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TYPES OF SALTWATER SOURCES ADDING
CHLORIDE TO STREAMS IN RANSAS

Natural saltwaters from dissolution of
evaporite minerals, primarily rock salt

Salinization from evapotranspiration water loss
and concentration of remaining salts

Formation brines associated with petroleum
exploration and production

Salt mine wastes

Dissolution of deicing and water softener salt

Animal and human waste

Municipal and industrial waste and waste leachate

Spills and leaks of industrial chemicals such as
hydrochloric acid

Fertilizers containing potassium chloride



SOURCES OF SURFACE WATER-QUALITY DATA

U.S. Geological Survey Stream Stations
Waterlquality monitoring stations

Mainly from late 1950's to mid-1970's
Early analyses mainly by KDHE
Later analyses by USGS labs

1996 included only t\^ro stations in Kansas
Water-qualify stations for specific studies of limited

duration
Specific conductance determined during rating curve

measurements at flow stations
Kansas Department of Health and Environment

Stream chemistry monitoring network
Some from late 1960; most from 1970's to present
Revisions in network according to data needs
Analyses by KDHE laboratories

Kansas Biological Survey
Surface-water chemistry determination in ecological or

environmental studies
Analyses at KBS laboratories

Kansas Geological Survey
Surface-water chemistry determination in stream-aquifer

studies
Analyses at KGS laboratories

Cooperative studies of other state agencies such as Kansas
Water Office and Department of Agriculture with analyses
by USGS, KDHE, KGS

Municipal and industrial water supply and stream monitoring

Miscellaneous college, university, and local agency  studies



NATURAL SOURCES AND CONTROLS ON
WATER SALINITY

Main source of dissolved salts is dissolution of
soluble minerals, primarily the evaporite
minerals halite (rock salt, sodium chloride) and
gypsum and anhydrite (calcium sulfate)

Processes affecting salt concentration in water
Mixing of waters at surface and in subsurface

Dilution by rainwater and snowmelt (large
variations due to weather and climatic
changes)
Direct precipitation on surface waters
Overland flow and soil jnterflow
Infiltration to ground water

Intrusion of saltwater into fresher water
Mixing of ground waters
Streamlaquifer interactions

Ground-water intrusion to streams
Stream recharge to ground water

Concentration of salts by loss of water
Evaporation from surface or shallow

subsurface
Transpiration of water from plants



MAIN AREAS OF INTRUSION OF SALINE GROUND
WATERS TO SURFACE WATER

Intrusion of saltwater from Permian redbeds to
overlying Dakota aquifer, then directly into streams
or into alluvial aquifers which then discharge to
streams in central and north-central Kansas where
the Dakota aquifer outcrops or subcrops

[ntrusjon of salt\^/ater from Permian redbeds into
regional unconsolidated aquifers and alluvium
followed by discharge into streams
Regional aquifers of south-central Kansas

Eastern Great Bend Prairie area aquifer
Western Equus Beds area aquifer

AIIuvial aquifers
Cimarron River in southwestern Kansas
Arkansas River in south-central Kansas
Ninnescah River in south-central Kansas
Smaller streams in extreme south-central

Kansas
Intrusion of sa[t\^rater from Permian rock containing

salt beds (Wellington Formation) into alluvial
aquifers followed by discharge into streams
Smoky Hill River valley in Saline and Dickinson

Counties in central Kansas
Lower Arkansas and Ninnescah river valleys in

southlcentral Kansas



ANTHROPOGENIC ACTIVITIES AFFECTING
NATURAL CHLORIDE SOURCES

Change in flow characteristics of streams by
reservoirs, ponds, and terracing thereby
affecting stream mixing; a general result is
reduction of natural salinity extremes

Decrease in fresh ground-water discharge to
streams as a result of lower water tables, thereby
decreasing freshwater for dilution of natural
salinity

Increase in surface water area in reservoirs and
ponds that can be affected by evaporation
thereby increasing natural salinity

Increase in salinity of soil and shallow ground
water through concentration of natural salts in
irrigation waters by evapotranspiration thereby
increasing salinity of runoff and shallow groundl
water discharge

Induced movement of saline ground waters into
discharging zones and recharge of saline stream
waters into ground water due to aquifer pumping

Precipitation and evapotranspiration changes from
climatic changes?



METHODS FOR IDENTIFICATION OF SOURCES
OF SALTS IN WATER

Changes in bromide/chloride and
sulfate/chloride ratios with change in chloride
concentration relative to conservative mixing
curves
Differentiation of sources and estimation of
contributions from multiple sources in
mixtures.

Deviations from conservative mixing on cation
ratio versus chloride concentration graphs.

Cation ratios are affected by ion exchange but
aid source differentiation and determination
of relative age (geologic versus pollution) of
sat.Inewater



Saline Surface Waters in Kansas

Mean >230 mg/L Chloride
Mean >860 mg/L Chloride

Based on data from Kansas Department
of Health and Environment through 1996

Don Whittemore, Kansas Geological Survey,
9/1/97



KDHE STREAM CHEMISTRY MONITORING NETWORK

DATA SOURCES:

Hrdrology:  USEPA RF2 modlfled by KDHE
Polltlcal boundarlo8:  KGsfl(CDB
Monltoring statlons:  KDHE

KDHE  OSS/OIS  Aug.1997  DRAFT
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Figure 1.  Areas with known or potential saltwater problems in south-central Kansas.
The Great Bend Prairie aquifer lies within GMD5, and the Equus Beds aquifer within GMD2.
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Figure 3.   Schematic illustration of the factors influencing the movement of saltwater from a bedrock region of higher head
into and within the overlying freshwater aquifer and surface water discharge areas.
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Kansas Geological Survey Salt Dissolution Study   1989
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PROJECT   COMPLETION   REPORT

FACTORS   CONTROLLING   VARIATIONS   IN   RIVER   WATER
QUALITY   IN   KANSAS

by

Donald  0.  Whittemore
Associate  Scientist

A  Research  Project  Conducted
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Figure  2.     Discharge  Versus  Total  Diss.olved  Solids  for  the  Smoky  Hill
River  at  Enterprise,   1970-1977.
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Figure  5.     Comparison  of  Cl/(C1  +  S04)   fo.r  the  Highest  and  I-owest  Total
Dissolved  Solids  in  Rivers  of  the  Kansas  River  Basin.    The
points  are  the  averages  from  Tables  2  and  4.
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F`igure  6.     Comparison  of  Cl/(Cl  +  S04)   for  the  Highest  and  I.owest  Total
Dissolved  Solids  in  Rivers  of  the  Arkansas  River  Basin.    The
points  are  the  averages  from  Tables  3  and  5.
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Figure  11.     Generalized  Cyclic  Relationships  of  Discharge  Versus  Specific  Conductance   and
Na/(Na  +  Ca)   for  the  Saline  River  near  Russell.
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Figure  7.     Discharge  Versus  Specific  Conductance  for  Different  Hydrologic
Events  of  the  Smoky  Hill  River  at  Enterprise.
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Figure  12.     Generalized  Cyclic  Relationships  of  Di:charge  Versus  Specific  Conductance  and  Na/(Na  +  Ca)   for
the  Smoky  IIill  River  at  Enterprise.



Kansas Department of Health and Environment Data                     Streams with  mean for chloride >230 mg/L                 Donald whittemore,  Kansas Geological  survey  9/1/97

Stn. Start End Station name CO Status Obs. Mean S.D. Max. Min. Obs. Mean S.D. Max. Mln. Obs. Mean S.D. Max. Min.

NO. year year Kansas River basin All All All All All 1990 1990 1990 1990 1990 Pre. Pre. Pre. Pre. Pre.
509 1990 1996 Buffalo Creek near Concordla CD F 38 420.3 252.8 939 26 38 420.3 252.8 939 26
715 1995 1995 North Fork Big Creek near Wall(er EL R 5 273.2 17.7 298 252 5 273.2 17.7 298 252

7 1975 1996 Smoky Hill River near Russell RS F 189 692.8 428.6 2213 10 38 659.1 478.9 1950 24 151 701 .3 41 6.2 2213 10

714 1994 1994 Landon Creek near Russell RS R 3 290.3 52.6 351 258 3 290.3 52.6 351 258
713 1994 1994 Fossil Creek near Russell RS R 3 510.3 23.8 526 483 3 510.3 23.8 526 483
269 1973 1996 Smoky HllI R. at EIlsworth EW F 210 370.7 1 34.5 627 17 38 369.5 1 58.5 601 24 172 371 .0 129.2 627 17

11 1975 1996 Saline River near Russell RS F 193 1277.0 910.9 4140 16 40 1000.8 948.6 3160 69 153 1349.2 889.9 4140 16

538 1990 1996 Paradise Creek near Waldo RS F 40 606.9 565.4 1750 27 40 606.9 565.4 1750 27
82 1975 1994 Saline R. below Wilson Dam LC X 155 841 .5 1 69.3 1149 30 153 844.4 164.4 1149 30

537 1990 1994 Wolf Creek near Sylvan Grove LC R 11 442.5 294.0 962 184 11 442.5 294.0 962 184
513 1990 1996 Saline R. near Beverly LC F 39 442.0 219.6 898 55 39 442.0 219.6 898 55
267 1973 1996 Saline R. near New Cambria SA F 212 349.6 1 72.6 991 22 39 352.8 1 69.8 741 53 173 348.9 173.7 991 22
512 1990 1996 Salt Creek near Minneapolis OT F 40 457.1 266.8 1330 31 40 457.1 266.8 1330 31

266 1973 1996 Solomon  R. at Niles OT F 216 233.2 1 18.6 490 16 39 21 5.9 1 24.8 443 25 177 237.0 1 1 7.3 490 16

265 1973 1996 Smoky Hill R. at Enterprise DK F 222 359.8 220.6 1264 25 43 385.4 266.1 1264 83 179 353.6 208.6 920 25
264 1973 1996 Smoky Hill R. at Junction City GE GWQl 120 268.0 1 48.3 710 29 26 227.7 1 1 8.5 471 31 94 279.1 1 54.2 710 29

Obs. = number of observations            All = all data             1990 = data for 1 990 through 1 996             Pre.  = data prior to 1990



Kansas Department of Health and  Environment Data                     Streams with mean for chloride >230 mg/L                 Donald whittemore,  Kansas Geological survey  9/1/97

Stn. Start End Station name CO S'a'us Obs. Mean S.D. Max. Min. Obs. Mean S.D. Max. Min. Obs. Mean S.D. Max. Min.

NO. yea, year Arkansas F{iver basin All All All All All 1990 1990 1990 1990 1990 Pre. Pre. P,e. Pre. Pre.
660 1992 1996 Rattlesnake Creek near Hudson SF R 11 1241.3 744.2 2546 85 11 1 241 .3 744.2 2546 85
30 1975 1996 Rattlesnake Creek near Raymond RC F 200 2878.3 1207.0 5780 565 41 3303.2 1303.8 5780 565 159 2768.7 1160.0 5180 670

658 1992 1996 Peace Creek near Sterling RN R 11 1 796.7 492.8 2636 1260 11 1 796.7 492.8 2636 1260
659 1992 1996 Salt Creek near Hutchinson RN R 11 1 366.9 129.1 1670 1220 11 1 366.9 129.1 1670 1220
523 1990 1996 Arkansas R. near Hutchinson RN F 40 512.1 178.9 848 64 40 512.1 178.9 848 64
656 1992 1996 Little Cow Creek near Lyons RC R 30 274.1 123.6 460 8 30 274.1 123.6 460 8
657 1992 1996 Cow Creel( near Lyons RC R 29 378.7 148.2 609 16 29 378.7 148.2 609 16

522 1990 1996 Cow Creek near Willowbrook RN F 42 254.0 94.2 442 22 42 254.0 94.2 442 22
287 1974 1996 Cow Creek near Hutchlnson RN F 222 612.6 425.2 4350 60 42 453.6 134.6 682 117 180 649.7 460.2 4350 60
524 1990 1996 Arkansas R. near Yoder RN F 43 527.4 212.7 1190 88 43 527.4 212.7 1190 88
283 1973 1989 Arkansas R. near Haven RN X 177 629.4 224.4 1190 23 177 629.4 224.4 1190 23
536 1990 1996 Arkansas R. near Maize SG F 41 494.6 192.5 948 45 41 494.6 192.5 948 45
533 1990 1996 Turkey Creek near Alta Mills HV R 11 351 .8 191.3 668 45 11 351.8 191.3 668 45
246 1975 1996 Little Arkansas R. at AIta Mills HV F 200 265.2 152.5 623 19 41 276.2 1 32.0 570 22 159 262.3 1 57.6 623 19

281 1973 1996 Arkansas R. at Derby SG F 219 341.0 141.8 720 12 42 299.2 119.6 513 12 177 350.9 1 45.1 720 20
36 1975 1996 South Fork Nlnnescah R. near Murdock " F 201 258.6 74.1 440 27 43 263.2 66.9 399 75 158 257.4 76.1 440 27

280 1973 1996 Nlnnescah R. near Belle Plaine SU F 217 215.4 96.2 5cO 17 41 231.7 89.0 485 24 176 21 1 .6 97.7 5cO 17

527 1990 1996 Arkansas R. at Oxford SU F 41 253.8 82.5 412 48 41 253.8 82.5 412 48
218 1967 1996 Arkansas R. near Arkansas Cfty CL F 250 323.8 1 39.9 720 22 41 308.9 112.6 488 39 209 326.7 144.7 720 22
104 1981 1982 Arkansas R. near Newkirk, OK KAY X 11 264.5 1 39.3 444 58 11 264.5 139.3 444 58
591 1990 1996 Salt Fork Arkansas R. near Hardtner BA F 34 255.3 119.5 536 37 34 255.3 119.5 536 37
221 1967 1989 Salt Fork Ark.  R. near Winchester, OK Woods X 91 285.5 137.9 730 16 91 285.5 137.9 730 16

600 1990 1996 Crcoked Creek near Englewood ME F 38 1 1 22.7 212.5 1570 396 38 1 122.7 212.5 1570 396
701 1995 1995 Day Creek near Sitka CA R 6 1 005.0 74.7 1097 879 6 1005.0 74.7 1097 879
592 1990 1996 Cimarron R. near Protection CM F 33 924.3 282.1 1450 37 33 924.3 282.1 1450 37
222 1967 1996 Clmarron R. near Forgan, OK ME F 132 753.3 208.2 1210 150 38 1 cos.2 82.5 1210 876 94 651 .5 148.2 996 150

Obs. = number of observations            All = all data            1990 = data for 1990 through  1996            Pre. = data prior to 1990



Kansas Department of Health and Environment Data                                  Streams with p = 0.159 (mean plus one standard deviation) for chloride >230 mgA                              Donald whittemore, Kansas Geological survey  9/1A)7

Sth. Stirt End Station name CO Statue Obs. Mean S.D. Mar Min. M+SD Obs. Mean S.D. hha Min. M+SD Obs. NLean S.D. NqLX- Min. M+SD Conmems
NO. yen year Kansas River basin All All An All All All 1990 1990 1990 1990 19sO 1990 P,e. Pre. P,e. Pre. Pro. Pro.
509 1990 1996 BuffaIo Creek near Concord fa CD F 38 420.3 2S2.8 939 26 673.1 38 420.3 252.8 939 26 673.1
715 1995 1995 l`loth Fed( Big Creek near Walker EL R 5 2732 '7.7 298 2S2 290.9 5 2732 '7.7 298 252 290.9

7 '975 1996 Smole/ Hill Rber near Russell RS F '89 692.8 428.6 2213 10 1 121.4 38 659.1 478.9 1950 24 1 1 38.0 151 701 .3 41 6.2 2213 10 1 „7.5
714 1994 1994 Landon Creek near Russen RS R 3 290.3 52.6 351 258 342.9 3 290.3 52.6 351 258 342.9
713 '994 1994 Foesil Creek near Russell RS R 3 5'0.3 23.8 S26 483 534.1 3 510.3 23.8 526 483 534.1
269 1973 1996 Smole/ Hill  R. at Ells\rorth EW F 2'0 370.7 134.5 627 17 505.2 38 369.5 158.5 601 24 528.0 172 371 .0 129.2 627 17 500.2

9 1975 1994 Smolq/ Hill Rber below Karopolis EW X 158 '97.8 52.7 353 21 2sO.5 '56 197.4 52.7 353 21 250.1
548 1990 1996 Sa ine R, mar Hays EL F 40 182.6 782 398 40 260.8 40 1 82.6 78.2 398 40 260.8

11 1975 1996 Sa ire Rhrer near Russell tis F 193 1277.a 910.9 4140 16 2187.9 40 1CXX).8 948.6 3160 69 1949.4 153 '349.2 cog.9 4140 16 2239.1
538 1990 1996 Paradise Creek near Waldo RS F 40 606.9 565.4 '750 27 1 1 72.3 40 6es.9 565.4 1750 27 1 1 72.3
82 1975 1994 Solire F`. belo`^/ Wilsori Dam LC X 155 841 .5 169.3 „49 30 1010.8 153 844.4 164.4 1149 30 1008.8

537 1990 1994 Wolf Creek near S)Aan Grtrve LC R 11 442.5 294.0 962 184 736.5 11 442.5 294.0 962 184 736.5
513 1990 1996 Se he R. near Beverly LC F 39 442.0 219.6 898 55 eel .6 39 442.0 219.6 898 55 661.6
267 1973 1996 Sa ne R. near New Cambria SA F 2'2 349.6 172.6 991 22 522.2 39 352.8 169.8 741 53 522.6 '73 348.9 173.7 991 22 522.6
511 1990 1996 Solomon R. near Gfasoo CD F 39 219.7 1 53.4 740 46 373.1 39 219,7 153.4 740 46 373.1
512 1990 1996 Sa Creel< near Mimeapolis OT F 40 457.1 266.8 1330 3t 723.9 40 457.1 266.8 1330 31 723.9
266 1973 1996 So onron R. at Nits 'OT F 216 233.2 118.6 490 16 351.8 39 215.9 1 24.8 443 25 340.7 '77 237.0 1 1 7.3 490 16 354.3
265 '973 1996 Smoky Hlll R. at Enterprlee lDK F 222 359.8 220.6 1264 25 580.4 43 385.4 266.1 1264 83 651.5 179 353.6 208.6 920 25 562.2
264 1973 1996 Smoky Hill R, at JIInction Cfty GE GWQ' 120 268.0 148.3 710 29 41 6.3 26 227.7 1 1 8.5 471 31 346.2 94 279.' 1542 710 29 433.3
518 1990 1996 Kansas R. near O9den 'FtL F 68 197.1 1 06.4 549 39 303.5 68 197.1 106.4 549 39 303,5
262 1973 1996 K,rrsas R. at Manhattan lRL GWQl 202 167.a 91.5 415 26 258.5 25 1 54.0 73.9 298 37 227.9 177 168.8 93.8 415 26 262.6

I

Obs. I number of obseTwhions            All = all data            1990 = data for l990 through 1 996            Pre, = data prior to 1990



Kansas Department of Hearth and Environment Data                                  Streams with p = O.159 (mean plus one standard deviation) for chloride >230 mg„                             Donald whittemore,  Kansas Geological survey  9/1re7

Stn. Start End Station mane CO Status Obs. Mean S.D. Max. Min. M+SD Obs. Mean S.D. Max Min. M+SD Obs. Mean S.D. Max. Min. M+SD Comments
NO. year year Arkansas River basiri All All All An All All 1990 1990 1990 1990 1990 1990 P,e. Pro. Pro. Pro. Pro. Pro.
284 '973 1996 Arfensas R. near Great Bend BT F 214 128.3 62.1 565 4 1 90.4 38 139.a 96.1 565 „ 235.1 '76 126.0 52.1 275 4 178.1 Only two >230
660 1992 1996 Rattlesnak. Creel< rear Hudson SF R 11 1 24' .3 744.2 2546 e5 1985.5 „ 1 24' .3 7442 2546 85 1985.5

cO 1975 1996 Rattlesnake Creek near Ra`mond RC F ZOO 2878.3 1207.a 57cO 565 4085.3 41 3303.2 1303.8 S7cO 565 4607.a 159 2768.7 1 1 cO.0 5180 670 3928.7
658 1992 1996 Peace Creek near Sterling RN R 11 1796.7 492.8 2636 1260 2289.5 11 1796.7 492.8 2636 1260 2289,5
6S9 1992 1996 Salt Creek near Hutchinson RN R 11 1366.9 129.1 1670 1220 '496.0 11 1366.9 129.1 1670 1220 I 496.0
523 1990 1996 Ailansas R. itear Hiitchinson RN F 40 512.I 1 78.9 848 64 691 .0 40 512.1 178.9 848 64 691 .0
656 1992 '996 IJttle Cow Creek near Lroms RC R 30 274.1 1 23.6 460 8 397.7 30 274.1 123.6 4cO 8 397.7
657 1992 1996 Co`^/ Cpeek I.ear Lyons RC R 29 378.7 '48.2 609 16 526.9 29 378.7 1 48.2 609 16 526.9
§22 1991 1996 Cow Creek near \^/illo`^bwh lRN F 42 254.a 94.2 442 22 348.2 42 254.0 94.2 442 22 348.2
287 1974 1996 Con/ Creek near H utchinson RN F 222 612.6 425.2 4350 60 1037.8 42 453.6 134.6 682 117 588.2 180 649.7 4cO2 4350 60 1 log.9
524 1990 1996 Ahansa8 R. near Yoder RN F 43 527.4 2'2.7 1190 88 740.1 43 527.4 212.7 1190 88 740.1
283 1973 1989 ATfansas F3. near Haven RN X 177 629.4 224.4 llsO 23 853.8 177 629.4 224.4 1190 23 853.8
S36 1990 '996 Arkansas F`. near Maize SG F 41 494.6 192.5 948 45 687.1 41 494.6 1 92.5 948 45 687.1
533 1990 1996 Turkey Creek near Aha Mills HV R „ 35'.8 191 .3 668 45 543.1 „ 351 .8 19' .3 668 45 543.1
246 1975 1996 little Arkansas R, at AIta Mills HV F ZOO 265.2 152.5 623 19 417.7 4' 276.2 132.0 570 22 408.2 '59 262.3 157.6 623 19 419.9
281 1973 1996 Arfenca8 R. ct Derby SG F 219 34' .0 1 41 .8 720 12 482.8 42 299.2 1 1 9.6 513 12 41 8.8 177 350.9 145.1 720 20 496.a
52S 1990 1996 North Fork Nlnnescah R. near Castkston RN F 41 21 I .9 37.2 270 75 249.1 41

'     211.9
37.2 270 75 249.1

ee 1975 1996 Sotth Fork Ninnescah R. near Murdock KM F 201 Zee.6 74.1 440 27 332.7 43 263.2 66.9 399 75 3sO.1 158 257.4 76.1 440 27 333.5
280 1973 '996 Nlnnescah R. ftear Belle Pfaine SU F 217 215.4 96.2 5cO 17 31 1 .6 41 231 .7 89.0 485 24 320.7 176 21 1 .6 97.7 500 17 309.3
527 '990 1996 Arkansas R. at Choord SU F 41 253.8 82.5 4'2 48 336.3 41 253.8 82.5 4'2 48 336.3
218 '967 '996 Aftonsas R. near Arkansas Cfty CL F 250 323.8 139.9 720 22 ace.7 41 308.9 1 1 2.6 488 39 421.5 209 326.7 144.7 720 22 471 .4
279 '973 1996 Walnut R, near EI Dorado lBU F 218 I 71 .6 1 44.0 720 6 315.6 41 94.9 44-7 179 6 1 39.6 177 189.4 1S3.1 720 13 342.5

38 19`,5 '996 Whi`e`^/ater R. at Tor/anda 'Bu F 199 Ice.1 1 4' .a 946 5 329.1 42 1 16.9 44.8 197 5 '61.7 157 207.2 1 51 .6 946 7 358.8
106 1981 1996 Walnut R. at Gordon BU F 135 '32.4 80.6 450 6 213.0 41 101 .0 46.0 170 6 147.0 94 146.1 88.5 450 16 234,6
104 1981 1982 Arlansas R, mar Newt(irk, 01( KAY X „ 264.5 139.3 444 58 403.8 11 264.5 139.3 444 58 403.8
591 1990 1996 Salt Fork Arkansas R. near Hardtner BA F 34 255.3 1 19.5 536 37 374.8 34 255.3 119.5 536 37 374.8
221 1967 '989 Salt Fork ATk. R. near Wirichester, OK Woods X 91 285.5 1 37.9 730 16 423.4 91 285.5 137.9 730 16 423.4
COO 1990 '996 Crooked Creek near Englewood ME F 38 1 1 22.7 212.5 1570 396 1335.2 38 1 122.7 212.5 '570 396 1 335.2
701 1995 1995 Day Creek near Sire CA R 6 loos.a 74.7 1097 879 1079.7 6 1005.0 74.7 1097 879 '079.7
593 1990 1996 Blufr Creek near Protection CM R 40 156.7 2'8.7 9cO 19 375.4 40 1 56.7 218.7 960 19 375.4
S92 1990 1996 Cimarron R. near Protection CM F 33 924.3 282.1 1450 37 1206.4 33 924.3 282.1 14SO 37 1206.4
222 1967 1996 Cimarron R. near Forgan, OK ME F 132 753.3 208,2 1210 150 961 .5 38 loos.2 82.5 12'0 876 1 087.7 94 651 .5 1482 996 150 799.7

Obs. = nuTnber of observations            All = all data            1990 = data for 1990 through 1 996            Pre. = data prior to l990



Kansas Department of Health and Environment Data Streams with P = 0.1  for chloride >230 mgA Donald Whittemore.  Kansas Geological Survey  9/1ro7

Sin. S" End Station cal"! CO Status Obs. Mean S.D. Max. Mn. M+SO90 Obs. Mean S.D. Max. Mn. M+S0go Obs. Mean S.D. Nfax. M'n. M+SD90 ComnentB
No. year year Kanas River basln All An All AIl All An 1990 1990 1990 1990 1990 1990 Pro. Pro. Pre. Pro. Pro. Pro.
509 1990 1996 But/alo Creek near Concordla CD F 38 420.3 252.e 939 28 743.9 38 420.3 252.8 939 26 743.9
71§ 1995 1995 Nofth Forl< Bid Creek lmar Walker EL R 5 273.2 17.7 298 252 295.9 § 273.2 17.7 298 252 295.9

7 197§ 19ge Smoky H[]I Rber near Russell RS F 189 692.8 428.6 2213 10 1 241 .4 38 659.1 478.9 1950 24 1272.1 '§1 701 .3 418.2 2213 10 1234.0
714 1994 1994 landon Creek near F`ussell RS R 3 290.3 52.6 351 258 357.6 3 290.3 52.6 351 258 357.6
713 '994 1994 Fossil Creek near Russell RS R 3 510.3 23.8 528 483 540.8 3 510.3 23.8 S26 483 540.8
269 1973 1996 Smoky llill R. at Elis`roth EW F 210 370.7 134.§ 627 17 542.9 38 369.5 158.5 601 24 572.4 172 371.0 129.2 627 17 536.4

9 1975 1994 Smoky HIII Rber belowr Karopelis EW X 158 197.8 52.7 353 21 265.3 '56 197.4 S2.7 3S3 21 264.9
548 1990 1996 Saline R. riear llays EL F 40 182.6 78.2 398 40 282.7 40 182.6 78.2 398 40 282.7

11 1975 1996 Saline F`iver near Russell RS F 193 1277.0 910.9 4140 16 2443.a 40 1 000.8 948.6 31cO 69 2215.0 153 13492 889.9 4140 16 2488.3
538 1990 1996 Paradise Creek near Wak]o RS F 40 6cO.9 565.4 1750 Z7 1330.6 40 606.9 565.4 1750 27 1330.6

82 1975 1994 Saline R. belo`^r Wilson Dam |C X 155 841 .5 169.3 1149 30 1058.2 153 844.4 164.4 1149 30 10st.8
537 1990 1994 Wolf Creek near S\^fan Gmre |C R 11 442.5 294.a 962 184 818.8 11 442.S 294.a 962 184 818.8
513 1990 1996 Saline F`. near Bevgiv LC F 39 442.0 219.6 898 55 723.1 39 442.0 219.6 898 55 723.1
267 1973 1996 Saline R. near Ne`^/ Cambria SA F 212 349.6 172.6 991 22 570.5 39 352.8 169.8 741 53 570.1 '73 348.9 173.7 991 22 571 .2
§'1 1990 1996 Soloriron F`. near Glasco CD F 39 219.7 153.4 740 46 416.1 39 219.7 153.4 740 46 416.1

512 1990 1996 Salt Creek r`ear Mlnncapolis OT F 40 457.1 268.8 1330 31 798.6 40 457.1 266.8 13cO 31 798.6
266 1973 1996 Solorim F`. at Npes OT F 216 233.2 1 I 8.6 490 16 3es.a 39 215.9 124.8 443 25 375.6 177 237.0 1 17.3 490 16 387.1
265 1973 1996 Srroky Hill R. at Enterpfe® DK F 222 359.e 220.6 1264 2S 642.2 43 SOS.4 266.I 1264 83 726.0 179 353.6 208.6 920 25 620.6
264 1973 1996 Smoky Hill R. at Junction City GE GWQl '20 268.0 148.3 710 29 457.8 26 227.7 1 1 8.5 471 31 379.4 94 279.1 154,2 710 29 476.5
§118 1990 1996 laneas R. near Ogden RL F 68 197.1 106.4 S49 39 333.3 68 197.1 1 06.4 549 39 333.3
262 1973 1996 Kansas R. at Manhaman RL GWQI 202 1 67.0 91.5 415 26 284.1 25 154.a 73.9 298 37 248.6 177 1 68.8 93.8 415 26 288.9
251 1972 1996 Mill Creek rrear Shawnee JO F 243 73.3 582 665 7 147.8 43 1 16.2 109.1 665 38 255.8 Winter h.pghs, road sam

M+SO90 I mean plus 1 .280 times Standard deviation (Pst,1 )
All = all data            1990 = data from 1 990 through 1996             Pro. = data priorto 1990



Kansas Department of Health and Environment Data Streams with P = 0.1  for chloride >230 mg/L Donald Whittemore,  Kansas Geological  Survey  9/1/97

Stu. Start End Sfalion man. CO Sbtus Ob9. Mean S.D. Max. Min. M+SD90 Obs. Mean S.D. Max. Mln. M+SD90 Obs. Mean S.D. Max. Min. M+SD90 Comments
No. year year Arkansas F`ivel basin All AH All A" All A" 19cO 1990 1990 1990 1990 1990 P,e. Pro. Pro. Pro. Pre. Pro.
284 1973 1996 Ahanes R. rtear Gloat Bend BT F 214 I 28.3 62.1 565 4 207.8 38 139.0 96.1 565 11 262.0 '76 126.0 52.1 275 4 1 92.7 Only tyro >230
660 1992 1996 Ra"eenake eek nea. Hudson SF R „ 1241.3 744.2 2546 8S 2'93.9 „ 1 24' .3 744.2 2546 85 2193.9

30 197§ 1996 F`atueanke eek near Reymond RC F 200 2878.3 1207.0 5780 565 4423.3 41 3303.2 1303.8 5780 565 4972.1 159 2768.7 1 1 cO.O 5180 670 4253.5
658 1992 1996 Peace Creek near Stedlng RN R 11 1796.7 492.8 2636 1260 2427.5 11 1796.7 492.8 2636 1260 2427.5
6S9 1992 1996 Salt Creek nan Hutchlnson RN R 11 1366.9 129.1 1670 1220 1 S32. I 11 1366.9 129.1 1670 1220 1532.1

S23 1990 1996 Arkansas R. near Hutchlnson RN F 40 §12.1 178.9 848 64 741 . 1 40 512.1 1 78.9 848 64 741.1

656 1992 1996 ljttlc Cow/ Creek near Lyons RC R 30 274.1 1 23.6 4cO 8 432.3 30 274.1 123.6 4cO 8 432.3
657 1992 1996 Cow Creek near Lyons RC R 29 378.7 148.2 609 16 568.4 29 378+7 148.2 609 18 568.4
522 1991 1996 Co`^/ Creek near Willonforook RN F 42 2S4.0 94.2 442 22 374.6 42 254.0 94.2 442 22 374.6
287 1974 1996 Co`A/ Creek near Hutchinson RN F 222 612.6 425.2 4350 60 1 156.9 42 453.6 134.6 682 117 625.9 180 649,7 460.2 4350 60 1238.8
S24 19sO 1996 Arfensas R. near Yodel FiN F 43 527.4 212.7 1190 88 799.7 43 §27.4 212.7 1190 88 799.7
2cO 1973 1989 Arkansas R. near Haven RN X 177 629.4 224.4 1190 23 916.6 177 629.4 224,4 1190 23 916.6
536 1990 1996 Artansas R. near Maize SG F 41 494.6 '92.5 948 4S 741 .0 41 494.6 1 92.5 948 45 741.0
533 1990 1996 Turkey Creek near Ab Mill8 HV R 11 351 .8 191 .3 668 45 596.7 11 35' .8 191 .3 668 45 596.7
246 1975 1996 Little Arkansas R. at Aha Mllls HV F 200 26§.2 1 52.5 623 19 460.4 41 276.2 132.0 570 22 445.2 159 262.3 157.6 623 19 464.0
281 1973 1996 Arkansas F`. at Ochy SG F 2'9 341 .a 1 41 .8 720 12 522.§ 42 299.2 119.6 513 12 452.3 t77 350.9 145.1 720 20 536.6
52S 1990 1996 NOTth Fork N eBcah R. near Castlcton RN F 41 21 ' .9 37.2 270 75 259.5 41 21 1.9 37.2 270 75 259.5
36 1975 1996 South Fork N nnescah R. near Murdock KM F 201 2sO.6 74.1 440 27 353.4 43 263,2 6G.9 399 75 348.8 1S6 257.4 76.1 440 27 354.8

280 1973 1996 Ninnescah R. near Belle Plallro Su F 2'7 215.4 962 500 '7 338.5 41 231.7 89.0 485 24 345.6 176 211 ,6 97.7 5cO 17 336.7
527 1990 1996 Arkansas R. at Oxfed Su F 41 253.8 82.5 412 48 359.4 41 253.8 82.S 412 48 359.4
218 1967 1996 Arkansas R. near Alfansas Cfty CL F 250 323.8 '39.9 720 22 502.9 41 308.9 t 1 2.6 488 39 453.a 209 326.7 144.7 720 22 5' 1.9
279 1973 199¢ Walnut R. near EJ Dorado BU F 218 171.6 1 44.a 720 6 35§.9 41 94.9 44.7 179 6 152.I 177 189.4 153.1 720 13 385.4

38 197§ 1996 \^/hite`rater R. at Ta`randa au F 199 188.1 1 41 .a 946 S 368.6 42 I 1 6.9 44.8 197 5 174.2 157 207.2 151.6 946 7 401 .2
'es 1981 1996 Walnut R. at Gordon BU F 135 I 32.4 80.6 450 6 235.6 41 101.0 46.a 170 6 1§9.9 94 146.1 88.5 450 16 259.4
'04 1981 1982 Arfaneas R. rrear Newkirk, OK RAY X „ 264.5 139.3 444 58 442.8 11 264.5 139.3 444 58 442.8
591 1990 1996 Salt Fork Artcansas R. near Hardtner BA F 34 255.3 1 19.5 536 37 408.3 34 255,3 119.5 536 37 408.3
221 '967 1989 Satt Fork Ark. R. near Wlnchester, OK Woods X 91 28S.5 137.9 730 16 462.0 91 28S.5 137.9 730 16 482.a
GOO 1990 1996 Crcoked Creek near Engle`rood ME F 38 1 1 22.7 212.5 1570 396 1394.7 38 1 122.7 212.5 1570 396 1394.7
701 1995 1995 Day Creek near Sire CA R 6 loos.0 74.7 1097 879 1 too.6 6 loos.a 74.7 1097 879 ' 1 cO.6
593 1990 1996 Bluff Creek near PTctectlon CM R 40 1 56.7 218.7 960 19 436.6 40 156.7 218.7 960 19 436.6
592 1990 1996 C]marron R. near Pro(ectlon CM F 33 924.3 282.1 1450 37 1 285.4 33 924.3 282.1 1450 37 1 285.4
222 1967 1996 ClmarTon R. Iiear Foman, OK ME F 132 753.3 208.2 1210 Ice 1019.8 38 loos.2 82.5 1210 876 1110.8 94 651 .§ 148.2 996 150 84' .2

M+SDcO a mean plus 1.280 times standard de`riation (Pst.1 )
All = all data            1990 = data from 1 990 through 1 996            Pro.  = data priorto 1 990



Kansas Department of Health and Environment Data Streams with both P = 0.05 and P=O,02 tor chloride >230 mg/L Donald Whittemore,  Kansas Geological  Survey  9/1/97

Stn. Stilt End Station frame CO Status Obs. Mean S.D. Max. Min. M+SO90 M+SD95 M+SO98 Obs. Mean S.a. Max. Min. M+SD90 M+SD95 M+SD98 Obs. Mean S.D. Max. Min. M+SD90 M+SD9§ M+SD98
NO. Yea, year KaTmas Rlv®r basin A" Au Am All All All A» All 1990 1990 1990 1990 1990 1990 1990 1990 Pro. Pre. Pro. Pre. Pro. Pro. Pre. P,e.
SOS 1990 '996 Bufato Creek near Concordfa CD F 38 420.3 252.8 939 26 743.9 836.2 939.6 38 420.3 252.8 939 26 743.9 836.2 939.6
7'5 '995 1995 Noth Fork Bis Creek near Walker E| R 5 273.2 17.7 298 252 295.9 302.3 309.6 5 273.2 17.7 298 252 295.9 302.3 309.6

7 '975 1996 Smoky HilI River near Russe« RS F 189 692.8 428.6 2213 10 1241.4 1397.8 1573.1 38 659.I 478.9 1950 24 1272.1 1446.9 1642.8 151 701.3 416.2 2213 10 1234.0 1 385.9 1556.2

714 1994 1994 Landon Creek near Russell RS R 3 290.3 52.6 351 258 357.6 376.8 398.3 3 290.3 52.6 351 258 357.6 376.8 398.3
713 1994 1994 Fossil Creek near Russell RS R 3 510.3 23.8 526 483 540.8 549.5 559.2 3 5'0.3 23.8 526 483 5cO.0 549.5 559.2
269 1973 1996 Smoky H F`. at Ellswortn EW F 210 370.7 134.5 627 17 542.9 592.0 647.0 38 369.5 1S8.5 col 24 572.4 630.2 695.1 '72 371 .0 I 29.2 627 17 536.4 583.5 636.4

9 1975 1994 Smoky H River betw Karopolis EW X 158 197.8 §2.7 353 21 26S.3 284.5 306.0 156 197.4 52.7 3S3 21 264.9 284.1 SOS.6

514 '990 1996 Smoky H R. near Mentor SA F 38 1 66.7 44.6 255 72 223.8 240.1 258.3 38 166.7 44.6 255 72 223.8 240.1 2sO.3
548 1990 1996 Sal ne R. rmar Hays EL F 40 1 82.6 78.2 398 40 282.7 31 1 .2 343.2 40 182.6 78.2 398 40 282.7 31 1 .2 343.2

11 1975 1996 Sa no F{iver near Russell RS F 193 1 277.a 910.9 4140 18 2443.0 2775.4 3148.0 40 1000.8 948.6 3160 69 22'§.a 2561 .2 2949.2 153 1349.2 889.9 4140 16 2488.3 2813.1 3177.1

538 1990 1996 Paradise Creek near Wak]o RS F 40 606.9 S6§.+ 17sO 27 1330.6 1 537.0 1768.2 40 606.9 565.4 1750 27 1330.6 1537.0 1 768.2
82 1975 1994 Sal in® F{. below \^/ilson  Dam LC X 155 84' .5 169.3 1149 cO 1058.2 1 1 20.0 1 189.2 153 844.4 1 64.4 1149 30 1054.8 1 1 1 4.8 1 1 82. 1

537 1990 1994 Wolf Creek near Syhan Grow. LC R „ 442.5 294.a 962 184 818.8 926.1 1046.4 11 442.§ 294.a 962 184 818.8 926.1 1046.4
5,3 19cO 1996 Sa no R. near Beverty LC F 39 442.0 219.6 898 55 723.1 cO3.2 893.1 39 442.a 219.6 898 55 723.1 803.2 893.1
267 1973 1996 Sa ino F`. near Ne`^r CaiTibrfa SA F 212 349.6 172.6 991 22 570.S 633.5 704.' 39 352.8 169.8 741 53 570.1 632.1 701.6 173 348.9 1 73.7 991 22 571 .2 634.6 705.7
268 1973 1996 Smoky Hi11  R. I`ear Salina SA F 218 1 43.7 42.1 262 13 197.6 213.a 230.2 39 162.3 41.9 250 71 215.9 231 .2 248.4 179 139.7 41.2 262 13 192.4 207.5 224.3
511 1990 1996 Solomon R. near Glasco CD F 39 219.7 153.4 740 46 416.1 472.a 534.8 39 219.7 153.4 740 46 416.I 472.0 534.8
5'2 1990 1996 Sa rt Creek near Mlnneapolis OT F 40 4S7.1 266.8 1330 31 798.6 896.0 1cO5.1 40 457.1 266.8 1330 31 798.6 896.a loos.1
2es 1973 1996 SokNTm R. at Nikes OT F 216 233.2 I 1 8.6 4cO 16 385.0 428.3 476.8 39 215.9 124.8 443 25 375.6 421 .2 472.2 177 237.0 117.3 490 16 387.1 430.a 477.9
265 1973 199e Snroky H R. at Enteorise DK F 222 359.8 220.6 1264 25 642.2 722.7 812.9 43 385,4 266.1 1264 83 726.a 823.1 932.a 179 353.6 2ce.6 920 25 620.6 696.7 782.1

264 1973 1996 Smoky H R. at Jurxin Cfty GE GWQl 120 26e.0 148.3 710 29 457.8 51 2.0 er2.6 26 227.7 1 t 8.5 471 31 379.4 422.6 471.1 94 279.1 1 54.2 710 29 476.5 532.8 595.8

§18 1990 1998 Kamas R. near Ogden F\L F 68 197.1 1 ce.4 549 39 333.3 372.1 41 5.6 68 197.1 loo.4 549 39 333.3 372.1 41 S.6

262 1973 1996 Iansas R. at Manhattan RL GWQl 202 167.a 9'.5 415 26 284.1 317.5 354.9 2S 154.0 73.9 298 37 248.6 275.6 305.8 177 168.8 93.8 415 26 288.9 323.I 361 .5

2S' 1972 1996 Mi I Creek near Sha`^mee JO F 243 73.3 58.2 66S 7 147.8 169.0 192.8 43 1 16.2 log.1 665 38 255-8 295.7 340.3

M+SD90 a moan + 1.280x std. dev. (P=O.1)            M+S095 = mean + 1.645 xstd. dev. (Pet.03            M+SD90 = mean + 2.054x std. dev, (Pst.02)

All a all data            1990 = data from 1990 through 1996            Pre. = data phor to 1990



Kansas Department ot Health and Environment Data Streams with both P = 0.05 and P=O.02 for chloride >230 mgfu Donald Whittemore,  Kansas Geological Survey  9/1/97

S'n. Start EJrd Station name CO Status Obs. Mean S.D. hfu Mln. M+SD90 M+SD95 M+SD98 Obs. Mean S.D. Mar Mh. M+Sum M+SD95 M+SO98 ObS. Mean S.D. Max. Min. M+SDsO M+SDg§ M+SO98
No. Year yea, Arkansas Fziver basin All All All Au All All All A" 1990 19sO 1990 1990 1990 1990 '990 1990 Pro. Pro. Pro. Pro. Pro. Pre. Pro. Pro.
285 1973 1989 Aharsas R. near Dodge Cfty FO X 84 137.8 69.1 463 58 226.2 251 .5 279.7 84 137.8 69.I 463 58 226.2 251 .5 279.7
284 t973 1996 ATkansas R. near Great Bend BT F 214 128.3 62.1 56§ 4 207.8 230.5 255.9 38 lag.0 96.1 565 11 262.0 297.1 336.4 176 1 26.0 52.1 275 4 192.7 21 1 .7 233.a
660 1992 1996 F`attleapke Creel( near Hiidson SF R 11 1 241 .3 7442 2546 8S 2193.9 2465.5 2769.9 11 1 241 .3 744,2 2546 85 2193.9 2465.5 2769.9

cO 197S 1996 Rattlesnake Creek near F{ayTrond RC F 200 2878.3 1 207.0 57cO 565 4423.3 4863.8 5357.5 41 3303.2 1303.8 57cO 565 4972.1 S448.0 5981 .2 159 2768.7 1 1 cO.O 51cO 670 42S3.§ 4676.9 §151 .3

658' 1992 1996 Peace Creek near Stchlng RN R 11 1796.7 492.8 2636 1260 2427.5 2607.4 2808.9 11 1 796.7 492.8 2636 1260 2427.5 2607.4 2808.9
6S9 '992 1996 Saft Creek near Hutchlneon RN R 11 1366.9 129.1 1670 1220 1532.I 1579.3 1632.1 1 1  |  1 366.9 129.1 1670 1220 1532.1 1579.3 1632.1
523 1990 '996 AIlansoe R. near Hutcliinson FIN F 40 §'2.1 178.9 848 64 741 . 1 8ce.4 879.G 40 512.1 178.9 848 64 741 . 1 806.4 879.6
6es 1992 1996 Little Co`^/ Creek near lyons Fic Fi cO 274.1 123.6 460 8 432.3 477.4 528.0 30 274.1 1 23.6 4cO 8 432.3 4774 528.a
657 1992 1996 Cow Creek ncaT Lyons RC R 29 378.7 148.2 609 16 568.4 622.5 683.1 29 378.7 148.2 609 16 568.4 622.5 683.1
522 1991 1996 Co`^/ Creek near \Mllo`^brook RN F 42 254.a 94.2 442 22 374.6 409.0 447.5 42 254.a 94.2 442 22 374.6 409.0 447.5
287 1974 1996 Co`^/ Creek near Hutchifison RN F 222 612.6 4252 43sO cO 1 156.9 1312.1 1486.0 42 453,6 134.6 682 117 62S.9 675.0 730.1 180 649.7 4cO.2 43sO 60 1 238,8 1406.7 1595.0
524 1990 1996 Ailarrsae FZ. near Yodel RN F 43 527.4 2t2.7 1190 88 799.7 877.3 964.3 43 527.4 212.7 1190 88 799.7 877.3 964.3
283 1973 1989 Arfansa8 R. near Haven RN X 177 629.4 224.4 1190 23 916.6 998.§ leo.3 177 629.4 224.4 1190 23 916.6 998.5 logo.3
5361 '990 1996 Aifan9a3 R. near Maize SG F 41 494.6 192.5 948 45 741 .0 81 1 .3 890.0 41 494.6 192.5 948 45 741.0 8' 1 .3 8sO.0
533| 1990 1996 Turkey Creek near Afta Mills HV R 11 351 .8 1 91 .3 668 45 596.7 666.5 744.7 11 351 .8 191 .3 668 45 596.7 666.5 744.7
246 '975 1996 Life Arfansas R. at Aha Mlls HV F 200 265.2 152.5 623 19 460.4 5'6.1 578.4 41 276.2 132.0 570 22 445,2 493.3 547.3 159 262.3 1 57.6 623 19 464.0 521 .6 586.0
281 1973 1996 Arfan9as R. at Defoy SG F 219 341 .0 1 41 .8 720 12 522.5 574.3 632.3 42 299.2 „9,6 513 12 452.3 49§.9 544.9 177 350.9 145.1 720 20 536.6 589.6 648,9
525 1990 1996 North Fork Ninnescah R. riear Castleton FZN F 41 21 1 .9 372 270 75 259.5 273.1 288.3 41 21 1 ,9 37.2 270 75 259.5 273.I 288.3
36 1975 1996 South Fork Ninnescah R. iiear Murdck>k KM F 201 2S8.6 74.1 440 27 353.4 3cO.§ 410.8 43 263.2 66.9 399 75 348.8 373.3 4cO.6 158 257.4 76.1 440 27 3S4.8 382.6 413.7

280 1973 1996 Nimescah R. near Belle Pbine SU F 217 215.4 962 500 17 338.5 373.6 413.a 41 231 .7 89.0 485 24 345.6 378.1 414.5 176 21 1 .6 97.7 500 17 336.7 372.3 412.3

527 1990 1996 Arfansa8 R, at Ox/ord Su F 41 253.8 82.5 412 48 359.4 3cO.5 423.3 41 253.8 82.5 412 48 359.4 389.5 423.3
218 1967 1996 Arfaneas R.  near ATfansas Cfty CL F 250 323.8 139,9 720 22 sO2.9 553.9 61 ' .2 41 308.9 1 12.6 488 39 453.0 494.1 540.2 209 328.7 1 44.7 720 22 51 1 .9 564.7 623,9
279 '973 1996 Walnut R. near El Oorado Bu F 218 1 71 ,6 144.0 720 6 355.9 408.§ 467.4 41 94.9 44.7 179 6 152.1 1 68.4 186.7 177 189.4 153.1 720 13 385.4 4412 SOS.9

38 '975 1996 Vvliite`^cter R. at To`randa BU F 199 188.' 1 41 .0 946 5 368.6 420.0 477.7 42 1 16.9 44.8 197 5 174.2 190.6 208.9 157 207.2 151 .6 946 7 401 .2 456.6 518.6

106 '981 1996 Walnut R. at Goffro Bu F 13§ 1 32.4 80.6 450 6 23§.6 265.0 298.a 41 101 .0 46.a 170 6 159.9 176.7 195.5 94 146.1 88.5 450 16 259.4 291 ,7 327.9
278 1973 1989 Walnut R. at Arkansas Cfty C| X 174 1 1 5.0 76.3 390 9 21 2.7 240.5 271 .7 174 1 15.0 76.3 390 9 212.7 240.5 27' .7
'04 1981 1982 Arfaneas R. near Ne`wirk, OK KAY X 11 264.5 139.3 444 58 442.8 493.6 550.6 11 264.5 139.3 444 58 442.8 493.6 5sO.6

591 1990 1998 Sun Foil( Arkansas R. near Hardtner BA F 34 25§.3 1 1 9.5 536 37 408.3 451 .9 5cO.8 34 255.3 1 19.5 536 37 408.3 451 .9 5cO.8
22' 1967 1989 SaR Fork Ark. R. near Wirwhester, OK Woods X 91 285.5 137.9 730 16 462.0 512.3 568.7 9' 285.5 137.9 730 16 462.a 512.3 568.7
6cO '990 1996 Crooked Creek near Engle`^cod ME F 38 1 1 22-7 212.S 1570 396 1394.7 1472.3 1559.2 38 1 1 22-7 212.5 1570 396 1394.7 1472.3 1559.2
70' '995 1995 Day Creek iiear Sitfa CA R 6 loos.a 74.7 1097 879 1 1 00.6 I 127.9 1 158.4 6 1 es.O 74.7 1097 879 1 1 00.6 1 1 27.9 1 158.4

Sg8 1990 1996 Bluff Creek near Pfdecton CM R 40 1 56.7 218.7 960 '9 436.6 516.5 605.9 40 156,7 218.7 9cO 19 436.6 5'6.5 6C6.9
592 1990 1996 ClmarTon F`.  near Flrctection CM F 33 924.3 282.1 14sO 37 1285.4 1388.4 1503.7 33 924.3 282.1 14cO 37 1285.4 1388,4 1sO.7
222 1967 1996 ClmarTon Fi. near Forgan. OK ME F 132 753.3 2082 1210 150 1019.8 1095.8 1180.9 38 1 005.2 82.5 1210 876 1 1 1 0.8 1 1 40.9 1174.7 94 651.5 1 48.2 996 150 841 J2 895.3 955.9

M+SD90. mean + I.280 x std. dev. (Pst.1)           M+SD95 a mean + 1.645 x std. dew. (Pet.05)           M+SD90 = mean + 2.054 I std. den. (Pst.02)

AIL = ab data            1990 = data from l9so through 1996            Pro. = data priorto l990



Kansas Department of Health and  Environment Data                     Streams with mean for chloride >860 mg/L                 Donald whittemore,  Kansas Geological survey  9/1/97

S'n. Start End Station name CO Status Obs. Mean S.D. Max. Min. Obs. Mean S.D. Max. Min. Obs. Mean S.D. Max. Min.

No. year year Kansas F`lver basin All All All All All 1990 1990 1990 1990 1990 Pro. Pre. Pro. Pre. Pre.
11 1975 1996 Saline River near Russell RS F 193 1277.0 910.9 4140 16 40 1 000.8 948.6 31cO 69 153 1349.2 889.9 4140 16

Stn. Start End Station name CO Status Obs. Mean S.D. Max. Min. Obs. Mean S.D. Max. Min. Obs. Mean S.D. Max. Min.

NO. year year Arkansas River basin All All All All All 1990 1990 1990 1990 1990 Pre. Pre. Pre. Pre. Pre.
660 1992 1996 Rattlesnake Creek near Hudson SF R 11 1 241 .3 744.2 2546 85 11 1 241 .3 744.2 2546 85

30 1975 1996 Rattlesnake Creek near Raymond RC F 200 2878.3 1207.0 5780 565 41 3303.2 1303.8 5780 565 159 2768.7 1160.0 5180 670
658 1992 1996 Peace Creek near Sterling RN R 11 1796.7 492.8 2636 1260 11 1 796.7 492.8 2636 1260
659 1992 1996 Sall Creek near Hutchinson RN R 11 1366.9 129.1 1670 1220 11 1366.9 129.1 1670 1220
6cO 1990 1996 Crcoked Creek near Englewood ME F 38 1 122.7 21 2.5 1570 396 38 1 122.7 212.5 1570 396
701 1995 1995 Day Creek near Sitka CA R 6 1 005.0 74.7 1097 879 6 1005.0 74.7 1097 879
592 1990 1996 C marron R. near Protection CM F 33 924.3 282.1 1450 37 33 924.3 282.1 1450 37
222 1967 1996 C marron R. near Forgan, OK ME F 132 753.3 208.2 1210 150 38 1005.2 82.5 1210 876 94 651.5 148.2 996 150

Obs. = number of observations            All = all data            1990 = data from 1 990 through 1996            Pre. = data prior to 1 990



Kansas Department of Health and  Environment Data                        Streams with p = 0.159 (mean plus one
standard deviation) for chloride >860 mg/L

Donald Whittemore,  Kansas Geological Survey   9/1/97

Stn. Start End Station name CO Status Obs. Mean S.D. Max. Min. M+SD Obs. Mean S.D. Max. Min. M+SD Obs. Mean S.D. Max. Min. M+SD
No. year year Kansas River basin All All All All All All 1990 1990 1990 1990 1990 1990 Pre. Pro. Pre. Pre. P'e. Pro.

7 1975 1996 Smoky Hill River near Russell RS F 189 692.8 428.6 2213 10 1121.4 38 659.1 478.9 1950 24 1138.0 151 701.3 416.2 2213 10 1 1 1 7.5

11 1975 1996 Saline River near Russell F\S F 193 1 277.0 91 0.9 4140 16 2187.9 40 1 000.8 948.6 3160 69 1 949.4 153 1349.2 889.9 4140 16 2239.1
538 1990 1996 Paradise Creek near Waldo RS F 40 606.9 565.4 1750 27 1172.3 40 606.9 565.4 1750 27 1 1 72.3

82 1975 1994 Saline R. below Wilson Dam |C X 155 841 .5 169.3 1149 30 1010.8 153 844.4 1 64.4 1149 30 1008.8

Stn. Start End Station name CO Status Obs. Mean S.D. Max. Min. M+SD Obs. Mean S.D. Men- Min. M+SD Obs. Mean S.D. Max. Min. M+SD
No. year year Arkansas River basln All All All All All All 1990 1990 1990 1990 1990 1990 Pre. Pre. Pre. P,e. P'e. Pre.
660 1992 1996 Rattlesnake Creek near Hudson SF R 11 1 241 .3 744.2 2546 85 1985.5 11 1 241 .3 744.2 2546 85 1 985.5

30 1975 1996 Rattlesnake Creek near Raymond RC F 200 2878.3 1 207.0 5780 565 4085.3 41 3303.2 1303.8 5780 565 4607.0 159 2768.7 1160.0 5180 670 3928.7
658 1992 1996 Peace Creek near Sterling RN R 11 1 796.7 492.8 2636 1260 2289.5 11 1 796.7 492.8 2636 1260 2289.5
659 1992 1996 Salt Creek near Hutchlnson RN R 11 1 366.9 129.1 1670 1220 1 496.0 11 1 366.9 1 29.1 1670 1220 1496.0
287 1974 1996 Cow Creek near Hutchlnson RN F 222 61 2.6 425.2 4350 60 1037.8 42 453.6 1 34.6 682 117 588.2 180 649.7 4cO.2 4350 60 1109.9
600 1990 1996 Crooked Creek near Englewood ME F 38 1122.7 212.5 1570 396 1335.2 38 1 1 22.7 212.5 1570 396 1 335.2
701 1995 1995 Day Creek near Sitka CA R 6 1005,0 74.7 1097 879 1079.7 6 1 005.0 74.7 1097 879 1 079.7
592 1990 1996 Clmarron R. near Protection CM F 33 924.3 282.1 1450 37 1206.4 33 924.3 282.1 1450 37 1 206.4
222 1967 1996 Cimarron R. near Forgan, OK ME F 132 753.3 208.2 1210 150 961 .5 38 1005.2 82.5 1210 876 1087.7 94 651.5 148.2 996 150 799.7

M+SD = mean plus standard deviation
Obs. = number of observations            All = all data            1990 = data from 1 990 through 1996            Pre. = data prior to 1 990



Kansas Department of Health and Environment Data                    Streams with p = 0.1  for chloride >860 mg/L               Donald whittemore,  Kansas Geological  survey  9/1/97

Stn. Start End Station name CO Status Obs. Mean S.D. Max. Min. M+SD90 Obs. Mean S.D. Max. Min. M+SD90 Obs. Mean S.D. Max. Min. M+SD90

No. year year ransas River basin All All All All All All 1990 1990 1990 1990 1990 1990 Pre. Pre. Pre. P,e. Pro. Pro.

7 1975 1996 Smoky Hill River near Russell RS F 189 692.8 428.6 2213 10 1 241 .4 38 659.1 478.9 1950 24 1272.1 151 701.3 41 6.2 2213 10 1 234.0

11 1975 1996 Saline River near Russell RS F 193 1277.0 91 0.9 4140 16 2443.0 40 1000.8 948.6 3160 69 221 5.0 153 1 349.2 889.9 4140 16 2488.3
538 1990 1996 Paradise Creek near Waldo RS F 40 606.9 565.4 1750 27 1330.6 40 606.9 565.4 1750 27 1330.6

82 1975 1994 Sallne R. below Wilson Dam LC X 155 841 .5 169.3 1149 30 1058.2 153 844.4 164.4 1149 30 1 054.8

Stn. Start End Statlon name CO Status Obs. Mean S.D. Max. Min. M+SD90 Obs. Mean S.D. Max. Min. M+SD90 Obs. Mean S.D. Max. Min. M+SD90
NO. year year Arkansas River basin All All All All All All 1990 1990 1990 1990 1990 1990 Pre. Pre. Pre. Pre. Pre. Pro.
660 1992 1996 Rattlesnake Creek near Hudson SF R 11 1 241 .3 744.2 2546 85 2193.9 11 1 241 .3 744.2 2546 85 2193.9

30 1975 1996 Rattlesnake Creek near Raymond RC F 200 2878.3 1207.0 5780 565 4423.3 41 3303.2 1 303.8 5780 565 4972.1 159 2768.7 1 1 60.0 5180 670 4253.5
658 1992 1996 Peace Creek near Sterling RN R 11 1796.7 492.8 2636 1260 2427.5 11 1796.7 492.8 2636 1260 2427.5
659 1992 1996 Salt Creek near Hutchlnson RN R 11 1366.9 129.1 1670 1220 1532.1 11 1366.9 1 29.1 1670 1220 1 532.1

287 1974 1996 Cow Creek near Hutchlnson RN F 222 612.6 425.2 4350 60 1156.9 42 453.6 134.6 682 117 625.9 180 649.7 460.2 4350 60 1238.8

283 1973 1989 Arkansas R. near Haven RN X 177 629.4 224.4 1190 23 916.6 177 629.4 224.4 1190 23 916.6

600 1990 1996 Crooked Creek near Englewood ME F 38 1 122.7 212.5 1570 396 1 394.7 38 1 122.7 212.5 1570 396 1 394.7
701 1995 1995 Day Creek near Sitka CA R 6 1cO5.0 74.7 1097 879 1100.6 6 1 cO5.0 74.7 1097 879 1 100.6

592 1990 1996 Clmarron R. near Protection CM F 33 924.3 282.1 1450 37 1285.4 33 924.3 282.1 1450 37 1285.4
222 1967 1996 Clmarron R. near Forgan, OK ME F 132 753.3 208.2 1210 150 1019,8 38 1005.2 82.5 1210 876 1 110.8 94 651.5 1 48.2 996 150 841 .2

M+SD90 = mean plus 1.280 tlmes standard deviation (P=0.01 )
Obs. = number of observations            All = all data             1990 = data from  1990 through 1996            Pre. = data prior to 1990



Kansas Department of Health and Environment Data Streams with P = 0.05 for chloride >860 mg« Donald Whittemore,  Kansas Geological Siirvey  9/1/97

Stn. Start End Station name CO Status Obs. Mean S.D. MaxL Min. M+SD90 M+SD95 Obs. hhan S.D. Max. Min. M+SD90 M+SD95 Obs. Mean S.D. Max. Min. M+SD90 M+SD95
NO. year year lGnsas River basin All All All AIl AJ' All All 1990 '990 1990 1990 1990 1990 1990 Pre. Pro. P,e. Pro. Pre. Pre. Pro.

7 1975 '996 Smoky Hill River near Russell RS F '89 692.8 428.6 2213 10 1241.4 1397.8 3e 659.1 478.9 1950 24 1272.1 '446.9 '51 70' .3 41 6.2 2213 10 1234.0 1385.9
11 '975 1996 SafLne FiiwF near F`ussell Fis F 193 1277.a 910.9 4140 16 2443.a 2775.4 40 10cO.8 948.6 3160 69 2215.a 2561.2 '53 1349.2 889.9 4140 16 2488.3 2813.1

538 1990 '996 Paradise Creek near Wak]o Fas F 40 606.9 565.4 1750 27 1330.6 1537.0 40 606.9 565.4 1750 27 1330.6 1 537.0
82 1975 1994 Saline R. belo\^/ Wilson Dam LC X '55 841 .5 169.3 1149 30 10582 1 1 20.a 153 844.4 164.4 1149 30 1054.8 1 I 1 4.8

537 1990 1994 Wolf Creek near Syhan Grove LC R „ 442.5 294.0 962 184 818.8 926,1 11 442.5 294.0 962 184 818.8 926,1
512 1990 1996 Satt Creek near Minneapolis OT F 40 457.1 266.8 13cO 31 798.6 896.0 40 457.1 266.8 1330 31 798.6 896.a

Stn. Start End Station name CO Status Obs. Mean S.D. Max. Min. M+SD90 M+SD95 Ob§. Mean S.D. Max. Min. M+SD90 M+SD95 Obs. khan S.D. Mar Min. M+SD90 M+SD9S
NO. year year Ahansas F`iver trasin All AI' All All All Ab All 1990 1990 1990 1990 1990 1990 1990 P,e. Pro. Pro. Pro. Pre. P,e. Pre.
660 1992 1996 Rattlesrrak® Creek near Hudson SF R 11 1 241 .3 7442 2546 85 2193.9 2465.5 11 1 241 .3 744.2 2546 85 2193.9 2465.5
30 '975 '996 Ratlesnake Creek near Rayiirond RC F 200 2878.3 1 207.0 5780 S65 4423.3 4863.8 41 3303.2 1303.8 5780 565 4972.1 5448.0 '59 27ce.7 1 ' 60.0 5180 670 4253.5 4676.9

658 '992 1996 Peace Creek near Sterling FiN R 11 1796.7 492.8 2636 1260 2427.5 2607.4 11 1 796.7 492,8 2636 1260 2427.5 2607.4
659 '992 1996 Salt Creek near Hutchinson RN R 11 1366.9 129.1 1670 1220 1532.1 1 579.3 11 1366.9 129.1 1670 1220 1532.1 1 579.3
287 1974 1996 Co`^/ Creek near HLitchinson FiN F 222 612.6 4252 4350 60 1 1 56.9 1312.I 42 453.6 '34.6 682 117 625.9 675.a '80 649.7 460.2 4350 60 1238.8 1 406.7
§24 '990 1996 Arkansas R. near Yoder RN F 43 527.4 212.7 1190 88 799.7 877.3 43 527.4 212.7 1190 88 799.7 877.3
283 1973 1989 Arlansa8 R. near Haven RN X 177 629.4 224.4 1190 23 916.6 998.5 177 629.4 224.4 1190 23 916.6 998.5
6cO 1990 1996 Crooked Creek ftear Englewood ME F 38 1122.7 2'2.5 1570 396 1394.7 1472.3 38 1 1 22.7 2'2.5 1570 396 1 394.7 1472.3
701 '995 1995 Day Creel< near Sitka CA R 6 loos.0 74.7 1097 879 1 1 cO.6 ' 127.9 6 loos.0 74.7 1097 879 1 1 00.6 1 1 27.9
S92 '990 1996 Clmarron R. near Protectlon CM F 33 924.3 282.1 1450 37 1285.4 13ee.4 33 924.3 282.1 1450 37 1285.4 1 388.4
222 1967 1996 ClmarTon R. near Foroan, OK ME F 132 753.3 2082 1210 150 1019.8 1095.8 38 1 005.2 82.5 1210 876 1 1 1 0.8 1140.9 94 651 .5 148.2 996 '50 841 .2 895.3

M+SD90, M+SD95 = mean plus 1.280 (Pst.1),1.645 (P=0.05) times standard deviaton. respectively
Obs. = number of observations           All = all data            1990 = data from  l9so through 1 996            Pre. = data prior to l9sO



Kansas  Department of Health and Environment Data Streams with P = 0.02 for chloride >860 mgA. Donald Whittemore,  Kansas Geological Survey   9/1/97

S'n. Start End Station irame CO Sunus Obs. Mean S.D. Mar Min. lvl+SD90 M+SD95 M+SD98 Obs. Mean S.D. Max. Min. M+SD90 M+SD95 M+SD98 Obs. Mean S.D. Max. Min. M+SD90 M+SD95 M+SD98
No. year year Kansas River basin All All All All All All All All 1990 1990 1990 1990 1990 1990 1990 1990 Pre. Pre. Pro. Pre. P,e. P,e. Pre. Pro.
509 19sO 1996 Buffalo Creek irear Coric»rdie CD F 38 420.3 252.8 939 26 743.9 836.2 939.6 38 420.3 252.8 939 26 743.9 836.2 939.6

7 '975 1996 Smcki/ Hill River near Russell RS F 189 692.8 428.6 2213 '0 1241.4 '397.8 1573.1 38 659.1 478.9 1950 24 1272.1 1446.9 1642.8 '51 701 .3 4162 2213 10 1 234.0 1385.9 15562
11 1975 1996 Saline Rber near Russell RS F 193 1277.a 910.9 4140 16 2443.0 277S4 3148.0 40 1 0cO.8 948.6 3160 69 2215.0 256' 2 29492 153 1349.2 889.9 4140 16 2488.3 2813.1 3177.1

538 19sO 1996 Paradise Creek near Waldo RS F 40 606.9 565.4 1750 27 1330.6 1537.0 17682 40 606.9 565-4 17sO 27 1 330.6 1537.0 1768.2
82 1975 1994 Saline R. bek"r Vvilson Dam LC X 155 841,5 '69.3 1149 30 1 058.2 1 120.0 1 189.2 153 844.4 164.4 1149 30 1054.8 1 114.8 1 1 82. 1

537 1990 1994 Wolf Crock near Syhan Grove LC R 11 442.5 294.0 962 184 818.8 926.1 1046.4 11 442.5 294.0 962 184 818.8 926.1 1046.4
513 1990 '996 Saline R. near Beverty LC F 39 442.0 219.6 898 55 723.1 803.2 893.1 39 442.0 219.6 898 55 723.1 803.2 893.1
267 1973 1996 Satiire R. near Ne`hr Cambria SA F 212 349.6 172.6 991 22 570.5 633.5 704.1 39 352.8 169.8 741 53 570.1 632.1 701.6 173 348.9 173.7 991 22 57' .2 634.6 705.7
512 1990 1996 Sat Creek near Minneapolis OT F 40 457.1 266.8 13sO 31 798.6 896.0 1005.1 40 457.1 266.8 1330 31 798.6 896.0 1005.1

2es 1973 1996 Smoky Hill R. at Enterprise DK F 222 359.8 220.6 1264 25 642.2 722-7 812.9 43 385,4 266.1 1264 83 726.0 823.1 932.0 179 353.6 208.6 920 25 620.6 696.7 782-1

Stn. Start End Station name CO Status Obs. Mean S.D. Mar Min. M+SD90 M+SD95 M+SD98 Obs. Mean S.D. Mar Min. M+SD90 M+SD95 M+SD98 Obs. Mean S.D. Max. Min. M+SD90 M+SDes M+SDcO
NO. year year Arkansas River basin All All All All All All All All 1990 1990 1990 1990 1990 1990 1990 1990 Pro. Pre. Pro. Pre. Pre. Pre. Pre. Pre.
660 1992 1996 Ratlesnake Creek near Hudson SF R 11 1 241 .3 744.2 2546 85 2193.9 24es.5 2769.9 11 1241 .3 744.2 2546 85 2193.9 2465.§ 2769.9

30 1975 1996 Rattlesnake Creek near Raymond RC F 200 2878.3 1207.0 5780 565 4423.3 4863.8 5357.5 41 3303.2 1303.8 5780 565 4972.1 5448.0 5981.2 159 2768.7 1 1 60.0 51cO 670 4253.5 4676.9 5151 .3

658 1992 '996 Peace Creek near Sterling RN R 11 1796.7 492.8 2636 1260 2427.5 2607.4 2808.9 11 1796.7 492.8 2636 1260 2427.5 2cO7.4 2808.9
6S9 1992 1996 Salt Creek near Hutchinson RN R 11 '366.9 129.1 1670 1220 1532.1 '579.3 1632.1 11 1366,9 129.1 1670 1220 1532.' 1 579.3 1632.1

287 1974 1996 Co`h/ Creek near Hutchinson RN F 222 6'2.6 425.2 4350 60 1156.9 1312.1 1486.0 42 453.6 134.6 682 117 625.9 675.0 7sO,1 180 649.7 4602 4350 60 1 238.8 1 406.7 '595.0
524 1990 1996 Arlcan8ag R. near Yoder RN F 43 527.4 212.7 1'90 88 799.7 877.3 964.3 43 527.4 212.7 1190 88 799.7 877.3 964.3
283 1973 1989 Arfartsas R. near Haven RN X 177 629.4 224.4 1190 23 916.6 998.5 1090.3 177 629.4 224.4 1190 23 916.6 998.5 logo.3
536 1990 1996 Arkansas R. near Maize SG F 41 494.6 192.5 948 45 741.0 81 1 .3 8cO.0 41 494.6 1 92.5 948 45 741 .0 81 1.3 890.0
GOO 1990 1996 Crooked Creek near Englewood ME F 38 1 1 22.7 212.5 1570 396 1 394,7 1472.3 1559.2 38 1122.7 212.5 1570 396 1394.7 1472.3 '559.2
701 1995 1995 Day Creek near Sitka CA R 6 1005.0 74.7 1097 879 1 1 00.6 1 127.9 1158.4 6 1005.0 74.7 '097 879 1 1 cO.6 1 127.9 1 158.4

se 1990 1996 CimarTon R. near Prctectien CM F 33 924.3 282.1 1450 37 1 285.4 1388.4 1503.7 33 924.3 282.1 1450 37 1285.4 1388.4 1503.7
222 1967 1996 Cimarron R. near Fongan, OK ME F 132 753.3 208.2 12'0 1sO 1 01 9.8 1095.8 1 1 80.9 38 1 005.2 82.5 1210 876 1 1 1 0-8 1 140.9 1 1 74.7 94 651 .5 148.2 996 150 841 .2 895-3 955.9

M+SD90, M+S095,   M+SD98 = mean plus 1.280. 1.645, 2.054 times standard deviation, respectively
Obe. = Number of observations            All = all data            1990 = data from 1 990 through 1996            Pre. = data prior to 1990



Kansas Department of Health and Environment Data

Lakes with more than one sample >230 mg/L chloride

Donald Whittemore,  Kansas Geological Survey  9/1/97

Station Start End Station name CO NO. Mean S.D. Max. Min.

No. year year Kansas River basin obs.
52801 1989 Jamestown W.A. Station No. 1 CD
1 1901 1980 1995 Rooks Co State Lake Sta 1 RO 8 244.1 1 56.1 457 37
1 4001 1976 1994 W son Reservo r Sfa 1 RS 18 657.0 331 .0 1005 28
1 4002 1976 1979 Wi son Reservo r Sta 2 RS 4 294.3 306.8 560 29
1 4003 1976 1979 Wi son Reservo r Sta 3 RS 4 294.4 306.8 560 29
1 4cO4 1976 1979 Wi son F3eservo r Sta 4 RS 4 296.9 309.6 570 29
1 4005 1976 1979 Wi son F{eservo r Sta 5 RS 4 297.0 309.4 570 29
1 4cO6 1976 1979 Wi son Reservo r Sta 6 RS 4 304.9 317.7 590 30
1 6001 19rrl 1994 Lfanopolis Reservo r Sta 1 EW 19 230.2 87.5 359 82
4721 2 1990 1991 Herington Reserve I Inflow Sta 12 DK 12 313.7 1 1 9.3 518 81

47213 1990 1991 Herington Reserve r Inflow Sta 13 MN 13 466.7 82.5 592 305

Station Start End Name CO NO. Mean S.D. Max. Min.

No. year year Arkansas River basin obs.
50401 1988 1994 Cheyenne Bottoms Pcol No. 1, Sta. 1 BT 6 626.7 42.3 664 567
50201 1988 1994 QuiviTa little Salt Marsh Sta. No.  1 SF 6 1873.2 230.5 2200 1670
50601 1988 1994 QUMra Blg Salt Marsh Sta. No. 1 SF 6 4380.0 1365.5 6150 3350
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