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-rtycHCN
The fansas Department of Health and Ftwiramrmt  (FRE)  has been

irIvestigating an area of saline ground water affecting several wells about

one-half mile east of the city limits of Hill City,  Graham County.    The area

of the Contamination primarily ocxprises the S'E  1/4  of the SE  1/4  of sec.  12,

T.8S,  R.23W,  the  S/2  of the  SW  1/4  of  sec.  7,  T.8S,  R.22W,  and the  N/2  of the

NW  1/4  of  sea.  18,  T.8S,  R.22W.    The wells  include dcmestic  and garden wells

and imigation v\rells used for a small orchard.    Ground vater in the area of

the Contamination is chiained frcm sands in Pleistocene te±ce deposits.

threnent of vater in the te-oe deposits is affected by the regional

groundThrater flow and the amount of prmping,  eapecially when the  ilfigation

wells are aperating.    Movement and the crape of the saline cater plume will

also be affected by the permeability of the terrace deposits,  such as faster

mavernent  in the charmel  sands than  in the  fine sands,  silts  and and clays of

the alltlviun.

The suspected origin of the saltwater causing the contamination  is  from

an  industrial  operation  in the SE  1/4  of the SE  1/4  of  sec.  12,  T.8S,  R.23W

irlvolving acids used  in petroleum prc>duction.    The IChH reported that  in  1982

a metal tank with an 8000 gallon capacity used to store hydrochloric acid

(Hcl)  had leaked.    Four,  750 gallon tanks  containing a  surfactant,  corrosion
iinjbitor,  acetic acid,  and ''mrd acid"  (hydrofluoric acid - IF)  were also

present.    A pit located near the tanks has been used as an emergeney overflow
and for the neutralization and disposal of water from the washing of acid tank

trucks.    AncTher pit located west of the tanks was used ky the conpanies who

have cperated at the site.
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The REIE req`rested that the source(s)  of the Contamination be

geochemically identified.    In addition to the saline water generated by the
acid tardc leak and acid tndc cashes,  a question existed as to whether sore

oil-field brines might have been disposed in one of the pits 'in the past.   The

cause was not believed to be natural because saline caters are not kncrmi to

occur naturally in the allLIvial aquifers in the general area of Contamination

as indicated ky rcoent and past analyses of grmind VAter.

FEttx-
The source of salinity was identified kyy the mixing¢urve methods of

Thittenore  (1984,  1988) .    WallTh7ater saxples were collected  frcm both within

and just outside of the contamination plume and sent to the REnsas Geological

Survey  (KGS)  by the RED.    Salxples  containing sediment were  filtered through

0.45 urn melTforane  filter paper before analysis.    A saxple of  concentrated Hcl

used in the petrole\m industry  in REnsas was  Obtained frcmi a petroleim

service conpany  in 14ays.    The Hcl was diluted and then neutralized using

reagent grade NaQH before analysis.    Concentrations of chloride,  bromide,  and

inorganic iodine were determined in the saxples at the RES by autonated

rnetheds  on a Technicon AutoTAnalyzer.    A modified version of the phenol  red

methed of Easel  et al.   (1982)  with oxone  in place  of chloranine-T was used  for

brcndde.    Inorganic  iodine was measured by a catalytic method based on the

reduction of ceric ion by arsenious acid and similar to that used by the U.S.

Geological  Survey  (Fichman  and  Friedman,  1985) .    Splits  of the  salinples were

also analyzed at the REIE laboratories for major and selected minor

constitilent oanoentrations.
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RESUIHS  AND  DISC"SSICIN

Analytical data frm the REIE and the RES used in the salinity

identification are listed in Tables 1 and 2.    Table 3  lists 6 analyses of well

waters frcm within a thro+mile radius of the area su-mding the contamination

plume and one  (Hbcker veil)  abchri 5 miles to the southeast.    Three of the
wells in Table 3  are in allLrvial deposits,  one  is  frcm the Niobrara Chalk,  one

frcm the Oodell Sandstcme lfroer of the Carlile Shale that underlies the

Nichrara,  and one  fruti the `xper part of the hahota Formation.    TWo saxples

were from cater-suaply wells serving Hill City.   All of the sal[ples  in and

ne>d= to the contamination plurle  ('rables  1 and 2)  are from alluvial te-ce

depeits.
The chemical types of the unoontaminated griound waters  represented by the

saples with chloride concentrations less than 100 mg/L in Tables  1 and 3  are

Ca-HcO3  to Ca-S04.    The chloride and sulfate concentrations  for all  21  saxples

in a report on the geology and groundTh7ater resources  for Graham Cbunty

(frescott,  1955)  ranged  front  5  to  75 n`g/L and  3.7  to  335 mg/L,  respectively.
'Ihe highest concentrations were  in ground waters  from the Niobrara  Chalk which

often contains Ca-S04 type water and underlies the alluvium in the Hill City

area.    Water in the NiQbrara Chalk is prc>bably the source of the higher

concentrations of sulfate in some of the alluvial waters,  but is not expected

as the source of the higiv chloride contents  of the contamination plume based

on the available data.

The high nitrate level  in the water from the Niobrara Chalk listed  in

Table 3  is probably  frcm local  contamination frcm animl  or him`an waste.    The

waste contamination Could have contrihited a small  amount of chloride to the

total 71 Ing/L in the ground water at that site.   Many of the well waters  in
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Table  1.    Constituent Coneentratione  in Salrples  front Wells  in Terrace Deposits  in the StuQy Area.    All Constituent conoeutrations
were  determined  by the  Kansas  Deparchent  of  Health  and  Fin/irorment.

Total
alk.                                         N03

mte                            Ca            lrty          Na        lrig/L
Well  mane                    Well  type                      location            Collected      pH       tT`g/L       ng/L     Irg/L      Caco3

J>

Frarut enzel
Rqul Acid north

''

Royal  Acid  south
Royal  Acid  rRE

„
„
in

vans Minirat
Emg- Johnson

in

„
I
''

E.  Johnson  east  #2
''

Garden
ifenitor

''

ifenitor
Monitor

''

''
''

Store supply±ticAouse
''

''

„

„

Irrigation
''

E.   rohnson  windm.ill ..., t:ock
''

E.  JQhnson  testIjyrm Van -
''

Permiruton
Stan lovelady

'

Miller
''

willians
Richard  Ganzel

"
Test-tic

„-tic-tic
I

toHestic/louse
„

8S-23W-12DDZX
8s-23w-i2DDne

''

8S-23W-12DDD
8S-23W-12DDD

h
''

''

8S-23W-13RA
8S-22W-07CXI

in

1

''

''

8s-22w-o7cce
1'

ti.`;-22w~O-/cce
''

8s-22W-o7ar
8S-22W-07CcO

''

8S-22W-18BBB
8S-22W-18BBB

1]

8S-22W-18BRA
''

Dcmestic                     8S-2 2W-18 887\
Domestic?                    8S-2 2W-18BEIA

08-08-88                          196
01-26-87                          160
04-29-87                           162
04-29-87                           206
11-13-87a                        312
01-15-88b                       279
01-15-88C                        284
07-07-88                          174
08-08-88                          106
04-14-86                          382
04-29-87          7.1          564
01-15-88                          599
01-30-88                           660
07-07-88                          357
04-29-87          7. 2          178
07-07-88                           368
04-]4-f}6                               167
04-29-8-/                           212
04-29-87          7.0          212
01-26-88                          154
07-07-88                          201
08-01-88                           194
01-26-88                           200
08-11-88                           162
01-26-88                           240
07-07-88                           240
01-26-88                           182
08-08-88                          166

I,q/L
asN

260            211            122          10. 5
268              98              .71            7.80
261              90              97          10.5
288            147            120          10. 0
242            141            506.          1.67
202            244            279             2. 22
245            228            269             3. 09
242             160               64        `     5.50
256              30               28             3.46
267              54            640            7. 60

346              42          1170            4. 28
361              38          1340            4.25
279              84            642            6. 50

.201
298              74            726            4.73
247               62             156             6.70

232
700

266            125            143          12. 4
245            114            298            8. 95
292            110            169          16. 4
304            101            170          15.1
279              80            126          13. 6
279               48            328             3.58
275               58            342             4.59
295              99            150          13.0
296              66            142          11. 0

_      ____                                         --------------------------------                                                ___I      -I_____      I_

: ¥:eedi::=r f=£pl:5 £:::i:ol-
C  Salqpled  after puxping  300  gallons



Table 2.    Constituent concentration mta for Geochenical Identification of Saxples frcmi the Study Area.
All `ralues were determined by the REnsas Geological  Survey.

Wall I- Well  type

F± Ganzel
Roqpl Acid IdilE monitorv- Mini-
Bug- JQTmson

''

Eugae Johrron west
Eugene Johnson  east  #2
lyrm Van -en
PermirutOn
stan Iovelady
Miller
Ric± Ghael

Garden
Monitor
Store  SuFTly-ticAo-

'

IITigation-tic-tic-tic-tic^o--tic?

mte             CI          Br        I
Location        collected        I"/L      mg/L     ug/L

8s-23w-i2mDc
8s-23w-i2Dro
8s-23w-i3rm
8s-22w-o7ax=

''

8s-22w-07cce
8s-22W-o7ac
8S-22W-07cO
8S-22W-18BBB
8S-22W-18BBB
8S-22W-18BRA
8S-22W-18BRA

concentrated Hcl  from Hallifurton,  sixplied by Vlilcan

08-08-88
07-07-88
08-08-88
06-07-88
07-07-88
06-07-88
07-07-88
07-07-88
08-01-88
08-01-88
07-07-88
08-08-88

123          0.41
64         0.19
28         0.08

610         0.34
643          0.33
96          0.12

737          0.35
304          0.21
169         0.30
127          0.22
331         0.26
142          0.21

07-08-88       400000      50

61

30

850 1.2

90

2.1



Table 3.    constituent Oc>noelitrations  in Saxples  fr`cm tells Surrounding the Strfy Area  in Differerfe Fbmlations  (frchi nt2scife,  1955 and farsas
Ctolcgich  Survey) .    The  first  four analyses  are  fr\oni Presoott  (1955) ,  the  fifth  fr`cm the U.S.  Geological  Survey  (1982) ,  and the  last tco
from Macfarlane  et  al.   (1988) .

lfell  iriame              Well  type                  Location
Date

Geologic  source           collected
I

ngA

Ch

L.  and  F.   Zcinrer
C.E.   WairRTight
C.E.  ifeFadden
city of Hill City

''

C.  Hccker

Hill  City,  U.D.

-tic
Stcx=k
Stcxck
Public  supply

„-tic
Cbervation

8s-22w-o8Exr
8s-23w-o2crm
8s-23w-ogar
8S-23W-13

I
8S-22W-34CcO

8S-23W-02RE

Crete l\for sanborn  Fh      05-29-52
Nicforan  Formtion          11-24-52
temce deposits             11-24-52`rerraoe  deposits              04-16-52

"                                   08-06-81         7. 2
0odell  ss  l`for                      06-15-87         6.9

Cfrlile Shale

1.31          0.4
44.0             0.4

0.25          0.6
1.31          0.6
0.20          0.6
3.16          0.6

Uper  mkota  in                 07-08-88         8.2           3.3       0.9        708         625        244         343      <i               7.9



the study area also have nitrate levels exceeding the drinking-water standard

of  10 rngL/L N03-N.    However,  the hieprest  is  16.4  mg/L N03-N  in  ocxparison with

the 44 mg/L for the Niobrara Chalk well.    The maximm cantrjJ"tion of chloride

from the animal or himan iraste souroe in the stirdy arcs is prchably less than

a few tens of lng/L.    The plume waters with hither chloride Concentrations

generally have lower nitrate contents,  further mling out an animal or human
waste souroe as being an armreciable oontrihiion to the total chloride.

The water frorrL the Codell  Sandstone Mfroer  is  a ca-HcO3,S04  type,  while

the water frcm the `]rper haketa Formation is a Na-HcO3,Cl type.    The chloride

concentrations  for the two salples are 118  and 343  mg/L for the Codell  and the

upper Dakota,  reapectively,  values rmch lower than the higivest chloride  in the

contamination pl\me.

The background chloride concentration in the te-ce deposits appears to

be under  loo mg/L.    Waters with chloride contents  of  100-200 mg/L around the

edge of the contaminated area are generally of Ca-HcO3  type,  while all waters

with chloride concentrations above 200 Ing/L are of Call  chemical  type.

Chloride concentrations range up to  1340 Ir`g/L,  while sulfate contents vary

from 38  to  147 mg/L in the contamimtion area and show no clear correlation

with chloride levels.    Moreover,  son`e of the lcwest sulfate values are for the

highest chloride oonoentrations.    The lctwer sulfate/chloride ratios of the

more contaminated waters  in contrast to the higher ratios  for the bedrock

waters  indicates that the of upconing of natural mineralized waters  frcm the

underlying NiQbrara Chalk or other bedrock as a possible origin for the high

chloride is very unlikely.

The type of contamination sc>uroe vas geochenically identified using

mixing curves of brcmide/chloride and sodiun\/chloride weight ratios versus
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chloride oonoentration  (Figures  1 and 2) .    The  individual  curves  in Figure  1

were calculated using end points that bracket the range in oonposition of

freshaters and Contaminated waters in the study area,  and a saxple of Hcl

used in the petroleum inch]stry in REnsas.    The area where points for typical

oil-field brines front Central to westcoentral kansas wcnnd fall  is also shchm

on Figure 1.   The geochenical  identification prooechme irlvolves the location

of points for the Contaminated waters of oonoem relative to dif ferent mixing

Zarrs ®

The tRAro cuter boundaries  in Figure  1 enclose all  of the caters  in the

study arcs,  forming a  zone of mixing between freshraters and an Hcl  souroe.

The width of the zone about the Hcl point represents an estimated total of

possible variance in the corpositian of the acid and the analytical error.
The dashed line in the center of the mixing zone represents the mixing between

the points  for the REH monitoring well water collected on July 7,  1988,  and

the Hcl  saxple.    Ecoept  for the F.  Ganzel  salxple,  all  of the ground waters

with >100 mg/L chloride  fit the mixing of  freshwater with Hcl.    The  F.  Ganzel

well  lies to the west in the upgradient direction of ground-water flow from

the acid pit.
A gram of the I/Cl ratio versus chloride coneentration for data in Table

2 would appear sinilar to Fiqure  1.    'Ihe I/Cl ratio decreases with increasing

chloride oc)ncentration in the contaminated waters within a mixing zone with

the Hcl as the saltrater end point.   'Ihe I/Cl ratios of typical oil-field
brines  in REnsas are generally >40 tines that of the Hcl  saxple.

Althougiv Figure  1 indicates that the contamination source is definitely

not oil-field brine,  it carmot be used to differentiate between the Hcl and an

anthrcmaenic souroe of salt contamination such as rcrad salt.    Figure 2  chows
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\\\\
Oil-fi.eld   brines\\\\\

loco                                 10000

Chloride.    mg/L
100000 1000000

Figure  1.    Mixing Qirves  for the  Br/CI  Weight Ratio versus  Chloride Concentration  for Ground
Waters  in the  Study Area  ( . )   and  Ccrm[\ercial  Grade  of. Hydrochloric Acid  ( A) .    See
Tclblc  ?.   for  cl<|ta.      rllic`  li.-`t-.c]icTl  lrox   1,ilx`t.i.c`d   ''Oi.I.-r.ic].d  br.iiics"   represcmts  tlic  mnge   in
chenical  character of most Ifansas oil-field brines.



loo                                                 1000

Chloride,     mg/L
10000

Figure  2.    Mixing airves  for the Na/CI Weight Ratio versus Chloride
Concentration for Ground Waters within the StuQy Area  ( . ) ,  Table
i,  and Sunounding the StuQy Area  ( ^ ) ,  Table  3.    The brackets  on
the rigivt of the diagram represent the uaral ranges in the Na/Cl
ratio for halitersolution bribes and oil-field brines in REnsas.
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that the Na/Cl ratio of the raters of the study area decHreases with increasing

chloride Concentration.   'Ihe end points for cxquting the two curves were

selected such that the resulting mixing zone enclosed all of the ground waters

listed in Tables  1 and 3  except for the hakcta aquifer.    The extrapolation of

the mixing curves to higiver chloride values suinests that the Na/Cl weight

ratio of the Contamination sCh]rce  is near 0.1.    This value  is rmch lctwer than

the 0.65 chtained frun the solution of halite  (Nacl) ,  the primary conponent of

road salt.    The `ralue  fits the leaching of calcium,  magnesium,  and sodium from

soils  and sedjrments kyr Hcl,  followed by the exchange of sore of the  calcium

and lr`agnesiun for sodium on clays.    If the salt origin were other than the

hydrochloric acid,  the source would have to have been primarily Cac12  in

character.    There is no evidence or record of a large amount of this chemical

having been present in suf ficient quantities at or near the site to have been
able to cause the contamination.

The saxples  frcm the REIE monitoring well have relatively high  fluoride

concentrations  in conparison with values  for the other ground waters  in the

contamination area.    'Ihe aoconpanying calcium concentration  is higher than

could be present  if the ground water were in equilibriim with fluorite.    The

results suggest that a small amc>unt of IH has also  infiltrated fran the acid

pits and prrfuoed a solution supersaturated with respect to fluorite.
Alternatively,  the Hcl cculd have leached fluoride containing minerals  in the

soils and sedinents.    The oanoentrations are too  low,  however,  to cause

substantial increases  in fluoride in ground waters at the distances of the

contaminated water s\xplies from the acid pits.

The chemistry of the Contaminated water is sonewhat sinilar to ground

water  in a Pleistocene outrash aquifer in ltentucney polluted by Hcl  from a
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break in an industrial vasterdischarge line.    The polluted Kentualey water was

of Ca,M9il chemical type,  had low Na/Cl and S04/Cl ratios,  and high  fluoride

concentrations  (GnTh,  1970) .    The Ill of the Contaminated vater was  low

(2.4-6.6)  in oonparison to the near neutral pH of the Hill  City grmmd waters.

Ratios of Ca/lrty are higiver in the cantaminated` Hill City waters than  in the

polluted lfentuctey waters.    Solution of carbanate minerals in the soils and
aquifer sedinents  in the IIill City area and lime  (Cao)  and/or linestone

fragments placed in the acid pits apparently have neutralized the Hcl that

infiltrated to the grm]nd water.    The higiv Ca/lrty ratio s\xpports the

dissolution of mainly calcium ccxpchmds.    rmgnesiLm concentrations also

directly correlate with chloride values,  but reach levels only about an order

of magnitude lower than the calcium.    The total alkalinity,  nearly all of

which is present as bicarbonate,  does not increase very rmch with increasing

chloride concentration due to the control of carbonate equilibria  (calcite

solubility/precipitation relationships)  in the system.

CDNC"SIONS

The source of the higiv chloride Concentrations  in the contaminated ground

water in the alluvial aquifer to the east of the Royal Acid pits is most

probably the infiltration of hydrochloric acid frown the surface.    The acid \`as
neutralized by dissolving carbonate minerals  in the soils and sedinents and

line in the pits to produce a Ca{l type water with a low Na/Cl  ratio.    Mixing

ciirves based on Eir/Cl ratios  f it the acid source and indicate that Ire

significant amcunts of oil-field brine are present in the contaminated caters.

The mixing trend of decreasing Na/Cl ratios with increasing chloride contents

points to a Na/Cl value that is rmch too low to be frcm ocrmin road salt
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ocxpased primrily of halite  (Nacl)  as a source.

Natural mine]alized waters  jn the alluvial sediments and  in the bedredc

from the NiQbrara and carlile formations  in the area are of Ca-S04 type and

have chloride oonoentrations <120 Ing/L.    Mineralized water in the upper Da]sota

Formation has too low a chloride content and Na/Cl  and S04/Cl  ratios too high

to be the salinity source.   The conposition of the natural waters in

oonparison with the relatively low sulfate oonoentrations and Na/Cl ratios in

the most contaminated portion of the plim`e indicate that a natural  source of

Contamination is highly unliJaly.

Although lt`any of the well waters have nitrate levels exceeding the

drinking water standard by a  few Irig/L,  the ground waters with the higher

chloride contents tend to have lower nitrate concentrations.    Thus,  animal or

human waste does not appear to have contributed appreciably to the high

chloride portions of the contamination plume.
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sent to the Survey.
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