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I  NTRODUCTI  0N

Slightly   saline  water   has   been   found   in   the   irrigation  well   of

Richard   NeweH,located   in   the   center   of   the   SE2f4  of   Section   19,   T.24S.,

R.low.,   approximately   3   miles   west-southwest   of   the   town   of   Sylvia,

western   Reno   County.      The   chloride   concentration   of   a   sample   coHected

from   this   well    during   July,1977   was    311    mg/L    (Hathaway,    et   al.,1978).

Subsequently,10   samples   were   collected   from   the  well   over   the   course

of   the   1982   irrigation   season   to   determine  whether   the   groundwater

quality  would   change  with   pumping.      The   specific   conductances   and

chloride   concentrations   increased   appreciably   during   pumping   from  July

to   September.      The   low  weight   ratios   of   sodium/chloride   (0.36-0.40)

in   the   samples   suggested   that   oil-f ield   brine   could   be   affecting   the

quality   of  water   at   this   site.      Sodium/chloride   ratios   are   usuaHy

0.5   +   0.I    for   oil-field   brines    in   Kansas,   and   about   0.65   for   halite

(rock   salt)   solutions   in   near-surface   Permian   rocks.      However,   the

ratio   can   be   appreciably   decreased   by   sodium  adsorption   in   clay-containing

sediments   if   the   salt  water   enters   a   freshwater   portion  of  an   aquifer.

Thus,   the  more   conclusive   method   for   distinguishing   oil-field   brine

from  halite-solution   brine   sources   of   salinity   based   on   bromide/chloride

ratios   and   mixing   curves    (Whittemore   et   al.,1981;   Whittemore,1983)

was   applied   to   the   same   10   samples   coHected   from   the   Newell   weH.      This

report   gives   the   results   of   the   chemical    identification  of   the   salinity

S0urce.

PROCEDURE

Bromide   concentrations   were   measured   by   an   automated   phenol    red

method   on   a   Technicon   AutoAnalyzer    (Basel,   et   a].,1982).       Dissolved

chloride  and   sulfate  were  determined   by   automated   spectrophotometric

methods   on   the   same   instrument   using   ferric   thiocyanate   and  methylthymol

blue,   respectively.
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RESULTS    AND    DISCUSSI0N

The   chloride   concentration   of   the  well   waters   increased   from

260   to   397   mg/L   during   the   irrigation   season   pumping    (Table   I).      The

bromide/chloride  weight   ratios   remained   nearly   constant   for   the   same

samples,   averaging   0.00290.      Ratios   for   5  of   these   samples   are   plotted

versus   chloride   concentration   in   Figure   I    (the   points   marked   8).
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Figure   I.      Ratios   of   Br/Cl   for   freshwater   and   brine-mixing
zones,   Great   Bend   Prairie.      Symbols:^domestic   or
irrigation  well ,  .observation  well,   +  oil-field
brine.       (reproduced   from  whittemore,1983).

The   curves    in   Figure   1   are   the   boundary   lines   for   the   zone   of   mixing   of

fresh  waters   in   the   Great   Bend   Prairie   aquifer  with   salt   waters   derived

from   the   underlying   Permian   rocks,   and   the   zone  of   mixing   of   certain   of

the   aquifer   waters   with   oil-field   brine.      The   observation   well   data

represent   water   samples   from   the  well    network   of   the   Big   Bend   Ground-

water   Management   District   and   Kansas   Geological    Survey,    in   which

sites   include   a  well   screened   in   the   upper   saturated   zone  of   the   fresh-

water   aquifer,   another   at   the   base  of   the  aquifer,   and   a   third  well    in

the   top   of   the   underlying   bedrock.      The  oil-field   brine   shown  was

obtained   from   south-central   Stafford   County   and   has   a   bromide/chloride



Table   I.      Dissolved   Constitutent   Concentrations   and
Ratios   for  Water   Samples   from   R.    Newell
I rrigation   Wel I .

Date                             Specif ic
Con ected                 Conductance
rNon/ day / vr                    i)Nirro/ on

Na
mg/L

C'

mg/L
Br

mg/L              Na/Cl
Br/C'

SO+/C]              X    104

7   -   27   -   77

7   -   20   -   82

1   -  2:I   -  &2

8   -   01    -   82

8   -   07   -   82

8   -'3   -82

8   -   2'   -82

8   -   25   -   82

8   -   29   -   82

9   -   05   -   82

9   -   '8   -82

0.44                0.090

0.7'              0.40

0.90              0.39

0.95              0.40

0.99              0.39

I.03               0.39

1.06               0.37

1.06               0.37

I.08              0.38

I.08               0.36

L'0             0.36

0 . 096

0 . 085

0 . 080

0 . 078

0.075

0 . 076

0 . 076

0. 073

0 . 065

0 . 066
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ratio   in   the   same   range  as  most   oil   brines   from  other   areas   of   Kansas.

Chloride   concentrations   in   irrigation   and   shaHow  observation  weH   waters

within   a   6   mile    (10   kin)    radius   of   the   Newell    Irrigation   well   and   greater

than   I   mile    (1.6   kin)    from   a   permanently   flowing   stream,    ranged   from   13

to   18.I   mg/L   and   averaged   about   70  mg/L.      Thus,   the   freshwater   endpoints

for   drawing   a   zone   of   mixing   with   oil-field   brine   were   determined   by   the

bromide/chloride   ratios   at   70  mg/L   chloride  on   the   boundary   lines   of

the  mixing   zone   for   halite-solution   brine.      The   points   for   the   Newell

well   waters   fall   within   the   zone   of  mixing   of   the   fresh   waters    in   the

surrounding   area  with  oil-field   brine,   and   lie   appreciably   above   the   zone

of   mixing   with   halite-solution   brine.

The   sulfate   concentrations   in   the   irrigation  well   waters    (Table   I)

remained   nearly   constant   during   the   summer   pumping.      This   also   suggests

that   oil-field   brine  has   poHuted   the  groundwater   because  oil   brines   in

Kansas   typically   have   low   sulfate/chloride   ratios.      The  observation

weHs   in   the   Permian   bedrock   underlying   the  aquifer  at   the   two   sites

nearest   the   Newell   well   yield  waters   containing   only   a   few   thousand

mg/L   chloride   and   sulfate/chloride   weight   ratios   of   0.14   to   0.15.      Samples

from   the  observation  wells   at   the  base  of   the  aquifer  at   the   same   two   sites

have   chloride   concentrations   of   ]300   to   1500  mg/L  and   sulfate/chloride

ratios   of   0.13   to   0.14.      If   the   source  of   the   salt   water   causing   the

increase   in   chloride   concentration   in   the   Newell   well   was   upconing   of

saline  water   from   the   underlying   Permian   strata,   the   sulfate  concentration

would   have   been   expected   to   at   least   double   (to  over   50  mg/L)   by   the  end

of   the   1982   irrigation   season.

CONCLUS  I  0N

The  main   source   of   salt   water   contaminating   the   groundwater   pumped

by   the   Newell    irrigation   well    is   oil-field   brine.      The   geochemi5try   of

the   irrigation   and  well   waters   from   the  area   suggests   that   only   up   to

about   loo  mg/L   of   the   chloride   concentration   in   the   Newell   well   water

could  be  contributed   by   the  saline  waters   naturaHy   occurring   at   the  base

of   and   immediately   underlying   the   aquifer.
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