vere  used.    The  TIM  concentrations  formed  mere  probably  greater  than

what veuld be  fcund  in  the  field,  but  a  rough  idea  of  the  ability of

the  organic natter  present  to  act  as  precursor  material  for  TFP  could

be  gained.
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The  procedure  to  detemine  TFP  is  as  follows:

1.    Reagents

a.     Purified water:    Add  3  mL  of  household  bleach  to  18

liters  of Milli  Q vater  (giving  about  10  ng/L  of  free

chlorine) ,  adjust  the  pH  to  >  10.0  Py  adding  at  least

1.8  mL  of  1  N NaoH,  and  let  stand  at  least  overnight.

Imediately prior  to use,  reduce  the  chlorine  residual

to  <  0.1  mg/L  Py  dropwise  addition  of  Na2sO3  Solution

(90  9  0£  Na2sO3  in  1  L  of  Milli  Q cater)   to  the  desired

quantity of voter.    Aerate  the  dechlorinated water  for

at  least  30  minutes  with  800  ccAin/L  of  high purity

gas,  and  then  adjust  the  pH  to  8.2  with  0.1  N  Hro3.    A

reagent blank prepared with  this cater  and  incubated  for

96  hours  should  produce  no  more  than  5  ug/I.  of  'rms.

b.    Chlorine  solution:    Prepare  a  concentrated  chlorine

solution Py bubbling high purity  chlorine  gas  into

purified water  and  raising  the  pH  to  at  least  9.5  with

NaoH.    Imediately prepare  a corking  solution  containing

305  mg/L  of  chlorine  and  adjust  the  pH  of  the  working

solution  to  8.2.    Store  the irorking  solution at  4°C

wrapped  in al`mimm foil.    Imediately prior  to  use,

check  the  titer  of  the irorking  solution  and vigorously

aerate  it  for  at  least  20  minutes  at  roan texperature  to

remove  traces  of  chloroform.

2.    Adjust  the  pH  of  each  saxple  to  8.2  +  0.1  using  0.1  N  NaoH

or  mro3,   and  then  add  50  mL  to  each  of  four  61  mL  serum

bottles.     (Smaller  volumes  mere  scmetimes  used  for
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groundvater  samples  containing high  concentrations  o£

NI4-N) .

3.    Chlorinate  the  saxples  kyy  adding  1,   2,   3,   4,  and  5  in  of

chlorine  solution  to  each bottle  (giving  free  chlorine

dosages  of  5,   10,   15,   20,  and  25  mg/L)  and  fill  each  bottle

heedspace  free  with  purified voter.    Immediately  seal  the

serum bottles  with  teflon-lined  septa  and  aluninun  seals,

and  then  incubate  them  at  25°C  for  4  days  (96  hours).

(Higher  chlorine  dosages  were  required  for  a  few of  the

groundwate[  saxples  containing  NH4-N.    when  the  NE14-N

concentration vas  detemined,  the  dosage  of  chlorine vas

increased  stoichionetrically  to  remove  the  NI4-N Py

breakpoint  chlorination. )

4.    Add  1  scoop  (approx.   0.5  g)   sodium  sulfate   (Na2sO4)  and  4.00

mL  of  solvent  ('It"  grade  pentane,  Burdick  &  Jackson,

Muskegon,  MI)  to  a  15-mL  screw-cap  extraction  vial.    Seal

the  vial  tightly until  ready  for  use  (Step  7) .

5.    uncap  the  serum bottle  that  received  the  lovest  chlorine

dosage  and  spot  test  for  the  presence  of  f ree  chlorine  kyy

placing  9  ml.  of  saxple  in  DPD  solution.     If  no  free  chlorine

is  present,  go on  to  the  next  saaple.    If  chlorine  is

present,  go  on  to  next  step.

6.    Open  the  extraction  vial  and  add  2  drops  o£  Na2sO3  and  then

9  mL  of  sample.    Measure  the  residual  chlorine  concentration

by  adding  the  remaining  saxple  to  the  original  9  mL used  for

the  spot  test  and  using  the  DPD  colorcmetric method  (APRA,

1985).     If  the  chlorine  residual  is  less  then  0.2  ng/L
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discard  the  saxple  and  return  to  step  5.    If  >  0.2  mg/L,  go

on  to  step  7.

7.    Mix  the  contents  of  the  extraction vial  for  30  seconds  using

a  vortex  mixer.    Then,  using  a  disposable  pipet,  fill  a  1-mL

vial  with  the  pregnant  solvent  and  seal  the  the  vial  tightly

with  a  teflon-  lined  aluminum  seal.    Store  the  vials  in  the

dark  at  4°C  for  'nm analysis.

8.    Repeat  the  procedure  for  the  next  t`ro  higher  chlorine

dosages  of  each  saxple  (3  extracted  saaples  for  each

groundvater  saxple ) .

9.    Analyze  the " concentration  in  the  solvent using gas

chronatography.    In  computating  the  trihalonethane

concentrations,  take  into  consideration  the  volumes  of

dilution voter  and  reagents used.    Report  the  results  in

ug/L  of  TFP  and  yield  of  TFP  in  unoles  per  mg  of  carbon

( DCX= )  .

Solvent  saxples vere  analyzed  for  '"s  using  a Varian Model  2400

Gas  Chromatograph  (Varian  Carp. ,  Palo Alto,  CA)  equipped  with  a

tritiup/scandi`m electron  capture  detector  and  a  2m x  2m  I.D.  glass

col`ml  packed  with  3%  SP-1000  on  loo/120  Supelcoport  (Supelco,   Inc. ,

Bellefonte,  PA).    Reference  standards  obtained  from  the  U.S.  EPA and

from an  independent  supplier  (Supelco,   Inc. ,  Bellefonte,  PA)  were

alvays within  +  3%  of  the  in-house  standards.    The  precision  of  the
'It" analysis  is  about i 2%,  but because  of  the  difficulties  discussed

earlier,  considerable  caution "st  be  exercised  in  comparing  the  TFP

of  one  saxple  with  another.
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Amonia  measurements  for  TFP rocedure

NH4-N was  detemined  (for  the  purposes  of  sample  chlorination

only)  by  the  armonia-selective  electrode  method  (417  I  in

Methods,   APHA,1985).

Starrferd

The  procedure  vas  modified  to  use  a  small

volume  (10  mL),  which was  placed  in  a  slnall  test  tube,  adjusted  to

pH  >  11  with  10  N NaoH,  and  nixed with  a  small  magnetic  stirring  bar

while  the  electrode  (Model  9512,  Orion  Research,   Inc.,  Cambridge,  MA)

was  inserted  into  the  saxple.    The  reported  NH4+  concentrations  are

those  detemined by  the Analytical  Services  Section  of  the  Kansas

Geological  Survey  (KGS) .

Inorganic  Iorrs

All  inorganic  cherical  analyses  (NI]4+,  Fe,  Jm,  pH,  and  major

cations  and  anions)  mere  performed  kyy  the Analytical  Services  Section

of  RES  using  methods  described  in  Denne  et  al.   (1987) .

a.  Sedinents

Dry  color,  pH,  percent  moisture,  'NI,  ECX=,  HFP,  and  extractable

NH4+  mere  detemined  for  each  sedinent  sample.

Detemination  of  Sediment  Color

All  sediment  colors  (as veil  as  the  colors  of  the  filter  papers

used  to  filter  the  groundrater  Doc  saxples)  mere  determined using  the

Munsell  soil  chart.    The  four  hue  charts  used  vere  7.5  ¥R,   10  ¥R,  2.5

Y  and  5  ¥;  ¥R  stands  for  yellow  red;  ¥  stands  for  yellow.    The  colors

are  given  as,   for  exaaple,  10  ¥R  5/1  gray.    10  YR  is  the  hue  chart,   5
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is  the  value,  1  is  the  chroma,  and  gray  is  the  designated  color

nalne.    Hue  indicates  the  color's  relationship  to  red,  yellow,  green,

blue,  and  purple.    Value  gives  the  lightness  of  the  color  (2  being

darkest  and  8  being  lightest).    Chrona  is  a  color's  departure  fran

neutral  (0  or  1  being  neutral  up  to  8) .

The  7.5  YR  hue  chart  contains  mostly  reds  and  less  yellow.    The

colors  are  clear  pinky  gray  to  brcrmish  orange  tones.    Hue  chart  10

YR  ranges  from  brownish  gray  to  brownish  yellow.    The  colors  contain

less  red  than  those  found  on  chart  7.5  ¥R.    2.5  ¥ has  olive  greenish

gray  brcrms  to  olive  yellow brouns.    The  colors  in  chart  5  Y  contain

few  brown  tones.    The  colors  range  from  olive  9rays  to  olive  yellow

grays .

Table  2  gives  a  list  of  all  colors  found  in  the  sediments  and  on

the  groundvater  filter  papers.    The  thmsell  soil  chart  mmber  as  well

a  named  color  are  given.    Frcm  this  point  on,  hcmever,  the  sediment

and  filter  colors  are  referred  to  by Munsell  color  mmber  only.

EE

The  p!I  of  a  sediment voter  slurry of  each  sample  vas  determined

using  the  following  technique:

1.     Place  20-30  g  of  sample  in  a  75-100  ml.  test  tube.    Add  an

equal  weight  of  Milli  Q cater.    Vortex  nix  (Vortex  Genie

mixer,   Scientific  Products,  MCGaw,   IL)  until  the  sample

disagregates,  using a  stirring  rod or  stainless  steel

spatula  if  necessary to  break  up  the  sample.

2.    Vortex  mix  the  saaple  every  10  minutes  for  1  hour.
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Table  2
Munsel  Soil  Chart  Colors  and  Numbers

(Key  to  colors  of  sediments  and  groundvater  filter  papers)

NImbe r                                      Colo r
*  7.5  YR  6/6                         Reddish  Yellcw
*  7.5  YR  6/8                         Reddish  Yellow
*  7.5  YR  7/8                        Reddish  ¥ellcrv

Dark  Grayish  Brow
Dark Br-
Dark  Yellowish  Bro`m
Grayish  Brcrm
Brcrm
Gray
Light  Brcrmich  Gray
Light  Brormish  Yellow
Yellowish  Broun
Light  Gray
Light  Gray
Very  Pale  Brcrm
Very  Pale  Brcrm
white
Very  Pale  Brcrm
Very  Pale  Brcrm

Grayish  Brcrm
Light  Olive  Brcrm
I.ight  Brownish  Gray
Light  Brownish  Yellow
Pale  YellcIV
Yellcrv
white
Pale  Yellcw

Gray
Gray
Light  Gray
Light  Gray
white

*  Indicates  color  only  found  on  groundvater  filter  papers
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3.    After  an  hour,  vortex  mix  the  saxple  thoroughly  and  immerse

a  standardized pH electrode  into  the  suspension.

4.    Record  the  pH value  to  the  nearest  hundredth of  a unit.

Moisture

So  that  results  could be  expressed  on  a  dry-weight  basis,  the

percentage  of  moisture  in  each  sediment  sample  was  determined  by  the

following  procedure :

1.    Dry  an  aluninun dish  in  the  oven  at  105°C  for  at  least  4

hours.    Remove  the  dish  from  the  oven  and  allchr  it  to  cool

in a desiccator  containing  fresh  calcium sulfate.    After  the

dish  cools,  neigh  it  to  the  nearest  0.1  ng.

2.    Weigh  10-15  g  of  sediment  into  the  dish  and place  it  in  the

105°C  oven  for  at  least  24  hours.

3.    Remove  the  dish  from the  oven  and  place  it  in  the  desiccator

to  cool.    when  the  dish has  cooled,  neigh  it  to  the  nearest

0.1  ng.

4.    Conpute  moisture  content  as  the  percentage  of  total  wet

veight  of  saJtple  conprised  of cater:

%  Moisture  - vet vei ht-d t    x  loo
vet veight

N0te:    If  a  saaple  could not be  analyzed  imediately after  it vas

received,  it vas  stored at  4°C.    Moisture `rould  accurate  inside  the

container.    Therefore,  the  containers  were  alloved  to equilibrate  at

roan  texperature  for  24  hours  and  large  pieces  of  saaple vere neighed

rather  than  small  pieces.
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Millin Procedure

After  coxpleting pH  and moisture  analysis  on a  saaple,  the

reminder  vas  placed  in  a  105°C  oven  to  dry  for  >  48  hours.    The

dried  saxple  was  then  milled  in  a  Tekmar  analytical  mill  (#  A-10)  and

placed  back  into  the  glass  bottle  for  TCX:  and  ECX=  analysis.

Total  Or anic  Carbon

Since  a  suitable  method  for  determining "  in  the  sediments

could  not  be  found,  a  procedure was  developed  to  detect  low  levels  of

organic  carbon  in  sediment without  interference  from  large  quantities

of  inorganic  carbon  (present  in  carbonate  minerals  found  especially

in  the  deeper  sediments).    Initially exploying  a  lnethod used Py

Froelich  (1980)   to  detemine  Tar  in marine  sediments,  mmerous

variations vere  tried,  and  eventually a  suitable  modified method was

developed.

Due  to  the  large  amount  of  carbonate  minerals  present  in  the

sediments,  it vas  necessary  to  find  an  acid  that would  ccxpletely

dissolve  the  carbonates without haxpering  the  operation of  the  'Iac

analyzer.    Initially  H3P04  was  chosen  because:  1)  it vas  reconnended

by  the  mamifacturer  of  the  'RE analyzer;  2)  it  is  relatively  free  of

iltplrities;  3)  it  does  not  interfere  in  the  analysis  like  Hcl  or

EDro3;  4)it would  not  be  as  likely  to  damage  the  "  analyzer;  5)

calci`m phosphate  precipitation  should not  retard dissolution of

carbonate rinerals  to  the  same  extent  that  calciim sulfate trould  if

H2sO4  were  used;  and  6)   Froelich  (1980)   found  that  H3ro4  was  suitable

for marine  sedinents  containing substantial  quantities  of  calcium

carbonate .
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Initially a  coxparison of " values  using Hcl  and Hro3      to

those  found with H3P04  showed  that  the  results were  equivalent.

However,  it  v`ras  later  discovered  that  when  a  large  quantity  of

calcium carbonate  vas  present,  it was  not  ccxpletely destroyed  ky

H3P04.    This  Posed  a  significant  problen  in  the  deeper,  highly

calcareous  sediments  with  low  levels  of  'Iac  (Denne  et  al.,1986a).`

After  discussing  the  effects  of  using  Hro3  with  the  `rcx=  analyzer

mamfacturer  and deciding  that  its  use  would  not  damage  the  analyzer,

Hro3  was  selected  for  use  in  the  sediment  Tar  analysis.

The  procedure  used  to  detemine  sediment  Ttx:  is  as  follcms:

1.    The  amount  of  saxple  used  depends  on  the  dry  color  of  the

Saxple.    For  topsoils  and  all  sedilnents  in  the  dark  brChm  to

dark  gray  range  use  1.0000  g  of  saxple.    For  sedinents  in

the  medium gray  (sonetimes  also  light  gray and yellow brown)

range  use  5.0000  g  of  saliple.    For  light  gray,  pale  brcrm,

and  yellow  sediments  use  10.0000-15.0000  g  of  saaple.    Weigh

Saxple  and  place  it  in  a  50-mL  Nessler  tube.

2.     Slowly  add  25  mL  of  6  M  rmro3.     For  large  saxple  amounts  and

highly  calcareous  saxples  adding  2-3  mL  at  a  time  is

recamended  to  avoid  allowing bubbling  saxple  to  escape  fran

the  test  tube.    After  adding  the  acid,  allow the  saxple  to

react  approxilnately  5  min.  or  until  most  of  the  visible

reaction  is  caltpleted.

3.    Vortex  nix  for  i  min.

4.     Sonify  the  saxples  for  30  min.   (Sonifier  model  a-221,

Branson  Cleaning  Equipment,  Shelton,Ct. ).
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5.    After  sonification,  aerate  (10  cc/nin.  of  N2  gas)  the  Saxple

for  10  Din.  before  measuring  Tar.

6.    Take  a  razor  and  out off  the  end of  the  plastic  pipette  tip.

(1/4-1/2")    This  insures  that  the  pipette  (40  ul,  automatic

pipette,  Pppendorf  digital  pippette  4210,  Brinkman

Instruments  Co.,  Westbury,  N.Y.)  will  not  clog.    Vortex  mix

the  slurry veil,  take  off vortex mixer,  then  imediately

insert  the  pipette  and  slowly draw up  saxple.    Imediately

inject  the  saaple  into  the  boat.

7.    Keep  track  of  the  mmber  of  injections  made,   including  any

rinses  of  the  pipette.    After  saxple  analysis  is  ccxpleted,

use  a  grachrated volunetric  pipette  to  fill  the  tube with

water  up  to  the  50  mL  mark.    keep  track  of  the  mL  of  cater

added  to  the  nearest  0.1  mL.

Sample  vol.,  L= 50  -  nd  added  + 0.04  mL  x  no.   of  in

Tat,  ng/9  of  saxple  = Tacx

1000

|e  VO|.,1')
grans  of  sample

After  prelirinary analysis  of  the  N and SA cores,  it vas  evident

that  sore  of  the  lighter  sediments  had very low "  concentrations.

Since  the  sediment  saapler  of  the '" analyzer  has  a blank vaLlue  of  5-

15  Inn/L,  it vas  deened  necessary  to  have  a  slurry `Iac  of  at  least  loo

mg/L  and  preferably  above  400  mg/I.  to  obtain  accurate  results.    Since

sedilnent  Tar  appeared  to  be  correlated  to  sediment  color,  more

sediment vas  used when measuring  the  Tar  of  the  lighter  sediments.

Hovever,  some  sediment  saxples  were  quite  low  in  'Iac  so  that  using  as

mich  as  15  g  of  sediment  did  not  give  a  TOG  above  100  ng/Ih    In  sucn

cases,  concentrations  are  reported  as  <  0.16  ng/g.
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Accurate  Quantification  Limit  -loo  mg/L  x  0.025  L/15g

=  0.16  m9/g.

Ear

Although  there  are  numerous  procedures  described  in  the

scientific  literature  for  extracting  organic  matter  from  soils  (e.g.,

Stevenson,1982) ,   few  (if  any)  can  be  considered  as  "standard"

procedures.    Furthermore,  there  appeared  to  be  no  information

available  regarding  the  ability of  such procedures  to  extract  organic

matter  fran deep  core  samples.    Therefore,  a  great  many  experiments

vere  conducted  to  develop a lnethod  that irmild extract  as  "ch organic

matter  as  possible  frc>m  the  core  saltples  using  the  fevest  number  of

steps.    Since  it was  reasonable  to  assure  that  the  organic  matter

present  in  the  core  samples would be  quite  similar  to  hunic

substances  fChmd  in  soil,  the  literature  on humic  substances was

revieved  to  provide  guidance  in developing a  suitable  extraction

procedure  for  the  core  samples.    According  to  Stevenson  (1982),

reagents  that  have  been used  to  extract  hunic  substances  from  soil

include  strong  bases  (sodium kydroxide  and  sodi`m carbonate) ,  neutral

salts  ( sodium pyrophosphate,  sodium  fluoride,  and  organic  acid

salts),  organic  chelates  (e.g.,  8-kydroxy-quinoline),   formic  acid,

and  an  acetone-water-Hcl  mixture.    Of  these,  sodi`m hydroxide

generally extracts  the  greatest percentage  of  organic znatter,  but  it

also  has  the  greatest potential  for  kydrolyzing or  oxidizing  (in  the

presence  of  oxygen)  the  organic  matter.    To  avoid  altering  the

organic matter,  many  investigators  have  used  a  solution  of  sodi`m

pyrophosphate  adjusted  to  a  pll  o£  7-9.    Stevenson  (1982)  also
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reported  that  pretreatment  of  soil  sanples with hydrochloric  or

qurofluoric  acid has  been  found  to  increase  the  efficiency of

alkaline  extraction,  presumably by  removing  calci`m and  other

"ltivalent  cations  that help bind  the organic matter  to  the  soil.

Since  sodi`m hydroxide  had  previously  been  found  to  be  the  most

effective  extractant,  and  since  acid pretreatment  had  been  reported

to  increase  the  extraction  efficiency  in  some  cases,  experimentation

began with  the  developrtent  of  a  method  exploying  sequential

extractions  with  acid  and  sodium kydroxide.    After  solrte  preliminary

experiments,   0.5  M  sodium  kydroxide   (NaoH)  and  0.5  M  nitric  acid

(rm3)  were  selected  as  the  extractants.    Other  concentrations  of

NaoH  gave  poorer  or  equivalent  results.    Other  acids  (including

hydrofluoric,  hydrochloric,  and  phosphoric)  vere  no  more  e££ective

than  Hro3  in  enhancing  the  alkaline  extraction,  and  they each

introduced  procedural  coxplications.    The  acid pretreatment  increased

extraction efficiency Py only a  small  percentage.

The  next  step vas  to  examine  several  other  extractants,

including  distilled water,  borate  buffer  (pH  8.0),  and  sodium

tripolyphosphate  (SIP).    Distilled water vas  a very poor  extractant,

and  the  borate  buffer was  sonewhat  effective.    The  STP vas  nearly as

effective  as  the  acidrfese  combination,  and offered  several  ixportant

advantages:  1)  the  extraction  could  be  done  in  a  single  step;  2)  the

extract vas  already buffered  for  the  FTFP  analysis;  3)  no

precipitation  of  organic matter,  which v\mild  interfere  with  both  the

EOC  and  ETFP  analysis,  occurred  following  extraction  (when  the  acid

and base  extracts  vere  combined,  the  cations  in  the  acid  extract

precipitated  a  substantial  amount  of  the  organic  lnatter  in  the  base
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extract) ;  4)  acid  pretreatment  was  not  necessary  (since  the  SIP

effectively bound  the mltivalent  cations,  acid pretreatment did not

substantially  ixprove  extraction  efficiency) ;  and  S)  the  pH of  the

extractant  (about  9.1)  was  very  close  to  the  PFI  of  the  ground water

flcwing  through  the  I[iaterial  in  its  natural  state,  so  the  extracted

organic  lnatter  could  be  vieved  as  lnaterial  that might potentially

leach  into  the  water  over  a  long  period  of  time.

Because  the  sediments  had  a wide  range  of  "  contents,  it was

necessary  to  extract  different veights  of  sediment  to  achieve  the

5.00  ng/L  EOC  for  chlorination.    For  top  soil,  and  other  sediments

with  a  Tar  >  6.0  mg/g,  2.0000  g  of  saltple  vas  used.    For  lotrer  "

sediments  more  saxple vas  needed.    It was  discovered  that  the  lnost

efficient  extraction  occurred using not lnore  than  1-2  g/30  mL of

STD.    Therefore  in  the  lcmer  TcO  sediments  more  test  tubes  vere  used,

each  containing  2.0000  g  of  sediment,  to  achieve  the  5.0  mg/L  Ear

concentration.

The  procedure  used  for  sediment  EXX  detemination  is  as  follcms:

1.    Make  up  a  0.25  H  SIP  solution  (91.9825  g  in  1  L  of  hilli  Q)

prior  to  the  extraction  procedure.    Add  50  ng/L  of  C12  to

the  solution  Py adding  1  mL  of  Chlorox bleach.    when  ready

to  perform  extractions,  make  10  mM  STP  fron  the  0.25  M

solution  by diluting  40  mL  of  the  0.25  H  STP  to  one  liter

with  purified  Milli  Q water  (refer  to  TF'P  procedure  for

purification procedure).    Dechlorinate  the  10  " Sn  to

<  0.1  mg/I.  C12  Py  adding  Na2S03  dropwise   (90  a/L  NI2sO3

prepared with  Milli  Q).    Aerate  the  STD  for  30  rinutes  with

800  ccAin/L  of  high  Purity  N2  gas.
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2.    Weigh  2.0000  g  of  dried  and  milled  sediment  into  a  50  mL

polyetkylene  test  tube.

3.     Add  30  mL  of  10  mM  STP  to  the  test  tube.

4.    Vortex  mix  1  minute.

5.    Sonify  for  15  minutes.

6.    Vortex  mix  30  seconds.

7.     Centrifuge  10  minutes  (at  ~  2500  rpm).

8.    Decant  or  pipet  off  the  supemataLnt  into  a  250  nl. volunetric

flask .

9.    Dilute  the  extract  to  250  mL  with  purified  STP.

10.  Detemine  ECX=  using  the  same  method  as  vas  used  for  Doc.

EXJC  dE/g  a ECX:  of   s x  0.250  L
g of  saxple  extracted

%  Extractable  -  ECX=  mg/g    x  100
Tar  mg/9

-Eff-I-F

The  same  procedure  vas  followed  for  the  sediment  extracts  as  was

used  to detemine  the  tip  of  the  groundvater  saxples.    After  Ear

detemination and dilution  to  <  5.7  mg/L  Eec,  the  extracts were

buffered  to  PEI  8.2,  and  an  STP  blank  was  also  chlorinated  along with

the  sediment  extracts.    The  solvent  used vas  'rm4 grade  iso-octane

(Burdick  a  Jackson,  rmskegon,  HI).    Results  are  reported  as  ETFP  in

ug/L  and  E"'P  yield  in -unolesAg  carbon  (EXJC).     The  procedure  for  EOC

determination  and dilution  for  ETFP  is  as  follcrvs:

1.     If  the  EOC  is  <  5.0-5.7  Ing/L,  do  not  dilute.     If  the  ECX:  is

>  5.7  mg/L,  dilute  to  approximately  5.0  ng/Ih
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2.    Congute  the  volume  of  saaple  taken  for  dilution:

mL  of  sample  I  250  mL  x  5.0  mg/L
EOC  of  saxple,  mg4

Round  this  volulne  `xp  to  the  next  whole  minber  and

dilute  to  250  mL.

3.    Calculate  the  Ear of  the  diluted  saxple:

New  calculated  ECX=,  mg/L  -
mL  of  s le  x  EOC  of  undiluted  s

250   mL

4.    It  is  best,  hcnever,  to  verify  the  exact  Eat kyy  analyzing

the  diluted  sample  for  Ear,  since  the  purified  SIP usually

has  a  'roc  of  0.300-0.500  mg/L.     In  this  study,  the  diluted

Ear  values  vere  only verified  for  sites  ST,  I.,  and  H.

Although  none  of  the  values  were  corrected  for  the  STP

blank,  all  diluted saxples  contained  the  same  concentration

of  SIP  and  therefore  the  blank  does  not  influence

coxparisons  made  among  samples.

5.    Because  the  dilution  of  the  extract vas  to  250  mL,  the

maximm  mmber  of  tubes  was  8   (8  x  30  -240  mL)  which

corresponds  to  8  x  2  -  16  g  of  sediment.    Hcmever,  even  at

16  g  salbe  low "  sediments  did  not  reach  the  targeted  ECX:

0£  5.0  m94.

Ektractable  RE +

Frozen  core  sections vere  thaved  and  approximately  2  g  of

sediment were  renoved  from the  interior  portion,  neighed,  and

suspended  in  25  mL  of  a  3  M  Kcl  solution  in  loo  mL  centrifuge  tubes.

These  mixtures  vere  placed  in  an ultrasonic  bath  for  10  mi"tes.
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t}pon  renoval  fron  the  bath,  the mixtures  were  redispersed with  the

aid  of  a  micronixer  and allchred  to  stand  45  minutes,  with

resuspenslon  at  15  mimite  intervals.    Mixtures  were  then  centrifuged

at  2,200  rpm  for  20  minutes,  and  the  clear  supernatants  vere  drarm

off  using disposable  Pasteur  pipets.    The  NI4+  in  the  extracts  vas

detemined  by  the  automated  indophenol  method  ( Technicon Auto-

Analyzer  11) .     Calibration  standards  were  made  up  in  3  M  Kcl,  and  a  3

H  Kcl  rinse  solution vas  also  employed with  the  auto  saxpler.
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A.  Grourdeter  Saxples

RESULTS  ADD  DISSUCUSSION

DCX:

Grcundvater  saxples  were  collected  four  times  throughout  the

duration  of  this  study.    Summer  saxples  vere  taken  in August,  fall

saxples  in November,  winter  saxples  in Jamary,  and  spring  samples  in

March.    Due  to  the  fact  that  same  wells  had  not  been  constructed  at

the  time  of  the  s`mer  and  fall  saapling,  no RE values  are  available

for  those wells.    Table  3  gives  the  conpilation of  all  the  RE values

measured.

As  vas  lnentioned  earlier  (in  Saxpling  Procedures  and  Salbple

Handling) ,  p`xp  tests  v`rere  perfomed on  several  cells  to  insure  that

thorough well  purging was  occurring.    During  the  fall  saapling,  a

p`xp  test vas  perfomed  on well  N-M2.    An  initial  saxple  was  taken

fran the  stagnant voter,  and  then  saxples vere  taken every  30  minutes

for  an  hour  and  a  half .     It  can be  seen  that  the  DCX=  decreased

rapidly  frcm 6.19  ng/I,  to  2.38 mg/L  in  the  first  thirty rinutes  and

then decreased  slo`Irly,  almost  negligibly,  for  the  next hour.    Because

it  appeared  from the  fall  p`xp  test  that perhaps  the coc vas  still

decreasing  in N-M2,  another  p`xp  test  vas  perfomed  on N-M2  during

the  winter  saxpling.    As  can  be  seen  from  the  puxp  test  data,  the  COC

in N-M2  appeared  to  be  still  decreasing  slightly  at  the  end  of  the

test,  frcm 1.63  mg/L  at  1  hour  to  1.44  ng4  at  1.5  hours.
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Table  3
Groundrater  DcO  Concentrations#

Well Sud!dper Fall

ST-M                   1.45                   1.16
ST-D                   1.16                   1.31

SA-S                                                3.43
SA-M                                                2. 97
SA-D                                               3.08

N-S                                                  6.23
N-in                                         2.12
N-M2                                             *6.19

*2.38
*2 .17
2.08

N-D                    3.28                  2.58

C-S                     3.80                  2.85

C-M                      5.S6                   3.49
C-D                     6.72                  5.94

L-S                                                  1.46
I`-n

Winter Spring

1.19                     1.16
0.67                     1.02

2.90                     1.53
1.96                    2.80
2.99                     3.46

5.19                     3.23
1.82                     1.77

*1.63                      4.24
1.44

*2.49                     3.07
2.79

*2.63                     2.77
2.70
3.56                     3.52
4.89                    5.26

1.20                     1.66
1.02                     1.03

H-S1                                               4.74                  2.09                     1.96
H-S2                                              4.86                  2.29                    3.01
H-D                                                                               1.08                     1.02

Average         3.66                 3.22                 2.34                   2.47

#  Concentrations  given  in  mg/L.

*  Puxp  tests  value,  excluded  fron averages.
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1.24
1.04

2.62
2.58
3.15

4.88
1.90
2.S8

2.93

3.03

4.03
5.70

1.44
1.02

2.93
3.39
1.05

2.64



P`xp  tests  vere  also  perfomed  during  the  winter  sarng?ling  on  N-O

and  C-S.    N-M2  vas  a  slowly  producing veil.    N-D  and  C-S  puped  inch

faster.     Looking  at  the  DcO  values  for  N-D  o£  2.49  ng/L  formd  after

30  minutes  of  pupping  and  2.79  mg/I,  found  at  45  rinutes,   it  appeared

that  the  RE vas  increasing.    The  puxp  test  Doc values  for  C-S  of

2.63  mg/L  aLnd  2.70  ng/L  at  30  rinutes  and  1  hour,   respectively,  were

fairly  constant.    The  trro  values  agreed  to within  +  1.8%,  which  is

within  the  +  2.0%  error  present  in  the  "  analysis.    Based upon  an

evaluation of all  of  the  p`xp test data,  it  is  concluded  that  the

wells  were  being purged  adequately and  that  the  water  saxples  mere

reasonably  representative  of  the  aquifers  from which  they vere  drawn.

There  are  several  possible  causes  of  the  inconsistency of  the

values  fChmd  for  N-M2  and N-D:  I)  errors  associated with  the  saxpling

technique  itself  (perhaps  a very  small  amount  of  contamination

present  in  the  bucket,  funnel  or  saxpling device  contributed  a  DCX=  of

0.2-0.3  mg/L);  2)  variable  pumping  rates  resulting  in  variations  in

the  amount  of  organic  matter  dislodged  from the  gravel  pack,  screen,

and veil  casing;  3)  the mixing  of  different  amounts  of cater  fran

different  sediment  layers;  4)  analytical  error  ;  5)  since  N-M2  did

p`xp  so  slowly,   the  RE  could  truly  have  been  decreasing;  and  6)  N-M2

and N-D were  tro  of  the  veils  that  had high pH values  in  the  stagnant

water.    Even  though  the  PEI  decreased  to  6.0  within  five  mirmtes  of

pupping,  sore  leaching  of  o[ganics  and disruption  of  nomal  purging

right  have  occurred,  although this  seened unlikely  in  the  case  of

veil  N-D because  it  pupped  so veil.

49



No  puxp  tests  were  performed  during  the  March  saxpling.    N-M2

vas  p`xped  for  2  hours  instead  of  1.5  hours,  but  the  Doc  value  of

4.24  ng/I,  seened  unreasonably  high.    The  well  produced  even  slower

than  it  had during  the  two  previous  saaplings.    More  sediment  was

also  present  in  the  water.    This  led  to  the  conclusion  that  the  well

may have  been  insufficiently developed  or  that  the  aquifer  penetrated

may  not  produce  large  quantities  of water.    Since  it  could not be

proven  that  the  4.24  mg/L  value  was  anonalous,  it  was  included  as

measured.

No  clear  seasonal  trends  could  be  detected  from  the  DOC  values,

and  only  the  shallcrv vells veuld be  expected  to  show  seasonal

changes.  The  t`ro  p`xped  shallow wells,  C-S  and  I,-S,  shoved  relatively

stable  Doc values  throughout  the  salxpling.    Hcmever,  the  four  shallow

bailed wells,  N-S,  SA-S,  H-S1,  and  H-S2  seemed  not  to  be  so  stable,

although  the  instability could be  attributed  to  the  saxpling

technique  rather  than  seasonal  change.    Bailing did not  adequately

develop  the veils,  as  evidenced ty  the  fact  that more  sediment vas

present  in  the  bailed  saxples  than was  present  in  the p`xped

sa]tples.    The  overall  decreasing  trend  in  RE  found  in  the  bailed

wells  may be  attributable  to  the  increased  development which  resulted

fron each  saxpling.    Hovever,  the  irrvestigation Py J\ink  et  al.,

(1980)  into differences  in Doc  concentrations  of  grourhaters  next  to

the  Platte  River  in  love  found  that  groundvater  Doc  concentrations  in

shallow veils  vere  highest  in  September.    Therefore,  core  seasonal

Doc  data  is  needed  for  wells  SA-S,  N-S,  H-S1,  arid  H-S2  before  any

definitive  conclusions  as  to  poor well  developent problems or
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seasonal  trerrds  can  be  made.    As  for  the  other  wells,  scme  had  stable

DOC  values  while  others  did  not.

Evaluation of  the  ne values  on a  site  by site  basis  led  to  some

interesting  observations.    All  the  DCX=  values  at  Site  N mere

relatively high,  generally  >  2.0  mg/I..    N-Ml  seened  to  stabilize  at

1.90  mg/L,   and  N-D  appeared  to  have  a  stable  Doc  of  around  2.93

ntg/L.     The  DCX=  concentrations  in  wells  N-S  and  N-M2  never  stabilized,

possibly  for  the  reasons  discussed  previously.

At  site  SA  the  DCX:  values  again  mere  generally  near  or  abcrve  2.0

mg/L.     SA-S  shchred  the  decreasing  trend  of  the  bailed  veils.    SA-M

dropped  to  1.96  at  the  winter  salnpling  but  was  back  up  to  2.80  mg/L

in  the  spring.    SA-D was  stable  at  about  3.15  mg/L.

Site  C  had  by  far  the  most  consistently high Doc values.

Disregarding  the  s`mer measurements,  the RE values  in all  three

veils mere  fairly constant  thrcnghout  the  entire  saxpling period.

This  site  also  shoved  a  general  trend  of  increasing  Doc with depth.

No  other  site  exhibited  a  consistent  increasing  or  decreasing  trend

in RE values  with  depth.    C-S  vas  consistent  at  around 2.77  ng/L,

C-M  at  3.52  mg/L,   and  C-D  at  about  5.36  mg/L.     The  higher  values

found during  the  s`mer  saxpling were  probably due  to  a  lack  of veil

development.    Another  explanation  could be  that  the  microbial

poprlations  in  the  sediments were  more  active  chiring  the varmer

stmer  months  breaking doun more  of  the  organic  material  present  in

the  sediments  and  thus  increasing  the  Ear.    This  is  possible,  but  it

is  not  as  plausible  as  the  poor  well  development  explanation  since

seasonal  changes  should only affect  the  shallow veils  and since  the
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tenperature  at  these  deeper  depths  is  expected  to  show little

seasonal  variation.

Site  ST had  very  low  concentrations  of  RE  in  both  the  mid  and

the  deep wells.    The  average  RE  concentration was  around  1.0  mg/I.

for  both  wells.    ST-M  seemed  to  stabilize  after  the  summer  saxpling.

ST-D  never  did  stabilize  completely,  but  the  ne was  always  low.

Both  ST-M,  and  ST-D  pumped  relatively well.

The  wells  at  sites  L  and  H mere  the  last  to  be  coapleted.    Chly

fall  saxpling  took  place  on  L-S,  H-S1,   and  H-S2.     L-M  and  H-D  were

not  coxpleted  in  time  for  the  fall  saxpling.

The  ne values  at  site  L mere  also  fairly  low,  and both veils

p`xped well.    L-S  had  fairly  stable  Doc values  and  the  average  of  the

three  saxples  was  1.44  mg/L.    The  mid-depth well,  although  it was

only  sampled  twice  and  had  a  stagnant  vater  pH 2.12,  produced  RE

values within +  0.7  ng/I..

At  site  H,  H-Sl  and  H-S2  vere  bailed wells,  subject  to  problens

associated with  the  lack  of  development.    Both veils  had very high

DCC  values  of  >  4.0  mg/L  in  the  fall  saxpling,  but  the  values

decreased  in  the  winter  saxpling.    The  spring RE value  for  H-Sl  of

1.96  mg/L vas  close  to  that  of  2.09  ng/I.  found  in  the  winter,

indicating  that  perhaps  the veil  was  reaching  full  development.    The

DCX:  values  in  H-S2  increased  from  2.27  mg/L  in  the  winter  to  3.01

mg/L  in  the  spring.    It vas  interesting  to  note  that  even  after

filtration  H-S2  vas  still  soinewhat  cloudy.    Perhaps  some  of  the

Colloidal  organic  matter  present  in  H-S2  vas  smaller  than  0.45  un  and

therefore  not  renovable  by  filtration.    This  would  explain  the  higher

RE  fcund  in  H-S2  as  ccxpared  to  H-S1.    H-I)  pumped  wonderfully.     I.ike
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L-M,   it  was  only  saxpled  twice  but  had  stable  Doc  values,  averaging

1.05  mg/L.    This  value  was  considerably  less  than  the  RE  values

found  in  H-Sl  and  H-S2.

The  average  RE  for  each  seasonal  saxpling  and  an overall

average  (excluding  p`xp  test  data)  are  also  given  in  Table  3.    The

average  REs  found  for  the  winter  and  spring  saxplings  were  close  at

2.34  rug/L  and  2.47  mg/L.    These  averages  coxpare  favorably  with  the

overall  average  Doc  of  2.64  mg/L.    These  average  COC  values  are

somewhat  higher  than  those  found  in  previous  studies  (Miller  et  al. ,

1986;  Derme  £± ±|. ,   1984) ,  but  they may have  been  sonewhat  skewed  due

to  poor  well  development.

TFP

Table  4  is  a  compilation  of  the  TFP data.    The  three  data  points

for  each  saxple  (according  to  the  procedure  outlined  in Analytical

Methods)  mere  converted  into  one  point  by perfoming  linear

regression  and  interpolating  to  a  3.0  ng/L  C12  residual.    This vas

done  to  allow a lnore  accurate  comparison  between  the  different

samples,   since  Trp  is  a  function  of  C12  residual.  The  TTP  and  yield

data  then  reflect  the values  that v\rauld be  expected  for  each  salple

at  a  C12  residual  concentration  of  3.0  ng/L.    Generally,  all  three

data  points  mere  used  in  the  regression analysis;  hovever,  in  some

cases  the  curves mere  very nan-linear  and  the  regression  coefficient

was  less  that  0.96.    In  such  situations  the  dosage  providing  a  C12

residual  closest  to  3.0  ng/L  and  the  next  highest  dosage  were  used  in

the  coxputation.    If  a  C12  residual  was  exactly  3.0  ng/L,  it  was  used

as  the data point.
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Table  4
Groundrater  TFP  Concentrations  and  ¥ields#

(At  3.0  ngA  C12  Residual)

Well S-I
TIT    Yield

ST-M           55.2     0.23
ST-D          43.4     0.22

SA-S
SA-M
SA-D

N-S
N-in
N-M2
N-D          172.4     0.34

C-S                *                *
C-M                *                *
C-D          395.4     0.37

L-S
I.-M

H-SI
H-S2
H-D

Fall                  Winte r
TFP    Yield

36.9     0.20
24.1     0.12

178.6     0.38
126.7     0.32
161.6     0.34

270.0     0.34
86.2     0.30
98.4     0.35

149.2     0.36

160.8     0.32
184.6     0.35
275.3     0.35

41.2     0.19

197.0     0.37
217.5     0.40

TFP    Yield

27.6      0.14
17.2     0.17

124.0     0.29
125.1     0.47
163.8      0.34

264.9      0.39
79.6     0.33
92.8     0.48

153.8      0.35

201.8     0.42
182.7     0.33
292.2     0.37

26.3     0.14
31.9     0.24

61.2     0.22
122.9     0.42
57.9     0.27

#  TFP  concentrations  are  given  in ug/L  and yields
RE.

TFTffid
35.9     0.19
22.8     0.14

67.6     0.30
127.4     0.34
150.1     0.27

161.3     0.39
74.8     0.32
96.6     0.17

149.9     0.31

157.2     0.31
165.7     0.31
259.2     0.31

30.5     0.12
31.4     0.23

65.1     0.25
95.1     0.24
56.7     0.29

"#|d
38.9     0.19
26.9     0.16

123.4     0.32
126.4     0.38
158.5     0.32

232.1     0.37
80.2     0.32
95.9     0.33

156.3     0.34

173.3     0.35
177.7     0.33
305.5     0.35

32.7     0.15
31.6     0.24

107.8     0.28
145.2     0.35
57.3     0.28

Average  of:   125.0     0.30

in unlesrty

*  No  TF'P  Data  vas  available  for  the  sumer  salrples  o£  C-S  or  C-H.    The
high  concentrations  of  amonia  contained  in  the    saaples  were  unJcnChln
until  analysis  of  the  first TFP  results.    Not  enough  sample vas  left  to
rechlorinate  to  the  breakpoint.
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The  TFP  concentrations  and yields  generally  increased with

increasing  C12  dose  and  residual.    At  3.0  mg/I  C12  residual,  the

average  yield was  0.30  unoles/mg  RE  and  the  average  TFP vas  125

ug/L.    The  average  TFP  of  125  uq/L  is  above  the  EPA  limit  o£  100

ug/L.    Although  these  TFP  values  are  probably  sonewhat  higher  than

what  might  be  found  in  the  field,  they do  indicate  that  a  Tt" problem

may exist  if  sore  of  these  aquifers  are  used  as  a  source  of  drinking

vater.    The  average  TFP  yield  (0.30  unoles/hg  Doc)   is  comparable  to

the  value  of  0.24  unolesAg  'RE  found  kyy  Miller ±± e|.   (1986) .

The  highest  TFP  concentrations  and  the  greatest  yields  occurred

at  sites  SA,  N,  and  C with  the  values  being  at  or  above  average.

These  were  also  the  sites which had  the  highest Doc values.    At  site

H,  TFP  concentrations  and yields vere  quite  variable,  but  generally

corresponded  to  the  variance  in  the  Ear  concentration.    Sites  ST  and

I.  had  the  lowest  TFP  concentrations  and yields,  and  the  TFP

concentrations  at  a  3.0  ng/L  C12  residual  vere  all  "ch below  the  loo

ug/L  primary  standard.    The  yields  at  site  ST  and  L mere  also  well

below  the  average  for  all  sites  o£  0.30  uriolesrty  Doc with  the

highest  yield  being  0.24  for  the  winter  saxpling  of  veil  I.-M.

The  concentrations  of  the  individual  "m  species  differed  fron

saaple  to  salDple.    Table  5  gives  the  %Cl  values  (the  percentage  of

the  halogen atoms  in  the  "s  that are  chlorine with  the  balance

being  brorine)  at  3.0  ng/I,  C12  residual  for  all  the  groundrater

safDples.     Seven  of  the  veils   (SA-S,   N-S,   N-M1,   N-M2,   L-M,   H-S1,   and

H-S1)  produced  TFP  concentrations  that  vere  dominated  by  enc13.    The

%Cl  values  for  these  saaples  were  betveen  86.2  and  95.9.    SA-S  always

prochced  sore  of  all  four  nm  species  with  CHC13  being  the  greatest
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Table  5
Percentage  o£  Halogen Atoms  in  the  Fom  of  Chlorine

in  the  Groundvater  T"s
(at  3.0  mg/L  C12  residual)

Well

ST-M
ST-D

SA-S
SA-M
SA-D

N-S
N-in
N-M2
N-D

C-S
C-M
C-D

L-S
I.-M

H-SI
H-S2
H-D

S-I Fall

68.1                  69.7
63.1                  77.8

87.2
90.4
72.6

93.5
86.2
88.0

72.4                  69.6

56.2
75.8

72.2                  69.0

77.5

Winter Spring

64.1                     67.7
73.4                      74.6

84.1                      75.4
89.0                     89.6
70.1                     69.6

91.6                     93.4
88.3                     87.8
89.6                    90.0
72.5                    72.3

56.7                     58.5
74.1                     75.0
68.7                    68.2

70.9                    71.1
91.4                     91.0

95.4                  89.7                    91.4
95.9                  93.2                    91.5

41.5                     46.0
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FEE
67.3
72.2

82.2
89.7
70.8

92.8
87.4
88.0
71.7

57.1
75.0
69.5

73.2
91.2

92.2
93.5
43.8



in  concentration  (%Cl-75.4-87.2).     ST-M,   SA-D,   N-D,   C-M,   and  C-D

produced  fairly  equal  concentrations  of  CHC13,  CHC12Br,  and  CHCIBr2

but  very  little  CHBr3   (%Cl-64.1-75.8).     C-S  and  H-D  vere  alvays

dc)minated  by  the  three  bromine  containing  species.    Their

corresponding  %Cl  values  were  the  lowest  of  all  the  salnples,  varying

fron  41.5-58.5.    ST-D  had  fairly  equal  concentrations  of  all  species

in  the  simer  saxpling  (%Cl=63.1)  and  then  produced  little  CREr3  in

the  fall,  winter,  and  spring  (%Cl=73.4-77.8).     L-S  produced  some  of

all  the  species  in  the  fall  (%Cl=77.5)  but was  dominated  fairly

equally by  the  three  chlorine  species  in  the winter  and  spring

(%C1-~71).    Despite  the  obvious  differences  in  types  of  species

produced  in  different  saxples  at  the  same  site  and  also between  the

same  cells  saapled during different  seasons,  %Cl  could not  be

correlated  to  the  site,  RE,  or  depth of  the  groundvater  saxples.

The  single  most  iaportant  factor  influencing  %Cl  is  undoubtedly  the

bromide  ion  concentration,  but  bromide  ion  concentrations  were  not

measured,  and  no  relationship vas  found  to  exist  between  chloride  ion

concentration  and  %Cl.

Sore  interesting  correlations  were  observed  betveen  TFP  and

DcO.     Figure  3  shoms  a  plot  o£  Doc  versus  TFP.     It  can  be  seen,

despite  the variability of  the  data,  that  there was  a  strong positive

correlation  betveen  RT  and  TFP  (r  a  0.937) .    Miller ef ei.   (1986)

also  found  a  positive  correlation  of  increasing  TFP  concentration

with  increasing  Doc  concentration.    The  y-intercept  of  the  regression

line  is  a  negative  value  (-17.5)  which  indicates  that  there  is  a

fraction  of  the  RT which does  not  act  as  precursor  rmterial.    In

this  case  the  unreactive  NI  conc:entration  is  ~0.33  mg/L  RT.
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5670123,

DOC   in  mg/L

Figure  3:    RE  vs  TFP
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Figure  4  is  a  plot  of  DcO  versus  TFP  yield.    These  data  are

somewhat  [nore  sporadic  than  those  in  Figure  3,  but  again  there  is  a

positive  correlation  ( r-0.494)  significant  at  the  99%  confidence

level  indicating  that  TFP yield  increased with  increasing DcO.

It  appeared  that  the  organic  precursor  material  present  in  the

groundvater  with  DCX:  values  of  >  2.0  ng/L  (avg.  yield  0.33  unolesAg

RE)  was  different  fran  that  found  in  the  groundvater with  COC values

below  2.0  ng/L  (avg.  yield  0.24  ulnolesAg  DOC).     Hcmever,   this  vas

not  alvays  true.    For  instance,  a  corrparison  of  the  ne values  (Table

3)  and  yields  (Table  4)   for  the  spring  saxples  of  N-Ml  and  L-S

revealed  that  althcngh  their  IXX=  values  of  1.77  mg/L  and  1.66  mg/L

mere  relatively  comparable,  the  yield  values  of  0.32  and  0.12

unolesAg  RE  were  not  even  close.    Win'ter  saaples  SA-M,  N-M1,  and

N-M2  and  spring  sample  SA-S  also  had  yields  above  the  average  0.24

urolesAg RE  of  the  saxples  having i 2.0  Ing/L.  Obviously a in below

2.0  mg/I,  does  not  necessarily  indicate  that  the  TF'P yield will  also

be  low.

A  statistical  analysis  of  the  DOC,  TFP  concentration,  and  TFT

yield data  is  given  in  Table  6.    The  strong  correlations  betveen RT

vs  TFP  and  Doc  vs  TFP  yield  shown  Py  the  r  values  indicate  that  RE,

TFP  concentration,  and yield are  related by  site.    "e  average  Doc

cc)ncentrations  abChre  2.0  mg/L  and  the  relatively higher  'If'P

concentrations  and yields  at  sites  SA,  N,  C,  and H  again  indicate

that  the  precursor  material  present  in  RE  concentrations  >  2.0  mg/L

is  di££e[ent  fron  the  material  present  in  low DCX:  concentrations

<  2.0  mg/I„    me  samples  cited  as  exceptions  to  this  in  the  previous

paragraph  (SA-M,  N-in,  N-M2  winter,   SA-S  and  N-in  spring)
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are  from  sites  SA and N.    It  is  possible  that  these  exceptions  are

due  to  diffferences  in  the  overall  groundvater  chenistry  in  these  5

saxples  as  compared  to  other  saxples  having  DCX=  concentrations  belCh^r

2.0  mgA.

Table  6
Statistical  Analysis  of  Doc  and  TFP  Data

Site             Avg.   Doc   (mg/I,)             Avg.  TFP   (ug/L)

Correlation

1.14
2.79
3.06
4.26
1.27
2.63

Avg.   DCX:  vs  Avg.   TFT
Avg.  RE  vs Avg.  Yield

32.9
136 .1
142 . 3
222 . 7
32.3

109 . 2

Av9.  Yield
(unlesnI  DOC)

0.18
034
0.34
0.34
0.18
0.31

Six  of  the  saxples,  N-in,  N-D,  C-M,  C-D,  I.-X,  and  H-D  could  be

said  to  have  behaved  "ideally"  in  that  they had  fairly constant Ear,

TFP,  and  yield values.    Using  C-M as  an  exaaple  (and disregarding  the

s`mer  salnpling),   the  Doc  values  mere  3.49,   3.56,  and  3.52  ng/L,   the

corresponding  TFP  values  vere  184.6,   182.7,  and  165.7  ug/L  and  the

yields  vere  0.35,   0.33,   and  0.32  unolesAg  DCX=.     This  vrould  seem  to

indicate  that  the  precursor materials  and other  factors  contributing

to " fomation  remined  fairly consistent  fran season to  season.

It  should also  be  noted  that  these  saxples were  all  from rid  or  deep

wells  that p[odrced cater  readily.

The  rest of  the  saxples  (the mjority)  either mintained

constant  TFP  concentrations  or yields  with variable  DOC  or  had

constant  Doc  values  and  changing ITP  concentrations  or  yields.    The

most  striking  exaaple  of  changing RE  and yield with  constant  TFP  was
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N-M2.     The  ne  and  yield  values  were  widely variable:  DCCs  of  2.08,

1.44,  and  4.24  mg/L  and  yields  of  0.35,   0.48,  and  0.17  unolesAI

COC.     The  corresponding  TFP  values  produced  were  98.4,   92.8,   and  96.6

ug/L.    Perhaps  the  RE  concentrations  measured may have  been  in  error

with  the  true  RE  concentration  being  near  2.0  mg/L.    SA-M  also

produced  constant  concentrations  of  TFP  with  changing  Doc

concentration  and TFP  yield.    N-S  had  fairly  constant  TFP yields  of

0.34,   0.39,   and  0.39  unoles/mg  Doc  while  the  coc  and  TFP

concentrations  decreased.    This  was  just  the  opposite  of  the  trend  in

N-M2  and  SA-M.     For  N-S,   it  appeared  that  the  changing  RE  did  affect

the  TFP  concentrations  produced,  but  not  the  average  potency of  the

precursor  material  contained  in  the  DCX=.    Wells  ST-M,   SA-D,  C-S,   and

L-S  all  had  relatively  stable  Doc  concentrations,  but  the  TFP

concentrations  and yields  produced were  moderately variable.    the

four  veils  ST-D  SA-S,  H-S1,  and  H-S2  could  only  be  described  as

variable  on all  counts.    H-Sl  did appear  to  be  reaching  steaQr values

between  the winter  and  spring  saltpling,  but  this  was  not  true  of  any

of  the  other  three wells.

It  could be  the  poor  veil  development  problens  discussed  earlier

which  caused  the  inconsistencies  in  the  data  in  the  four bailed

wells,  SA-S,N-S,  I]-S1,  and  H-S2.    As  for  the  consistencies  of  the

"ideal"  veil  saxples,  they could be  explained by good veil

development  and  perhaps  by  the  deepness  f ron which  the  saxples vere

taken  since  the  deep veils would be  the  least  likely  to be  affected

by  seasonal  change.    The  inconsistencies  in  the  rest  of  the veils

might have  been  due  to  seasonal  changes  in precursor material,
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changes  in  inorganic  chemistry,  or  errors  associated with  saxpling

and  analysis.

anic  Chemist

Miller  ei ±|.   (1986)  found  that  RE  and  TFP  concentrations  were

not  associated with  the  concentrations  of  the  major  cations  and

anions,  but  there  appeared  to  be  a  significant  relationship  between

NI4+' Fe,  and  in  concentrations  and  the  concentrations  of  RE  aLnd

TFP.    However,  it  vas  concluded  that  perhaps  this  relationship  was

due  to  the  close  association  of  all  of  theses  variables with  alluvial

aquifers  and vas  not  a  causal  relationship.  Therefore,  this  study

examined  only  the  concentrations  of  NI4+,  Fe,  and in  in  relation  to

"  and TFP.    Tables  7-9  list  the  concentrations  of each constituent

ltteasured  in  the  saaples.    It "st  be  noted  that  sediment vas  present

in  all  fall  saxples  and  in  the  C-M  s`mer  saxple.    The  presence  of

the  sediment  most  likely  caused  the  Fe  and in  concentrations  in  these

samples  to be  artificially high but  probably had  little  or no

influence  on  the  concentrations  of  NI4+.

The  NI4+ measurerents  mere  fairly  consistent  betveen each

sampling and  thus  appeared  to  be  unaffected by  the  presence  of

sediment  in  scme  of  the  saaples.    There  vas  a  definite  trend  of

increasing NI4+  concentration with  depth.    This  vas  tine  for  all

sites.    Sites  SA,  N,  and  C  had  considerable  concentrations  of  NH4+  in

all  the  saaples  and especially  in  the  deepest  saxples.    All  the

sanples  at  sites  ST,  L,  and  H  contained i 0.9  ng/L  NH4+  except  the

H-D  spring  saxple  which  had  1.1  mg/L.

63



Groundvate I N::i:o:centrations#

Well S`me r            Fall           Winte r

ST-M                      0.1                     0.1*              <   0.1
ST-D                     0.2                     0.2*                  0.1

SA-S
SA-M
SA-I)

N-S
N-in
N-M2
N-D                        9.8

C-S                        0.9
C-M                         4.8*
C-D                       7.7

L-S
L-D

H-SI
H-S2
H-D

Average           3. 9

Spr in9         EL
0.1                     0.1
0.2                     0.2

0.4*                   0.2                      0.1
2.3*                   2.6                     2.9
5.4*                   5.2                      5.4

0.6*
2.0*
2.6*
8.8*

1.0*                   0.9
4.2*                  4.3
7.0*                  6.7

0.2*                  0.3
0.8

0.1*                   0.1
0.3*                   0.2

0.9

2.2                     2.1

0.1                     0.1
0.2                     0.2
1.1                     1.0

2.2                     2.4

#  Concentrations  are  given  in mg/L.

*::i:±#:c¥::;n::;:a:Ev::::u¥:=:=:S=:c:::rat:ons
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Table  8
Groundvater  Fe  Concentration@

Well            S`me I

ST-M                     292
ST-D                  <   22

SA-S
SA-M
SA-D

N-S
N-MI
N-M2
N-D 33

C-S                  8,660
C-in                  7,380*
C-D                  2,240

L-S
IJ-M

H-SI
H-S2
H-D

Fall Winter ?p_I ing        in
30*                <   22                        <   22                   112

156*                  137                          105                     55

4,360*                     26                             28
64*                     61                        <   22

425*                  826                     1,040

9,140*
21*

1,190*
252*

2 ' 590*
2,190*
2,040*

3'370*

2,020*
8 , 450*

32
<21

68
885

2 ' 124
1,120

50

312
32

206
368
306

7S1             3,845
38                  579
41                  698

34                  173
132                    82

79                  142
33                  200

385                  346

@  Concentrations  given  in  ug/L.

#  Calculated with  sediment-free  saxples  only
*  Sediment was  present  in  the  C-M  s`mer  saxple  and  all  the

fall  samples which  cculd have  caused  the  Fe  concentrations
to be artificially high  in these  saaples.
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Table  9
Groundvater  in Concentrations@

Well S-I Fall Winter

ST-M                        22                     4.9*                   4
ST-D                     206                224*                  212

SA-S
SA-M
SA-D

N-S
N-in
N-M2
N-D                     428

C-S                1,750
C-M                1,100*
C-D                     325

I.-S
I.-M

H-SI
H-S2
H-D

778*
683*
758*

3'220*
263*
475*
399*

1,720*             1,680
556*                  458
351*                   305

344*                     32
71

250*                     32
905*                  110

201

Sp_I i n9         E#
<410
212                       210

1,610                 I,680
314                        386
295                       380

720
7171

2629
5884

196                    198

@  Concentrations  given  in ug/L.

#  Calculated with  sediment-free  saaples  only.

*  Sediment vas  present  in  the  C-M  s`mer  saxple  and  all  the
fall  saaples which could have  caused  the in values  to  be
artificially high  in  these  saxples.
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The  Fe  concentrations  in  the  samples  appeared  to  be  affected  by'

the  sediment  present  in  sore  of  the  analyses.    However,  the  Fe

concentrations  in  the  sediment-free  saxples  mere  still  quite  variable

within  in  the  same  saxple  fron  season  to  season  and  from nell  to well

at  the  sane  site.     Saxples  SA-D,  C-S,   C-M,  and  H-D  always  contained

Fe  concentrations  above  the  300  ug/L  standard.    N-D,   C-M,  C-D,   L-S

and  H-S2  had  concentrations  which  exceeded  the  standard  at  least  once

in  the  four  sazBpling periods.  All  the  sites with  the  exception  of

site  ST had  at  least  one  veil  above  300  ug/I.  at  scoe  point  in  the

saxpling.    Generally  it vas  the  deepest  v`rell  that  contained  the

highest  Fe  concentrations  at  each  site,  although  the  reverse  trend

vas  observed  at  site  C.    C vas  the  only  site  to  have  had  some  very

high  concentrations  of  Fe  that  appeared  not  to  have  been  caused by

the  presence  of  sediment.    The  high  concentration did decrease  in  the

spring  samples  to  a  level  rtx)re  closely  resenbling  the  concentrations

of  Fe  fcund at  the  other  sites.

The  in  concentrations  also  apppeared  to be  sonewhat  affected Py

the  sediment  present  in  sore  of  the  saxples.    The  in concentrations

mere  still  variable,  ever)  in  saxples without  sedi(rent,  although  they

were  not  as  inconsistent  as  the  Fe  concentrations.    Disregarding  the

samples  obviously  anomalous  due  to  the  presence  of  sediment,  only

wells  ST-M,  L-S,  and  H-Sl  mere  consistently below  the  50  ug/L

national  secondary  standard  for in.    Again  the  deepest  saxples  at  all

sites  generally had  the  highest rm  concentrations with  the  exception

of  site  C.    Site  C  again  seened  to  have  the  nest  consistently high  in

values,  but  sites  N and SA also had  fairly high  concentrations  in  the

deeper cells  coxpared with  the  other  sites.
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None  of  the  inconsistencies  in  TFP  yields  in  the  individual

wells  appeared  to  be  correlated with  changes  in  inorganic  chemistry.

NI4+  concentrations  in veil  N-M2  increased  from  fall  to  spring,  while

the  concentrations  of  Fe  and in  (disregarding  the  fall  saxple)

remined  fairly  constant.    The  inconsistent  TFP  yields  for  this  well

were  probably due  to  differences  in ne  concentrations.    Conversely,

The  TFP  yields  in veil  C-D were  relatively  constant despite  the  slnall

changes  in NI]4+  concentration  and  the  drastic  changes  in  Fe

concentration.    "is  it  seened  that  changes  in NI4+,  Fe,  and rm

concentration  in  the wells  vere  not  associated with  the  individual

changes  in  TFP  yields.

Although  the  inorganic  chemistry of  the veil  saaples  did not

explain  the  inconsistencies  in TFP yield,  it did  corrrelate  in

another way  to  the  groundrater  data.    Table  10  shows  a  statistical

analysis  of  the  inorganic  cheristry as  it  relates  to  the  groundvater

RE  concentration.    The  Doc  concentration vas  strongly correlated  to

NI4+  (r=O.848),   Fe  (r=0.792),   and  in  (r-O.804).     These  values  are  all

close  to  the  95%  confidence  level  (r-O.811).    The  average  NI4+,  Fe,

and  in  concentrations  mere  highest  at  sites  SA,  N,  and  C which vere

the  sites  having  the  highest  average  COC  and TFP  concentrations  and

yields.    Table  10  also  shows  a  statistical  analysis  for  TFP

concentration  and yield versus  inorganic  chemistry using  Speaman' s

rank  order  correlation  coefficient  ( rs).    TFP  concentration vas

strongly  correlated with  NI4+  (rs=0.828),  Fe  (rs-O.886),  and  in

(rs.0.886).    Strong  correlations  also  ve[e  present  for  TFP  yield  and

NI4+   (rs=0.943),   Fe   (rs-O.943),   and  in  (rs=0.771).     These

correlations  show that  differences  in  TFP  concentrations  and yields
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Table  10
Statistical  Analysis  of  DCK:,  TFP,  NI]4+,  Fe,  and  in

Site               Avg.  DcO
( ngA )

Correlation

1.14
2.79
3.06
4.26
i.27
2.63

Avg.  RE  vS  AV9.
Avg.  RT  vs Avg.
Avg.   Dcx:  vs  Av9.  rm

Correlation

E :: i::: =4+
TFp  vs Avg.  in
yield
yield vs Avg.
yield vs Avg. rm

Azife4+

Avg.   TFP
( u9A )

32.9
136.1
142.3
222.7
32.3

log.2

Avg.   Fe
(uq4)_

loo
334
231

1'878
128
230

Avg.  FT  Yield
(-lesAI Doc)

0.18
0.34
0.34
0.34
0.18
0.31

qu
0.848
0.792
0.804

J±|
0.828
0.886
0.886
0.943
0.943
0 . 771

The  average  concentrations  for  Fe  and in were  computed without
the  sediment  continnated values.
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mere  not  only  related  to RE  concentration and  site  but  also  to

concentrations  of  NI4+,  Fe,  and in.

Pulling  these  correlations  together,  it  seers  apparent  that  high

DCX=,  TTP  concentration,  TFP  yield,  and  reducing  conditions  in  these

grcrmdwater  saxples  go  hand  in hand  on  a  site  specific  basis.

Saxples  containing i 2.0  ng/L Doc  generally had higher  TIP yields

than  salples  containing i 2.0  mg/L  Doc.    The  only exceptions  were

found  at  sites  SA  and N.    Sites  SA  and  N  had  high  concentrations  of

NI4+, Fe,  and  rm  which  mere  shown  to  be  correlated  with  higiv  TFP

yield.    Again using  the  spring  saxples  of  N-Ml  and  I,-S  as  examples,

the  Doc  concentrations  (Table  3)  mere  ccxparable  at  1.77  mg/L  and

1.66  mg/L.    However,  the  concentrations  of  NI4+,  Fe,  and in  in  the

saxples  mere  very different  (Tables  7-9),  being rmch  higher  in  N-in

than  in  L-S  (except  for  iron which vas  nearly equal  in both

saxples).     The  TFP  concentrations  and  yields  (Table  4)   for  N-M1  (74.8

ug/L,  and  0.32  unoles^g RT)  mere "ch higher  than  those  for  L-S

(30.5  ug/I.  and  0.12  unolesAg  Doc).    Tinis,  it  also  appears  that  the

conclusion  reached  by cenne ±± ±i.   (1986b)  and Miller £± ±|.   (1986)

that  reducing  conditions  in the  aquifer  favor " production  is

supported by this  data.

a.  Sedinents

Tables  11-16  give  a  sumary of  the  experimental  results  for  the

sediment  cores.
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E
At  all  sites  there vas  a  trend of  increasing pH with  increasing

depth.    Sore  of  the  topsoil  saxples  had  acidic  pH values  (ST,  SA,  L,

and  H) .    Many  of  the  deep  sedilnents  had  very high  pH values  in  the

range  of  8.50  to  around  9.40,  indicating  that  the  saaples  mere  highly

calcareous.    Upon  the  addition  of  acid during  the  TOG  analysis,  many

of  these  samples  reacted violently.    It vas  the  presence  of  large

quantities  of  carbonate  minerals  that  led  to  the  choice  o£  Hro3  as

the  acid  for  the  Tar analysis.

Moisture

The  moisture  content  of  the  sediments was  variable,    ranging

from  about  3-30%  with  most  of  the  values  falling  between  10-20%.

Since  the  core  saxples vere  taken  from the  different  sites  during

different  seasons  (when  the  ground was  not  too  "ddy or  frozen  to

drill) ,  the  moisture  contents  of unsaturated  saxples  from the  various

sites  are  not  canparable.    No  correlation  appeared  to  exist  betveen

sediment  moisture  content  and  any of  the  other  parameters  measured.

Color,   TCX= ExX  and  %ECx:

The  rest  interesting  relationships mere  found  among  color,  Tar,

EXX,   and  %EXJC.     The  tar  values  ranged  fran  a  high  of  20.80  mg/g  in

the  top  soil  at  site  C  to below the q`rantification  lirit  of  0.16

Ing/g,  which  occurred  often  at  site  ST.    Generally,  the  highest

sediment 'Iac value vas  fcrmd  in  the  topsoil  at  each  site  although,  at

every  site  there  mere  depths  at which  the  TCX:  increased  again.    Site

L was  the  only  site  which  had  a  greater  TOG  at  depth  than  in  the
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topsoil.    Figures  5-10  show graphically  the  relationship  between  'Iac

and  depth  for  each  site.    The  sites  generally  shcmed obvious

increases  in  "  at mid depth  and  a  decrease  in TCX=  again  in  the

deepest  sediments.    The  deepest  saaples  at  sites  N  and  C,  ho`Irever,

had " contents  considerably higher  than  the  saxples directly

above.    The  'RE values  at  site  ST vere  very  lcw,  and  the  trend  of  a

decrease  in  Tar  in  the  deepest  sedilrents  did not  appear.    At  site  L

there vas quite a  lot of variation  in  the " content  in  the

saxples.    There  vas  an  imediate  decrease  from I,1.0  to  L  15.0,  but

from 61  to  261.5  feet  the  "  concentrations  appeared  to vary

randonly  fron moderate  to  high  concentrations.    Also,  the  Tar

concentrations  varied  greatly over  very  short distances  (e.g.  I,  61y,

L  61g,   and  L  61.5  had  values  of  2.38,   9.49,   and  3.40  mg/g).

The  adbcunt  of  'Iac  present  correlated veil with  the  color  of  the

sediment.    The  darker  gray  and  brcrmish  gray  sediments  (mmsell

colors  10  in  4,5,6A  and  4,5,64j  2.5  ¥  5,64;  5  ¥  5,6A)  had  the

highest  TcO values.    Lcner  values  and  those  values  below the  limit  of

accurate detection  tended  to  be  associated with  the  light gray,  light

brcrmish  gray,  and yellowish  sediments  (minsell  colors with values  of

7  and  8  and  chrcoas  1-8  e.g.10  ¥R 8/2).    The  differences  in "  and

color within  short distances  can be  illustrated well  ty  looking at

N  58  and  N  59.     The  rmmsell  soil  colors  vere  2.5  ¥  7/6  yellow  and  10

YR  6/1  gray  respectively.    "e  corresponding  Tar values mere  0.45  and

11.97  mg/g.    Although  these  salnples  were  found within  one  foot  of

each  other,  they had very different  `roc  contents  and  colors.    Table

17  gives  the  correlation  coefficients  for  Tar vs  color  at  each site.

The  sedilnent  color  number  was  selected  kyy using  its  thmsell  color
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Depth  in  ft.

Figure  5:    Depth  vs  Tat  for  Site  ST
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Figure  6:    Depth vs  "  for  Site  SA

77



Depth  in  ft.
a,

Figure  7:    Depth vs "  for  Site "
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Depth  in  ft.
n

Figure  8:   depth vs " for  Site ¢
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Depth  in  ft.
Figure  9:    Depth vs  Tar  for  Site  L
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TOC

Depth  in  ft.
Figure  10:    depth vs  " for Site I
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value  and  chroua  as  a  decimal,  e.g.,   for  N  1.0  (thmsell  color  10  YR

4/2)  the  number  used  in  the  statistical  analysis would be  4.2.    Thus,

the  correlation  coefficients  are  negative  since  the  darker  the

sediment  color  the  lover  its  designated  number.    As  shchn  in  Table

17,  there  is  a  significant  (>  95%)  correlation betveen  sediment  "

and  color  at  all  sites.

Table  17
Correlation  Coefficents  for  Tar vs  Color

ill
-0.896
-0.932
-0.891
-0.847
-0.543
-0.857

Directly  related  to " and color were  the  %Eac values  found  for

the  sediments.    These  values mere  also widely variable.    The  highest

%Eac  values  mere  almost  always  found  in  the  topsoil  samples.    The

only  exception  to  this  was  at  site  C  where  the  %Eac  at  C  1.0  vas  28%

and  the  highest  value  vas  46%  found  at  C  17.5.    Figures  11-16  show

the  relationship betveen " and  %EXX.    It  can be  seen  that  for  the

majority  of  the  sites  the  %EOC  decreased with  increasing  Tar.    The

topsoil  salBples  mere  an  exception  to  this;  at  all  sites  except  L  the

topsoil  safnples  contained the highest ",  and at all  sites  except  SA

and  C  the  topsoil  had  the  highest  %Eac.    The  correlation  coefficients

for  the  relationship  betveen  sediment  TcO  and  %EOC  are  given  in  Table

18.    the  values  mere  computed without  using  the  topsoil  data.
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Figure  11:     TOG  vs  %cOC  for  Site  ST
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%EOC

TOC   in  mg/g

Figure  15    '"  vs  %Eac  for  Site  I.
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Table  18
Correlation  Coefficients  for  TCX:  vs  %EOC

Jn
-0.100
-0.725
-0.920
-0.440
-0.824
-0 . 496

The  data  for  sites  SA,  N,  and  I.  show  a  strong  correlation  of

increasing  %EXX  with  decreasing  ".    At  sites  C  and  H,  the

correlation  coefficients  (-0.440  and  -0.496)  are  slightly  below the

95%  confidence  level,  and  therefore  the  correlation  ls veak.    At  site

ST,  no  significant  correlation  exists.  .  This  is  probably due  to  the

fact  that  Tar vas  below the  accurate  quantification  limit  in a

majority  of  the  sediments  at  site  ST.    Using  a  Tar  of  0.16  mg/g  for

all  those  sediments  having a  Tar below the  limit  of  accurate

quantification does not  reflect  the  actual  relationship betveen Tar
and  %Eac  because  the  %Eac values  for  the  sediments  having i 0.16  mg/g

" mere  computed using the actual  (inaccurate)  " values.

Since  sediment  Tar  content  correlated with  sediment  color  and

%EXX  correlated with Tar,  there  should  therefore  be  a  correlation

betveen  %EXJC  and  color.    With  the  exception  of  the  topsoil  sediments,

the  higher  " darker  gray and brownish gray  sediments  tended  to have

lower  %EXJC  values,  generally  of  3-15%.     These  were  also  the  sediments

having  the  highest  'RE values.    The  lighter  grayish  and yellow

sediments with  low Tar  contents were  more  extractable,  often  having

%EOC  values  of  30-50%.    Table  19  gives  the  correlation  coefficients

for  the  relationship betveen  %EOC vs  color.    "e  same  color  mrfer

designation used  in  the  'Iac  vs  color  analysis vas  used  for  this
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analysis.    In  this  case,  only  sites  SA and N had   coefficients

indicative  of  a  strong  correlation  betveen  increasing  %EOC and

increasing  lightness  in  sediment  color.    Sites  L  and  H had

coefficients  slightly below the  95%  confidence  level,  thus  they  shorlr

a  weak  correlation.    Site  ST had  a  negative  correlation  coefficient

( I--O.545)  probably  resulting  from  the  large  number  of  sadples  belo`Ir

the  accurate  quantification  level  for  Tar.    Site  C  (I--0.203)  had

some  very  extractable  higher  Tar  sediments  in  the  upper  depths  that

behaved  more  like  the  topsoil.    Exclusion  of  these  saxples  (11.5,

12.5,  and  15.0)  produced  r-0.588  which  is  similiar  to  the  values

found  at  sites  L  and  H.

Table  19
Correlation  Coefficients  for  %Eac vs  Color

Ji
-0.545
0.698
0.841

-0.203
0 . 419
0.545

The  color  of  the  sediment,  its  'RE  content,  and  its  %Eac    could

perhaps  give  an  indication  as  to  the  coluposition  of  the  sediment.    As

was  stated  earlier  (Related Research) ,  organic  material  tends  to  be

associated with  a  darker  color  of  soil  and  sediment.    Also,  h`mic

substances  are  bram  t6  black  colored materials.    A higher  content  of

hunic  substances  could  explain irtyr  the  darker  colored  sedinents  had

higher  'roc values,  but not  the differences  in extractability between

the  darker  and  ligivter  sediments.
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Saxples  N  330.OS  and  N  330.OC  provide  a  good  starting  point  for

examining  the differences  in " and extractability.   Althouch  these

saxples  had  the  sane  color,  the  Tat  and  %ECX=  values  vere  quite

different.    N  330.OS  had  a  roe  of  1.08  ng/g  and vas  31%  extractable.

N  330.OC,  on  the  other  hand,  had  a  "  o£  8.51  mg/g  and  was  only  13%

extractable.    The  designation  of  S  and  C  stood  for  sand  and  clay.

From  these  saxples,  it  appears  that  the  presence  of  clay  influences

the  Tar  concentration as veil  as  the  percentage  of  the "  that  can

be  extracted.    This  makes  sense  because  clay  is  kno`m  to  attract  and

strongly bind organics  and  is  therefore  expected  to  cause  higher Tar

and  lcmer  %Eac  values.

An  attexpt  to  explore  this  hypothesis  proved  inconclusive.

Table  20  shows  ky]rdroDeter  data  for  sore  selected  saxples.    The  depths

for  which  ky]rdrcoete[  data mere  available  did not  altlrays  correspond  to

the  exact depth of  the " and %EXX data.    In such  instances  the "

and  %ECX=  values  at  the  depth  closest  to  the  depth  or  the  kydroneter

data  are  given.

Table  20
Fydrcoeter  Data  For  Selected  Core  Samples

Sample          £g±9£       ±S±±r
sT  33        10  m74        3
sT  85        10  in 74        7
ST18510YR6A
sT  188      10  in  6A
SA73            5    Y5A
SA  277.5  2.5  Y  84
N329*       10YR7A
C72              5     Y6A
L  25            10  YR  6/6
H34.510YR6A
H  121          10  YR  7A
*  Values  o£  TOC  and

E    EEEFRE<0.16
64                   <0.16
50                    0.86
35.6                0.99
18                  11.68

3.6                0.46
1.6    1.084.51

28                     7.94
52                   <0.16
38                     6.71
65                     0.98

N  330.OS   and  N   330.OC.
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The  data  for  H  34.5  and  H  121  support  the  kypothesis  that  the

saxples  having  a  higher  "  and  lower  %EOC  have  a  higher  clay

content,  but  SA  73  and  SA  277.5  show  that  the  opposite  is  true.    The

fact  that  the  hydrcneter data did not necessarily correspond  to  the

exact  depths  of  the  "  and  %Eac data probably vas  quite  significant

considering  the  sharp  variations  in  TCX=  and  %EXJC  values  that  mere

observed  over  chort  distances.    Thus,  fran  the  sparse  hydrometer  data

that was  available,  no  real  conclusions  could be  drawn  as  to  the

correlation of  clay content with "  and  %Eac.

A plausible  explanation  for  the  increased  Tar values  found  at

depth  carmot be  readily given  in  the  context  of  Figure  2,  the  soil

profile.    Although  the  trend  of  color  changes  in  the  core  sections  at

all  the  sites  generally fit the  characteristics  of  the  soil  profile,

the  actual  evolution of  the  sediment col`ms at these  sites vas very

different  from that  of  the  generalized  soil  horizon profile,  due  to

the  glaciation  of  the  area.    The  lover  Tar,  yellowish  and  brchm

sediments  were  probably deposited by  streams  and  rivers.    The  higher

Tar,  darker  brcrmish  and  gray  sediments mere  probably buried  soil

horizons  or deposits  of glacial  till.

jbmmiun

As  vas  found  in  a  previous  study  (Deme ££ ±|. ,  1984) ,  the

amount  of  extractable  NI4+  generally  increased with depth.  Only  at

sites  SA  and  H  did  the  highest  extractable  NH4+  value  not  correspond

to  the  deepest  sediment  saaple.    Hcnever,  at  these  sites  the  highest

value  was  fChmd  at  considerable  depth  (99  mg/kg  at  SA  254  and  16
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ng/kg  at  H  79  and  121).    It  vas  interesting  to  note  that  site  ST

contained very  little  extractable NI4+  as  ccapared  to  the  other  five

sites.    Although  large  concentrations  of  extractable  NI4+  appeared

tobe  found  in  the  gray  sediments,  there was  no  direct  correlation

with  sediment  TCX:.    Generally  high  extractable  NI4+  concentrations

iiere  found  at  the  sites  having high  Tar values.    Table  21  gives  a

statistical  analysis  for  NI4+,  `roc  and  EOC.    The  Speaman  rank-order

correlation  coefficients    indicate  that  the  average  extractable  NH4+

was  strongly correlated  to  the  average  "  concentration  ( rs-0.829)

and  to  the  average  EXJC  concentration  (rs-O.829).    However,  the

extractable  NI4+ vas  present  in both  the  lighter  and darker  gray

sedinents  having variable  Tca  measurements.    Hence,  it  can be

concluded  that  a  reducing envirorment  is  associated with higher

concentrations  of  extractable NI4+ and Tar,  but " accunilates

differently  in  the  sediments  than does NI4+.

Table  21
Statistical Analysis  of  Tar,  Ear,  and Extractable

g±±±     Avg.  Tar  (mq/g)        Avg.  Ear  (mg/g)        ±=!=JEL`t  (mgl4SgJ

Correlation

E:: RE:: :: ¥
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Erip

Site  SA vas  the  only  site  for which  C12  residuals  mere  not

measured  for  all  the  saxples  (only  for  those  suspected  of  being  less

than  0.2  Ing/I,)  and  for  which  only  one  chlorinated  salDple  vas

extracted  (the  one with  the  lovest  free  chlorine  residual  greater

than  0.2  ng/I.).    Because  of  this  the  HF'P  values  for  site  SA may be

slightly  low in  coxparison  to  those  at  the  other  sites.    For  the

other  five  sites  the  FTFP  procedure was  folloved  as  described  earlier

(see  Analytical    uethods).    The  ETFP  data  fran  the  five  sites  having

three  lneasured  chlorine  residuals was  treated  in  the  salne  manner  as

the  groundrater  TFP  data,  resulting  in  FTFP  concentrations  and  E"P

yields  detemined  at  a  3.0  ng/L  C12  residual.

Chlorination  of  the  sediment  extracts  produced mainly CHC13,

since  there vere  only  traces  of  bromide  in  the  SIP  extract.    As vas

seen  for  the  groundrater  saaples,  ETF'P  concentration generally

increased with  increasing  C12  dose  and  residual.    At  each  site  there

vas  a  very  strong  correlation  betveen  EOC  and  ETF'P.    Table  22  gives

the  correlation coefficients  for  this  relationship.

Table  22
Ear vs Ere

Ji
0 . 999
0 . 999
0 . 995
0 . 982
0 . 984
0 . 992

The  HFP yields were  similar  to  or  scoewhat higher  than  the

yields  found  for  the  groundrater  saxples.    The  average  ETFP yield  for

all  the  sediment  saxples vas  0.33  unoles/mg  Ear,  slightly above  the
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average  TFP  yield  o£  0.30  unoles/mg  DCX:  for  the  groundvater  saJBples.

There vas  an  interesting correlation betveen  the " of  the  sediments

and  their  corresponding  ETFP  yield.    At  most  sites  the  ETFP  yields

generally  increased with  increasing  sediment  ".    Figures  17-22

illustrate  this  relationship.    The  topsoil  saaples  again did not

followL. the  general  trend.    Although  the  topsoils  at  each  site

contained  significant  quantities  of  TOG,  their  corresponding  ETFP

yields  were  lower  than  those  found  in  the  deeper  sediments  having

similar  Tar  contents.    This  again  indicated  that  the  organic  material

in  the  topsoil vas  different  and not  as  potent  a 'nm precursor  as  the

material  found  in  deeper  sedilitents.    Table  23  gives  the  correlation

coefficients  for  Tar  and  ECX=  vs  ETFP  yield  for  each  site,  excluding

the  topsoil  saxples.    The  correlation  Coefficients  for  sites  SA,  N,

and C  show strong  correlations  for  " and  Ear vs  mF'P yield,  but  the

correlations  vere  very poor  at  sites  ST and  L.    The  lack  of  accurate

" data  is  probably the  reason for  the poor  correlation betveen Tar

and  EcO  vs  FTFT  yield  at  site  ST.    Site  L  shows  no  correlation  for

Tar    vs  ETFP  yield  but  shows  a  strong  correlation  betveen  EOC  and

E"'P yield.    At  site  L,  some  of  the  lcmer  roc  sediments  had  higher

yields  than mere  found  in  sore  of  the  higher  Tar  sediments.    These

lower  `IOC  sediments mere  relatively  extractable  and  therefore

produced  ECX=  concentrations  greater  than  sore  of  the  higher  Tar

sediments.    Thus,   Eec  Correlated  to  ETFP  yield  adn  TCX:  did  not.    Site

H,  on  the  other hand,  sho`rs  a  strong  correlation  for  " vs  ETFP

yield  but  only  a  weak  correlation  for  ECX:  vs  FTF'P  yield.    Table  23

also  gives  the  correlation  coefficients  for  ETFP yield vs  color

(again  excluding  the  topsoil  data).    Sites  SA,  N,  and  C  show  strong
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correlations.  The  correlation  at  site  H  is  below  the  95%  confidence

level,  but  is  close  to  that  value.    The  data are uncorrelated  for

sites  ST  and  L.    Hence  at  site  L,  neither  Tar  nor  color  vere

indicative  of  the  HFP yield.

Table  23
Correlation  Coefficients  for  '"  aLnd  EOC  vs  E"P  Yield  and

ETFP  Yield  vs  Sediment  Color

Site TOG  vS   ETFP ield        Ear  vs  ETFP

0 . 395
0 . 656
0 . 903
0 . 875
0 . 065
0.731

i eld      Era
0.332
0.759
0.850
0.740
0.603
0 . 534

ield  vs  color

-0.176
-0.592
-0.834
-0.789
-0.145
-0.582

The  FTFP yields  for  all  samples  at  site  C vere  on  the  average

hiquer  than  those  found at  any of  the  other  sites.   All  but  tro  of

the  yields mere  above  0.34  unolesAg  Eat,  with  the  average  being  0.38

unolesAg  ECX:.    This  agrees  veil with  the  higher  Tar values  found  at

site  C.    The  C  sedinents  were  mainly  grayish  brchn  to  gray,  and  the

%Eac values  were  relatively  lcrv.    A  statistical  analysis  using  the

data  generated  for  all  sites  (including  topsoil  saxples)  gave

correlation  coefficients  of  0.589  for  HFP  yield vs  Tar  and  -0.410

for  FRET  yield  vs  %Eac.    The  greater  than  95%  confidence  of  these

coefficients  indicates  an  overall  relationship  betveen high  FTFP

yield,  Tar,  and  Iou  %Eac.

All  the  sites  that  had  fairly high  average  ETFP yield values

also  had  high  concentrations  of  extractable NI14+  in  the  deeper

sedinents.    However  there  vas  a  poor  correlation  (I-0.159)  between

sediment  ETrp  yield  and  extractable  NH4+.
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C.  Groundrater  and  Sediment  Relationships

Groundrater  Sediment  Colors

After  separately analyzing  the  groundvater  and  sediment data,  it

was  apparent  that  sore  distinct  similarities were  present.    The  first

indication  that  perhaps  there vere  some  correlations  betveen  the

groundvater  and  sediment  data  becazne  evident  in  the  determination  of

groundvater  sediment  color,  i.e.,  the  color  of  the  suspended  solids

deposited  on  the  filter  paper  used  to  filter  a  groundrater  sample.

Table  24  gives  the  sediment  color  data  (no  sedifnent  color  data  vas

available  for  the  s`mer  saldples) .

Many of  the  shallcrv-  and  mid-depth  groundrater  sediment  colors

differed only by rmsell  soil  color value  i ron the  core  saxple  colors

found  at  the  well-screen depths.    The  hues  and  chroms vere

identical.     This  vas  true  of  wells  SA-M,  N-S,  N-M1,   L-S,  H-S1,  and

H-S2.    Well  C-M had  a  filter  paper  color  that  exactly matched  the

color  of  the  sediment  in  the  depths  from which  it  was  taken.    SA-S

did  not match  the  sedizbent  colors  at  41-45  ft,  but  it did match

exactly with  sediment  SA 7.0  during  the  fall  and winter  sampling.    In

the  spring  the  filter  color vas  more  similar  to  that  of  SA 15.0  ft.

This  indicated  that  the  nearkyy  sediznents  through which  the well

Penetrates  may  exert  sore  influence  on  a  groundvater  salBple.

None  of  the  deep  groundvater  sediment  colors  calne  anywhere  close

to  matching  the  colors  of  the  nearkyy  core  saxples.    The  colors  of  the

deep  groundrater  sedinents  mere  all  very  similar  though,  regardless

of  the  site.    Generally  the  colors  were  yellowish  to yellowi.sh

orange,   such  as  2.5  ¥  7,8/4  or  2.5  Y  7/6.     ST-D  vas  5  ¥  84
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Table  24
Groundrater  Sediment  Colors

Well           Screen  Depth
( ft. )

ST-M                    70-80
ST-D                 171-175

SA-S                    41-45
SA-M                  185-198
SA-D                  277-28S

FaL||

10  YR  8A
5Y8„

10  YR  7/3
*5  Y  6/I

2.5  Y  8/4

N-S                       45-52                       *2.5  Y
N-in                154-164                    io  yR
N-M2                  213-223                            5  Y
N-D                     327-334                        2.5  Y

C-S                      23-30
C-M                       66-73
C-D                    202-207

L-S                      23-29
L-M                    139-145

H-S1                    14-20
H-S2                    28-35
H-D                    135-154

Winter

2.5  Y  8„
5Y8„

10  YR  7/3
*5  Y  6A

2.5  I  7/4

Spring

10  YR  8/3
2.5  Y  7/4

2.5  Y  8„
*5  Y  6A

2.5  Y  7/6

7.5  YR  6/6
#5  Y  6A

2.5  Y  7/6

*10  YR  6/4

*10  YR  7/4
10  in  5/3

7.5  yR  6„
2.5  Y  7„
2.5  Y  7/6

*10  YR  7/4
2.5  Y  8„

*10  YR  7/4
*2.5  Y  6„
2.5  Y  8/4

10  YR  6/6
#5  Y  6A

2.5  Y  7/4

10  YR  7/6
2.5  y 8„

*10  yR  7/4
*2.5  y  6„
2.5  Y  8/4

*  Denotes  groundrater  sediments  colors  that  correlated
with  core  saxple  colors  found  at well-screen depths.
Correlation lneans  the  colors  were  on  the  same  rmmsell  soil
color  chart  and had  the  same  chroma  but  a  different value.
For  exaaple,  the  sediment  color  of  SA-M vas  5  Y 6A  and
SA  195  vas  5  y  5/1,  one  value  darker  than  the  sedilnent  color
of  SA-M.

#  Denotes  a  groundvater  sedilnent  color  and  core  saxple  color
mtching exactly.
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white  in  the  fall  and winter  saxpling,  but did  show the  faniliar

yellow color,  2.5  I  7/4,  in  the  spring.    The  orangey  tints  to  the

colors  may have  been  caused Py  the  oxidation  of  Fe2+  to  Fe3+  and  the

resulting precipitation  of  Fe(Ill)  kydrous  oxides.    In  general,  most

of  the  deeper  saJDples  contained  high  concentrations  of  Fe.    C-S  was

the  only  shallow v\rell  to  contain higher  concentrations  of  Fe  than  the

deeper  wells.    Its  filter  papers  were  very  reddish  orange  and did  not

match  the  surrounding  sediments  (the  filter  colors  had not  been  seen

previously  in  any of  the  sediments).    Also,  in  the  spring when  the  Fe

concentration  in veil  C-S  decreased  considerably,  the  reddish  color

did  also.    This  indicated  that perhaps  it was  the  oxidation  of  Fe

that  produced  the  reddish  tints.    The  oxidation  of  Fe  imild  have  been

expedited ky  the  air  lift  pupping method used  to  retrieve  the

saxples.

DCX:,   TcO,   and  C risons

As was  stated  in  the  discussion of  the  9roundvater data,  sites

SA,  N,  C,  and  H  tended  to  have  the  highest  g[Chmdrater  Doc  values.

The  sites  having  the  highest  sediment  'Iac  and  Ear values vere  N,  C,

and  L.    Site  C had  the  highest  average  groundrater  ne and  sediment

"  and  ECX: values,  while  in  all  cases  site  ST had  the  lonrest

values.    Hence,  a  correlation betveen  in vs  Tar  and  Ear  seemed

evident.    Table  25  giwis  the  average  groundrater  in and  sedilnent  Tar

and  Ear values  for  each  site.    Generally  the  greater  the  average

sediment  TOG  and  DOC,  the  greater  is  the  average  groundvater  RE.

The  Speaman  rank-order  correlation  coefficient  for  Doc vs  Tar  is

0.829.    Considering  the  differences  in  the  number  and
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distribution  of  the  sediment  saxples  at  each  site,  the  differences  in

well  depths  at  each  site,  and  the  lack  of  a deep well  at  site  L,  the

strength  of  the  correlation  is  somewhat  renarkable  and  indicates  a

very  close  relationship  betveen  sediment  Tar  and  groundvater  DOC.

The  Spearman  rank-order  correlation  coefficient  for  the  relationship

betveen  RE  and  Eec  is  0.771.    This  value  is  slightly below  the  95%

confidence  value  of  0.811,  and  therefore  indicates  that  the

groundwater  RT was  more  closely  related  to  sediment  Tar  than  to  the

ECX= .

Table  25
IXX:,  'RE,  and  Ear  Coxparisons

Av9.   Doc
( ngA )

1.14
2.79
3.06
4.26
1.27
2.63

Av9.  Tar
(mg/a)

1.24
4.01
T.T2
9.11
6.17
4.00

Avg.    ECX=
(nI/g)

0.62
0.70
1.19
1.95
1.08
0.90

Although  site  I.  had  a  low  average  groundvater  DCX:  value  of  1.27

mg/L,  the  average  sediment  " of  6.17 vas  relatively high.    In  this

situaticm,  it appeared that perhaps  the " values  of  the  sediments

at  the veil-screen depth  strongly  influenced  the  Doc  concentration.

L-S  was  screened  from  20-30  ft.  and  had  an  average  COC  o£  1.44  mg/L,

while  the  Tar values  in  the  screened depths  ranged  fran  <  0.16-0.27

ng/g.    Also,  as vas  illustrated  in  the  discussion  of  the  sediment

data,  site  L did not  reflect many of  the  evident  relationships
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present  at  the  other  sites.    This  lnay  indicate  that  the  interaction

betveen  the  groundvater  and  sediments  at  site  L  is  solnewhat different

from  that  at  the  other  5  sites.    However,  it  should be  noted  that

there  vas  no  deep well  at  site  L,  and  there  vas    no well  in  the

vicinity of  several  sediment  samples with  a  high  Tar  content.

TFP  and  ETFP  Relationshi

The  TFP  and  ETFP  data  also  bear  out  a  correlation  betveen  the

groundvater  samples  and  the  core  sediments.    The  most  notable

indication of  this  can be  seen  in  the  cortparison  of "T  and HFP

yields  for  each  site  (see  Table  26).    As  vas  true  for  the  DCX=,  Ttx:,

and  values,  the  TFP  and  ETFP  yields vere  generally higher  or  lover  at

the  salbe  sites.    Again  site  C had  the  highest  values,  and  site  ST had

the  lovest values  both  for  TFP  and  mFT  yield.    Site  I,  again vas  an

exception perhaps  for  the  reasons  discussed  above.

Table  26
Average  TFP  and  HFP  Yields
(at  3.0  mgA  C12  residual)

Avg.  TFP  Yield

0.18
0.34
0.34
0.34
0.18
0.30

Avg.   ETFP

0.24
*0 . 29
0.36
0.38
0.37
0.29

*  Value  probably  low due  to  chlorine  residuals  less  than  3.0
mgA.

Amniun
The  organic matter  present  in  the  sediments was  not  the  only

influence  upon  the  groundvater  quality.    There  vas  a definite

107



correlation  betveen  the  NI4+  concentrations  found  in  the  groundvater

and  the  extractable  NE14+ measured  in  the  sediments.    As  vas  mentioned

previously,  the  NI4+  concentrations  in  both  the  sediment  and  the

groundrater  increased with  increasing depth at all  sites.    Table  27

shows  the  data  for  sites  N  and  H.    At  site  N,  as  the  extractable  NH4+

increases  frcm  2  ng/kg  to  74  ng/kg,   the  average  NI4+  concentrations

found  in  the  groundvater  rise  from  0.5  to  9.2  mg/I..    The  grourhater

and  extractable  NI4+ values  at  site  H were "ch  lover  than  those

found  at  site  N.    For  site  H,  as  the  extractable  NI4+  increases  fron

1  ng/kg  to  13  mg/cg,  the  average  NI]4+  concentration  in  the

gro`mdvater  increases  only  from  0.1  to  1.0  ng/L.     The  more  NI4+

present  in  the  surrounding  sediments,  the  greater  the  concentrations

fo`md  in  the  9rounhater.    Obviously  then,  the  NE14+  in  the  sediments

is  associated with  the  NII4+  in  the  groundrater  or  vice-versa.

Table  27
NI4+  in  Groundvater  and  Core  Sediments

Well        Screen  Depth        Sed.  depthJfl
N-S                      45-52
N-in               154-164
N-M2                  213-223
N-D                    327-334

H-S1                    14-20
H-S2                    28-35
H-D                    134-154

jjtl
52.5                          2.0

158.0                        23
233.0                        35
330.0                        74

14.5                           1.0
35.0                          6.2

152.5                        13

Aye.E4`

S-ry
The  final  tying  together  of  the  most  ixportant groundrater  and

core  sediment  parameters  (Table  28)  demonstrates  that,  in  general,

the  sites  with  high  COC/TOC  ( rs=O.829)   and  high  Trp/FTFP  yields
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(rs-0.657)  mere  also  those  with  high  NI4+  (rs=0.943)  concentrations

(indicating  a  reducing  environent).    Thus  reducing  conditions,  high

Doc/roc,  and  TFP/HFP yields  go  hand  in  hand.    Under  reducing

conditions,  the  precursor  material  appears  to  be  more  potent  as cell

as  more  available  in  quantity.

Table  28
Statistical Analysis  of  laportant  Grcundvater  and  Sediment  Data

Site      Avg.  DOC/toc
_   (mgA)/(m9/a)

1.14A.24
2 . 79/4 . 01
3 . 06, . 72
4.26„.11
1. 27/6 . 71
2 . 6 3/4 . 00

Correlation

DCX=  vs  "

H+V:sE=.  NI4+

Avg.  TTPAlFP  yield
unles DCx=   or   Eon:)

0 .18/0 . 24
0 . 34/0 . 29
0 . 34/0 . 36
0 . 34/0 . 38
0 .18„ . 37
0 . 31/0 . 29

Av?in%_i;LiF£4+

0 . 1„ . 9
2 . 7/37 . 2
4 . 0„3 . 4
4 .1/38 . 8
0 . 5/10 . 8
0 . 4/8 . 4

J±|
0.829
0.657
0.943

Several  kypotheses  may explain  the  close  relationship  betveen

sediment  Tar  and  groundvater  Baa.    Tro  deal  directly with  the

mechanisms  given  in  Thiman  (1985a).    First,  it  is  thought  that "ch

of  the  organic  matter  in  groundrater with Doc  concentrations  above

2.0  ng/I,  comes  frcm direct  contact  betveen  groundrater  and  the

kerogen present  in  the  sediment.    It  is  also  theorized  that  kerogen

is  related  to  the  initial  organic  input deposited  before

sedimentation  took  place  (Huc  and  Durand,1977).     Therefore,   it  is

likely  that  at  the  sites with high  sedilnent  Tar  contents  had a

greater  initial  organic  input  than  the  sites with  lover  TOC  contents

(i.e.  site  C  vs  Site  ST).    The  greater  the  content  of  organic  carbon

in  the  sediment  the more  available  it  is  to  leach  into  the
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groundvater.    Second,  bacteria  living  in  the  sediment may use  the

organic  carbon  in  the  sediment  as  a  food  source  and  thus  contribute

to  the  groundrater  ne.    The  sites with high  sediment  Tar  contents

provide  more  food  for  bacteria.    This  c:ould allow the  bacteria  to  be

lttore  active  in breaking dam  the  organic  carbon  and  thus  to  release

core  organic  carbon  into  the  groundvater.    Third,  less  energy  is

available  to  drcrobes  living  in  reduced  envirorments,  so  a  higher

concentration  of  organic  carbon may  remin  in  both  the  sediments  and

the  groundrater  because  its utilization by the  microbes  is  not

thermodyandcally  favorable.
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CCNIUSIONS

A.  Groundvater

Despite  problems  encountered  because  of  poor  well  development,

reasonable  conclusions  can  still  be  made.    The  groundvater  quality

found  in  the  glacial  buried-valley  aquifers  in northeast  Kansas was

quite  variable.    Many  of  the  aquifers  had  elevated  levels  o£  DOC,

NI4+' Fe,  and in and  produced  concentrations  of  'ENs  above  the  EPA

primary drinking voter  standard  of  100  ug/L.    For  the  most  part,  both

the  concentration  and yield  of  TFP were  found  to  increase  with

increasing RE  concentration.    It was  ;lso  evident  that  the  incidence

of  poor  groundrater quality vas  related more  to  the  site  than  to  the

depth  frcm which  the  voter vas  taken,  although  the  highest

concentrations  of NI4+,  Fe  and in mere  generally  foul  in  the deepest

veil  at  each  site.    Referring  to  Figure  1,  the poorest  groundwater

quality was  found  in  the  cross-section  of  the  buried valley chamel

in  Nenaha  County  in  the  veils  drilled  at  sites  SA,  N,  and  C.    These

three  sites  had  the  highest  average  DCX=,  TIP  yield,  NI4+,  Fe  and rm,

while  the  sites  to  the vest  and  east,  ST,  L,  and H,  had "ch  lower

average  values  o£  ",  TFP yield,  NI4+,  Fe,  and in.
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a.  Sedinents

All  the  sites  shoved  a  trend  of  increasing pH with  depth,  and

the  deepest  sediments  often  had  pH values  >  9.0.    The  color,  Tac,  and

%Eac  found  in  the  sediments  mere  inter-related  in  that  the  darkest

sedilbents  had  the  highest  and  least  extractable  TCX:,  while  the

opposite  vas  true  for  the  lighter  sediments.    The  Tar  decreased and

the  color  lightened with  increasing depth  to  a depth  at which  the  Tar

increased  and  the  color  darkened.    Fron  these  depths,  the  sediment

" generally tended to drop off and  the  color  lighten as  the depth

increased  to  the  bedrock.    The  lighter  colored  sediments mere

believed  to  have  been  deposited  kyy  streams  and  rivers,  while  the

darker  colored  sediments  are  probably glacial  till  or  buried  soil

horizons.    Not  enouqu  hydrameter  data vas  available  to  conclude  that

the  higher  Tar values  found at  the  middle  depths  and  the  lcner  %Eac

values  found  in  these  sediments mere  in  fact  die  to  an  association

with  clay,  although  that  is  a  logical  hypothesis.    The  extractable

NH4+  values  also  were  found  to  increase  with  depth  and  to  be

associated with  the  grayish  colored  sediments  having variable  Tar

contents.    The  concentration  and yield  of  HFP mere  found  to

correlate  to  the  sediment  Tar and Ear.

Although  Tar,  EXX,  extractable  NI]4+,  and  ETFP  yield  varied

greatly with  sediment  depth,  averaging  the values  by  site  shoved  that

the  TcO,  ECX=,  extractable  NI4+,  and  FTP  yield vere  all  higher  or

lcmer  on  a  site  specific  basis.    Again  it vas  the  Nenaha  County cross-

section  of  the  buried  valley  chamel,  sites  of  SA,  N,  and  C,  that

generally  had  the  highest  average  sediment  'Iac  and  ECX=  contents,
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extractable  NI4+  Concentrations,  and  ETFP  yields.    Site  L  had  some

isolated  instances  of high values  also.    Reducing  conditions,

indicated Py  the  presence  of  high  concentrations  of  extractable  NH4+,

were  associated  high  TCX:  contents.    These  conditions,  in  turn,  were

associated with high  ETFP  concentrations  and  yields.

C.  Conparison  of  Groundrater  and  Sediments

A Conparison of  the  9roundvater  findings with  the  sediment  data

clearly  shows  that  the  sites  having  high  average  groundvater  DCX:,

RE4+,

NI4+,

and TFP  yields  are  the  same  sites  having  high  'Iac,  extractable

and  ETTP  yields.    The  Nenaha  County  cross-section  sites  of  SA,

N,  and  C  fit  this  category.    Site  ST,  to  the vest  in rarshall  County,

had  the  lcmest values  found  in both  the  groundrater  and  sediments.

Site  L  had  low values  in  the  groundrater  but  somewhat  higher  values

in  the  sediments,  but  the  sediments  that  correlated  to  the veil

screen depths  at  site  L all  had  fairly low ",  extractable  NI14+,  and

ETFP yields.    Thus,  it  is  concluded  that  indeed  the  groundvater

quality  is  greatly  influenced kyy  the  surrcunding  sediments.

D.  Applications

The  results  of  this  study bear  ixportant  implications    for  the

future  location and drilling of veils  in northeast  Kansas  and perhaps

elsewhere.    Regarding northeast  Kansas,  the  middle  sections  of Nenaha

county,  including sites  SA,  N,  and  C yielded  groundrater  of  the

poorest  quality.    It v\mild  appear  to  be  advantageous  to  locate water
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supply wells  to  the  east  or vest  of  these  sites  in order  to  obtain

higher  quality voter.      Since  data  from  this  study  show  that  sediment

characteristics  are  closely  related  to  groundvater  quality,  exarining

the  sediments  at  a  site  before drilling wells  for  a cater  supply may

be  helpful.    Because  the  TOC  and  ETFP  yield mere  so  closely  tied  to

the  sediment  color  (which  has  been  shown  to  relate  to  aqueous  DCX=  and

TFP) ,  even  a  rough  detemination  the  sediment  color  would  be  a  useful

indicator  of water  q`rality.    This  may also  apply  to  other

geographical  areas.

The  highest  concentrations  of  NI14+,   Fe,  and  rm were  associated

with  the  deepest  groundvater  samples  which mere  in  contact  with  the

grayish  sediments.    Therefore  locating  the  v`rells  in  the  more

yellcwish  and  pale  brown  sediments  above  the  deeper  gray  sedi(bents

should minimize  the  concentrations  of  NI14+,  Fe,  and in  in  the

groundvater.    The  differences  in  the  lighter  bromish  sediments  and

darker  gray  sediments  may be  indicative  of differences  in  oxidation-

reduction potential  i.e. ,  the  lighter  brcrmish  sediments  are  oxidized

and  have  low  concentrations  of  NI4+,   Fe,  in,  and  TCX=,  while  the

darker  gray  sediments  are  reduced,  having high  concentrations  of

NH4+,  Fe,  un,  and  ".    mowing  the  depth where  this  sediment  color

change  occurs irould  also be  helpful  in  the  location  of water  supply

wells.    Hovever,  the  fact  that  the  'roc  and  color  vere  shchm  to  vary

substantially over  short distances  should  be  kept  in mind when

attempting  to  locate  the  depth  of  the  major  change  in  sediment

color.    In  the  situation of  a vell which  is  to  be  used as  a  city

water  supply,  the  kydraulic  conductivity may not  be  high  enough  in

the  lighter  `xpper  sediments  to  support  such  a  well.    Therefore  a
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large voter  utility  should be prepared  to  treat  the water  produced by

a deep well  for  possible high concentrations  o£  Fe,  in,  ""

precursors .
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RECcrmqamn    ous  FOR  Fun7RE  RESEARa]

me  to  the well  development  problems  and  collection of  less  than

one  year's  worth  of  data,  seasonal  trends  could not  be  adequately

examined.    Groundvater  saxples  should  be  collected  from  the  existing

wells  over  a  longer  period  of  tilne,  such  as  2-3  years.    This  would

allow  for  better  well  development  and  more  in-depth  examination  of

seasonal  and  texporal  trends  in water  quality.    It irould  also  be

interesting  to  see  if  the  site  specific  trends  in voter  quality  found

in  this  study irould  continue  throughout  a  longer  saxpling  period.

A detailed  analysis  of  the  characteristics  of  the  organic matter

in  the  groundvater  and  sediment  could  provide  scoe  interesting

infomation.    Such  an analysis  could  include detemination of:  1)  the

degree  of  h`mification  ( relative  amounts  of  h`mic  and  fulvic  acid;  2)

solubility as  a  function of pH;  3)  stability constants  for  various

metal  coxplexes,  especially  Ca,  Al,  and  Fe;  4)  adsorption  isothems

on  clay  and  sand;  5)  molecular veight  distribution;  6)

biodegradability,  including ability to  serve  as  a  food  source  for

manganese  oxidizing  or  denitrifying  bacteria;  7)  age  (perhaps  kyy

carbon-14  dating);  8)  and  the  TFP  yield  of  various  fractions  (high

and  low molecular  veight,  adsorbable  and non-adsorbable,

biodegradable  and nan-biodegradable,  etc. ).    This  infomation  right

be  helpful  in explaining differences  in  the  concentrations  of  organic

matter  among  the  various  sites,  as  well  as  changes with depth  and

relationships  to  other water  quality parameters.    It could also be
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interesting  to  exarine  the  differences  in  the  organics  in  the darker

and  ligivter  sediments.

A greater  quantity of  h]rd[oneter  data would be  helpful  in

establishing whether  or  not  the  high  sediment  Tar values vere

associated with  clay.    An  analysis  done  on  a  conplete  sediment  core

would  be  the  most  useful.    This  would  also  indicate  whether  or  not

the  lower  %Eac  values  found  in  the  high  'Iac  sediments  were  chie  to  the

strong  interactions  of  the  claps with  the  organic matter.

This  research has  denenstrated  that  sediments  at depth  can have

significant Tar concentrations.    Since '" content  is  related to  the

ability of  sediments  to  adsorb a variety  toxic  chemicals,  barriers  to

the migration of  toxic  chericals may exist  at  considerable  depth.

Research  to  explore  this  possiblity  (e.g.  isothem and  col`mi

adsorption  tests)  could be most helpful  in accessing  the vulnerablity

of  deep  aquifers  to  contamination kyy  toxic  chericals  originating  fran

landfills,  spills,  and deep-veil  injection of wastes.
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