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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in.) 2.54 centimeter
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
meter (m) 3.281 foot
mile (mi) 1.609 kilometer
Weight
gram (g) 0.03527 ounce
Volume
gallon (gal) 3.785 liter
liter (L) 0.2642 gallon
milliliter (mL) 0.0338 ounce, fluid
Radioactivity
picocuries per liter (pCi/L) 0.037 becquerels per liter

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F= (1.8 X °C) + 32.
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8.
Sea level: In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets of both
the United States and Canada, formerly called Sea Level Datum of 1929.

Altitude, as used in this report, refers to distance above or below sea level.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius
(mS/cm at 25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L),
micrograms per liter (mg/L), or picocuries per kilogram (pg/kg).
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(1B-2) was installed near a typical monitoring-well
site (1B-1) to confirm that radon and uranium detec-
tions in ground-water samples were from the water
and not from the bentonite. The test well was
installed using direct-mud-rotary methods without a
bentonite seal.

Sample-Collection Procedures

Samples were collected following USGS guide-
lines to ensure the collection of representative
samples. On the basis of wells constructed, the flow of
water through the canals, and the information col-
lected the previous years, a yearly sampling scheme
was developed. The sampling schemes included the
constituents for which samples would be analyzed, a
list of the collection sites, and frequency and timing of
collection.

Surface-water samples were collected using equal-
width increment (EWI) sampling procedures or
centroid-of-flow (COF) sampling procedures as
described by Wells and others (1990). However, at the
wetlands site near Morrill (site SW11, fig. 1), a dip
sample was collected. COF samples were collected
from both irrigation canal sites (SW1 and SW3, fig. 1).
Water in these canals is considered well mixed (Steele
and Cannia, 1997). EWI sampling was used at the
remainder of the sites where the streamflow was not
considered well mixed. All water-quality samples
were collected by wading the stream or suspending the
sampler by hand from a bridge. Samples subsequently
were processed onsite by using protocols similar to
those described by Wells and others (1990). Onsite
measurements included specific conductance, pH,
water and air temperature, and dissolved oxygen.

To obtain a representative ground-water sample,
three casing volumes of water were removed from the
well prior to the collection of a sample. Physical prop-
erties of specific conductance, pH, water temperature,
and dissolved oxygen were measured at 5-minute
intervals using a flow-through chamber. Samples were
collected after these physical property values stabi-
lized or after at least three casing volumes had been
pumped out of the well.

Samples to be analyzed for major ions, nitrogen,
and radon were collected, preserved, and transported
in accordance with the methods described in Pritt and
Jones (1990), Wells and others (1990), and Verstraeten
and others (1995; 1999). Water samples were

processed and preserved onsite and analyzed at vari-
ous USGS laboratories.

Discharge measurements for the Interstate Cenal
(site SW1) and Tri-State Canal (site SW3) were
obtained from Wyoming Water Control Office pe-son-
nel in Torrington, Wyoming. Discharge for the
North Platte River at Wyoming-Nebraska State line
(site SW2) and Horse Creek near Lyman (site SW6),
which are active gaging stations, was estimated b
using the gage height with the shift indicated by the
most recent measurement and the current rating as
described by Rantz (1982). Discharges for Dry Sheep
Creek (site SW7), Sheep Creek (site SW8), the North
Platte River at Morrill (site SW9), and Akers Draw
(SW10) and were determined by making streamflow
measurements as described by Carter and Davidian
(1968) at the time of water-quality sample collection.

A total of 137 samples were collected from th=
11 representative surface-water sites. The North F'atte
River at Morrill (site SW9) was sampled most often,
37 times from 1996 through 1999. In 1999, water
samples from surface-water bodies contributing v-ater
to the North Platte River in the study area, except the
wetlands site (SW11), were collected to evaluate the
sources of uranium in surface water (Verstraeten and
others, 2001). A total of about 1,960 ground-water
samples were collected from 1996 through 1999. The
number of samples collected at a specific well varied
from 1 at well 2T, constructed in 1999, to 36 at
well 1C-3, constructed in 1994.

Analytical Methods

Water samples were analyzed at the USGS
National Water Quality Laboratory (NWQL) in
Denver, Colorado, and the USGS Dissolved-Gas,
Chlorofluorocarbon, Isotope, and Uranium Research
Laboratories in Reston, Virginia (table 3).

Major lons and Nitrogen Species

Analyses of major ions and nitrogen species were
completed at the USGS laboratory in Denver, Co'o-
rado, using standard methods (Fishman and Friedman,
1989). Major ions were analyzed by inductively
coupled plasma emission spectrometry (ICP).
Dissolved nitrogen species were analyzed using colo-
rimetric methods within 2 weeks of refrigerated
storage, with the exception of a few surface-wate~
samples that were analyzed after several months of
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Table 3. Selected water-quality constituents, reporting levels, analytical methods, references for analytical met™~ods, and
regulatory levels used for the study, Dutch Flats area, western Nebraska

[PMCL. Primary Maximum Contaminant Level; SMCL, Secondary Maximum Contaminant Level. Analytical method: ICP, inductively coupled plasma;
UV, ultraviolet; IR, infrared; GC, gas chromatography: MS, mass spectrometry; AS, alpha particle spectrometry. NA, not applicable: mg/1., milligrams

per liter; pg/L, micrograms per liter; pCi/L, picocuries per liter]

Regulatory
Constituents Reporting level Analytical method levels!
Calcium?® 0.02 mg/L ICP NA
Magnesium? 0.004 mg/L ICP NA
Sodium® 0.1 mg/L. ICP NA
Potassium? 0.1 mg/LL ICP NA
Sulfate as sulfate® 0.1 mg/L ICP 250 SMCL
Chloride? 0.1 mg/L ICP 250 SMCL
Fluoride? 0.1 mg/L ICP 2.0 SMCL
Silica® 0.1 mg/L ICP NA
Ammonia as nitrogen2 0.2 mg/L Colorimetry NA
Nitrite as nitrogen > 0.01 mg/L Colorimetry 1 PMCL
Nitrite plus nitrate as nitrogen” 0.05 mg/L Colorimetry 10 PMCL
(nitrate only)
Ammonia and organic nitrogen2 0.1 mg/L Colorimetry NA
Dissolved and suspended organic carbon® 0.2 mg/LL Dohrman UV-promoted persulfate/IR NA
Carbon dioxide gas 0 mg/L Head space GC NA
Iron® 10 ug/L ICP 300 SMCL
Manganese> 4.0 mg/L ICP 50 SMCL
Organic carbon, dissolved? 0.33 mg/L Dohrman UV-promoted persulfate/IR NA
Nitrogen gas’ 0 mg/L Head space GC NA
Argon gas® 0 mg/L Head space GC NA
Oxygen gas3 0 mg/L Head space GC NA
Methane gas® 0 mg/L Head space GC NA
Uranium concentration* 0+ 003t003 pg/L  ICP/MS or AS 30 MCL
Uranium activity ratio’ 0+ 0.01t00.10 AS NA
Radon® 70 pCi/L Scintillation 300 MCL

1U.S. Environmental Protection Agency (2000).
2Fishman and Friedman (1989).

3Method is listed on Internet at http://water.usgs.gov/lab/dissolved.gas/Lab/index.html.
4U.S. Environmental Protection Agency (1994) or Thatcher and others (1977).

5Thatcher and others (1977).
SWhittaker and others (1989).

room-temperature storage by ion chromatography in
the USGS laboratory in Reston, Virginia.

Dissolved Gases

Samples to be analyzed for dissolved gases were
collected in 125 mL serum bottles with butyl rubber
stoppers with no headspace and were sent to the USGS
Dissolved-Gas Laboratory in Reston, Virginia. Low-
pressure headspace was created in the laboratory by
extracting approximately 8 percent of the water. Con-
centrations of argon, nitrogen, and methane gases
were measured by gas chromatography (GC) on the

headspace (URL http://water.usgs.gov/lab/dissolved-
gas). Results for samples analyzed within 2 months of
refrigerated storage were similar to results for samples
preserved with potassium hydroxide.

Chlorofluorocarbons

Samples to be analyzed for chlorofluorccarbons
(CFCs) were collected in flame-sealed glass ampules
under pure nitrogen headspace (Busenberg and
Plummer, 1992). CFCs were extracted in the USGS
CFC Laboratory in Reston, Virginia, using ¢ purge-
and-trap procedure and analyzed by gas chromatogra-
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phy (http://water.usgs.gov/lab/cfc). Concentrations of
CFC-11, CFC-12, and CFC-113 were converted to
equilibrium partial pressures at local water-table alti-
tudes at the equilibration temperatures indicated by
argon and nitrogen gas concentrations. The partial
pressures were compared to the atmospheric record to
determine the apparent year of recharge (Plummer and
Busenberg, 1999). Because some of the samples were
from wells with long screens, potential effects of
mixing were evaluated by comparison with tritium and
helium isotope data (Cook and Bshlke, 1999).

Tritium, Helium, and Neon Isotopes

Samples to be analyzed for tritium (*H)/helium-3
(*He) age determination were collected in flow-
through copper tubes that were crimp sealed onsite.
Helium and neon were extracted for mass spectromet-
ric analysis, then degassed aliquots were re-analyzed
after several months to determine H concentrations
from >He ingrowth at the Lamont-Doherty Earth
Observatory of Columbia University, Noble Gas Labo-
ratory in Palisades, New York (Ludin and others,
1998). The age of each ground-water sample (in years
between the time of recharge and time of sampling)
was assumed to be equal to the time indicated by
decay of 3H to 3He in a closed system after adjust-
meauts for atmospheric gas contributions and for excess
terrigenic helium (Schlosser and others, 1998) with an
assumed >He/helium-4 (4He) ratio of 2 x 108
(Mamyrin and Tolstikhin, 1984). Temperatures used
in the age calculations were determined from the con-
centrations of argon and neon, assuming those gases
had only atmospheric sources. Adjustments for terri-
genic helium were made only if the apparent
concentrations of terrigenic “He were more than
5 percent of the total “He concentrations; values less
than 5 percent were considered to have large relative
uncertainties and result in anomalous age adjustments.
Further adjustments for mixing of old and young water
components commonly were made using samples
from wells with long open intervals or with screens
that intersect the water table, especially in fractured
rock aquifers (such as Plummer and others, 1999). In
the current study, most of the wells had relatively short
screens at discrete depths in the alluvial aquifer where
stable isotope data indicated that mixing of water from
different sources was not widespread. Some of the
3H/ 3He and CFC data from wells with long screens
near the water table were evaluated assuming piston
flow (no mixing), or binary, linear, or exponential

mixtures (Vogel, 1967; Cook and Bohlke, 1999,
Plummer and others, 1999).

Hydrogen and Oxygen Isotopes in Water

Samples to be analyzed for hydrogen and oxygen
isotopes in water were collected in 60-mL glass
bottles. At the USGS Stable Isotope Laboratorv in
Reston, Virginia, 2-mL aliquots were equilibrated with
either hydrogen (for hydrogen isotopes) or carbon
dioxide (for oxygen isotopes), which then were admit-
ted to dedicated dual-inlet mass spectrometers.
Hydrogen and oxygen isotope analyses were cali-
brated against analyses of laboratory reference water
with known 8°H and 8130 values normalized to
standard values of 0 and O for hydrogen and oxygen,
respectively, in VSMOW (Vienna-Standard Mean
Ocean Water), and -428 and -55.5 for hydrogen and
oxygen, respectively, in SLAP (Standard Light
Antarctic Precipitation) (Coplen, 1988). The dsta
were evaluated by comparison to the "meteoric water
line", 5°H = 8 * §!80 + d-excess (Craig, 1961,
Dansgaard, 1964; International Atomic Energy
Agency, 1981). Although the global average d-excess
value in precipitation is +10, local precipitation may
have different values of d-excess, and evaporation may
produce arrays of values with slopes less than 8. or
lower apparent values of d-excess (Gonfiantini, 1986;
International Atomic Energy Agency, 1992).

Nitrogen Isotopes in Nitrate and Dissolved
Nitrogen Gas

Samples to be analyzed for isotopes of nitrate
were collected in 1 L plastic bottles and frozen. At the
USGS Stable Isotope Laboratory, Reston, Virginia,
aliquots were freeze dried at high pH, then loaded into
pure silica glass tubes with CaO and Cu,0; the tubes
were evacuated, sealed, baked at 850 °C, and co»led
slowly (Bohlke and Denver, 1995). Purified N, gas in
the tubes was expanded into a dual inlet mass spec-
trometer and analyzed along with gas produced from
dissolved nitrate standards prepared and analyzed as
aqueous samples. Nitrate 815N data were normalized
to standard values of +4.7 for International Atomic
Energy Agency (IAEA)-N3 and +180.0 for USGS-32
(Bohlke and Coplen, 1995). For nitrogen isotop= anal-
ysis of dissolved Nj, the headspace gases remaining
after gas chromatographic analysis at the USGS
Dissolved Gas Laboratory in Reston, Virginia, vsere
sealed into evaculated glass tubes with CaO and Cu,0,
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baked, cooled slowly, then admitted to the mass
spectrometer and analyzed along with air samples
(515N = 0) and with headspace samples from labora-
tory-equilibrated water samples (81N = +0.65 +0.10).
The overall accuracy and precision of the N, isotope
analyses were estimated to be approximately +0.2 or
better for nitrate and +0.1 or better for N, (Bohlke and
Coplen, 1995).

Uranium and Uranium Activity Ratios

Water samples to be analyzed for dissolved ura-
nium were collected in polyethylene bottles, filtered,
and acidified. Two different techniques were used to
analyze for uranium concentrations and the uranium
isotopic ratio 234U/238U or uranium activity ratio
(UAR). The two techniques, alpha particle
spectroscopy (AS) and ICP/mass spectrometry (MS),
were performed at the USGS Uranium Research Labo-
ratory in Reston, Virginia. To analyze the dissolution
of uranium from sediment samples, a representative
1-g sample was leached for about 24 hours in 500 mL
distilled water containing 0.5 g sodium bicarbonate.

For AS analyses, a 500-mL aliquot was taken,
spiked with uranium-232 (332U), processed by iron
hydroxide precipitation and anion-ion exchange, and
then electroplated onto a stainless-steel planchette for
counting, using a solid-state, partially depleted silicon
detector (Ivanovich and Murray, 1992). The second
method, using ICP/MS, was developed during the
course of this investigation and allowed a more precise
determination of uranium and UAR values on a
smaller volume of sample (Thomas F. Kraemer and
Michael W. Doughton, U.S. Geological Survey,
written commun., 2000) than AS. In this method, ura-
nium concentrations in the sample were determined
first using uranium-236 (236U) as an internal standard.
Upon determining the concentration, a measured
volume of sample was selected for BayP8y analysis
that would produce acceptable ICP/MS performance.
The volume of water was evaporated to dryness and
redissolved in a 8N (normal) hydrochloric acid (liquid
phase) solution. The uranium then was separated by a
simple anion-exchange procedure. The uranium was
eluted into a 30-mL bottle with 0.1N hydrogen
chloride and distilled water, which then was injected
into the ICP/MS unit using an ultrasonic nebulizer.
Precision and accuracy for the uranium analyses by
AS were approximately 3 percent and, for UAR by
AS, were 5 to 7 percent. Using the ICP/MS technique,

the precision and accuracy were less than 1 and
0.5 percent, respectively.

Calculation of Recharge Temperatures, xcess
Air, and Excess Nitrogen in Ground Water

The apparent recharge temperature and amount of

-excess air were calculated for each sample from the

concentrations of argon and neon by assuming two
dissolved-gas components (Aeschbach-Her*ig and
others, 1999; Stute and Schlosser, 1999): (1) from air
equilibration at the altitude of the water tab'= and
100 percent relative humidity; and (2) from unfrac-
tionated excess air introduced during recharge or
sampling. This calculation was done for ea~h sample
by solving iteratively an equation relating th~
measured concentrations of argon and neon to a
common equilibration temperature and excess air
quantity:

Excess air ccSTP/L= {[Ar] -+~ [AX(Tel-v)] M/

0.4l7p.molAr/ccair = {[Nc]meas - [Ne(T,elev)]asw}/
0.000811 (pmoly,)fce . ¢y
where
ccSTP/L is cubic centimeters per liter at
standard temperature and
pressure;
[Ar,Ne]eas is the measured concentration of

argon or neon in the sample (in
micromoles per liter (umol/L);
and

[Ar,Ne(T,elev)],s,, is the concentration of argon or
neon in air-saturated water at the
temperature and altitud= of the
water table (calculated using
argon and neon solubility data
from Weiss, 1970, 1971).

For comparison with the argon and neon data, the
apparent recharge temperature and amount of excess
air also were calculated similarly for each sample from
the concentrations of argon and nitrogen, w*th nitro-
gen solubility data from Weiss (1970). For samples
with relatively high oxygen concentrations, recharge
temperatures and excess air quantities calculated from
argon and neon data and from argon and nit-ogen data
generally were in agreement to within the uncertainty
of the methods. However, for some of the samples
with low oxygen concentrations (less than 50 pmol/L),
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there was disagreement between the two calculations
that could be accounted for by assuming that the oxy-
gen-depleted samples contained an additional nonat-
mospheric component of nitrogen.

Therefore, concentrations of excess nitrogen were
calculated for each sample by using the recharge tem-
perature and excess air values derived from argon and
neon data:

. umol _ B )
Excess N, in L = [NZ]meas [NZ(T.elev)]aSW
[Excess air in ccSTP/L]* 34.8 pmol N,/cc ;. 2

Results indicate that the practical detection limit for
excess nitrogen was approximately 18 pmol/L.

Quality Assurance and Quality Control

USGS onsite and laboratory quality-assurance
(QA) and quality-control (QC) guidelines were
followed throughout this study. These guidelines are
necessary to assess whether or not contamination
occurred and, if present, whether it occurred onsite or
in the laboratory. Therefore, 134 QC samples
(6.5 percent of the total 2,092 samples) were collected.
QC samples collected onsite included 58 equipment
blanks, 75 duplicates, and 1 spiked sample (Inorganic
PotableWatR™, Lot No. 3423). Each USGS labora-
tory follows stringent QA/QC procedures, dependent
on the analytical method used for chemical analysis.
In addition, cation-anion balances of all samples ana-
lyzed for major ions were checked by comparing
them.

ANALYTICAL RESULTS

This section lists selected analytical results not
published in previous USGS reports (tables 4 through
7). Specifically, dissolved gases, age-dating data, and
other isotopes collected as part of an intensive
sampling effort in August and November 1998 and all
uranium and uranium isotope data collected through
the course of this study (1995 to 1999) have been
included in these tables.

With respect to QA/QC of the cation/anion bal-
ances, all samples were rated as acceptable because
they were within 10 percent of each other. Analytical
results of equipment blanks for major ions and nitrate

concentrations generally were acceptable. Nitrate
concentrations in blank samples varied from less than
the detection level of 0.05 mg/L as nitrogen (26 of

58 samples or 45 percent) to 0.30 mg/L as nitrogen.
All but two blank samples had concentrations less than
0.10 mg/L as nitrogen.

The differences in nitrate concentrations between
the 60 environmental samples and their duplicate
samples varied from O (0 percent) to 5.0 mg/L
(38 percent) with a median of 0.19 mg/L (1.7 perc=nt).
All but one set of replicate samples had a difference in
concentration less than 0.50 mg/L, with larger differ-
ences generally observed at larger nitrate concent-a-
tions. A Wilcoxon rank-sum test indicated that these
differences were not statistically significant (60 sets of
replicates with p-value of 0.6782). Using a 95-percent
confidence interval, p-values of 0.05 or less indicate
that the medians of the populations being considered
are significantly different. The nitrate concentration in
the spiked reference sample was 7.6 mg/L insteac' of
the expected 7.5 mg/L, a difference of 1.4 percent, or
0.10 mg/L. This analytical result is well within th=~
acceptable performance limit for nitrate.

To investigate whether the use of bentonite in
well-construction materials would affect the chemristry
of the ground-water samples, especially the amounts
of radon and uranium, well 1B-2 was sampled twice
(generally within 0.5 hour) when well 1B—1 was
sampled. Samples from these two wells were anz-
lyzed for radon (two samples), uranium (one samnle),
and nitrate (two samples) among other constituents,
depending upon the particular sample collection.
Comparison of the water chemistry between
well 1B-1 and well 1B-2 indicated that well
construction with bentonite did not affect the activity
of radon present in the water. The differences in
analytical results for radon were 16 (5 percent) and
53 (15 percent) pCi/L, both less than or near the ana-
lytical error of two standard deviations of 22 and
21 pCi/L, respectively. The differences in uranium
concentrations were 0.9 ug/L or 6 percent. The differ-
ences in nitrate concentrations were 0.61 (19 percent)
and 0.49 mg/L (5 percent). These results indicate that
the use of bentonite in well construction did not affect
the ground-water chemistry of the samples collected,
but that small variations in ground-water chemist-y
can occur over short distances.
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Table 6. Chlorofluorocarbons in surface- and ground-water samples from selected sites, Dutch Flats area, western

Nebraska, 1998
[mo, month; d, day; yr, year; CFC, chlorofluorocarbon; pg/kg, picograms per kilogram; ¢, sigma-the standard deviation; --, no data)
Map index +1c 1o +1o Age, suggested,
number Sample date CFC-11  CFC-11 CFC-12 CFC-12 CFC-113 CFC-113 CFC data
(figs.1and2) (mo/dlyr) (pg/kg) (pg/kg) (pg/kg) (pg/kg)  (pg/kg) (pg/kg) (yr)

Surface-water sample

Swo 8/25/98 424.2 23 212.8 159 59.7 11.0 Modem water
Ground-water sanples

1E-1 8/24/98 66.4 8 39.8 S5 43.9 - Mid-1960s

1E-2 8/24/98 3522 57 168.5 38 59.7 26 Early 1980s

111! 9/1/98 59.9 26 162.5 6.7 1.5 1.3 Early to mid-1980s

1J-21 9/1/98 469.9 53 286.0 10.0 519 6.3 Late 1980s

-3 9/1/98 490.6 22 2529 5.8 104.4 11.1 Early to mid-1990s

1M-1 8/31/98 301.0 1.7 183.2 7.2 10.8 2.6 1980

IM-2 8/31/98 499.2 7.6 2357 16.6 67.0 9.1 Late 1980s to early 1990s

IM-3 8/31/98 527.0 104 269.3 8.8 592.3 149.5 Mid-1990s

IData for wells 1J-1 and 1J-2 originally were inconsistent with other measurements from this well nest; therefore, the data were switched, wi ‘ch

made them consistent with the other analytical results.

Analytical Resuli~

29



- - - - - - - - £00° evLl 900° 1Ll - 8y 00l 66/vC/80

- - - - - - - - - - LOO» SeEL' - LY S101 66/ST/90
- - - - - - - - - - . - - §9T  00E1  8G/ETILO
- b - - - - - - - - - had i ey 00¢€l L6/0T/01 IMS
- - - - "= i - - - - S0 9¢€9'1 i €T7C 0080 66/¥T/30
- - - - - - - - - - S0 Tl - SPl 000 66/ST/90 vMS
- - - - - - - - - - S00 LS - ¢l 00€1 66/+C/80
- - - - - - - - - i <00 LLS'] i 901 St 66/ST/90
- - €0 0s'1 - - AN 44 - - - - - 871 SIOF  86/57/80
- - - - - - - - - - - - - L1l 0011 86/€T/LO £EMS
- - - - e - - - i - (410} vsSl - 0€l 0£01 66/v7/80
- - - - - - - -- - - 600 €LS’l e €01 0€80 66/52/90
- - 50 191 - - v 1'6 - - - - - 86  00El  L6/L1/90 s
- - - LS'1 - - - - - - 6000 1LS'] - 6L 00LL  66/€Z/80
- - v LS - - 4 e - - - - - €L 0£80  86/ST/80
- - 140 861 - - I 9 - - - hd - VL Syl L6/80/60
- - ) 09'1 - - r 09 8100 6951 - - - €9 OEIl  L6/%0/80
SO0 651 Lo 191 10 ¥'9 4 L9 - - - - - 99 oril L6/1T/LO
- - ) 09'1 - - 4 L - - - - 98 0L 0501  L6/80/LO
- - 00 ISl - - (A 4 - - - - - 06 SYEL  L6/LT/SO 1M
sajdures aajem-aoe)aing
_3n SH an s3 JN_ sH1  Iw s3 an SH1 an s3 sH1 s3 (4noy (4Ap (z pue | 'sBy)
(Ngez/Nyez) (v6r) (Nggz/Nypez) (/B1) v2) jow) saquinu xapul dew
dvn SUO[jBIIUa2UO0D Wwnjueln Hvn suonelluaouod awny ajep
wnjuesn ajdwes
Answonoseds ajo1ed eyd)y poyilaow mau poyiaw pjo
SW/dDI SW/dOlI

~,SHnsaJ pue spoyaw eophjeuy

[erep ou *-- tones ArAnoe winiuesn
IV 410119 JusuraImseaur ‘N sojdures seorjdas Aiojesoqey gy ‘ojdwes [ejuowsuoniaua ‘gg 1311y 12d swreaosotw /81 {Annowonsads ssews ‘S ‘ewsed pajdnod Kpanonput gDy reak ik tKep *p Lpuows ‘ow)

6661 ybnoayl G661
‘e)yseIgaN weisam ‘Bale sje|d yoing ‘sejdwes Bunina-|lam pue 191em-punoif ‘1ajem-adeUns Ul SOl AAIIOR PUB SUOIIBIIUSOUOD Winjueif */ 3jqel

30 Selected Field and Analytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 1995-99



- - €0 o'l - - T 't - == - == 811 I 0gst L6/L1/90 0IMS

- - - - - - - - " e 800 88971 - L1c 0oLt 66/¥2/80
- - - - - " - - - e -- - - [0 4 B 114 66/£T/LO

- " =" - - - =" - - - 00’ w091 " Tl g1ct 66/5T/90
=" - - - - - - - - - 00 [430 - 00 SPOl1 86/CI/T1
- - - - - - " - - - 00" 0Ll 60T 60C 0¢o0l 86/91/60
- - w0 9’1 - - (4 961 - e - - - Loz ocll 86/5¢/80
- - - - - - - " - =" $00 90L'1 y'ee £€T  0esl 86/81/80

- - - - -- - - - - - -- - - 6l 0tll 86/€C/LO
- - - -- -- -- -- - - - -- - - gLy ocTll 86/€T/90
- -- -- - -- -- - - -- - - - - 91 oolIl 86/€1/50
- -- -- -- - - - - - - S00° 591 - v'el 0eel 86/81/€0
- - -- - - - - -- -- -- - -- -- e oerl 86/L1/20

-- - - - - e - - - - - - - 00c  00S1 86/0¢/10

- - - - - - - - - - - - (403 L6T  OEEl  LE/SITL
- - - - - - - - - - 00" ov9'1 - 80€ 0011 L6mT/TL
- - - - - - - - - - - - 1'82 8L OVl L6/OTHL
- - sor £9°1 - - 4 86 - - - - - Ol Svpl  L6/LL9O 6MS
- - - - - - - - - - 800 £68'1 - oLl 0ETl  66/4T/30
- - - - - - - - €000  vL8'1 9000 981 - 091  SHOl  66/ST/90
- - €0’ 68'1 - - (4 £91 - - - - v'Ll 65T 0£80  L6/31/90 8MS
0'El
€00 €Ll 0" 0 vLT o ¢t o 11 - - - - ‘oel [44¢ 0001 L6/81/90 LMS
panunuo)—ssdures Idjem-3deyIng
an sd1 an s3 JN_ sH1 3w s3 N SH1 E] s3 SH1 s3 (anoy (A (z pue | 'sby)
(Nggz/Nye2) (/) (Ngee/Npez) (1/6) vZ)  jow)  Jequnu xopuj dew
Hvn SUOIIBUIDUOD Wnjueln Hvn SUOHBIIUIIU0D awil ajep
wnjueln ajdwes
Anowonoads ajoied eydyy poyiaw mau poyjaw pjo
SW/d2I SW/dD1

| SHNSa1 pue spoyjaw [eapAjeuy

panunuod—e661 ubnolyl 5661
‘eySeIQON UJBISeMm ‘eale Siej4 yonQg ‘sejdwes Bumgino-jjem pue ‘Jaiem-punolb ‘Jsjem-aoeuns ul soijes AJAIO. pue SUOHRIUSOU0D WNUBIN *Z djqel

31

Analytical Results



- - - - - - - - - - - - - 144! LoCI 66/71/L0
- - €0 (A - - 4 811 - - - == - LTl SI180 L6/81/90 01
- - w0 6€°L - - (2 97i - - - - - [y OuSt 80/LC/30
- - €0 [t A - - T 8Tl -- - - -- - oyl SYLO L6/81/90 €01
- - €0 LS'T - - 4 6'C1 - == -- - - (45! 0011 86/LT/30
- - €0 691 - - T 811 - - - - - 9Tl STLO L6/81/90 701
- - 0" (4! - - T 0'¢l - - - - - 6'C1 001 86/7/30
hd - €0 €Ll - - 4 (41 - - - - - 6'¢l SOLO L6/81/90 1-01
- - €0 W - - (4 (1241 - e - - - 8¢l Seol L6/61/90 cdq1
- - €0 11 - - 4 96 - - - - - €01 S060 86/20/60
- - w0 6€1 - - 4 Lyl - - -- - - (34! §c01 L6/61/90 I-d1
- - - - - - - - - - - - -- 69 SOI1 66/¥1/L0
- - €0 9¢°1 -- - a €01 - == - - - 601 S$Y60 86/LT/80
- - €0 1S1 - - I 68 - - - - -- 16 0001 L6/61/90 VI
- - 0 91 - - 4 '8 - - - -- - L8 0Y60 L6/61/90 Vi
- - €0 (S - - 4 9l - - - - - 1’1 0€£60 86/87/80
-- - €0 19'1 - - T 901 - - - - - 011 0£80 86/LT/30
- - €0 651 - - r €6 - - - - L6 86 0760 L6/61/90 1-VI
sapdures J9jem—puno.n
- - SO Lyl - - € 171 - - - - - I'el 0060 86/20/60
- - €00 1S°1 - - 70 96 - -- - - 96 926 0011 L6/31/90 TIMS
panunuo)—sddures Jajem-3depmg
In sH1 an s3 3w sH1  IN_ s3 In syl an s3 syl s3 (anoy (1hp (2 pue | sby)
(Nggz/Nys?) (Bt) (Nggz/Nysz) (Br) v7)  fow)  Jequinu xapuj depy
Hvn SUONBIIUIOUOD Winjueln Hvn SuofenuUadIU0D Quiy ajep
wnjuesn sjdwes
Anowonsads sponsed eyd|y poyau mau poyjaw pjo
SW/dOI SN/dDI

|Slinsal pue spoyjaw [eaphjeuy

‘e)SBRIGON UJeISOM ‘Bale sje|d yoing ‘sojdwes Bunino-jjom pue ‘Jajem-punoib ‘Isjem-aoeuns uf soljel AIAOR pUB SUONRIIUSOU0D WNIUBIN *Z djqe]

panujuoO—6661 YBNoIul G661

32 Selected Field and Analytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 1995-9"



- - €0 LL'1 - - T A - - - - svl LYl 0011 86/bZ/30
- - - - - - - - - - - - syl vrl 0660  86/1Z/L0
- - - - - - - - e - - e - [ 41 $€60 86/C1/€0
- - - - - - - - - - - - - SPL 060  86/61/20
- - - - - - - - - - - - - vl SS60  86/1Z/10
- - - - - - - - - - 00 orL1 - €1 0P80 L6/1Z/01
- - vo° 9L'] - - 4 8zl - - - - - 0%l ST60  L6/L1/90 -4l
- - - - - - - - - - - - - 'L 0001  86/4Z/30
- - - - - - - - - - - - - vLL 0160  86/12/LO
- - - - - - - - - - 900 $09'1 - LI 0T60  86/T1/SO
- - - - - - - - - - - - - L3I 0160  86/61/20
- - - - - - e - - - - - - 7Ll $€60 86/12/10
- - - - - - - - - - €000  €86'1 - €61 0780  L6/1T/01
- - €0 v6'1 - - T 691 - - - - - 61 S060  L6/L1/9O 141
- - €0 or'l - - A €11 - - - - - UEl  SPEL  L6/L1/90 €~a1
I'si
- - £0 78’1 - - T Ll - - - - ‘891 S¥L 0011  86/20/60
zel
90°0 €17 Yo" 96'1 €0 Ill T $6 - - - - ‘€€l €€l STEL  L6/LIMO z-di
- - ) 90'C - - € vzl - - - - - €l SI01  86/20/60
- - $0°0 S0C - - 0 ¥l - - - - 9°€l 9€l OISl L6/L1/90 a1
panunuo)—sajdures IJjem—punor)
an SH1 N s3 IJN sY1 AW s3 an sH1 an s3 sH1 s3 (4noy (AP (Z pue | “sbiy)
(Ngea/Nyez) (yB) (Ngea/Nyez) (1/61) ve)  jow)  sequinu xepu; dew
dvn SUONBJIUSIUOD Winjueln 4vn SUOREIUIIUODD awiL aep
wnjuesn ajdwes
Anawonoads aponsed eydiy poyiaw mau poyyaw pjo
SW/dOI SW/d2I

{S}NS3. pue spoyjaw jeophjeuy

‘e)SRIGON UIa)sam ‘eale sje|4 yong ‘sejduies Bumno-jjom pue ‘Jajem-punoib ‘1ayem-a0eLns Ul soljel AJAlloe pue SUOREIUSoUCD wniueln *Z djqel

v

panuuod—e6661 YbnoIyl Se61

33

Analytical Results



- - €0’ 95’1 - - 4 T - - - - $Il SIL SISL  86/LT/%0
- e - - - - - - b - cee eze'l - 91l SOI1 86/12/L0
- - - - - - - - - - - - - V1l 5448 86/LT/V0
- - - - - - - - - - - - - T 0l 86/81/20
- - - - - - - - - - - - - 071 0¢ll 86/12/10
- - - - - - - - - - $00° 179°1 - I'Tl S0t L6/12/01
- - €0’ 191 - - 4 01l - - - - - TTL 0080 LG/LL/9O 1-01
- - o 8E'l - - (4 6L 500 95l - - 98 98 0091  86/10/60
- - - - - - - - - - - - - 86 SI01 86/12/L0
- - - - - i - - - - - - - g€l S101 86/C1/50
- - e - - - - - - - e - - 9¢l vyl 86/81/70
- - - - - - - - - - - - SIL Or01  86/1UI0
- - - - - - - - - - - - - 96 SE60  L6/IT/OI
- - Lo 69'1 - - € €01 - - - - - LOT  SSS1 L6/91/90 1=d1
- - - - - - - - - - - - - Le  SIEL  G6HI/LO
- - 90 or't - - I 6€ 10 eV - - - g€ SITL  86/v2/80
-- - e - -- - -- - - - - - - 14 S¥60 86/1¢/L0
- - - - - - - - - - - - - 6€  0S60  86/T1/50
- - - - - - - - - - - - - 67 0560  86/61/20
- - - - - - - - - - - - - §6 0101 86/17/10
- - - - - - - - ¥200  €Zrl 9000  19v'1 - vP 0060  L6/1T/01
- - 900 61 - - ro ot - - - - 0y 0v  0¥60  L6/L1/90 el
panunuo)—sajdures J3jes—punois)
an syl an s3 3N sH1_ 3w s3 an syl an s3 sH1 s3 (anoy (1&p (2 pue | "sbyy)
(Ngez/Nysz) (B7) (Nggz/Nysz) (167) ¥2)  fow)  Jequinu xepuj dey
Hvn SUOIBJIUDOU0D WinjueIn Hvn SUONRIUBIUOD awiL ojep
wnueln a/dwes
Anpwosvads ajojed eydyy poylow mau poyaw pjo
SW/dJ! SW/dOI

| SUnsa. pue spoylaw |eaAjeuy

‘@)SBIGEN UIslsam ‘Bale sje|4 yoing ‘sajdwes Bumino-flam pue ‘1a1em-punolb ‘181em-s0euns Ul SR AJAIIOR pue SUONEBIIUSOUCD WniLRIN *L diqel

panunuod—e661 Ubnoiu 5661

34 Selected Field and Analytical Methods and Analytical Resuits in the Dutch Flats Area, Western Nebraska, 1995-09



- - €0 181 - - (4 43! - - - - - 0¥l 0TI 86/10/60
- - - - - - - - - - - - - TYL  0SOL  86/07/LO
- - - - - - - - - - - - - 061 0v01 86/3T/0
- - - - - - - - - - - - - 8LL  SOEL  86/0T/10
e - - - - =" e - - - 00’ 881 - Lyl STTI L6/0Z/01
- - 1) 181 - - (4 g€l - - - - 091 €61 OEEl  L6/91/90 I-HI
- - - - - - - - - - - - - Tl SHEL 66/v1/L0
- - w 561 - - r 911 - - - - - 1Tl 0091  86/L2/30
- - - - - - - - - - 900 £86°1 - €71 ST 86/1T/LO
- - - - - - - - - - - - £zl €71 0IEL  SG/LIAO
- - - - - - - - - - - - - LT 0¥l 86/81/20
- - - - - - - - - - - - - LT S0Tl  86/1TV10
- - - - - - - - - - - - - TTL YOI L6/1TA01
- - €0 91 - - 4 901 - - - - - STL 0V80  L6/LI/O €01
- - - - - - - - - - LO00 LYl - 611 OVIl  86/IT/LO
- - - - - - - - - - - - - vTL SOEL  86/LTAO
- - - - - - - - - - - - - 871 0SEl  86/31/20
- - - - - - - - - h - - - o€l 19411 86/17/10
- - - - - - - - - - - - zel TEL ST LG/ITA
- - €00 991 - - A S - - - - - STL 0780  LG/LL/O o1
panunuo)—sajdures 13jem—punois)
aw SH1 an s3 3N sH1 AN s3 aw SH1 an s3 SH1 s3 (anoy (1Ap (2 pue ¢ 'sby)
(Nggz/Nyez) (o) (Ngea/Nyez) (6 vg)  jow)  Jsquinu xapuj dew
Hvn SUOIIBHUIOUOD WINfUBIM Hvn SUOJBJJUIIUO0D awiL oep
wnuean ajdwes
Anawonoads ajonted eyd|y poyiaw mau poyiaw p|o
SW/dDI SW/dDI

{Slinsal pue spoyjaw jeanhjeuy

‘eySeIqON UIeisam ‘eale sje|4 yoing ‘sejdwies Bumno-jjam pue ‘1siem-punoib ‘1sjem-soeuns ui soljel AJIAO. puB SUOIEIIUSOUOD whiuel( *Z dlqel

panunuod—e666L Ubnoiyl Ge61

35

Analyticai Resuits



- - - - - - - - -- - LOO LeL'l - v'ee SHel 86/1T/L0
- - had - - - - had - - - - |44 0ce serl 86/8C/¥0
- - - - - - - - - - - - - v'IT  00¥1 86/0T/10
e - - - e - - - - - 410y ovL'1 - LT ceel L6/TT/01
- - £0 SL'1 - - 14 (%4 - -- - - - §TC oSyl L6/91/90 i
- - €0 SL1 - - £ 9vC - -- - - - 6vc 0011 86/8C/80
- - had -- had - - - L0000 LeL'l 900 8CL'1 - SIe 01¢l 86/1T/L0
- - - - - - - - - - - - - 6vT 0S¢l 86/8T/¥0
- - - - - - - - - - - - - 8vZ  00v1 86/0¢T/10
- - - - - - -- - - - Y00 8SL°1 - £cT  otel L6/CT/01
- - €0 YLl - - 4 VLl - -- - - €6l €61 sevl L6/91/90 -1l
- - - - - -- - - - - - - - oLl STl 86/0T/L0
- - - -~ - - -~ - - - - - - 0¢tl o111 86/8T/¥0
- -- -- - - - -- - - - - - YA STl ceel 86/0C/10
- - - - - - - - - -- LOO 809°1 v'9 9 00€1 L6/02/01
- - <0 S - - € eel - - - - - jaa! sovl L6/91/90 ¢€-HI1
- -- €0 oLl - - € 8°0Z - - - - - (Y4 SIel 86/10/60
- -- - - -- - =" - - - - - - 97T <011 86/0C/LO
- - -- - - - - - -- - - - - L1e  Ssol 86/87/Y0
- - - - - - - - - - -- - (4 Y4 [/ FAR 174 § 86/0T/10
-- - - - - - - - - - 000 18L°1 9CT LTe S¥tl L6/0T/01
-- - €00 181 - -- €0 8°0¢ - -- -- - - 60C 0S¢l L6/91/90 T-HI
panupuo)—sajdures 1ajem—-punois
3w syl 3w s3 an syl 3w s3 aw s an s3 sy1 s3 _ (moy  (Ap (¢ pue | "sby)
(Ngez/Nye) (B (Ngez/Nyer) (/6") vz)  jow)  sequinu xepu; dep
dHvn sUOoNBIIUBIUOD WniuRIN HvNn SUOIBIJUIIUOD swiL ajep
wnjuein a|dweg
Anawonsads ajdipued eyd|y poylaw mau poyiaw pjo
SN/dOI SW/dDI

_ S|nsal pue spoyaw jedpAjeuy

‘eyseiqeN uielsem ‘eale sie|d yoing ‘sejdwes Bulino-jem pue ‘4ejem-punoid Jejem-eoeLns uf SO AIAIOE PUER SUOIIRIUSOU0D WNiueIn *Z ajqel

panunuoD—e661 Ybnoiyi 5661

36 Selected Field and Analytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 1995-¢7



- - £0 081 - - 4 051 - - - - - = GIEl  86IINI
- - €0 7R - - 4 €61 - - - - - €91 0£60  86/10/60
- - - - - - - - - - - - - 191  SIZI  86/0T/LO
- - - - - - - - - - - - - LST  SThl  86/LTHO
- - - - - - - - - - - - - 6l 0OSPI  86/L1/20
- - - - - - - - - - - - 691 691  OSIT  86/07/10
- - - - - - - - - - $00" 09L'1 - 191 SZO1  L6/2T/01
- - £0 9Ll - - z yEl - - - - - Tyl 001 L6/91/90 11
- -- £0 8Ll - - € 681 - - - - - - svel  86/ZI/1
- - £0 €L1 - - € 961 - - - - 961 L6 0780  86/10/60
- - -- - - - - - - - - - 661 661 001  86/07/L0
- - - - - -~ - - - - - - - 961 SOVl 86/LT/H0
- - - - - . - - - - - - - ¥0T Oyl S6/LIO
- - - - - - - - - - - - - TO0T  SEIT 86/0T/10
- - - -- - -~ - - - $00° 829'1 - €0 0101  L6/ZTOT
- - €0 YL - - z 8Ll - - - - - 981  O¥Il  L6/91/90 -1
- - 20 oLl - - (4 TET - - - - - TO9T SYII  86/8T/30
- - - - - - - - - - - - - vic SOyl 86/17/L0
- - - - - - - - - - - - - €1€ 0Tvl  86/8TH0
- - - - - - - - - - - - - 0¥C Oyl 86/02/10
- - - - - - - - - - Y000  ZILT - ¥YiZ 0SE1  L6/ZTl
- - £0°0 Ll - - €0 LT - - - - 6'9C 0LZ  OIST  L6/91/90 €11
panunjuo)—sdydures 133em—puno.is)
an syl an s3 3N SY1 3N s3 an SH1 an s3 sy1 s3 (anoy (&P (2 pue | "sbyy)
(Ngea/Nye) ) (Ngez/Nye) (/6) bz)  jow)  Jsquinuxepu; dew
Hvn SUORBLUBIUOD WNjuRLf) Hvn suone.uadUod swil ajep
wniuean aidwes
Anawouoads ajoued eydjy poylaw mau poyjaw pjo
SW/dO! SW/dDI

(SHNsaJ pue spoyaw [eaphjeuy

penuiuod—6661 UBNoIY) G661
‘e)SRIGEN UIoIseMm ‘Bale sje|4 YoIn( ‘sejdwes Bumino-|jom pue ‘4erem-punoib ‘siem-a0Buns Ul sonel AJAOR pue SUOIIBIIUSOU0D WNiueIn L d|qe]

37

Analytical Results



- - - - - - - - - - - - - 0Lz O¥91  86/0T/LO
- - - - - - - - - - - - - LSz S001  86/8TMO
- - - - - - - - - - - - v’z vor  0SI  L6/2T/OL
- - €0 181 - - 4 oL - - - - - gLL  SS60  L6/91/90 o |
- - - - - - - - - - - - 1T STEL  86/0T/L0
- - - - - - - - - - - - 907  0S60  86/8T/H0
- - - - - - - - - - $00 Ll - L1z SISt L6reiot
- - €0 s8'1 - - € 907 - - - - Lz LIT SE60  L6/91/90 Al
- - - - - - - - - - - - - Y6 OIEL  86/07/L0 (sreoridup piay)
- - - - - - - - - - - - r 0 O00ET  86/0T/LO (ueiq)
- - - - - - - - - - - - - T6I  SOEL  86/0T/LO M1
- - - - - - - - - - - - - 881 SE60  86/3UP0
-- - - - - - - - - - - - - L81 00st L6/2T/01
- - €0 891 - - € 70T - - - - - 01z 0260 L6/91/90 A1
- - - - - - - - - - - - - el 13241 66/41/L0
- - 0 91 e - 4 871 - - - - - 871 SPEL 86/C1/11
- - €0 SS'1 - - T 1 441 - - - - - 24! Si01 86/10/60
-- - - - - - - - -- - - - - 0'SI S¥41 86/0T/L0
- - - - - - - -- -- - - -- - 91 Sty 86/LT/Y0
-- - - -- - - - -- == - - - 881 881 OISt 86/L1/20
- - - - -- - -- - - - - - - 1oz <01 86/07/10
- - - - -- - -- -- - - 000 8791 - €17 SPo1 L6/TT/01
- -- €00 9’1 - had €0 76l - - it - - 807 0ztl L6/91/90 €Il
panunuo)—sajdures Jajem—punors
an SH1 an s3 N sHT  aw s3 an syl an s3 SH1 s3 (4noy (1Amp (2 pue | 'sby)
(Ngez/Npez) (b (Ngea/Npez) (1/6v) 2) jow)  sequnu xapuj deyy
qvn SUO[1BJIUIZU0D Wnjueln HvN SUOJ1B/IUSOU0D awny ajep
wnjuein ajdwes
Anjawonoads ajonued eydjy poylaw mau poyaw plo
SW/dOI SW/dOI

| S1INS31 pue spoyaw |eaphjeuy

‘e)SBIGON UIo)sem ‘eale sie|d yoing ‘sejdwes Buino-jam pue ‘Jejem-punolb ‘1ejem-aoeuns Ui soijel AJIAIOR puUe SUOHBIJUSOUOD WNiueln *L d|qel

panuRuoO—6661 UBNoIY) 5661

38 Selected Field and Analytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 199599



- - - - - - - e - = - - - Lye 0201 66/S1/L0
- - - - - - - - - - £00° 856’1 - I'SE  00¥1  86/52/80
- - - - - - - - - - 00’ 129t - 6LL  ST01  86/TTLO
- - -- - - - - - - - S00° 29’1 - 6L SE01 86/LT/H0
- - - - - - - - - - - - 0'vE 0ve 0011 86/L1/20
- - - - - - - - - - - - - 67 S0l 86/02/10
- - - - - - - - - - €00’ €551 - €TE  0£60 L6/TTIOL
- - 20 ss'1 - - £ 967 - - - - - 61E  SYB0  L6/91/90 £
- - - - - - - - - - - - - 9ST  OEEl  86/ST/R0
- - - - - - - - - - LOO 9851 - 09T  S00T  86/2T/LO
- - - - - - - - - - - 8'st g'ST  SI0T  86/LTMO
- - - - - - - - - - - - - SLL OvOT  86/L1/T0
- - - - - - - - - - - - SLt 9'L1 0001 86/02/10
- - - - - - - - - - 00 0LS'L - 791 0160 L6/TTOL
- - 20 ss'1 - - 4 €51 - - - - - vl SZ80  L6/91/90 (28}
- - - - - - - - - - 1o L9S'1 SLl $LT  0ETL  86/5T/30
- - - - - - - - - - Y00 6551 8've 8¥E  SY60  86/ZTLO
- - - - - - - - - - Y00’ 9951 - TOE 0001  86/LZMO
- - - - - - - - - - - - - 'Lt 0201 86/L1/20
- - - - - - - - - - - - - L6l S¥60  86/0Z/10
- - - - - - - - - - 2000  v¥9'L - v'61  SS80  L6/2T/OY
wo ¥l wo 191 7o g9t TO  TL - - - - - OLT 0180  L6/91/90 -1
panunuo)—s3jdures Jjem—punois)
an sH1 an s3 AN syl 3N s3 aw SH1 an s3 SH1 s3 (anoy (1h/p (2 pue | "sby)
(Ngsz/Nyez) (/1) (Ngez/Nyc2) (/67) v2) jow)  sequinu xapuj dey
dHvn suoneNUadUOD WwinjueIn Hvn SUONBAUIILOD swil alep
wnjuesn ajdweg
Anpwionoads ajonued eydyy poyyatu mau poyiaw pjo
SIN/dDI SW/dDI

| SHnsa1 pue spoyjew jeonhjeuy

‘BySBIgaN ulsisam ‘eale sje|4 yong ‘sajdwes Bupno-jjom pue ‘Jsjem-punoib ‘1ajem-adeuns uj soljel AJAROR puB SUOKBIIUSOUOD WNUeIf) °Z djqel

panunuOO—666 | UBNOIY) G661

39

Analytical Results



- - €0 80°C -- e 1 €6 - - - - - 801 0tvl L6/80/60
- - S0 §0C b - [ L6 - - - - - I'01  SS¢l L6/¥0/30
- - €0’ 6L'1 - - v $'vl == - - - - il sevdl LO/1C/L
-- - 0’ (814 - - r 6’8 - - - - - 16 coct L6/80/LO
- - 0 §0C - - T 6 - - - - - L6 ovel L6/£2/90
- - €0’ 20T - - I 001 - - - - To1 201 0TL0 L6/61/90
-- - 0 e - - I L6 =" - - - - So1  SvEl L6/60/90
- - 0’ e - - r 8'8 710 60T - - - 101 SOST L6/LT/S0
-- -- 0 ore - - r '8 - - - - 7'6 8'6 Sivi L6/21/S0
- - 0 L0?T - - r '8 1200 960°'C -- - =" 66 SIIl L6/8TI0
- - 0 90T -- - (4 06 - - - - == 66 $T60 L6/1T/H0 1-d<
- - -- - -- - =" =" - - - - -- Lot §S6 66/P1/L0
- -- - - -- - - =" -- e - - Tel el 0gCl 86/9/30
- - SO (1104 e e 4 Y01 - - - - -- e szsi L6/81/90 1-v¢c
- - €0 oLl - =" 4 6'¢l - =" == - -- Syl SSS1 L6/81/90 I-N1
- -- - -- - - - -- - - 000 06T -- oIl 0¥0I 86/1€/80
- - €0 Lzl - - [4 811 - - - - -- 8Tl €091 L6/L1/90 NI
- -- -- - - - -- -- - - - - 081 0’81 0001 86/1£/80
-- - €0’ vl =" - 4 (4! =" - - -- 861 6'ST  SPSI L6/L1/90 NI
-- - - -- - - -- - - - - - =" 891l  0¢80 86/1¢/30
== - €00 L8'1 - "= (44 LSt - e == - - TLr sgsl L6/L1/90 -1
panunuo)—sajdures Jdjem—punois)
In sH1 el s3 an sH1 an s3 L] sH1 ElL] s3 SH1 s3 (anoy (1A (z pue | 'sby)
(Nggz/Nyce) (/o7) (Ngez/Nyez) (/B vZ)  /ow)  Jaqunu xepus dew
dgvn SUOJBIJUIDUOD WNjURAN gHvn suojjesjuasuod Wil aep
wnjuesn a|dwes
Answonoads apojued eyd)y poyiaw mau SW/dOI poylaw pjo
SW/dDI

| SHINSa1 pue spoyjaw [eanAjeuy

panunued—e6661

ybnouy) GE6| ‘eSeIgeN UISISeM ‘eale sje|4 yong ‘sajdwes Buimno-jlam pue ‘Jajem-puncib ‘1ejem-o0euns Ul solel AjAIOR pue SUOIIeIUSIU0D WniuRIn *Z d|qel

40 Selected Field and Analytical Methods and Anaiytical Results in the Dutch Flats Area, Western Nebraska, 1995-9°



£6°1 - - T 911 - - - - - TIL  SISL  LG/TLO
- - €0 91 - - U S01 - - == b - 811 Shel L6/80/L0
- - €0 851 - - T zo1 - - - - - YOl 0Tvl  L6/£2/90
- - €0 9| - - T 6'6 - - - - - 0l 0080  L6/61/90
- - 0 191 - - T €6 - B - - £6 €6 STYL  L6/60/90
- - €0 yL1 - - A £01 - - - - 911 oIt SYST  L6/LT/SO
- - v0° 06'1 - - A €11 - - - - - 1Tl SS¥l L6/ZI/SO
- - Lo 68’1 - - € €01 - - - - - 901  00TI  L6/STHO
- - Y0 06'1 - - A 001 - - - - ¥t ¥11 0001  LG/1THO €4z
- - - - - - - - - - $00°0 L19°1 - LS 0S¥l 86/97/80
- - 90 1w - - z €9 - - - - - 0L ST60  LGAE/G0
- - €0 651 - - I TL - - - - - €8 Svbl  L6/30/60
- - €0 191 - - 18 6'6 - - - - 66 66  SIFL  L6/V0/S0
- - £0° 09'1 - - T (A - - - - vzl YTl OSSPl L6/TLO
- - €0 09'1 - - T 6Tl - - - - 0¢l 0€l  STET  L6/30/L0
- - £0° 69'1 - - & 001 - - - - - €01 00Kl  L6/ET90
- - €0 ¥9'1 - - T 86 - - - - - L6 OPLO  L6/61/90
- - 0 £8'1 - - 4 £6 - - - - 601 0Ll SOVl L6/60/90
- - €0 881 - - T 1el - - - - 6Tl L€l STST  L6ILTISO
- - PO 88’1 - - 4 $°6 - - - - - TOL  SE¥l  L6/TI/SO
- - 0 107 - - T 1'6 - - - - - TOL  OPIl  L6/ST/HO
- - PO 16’1 - - T 1'6 - - - - - 10l 060  L6/1T/P0 i (4
- - - - - - - - - - - - - S0l 00V  86/97/30
- - SO0 76'1 - - 0 €6 - - - - 1ot 66  S060  LGAE/GO -4z
panunuo)—sajdures Jajes—punols)
I SH1 an s3 ELL] sH1 E] s3 an sH1 E] s3 SH1 s3  (noy  (hp (2 pue | 'sby)
(Nggz/Nysz) (v6r) (Ngez/Nyez) (V/6r) bz)  jow)  Jaquinu xspui dey
Hvn SUOIBUIIUOI WInjuen Hvn SUO{jeJlU3adU0d ewll ajep
wniuesn ajdwes
Anowonoads ajoiued eyd|y poylaw mau S/dol poylaw p|o
SW/dOI

| SHNsaJ pue spoylew jeanfjeuy

ybnoiul 5661 “BxSRIGON WB)Sem ‘ease sield yoing ‘sejdwies Buino-jlom pue ‘1ajem-punoib ‘1sjem-aoeLns u) soiel AlAIIOR PUB SUOIIRIUSOUOD wnuel -2 diqel

panunuod—6661

41

Anaiyticai Resuits



- = €0 09'1 - - T oSl - - - - - ¥91I  STOI  L6/L1/90 Tz
£6°C S6'T W §1 4 o8t T 01 - - - - - 061 SOul  LO/LISO I-a¢

- - - - - - - - - - - - - 6+l 001l  86/92/80
- - 0 9’1 - - T ol - - - - - 6%l OSPL  L6/R1/90 -3¢

- - - - - - - - - - - - - 8T OrIl  66/P1/LO

- - - - - - - - - - - - - €91 00Vl  86/LT/R0
- - €0 Se'l - - € 61 - - - - - oYl 0260  L6/31/90 €Az

- - - -- - - - - - - - - - €€ 00El  86/LT/80
- - €0’ w - - T S8l - - - - - T61 0060  L6/81/90 —az

- - - - - - - - - - - - - €l SITL  86/LT/R0
- - €0’ S6'1 - - 4 6Tl - - - - - OEl  Ov80  L6/31/90 1-az
- - 0 SS'1 - - I 86 - - - - - 00l 060  L6/61/90 5014
- - €0’ €9'1 - - I 901 - - - - - 80l  S¥30  L6/61/90 -0t
- - €0’ 691 - - I ¥01 - - - - - I'IT SZ80  L6/61/90 1-0¢

- - -- - - - - - - - - - - 7Tl 0S0l  66/F1/L0

- - - - - - - - - - 00 ysS°1 'L 'L SKST  86/97/30

- - 90 LSl - - T 89 - -- - - - 69  SP60  L6/0E/60

- - y0 ¥l - - I 89 - - - - - €L SOST  L6/30/60
- - £0°0 ¥S'1 - - 10 €8 - - - - - S8  SErl  L6/P0/30 ¢-dz

panunuo)—sdfdures Jdjem—puno.as)
an s In s3 N SH1 an s3 In sH1 L s3 sH1 s3  (moy  (shp (2 pue | “sby)
(Ngez/Nysy) (/6ri) (Ngsz/Nyez) (VBT vz)  jow)  sequnuxapur dep
dgvn SUONIELUSDOUOD WINjuURIf Hvn suonenuasuod  dwil aep
wnjuen a|dweg
Anowonoads ajonsed eyd|y poyiaw mdu SW/dDI poyidw pjo
SW/dDI

| SHNS31 pue spoylaw jesnhjeuy

panuguod—e6661

yBNoIY} GEHEL ‘BNSBIGON UISISaM ‘Bale SiB|4 yong ‘sojdwes Bumno-jjom pue ‘18jem-punoib ‘1ejem-adeuns up sonel AAIOR pue SUOHBIUSIU0D Wnueln *Z d|qel

42 Selected Field and Analytical Methods and Analytical Results in tne Dutch Flats Area, Western Nebraska, 1995-99



- - €0 91 - - (4 o¢cl - - - - - I'vl  Obbl 86/10/60
- - - - - - - - - - - - - Iyl obzl  86/12L0
- - - - - - - - - - - - - LYl SEIT 86/T1/S0
- - - - - - - - - - - - ISt TST  0Ell  86/81/20
- - - - - - - - - - - - - $SI 0ISI  86/02/10
- - - - - - - - SI00 0091 00 9651 - v'LL SEIT L6/1T/01
91
- - €0 €91 - - [4 [2Y! - - - - ‘TLl 'Ll 0£L0 L6/L1/90 C-Ht
- - 0 8¢ - - € o€l - - - - - 6CI  0Tvl 86/10/60
- - - - - - - - - - - - - €€l 0zTl  86/1T/LO
- - - - - - - - - - - - - I'el  SIIL 86/21/S0
- - - - - - - - - - - - - L€l SSOL  86/31/20
- - - - - - - - - - - - - 621 SSPl  86/07/10
- - - - - - - - - - - - - €zl SIIL L6/12/01
- - €0 €51 - - 4 4! - - - - - €SI S0 L6/L1/90 1-HZ
- - - - - - - - - - - - - '8 001  86/17/L0
- - - - - - - - - - - - 88 88 SYOI  86/T1/S0
- - - - - - - - - - - - - 001 sszl 86/81/20
- - - - - - - - - - - - - S8 SOIT  86/12/10
- - - - - - - - - - 00’ S0S'1 - 801  SIIT  L622/01
- - 0 €'l - - [4 8'8 - - - - - 76 orS1 L6/91/90 G374
- - - - - - - - - - oo 9Igl - 0T Skel 6610
- - 800 €Tl - - [4Y S'e - - - - - 9¢ Y01 L6/L1/90 €T
panuyuo)—sajdures Jyem—punois)
an SH1 an s3 aw__ syl an s3 an sH1 an s3 sH1 s3  (noy  (WAp (2 pue 1 'sby)
(Ngg/Nyez) (vbr) (Ngee/Nyez) (/6T p)  jow)  Jsequinu xapu; dep
HvNn SUOI1BJJU22UO0D WnjuRIN HvN suopesuaoucd  dWiL aep
wniuesn a|dwes
Answonoads sponaed eydly poylaw mau SN/doI poylaw pjo
SW/dDI
,S}nsai pue spoylow fesphleuy
panuiuod—e661

ybnoiyl 5661 ‘eRSEIGEN UWIS)SeM ‘eale sie|q yoinQ ‘sejdwes Bumno-jjom pue ‘Jajem-punoib ‘1ajem-soeuns u| Soljel AJAIOR PUB SUOREIUSIUOD WwnuRIn L ojqel

43

Analytical Results



- - 41y €51 - - (4 €51 - - - - - v9l  0€Tl  86/20/60
- - €0 LS'1 - - o 9t - - - - - vOl  SOLO  L6/91/90 -1z
- - - - - - - - - - - - - 19t 0IST  66/t1/L0
- - - - - - - - - - - - - vrL SYEL  86/1€/80
- - - - - - - - - - - - - 6¥l  Syrl 86/0T/L0
- - - - - - - - - - - - o¥L  6€1 OvIl  86/LT/Y0
- - - - - - - - - - - - 691 691 SIIL  86/07/10
- - - - - - - - - - 00’ 665'1 - €SI SPrL  L6TNL
- - 0 891 - - 3 9'€l - - - - - Tyl SILL L6/91/90 £IC
- - - - - - - - - - - - LLL 9L 00ED  86/1€/80
- - - - - - - - - - - - - L8L  0EVl  86/0T/LO
- - - - - - - - - - - - 06t 061 STIL  86/LIMO
- - - - - - - - - - - - - T6L 0011 86/0T/10
- - - - - - - - - - - - - 681 0S¥l L6/2T/01
- - €0 1t - - 4 144! - - - - - L9l SSOL  L6/91/90 e
- - -~ - - - - - - - - - - 9TC  SITL  86/1€/80
- - - - - - - - - - - - - 97T SIvl  86/0T/LO
- - - - - - - - - - - - - 81T Ol 86/LTAO
- - - - - - - - - - - - - S6L  SYOI  86/07/10
- - - - - - - - - - €000  0S8'L - €0z Sivl  L6/T/0L
o 961 700 681 4 Iyl TO Tl - - - - - 8¥l  0€01  L6/91/90 112
- - - - - - - - - - - - - g€l SIvl  66/1/LO THT
panuyuo)—sdydures Jjem—-punois)
an syl aw s3 3w syl 3w s3 aw SH1 aw s3 sH1 §3  (noy  (Ap (z pue | 'sby)
(Ngez/Npez) (1/6m) (Ngez/Nyez) (6r) vg)  jow)  Jaqunuxapudepy
Hvn SUOIBIUSDUOD WINjURIN HvN suopjesueouood  dwil ajep
wnjue:n aidwes
Anaswounoads ajoned eydjy poylaw mau SIN/ddIL poylaw p1o
SW/dII

| SHNSa1 pue spoyjew [edphjeuy

ybnoiy) Ge61 ‘edseIgeN Ulelsem ‘eale sie(d yong ‘sejdwes Bumino-jlem pue ‘Jejem-punolb ‘1ejem-aoepns ul sojjel AjjAIIOR PUB SUONBIIUSOU0D WNUBIN *L d|qeL

panuuUOO—6664

44 Selected Field and Anaiytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 1995-¢%



hd - - - - - - - - - - - [ 001 66/30/L0
-- - 0 8¢'1 - - 4 ¢l - - - - Sel Sel Shel L6/L1/90 —dg

- - - - - - - - e - - - - £0C ceel 66/30/L0
- - €0 L6'L - - 4 6’81 - - - - hd 661 Sivi L6/LT/90 [-d4¢

- - - - - - - - et - - - - 8Tl SE01 66/C1/L0
200 Ll €0 Lyl 10 'Lt 4 it - - - - - 't 0£01 L6/31/90 €-0¢

- - - - - - - e - - - - - Sl S101 66/C1/L0
- - €0 891 - -- 4 911 - - -- - |41 el 0101 L6/31/90 (13

- - - - - - - - - - - - - 8El  SS60  66/C1/LO
- - 0 [4:81 - - 4 144! -- - - - - '+l 0560 L6/31/90 1-0¢

- - - - - - - - - - - - - 601 0091 66/30/L0
- - 0 LS'T - - 4 £t -- - - - - 9¢1 orel L6/31/90 -dg¢

- - - - - - - - - - - - - Ol LESI  66/80/L0
- - €0 051 - - r L0l -- - - -- - ¢or  Ocel L6/81/90 1-g9¢
- - - - - - - - -~ - S000 €10C - €1l 0g60 66/€1/L0 | G 4

- - - - - - - - - - - - - 8% €091 66/71/L0
- - €0 €51 -- - 14 6'9C - - - - - 66C 0OVL0 L£6/91/90 £€1¢

- - 0 8¢1 -- - 4 3! - - - - - L9l 0sz1 86/20/60
- - 00 L] - - €0 I'vl - - -- - 6'p1 67l STL0 L6/91/90 [l (4

panunjue)—sadures 1jem—punor
an syl an s3 an__ sHl an s3 an syl an s3 SH1 s3 _ (noy  (hp (z pue { "sbiy)
(Ngez/Nyez) (vBr) (Ngez/Nyez) (1/6m) v2)  jow)  sequnu xapuldep
Hvn SUOIIBJIUAIUOD wniueIn HvNn suonjenuasuos  Suil alep
wnjuein a|dwes
Anawounoads ajansed eydiy poyiaw mau SIN/dD! poyjaw pjo
SW/dDI

| SHNS31 pue spoyiaw jedphjeuy

ybnoiy; Se61 ‘BiSBIGeN wielsam ‘eale sie|4 yoing ‘sejduies Bumno-jlem pue ‘Jejem-punoib ‘1ejem-soeuns uj soel ANAIOR PpUR SUORERIUSOUOD Wniueln *Z d|qel

panuiuod—e6661

45

Analytical Resuits



- - - - - - - - - - - - - LYl 0SO1  66/L0/LO 0§
- - - - - - - - - - - - - SS1 STOI  66/L0/LO 1-0¢
- - €0 LS'1T - - T Tl - - - - - 811 0zel L6/61/90 €4S
- - €0 181 - - T L'zl - - - - -- I'el 00Z1 L6/61/90 oY
- - €0 61 - - 4 oyl - - - - - Tylr oLl L6/61/90 -4

- - - - - - - - - - - - - €6 S0TI  66/TL/LO
- -- 0 (43| - - 4 L8 - - €000 1261 - '8 orIt L6/31/90 £day

- - - - e - - - had - - - - 101 Svit 66/Z1/L0
- == €0 9¢'1 - - I L'8 - - - - €6 T6 ozll L6/31/90 o't 4

- - - - - - - - - - - - - vEL ST 66/ZI/L0
- - €0 91 - - 4 811 - - - - - 971 0011 L6/31/90 -dv

- - - - - - - - - - - - - 6T1  €0ST  66/30/L0
- - €0 S9'1 - - 4 (1A - - - - - 971 Sovi L6/31/90 I-vy

- - - - - - - - - - - - - §8  SIZI  66/30/L0
- - €0 S - - 4 1ot - - - - ! 1L OSII L6/L1/90 €€

- - - - - - - - - - - - - 8L SSIT 66/30/L0
- - w0 S’ - - 4 9¢l - - - - 791 91 O¢ll L6/L1/90 e

- - - - - - - - - - - - - LOI  8ZTII  66/30/L0
- - €0’ LS'] - - € [ -- - - - - 891 OIII L6/L1/90 1-d€

- - - - - - - - - - - - - L8 STVI  66/30/L0
- - SO0 Sl - - 0 ¥'6 -- - -~ - -- 01 4341 L6/L1/90 €-d¢

panunuo)—sajdures Jjem—-punois)
an sH1 an s3 IN__ sH1 an s3 an sH1 an s3 sHl s3  (mnoy  (Ap (2 pue | 'sby)
(Ngsa/Nyse) (1/6r) (NgeaNye) () v)  jow)  sequnuxepuj ey
dvn SUOiBIIUDIUOI WiNjueIN Hvn suoReUIIU0D awiy 9jep
wniuein a|dwes
Answonoads ajonaed eydyy poyaw mau SN/dol poyiaw pjo
SIN/dDI
| SHNSA. pue spoyiaw [eaphjeuy

panunuoD—6661

ybnouy) Ge61 ‘eySEIgEN wisisem ‘eale sie|4 yoing ‘sejdwes Buiino-jjom pue ‘Isjem-punolb ‘1ejem-e0euns ul soljes AJIANOE pue SUOHEIUAOUOD WnjueIn L d|qeL

46 Selected Field and Analytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 1995-99



L'yS
- - 200 (4! - e 90 16¥ - - 2000 11S°1T ALY [ 1% 01] 86/97/30
- - - - - - - - -- = -- - - 90L S¥60 66/0£/90 19
- - - - - - - -- - - - - - YTy S0€l 66/0£/90 ¢-H9
— _ - - - - -- - - - -- - - L'v?  OvCl 66/0£/90 1-H9
- - - - - -- - - - - - - - $'0C  0SII 66/0€/90 99
= . - - - - - - - - - - - Lve  OCIl 66/0£/90 [-D9
- - - - - -- - - - - - - - [ (142 66/0€/90 49
.- - - - - -- - - - - - - -- L8 €191 66/87/90 H49
. - — - - - - - - - - - - 9T1 LEOI 66/67/90 «—as
- - - - - - - - - . - - b 91 S101 66/62/90 -a9
- - - - - - - - - - - - - 10 TSyl 66/87/90 29
- - - - - - - -- - - - - - 861 SOVl 66/87/90 49
- - - - - - -- - - - - - - 86l [S411 66/87/90 Y9
- - - -- - - -- -- - -- - - - Lee  SSyl 66/10/L0 ds
- - . - - - - - - - - - - Iy  se€l 66/L0/L0 g
- - - - - - - - - - - - - 1'€e  0lgl 66/L0/LO 1-9¢
- - . - - - - - - - -- - e L'yl LITI 66/L0/LO as
panunuo)—sddmes J2jen—punois
an SH1 3N s3 an SH1 an s3 L SH1 3w s3 SH1 s3  (noy  (Uhp (z pue { “sB))
(Nazz/Mye?) (/6" (Ngez/Nyez) (q/6v) v2) /ow)  saqunu xapu; depy
HvYN SUOIBIJUdIUO0D Whiuein HVN suojpequasuos Wil aep
wnjueln o|duwes
Anowouoads ajoled eyd|y poyaw mau SiN/dol poyaw pjo
SW/dOI
1 S}Nsal pue spoyPw |eonAjeuy
penuiuod—e6661

ybnoIy) 5661 ‘eseIqeN woisem ‘eale sie|4 yoing ‘sojduwes Bumno-jom pue ‘1ejem-punoib ‘iopem-soeuns Ul soijel AYAROR puB SUCHEIIUSOUOD WnUeIN L d|qeL

47

Analytical Results



- - - - - - - - - - - - - €6 SISl 66/62/90 Vs
- - e e - - - - - - - - - €Tl Y4l 66/6T/90 1-V8
- - - - - - - - - - L00° €L6'] - 909  SK60  66/10/L0 HL
- - - - - e - - - - <10 000°1 - 8L [Y49 66/0£/90 DL
- - - - - - - - - - <00 $19'1 - v'ee €0SI 66/0£/90 I-OL
- - - - - - - - - - - 0ss'1 - 16 SSIT  66/10/L0 TdL
- - - - - - - - - - 00 9791 - 90¢ STl 66/10/L0 1L
- - - - - - - - - - 600 1£1 - 66 ST 66/62/90 TAL
- - - - - e - - - - - - had 8'8T [39¢ 66/62/90 1-3L
- - - - - - - - - - 600" OgLl - 9Ll SIST  66/62/90 -aL
- - - - - - - - - - - - - 681  SE¥I  66/67/90 -
- - - - - - - - - - 10 651 - T8 Il 66/61/90 0L
- - - - - - - - - - - - - STl CSIIl 66/62/90 I-0OL
- - - - - - - - - - - - - 881 0EST  66/82/90 aL
- - - - - -- -- - - - 900" c10C - 6'CC SIEl 66/82/90 VL
- - - - - - - - - - 800 PEET - 6TL  SI01  66/£7/80
- - - - - - - - - - - - - $EI SSTI  66/32/90 1-vL
- - - - - - - - - - €000 orL'1 - Loy €901 66/0£/90 N9
- - - - - - - - - - - - - 981  0€01  66/0€/90 1-IN9
panunjuo)—sajdures Jajes—punoas)
el sH1 aw s3 In_ sH1 an s3 an sH1 an s3 SsH1 s3 _ (noy  (Ap {z pue | "sby)
(Ngge/Nyez) (/6") (Ngge/Nyez) (v6T) vZ)  jow) - Jaquinuxapul dew
Hvn SUOI}EJJUadU0D WnjueIn gvn suojjejuasuos  SWil aep
wnuein ajdweg
Anowonoads aponted eydly poyIow mau SN/dol poyaw pjo
SW/dOIL

| S}iNsaJ pue spoyidw [eapfieuy

ybnoly) GE6| ‘BYSRIGEN UIBISAM ‘eale sie|4 yoing ‘sejdwes Bumino-jlam pue ‘Jsiem-punolb ‘Jsiem-soeuns U sopel AAROR pue SUOHRJUSOUOD WniueIn *Z dlqel

psnupuoO—e6661

48 Selected Field and Analytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 1995-9¢



- - - - - - - - - - 900° 989'1 - 00T  00EL  66/90/L0 1-ao1
- - - - - - - - - - - - - 9L THE0  66/LO/LO 001
- - - - - - - - - - 600 8551 - 16 L 66/90/L0 -vol
- - - - - - - - - - - - - SLT Sivl 66/90/L0 1-Voi
- - - - - - - - 2000 (Y41 00 ee’l - LeL Syl 66/10/L0 7-36
- - - - - - - - -- - 700 el =" 888  S¥el 66/10/L0 1-36
- - - - - - - - - - - - - I'vE  Sypl  66/L0/LO a6
- - - - - - - - - - - - - TIE 0TV 66/LO/LO 1-a6
- - - - - - - - - - - - - 9T1 SSST  66/LO/LO J6
- - - - - - - - - - - - - 6SL  STST  66/L0/LO g6
- - - - - - - - - - £00° 985'1 - ILT  0STI  66/10/L0 08
- - - - - - - - - - - - - I'Sy  0SO0l  66/10/L0 [t
-- -- -- - - - - - -- -- €000 Si6'l - 0eL  STot 66/10/L0 18
- - - - - - - - - - - - - 0Tl 0091  66/0£/90 a8
- - . - - - - -- -- - - - - L6t  S001 66/80/L0 —as
- - - - - - - - - - - - - LET  0¥60  66/30/L0 1-as
- - - - - - - - - - - - - 6T  0SOT  66/30/L0 08
- - - - - - - - - - - - - £¥L SSEL  66/67/90 a8

panunuo)—sajdures Jjem—punois)

aw __ sH1 aw s3 W sH1 3w s3 an sH1 an s3 SH1 S3  (noy  (Ap (¢ pue | 'sBy)

A—anw\:vnwv Au—\aiv Aﬁ-wnw\:eﬂwv A.._\Oiv QNV \OEV Jequinu xapul QNE
Hvn SUO[JBIIUSIUOD WnjueIn Hvn suopjesuaguos  Suill alep
wnjuean ajdwes
Anowouoads ajonaed eydyy poylaw mau SW/doI poylew pjo
SIN/dII
\SHinsau pue spoylaw |eopfjeuy
panunuod—e6661

ybnouuy SE61 ‘BISBIGEN UlsISeMm ‘Bale Sjel4 yong ‘sejdwes Bulmno-jlam pue ‘1ajem-punoib ‘1ejem-aoeins Ul soles AJIAIIOR puB SUONRIUSOUOD WNiuRIN *Z djqel

49

Analytical Resuits



- - = - - - - - - - - - - 9€T  OSIT  86/TT/LO

- - - - - - - - - - - - - €v9  0SEl  86/17/10
- - - - - - - - - - - - - L0T  SOET  86/12/10 69T

- - - - - - - - - - L00 LS - ¥ZC O£l 86/10/60

- - - - - - - - Z10 S8¢'l L00 Ly9'1 - 6¥C Ol 86/TT/LO
- - - - - - - - - - - - - S¥e  OLEL  86/12/10 1-$6-319C

- - - - - - - - - - 00’ 124! - - 0SIT  66/71/60

- - - - - - hd - - - LOO 'l - £88 Y44t 86/CT/L0
- - - - - - - 089 - - - - - vyL S180  L6/£T/O1 P61

- - - - - - - - S0  £6+'1 SO0 611 - - 0CIl  66/71/60

- - 01'0 T - - [41] [ - - 900 1€1°C - 1 0€St 86/57/30

- e - - - - - [X41 - - [4(0) 96v'1 - STl SITl 86/CT/LO
- - - - - - - 99 - - - - - $9  SSL0  L6/ETOL 1=v6-A1
- - - - - - - - - - 800 8PSl -- LZt S191 66/90/L0 T-INOT
- - - - - - - - - - - - - €L SSST 66/90/L0 1-NOT
- - - - b - - - 2000 LETT LOO 961'C - 8Ll 0€Tl 66/€1/L0 13101
- -- - - -- - -~ - - - 010 SLL'T - 80€  0SII 66/90/L0 7-D01
- - - - - - - - - - - - - €€ STIT  66/90/L0 1-001
- - -- -- =" - - -~ - - L00° 089'1 - 60t SPSI 66/10/L0 7-d01
- - - - -- - - - -- i S00° 9LL'] - e Sgsl 66/10/L0 1-d01
- - - -- - - - - - - 7100 0991 -- 10 €Tel 66/90/L0 7—aot

panupuo)—sdjdures J3jem—puno.is)
an sH1 an s3 an SH1 EL s3 an sH1 an s3 sl s3__ (noy  (WAp (2 pue | 'sby)
A—anux:vnwv Al_\miv A:wnﬂ\:vnwv Al—smiv QNV \OEV Jaquinu xspu G_NE
d4vn SUOI}BJJUlOUOD WNjuRIN dvn suonesjuasuod  dWiL ajep
wnjuesn sjdwes
Appwoaoads ajoned eydyy poyjaw mau SW/doI poyiaw pjo
SIW/dDI1
| SHNsal pue spoyjew jeanfjeuy

panuiluoD—e6661

ybnoiyi e ‘BYseIqeN wiaisem ‘ease syeld yoing ‘sejdwes Buimno-jlom pue ‘Jerem-punoib ‘Jejem-eoeuns ul solies AjA0R pue SUOIEIJUSOUOD Wnueln *Z sjqel

50 Selected Field and Analytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 1995-¢°



'6661 PUE G661 U29M12q PIIDNISUOD ITaM S[[IM UM PIII[[0D 21am sSuming [[am wioly mu_nEsmN
‘sKep JuazeyIp uo pajeadar saskjeue Juasaidar pjoq ut szvquin N,

- == - - - -- - - - - €00 8681 - - - - 199) 0¢ 1® 1—$6-A1
- - - - - - - -- -- - S00° 6081 - - - - 139J ¢ 1® 19
- - - - - - - - - - £00° 97l - - - - 199) 6L ¥ [-HT
- - - -- - - - - - - 00" W'l - - - - 199) 638 [-4T
- - - - - - - - - - 00 986’ - - - - St J1ued[OA
yoe|
-- - - - - - - - - - 900" 8691 - - - - Pu0d3s ysy aqnig
- - - - - - - - - - L000  899°1 - - - - Yoea] 181y ysy djnug
waﬁza M wogy sapdureg
- - 610 1E1 - - 150) €0 - - - - - 1§ 0£SI 86/1€/30 IIoW D
- . - - -- -- - - - - - - - €99  0I¥l 86/17/10 €P6-M9C
pInunuo)—sdjdures Jjem—punoin
EIV sy1 an s3 IN_ sHl E[]] s3 an sy an s3 sH1 s3  (noy  (hp (2 pue | *sBy)
(Ngez/Nyez) (Br) (Ngez/Nyez) (1/6m) vz)  jow)  sequinu xapu) depw
qvn SsuoljejUusadu0d wnjueln Hvn SuoIBJUIIUOD auny aqep
wnjuein a|dwes
Anawouoads ajonued eydly poyiaw mau SIN/dII1 poyjawi pjo
SW/dDI

,SHNSa1 pue spoylaw [eopkjeuy

PONUIUOD—666 |
ybnoiy; G661 ‘BlSRIGEN UI9ISam ‘eale sie|4 yong ‘sojdwes Buino-jjom pue ‘Jajem-punolb ‘Jajem-aoruns Ul Solel AJAIOR PUB SUONBIIUSOU0D WNjueln ‘L d|qel

51

Analytical Results



REFERENCES

Aeschbach-Hertig, W., Peeters, F., Beyerle, U., and Kipfer,
R., 1999, Interpretation of dissolved atmospheric noble
gases in natural waters: Water Resources Research,

v. 35, p. 2779-2792.

Bohlke, J.K., and Coplen, T.B., 1995, Interlaboratory com-
parison of reference materials for nitrogen-isotope-
ratio measurements, in International Atomic Energy
Agency, 1995, Reference and intercomparison materi-
als for stable isotopes of light elements: International
Atomic Energy Agency TECDOC 825, p. 51-66.

Bohlke, J.K., and Denver, J.M., 1995, Combined use of
groundwater dating, chemical, and isotopic analyses to
resolve the history and fate of nitrate contamination in
two agricultural watersheds, Atlantic coastal
plain, Maryland: Water Resources Research, v. 31,

p. 2319-2339.

Boohar, J.A., 2000, Water resources data—Nebraska—
water year 1999: U.S. Geological Survey Water-Data
Report NE-99-1, 538 p.

Boohar, J.A., and Walczyk, V.C., 1997, Water resources
data—Nebraska—water year 1996: U.S. Geological
Survey Water-Data Report NE-96-1, 349 p.

1998, Water resources data—Nebraska—water
year 1997: U.S. Geological Survey Water-Data
Report NE-97-1, 462 p.

Busenberg, Eurybiades, and Plummer, L.N., 1992, Use of
chlorofluorocarbons (CCI5F and CCl,F,) as hydrologic
tracers and age-dating tools—the alluvium and terrace
system of central Oklahoma: Water Resources
Research, v. 28, p. 2257-2283.

Carter, R.W., and Davidian, Jacob, 1968, Techniques of
water-resources investigations of the U.S. Geological
Survey, general procedures for gaging streams:

U.S. Geological Survey Techniques of Water-
Resources Investigations Report, book 3, chap. A6,
13 p.

Conservation and Survey Division, 1980a, Ground water
nitrate-as-nitrogen concentrations—Scotts Bluff quad-
rangle: University of Nebraska-Lincoln, 1 sheet,
scale 1:250,000.

1980b, Ground water nitrate-as-nitrogen concentra-
tions—Alliance quadrangle: University of Nebraska-
Lincoln, 1 sheet, scale 1:250,000.

Cook, P.G., and Bohlke, J.K., 1999, Determining timescales
for groundwater flow and solute transport, in Cook,
P.G., and Herczeg, A L., eds., Environmental tracers in
subsurface hydrology: Boston, Kluwer Academic
Publishers, chap. 1, p. 1-30.

Coplen, T.B., 1988, Normalization of oxygen and hydrogen
isotope data: Chemical Geology (Isotope Geoscience
Section), v. 72, p. 293-297.

Craig, H., 1961, Isotopic variations in meteoric waters:
Science, v. 133, p. 1702-1703.

Dansgaard, W., 1964, Stable isotopes in precipitation:
Tellus, v. 16, p. 436-468.

Druliner, A.D., Esmoil, B.J., and Spears, J.M., 1999, Field
screening of water quality, bottom sediment, and biota
associated with irrigation drainage in the North Platte
Project Area, Nebraska and Wyoming, 1995: U.S.
Geological Survey Water-Resources Inve-tigations
Report 98-4210, 43 p.

Fishman, M.J., and Friedman, L.C., 1989, Me*hods for
determination of inorganic substances in water and
fluvial sediments: U.S. Geological Surver Techniques
of Water-Resources Investigations, book 5, chap. Al,
545 p.

Gonfiantini, R., 1986, Environmental isotopes in lake
studies, in Fritz, P., and Fontes, J.Ch., eds., Handbook
of environmental isotope geochemistry, volume 2B—
the terrestrial environment: New York, E =evier,

p- 113-168.

International Atomic Energy Agency, 1981, S-able isotope
hydrology—deuterium and oxygen-18 in the water
cycle: Technical Report Series No. 210, 337 p.

1992, Statistical treatment of data on environmental
isotopes in precipitation: Technical Report Series
No. 331, 781 p.

Ivanovich, M., and Murray, A., 1992, Spectro=copic
methods, in Ivanovich, M., and Harmon, R.S., eds.,
Uranium-series disequilibrium—applications to earth,
marine, and environmental sciences, second edition:
Oxford, Clarendon Press, p. 127-173.

Ludin, A., Weppernig, R., Bonisch, G., and Schlosser, P.,
1998, Mass spectrometric measurement of helium
isotopes and trititum. Lamont-Doherty Technical
Report 98-06, [http://www.ldeo.columbia.edu/
~noblegas/ms_ms/Ludin_et_al_MS_Pap-=r.html]

Mamyrin, B.A., and Tolstikhin, [.N., 1984, Helium isotopes
in nature: New York, Elsevier, 273 p.

Mathey, S.B., ed., 1990, Ground-water site inventory
system, v. 2, chap. 4, in National Water I~formation
System user’s manual: U.S. Geological Swvey Open-
File Report 89-587, 288 p.

Plummer, L.N., and Busenberg, Eurybiades, 1999, Chloro-
fluorocarbons, in Cook, P.G., and Herczeg, A.L., eds.,
Environmental tracers in subsurface hyd-ology:
Boston, Kluwer Academic Publishers, chap. 15,

p- 441-478.

Plummer, L.N., Rupert, M.G., Busenberg, Eu-ybiades, and
Schlosser, P., 1999, Age of irrigation wa‘er in ground
water from the eastern Snake River Plair aquifer,
south-central Idaho: Ground Water, v. 3§, p. 264-283.

Pritt, J.W., and Jones, B.E., eds., 1990, National water-
quality services catalog: U.S. Geological Survey Open-
File Report 89-386, 132 p.

Rantz, S.E., 1982, Measurement and computztion of
streamflow, volume 1—measurement of stage and

52 Selected Field and Analytical Methods and Analytical Results in the Dutch Flats Area, Western Nebraska, 1995--99



discharge: U.S. Geological Survey Water-Supply
Paper 2175, p. 284.

Schlosser, P., Shapiro, S.D., Stute, M., Aeschbach-Hertig,
W., Plummer, L.N., and Busenberg, Eurybiades, 1998,
Tritium/>He measurements in young ground
water—chronologies for environmental records, in
Isotope techniques in the study of environmental
change: International Atomic Energy Agency,
Proceedings Series, Vienna, p. 165-189.

Steele, G.V., and Cannia, J.C., 1997, Reconnaissance of
surface-water quality in the North Platte Natural
Resources District, western Nebraska, 1993: U.S.
Geological Survey Water-Resources Investigations
Report 964316, 21 p.

Stute, M., and Schlosser, P., 1999, Atmospheric noble gases,
in Cook, P.G., and Herczeg, A.L., eds., Environmental
tracers in subsurface hydrology: Boston, Kluwer
Academic Publishers, p. 348-377.

Thatcher, L.L., Janzen, V.J., and Edwards, K.W., 1977,
Methods for determination of radioactive substances in
water in fluvial sediments: U.S. Geological Survey
Techniques of Water-Resources Investigations, book 5,
chap. AS, p. 93-95.

U.S. Environmental Protection Agency, 1994, Methods for
the determination of metals in environmental samples:
Washington, D.C., EPA 600/R-94-111, Supplement 1.

2000, Current drinking water standards—national
primary and secondary drinking water regulations:
Office of Ground Water and Drinking Water, accessed
December 27, 2000, at URL http://www.epa.gov/
safewater/standards.html

Verstraeten, .M., Carr, 1.D., Steele, G.V., Thurman, EM.,
Meyer, M.T., and Dormedy, D.F., 1999, Surface-

*U.S. GPO 2001-0-657-386

water/ground-water interaction—herbicide transport
into municipal collector wells: Journal of Environ-
mental Quality, v. 28, no. 5, p. 1396-1405.

Verstraeten, M., Sibray, S.S., Cannia, J.C., and Tanner,
D.Q., 1995, Reconnaissance of ground-water quality in
the North Platte Natural Resources District, westen
Nebraska, June-July 1991: U.S. Geological Surve>
Water-Resources Investigations Report 94-4057,

114 p.

Verstraeten, .M., Steele, G.V., Cannia, J.C., Hitch, D.E.,
Scriptner, K., Bohlke, J. K., Kraemer, T.E, and Star+on,
J.S., 2001, Interaction of surface water and grounc
water in the Dutch Flats area, western Nebraska,
1995-99: U. S. Geological Survey Water-Resources
Investigations Report 01-4070, 56 p.

Vogel, J.C., 1967, Investigation of groundwater flow with
radiocarbon, in International Atomic Energy Agercy,
Isotopes in hydrology: Vienna, International Atormric
Energy Agency, p. 355-369.

Weiss, R.F., 1970, The solubility of nitrogen, oxygen, and
argon in water and seawater: Deep-Sea Research, v. 17,
p. 721-735.

1971, Solubility of helium and neon in water ard
seawater: Journal of Chemical Engineering Data, v. 16,
p- 235-241.

Wells, E.C., Gibbons, W.J., and Dorsey, M.E., 1990, Guide-
lines for collected and field analysis of water-qualty
samples from streams in Texas: U.S. Geological
Survey Open-File Report 90-127, 79 p.

Whittaker, E.L., Akridge, J.D., and Giovino, J., 1989, Two
test procedures for radon in drinking water: U.S.
Environmental Protection Agency, EPA/600/2-87/082,
p- 2-10.

References 53



