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INmoDucTl oN

Irrigation  wells  screened  in  the  middle  of  unconsolidated  sediments

of  Quarternary  and  Tertiary  age  in  southeastern  Seward  and  southwestern

Meade  counties  have  encountered  saline  water.    Previous  studies  suggest

that  the  salinity  source  is  salt  water  from  the  underlying  bedrock  of

Upper  Permian  age   (Gutentag  et  al.,1981;   Krothe  and  Oliver,1982).

However,  groundwaters  containing  greater  than  200  mg/L  dissolved  chloride

in  the  unconsolidated  aquifer  in  southeastern  Seward  County  have  sodium/

chloride  ratios  ranging  from  0.44  to  0.62.     If  unaltered  halite  solu-

tions  from  the  Permian  rocks  were  the  salinity  source,   this  ratio would

be  expected  to  be  near  0.65.     Much  oil  and  gas  is  produced  in  Seward

County  and  brines  accompanying  the  oil  have  sodium/chloride  ratios

generally  within  the  range  0.50  ±  0.05   (based  on  data  front  the  KGS  brine

file).    Thus,  the  question  of  whether  or  not  oil field  brine  pollution  of

the  groundwaters  was  an  important  salinity  source  needed  to  be  answered.

The  Southwest  Kansas  Groundwater  Management  District  No.   3  reques-

ted  that  geochemical  identification  of  the  salinity  source  in  southeas-

tern  Seward  County  be  made.     The  district  collected  groundwaters  in  July

and  August  1983,   and  sent  samples   to  the  Kansas  Department  of  Health  and

Environment   (KDHE)   laboratories  in  Topeka  for  partial  chemical  analysis

and  to  the  Kansas  Geological  Survey   (KGS)   for  salinity  identification  by

the  methods   of  Whittemore  et  al.    (1981);   Whittemore   (1984).     The  dis-

trict  also  sent  two  oil field brine  salnples  collected  by  the  district

office  of  the  KDHE.    All  sample  locations  are  within  the  study  area

bounded  by  T.34S.,   R.3lw.   and   R.32W,   and  T.35S.,   R.3lw.   and  R.32W.
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PROCEDURE

Concentrations  of  chloride,  bromide,   and  iodide  were  determined  in

all  samples  at  the  KGS  by  automated  methods  on  a  Technicon  Auto-Analyzer.

A  phenol  red  method  was   used  for  bromide   (Basel  et  al.,1982)   and

ceric-arsenious  acid  oxidation  for  iodide  measurements.    Major  dissolved

constituents  were  determined  by  the  KDHE  laboratories.

RESULTS   AND   DISCUSSION

Chemical  analyses  of  groundwater  samples  collected  for  this  study

are  given  in  Table  i,  and  hardness  values  and  chemical  weight  ratios  in

Table  2.     Data  for  earlier  samples  collected  from  some  of  the  same  and  a

few  different wells  in  the  study  area  are  also  listed  in  these  tables

along  with  the  water  chemistry  for  three  observation  wells  drilled  by

the  KGS  in  the  early  1970's  in  a  cooperative  project  with  the  U.S.

Geological  Survey.    One  of  these  latter  wells  is  located  just  to  the

north  of  the  study  area.

Concentrations  of  dissolved  chloride  range  from  14  to  about  800

mg/L  and  sulfate  from  22  to  130  mg/L  in  samples  from  water-supply  wells

in  the  study  area   (Table  i) .    Groundwaters  frcm  supply  wells  in  the  rest

of  Seward  County  contain  8  to  60  mg/L  of  dissolved  chloride   (excluding  a

couple  wells  with  known  oil field  brine  pollution)   and  33  to  177  mg/L

dissolved  sulfate   (Byrne  and  Mcl.aughlin,1948;   Hathaway  et  al. ,1978;

Gutentag  et  al.,1981;   Krothe  and  Oliver,1982;   U.S.   Geological  Survey

computer  files,1976).     Sulfate/chloride  ratios  are  less  than  1.0  in

most  of  the  supply  groundwaters   (and  in  all  well  waters  with  greater

than  60  mg/L  chloride)   in  the  study  area,   and  greater  than  i.0  in  all



Tat)le   1.       Dlssolved   Constltuent   Concentfdtloris    ln   Well    latcrs    fro.    Southeastern   Sol.ard   Col.nty.

loc^1ION    AND
v[ii   Nun8ER

3,S    =1122080

3.S    :21    05DOC

3.S    :21    06BAC

3,S     =2W    I,0^8

3.S    =21   27CBO

3.S    :21   28BAA

3.S    !2.   288AA

3.S    32128888

3.S    22U   298^^

3.S    :21   31800

3.S    J21   320DB

3.S    !2132808

35S    :1u   0.BOB

35S     :11    0.BOB

35S     Ill    0,BOO

3SS     Ill    0,BOO

35S    :11    a.COB

Sis    :Ilo.008

3€S     =111    05,80

35S     :1L    05ABO

3is     :Ill    OS,E'0

35S     :lli    05BA8

3SS    :Ll    05D80

3!S     :11    05DBO

35S    tl.   05080

DATE
0F

sAMpiE             will    NAnE

OA,A

S0uPCE ,
LAB     NO,

SPECIFIC
CONOUCT-                                Ill.6NE-                                 8IC ^P-       Sul-

ANCE.        CAICIUH            SIUH             SO0IUH        BONITE        FATE

|AB
( U MH 0 S )

1      83-i,-€,

I       83-C7-27      AH160    CIPIl

1        83-C7-27       AHIBO    BANCH

I       83-07-27      COPE

1      e3-07-27     puBilc   I.s.

1       83-0,-27

i       e3-37-27

1       8J-0,-27

1       83-07-27      COPE    12

1       e3-c7-27

I       83-07-27

I      8J-0,-27

i       83-07-27      FR^HTZ

1        8]-07-2T      F12AITZ

i        83-C7-27       FRANTZ

i       82-08-13      FRA.TZ

1       e2-0.-22      FR^NTz

I        83-er-27      FRANTz

1         e3-c7-27       F.p.AWTz

1        83-;/-27       FPANTZ

I        82-1.-22       FPAhiTZ

i       e2-32-19      HOLlrs

i        83-t7-2T       FPAllTZ

1        e3-c7-27       Fp^MTz

i        e2-)9-18       FPANTz

X6S8]561              1063

k6S83363                55C

K0ttE162                   617

X6S83366             11.0

K6S8335.               715

X6S83356            25.8

KDH=161                  2310

KDr.[163                 1000

X6S83355                T7C

KDHE16B                     596

k6S83362            ltoo

XDl+E159                  1330

K6S83357                850

KOHE167                     790

KGS83367                855

KOHE,+9

kDH[211.                699

XSS83359                 990

K6S83359              1210

KOH=165                   1090

K3HE2115                 101`3

k3HE1571

X6S83363               18JI

XJHE.166                    179r`

K3HE,,5

H8/L            HG/l             .G/L            HG/L          16/L
CI                      HG                      NA                  HCC3               SO.

?C                    23                    33             2ls

13S                    55                 26`             217

77                     32                      9u               22C

S6                 21                  ..           233

73                     32                 167              231

60                    I,                    S5             2,,

78                   16                   77             22.

71                   i,                   71            2,2

72                    2`                 126              232

7.                 2t              126           2..

TS                      23                      93               220

e7                   3.                253             22e

e3                    33                2.3             2ci

CH|0-        11-
fll0E        TFAT=
|G,|         ,G,L
CLh

8RO-
HIDE        IO010E
N6,|         U6,L

El i(                            I

86                173                                  .19             3.0

5,                     23                                       ,16               3®4

113                 27            ..1

125              173              -               .21            3.8

60                 ,2              -              ,18            3,,

i2i            6o7            -            .30          ..a

120                603             I,I

98               158            2.8

72                  89                                  ,20             ,,0

9                ,8           3.6

89             266                             .19           ..6

91              268           2.8

8              112                                ,I,            3.,

•8            ilo          3.6

0                 120                                    ,12              ,,0

7                121          10.0

3.             loo           2.9

7              162              -              .15           ,.1

61              219              -               .1J            3.8

S9              203            3..

55                237             3.0

57                155             3.6

95              .29                               .22            6.1

92               .28            2.5

93                 ,20              2,,



Table   1.      01ssolved   Constlttient   Conccntratlon31n   Hell    leters   froi.   Southeastern   Se.a.d   County.    (corltlnued)

lot,tl0H   IN0
WELL     NUHBER

DATE
0F

SAHPLE               IJ€lL    NAH=

Sis    :1.   070CC

35S    !1u   10AC^

35S    :1118A00

35S    =21   0lcoB

3:S    :21   Olc0B

35S    !2u   02A^A

35S    !2.   02lA^

35S    :21    020AO

55S    :2.   020AO

55S    :2u   05ABB

3:S    :all   12AI)B

3.S    !1130888

3.S    :1130888

33S    :2L   28C00

DATA

S 0 'J R C I ,
LAB     NO,

SPECIFIC
CONOUCT-

ANCE.        CAIcluH
IAB                   MG,|

(um03'           C^

1       82-08-18

I       82-a.-22      LAuOEfiBACX

I,6NE-
SIuH
MG,|

H6

KOHE..7                                                62                    22

KOH£2116

I       83-07-27      DIP   SAMP.OWS       X6S8336.

1       83-08-29

1      e3-oa-29

1       83-07-27      P[    COMPR    PIT

I       83-e7-27      COHPR    FIT

1        83-08-2Cl       ^B^NDONE0

1       83-08-29      *B.NDOWED

I       8]-07-27      FEED    YAR0

I      83-07-27

X6S83383

KDHE508

k6S83365

koHE16,

K6S83382

X011 £50 ,

k6S83353

koHE16C

2      7.-10-22110   06AILALl     uses

i       7.-10-18      UPPR    PERHI*N      uses

1       7.-10-10      UPPR    P[Pl1!Ah      Uses

698                 6.                19

626

565

5,5                  67                  12

1150

EIC ,a-      Sul-
SODIul.        80HATE        FATE

6,L              H6,L
HA                    HCC3

85             239

7,             253

M6,|
SO,

CH|0-        11-
R[OE         TflATE
IG,L         ,G,|
CLN

BRO-
HI0E        IODIDE
H6,I         u¢,L
88[

58               112            2.5

6                99           3.3

36               58             -

28              ,,           -

35            220                 31                 .9           5.6

logo                    83                    25      .         114             232

3083

2800                 91                 ..              .39            195

690

lo9C                  8.                  26               11.            229

•5oo               152                  58                67a                35

1270              6.0            5000           1..

J600              1800              610C              156

2              189             -

65              201            2.9

130              7a3             -

•13            5.0

16             3,,

2,            3,,

28         ,I.0

126               81,               ,3

22               60             -             .18           8.3

65             206           2.8

ZOO             1270                 .6

1060          11100                ,2

1260          20300               -



Table   2.      lel]ht   Ratlos   of   Olssolved   Constltuents   and   Hardness    in   Lcl(   I/aters    fro.    Southeaste.n  Se.ard   County.

|OCAT,ON     ,HD
WELL    ,|,8=P

3.S     31LI     220EC

3.S     :2W     05DCC

3.s    !2w   o6aic

3.S    :2u    17818

3.S    ]2W    27CBD

3.S    32.    28BA.

3.S    32W    28811

3.S    !2'J    28888

3.S    32u    29B^A

3.S    !2W    318[0

3.S    32u    :2DC8

3.S_32W    320[8

3=S     :1W    C.BC8

3ES    :1.    O.BC8

3=S    :lu    3.BCO

35S     =|u     0,BCO

35S     !1W     .I.COB

35S    I|,    0,OC8

35s     =lu    o5Aec

35S    :lu    05l€C

lee    !iw    ?5^e3

3Es    :ii   o5Bie

:5S     :1W     350EC

35S    :iv    15Deo

3€S     :1u     OSDFt}

DATE

OF                                                                                                                                                                                              Bfl/CL              I/CL
S^t.PLC             IJELL    NAHE             C^/HG          C^/CL          HG/CL          hA/CL          SC./CL       I    10[.       I    10[6

N0l'-                NON-
TOTAI              CAR-          CARBotoTE
IIARO-            B0H^1.I        11Af`OWCSS

NESS       M.RONESS          /SO.

I       83-07-27                                                                                                                                                    .€359          11.2             17.6

I      83-07-27      ^1160   CIRl1                                                                                                     2.I.78          69.6         1.7.8

I       83-07-27      ^l.leo   ftAMcl+            3.0.         2.593            .852          I.222         ..1852

I      a3-o7-27      copt                                                                                                                        .7225         12.I            22.o

I      83-0]-27      PUBLIC    I.S.                                                                                                     .8333         25.a            .7.2

1      83-e7-27

I      83-0 7-2?

1      83-07-27

1       83-07-2T      COPE   .2

1       83-97-27

I      83-a 7-27

i      e3-07-27

i       83-07-27       FR^NTZ

I       83-07-27       FRANTZ

I       83-. 7-27      FR.I.TZ

I       e2-o 8-18       FRANTz

1       e2-a.-22      fRANTz

i       83-0 7-27       FRIHTZ

I       83-®7-27       FR4.TZ

1       83-o  1-27       FaiNTz

I        e2-0.-22       FfANTz

1        82-.3  2-19        H0lrtES

I       e3-]  7-27       FplNTz

I        83-a  7-27       FaAhTz

1         82-®8-18        FftAhTZ

•1993             ,,9                 ,®9

2.53           .23i           .09i           ..3a           .i99c

2..1            ..87            .203            .570            .€203

.ao90        22.5           ...9

2.6T         1.167            ..37            .917         1.0209

•33.6           7.I            17.3

2.28           .272           .119            .623            .:396

•.286         15.2           J3.0

•.29          .5.5          .127          .8.5           ..36.

.3333          lo.G             33.3

•.87           .6.5            .132            .636            .388.

5.07            .6S7            .130            .6T6            .J1.9

.2901             9.3             25-3

2,85              ,,a              1,,,

3.OC.              .355              .118              .621              .29q€

3.0€              .357              .116              .609              .26S7

3.26            ..9.            .1.8            .57`            .!67J

•2168            S.i             1..0

2.56             .2C3             .C79             .556              .215j

2.52             .198              .C75             .579              .221.

269                93                 .82

5TJ               395               3.30

32,                1,,                1,,6

226                35                 .72

31.             125             I.37

207                   ,                 .15

261                  77                I,6,

235                 36              i,0,

279                 88               i.58

28.                 83              I.52

292                101                 I.7€

357                 17C                 1.85

3,3              I,8               I.92



Tab(c   2.      telght   Ratios   of   Olsso(ved   Constltucnts   ano   Hardness    ln   Well   Waters    fron   Southeastern   Seuard   County.    (continued)

locATI0N    AND
LJEll    NL;MBER

DA,I
0F

SAMPLE
BR,CL              I,CI

HELL   HAriE            CA/H6         cA/cL         rG/ci         ^A/Ci         sC./ci      x    log.      I    ioE6

35S    :1W     070CC

35S    :Ill     loACA

35S    3lw     18ACO

35S    !2V    OIC0B

35S    ]2W     OIC0B

35S    32IJ     02^A.

35S    :2W     02A^1

35S    :2W     020AO

3:S    :2W    02010

35S    32u    05At!B

3]S    :2W     12AI}8

3.s   ]iw    3oBe8

3.S   3lu    30808

33S    32u     28COD

i      82-08-18                                              2.82           .55.

I       82-0.-22      LAuOERBACX                3.37             .6.6

I       83-o]-27      DIP    SArp.OUS

1      83-0 8-29

1      83-08-29                                                5.58         i.367

I       83-OT-27       PE    COHPR    PLT

I       83-OJ-27      Collpp   PIT                   3.32            ..13

I       a3-08-29       ABANDONEO

1      8]-0®-29      ^B^.DONEO                   2.07            .112

1       83-07-27       FEED    YARD

•196           .7.i            .S179

•192          .7.7           ..6.6

.€2C7

•5957

•2.5           .71.           .632J

381C

•12.            .567            .:234

•1660

WON-                 Nok-
TOT^L               CAR-           CAflBO^ATE
HIRO-           B0N^ TE       H^f`0*ESS

NESS       H.RDNESS          /SO.

2,5                 ,9                 .85

238                 31                 .6€

22. ,            f'6.2

3,.a            72.3

21,                 36               I,17

12.7            19.6

31.              120              1.8.

3,€           5,.9

•05.          .539           .15.8                                                   .09            2.8             1.97

•3667          ]0.a         138.3

I      83-07-27                                                3.23           ..08           .126            .553           .J155                                                       .17              129              1.98

2      7.-10-22      ll110   06All^l^         3.a.           .L20           .039           .528            .1575                                                       585              507              2.5.

I       7.-10-18      UPPR   PERrll.N         1.98            .11.            .058            ..SO             .C955                                                        5805            5687               5.]7

1       7.-10-10       UPPR   PERl.lAN          2.00             .177             .08S             .300              .0621                                                         16398          16270             12.91
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supply  waters  unpolluted by  anthropogenic  activities  in  the  rest  of

Seward  County.     Sodium/chloride  ratios  range  from  0.44  to  0.62  for  well

waters  with  chloride  concentrations  greater  than  200  mg/L,  and  from  0.57

to  0.86  for  groundwaters  with  dissolved  chloride  of  between  loo  and  200

mg/L,  values  lower  than  usual  for  natural  waters  of  Kansas.     Thus,   the

source  of  higher  dissolved  solids  in  the  groundwater  slpply  appears  to

be  salt  water  with  a  low  sulfate/chloride  ratio  and  a  lower  sodiuln/chloride

ratio  than  in  unaltered  halite-solution  brine.

Weight  ratios  of  bromide/chloride  and  iodide/chloride  indicate  that

the  saltwater  source  is  similar  to  halite  solutions.    Mixing  zone  curves

of  bromide/chloride  and  iodide/chloride  versus  chloride  concencration

were  used  for  the  identification   (Figures  i  and  2) .     The  individual

curves  were  calculated  by  selecting  freshwater  and  saltwater  endpoints

that  would  produce  lines  that  bracket  the  data  points.    The  saltwater

endpoints  chosen  were  also  based  on  the  chemistry  of  halite-solution

brines  from  other  areas  that  I  had  analyzed  for  several  previous  re-

ports.     The  bromide/chloride  endpoints  used  for  the  saltwater  source

were   i.2  x  lo-h  and  2.0  x  10-+  and  the  iodide/chloride  endpoints  i.0  x

10-6  and  3.0  x  10-6  at  a  chloride  concentration  of   loo,000  mg/L.

Bromide/chloride  and  iodide/chloride  ratios  for  the  two  oil field

brines  analyzed  from  Seward  County  are  much  higher  than  for  halite

solutions  as  expected   (Table   3) .     However,   the  two  oil  brines  differ

markedly  in  their  ratios  indicating  appreciable  dif ferences  in  the

history  or  origin  of  waters  in  the  two  groups  of  formations.

The  only  point  falling  outside  the  freshwater  and  halite-brine

mixing  zones  in  Figure  2  was  for  the  irrigation  well   (now  abandoned)
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10,000

CL,    MG/L

Figure  1.    Weight  Ratio  of  Bromide/Chloride  versus  Chloride  Concentration.
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Table  3.    Dissolved  Constituent  Concentrations  and  Weight  Ratios  for
oilfield  Brines  frch}  Southeastern  Seward  County.

Oilfield  Brine

12

Location

Nape

34S   32W   26CB

Thoxpson  #1-26

35S    32W   IBA

Producing  horizon                 Mississippian-Morrowan           Kansas  City  Group

Specific  conductance ,
utho/cm  at  25°c

SO,,   mg/L

C|,   mg/L

Br,   mg/L

I,   mg/IJ

SOL/CI

Br/Cl  x  lot

I/Cl  x  lo6

191, 000 235,COO
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containing  the  highest  chloride  content.    The  bromide/chloride  ratio  for

this  water  fell  within  the  zone  of mixing  of  freshwater  with  halite

brine   (Figure  i) .    The  elevated  iodide/chloride  ratio  in  this  sample

could  be  derived  from  as  little  as  0.03  percent  by  volume  of  oilfield

brine  from  the  Mississippian  System  and  Morrowan  Stage  of  the  LCIver

Pennsylvanian  Series.    The  higher  iodide/chloride  could  not  be  derived

from  a  much  larger  volume  of  pollution  from  brines  produced  from  the

Kansas  City  Group  because  the  bromide/chloride  ratio  in  the  sample  would

also  be  abc>ve  the  halite-brine  mixing  zone.

Salt  waters  from  two  observation  wells  in  the  Upper  Permian  bedrock,

and  saline  water  from  an  observation  well  in  the  middle  of  the  overlying

Tertiary   (Ogallala)   sediments  in  Seward  County  have  low  sulfate/chloride

ratios  and  lower  sodium/chloride  ratios  than  for  unaltered  halite  solu-

tions   (Tables  i  and  2).     Both  of  these  ratios  decrease  with  increasing

chloride  concentrations  in  the  groundwaters.    The  sum  of  the  dissolved

calcium  and  magnesium  exceed  the  sulfate  concentration   (in  mg/L) ,   a

composition  unusual  for  most  Permian  saltwaters  or  saline  groundwaters

affected  by  Permian  brine.    The  Permian  well  water  with  the  high  chloride

content  is  from  the  Big  Basin  Formation,  and  the  other  is  possibly  from

the  Whitehorse  Formation.    Both  of  these  formations  consist  of  fine-

grained  silty  sandstone,  siltstone,  and  shale  in  southwest  Kansas

(Gutentag  et  al.,1981) .

The  Day  Creek  Dolomite,   which  lies  between  the  Big  Basin  and  White-

horse  Formations ,   contains  dolomitic  anhydrite  and  gypsum  with  inter-

bedded  shale.     The  Dog  Creek  Formation  of  the  Lower  Permian  Series

underlies  the  Whitehorse  Formation  and  contains  shale,  siltstone,  very
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fine-grained  sandstone,   and  thin  dolomite  and  gypsum  layers.     Irunedi-

ately  below  the  Dog  Creek  rocks  is  the  Blaine  Formation,   consisting  of

interbedded  gypsum,   anhydrite,  and  shale,   and  bedded  halite   (Gutentag  et

al.,1981).     The  composition  of  the  four  formations  above  the  Blaine

suggests  that,  if  initially  fresh waters  circulated  through  them,  the

ion  exchange  sites  on  the  clays  would probably  be  saturated  mainly  with

calcium  and  magnesium.

The  Blaine  halite  is  probably  the  source  of  the  salt  water  con-

taminating  groundwaters  in  the  unconsolidated  aquifer.     Salt  waters

generated  within  the  Blaine  Formation would  probably  be  similar  to

waters  in  the  Cedar  Hills  Sandstone  and  Salt  Plain  Formation  underlying

the  aquifer  of  the  Great  Bend  Prairie,  which  have  sodium/chloride  ratios

of  0.65  ±  0.05  and  contain  sulfate  concentrations  greater  than  the  sim

of  calcium  and  magnesium.     If  the  salt  waters  then  f lowed  upwards

through  the  overlying  Lower  and  Upper  Permian  strata,   some  sodium  could

be  exchanged  for  calci`m  and  magnesium  ions,   thereby  increasing  the

concentrations  of  the  latter  two  constituents  and  decreasing  the  sodium/

chloride  ratio  in  the  migrating  waters.

The  comparison  of  dissolved  calci\m  and  magnesium  with  sulfate  in

the  waters  from  the  unconsolidated  aquifer  is  more  diagnostic  for

Permian  sources  of  dissolved  solids  if  the  concentrations  related  to

carbonate  solution  are  subtracted.    Thus,  ratios  of  non-carbonate

hardness/sulfate  were  calculated   (Table  2).     Nearly  all  groundwaters

from water-supply  wells  in  the  study  area  that  contain  greater  than  150

mg/L  chloride  have  non-carbonate  hardness/sulfate  values  greater  than

i.0.    This  ratio  is  less  than  i.0  for  essentially  all  waters  from  supply
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wells  in  the  rest  of  Seward  County.    The  non-carbonate  hardness/sulfate

ratio  is  very  high  in  the  underlying  Upper  Permian  rocks  and  in  more

saline  portions  of  the  Ogallala  Formation   (Table  2) .     The  sodium/chloride

ratio  increases  and  the  non-carbonate  hardness/sulfate  decreases  with

decreasing  chloride  concentration  in  the  samples  from  the  three  obser-

vation wells,  trends  also  generally  true  for  the  overlying  saline  and

fresh  waters  in  the  study  area.    These  observations  help  verify  that  the

source  of  higher  chloride  concentrations  in  the  unconsolidated  aquifer

is  salt  water  from  the  Permian  bedrock.

CONCLUSION

The  source  of  saline  water  in  the  unconsolidated  aquifer  in  south-

eastern  Seward  County  is  natural  salt  water  from  the  underlying  Permian

bedrock  and  is  not  oilfield  brine  pollution.    The  salt  water  probably

originates  from  the  Blaine  Formation  and  is  altered  in  composition  by

ion  exchange  as  it  migrates  upwards  through  overlying  sandstones,  silt-

stones,  and  shales  containing  gypsum,   anhydrite,  and  dolomite  before  it

disperses  into  the  Ogallala  Formation.

RECOMMENDATIONS

i.      The  change  in  sulfate  and  chloride  concentrations  and  specific

conductance  with  increasing  depth  should  be  docimented  for  ground-

waters  from  water-supply  wells  in  the  study  area.    The  depth  infor-

nation  should  be  the  screened  interval  and  not  just  the  total  depth

of  a  well.    Contour  maps  of  chemistry  at  various  depth  ranges  and

cross-sections  showing  chemistry  and  screened  interval  should  be
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prepared  to  illustrate  the  current  distribution  and  stratification

of  saline  water  in  the  aquifer.

A  few wells  should  be  selected  for  short-  and  long-term  monitoring.

Wells  for  short-term  monitoring  should  be  irrigation  wells  sampled

on  a  monthly  schedule  before,  during,  and  after  a  grcwing  season  to

determine  whether  drawdown  can  induce  upconing  of  more  saline

water.    Wells  for  long-term  monitoring  should  be  sampled  annually

and  could  include  different  types  of  water-supply  wells.    Data  from

these  observations  could  be  used  to  determine  whether  regional

water-table  decline  might  appreciably  increase  upward  migration  of

deeper  saline  and  salt  waters.

Detailed  cross-sections  of  the  stratigraphy  in  the  Quarternary  and

Tertiary  sediments  should  be  prepared  to  determine  the  distribution

of  less  permeable  zones  which  could  retard  the  vertical  f lcw  of

saline  water.    This  data  would  also  be  necessary  for  the  develop-

ment  of  hydrogeological  models  for  the  area.
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