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CONVERSION FACTORS

Multiply

cubic foot per second (f^/s)
foot (ft)

gallon per minute (gal/min)
inch (in.)
mile (mi)

By

0.02832
0.3048
3.785

25.4
1.609

To obtain

cubic meter per second
meter
liter per minute
millimeter
kilometer

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:
°F = 9/5(°C) + 32.

The following abbreviations also are used in the report:

cubic foot per second per mile [(ft3/s)/mi]

liter (L)

micrometer (um)

microsiemens per centimeter at 25 degrees Celsius (jiS/cm)

milligram (mg)

milligram per liter (mg/L)

milliliter (mL)

millimoles per liter (mmol/L)

million cubic feet per day per mile [(Mft3/d)/mi]

nanomoles per gram of dry sediment per day (nmol/gdw/d)

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.
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Quantity and Quality of Ground-Water Discharge to the 
South Platte River, Denver to Fort Lupton, Colorado, 
August 1992 Through July 1993

fly Peter B. McMahon, Kenneth J. Lull, Kevin F. Dennehy, and Jim A. Collins

Abstract

Water-quality studies conducted by the 
Metro Wastewater Reclamation District have 
indicated that during low flow in segments 
of the South Platte River between Denver and 
Fort Lupton, concentrations of dissolved oxygen 
are less than minimum concentrations set by 
the State of Colorado. Low dissolved-oxygen 
concentrations are observed in two reaches of 
the river they are about 3.3 to 6.4 miles and 
17 to 25 miles downstream from the Metro 
Wastewater Reclamation District effluent outfalls. 
Concentrations of dissolved oxygen recover 
between these two reaches. Studies conducted by 
the U.S. Geological Survey have indicated that 
ground-water discharge to the river may contribute 
to these low dissolved-oxygen concentrations. As 
a result, an assessment was made of the quantity 
and quality of ground-water discharge to the 
South Platte River from Denver to Fort Lupton. 

Measurements of surface-water and ground-water 
discharge and collections of surface water and 
ground water for water-quality analyses were 
made from August 1992 through January 1993 and 
in May and July 1993. The quantity of ground- 
water discharge to the South Platte River was 
determined indirectly by mass balance of surface- 
water inflows and outflows and directly by instan­ 
taneous measurements of ground-water discharge 
across the sediment/water interface in the river 
channel. The quality of surface water and ground 
water was determined by sampling and analysis of 
water from the river and monitoring wells 
screened in the alluvial aquifer adjacent to the 
river and by sampling and analysis of water from 
piezometers screened in sediments underlying the 
river channel.

The ground-water flow system was sub­ 
divided into a large-area and a small-area flow 
system. The precise boundaries of the two flow 
systems are not known. However, the large-area 
flow system is considered to incorporate all allu­ 
vial sediments in hydrologic connection with the 
South Platte River. The small-area flow system is 
considered to incorporate the alluvial aquifer in 
the vicinity of the river. Flow-path lengths in the 
large-area flow system were considered to be on 
the order of hundreds of feet to more than a mile, 
whereas in the small-area flow system, they were 
considered to be on the order of feet to hundreds 
of feet. Mass-balance estimates of incremental 
ground-water discharge from the large-area flow 
system ranged from -27 to 17 cubic feet per 
second per mile in three reaches of the river; the 
median rate was 4.6 cubic feet per second per mile. 
The median percentage of surface-water discharge 
derived from ground-water discharge in the river 
reaches studied was 13 percent. Instantaneous 
measurements of ground-water discharge from the 
small-area flow system ranged from -1,360 to 
1,000 cubic feet per second per mile, with a 
median value of-5.8 cubic feet per second per 
mile. Hourly measurements of discharge from the 
small-area flow system indicated that the high 
rates of discharge were transient and may have 
been caused by daily fluctuations in river stage due 
to changing effluent-discharge rates from the 
Metro Wastewater Reclamation District treatment 
plant. Higher river stages caused surface water to 
infiltrate bed sediments underlying the river chan­ 
nel, and lower river stages allowed ground water 
to discharge into the river. Although stage 
changes apparently cycled large quantities of 
water in and out of the small-area flow system, the 
process probably provided no net gain or loss of
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water to the river. In general, mass balance and 
instantaneous measurements of ground-water 
discharge indicated that the ground-water flow 
system in the vicinity of the river consisted of a 
large-area flow system that provided a net addition 
of water to the river and a small-area flow system 
that cycled water in and out of the riverbed sedi­ 
ments, but provided no net addition of water to the 
river. The small-area flow system was superim­ 
posed on the large-area flow system.

The median values of pH and dissolved 
oxygen in ground water from the large-area flow 
system were 7.16 and 0.9 milligrams per liter. 
These values were lower than values for river 
water, indicating that the discharge of ground 
water from the large-area flow system would 
lower values of pH and concentrations of dis­ 
solved oxygen in the river. Concentrations of 
dissolved nitrite plus nitrate, ammonium, and 
phosphorus in ground water from the large-area 
flow system varied between monitoring-well sites. 
The highest concentrations of nitrite plus nitrate 
(maximum concentration of 37.93 milligrams per 
liter as nitrogen) were measured in water from 
wells along the downstream river reach where rel­ 
atively low concentrations of dissolved oxygen 
occurred in the river. The highest concentrations 
of ammonium and phosphorus (maximum concen­ 
trations of 9.2 milligrams per liter as nitrogen and 
7.24 milligrams per liter as phosphorus) were 
measured in water from wells along the upstream 
river reach where relatively low concentrations of 
dissolved oxygen occurred in the river. The water- 
quality data indicate that ground-water discharge 
from the large-area flow system may have been a 
source of nitrite plus nitrate to the downstream 
river reach and a source of ammonium and phos­ 
phorus to the upstream river reach.

The median values of pH and dissolved 
oxygen in ground water from the small-area flow 
system were 7.33 and 0.2 milligrams per liter. The 
dissolved-oxygen data indicate that sediments in 
the small-area flow system were a sink for dis­ 
solved oxygen in water discharging to the river 
from the large-area flow system and in surface 
water infiltrating into the bed sediments. These 
data indicate that even though the small-area flow 
system was not a net source of water to the river, it 
did have the potential to lower concentrations of 
dissolved oxygen in the river as river water cycled

in and out of the bed sediments. Chemical and iso- 
topic data indicate that organic-rich bed sediments 
in the upstream river reach were a source of 
ammonium and phosphorus to water in the small- 
area flow system; therefore, the small-area flow 
system may have been a source of ammonium 
and phosphorus to the river even though it was 
not a net source of water to the river. Laboratory 
measurements of denitrification in bed sediments 
from below the river indicate that sediments in the 
small-area flow system also were a potential sink 
for nitrate in the large-area flow system and in the 
river as a result of microbial denitrification in the 
sediments. The widespread distribution of sources 
and sinks of dissolved-nitrogen and -phosphorus 
species made it difficult to determine how much 
nitrogen and phosphorus were entering the river 
from ground-water discharge.

INTRODUCTION

The South Platte River between Denver and 
Fort Lupton has been designated by the Colorado 
Department of Health and Environment, Water Quality 
Control Commission (WQCC), as an Aquatic Life 
Warm Water Class 2 river (Colorado Department of 
Health and Environment, 1993). As such, the WQCC 
has set minimum 24-hour average dissolved-oxygen 
(DO) concentrations of 5.0 mg/L from May through 
July and 4.5 mg/L from August through April to sus­ 
tain aquatic life in the river. Water-quality studies con­ 
ducted by the Metro Wastewater Reclamation District 
(M WRD) have indicated that segments of this reach 
do not meet the DO standards during some periods of 
low flow. Although effluent discharged from the 
MWRD central plant has been identified as an impor­ 
tant contributing factor in the DO depletion (Camp 
Dresser and McKee, Inc., 1992), other unrelated pro­ 
cesses also may affect DO concentrations in the river 
during low flow. Other sources of water to the river 
include ungaged surface runoff, tributary inflows, and 
ground-water discharge. Previous work conducted by 
the U.S. Geological Survey (USGS) indicates that 
ground-water discharge to this reach of the South Platte 
River is a substantial source of water to the river when 
runoff and tributary inflows are at a minimum (Hurr 
and Schneider, 1972) and that biological reactions 
in riverbed sediments at the interface between surface 
water and ground water are an important sink for 
DO in ground-water discharge (P.B. McMahon, 
U.S. Geological Survey, unpublished data, 1993). 
Discharge of DO-depleted ground water may contrib­ 
ute to the low DO concentrations in the South Platte
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River downstream from Denver. In 1992, the USGS, 
in cooperation with the MWRD, began a study of the 
quantity and quality of ground-water discharge to this 
reach of the South Platte River.

Purpose and Scope

This report describes the quantity and quality 
of ground-water discharge in a reach along the South 
Platte River from Denver to Fort Lupton. Physical 
and biochemical processes that affected the quantity 
and quality of ground-water discharge to the South 
Platte River also are discussed. This report presents
(1) measurements of surface-water discharge rates 
at 14 sites and measurements of ground-water 
discharge rates at 30 cross sections in the river,
(2) continuous measurements of ground-water levels 
relative to river stage at two locations in the study area,
(3) water-quality data for water samples collected from 
30 locations in the river, and (4) water-quality data 
for water samples collected from 12 monitoring 
wells screened in the alluvial aquifer immediately adja­ 
cent to the river and from 159 (150 single-depth and 
9 multi-depth) shallow piezometers screened in bed 
sediments underlying the river. Data were collected 
from August 1992 through January 1993 and in May 
and July 1993.

Background Hydrology and Description of 
Study Area

The study area is a 26-mi reach of the South 
Platte River and the adjacent alluvial aquifer between 
64th Avenue in Denver and Highway 52 in Fort Lupton 
(pi. 1). Land use in the vicinity of the river is predom­ 
inantly urban between 64th Avenue and 88th Avenue 
and is predominantly irrigated agriculture and mining 
for sand and gravel in the South Platte alluvium 
between 88th Avenue and 124th Avenue, whereas 
irrigated agriculture is most important between 
124th Avenue and Highway 52. An exception to the 
agricultural setting downstream from 124th Avenue is 
the city of Brighton, located near 160th Avenue.

Based on long-term surface-water discharge 
measurements at the South Platte River at 64th Avenue 
at Commerce City streamflow-gaging station (station 
number 06714215) and the South Platte River at 
Henderson streamflow-gaging station (station 
number 06720500) (fig. 1), the low-flow period for 
this reach of the South Platte River extends from about 
September through March. The two most important

features affecting surface-water discharge in the study 
area during periods of low flow are effluent discharges 
from the MWRD treatment plant and surface-water 
diversions to irrigation ditches. Rates of effluent 
discharge from the MWRD plant vary daily from about 
80 to 250 f^/s and generally peak about noon. The 
MWRD effluent is discharged to the river from two 
points the north complex outfall and the south com­ 
plex outfall. The two discharge points are located side 
by side. The north complex has a design capacity of 
about 110 ft3/s, and the south complex has a design 
capacity of about 177 ftVs. In addition to effluent dis­ 
charge from the MWRD plant, inflows to this reach of 
the South Platte River include effluent discharges from 
the South Adams County (design capacity of 6.7 fVVs) 
and the city of Brighton (design capacity of 4.1 ftVs) 
wastewater-treatment plants and include tributary 
inflows from Sand Creek, Clear Creek, Niver Creek, 
and Big Dry Creek (pi. 1).

Irrigation ditches in the study area generally 
operate from May through the middle of October. 
However, the Burlington Ditch, located about 1 mi 
upstream from the MWRD plant, diverts water from 
the river from October through March for storage in 
reservoirs. The Burlington Ditch has a water right in 
excess of 350 f^/s (Camp Dresser and McKee, Inc., 
1992); therefore, it can potentially divert all of the flow 
in the South Platte River during periods of low flow. 
At these times, discharge of effluent from the MWRD 
plant may constitute more than 90 percent of the river 
downstream from the MWRD plant. Four ditch sys­ 
tems downstream from the MWRD, the Fulton (water 
right > 200 tf/s), Brantner (water right > 110 fr/s), 
Brighton (water right > 40 fr/s), and Lupton Bottoms 
(water right > 150 f^/s) (pi. 1), also may remove sub­ 
stantial volumes of river water during the irrigation 
season.

The South Platte River alluvial aquifer in the 
study area is a relatively narrow band of unconsoli- 
dated gravel, sand, silt, and clay that parallels the river. 
Mineralogically, the aquifer material is dominated by 
quartz and feldspar. The aquifer ranges in width from 
about 2 to 5 mi (Hurr and Schneider, 1972). Depth to 
ground water varies from 0 to about 30 ft, and the sat­ 
urated thickness varies from 10 to 40 ft (Hurr and 
Schneider, 1972). Ground water generally flows 
in a downvalley direction, subparallel to the river. 
Gaggiani and others (1987) reported that the rate of 
incremental ground-water discharge to the South Platte 
River between Henderson and Fort Lupton varied 
from 0 (f^/symi in March 1968 to 3.2 (ftVsymi in 
November 1968.

INTRODUCTION
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Concentrations of DO in the South Platte River 
downstream from the MWRD are variable and 
dependent on numerous factors, including water tem­ 
perature, ammonium concentrations in the river, time 
of day, and the relative rates of photosynthesis and 
respiration by the instream biological community. 
Concentrations of DO less than the minimum 24-hour 
average DO concentrations established by the 
Colorado Department of Health and Environment 
(1993) can occur during periods of low flow from about 
July through October (Camp Dresser and McKee, Inc., 
1992). During periods of low flow, instantaneous day­ 
time concentrations of DO in the South Platte River 
exhibit a cyclic pattern with distance downstream from 
the MWRD plant. The most important feature of the 
longitudinal DO profile is the presence of two reaches 
in which instantaneous DO concentrations are low 
relative to concentrations of DO upstream from the 
MWRD facility. The first reach extends from above the 
88th Avenue bridge to the Fulton Ditch headgate, 3.3 
to 6.4 mi downstream from the MWRD effluent out­ 
falls. The second reach extends from 160th Avenue to 
Highway 52 in Fort Lupton, 17 to 25 mi downstream 
from the MWRD effluent outfalls (pi. 1).

METHODS OF DATA COLLECTION

This study used a variety of data-collection 
techniques to provide the information necessary to 
describe the quantity and quality of ground-water 
discharge to the South Platte River. Some of the 
techniques used to directly measure ground-water

discharge to the river were developed specifically for 
this project to accommodate the physical and hydro- 
logic conditions present in the study area.

Discharge Measurements

Fourteen sites were established to measure 
surface-water discharge (table 1). Six sites were 
located on the South Platte River, four sites were 
located on tributaries to the South Platte River, 
two sites were at irrigation ditches, and two sites 
were at wastewater-treatment facilities. Discharge 
measurements at the wastewater-treatment plants 
were obtained from the plant operators. The 
discharge-measurement sites on Sand Creek and 
Clear Creek were located at the gaging stations at those 
sites (Sand Creek at mouth near Commerce City, 
station number 394839104570300, and Clear Creek at 
Derby, station number 06720000). The measurement 
sites on Niver Creek and Big Dry Creek were located at 
the mouths of the creeks. Measurements of surface- 
water discharge were made from August 1992 through 
January 1993 and in May and July 1993.

Surface-water discharge measurements were 
made using methods described by Buchanan and 
Somers (1969). In general, discharge was measured 
by dividing the stream channel into a minimum of 
25 equal-width increments perpendicular to the direc­ 
tion of flow and measuring surface-water velocity in 
each increment. If the water depth was less than 2.5 ft, 
velocity was measured at a depth of 0.6 times the total

Table 1. Surface-water sites at which discharge was measured

[ , not applicable]

Site 
type Location Station 

number

South Platte River

Tributaries

Irrigation ditches

Wastewater-treatment plants

At 64th Avenue at Commerce City.
At 88th Avenue.
At 104th Avenue.
Upstream from the Brighton Ditch headgate.
At 160th Avenue.
At Highway 52.
Sand Creek at mouth near Commerce City.
Clear Creek at Derby.
Niver Creek at mouth.
Big Dry Creek at mouth.
Brantner Ditch at headgate.
Lupton Bottoms Ditch at headgate.
Metro Wastewater Reclamation District.
City of Brighton.

06714215

394839104570300

06720000

METHODS OF DATA COLLECTION



depth. If water depth was greater than 2.5 ft, velocity 
was measured at a depth of 0.2 times the total depth and 
at a depth of 0.8 times the total depth, and the velocities 
were averaged. Velocity was multiplied by the area of 
the increment to determine volumetric discharge (cubic 
feet per second) for each increment. Incremental dis­ 
charges were summed to determine total surface-water 
discharge. Accuracy of the discharge measurements 
was about ±5 percent.

Ground-water discharge to the South Platte 
River was measured using indirect and direct tech­ 
niques. Indirect measurements of ground-water 
discharge were obtained by calculating a mass balance 
of all measured surface-water inflows and outflows to 
three reaches of the river and by attributing the differ­ 
ence between inflows and outflows to ground-water 
discharge. This indirect measurement of ground-water 
discharge is called the incremental ground-water 
discharge in the following discussion. The three 
reaches of the South Platte River used in the mass 
balance extend from 64th Avenue to 88th Avenue, 
104th Avenue to upstream from the Brighton Ditch 
headgate, and 160th Avenue to Highway 52 (pi. 1). 
Measurements of surface-water discharge were 
made at the sites listed in table 1. In addition, the 
reaches were floated by boat to locate intermittent 
flows not identified on maps. These flows usually were 
from gravel-mine dewatering operations or were 
ungaged irrigation return flows. These measurements 
did not take into account surface-water losses from 
evapotranspiration, which is an unknown quantity for 
this study area. Indirect measurements of ground- 
water discharge were made from August 1992 through 
January 1993 and in May and July 1993.

River stage needs to be constant, or fluctu­ 
ations in stage need to be accounted for, to use the 
mass-balance technique for estimating ground-water 
discharge. To minimize change in storage in the river, 
discharge measurements made on the South Platte 
River were timed using time-of-travel data provided 
by the MWRD so that measurements made at the 
upstream and downstream ends of the reach occurred 
at about the same time on the hydrograph. For exam­ 
ple, if the upstream measurement was made at the 
peak of daily stage fluctuations, the downstream 
measurement was timed so that it also was made 
at the peak of daily stage fluctuations. The time 
lag between discharge measurements made at the 
upstream and downstream ends of each segment were:
(1)3 hours between 64th Avenue and 88th Avenue;
(2) 4.5 hours between 104th Avenue and Brighton 
Ditch; and (3) 3.5 hours between 160th Avenue 
and Highway 52 (Todd Harris, Metro Wastewater 
Reclamation District, written commun., 1992).

Direct measurements of ground-water discharge 
were made from August 1992 through January 1993 at 
the 30 cross sections listed in table 2 using the follow­ 
ing techniques:

1. Five piezometers were installed at each of the 
30 cross sections so that one piezometer was 
located in the river channel 10 ft from each 
bank, one piezometer was located in the middle 
of the channel, and one piezometer was located 
between each of the outside piezometers and 
the piezometer located in the middle of the 
channel. The piezometers had carbon-steel 
casings with 1.5-in inside diameters and 6-in 
screens; the piezometers were installed so that 
the middle of the screen was 1 ft below the 
sediment/water interface. Each piezometer 
was pumped at a rate of 0.25 gal/min until the 
discharge water was clear (usually within 
5 minutes), at which time pumping was 
stopped and water levels allowed to equili­ 
brate. Water levels were allowed to equilibrate 
for at least 15 minutes even though preliminary 
tests indicated that equilibration was usually 
achieved within 5 minutes.

Table 2. Location of cross-section sites at which ground- 
water discharge was measured

Cross-
section
number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Distance
downstream

from the
Metro

Wastewater
Reclamation

District
effluent outfalls

(miles)
-0.2

1.2
2.1

2.5

2.8

3.1

3.4

4.3

4.9

5.5

6.7

7.5

8.5

10.5

11.1

Cross-
section
number

16

17

18

19

20

21

22

23

24

25

26
27

28

29

30

Distance
downstream

from the
Metro

Wastewater
Reclamation

District
effluent outfalls

(miles)

11.7

12.4

13.8

14.2

14.8

16.8

18.0

19.0

19.9

21.6

22.0

22.5
23.1

23.7

24.6
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2. A manometer similar to that described by Winter 
and others (1988) was used to measure the dif­ 
ference in hydraulic head between ground 
water at a depth of 1 ft beneath the sediment/ 
water interface in each piezometer and the 
river. The precision of the manometer readings 
was ±0.075 in. This information was used 
to calculate the hydraulic gradient between 
the ground water and surface water using 
equation 1:

i = dhldl (1)

where
i is the hydraulic gradient, unitless;
dh is the difference in hydraulic head between

ground water and surface water, in inches; and 
dl is the distance between the ground-water and

surface-water measurement points, in inches.

3. A 4-in-diameter PVC tube was installed immedi­ 
ately adjacent to each piezometer so that the 
bottom opening of the tube was at the same 
depth as the midpoint of the screen on the 
piezometer. Riverbed sediments probably 
were disturbed as the PVC tube was installed. 
The top opening of the tube extended above the 
river surface. This PVC tube was used in a 
constant-head permeameter test to measure the 
hydraulic conductivity of the 1-ft cylinder of 
sediment across which hydraulic gradient also 
was measured (Bowles, 1978). The tests 
assumed that all of the head loss occurred in the 
column of sediment tested and that head losses 
in sediment below the permeameter were neg­ 
ligible. This assumption is realistic because 
vertical hydraulic-conductivity values in 
sediments usually are much lower than hori­ 
zontal hydraulic-conductivity values. The 
permeameter test was run for 1 minute or until 
1 L of water had passed through the sediment 
column, whichever came first. The test was 
done in triplicate and the average value of 
hydraulic conductivity was used in further 
calculations. Hydraulic conductivity was 
measured each time the cross sections were 
sampled.

4. The hydraulic-conductivity and hydraulic- 
gradient measurements were used to cal­ 
culate the specific discharge of ground water 
at each piezometer using equation 2:

where
v is the specific discharge of ground water,

in feet per second; 
K is hydraulic conductivity, in feet per

second; and 
/ is hydraulic gradient, unitless.

5. Instantaneous ground-water discharge at each
cross section was calculated using equation 3:

?,= [20^)1(5,280), 
n = piezometers 1 through 5 (3)

v - -Ki (2)

where
qt is instantaneous ground-water discharge

for the cross section, in cubic feet per second
per mile; 

vn is the specific discharge of ground water at

the nth piezometer, in feet per second; 
Ln is one-half the distance from the nth piezom­ 

eter to each of the adjacent piezometers, 
in feet. In the case of the piezometers near 
the bank, Ln is the distance between the bank

and the nth piezometer plus one-half the
distance from the nth piezometer to the next 
adjacent piezometer, and 5,280 is the number 
of feet per mile.

Note that the specific discharge calculated using 
equation 2 expresses an average rate of flow rather 
than the velocity of individual particles of water; 
therefore, the use of specific discharge in equation 3 
allows for the calculation of an average instantaneous 
ground-water discharge rate. This rate will be referred 
to as the instantaneous ground-water discharge rate in 
the discussion to follow.

Temporal variations in instantaneous ground- 
water discharge across the sediment/water interface 
were measured at the McKay Road, Henderson, and 
Road 8 cross-section sites using this technique by 
taking measurements hourly for 24 hours.

Continuous River-Stage and Ground-Water- 
Level Measurements

Continuous measurements of river stage and 
ground-water levels were made at the Henderson 
and Road 8 sites. River-stage measurements at 
the Henderson site were obtained from the long- 
term streamflow-gaging station at that site (station 
number 06720500) (pi. 1). River-stage measurements 
at the Road 8 site were obtained from a stilling well 
using an automatic data recorder connected to a paper-
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punch recorder. Ground-water levels were measured in 
the water-table wells on the east side of the river at each 
site (wells Henderson 1A and Road 8 1A). The water- 
table wells were instrumented with a water-level 
potentiometer connected to an electronic data logger so 
that changes in ground-water levels could be recorded. 
All measurements were recorded every 15 minutes. 
The gaging station and water-table well at each site 
were surveyed to an arbitrary local datum so that river 
stage and ground-water levels could be directly com­ 
pared.

Water-Quality Sampling

Grab samples of surface water were collected 
from the McKay Road, Henderson, and Road 8 sites 
and analyzed for field properties, major ions, nutrients, 
iron, and manganese (pi. 1). Field properties were 
measured at the time of sample collection and included 
specific conductance, pH, water temperature (T), DO, 
and alkalinity. Major ions included calcium, magne­ 
sium, sodium, potassium, sulfate, and chloride. Nutri­ 
ent species included nitrite, nitrite plus nitrate, 
ammonium, ammonium plus organic nitrogen (all as 
nitrogen), phosphorus, and orthophosphate (all as 
phosphorus). Grab samples of surface water were col­ 
lected next to temporary nested piezometers (discussed 
later in this section) so that comparisons could be made 
between surface-water and ground-water chemistry. 
Samples were collected from August 1992 through 
January 1993 and in May and July 1993.

The specific conductance, pH, T, and DO of sur­ 
face water also were measured at each of the 30 cross- 
section sites (pi. 1). Measurements were made in the 
middle of the channel. Measurements were made from 
August 1992 through January 1993.

All field measurements in surface water, exclud­ 
ing alkalinity, were made using portable meters with 
the electrode suspended directly in the river. Measure­ 
ments of alkalinity were made by incremental titration 
of a 50-mL sample of filtered water using 1.6 Normal 
sulfuric acid. Prior to making a measurement, each 
meter and electrode were calibrated using standards 
obtained from the USGS Water-Quality Service Unit in 
Ocala, Florida. The conductivity electrode and meter 
were calibrated daily using conductivity standards that 
bracketed the expected range of conductivity values to 
be measured. The pH electrode and meter were cali­ 
brated daily using pH 7 and 10 buffers. The DO elec­ 
trode was calibrated daily in water-saturated air, and 
measurements were compared to theoretical values for 
the given water temperature and atmospheric pressure 
to check the high-concentration range of the DO elec­ 
trode and meter. The low-concentration range of the

DO electrode and meter was checked weekly using a 
zero-DO solution. The performance of the DO elec­ 
trode and meter also was checked weekly against mod­ 
ified Winkler DO titrations of replicate water samples.

Surface-water samples collected for major-ion 
and nutrient analyses were filtered (0.45-[4m pore size, 
5.6-in-diameter membrane filter) immediately after 
collection, preserved if needed, and stored on ice until 
delivery to the laboratory at the end of the day. Sam­ 
ples were filtered by pumping the sample with a peri­ 
staltic pump through the filtration device (acrylic filter 
assembly). Samples analyzed for dissolved calcium, 
magnesium, sodium, potassium, iron, and manganese 
were preserved with nitric acid. Samples analyzed 
for dissolved nitrite, nitrite plus nitrate, ammonium, . 
and ammonium plus organic nitrogen were preserved 
with sulfuric acid. No preservative was added to 
samples analyzed for dissolved sulfate, chloride, 
phosphorus, and orthophosphate. Chemical analyses 
were performed by the MWRD laboratory following 
established U.S. Environmental Protection Agency 
guidelines. Analytical results for nitrogen-bearing 
nutrient species and phosphorus-bearing nutrient 
species were reported in milligrams per liter as nitro­ 
gen and in milligrams per liter as phosphorus, respec­ 
tively.

Samples of ground water in the alluvial aquifer 
were collected from twelve 2-in-diameter PVC moni­ 
toring wells located adjacent to the South Platte River 
(pi. 1). Samples were collected from August 1992 
through January 1993 and in May and July 1993. Sam­ 
ples were analyzed for specific conductance, pH, T, 
DO, alkalinity, major ions, nutrients, iron, and manga­ 
nese. Four wells were installed at each of three loca­ 
tions near: (1) McKay Road, 5.8 mi downstream from 
the MWRD plant; (2) Henderson, 11.1 mi downstream 
from the MWRD plant; and (3) Road 8,22.1 mi down­ 
stream from the MWRD plant. The three locations 
were selected so that ground water could be sampled 
adjacent to the two segments of river in which DO sags 
occur (McKay Road and Road 8) and adjacent to a seg­ 
ment of the river in which DO concentrations recover 
(Henderson). Two wells were installed near the right 
bank of the river (wells designated 1A and IB), and 
two wells were installed near the left bank of the river 
(wells designated 2 A and 2B) at each of the three loca­ 
tions. Each pair of wells consisted of a shallow well 
screened near the water table (wells designated A) and 
a deep well screened at the base of the alluvial aquifer 
(wells designated B). The wells were located about 15 
to 100 ft from the bank of the river. Construction 
details for the monitoring wells are listed in table 3.
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Table 3. Construction details for monitoring wells at the McKay Road, Henderson, and Road 8 sites

Well

McKay Road 1A
McKay Road IB
McKay Road 2A
McKay Road 2B
Henderson 1A
Henderson IB
Henderson 2A
Henderson 2B
Road 8 1A
Road 8 IB
Road 8 2A
Road 8 2B

Total depth below
land surface

(feet)

14.5
30
10.5
29
27.8
34
11
30
13
32
13.5
34

Depth below
land surface

to top of
screened interval

(feet)

9
24

5
23
17.2
29

5
20

7.5
25.5

8
28

Depth below
land surface
to bottom of

screened interval
(feet)
14
29
10
28
27.2
31
10
25
12.5
30.5
13
33

Location
relative to

river channel

Right bank.
Right bank.
Left bank.
Left bank.
Right bank.
Right bank.
Left bank.
Left bank.
Right bank.
Right bank.
Left bank.
Left bank.

Ground-water samples were collected from the 
monitoring wells using a submersible pump. Prior to 
sample collection, the well was purged of three casing 
volumes of water. After three casing volumes of water 
were removed from the well, pumped water was routed 
through an enclosed chamber in which specific conduc­ 
tance, pH, T, and DO electrodes were placed. Water 
was passed through this chamber, and field properties 
were measured until they stabilized (typically 15 to 
20 minutes). After stabilization was reached, the 
pump-discharge line was attached to a filtration device, 
and water samples were filtered, preserved, and chilled 
using the same procedure as described previously in 
this section. Alkalinity titrations were performed on 
filtered samples. Samples were analyzed by the 
MWRD laboratory.

Ground-water samples were collected from 
the 30 cross-section sites using a peristaltic pump 
and the five piezometers installed 1 ft below the 
sediment/water interface. Piezometer installation 
at the cross-section sites was described in the 
"Discharge Measurements" section. Measurements 
were made from August 1992 through January 1993. 
Samples were analyzed for specific conductance, pH, 
T, DO, and nutrients. Field properties were measured 
at each piezometer by pumping water from the piezom­ 
eter to the bottom of a plastic beaker in which specific 
conductance, pH, T, and DO electrodes were placed. 
Water was allowed to bottom fill the beaker and 
overflow as measurements were taken. This process 
continued until the field properties stabilized (10 to 
15 minutes). After field properties had stabilized, a 
1-L sample of water was collected in a plastic bottle. 
This procedure was repeated at each of the five piezom­

eters. Water samples from each of the piezometers 
were composited using a weighting factor for the 
discharge velocity of ground water measured at the 
piezometers so that more water was added to the 
composite from piezometers that had high discharge 
velocities than from piezometers that had low dis­ 
charge velocities. No water was added to the compos­ 
ite from piezometers where the direction of ground- 
water movement was from the river to the sediment. 
The procedure described in this paragraph produced a 
single, discharge-velocity-weighted water sample for 
each cross section. Once the composite sample was 
obtained, it was filtered, and samples were prepared 
and preserved using the techniques described previ­ 
ously in this section for nutrient samples. The values 
of specific conductance, pH, T, and DO reported 
for each cross section were discharge-velocity- 
weighted values using measurements made at the 
five piezometers.

Temporary nested piezometers also were 
installed at depths of 3 to 12,30 to 48, and 80 to 84 in. 
below the sediment/water interface in the river channel 
to measure the variability in ground-water quality with 
depth at the McKay Road, Henderson, and Road 8 
monitoring-well sites (pi. 1). Samples were collected 
from August 1992 through January 1993 and in May 
and July 1993. Samples were analyzed for specific 
conductance, pH, T, DO, alkalinity, major ions, nutri­ 
ents, iron, and manganese. The three piezometers were 
located within 6 in. of each other, and they were con­ 
structed of the same materials as those used at the 
30 cross-section sites, except for the piezometer used to 
collect the 80- to 84-in-deep sample, which was made 
of 0.5-in inside-diameter aluminum-alloy conduit. The 
vertical-profile samples were collected about 1 ft into 
the river channel near the left bank at each site. Excep-
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tions were the vertical-profile samples collected from 
the Road 8 site in October 1992 (samples were col­ 
lected from below the middle of the channel) and 
November 1992 (samples were collected from below 
the channel near the right bank). The locations of the 
vertical-profile sampling sites at Road 8 were varied to 
examine vertical profiles of water quality at different 
locations in the channel.

Selected samples of filtered surface water and 
ground water and riverbed sediment were sent to the 
USGS National Water-Quality Laboratory in Arvada,
Colorado, for analysis of the 15N/ 14N ratios of nitrate 
and ammonium in the samples. Unfiltered samples of 
surface water and ground water were collected for the 
analysis of total organic carbon once during the study. 
Samples were analyzed by the USGS National Water- 
Quality Laboratory in Arvada, Colorado, using estab­ 
lished analytical procedures (Wershaw and others, 
1987).

Samples of surface water and ground water were 
collected for quality-assurance assessment. Quality- 
assurance samples consisted of replicates, equipment 
blanks, and splits. Replicates consisted of sequential 
samples for each type of analysis and were used to 
monitor the precision of the laboratory analytical meth­ 
ods. Equipment blanks consisted of distilled-water 
samples that were processed through the sampling 
equipment, after the equipment had been washed, in 
the same order as environmental samples, and were 
used to monitor the potential for cross contamination of 
samples between sampling sites. Equipment-blank and 
replicate samples usually were collected each week 
that the cross-section sites were sampled, and they 
were collected each month that the monitoring wells 
were sampled. Selected samples also were split and 
sent to the MWRD laboratory and the USGS National 
Water-Quality Laboratory in Arvada, Colorado, for 
analysis of the same constituents so that the analytical 
performance of the laboratories could be compared.

Sediment Sampling

Riverbed and aquifer sediments were collected 
one time for analyses of percent sediment (by weight) 
that was less than 0.079 in. in size, percent organic mat­ 
ter (by weight) in the less than 0.079-in size fraction, 
and rates of microbial denitrification. Riverbed sedi­ 
ment was collected from three locations in the river 
channel at each of two sites (Henderson and Road 8). 
These locations included the right edge of water, center 
of the channel, and left edge of water. Riverbed sedi­ 
ment was collected at the right edge of water and center 
of the channel at the McKay Road site. Riverbed sed­ 
iment also was collected at the left edge of water at

88th Avenue for microbiological analyses, but not for 
grain-size or organic-carbon analysis. Aquifer sedi­ 
ment was collected during installation of monitoring 
wells 2B at McKay Road, 2B at Henderson, and IB at 
Road 8 (pi. 1).

Samples of riverbed sediment used for grain-size 
and organic-matter measurements were collected using 
PVC tubes hammered into the sediment to a depth of 0 
to 2 ft and withdrawn by hand to retrieve the sediment. 
Grain size was determined by drying the sediment at 
105°C for 48 hours and passing the sediment through a 
0.079-in sieve. The sieved material was weighed and 
divided by the weight of the starting material to deter­ 
mine the percent of sediment (by weight) that was 
sand, silt, or clay sized. Organic-matter content of the 
less than 0.079-in size fraction was determined by 
weighing the sediment before and after combustion at 
650°C for 12 hours and attributing the change in mass 
to organic material. Riverbed sediment used for micro­ 
biological analysis was collected using the same proce­ 
dure, except that PVC tubes were methanol-rinsed 
prior to use. The samples were placed in sterilized 
glass jars and shipped to the USGS South Carolina 
District for measurement of denitrification rates using 
the acetylene-block technique (Bradley and others, 
1992). Preliminary experiments were done with no 
additions of nitrate and organic carbon to estimate rates 
of denitrification under in-situ conditions. Additional 
experiments were performed to determine if denitrifi­ 
cation rates were limited by the availability of nitrate 
or organic carbon by adding nitrate and glucose to 
the sediments and repeating the experiments. Incuba­ 
tions were done in triplicate with killed (autoclaved) 
controls to account for abiotic production of nitrous 
oxide (N2O) by the sediment.

Samples of aquifer sediment used for grain-size 
and organic-matter content were collected from the 
alluvial aquifer at the time that the PVC monitoring 
wells were installed. Sediment samples were collected 
at the locations of monitoring wells McKay Road 2B, 
Henderson 2B, and Road 8 1 A. Sediment at these sites 
was collected every 5 ft starting at land surface and 
ending at the base of the alluvium. Because of the lack 
of cohesion of the sediments, samples were not col­ 
lected using standard coring devices such as the split 
spoon or Shelby tube. Instead, sediment was collected 
directly from the auger flights as they were brought to 
land surface. These samples were analyzed for grain- 
size and organic-matter content using procedures 
described in the previous paragraph. Samples of aqui­ 
fer sediment for microbiological analysis were col­ 
lected from the water table in a hand-dug hole near 
well 2A at the Henderson site. Sediment was collected 
using an alcohol-cleaned PVC tube that was pushed 
into the sediment.

10 Quantity and Quality of Ground-Water Discharge to the South Platte River, Denver to Fort Lupton, Colorado, 
August 1992 Through July 1993



QUANTITY OF GROUND-WATER 
DISCHARGE

The discussion on the quantity of ground-water 
discharge to the South Platte River between Denver 
and Fort Lupton is divided into two subsections: the 
quantity of ground-water discharge from the large- 
area flow system and the quantity of ground-water 
discharge from the small-area flow system. The pre­ 
cise boundaries of the two flow systems are not known. 
However, the large-area flow system was considered 
to incorporate all alluvial sediments in hydrologic 
connection with the South Platte River (Hurr and 
Schneider, 1972). The small-area flow system was 
considered to incorporate the alluvial aquifer in the 
vicinity of the river. Flow-path lengths in the large- 
area system were considered to be on the order of hun­ 
dreds of feet to more than a mile, whereas flow-path 
lengths in the small-area system were considered to be 
on the order of feet to hundreds of feet. The small-area 
flow system is superimposed on the large-area system.

Large-Area Flow System

The quantity of ground-water discharge from 
the large-area flow system to the South Platte River 
was estimated by calculating a mass balance of all 
measured surface-water inflows and outflows to 
the three reaches of the river and by attributing the 
difference between inflows and outflows to ground- 
water discharge (table 4). This discharge is referred 
to as the incremental ground-water discharge in 
the discussion to follow. Surface-water discharge 
measurements used in the mass-balance calculations 
are listed in table 8 in the "Hydrologic and Water- 
Quality Data" section. Mass-balance estimates of 
incremental ground-water discharge ranged from
-27 to 17 (frVsymi for the three reaches studied
(table 4); the median rate was 4.6 (frVsymi. Incremen­ 
tal ground-water discharge rates determined by mass 
balance were most variable in reach 1 extending from 
64th to 88th Avenue and were partially related to the 
amount of effluent being released from the MWRD 
(tables 4 and 8). There generally was a net addition of 
water to the river from ground-water discharge when 
the rate of effluent discharge from MWRD was rela­ 
tively low (for example, September, November, and 
December 1992 and July 1993), whereas there was a 
net loss of water from the river to the aquifer when the 
rate of effluent discharge was relatively high (for exam­ 
ple, August 1992 and January 1993) or when flow in 
the river upstream from the plant was relatively high 
(for example, May 1993). The total ground-water 
discharge in reach 1 on August 28, 1992, was about

the same magnitude as the accuracy of surface-water 
discharge measurements. It is not certain, therefore, 
that reach 1 was losing water to the aquifer on that date. 
The effect of high flows from the MWRD on the 
amount of ground-water discharge to reach 1 was to 
decrease ground-water inflows, and the effect probably 
was a daily occurrence based on the record of large 
daily fluctuations in discharge from the MWRD plant 
(fig. 2).

There was less variability in the incremental 
ground-water discharge rates determined by mass 
balance in reaches of the river downstream from 
88th Avenue than there was in the reach upstream from 
88th Avenue (table 4), possibly due to increased irriga­ 
tion return flows from agricultural fields overlying the 
alluvial aquifer downstream from Denver and to a 
dampening of discharge fluctuations with distance 
downstream from the MWRD plant. Median rates of 
incremental ground-water discharge in the reaches 
extending from 104th Avenue to upstream from the 
Brighton Ditch headgate and from 160th Avenue to 
Highway 52 were within about 10 percent of each other
[5.1 and4.6(ft3/s)/mi]. The median percentage of flow 
in the river at the downstream end of each reach from 
ground-water discharge was 17 percent for reach 2 
extending from 104th Avenue to Brighton Ditch 
Diversion and 11 percent for reach 3 extending from 
160th Avenue to Highway 52. The median percentage 
for these two reaches combined was 15 percent. The 
median percentage of surface-water discharge derived 
from ground-water discharge for all three reaches was 
13 percent. Based on these estimates, ground-water 
discharge between 104th Avenue and Highway 52 
would have accounted for a total of about 30 percent 
of the flow in the river at Highway 52. Note that the 
highest rate of incremental ground-water discharge 
measured between 160th Avenue and Highway 52,
16 (frVsymi, occurred on August 27, 1992 (table 4), 
about 4 days after a large rainstorm that increased river 
stage by about 3 ft at the Henderson gaging station. 
This high rate of ground-water discharge probably 
resulted from the return of storm-derived bank-storage 
water to the river. The net inflow of ground water to the 
river downstream from 88th Avenue is consistent with 
continuous water-level measurements made in water- 
table wells adjacent to the river at the Henderson and 
Road 8 sites (fig. 3). At these two sites, ground-water 
levels were higher than river stage during the period of 
record, indicating that ground water was discharging to 
the river rather than surface water infiltrating into the 
large-area flow system, regardless of the daily varia­ 
tions in discharge from the MWRD plant (fig. 2).
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Table 4. Water balance for selected reaches of the South Platte River on selected dates

[ffVs, cubic foot per second: (ft3/s)/mi, cubic foot per second per mile]

Surface water

Reach Date

a l 08/28/92 
09/23/92
11/02/92
12/02/92
01/19/93
05/19/93
07/27/93

b2 09/28/92
10/30/92
12/01/92
01/15/93
05/17/93
07/28/93

°3 08/27/92
09/24/92
10/29/92
11/30/92
01/14/93
05/25/93
07/29/93

Total 
inflow

389 
240
207
143
340
798
355
127
157
212
192
366
315
480
228
243
354
237
361
364

Total 
outflow 
(ft3/s)

380 
318
259
154
245
710
405
165
181
273
226
414
379
605
265
285
399
257
372
382

Total 
specific 

discharge
(ft3/s)

-9.0 
78
52
11

-95
-88

50
38
24
61
34
48
64

125
37
42
45
20
11
18

Ground water

Incremental 
specific 

discharge 
[(fr3/s)/mi]

-2.5 
17
15
3.1

-27
-25

14
4.5
2.8
7.3
4.0
5.7
7.6

16
4.6
5.2
5.6
2.5
1.4
2.2

Percent of 
surface-water 

outflow

0
24
20
7.0
0
0

12
27
13
22
15
13
19
21
16
15
11
8.0
3.0
6.0

'Reach 1 extended 3.54 miles from the South Platte River at 64th Avenue to the South Platte River at 88th Avenue, except for the 09/23/92 
measurement, which extended 4.6 miles from the South Platte River at 64th Avenue to the South Platte River at McKay Road.

b Reach 2 extended 8.4 miles from the South Platte River at 104th Avenue to the South Platte River upstream from the Brighton Ditch headgate. 
c Reach 3 extended 8.01 miles from the South Platte River at 160th Avenue to the South Platte River at Highway 52.

Small-Area Flow System

The quantity of ground-water discharge from 
the small-area flow system to the South Platte River 
was estimated from direct measurements of instanta­ 
neous ground-water discharge made at the 30 cross- 
section sites. Instantaneous ground-water discharge 
from the small-area flow system ranged from -1,360 to
1,000 (frVsymi, with a median value of-5.8 (frVs)/mi 
at the 30 cross-section sites (fig. 4 and table 9). The 
maximum ground-water discharge rates measured 
for the small-area flow system are 50 to 60 times 
higher than previously estimated ground-water 
discharge rates for this reach of the South Platte River 
(Gaggiani and others, 1987) and are higher by a similar 
magnitude than maximum incremental ground-water 
discharge rates measured by mass balance in this study 
(table 4). Furthermore, measurements of the large-area

flow system indicated that ground water continuously 
discharged to reaches 2 and 3 (table 4 and fig. 3), 
whereas measurements of the small-area flow system 
indicated that surface water recharged the aquifer 
as frequently as ground water discharged to the river 
(fig. 4). The reversals in flow direction and the high 
rates of instantaneous ground-water discharge from 
the small-area flow system are plausible if they reflect 
transient conditions in a small volume of the flow 
system. Measurements of river stage and discharge 
from the MWRD plant indicate that changes in river 
stage were related to hourly changes in effluent- 
discharge rates from the MWRD plant (fig. 2). These 
frequent changes in river stage, although typically less 
than about 0.25 ft, may have provided a stress on 
the small-area flow system large enough to cause the 
transient discharge conditions that were measured at 
the sediment/water interface.
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The transient nature of instantaneous ground- 
water discharge rates in the small-area flow system 
were analyzed in a series of hourly measurements 
of discharge at the McKay Road, Henderson, and 
Road 8 sites (fig. 5). At each site, low-flow conditions 
existed during the measurement periods; therefore, the 
observed changes in river stage were related to varia­ 
tions in the MWRD effluent-discharge rates (fig. 2). 
Instantaneous ground-water discharge rates varied dur­ 
ing the measurement period. The rate and direction of 
water movement from the small-area flow system at the 
McKay Road and Road 8 sites were related to changes 
in river stage. At both of those sites, the highest rates 
of ground-water discharge corresponded to the lowest 
river stages, whereas the lowest rates of discharge gen­ 
erally occurred at higher river stages. Ground-water

discharge data from the Henderson site were quite dif­ 
ferent from data from the other two sites in that values 
of discharge at the Henderson site were negative during 
the entire period of record, and the least negative dis­ 
charge rates generally corresponded to the highest river 
stages. The overlap between high river stage and the 
high (relative) discharge rate at the Henderson site may 
indicate a delayed response by hydraulic heads in the 
bed sediments to changes in river stage, causing a for­ 
tuitous overlap of the peaks; however, the data are 
insufficient to fully assess this possibility. The contin­ 
uously negative rates of ground-water discharge at 
Henderson may indicate induced infiltration of surface 
water by gravel-mine dewatering operations on the 
west side of the river.
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Based on water-balance considerations and 
the cyclic nature of daily changes in discharge at 
the sediment/water interface (fig. 5), the small-area 
flow system probably did not provide a net addition 
or loss of water to the river. For example, integration 
of the discharge-rate data at the Road 8 site over 
24 hours results in an estimate of instantaneous 
ground-water discharge from the small-area flow 
system to the river of about 1.49 (Mf^/dymi. Based 
on the November 30,1992, mass-balance measurement 
of incremental ground-water discharge from the large- 
area flow system to the reach of river encompassing 
the Road 8 site (the closest mass-balance measurement 
in space and time to the 24-hour measurement), 
incremental ground-water discharge was about 
0.48 (MfrVdymi. Considering the time difference 
between the two sets of measurements and other possi­ 
ble sources of error, the estimates of ground-water 
discharge are very similar. The data indicate, therefore, 
that the small-area flow system probably provided no 
net gain or loss of water to the river, but that it was 
superimposed on the large-area flow system that 
did provide water to the river [at a median rate of 
4.6 (fl^/symi]. In essence, the small-area flow system 
represented a zone of mixing between the river and the 
large-area flow system. White (1993) has labeled this 
mixing zone between surface and ground water as the 
hyporheic zone. The short-term movement of water to 
and from the small-area flow system, with no net 
change in the amount of water in the river, explains 
why measurements of ground-water discharge at the 
sediment/water interface indicated high rates of water 
movement into the aquifer even though water-table 
altitudes in wells adjacent to the river were always 
higher than the river stage. It also explains why the 
median value [-5.8 (f^/symi] of incremental discharge 
from the small-area flow system was relatively close 
to zero even though the magnitude of the minimum 
[-1,360 (ftVsymi] and maximum [1,T)00 (ftVsymi] 
measured values were large (fig. 4 and table 9).

QUALITY OF GROUND-WATER 
DISCHARGE

The discussion on the quality of ground-water 
discharge to the South Platte River between Denver 
and Fort Lupton will focus on pH, dissolved oxygen, 
dissolved-nitrogen species, and dissolved-phosphorus 
species because they are critical water-quality issues in 
the study area (Camp Dresser and McKee, Inc., 1992). 
Other water-quality data are reported in tables 9 and 10 
in the "Hydrologic and Water-Quality Data" section 
at the back of this report. Quality-control data were 
collected in the field and also are reported in the 
"Hydrologic and Water-Quality Data" section in 
table 11. The "Quality of Ground-Water Discharge" 
section contains two subsections: the "Large-Area 
Flow System" and the "Small-Area Flow System."

Water from the monitoring wells screened in the allu­ 
vial aquifer adjacent to the South Platte River was 
assumed to be representative of water from the large- 
area flow system, and water from piezometers screened 
below the sediment/water interface was assumed to be 
representative of water from the small-area flow 
system. However, the degree to which these assump­ 
tions are true depended on the spatial extent of mixing 
between the two flow systems, which was not fully 
defined in this study.

Large-Area Flow System

Values of pH in water from the monitoring wells 
screened in the alluvial aquifer adjacent to the river 
ranged from 6.63 to 7.89, with a median value of 7.16 
(fig. 6 and table 10). There was no apparent relation 
between pH and the screened-interval depth of the 
12 monitoring wells. Nor was there a relation between 
pH and whether the well was located on the east side of 
the river or the west side of the river. Values of pH in 
water from the monitoring wells generally were lower 
than values in the river (fig. 7 and table 10). Lower 
values of pH in ground water compared to surface 
water probably indicate: (1) Uptake of carbon dioxide 
(C02) by photosynthesizing organisms in the river, 
which would increase surface-water pH values; and 
(2) equilibration of ground water with soil-zone CC>2 or 
C02 produced by microbial processes in the saturated 
zone. These data indicate that the discharge of ground 
water from the large-area flow system to the river 
would lower the pH of river water under conservative 
mixing conditions.

Concentrations of DO in water from the monitor­ 
ing wells ranged from less than 0.1 to 5.2 mg/L, with a 
median value of 0.9 mg/L (table 10). Concentrations 
were variable between wells at each site, but at a given 
well, were relatively constant (fig. 8). An exception to 
the variability was at McKay Road where there was lit­ 
tle variability in the DO concentrations from well to 
well. Concentrations of DO in wells at McKay Road 
were less than 1 mg/L during each sampling period, 
except during November 1992 when concentrations 
were between 1.4 and 1.8 mg/L at three of the four 
sites. The consistently low DO concentrations in water 
from the McKay Road wells may indicate that there 
was more organic carbon available to react with DO in 
aquifer sediments at that site than in aquifer sediment 
from the other sites. The median percentage of 
organic-matter content in aquifer sediment collected 
from well 2B at McKay Road was about four times 
higher than the median organic-matter content in aqui­ 
fer sediment collected from well sites at Henderson or 
Road 8 (table 5). It is not known whether the low con­ 
centrations of DO in ground water at McKay Road was 
characteristic of all ground water underlying the more 
urbanized parts of the study area, or whether it was a 
local condition.
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Table 5. Percent of grain sizes less than 0.079 inch and percent organic matter in 0.079-inch size fraction for riverbed and 
aquifer sediments at McKay Road, Henderson, and Road 8

[ft, feet; in., inch; REW, right edge of water in river channel; CEN, center of river channel; LEW, left edge of water in river channel]

Sample 
name

McKay Road-REWla
McKay Road-REWlb
McKay Road-REW2
McKay Road-CEN la
McKay Road-CENlb
McKay Road-CEN2
McKay Road 2B
McKay Road 2B
McKay Road 2B
McKay Road 2B
McKay Road 2B
McKay Road 2B
Henderson-REWl
Henderson-REW2
Henderson-CENl
Henderson-CEN2
Henderson-LEWl
Henderson-LEW2
Henderson 2B
Henderson 2B
Henderson 2B
Henderson 2B
Henderson 2B
Henderson 2B
Road8-REWl
Road 8-REW2
Road 8-REW3
Road8-CENl
Road 8-CEN2
Road 8-CEN3
Road8-LEWl

Road 8-LEW2
Road 8-LEW3
Road 8 IB
Road 8 IB
Road 8 IB
Road8 IB
Road 8 IB
Road 8 IB

Sample 
location 

(Pi. D

South Platte River at McKay Road.
South Platte River at McKay Road.
South Platte River at McKay Road.
South Platte River at McKay Road.
South Platte River at McKay Road.
South Platte River at McKay Road.
McKay Road-well 2B.
McKay Road-well 2B.
McKay Road-well 2B.
McKay Road-well 2B.
McKay Road-well 2B.
McKay Road-well 2B.
South Platte River at Henderson.

South Platte River at Henderson.
South Platte River at Henderson.
South Platte River at Henderson.
South Platte River at Henderson.
South Platte River at Henderson.
Henderson-well 2B.
Henderson-well 2B.
Henderson-well 2B.
Henderson-well 2B.
Henderson-well 2B.
Henderson-well 2B.
South Platte River at Road 8.
South Platte River at Road 8.
South Platte River at Road 8.
South Platte River at Road 8.
South Platte River at Road 8.
South Platte River at Road 8.
South Platte River at Road 8.
South Platte River at Road 8.
South Platte River at Road 8.
Road 8-well IB.
Road 8-well IB.
Road 8- well IB.
Road 8-well IB.
Road 8-well IB.
Road 8-well IB.

Sample depth 
(ft below 

land surface, 
or ft below 

sediment/water 
interface)

0
0
1.0
0
0
1.0

.5
5.5

10.5
15.5
21.5
25.5

0
1.0
0
1.0
.0

1.0
.5

4.5
12.0
17.5
22.0
27.0

0
1.0
2.0
0
1.0
2.0
0
1.0
2.0

.5
5.0

10.0
15.5
20.5
25.5

Percent 
of sediment, 
by weight, 
less than 

0.079 in. in size

43.9
11.6
29.4
33.0
27.1
20.3
64.7
10.2
12.4
18.0
33.2
26.3
27.4
32.4
32.3
35.9
36.4
41.2
11.6
52.2
40.3
35.7
32.5
32.8
38.3
33.1
36.3
33.4
32.0
39.4
41.4
30.6
34.6
66.5
42.6
47.7
38.2
40.9
48.7

Percent 
organic matter, 

by weight, 
in less than 

0.079-in size fraction

1.3
.6

1.9
3.6
5.0
4.9
1.6
5.6
3.5
1.4
.8
.8
.8

.4

.5

.4
1.1

.4
4.5

.4

.4

.3

.3

.4
4.7

.4
1.5
.4
.5
.4
.4
.3
.3
.9
.4
.5
.4
.3
.4
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Concentrations of DO were higher in water from 
wells 1A and IB than in water from wells 2A and 2B at 
Henderson and Road 8 (fig. 8). The median concentra­ 
tion of DO in water from wells 2A and 2B at those sites 
was 0.4 mg/L, whereas the median DO concentration 
in water from wells 1A and IB was 2.7 mg/L. The 
highest DO concentrations, greater than 4 mg/L, were 
measured in water from well 1A at Road 8. Based on 
ongoing regional studies of ground water in parts of the 
alluvial aquifer overlain by agricultural land-use set­ 
tings (U.S. Geological Survey, unpublished data, 
1993), the relatively high DO concentrations in water 
from the 1A and IB wells at Henderson and Road 8 are 
more characteristic of DO concentrations in the large- 
area flow system than the low concentrations of DO in 
the 2A and 2B wells. The differences in DO concentra­ 
tions between the 1 A/IB and 2A/2B well pairs at the 
Henderson and Road 8 sites could indicate differences 
in the degree of mixing between the large-area and 
small-area flow systems. As will be discussed in the 
"Small-Area Flow System" section, water in the small- 
area flow system was more depleted in DO than water 
in the large-area flow system.

The median instantaneous daytime concentration 
of DO in the South Platte River, based on measure­ 
ments at the McKay Road, Henderson, and Road 8 
sites, was 8.4 mg/L, which means that even though 
ground water in the large-area flow system was oxy­ 
genated, discharge of this water to the river would have 
lowered surface-water DO concentrations under con­ 
servative mixing conditions. For example, in reach 2 
of the South Platte River extending from 104th Avenue 
to just upstream from the Brighton Ditch headgate 
(pi. 1), if the concentration of DO in surface water 
entering the reach is assumed to be 8.5 mg/L, if the 
concentration of DO in ground-water discharge from 
the large-area flow system is assumed to be 2.5 mg/L, 
and if 17 percent of streamflow in the reach comes from 
ground-water discharge (17 percent is the median value 
for reach 2 from table 4), the concentration of DO in the 
river at the downstream end of the reach would be 
about 7.5 mg/L. If 7.5 mg/L represented the concentra­ 
tion of DO in surface water entering reach 3 of the 
South Platte River extending from 160th Avenue to 
Highway 52, mass-balance calculations indicate that 
the concentration of DO in the river at the downstream 
end of the reach would be, about 7.0 mg/L, assuming 
that 11 percent of the river flow is from ground-water 
discharge (11 percent is the median value for reach 3 
from table 4).

Concentrations of dissolved nitrite plus nitrate in 
ground water from the monitoring wells ranged from 
less than 0.01 to 37.93 mg/L as nitrogen, and concen­ 
trations of dissolved ammonium ranged from less than 
0.1 to 9.2 mg/L as nitrogen (table 10). Based on sepa­

rate nitrite analyses, essentially all of the dissolved 
nitrite plus nitrate was as nitrate. Concentrations of 
nitrite plus nitrate and ammonium varied greatly 
between sites, between wells at a given site, and with 
depth (table 10 and figs. 9 and 10). Concentrations of 
dissolved nitrite plus nitrate generally increased going 
from ground water at McKay Road to ground water at 
Road 8, whereas dissolved-ammonium concentrations 
decreased. Water from well 1A at Road 8 had the high­ 
est measured concentration of nitrite plus nitrate, and 
water from well 1A at McKay Road had the highest 
measured ammonium concentration (table 10).

The large variability in concentrations of nitrite 
plus nitrate and ammonium between wells at a given 
site and between sites indicates that ground-water dis­ 
charge as a source of dissolved-nitrogen species to the 
river also was spatially variable. For example, median 
concentrations of nitrite plus nitrate in the 1A/1B and 
2A/2B wells at McKay Road were less than 0.01 mg/L 
as nitrogen, whereas the median concentration in the 
river was 4.40 mg/L as nitrogen. This indicates that 
ground-water discharge from the large-area flow sys­ 
tem was not a substantial source of nitrite plus nitrate 
to the river at McKay Road. In contrast, the median 
concentrations of nitrite plus nitrate in the 1A/1B wells 
and surface water at Road 8 were 24.50 and 5.23 mg/L 
as nitrogen, indicating that ground-water discharge 
from the large-area flow system on the east side of the 
river at Road 8 was probably a substantial source of 
nitrite plus nitrate to surface water. However, the low 
median concentration of nitrite plus nitrate in the 
2A/2B wells at Road 8 (0.29 mg/L as nitrogen) indi­ 
cates that the flow system on the west side of the river 
was not a substantial source of nitrite plus nitrate to the 
river. Median concentrations of ammonium in the 
monitoring wells at McKay Road were about the 
same as the median concentration of ammonium in 
the river (5.3 mg/L at the 1 A/IB wells, 5.4 mg/L at the 
2A/2B wells, 5.1 mg/L in the river, all as nitrogen).

Concentrations of dissolved phosphorus in water 
from the monitoring wells ranged from less than 0.01 
to 7.24 mg/L as phosphorus (fig. 11). The highest con­ 
centrations were measured in water from wells at 
McKay Road, and the lowest concentrations were in 
water from wells at Road 8. McKay Road was the only 
site at which water from the monitoring wells had 
dissolved-phosphorus concentrations higher than 
dissolved-phosphorus concentrations measured in sur­ 
face water at the same site (table 10), indicating that the 
site at McKay Road was the only one of the three sites 
having monitoring wells where the large-area flow 
system could be an important source of dissolved phos­ 
phorus to the river.
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Figure 9. Concentrations of dissolved nitrite plus nitrate in water from wells at McKay Road, Henderson, and Road 8.

Small-Area Flow System

Values of pH in water from the piezometers 
screened 1 ft below the sediment/water interface 
ranged from 6.71 to 8.64, with a median value of 
7.33 (fig. 12 and table 9). As with values of pH in 
ground water from the monitoring wells, values of 
pH in ground water from the small-area flow system 
generally were lower than values in the river (fig. 12). 
Measurements of pH indicate that values of pH at 
depths of less than 84 in. below the sediment/water 
interface were less than values in the surface water 
(table 10 and fig. 13). These data indicate that water 
discharging from the small-area flow system had the 
potential to lower pH values in the river.

Concentrations of DO in water from the piezom­ 
eters ranged from less than 0.1 to 1.7 mg/L, with a 
median value of 0.2 mg/L (fig. 14 and table 9). The 
median concentration of DO in ground water from 
below the sediment/water interface varied in different 
reaches of the river from between 0.2 and 0.3 mg/L; 
however, the median concentration in each reach was 
substantially lower than the median DO concentration 
(2.5 mg/L) in ground water from the 1A/1B wells at 
Henderson and Road 8. DO concentrations in ground 
water from the 1A/1B wells at Henderson and Road 8 
are considered to be representative of the DO concen­ 
trations in the large-area flow system in the agricultural 
area. Concentrations of DO in ground water from the 
small-area flow system were substantially lower than
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Figure 10. Concentrations of dissolved ammonium in water from wells at McKay Road, Henderson, and Road 8.

concentrations in the river and in ground water from 
the 1A/1B wells at Henderson and Road 8, regardless 
of the difference in hydraulic head between ground 
water and surface water (fig. 15). These data indicate 
that sediments in the small-area flow system were a 
sink for DO in water discharging to the river from the 
large-area flow system and for surface water infiltrating 
into the bed sediments.

The fact that sediments in the small-area flow 
system were a sink for DO indicates that a source of 
organic carbon was available to micro-organisms in the 
small-area flow system that was not available to micro­ 
organisms in the large-area flow system. Comparison 
of the organic-matter content in sediments from the 
monitoring-well sites at Henderson and Road 8 with 
the organic-matter content in bed sediments at those

sites indicates that there was not a substantial differ­ 
ence in the amount of solid organic matter between the 
sediments (table 5). An exception to this was the gen­ 
erally higher organic-matter content of bed sediments 
at the sediment/water interface compared to sediments 
below the interface or compared to aquifer sediment 
below the water table adjacent to the river. These data 
indicate that solid organic matter may not be the main 
source of organic carbon used by micro-organisms 
below the sediment/water interface to reduce DO in the 
small-area flow system. A more likely source of the 
organic carbon was dissolved or suspended organic 
carbon introduced into the small-area flow system from 
the river. Concentrations of total organic carbon in sur­ 
face water were greater than concentrations in ground 
water below the sediment/water interface (fig. 16),
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Figure 11. Concentrations of dissolved phosphorus in water from wells at McKay Road, Henderson, and Road 8.

indicating that advective movement of surface water 
into underlying sediments would increase organic car­ 
bon concentrations in ground water in the sediments. 
Changes in flow directions in the small-area flow sys­ 
tem may have allowed river water to infiltrate the bed 
sediments. Concentrations of total organic carbon 
decrease with depth below the sediment/water inter­ 
face, indicating that the river could have acted as a 
source of organic carbon when it infiltrated the sedi­ 
ments. The presence of relatively high concentrations 
of organic carbon in water and sediments in all of the 
McKay Road samples probably explains why there was 
little DO in any water samples from that site.

The process of DO removal in the small-area 
flow system affected DO concentrations in the river in 
at least two ways. The mass-balance example given in 
the "Large-Area Flow System" section indicated that 
ground-water discharge to the river would lower DO 
concentrations in the river between 104th Avenue and 
Highway 52 from 8.5 to 7.0 mg/L. However, in that 
mass-balance example, the concentration of DO 
chosen for ground-water discharge was 2.5 mg/L, 
which was the median concentration of DO in water 
from the 1 A/IB wells at Henderson and Road 8. If the 
median DO concentration (0.2 mg/L) measured in 
water from the small-area flow system is used as the 
DO concentration for ground-water discharge from the
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the Metro Wastewater Reclamation District effluent outfalls. Solid and dashed lines in (B) show median values 
of pH for samples 0 to 5, 5 to 10, 10 to 15,15 to 20, and greater than 20 miles downstream from the effluent 
outfalls.

large-area flow system, then DO concentrations in the 
river would be lowered from 8.5 to 6.3 mg/L under 
conservative mixing conditions.

Concentrations of DO in the river could have 
been lowered further due to the daily movement of sur­ 
face water in and out of the bed sediments. Data indi­ 
cate that DO was removed from surface water when 
it entered the small-area flow system in the bed sedi­ 
ments (fig. 15); therefore, if that water later discharged 
back into the river, it would lower DO concentrations

in the river even though there was no net addition 
of water to the river. Based on the hourly measure­ 
ments of incremental ground-water discharge at 
Road 8 (fig. 5), the net amount of surface water that 
moved into the bed sediments and then came back
out was about 0.26 (Mf^/dymi over 24 hours. This 
amount was about 54 percent of the net amount
[0.48 (Mf^/dymi] of ground water that discharged 
from the large-area flow system to that reach of river 
on November 30, 1992 (table 4).
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Concentrations of dissolved nitrite plus nitrate, 
ammonium, and phosphorus in water samples from the 
piezometers at the 30 cross-section sites ranged from 
less than 0.01 to 8.98 mg/L as nitrogen, less than 0.1 to 
15.3 mg/L as nitrogen, and 0.28 to 7.22 mg/L as phos­ 
phorus (table 9). The median concentrations of dis­ 
solved nitrite plus nitrate, ammonium, and phosphorus 
were 1.22 mg/L as nitrogen, 1.7 mg/L as nitrogen, and 
1.41 mg/L as phosphorus. Concentrations of nitrite 
plus nitrate in ground water below the sediment/water 
interface increased with distance downstream from the 
MWRD plant, whereas concentrations of ammonium 
decreased (fig. 17). Concentrations of phosphorus 
showed no consistent pattern of change with distance 
downstream from the MWRD plant. The pattern of

concentration changes observed for nitrite plus nitrate 
and ammonium with distance downstream from the 
MWRD plant is similar to what has been observed in the 
river. The pattern of concentration changes in the river 
is generally attributed to the addition of ammonium to 
the river from the MWRD plant, followed by the conver­ 
sion of ammonium to nitrate by nitrifying bacteria as the 
water flows downstream. Due to the movement of sur­ 
face water into and out of the bed sediments, it is likely 
that at least part of the concentration pattern of nitrite 
plus nitrate and ammonium observed in the small-area 
flow system (fig. 17) is the result of similar processes. 
However, other processes also were active in the small- 
area flow system.
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Chemical and isotopic data indicate that bed 
sediments in the upper reaches of the study area 
were a source of ammonium to the small-area flow 
system. For example, chemical and isotopic analy­ 
ses of dissolved ammonium in ground water below 
the sediment/water interface at McKay Road on 
November 2,1992, represent ammonium production in 
the sediments under the river at this site (fig. 18). 
Ammonium concentrations were higher at a depth of 
12 in. below the sediment/water interface than at other 
sampled depths, and the 815N composition of the 
ammonium at a depth of 12 in. was about 9 to 12 per 
mil lighter than the 515N composition of ammonium at 
other depths (table 6). Ammonium produced in-situ 
generally is isotopically lighter than ammonium that 
has been transported and subjected to reactions like 
nitrification that cause the residual ammonium to 
become isotopically enriched. Although the hydraulic- 
head difference at the time of measurement was 
directed from the river into the sediments, indicating no 
advective flux to the river of ammonium at the 12-in 
depth, the 24-hour data indicate that an upward flux of 
ammonium sometime during the day was likely. The 
relatively high organic-matter content of bed sediments 
at McKay Road indicates that the ammonium probably 
was derived from the mineralization of organic nitro­ 
gen in sedimentary organic matter. The concentration 
of orthophosphate in ground water below the sediment/ 
water interface also was higher at a depth of 12 in. than 
at other sampled depths on the same date, indicating 
that the mineralization of organic matter may have pro­ 
vided dissolved phosphorus to the small-area flow sys­ 
tem.

Sedimentary organic matter probably was 
the source of high concentrations of dissolved ammo­ 
nium and orthophosphate in ground water beneath the 
river at cross-section site 6 (table 9). At this site, the 
sedimentary organic matter may have been excrement 
from waterfowl (table 6). This reach of the river was 
densely populated by waterfowl during the fall. The 
nitrogen-isotope composition of ammonium in ground 
water at the site on December 22,1992, was the same 
as the isotopic composition of fresh waterfowl excre­ 
ment (table 6). The isotopic composition of ammo­ 
nium in weathered waterfowl excrement was about 
4 per mil heavier than that in the fresh material, indicat­ 
ing that the ammonium in the weathered material 
had mineralized and lost isotopically light nitrogen. 
Although there was not a net discharge of ground 
water to the river at site 6 at the time of sampling on

December 22,1992 (table 9), hydraulic head at the 
piezometer from which the isotope sample was col­ 
lected was higher than the head in the river.

In addition to the bed sediments being sources 
of dissolved-nitrogen species to ground water in 
the small-area flow system, they also were sinks for 
dissolved-nitrogen species. The combination of 
low DO concentrations in ground water below the 
sediment/water interface and the presence of nitrate 
provided suitable conditions for denitrification to occur 
in the small-area flow system. Laboratory incubations 
indicated a measurable potential for denitrification in 
the bed sediments (table 7). Rates of denitrification 
(as indicated by N2O production) in riverbed sediments 
from 88th Avenue and McKay Road sites increased 
substantially when nitrate concentrations in pore water 
in those sediments were increased from low in-situ 
values, whereas the increase in denitrification rate in 
sediments from Road 8 site was much smaller when 
nitrate concentrations were increased from high in-situ 
values. These results indicate that (1) denitrification 
rates in bed sediments from 88th Avenue and McKay 
Road sites were more limited by the availability of 
nitrate than denitrification rates in sediments from 
Road 8 site; and (2) any nitrate entering bed sediments 
in the vicinity of 88th Avenue or McKay Road sites, 
3 to 6 mi. downstream from the MWRD, would proba­ 
bly be reduced to N2, which is consistent with the low 
concentrations of dissolved nitrite plus nitrate in 
ground water from the small-area flow system at those 
sites (fig. 17). Rates of denitrification in sediments 
from the Henderson and Road 8 sites increased propor­ 
tionally more than denitrification rates in sediments 
from 88th Avenue and McKay Road sites when glucose 
was added to the sediments, which indicates that 
denitrification rates in riverbed sediments from the 
Henderson and Road 8 sites were more limited by the 
availability of organic carbon than denitrification rates 
in sediments from the 88th Avenue and McKay Road 
sites. This interpretation is consistent with measure­ 
ments of organic-matter content that indicated a larger 
percentage of organic matter in riverbed sediments 
from the McKay Road site than in sediments from the 
Henderson or Road 8 sites (table 5). In general, the 
presence of a denitrifying potential in sediments in the 
small-area flow system indicates that the small-area 
flow system could be a sink for nitrate in ground water 
from the large-area flow system and for nitrate in river 
water.
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Table 6. 615N compositions of dissolved nitrate in surface water and ground water, and 515N compositions of solid and 
dissolved ammonium in surface water and ground water

[NO3, nitrate; NH4, ammonium; NA, not applicable; in., inch]

Sample 
name

Metro south outfall 
Metro north outfall
South Platte River at McKay Road
McKay Road-piezometer 1
McKay Road-piezometer 2
McKay Road-piezometer 3
McKay Road-well 2A
McKay Road-well 2B
South Platte River at Road 8
Road 8-piezometer 1
Road 8-piezometer 2
Road 8-well 1 A
Road 8-well IB
Cross-section site 6 ground water (12 in. below 
sediment/water interface)

Cross-section site 6 waterfowl waste (fresh)
Cross-section site 6 waterfowl waste (weathered)

Date

11/11/92 
11/11/92
11/02/92
11/02/92
11/02/92
11/02/92
11/02/92
11/02/92
11/30/92
11/30/92
11/30/92
11/30/92
11/30/92
12/22/92

12/22/92
12/22/92

815N-N03, 
dissolved 
(per mil)

NA 
7.6
NA

NA

NA

NA

NA

NA

9.1
9.0
8.4
8.4
8.4
NA

NA
NA

615N-NH4, 
dissolved 
or solid 
(per mil)

9.2
NA
14.2
7.6

16.6
20.2
17.2
13.0
NA
NA
NA
NA
NA
11.3

11.3
15.7

Table 7. Rates of nitrous oxide production measured in laboratory incubations of riverbed and aquifer sediments

[N2O, nitrous oxide; NO3, nitrate; mmol/L, millimoles per liter; nmol/gdw/d, nanomoles per gram of dry sediment per day; ±, plus or minus]

Rate of N2O production at given NO3 concentration 
(nmol/gdw/d)

Sample 
name

88th Avenue riverbed sediment
88th Avenue riverbed sediment
McKay Road riverbed sediment
McKay Road riverbed sediment
Henderson riverbed sediment
Henderson riverbed sediment
Road 8 riverbed sediment
Road 8 riverbed sediment
Henderson aquifer sediment
Henderson aquifer sediment

Measured 
concentration of 
dissolved nitrate 

(mmol/L)

0.003
.003
.021
.021
.021
.021
.357
.357
.214
.214

Addition of 
1 mmol/L 
glucose

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Measured 
nitrate 

concentration

0±0
0±0
0±0
0±0
1±0
0±0

15±5
25 ±6
3±1

34±6

1 mmol/L 
dissolved 

nitrate

52±6
124 ±35
84 ±15

336 ±43
19 ±8

200 ±22
25 ±5

271 ±41
2±0

22 ±9

10 mmol/L 
dissolved 

nitrate

400±29
1,483 ±232

214 ±13
1,384 ±24

122 ±14
1,034 ± 237

28 ±7
321 ±28

7±0
25 ±4
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The presence of sources and sinks of dissolved- 
nitrogen and -phosphorus species in the small-area 
flow system is important because all of these constitu­ 
ents can contribute indirectly to the depletion of DO in 
the river by promoting the growth of aquatic vegetation 
that eventually die and decay, thereby adding an oxy­ 
gen demand to the river. Aquatic vegetation also 
decreases DO concentrations in the river when they 
respire at night. In addition, the oxidation of ammo­ 
nium to nitrate consumes DO in the river. In general, 
the widespread distribution of sources and sinks of dis­ 
solved nitrite plus nitrate, ammonium, and phosphorus 
in the small-area flow system makes it difficult to deter­ 
mine how much nitrogen and phosphorus is entering 
the river from ground-water discharge.

SUMMARY

Concentrations of DO in reaches of the South 
Platte River between Denver and Fort Lupton fre­ 
quently fall below the minimum concentrations estab­ 
lished by the Colorado Department of Health and 
Environment to maintain the health of aquatic life in 
the river. As a follow-up to preliminary studies con­ 
ducted by the USGS that indicated that the discharge 
of anoxic ground water may contribute to low DO 
concentrations in the river, an assessment was made 
of the quantity and quality of ground-water discharge 
to the South Platte River from Denver to Fort Lupton, 
Colorado. The quantity of ground-water discharge 
was determined by (1) mass balance of surface- 
water inflows and outflows from August 1992 
through January 1993 and in May and July 1993, and 
(2) measurements of ground-water discharge across 
the sediment/water interface in the river channel from 
August 1992 through January 1993. Samples of sur­ 
face water and ground water used for water-quality 
analyses were collected from August 1992 through 
January 1993 and in May and July 1993. Specific con­ 
ductance, pH, T, DO, alkalinity, and concentrations 
of dissolved major ions and nutrients were measured 
in surface-water samples collected at three locations 
in the river, in ground-water samples collected from 
12 monitoring wells screened in the alluvial aquifer 
adjacent to the river, and in ground-water samples col­ 
lected from 9 piezometers screened in riverbed sedi­ 
ments underlying the active river channel. Specific 
conductance, pH, T, and DO were measured in surface- 
water samples collected at 27 of the 30 cross-section 
sites in the river. Specific conductance, pH, T, DO, and 
concentrations of dissolved nutrients were measured 
in ground-water samples collected from an additional 
159 temporary wells screened in the riverbed sedi­ 
ments underlying the active channel of the river.

The ground-water flow system was divided into 
a large-area flow system and a small-area flow system. 
The precise boundaries of the two flow systems are not 
known. However, the large-area flow system was con­ 
sidered to incorporate all alluvial sediments in hydro- 
logic connection with the South Platte River. The 
small-area flow system was considered to incorporate 
the alluvial aquifer in the vicinity of the river. Flow- 
path lengths in the large-area system were considered 
to be on the order of hundreds of feet to more than a 
mile, whereas flow-path lengths in the small-area sys­ 
tem were considered to be on the order of feet to hun­ 
dreds of feet. The quantity of ground-water discharge 
from the large-area flow system to the South Platte 
River was estimated by calculating a mass balance of 
all measured surface-water inflows and outflows to 
three reaches of the river (64th Avenue to 88th Avenue, 
104th Avenue to upstream from the Brighton Ditch 
headgate, and 160th Avenue to Highway 52) and by 
attributing the difference between inflows and outflows 
to ground-water discharge. Mass-balance estimates of 
incremental ground-water discharge ranged from -27
to 17 (ft3/s)/mi for the three reaches studied; the
median rate was 4.6 (ftVsVmi. Incremental ground- 
water discharge rates determined by mass balance were 
most variable in the reach extending from 64th to 
88th Avenue and were partially related to the amount 
of effluent being released from the MWRD. There 
generally was a net addition of water to the river from 
ground-water discharge when the rate of effluent dis­ 
charge was low (for example, September, November, 
and December 1992 and July 1993), whereas there was 
a net loss of water from the river to the aquifer when the 
rate of effluent discharge was high (for example, 
August 1992 and January 1993) or when flow in the 
river upstream from the plant was high (for example, 
May 1993).

There was less variability in the incremental 
ground-water discharge rates determined by mass 
balance in reaches of the river downstream from 
88th Avenue than there was in the reach upstream 
from 88th Avenue, possibly due to increased irrigation 
return flows from agricultural fields overlying the allu­ 
vial aquifer downstream from Denver and to a dampen­ 
ing of discharge fluctuations with distance downstream 
from the MWRD plant. Median rates of incremental 
ground-water discharge in the reaches extending 
from 104th Avenue to upstream from the Brighton 
Ditch headgate and from 160th Avenue to Highway 52 
were within about 10 percent of each other [5.1 and
4.6 (ft3/s)/mi]. The median percentage of flow in the 
river at the downstream end of each reach from ground- 
water discharge was 17 percent for the reach extending
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from 104th Avenue to Brighton Ditch Diversion and 
11 percent for the reach extending from 160th Avenue 
to Highway 52. The median percentage for these two 
reaches combined was 15 percent. Based on these esti­ 
mates, ground-water discharge between 104th Avenue 
and Highway 52 would have accounted for a total of 
about 30 percent of the flow in the river at Highway 52.

The quantity of ground-water discharge from the 
small-area flow system to the South Platte River was 
estimated from direct measurements of incremental 
discharge made at 30 cross-section sites. Incremental 
ground-water discharge from the small-area flow
system ranged from -1,360 to 1,000 (f^/symi, with a 
median value of-5.8 (ft3/s)/mi at the 30 cross-section 
sites. The maximum incremental ground-water 
discharge rates measured for the small-area flow 
system are 50 to 60 times higher than previously esti­ 
mated incremental ground-water discharge rates for 
this reach of the South Platte River and are higher by a 
similar magnitude than maximum incremental ground- 
water discharge rates measured by mass balance in this 
study. Furthermore, measurements of the large-area 
flow system indicated that ground water continuously 
discharged to reaches 2 and 3, whereas measurements 
of the small-area flow system indicated that surface 
water recharged the aquifer as frequently as ground 
water discharged to the river. The reversals in flow 
direction and the high rates of incremental ground- 
water discharge from the small-area flow system are 
plausible if they reflect transient conditions in the flow 
system. Measurements of river stage and discharge 
from the MWRD plant indicate that changes in river 
stage were related to hourly changes in effluent- 
discharge rates from the MWRD plant. These 
frequent changes in river stage, although typically 
less than about 0.25 ft, may have provided a stress on 
the small-area flow system large enough to cause the 
transient discharge conditions that were measured at 
the sediment/water interface.

The transient nature of incremental ground- 
water discharge rates in the small-area flow system 
were analyzed in a series of 24 hourly measurements of 
discharge. In general, the rate and direction of water 
movement from the small-area flow system were 
related to changes in river stage, with the highest rates 
of ground-water discharge corresponding to the lowest 
river stages and the lowest rates of discharge occurring 
at higher river stages. The data indicate that the small- 
area flow system probably provided no net gain or loss 
of water to the river, but that it was superimposed on

the large-area flow system that did provide water to the
river [at a median rate of (4.6 fP/sVmi]. In essence, the 
small-area flow system represented a zone of mixing 
between the river and the large-area flow system.

The median value of pH in water samples from 
the large-area flow system was 7.16. Values of pH in 
water from the large-area flow system generally were 
lower than values in the river, indicating that the dis­ 
charge of ground water from the large-area flow system 
to the river would lower the pH of river water under 
conservative mixing conditions. The median concen­ 
tration of DO in water from the large-area flow system 
was 0.9 mg/L, which is less than the median instanta­ 
neous daytime concentration of DO (8.4 mg/L) in the 
river, indicating that the discharge of ground water   
from the large-area flow system to the river also would 
lower DO concentrations in the river water under con­ 
servative mixing conditions.

Concentrations of dissolved nitrite plus nitrate, 
ammonium, and phosphorus in water from the large- 
area flow system were highly variable between wells at 
a given site and between sites. In general, concentra­ 
tions of nitrite plus nitrate were higher in ground water 
along the downstream river reach than in ground water 
along the upstream river reach. The opposite concen­ 
tration distribution was observed for ammonium and 
phosphorus. The data indicate that ground-water dis­ 
charge from the large-area flow system may have been 
a source of nitrite plus nitrate to the downstream river 
reach and a source of ammonium and phosphorus to the 
upstream river reach.

The median concentration of DO in water from 
the small-area flow system was 0.2 mg/L. The DO data 
indicate that sediments in the small-area flow system 
were a sink for DO in water discharging from the large- 
area flow system and for surface water infiltrating into 
the bed sediments. Organic carbon in water and sedi­ 
ments from the river provided the reduced carbon 
needed to reduce DO entering the small-area flow sys­ 
tem. Even though the small-area flow system provided 
no net addition of water to the river, it had the capabil­ 
ity of lowering DO concentrations in the river as sur­ 
face water cycled in and out of the sediments in the 
small-area flow system.

Chemical and isotopic data and laboratory stud­ 
ies indicate that sediments in the small-area flow sys­ 
tem were a source of ammonium and phosphorus and a 
sink for nitrite plus nitrate to water in the small-area 
flow system. Whether that water was mostly from the 
large-area flow system or from the river would not mat­ 
ter. Organic-rich sediments in the upstream reach of 
the river appeared to be a source of ammonium and 
phosphorus to water in the small-area flow system. 
These sediments also had a high potential for removing
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nitrite plus nitrate by denitrification from water enter­ 
ing the small-area flow system. Data did not indicate 
that organic-poor sediments in the downstream river 
reach were a source of ammonium or phosphorus to the 
small-area flow system. However, laboratory studies 
did show that those sediments also had the potential to 
remove nitrite plus nitrate by denitrification from 
waters entering the small-area flow system in the 
downstream river reach. In general, the widespread 
distribution of sources and sinks of dissolved nitrite 
plus nitrate, ammonium, and phosphorus in the small- 
area flow system makes it difficult to determine how 
much nitrogen and phosphorus is entering the river 
from ground-water discharge.
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Table 8. Discharge at selected surface-water sites on selected dates

[ffVs, cubic foot per second]

Reach Site of measurement

1 South Platte River at 64th Avenue

1 Metro Wastewater Reclamation District Plant

1 Sand Creek at mouth near Commerce City

1 Clear Creek at Derby

1 Niver Creek at mouth

Date

08/28/92 
09/23/92
11/02/92

12/02/92
01/19/93
05/19/93
07/27/93

08/28/92
09/23/92
11/02/92
12/02/92
01/19/93
05/19/93
07/27/93

08/28/92
09/23/92
1 1/02/92
12/02/92
01/19/93

05/19/93
07/27/93

08/28/92
09/23/92
1 1/02/92
12/02/92
01/19/93
05/19/93
07/27/93

08/28/92
09/23/92
1 1/02/92
12/02/92
01/19/93
05/19/93
07/27/93

Discharge

19.3 
25.5
11.7

16.7
28.7

564
6.80

322
191
167
93.2

272
115
122

23.7
17.7
21.3
22.9
17.3

44.4
98.0

20.9
4.62
2.26
9.69

21.2
42.0

126

2.46

.89
4.69

.88

.91
9.34
1.72
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Table 8. Discharge at selected surface-water sites on selected dates-Continued

Reach Site of measurement

1 Miscellaneous discharges

1 South Platte River at 88th Avenue

1 South Platte River at McKay Road

2 South Platte River at 1 04th Avenue

2 Brantner Ditch at headgate

2 Miscellaneous discharges

2 South Platte River upstream from the Brighton Ditch headgate

Date

08/28/92
09/23/92
1 1/02/92
12/02/92
01/19/93
05/19/93
07/27/93

08/28/92
11/02/92
12/02/92
01/19/93
05/19/93
07/27/93

09/23/92

09/28/92
10/30/92
12/01/92
01/15/93
05/17/93
07/28/93

09/28/92
10/30/92
12/01/92
01/15/93
05/17/93
07/28/93

09/28/92
10/30/92
12/01/92
01/15/93
05/17/93
07/28/93

09/28/92
10/30/92
12/01/92
01/15/93
05/17/93
07/28/93

Discharge
(ft3*)

0.44
.60

0
0
0

23.1
.36

380
259
154
245
710
405

318

121
153
202
179
364
310

26.0
2.87
0
0

45.2
37.0

6.38
3.98

10.0
13.2
2.00
5.00

139
178
273
226
369
342
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Table 8. Discharge at selected surface-water sites on selected dates-Continued

Reach Site of measurement

3 South Platte River at 1 60th Avenue

3 City of Brighton wastewater-treatment plant

3 Lupton Bottoms Ditch at headgate

3 Big Dry Creek at mouth

3 South Platte River at Highway 52

Date

08/27/92
09/24/92
10/29/92
1 1/30/92
01/14/93
05/25/93
07/29/93

08/27/92
09/24/92
10/29/92
11/30/92
01/14/93
05/25/93
07/29/93

08/27/92
09/24/92
10/29/92
11/30/92
01/14/93
05/25/93
07/29/93

08/27/92
09/24/92
10/29/92
11/30/92
01/14/93
05/25/93
07/29/93

08/27/92
09/24/92
10/29/92
11/30/92
01/14/93
05/25/93
07/29/93

Discharge
(tf/s)

388
162
203
324
218
317
319

2.49
2.28
1.68
1.77
1.79
2.00
2.10

11.7
31.7
0
0
0

53.5
62.0

80.2
57.8
33.0
23.8
16.5
27.2
34.0

593
233
285
399
257
318
320
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites

f(ft3/s)/mi, cubic foot per second per mile; (jS/cm, microsiemens per centimeter at 25°C; °C, degree Celsius; NA, not applicable;  , missing data; 
mg/L, milligram per liter; <, less than]

Cross-section 
number

1
1
1
1
1
2
2
2
2
3
3
3

3
4
4
4
4
4
5
5
5
5
6
6
6
6
6
7
7
7

7
8
8
8

10
10
10
11
11

Date

08/17/92
09/01/92
10/08/92
1 1/04/92
12/15/92
09/01/92
10/20/92
1 1/04/92
12/15/92
09/03/92
10/20/92
11/05/92

12/27/92
08/17/92
09/03/92
10/28/92
11/10/92
12/11/92
09/08/92
10/26/92
11/05/92
12/10/92
08/18/92
09/08/92
10/26/92
1 1/04/92
12/22/92
09/10/92
10/27/92
11/10/92

01/25/93
09/10/92
10/28/92
11/12/92
10/27/92
11/13/92
12/10/92
09/21/92
10/14/92

Incremental 
ground-water 
discharge rate 

[<ft3/s)/mi]

14.8
-20.1
-8.98

-31.7
-13.7

95.0
-58.1
-1.06
60.2
-5.81
37.0

2.11
-245

33.3
28.0

-38.5
-898

-26.9
106
-7.92

^70
174

12.1
63.4

-444
-581
-288

^5.4
-13.2
-10.6

-1,360
-290
-253
-174

-16.9
-15.3

-200

20.1
142

Specific 
conductance of 
surface water

(j^S/cm)

751
1,330
1,360
1,240
1,700
1,010
1,040
1,040
1,120

948
1,000
1,030
1,050

824
975

1,080
1,080
1,090
1,050
1,030
1,050
1,040

747
--

963
1,060
1,110
1,060
1,110
1,040

1,020
1,020
1,080
1,110
1,030
1,110

1,200
995

1,040

Specific 
conductance of 
ground water

(j^S/cm)

619
NA

1,030
NA

1,350
1,020
1,030
NA

1,060
915

1,010
873

NA
787
870

NA
1,080

935

1,020
NA
NA

1,090
1,060

960
NA
NA

1,080
NA
NA
NA

1,030
1,040
NA
NA
NA
NA

NA
1,040
1,010

pHof 
surface water

7.86
7.40
7.68
7.66
7.43
7.02
7.14
7.12
7.28
7.40
7.21
7.30

7.36
7.39
7.19
7.14
7.33
7.08
7.45
7.35
7.20
8.26
7.37

--

7.07
7.31
7.40
7.45
7.28
7.33
7.84
7.52
7.19
7.75
7.80
7.72
7.38
7.45
7.39

pHof 
ground water

7.48
NA
7.48
NA
7.41
7.04
7.03
NA
7.29
7.12
7.06
7.53

NA
7.32
7.25
NA
7.21
8.13
7.29
NA
NA
7.08
6.71
7.07
NA
NA
7.16
NA
NA
NA
7.52
7.30
NA
NA
NA
NA

NA
7.27
7.20
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites-Continued

Cross-section 
number

11

11

12

12

12

12

13

13

13

13

14

14

14

14

15

15

15

15

15

16

16

16

16

17

17

17

17

17

18

18

18

18

19

19

19

19

20

20

20

21

21

21

Date

11/12/92

12/30/92

09/21/92

10/22/92

11/13/92

01/22/93

09/22/92

10/14/92

11/13/92

01/21/93

09/18/92

10/07/92

1 1/06/92

12/31/92

08/18/92

09/16/92

10/07/92

1 1/25/92

12/15/92

09/16/92

10/21/92

1 1/06/92

01/21/93

08/21/92

09/11/92

10/21/92

1 1/20/92

12/21/92

09/15/92

10/15/92

1 1/25/92

12/30/92

09/15/92

10/16/92

11/03/92

01/20/93

09/14/92

10/16/92

1 1/09/92

08/19/92

09/14/92

10/19/92

Incremental 
ground-water 
discharge rate 

[(ft^symi]

^2.8

-32.7

73.9

248
-164

-82.4

19.5

-58.1

24.3

52.8
-158

-3.17

-36.4

-50.2

111
-375

6.34

-13.7

-21.1

-39.1
-169

1.58
-653

3.70

-32.2
-792

-5.81

-21.1

-15.8

21.1

7.39

.53

132

22.2

^8.6

-1.06

174

26.9

-24.3

190

132

-84.5

Specific 
conductance of 
surface water

(nS/cm)

1,120

1,120

1,030

1,070
--

1,080

1,030

1,050

1,110

1,070

1,050
--

1,120

1,080

737

1,060

1,050

993

1,080

1,030

1,040

839
--

852

1,050

1,040

1,040

1,100

1,040

1,050

1,000
--

1,040
--

1,020

1,060

1,040

1,060

1,090

826

1,070

1,040

Specific 
conductance of 
ground water

(nS/cm)

NA

1,050

1,010

1,050

NA

NA

988

NA

1,070

1,060

1,110

NA

NA

NA

811

NA

1,010

998

NA

989

NA

733

NA

831

NA

NA

NA

NA

1,060

1,060

1,060

1,080

1,030

1,030

NA

1,060

1,010

1,040

NA

1,280

1,050

NA

pHof 
surface water

7.77

7.42

7.57

7.80
-

7.76

7.52

7.57

7.81

7.46

7.67
--

7.49

7.64

7.62

7.59

7.74

7.71

7.76

7.82

7.56

7.84
--

7.63

7.85

7.67

7.60

7.86

7.90

8.19

7.72
--

7.85
--

7.85

7.51

8.09

7.75

8.10

7.70

7.75

7.60

pHof 
ground water

NA

7.24

7.21

7.99

NA

NA

7.22

NA

7.11

7.47

7.16

NA

NA

NA

7.32

NA

7.33

7.31

NA

7.21

NA

7.46

NA

7.32

NA

NA

NA

NA

7.27

7.63

7.34

7.56

7.46

7.44

NA

7.67

7.42

7.27

NA

7.14

7.38

NA
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites-Continued

Cross-section 
number

21

21

22

22

22

22

23

23

23

23

24

24

24

24

25

25

25

25

25

26

26

26

26

26

27

27

27

27

28

28

28

28

29

29

29

29

29

30

30

30

30

30

Date

11/03/92

01/20/93

09/09/92

10/19/92

1 1/27/92

12/09/92

09/09/92

10/23/92

11/17/92

12/14/92

09/04/92

10/15/92

11/18/92

12/09/92

08/20/92

09/02/92

10/08/92

11/18/92

12/03/92

08/31/92

09/30/92

10/06/92

11/19/92

12/03/92

09/22/92

10/06/92

1 1/09/92

12/14/92

09/04/92

10/23/92

11/17/92

12/29/92

08/21/92

09/02/92

10/13/92

11/16/92

12/29/92

08/20/92

09/30/92

10/13/92

11/16/92

12/21/92

Incremental 
ground-water 
discharge rate 

[(ft3/s)/mi]
-190

47.5

32.7

-6.86

-15.8

6.86

30.6

28.0

12.1

-14.2

21.1

29.0

50.7

27.4

-29.0

306

35.4

-34.3

-62.8

-58.1

68.6

73.9

12.7

32.7

37.5

-52.8

-1.06

5.28

31.2

-^4.4

40.6
-127

52.8

73.9

-29.0
-121

-53.3

73.9

52.8

1,000
-100

-^3.8

Specific 
conductance of 
surface water 

(|LiS/cm)

1,040

1,090
--

1,080

1,220

1,100

1,060

1,100
--

698

1,030

1,070

1,080

1,100
--

1,010

1,060

1,090

1,100

1,030

858

946

1,120

1,120

1,030
~

1,140

1,060

1,010

1,080

1,120

1,010

895

1,010

1,070

1,140

1,090

839

1,060

1,090

1,160

1,100

Specific 
conductance of 
ground water

(|LiS/cm)

NA
1,130

1,230

1,080

1,070

1,120

1,020

1,050

744

671

978

1,070

1,080

1,090

849

1,020

1,290

NA

NA

1,010

1,180

1,330

1,270

1,360

1,040

NA

NA
1,090

992

NA

1,120

NA

904

1,130

NA

1,360

1,200

981

1,110

2,430

NA

1,160

pHof 
surface water

7.44

7.62
--

7.78

7.85

7.74

7.79

7.75

7.80

8.40

7.60

8.10

8.08

7.47
 

7.80

7.90

7.95

8.30

7.80

7.60

7.73

7.77

8.18

7.61
--

8.05

8.40

7.60

7.45

7.76

7.40

7.69

7.75

7.85

8.14

7.53

7.60

7.64

7.77

7.85

7.82

pHof 
ground water

NA

7.48

7.40

7.49

7.34

7.62

7.56

7.29

7.57

8.64

7.27

7.83

7.55

7.44

7.28

7.42

7.28

NA

NA

7.37

7.12

7.15

7.15

7.54

7.28

NA

NA
8.32

7.33

NA

7.33

NA

7.48

7.30

NA

7.58

7.17

7.37

7.38

7.25

NA

7.70
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites-Continued

Cross-section _ t Temperatureof 
number Date SUrfa£Water

1
1
1
1
1
2
2
2
2
3
3
3
3
4
4
4
4
4
5
5
5
5
6
6
6
6
6
7
7
7
7
8
8

8
10
10
10
11
11
11
11

08/17/92
09/01/92
10/08/92
11/04/92
12/15/92
09/01/92
10/20/92
11/04/92
12/15/92
09/03/92
10/20/92
11/05/92
12/27/92
08/17/92
09/03/92
10/28/92
11/10/92
12/11/92
09/08/92
10/26/92
11/05/92
12/10/92
08/18/92
09/08/92
10/26/92
11/04/92
12/22/92
09/10/92
10/27/92
11/10/92
01/25/93
09/10/92
10/28/92

11/12/92
10/27/92
11/13/92
12/10/92
09/21/92
10/14/92
11/12/92
12/30/92

19.7
18.4
15.3
9.4
7.5

21.9
18.7
17.1
14.0
20.5
20.0
15.9
11.7
21.3
22.4
18.3
15.2
12.9
19.2
18.2
14.7
13.8
-
--

20.9
12.5
11.4
18.7
20.8
15.4
8.8

22.4
18.2
13.0
18.1
12.3
9.6

19.8
16.0
10.6
8.9

Temperatureof 
ground water

(°C)

20.3
NA
12.8

NA
5.2

21.4
18.4

NA
13.8
20.3
19.6
16.5

NA
20.4
20.1
NA
14.5
15.2
20.6
NA
NA
11.8
21.2
21.4
NA
NA
11.4

NA
NA
NA

8.7
20.4
NA
NA
NA
NA
NA
19.2
17.5

NA
9.3

Dissolved 
oxygen in 

surface water 
(mg/L)

6.5
7.4
7.0
9.2
8.1
5.7
5.9
7.4
6.6
6.9
6.5
6.8
6.7
4.6
5.8
6.1
6.2
6.7
6.7
5.4
9.1
7.5
5.3
-

7.0
6.6
6.2
6.6
6.5
5.3
4.2
7.6
7.0
6.2
8.5
7.2
7.5
6.3
4.7
6.5
7.1

Dissolved 
oxygen in 

ground water 
(mg/L)

0.6
NA

.2
NA

.5

.6

.1
NA

.4

.2

.4

.3
NA

.5

.1
NA

.2

.6

.1
NA
NA
1.1

.5

.2
NA
NA

.2
NA
NA
NA

.6

.3
NA
NA
NA
NA
NA

.2

.1
NA
<.l

Nitrite in 
ground water, 

dissolved 
(N02 

as N, mg/L)

--

NA
<0.01
NA
<.01

.08
<.01

NA
.04
.04

<.01
<.01

NA
--

<.01

NA
.08

<.01

.07
NA
NA
<.01
-

<.01

NA
NA
<.01

NA
NA
NA
<.01

.04
NA
NA
NA
NA
NA

.04

.02
NA
<.01

Nitrite plus 
nitrate in 

ground water, 
dissolved 
(N02+N03 
as N, mg/L)

0.09
NA
1.65

NA
3.45
1.86
.02

NA
.21
.83
.06
.07

NA
.36
.05

NA
1.47
.06
.59

NA
NA

.11

.29
<.01

NA
NA

.11
NA
NA
NA

.14

.25
NA
NA
NA
NA
NA

.67

.30

NA
.10
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites-Continued

Cross-section . f Temperature of 
number Date 8Urf^)Water

12
12
12
12
13
13
13
13
14
14
14
14
15
15
15
15
15
16
16
16
16
17
17
17
17
17
18
18
18
18
19
19
19
19
20
20

20
21
21
21
21

09/21/92
10/22/92
11/13/92
01/22/93
09/22/92
10/14/92
11/13/92
01/21/93
09/18/92
10/07/92
11/06/92
12/31/92
08/18/92
09/16/92
10/07/92
11/25/92
12/15/92
09/16/92
10/21/92
11/06/92
01/21/93
08/21/92
09/11/92
10/21/92
11/20/92
12/21/92
09/15/92
10/15/92
11/25/92
12/30/92
09/15/92
10/16/92
11/03/92
01/20/93
09/14/92
10/16/92
11/09/92
08/19/92
09/14/92
10/19/92
11/03/92

21.2
17.1
-

9.8
21.5
17.1
11.9
9.5

17.5
--

12.4
-

22.8
19.8
--

7.0
8.6

22.9
16.2
12.9
--

21.0
19.9
18.9
11.3
9.5

25.6
18.4
8.3
--

21.6
--

9.4
9.5

22.5
12.3

13.0
21.0
19.2
14.3
9.4

Temperature of 
ground water 

(°C)

20.4
17.6

NA
NA
20.4
NA
12.4
9.7

20.0
NA
NA
NA
21.1
NA
15.8
8.8

NA
19.1

NA
12.3

NA
20.4
NA
NA
NA
NA
20.5
16.5
8.7
7.8

21.0
13.8

NA
7.4

21.4
13.9

NA
18.9
20.3
NA
NA

Dissolved 
oxygen in 

surface water
(mg/L)

5.2
7.4
-

7.6
6.4
6.5
8.0
 

7.7
-

10.2
9.5
6.0
5.7
7.6
8.6
7.0
9.1
7.2
8.2
~

5.8
9.0
8.2
8.2
8.2

11.7
6.4
8.7
-

9.3
~

9.1
9.9
7.2
7.7

9.4
7.7
9.3
5.0
7.8

Dissolved 
oxygen in 

ground water 
(mg/L)

0.2
.4

NA
NA

.3
NA

.2
«

.3
NA
NA
NA

.4
NA

.2

.5
NA

.1
NA

.2
NA

.4
NA
NA
NA
NA

.5

.2

.1

.1

.2

.1
NA

.5

.4

.2
NA

.8

.4
NA
NA

Nitrite in 
ground water, 

dissolved 
(N02 

as N, mg/L)

0.03
--

NA
NA

.04
NA

.04

.07

.07
NA
NA
NA

.07
NA
<.01

.02
NA
<.01

NA
~

NA
.04

NA
NA
NA
NA
<.01
-

<.01
--

.04
-

NA
<.01

.04
<.01

NA
.10
.03

NA
NA

Nitrite plus 
nitrate in 

ground water, 
dissolved 
(N02+N03 
as N, mg/L)

0.21
~

NA
NA

.45
NA

.28

.69
2.21
NA
NA
NA

.26
NA
2.90

.75
NA

.80
NA
~

NA
.06

NA
NA
NA
NA

.03
~

.21
-

1.50
-

NA
2.25

.30
1.59

NA
8.98
2.81
NA
NA
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites-Continued

Cross-section n t Temperature of 
number Date Surfa(c0^ater

21

22

22

22

22

23

23

23

23

24

24

24

24

25

25

25

25

25

26

26

26

26

26

27

27

27

27

28

28

28

28

29

29

29

29

29

30

30

30

30

30

01/20/93

09/09/92

10/19/92

11/27/92

12/09/92

09/09/92

10/23/92

11/17/92

12/14/92

09/04/92

10/15/92

11/18/92

12/09/92

08/20/92

09/02/92

10/08/92

11/18/92

12/03/92

08/31/92

09/30/92

10/06/92

11/19/92

12/03/92

09/22/92

10/06/92

11/09/92

12/14/92

09/04/92

10/23/92

11/17/92

12/29/92

08/21/92

09/02/92

10/13/92

11/16/92

12/29/92

08/20/92

09/30/92

10/13/92

11/16/92

12/21/92

7.1
--

16.2

6.3

9.2

17.6

16.4

12.5

7.6

20.4

15.4

11.6

7.1
--

21.5

10.9

11.1

6.1

21.8

24.5

17.5

9.4

6.1

17.4
«

10.0

5.8

18.5

15.4

10.5

6.8

25.5

18.9

16.9

11.7

5.7

24.3

18.5

14.9

9.3

5.2

Temperature of 
ground water 

(°C)

7.0

17.9

15.9

8.1

8.1

19.0

16.2

11.3

6.6

19.9

16.3

10.2

7.1

20.8

18.8

13.3

NA

NA

18.0

20.1

16.0

10.4

7.4

17.9

NA

NA

6.3

19.1

NA

10.5

NA

20.4

17.1

NA

12.3

7.3

20.2

18.0

15.2

NA

6.2

Dissolved 
oxygen in 

surface water 
(mg/L)

7.6
-

8.2

12.0

7.1

6.5

7.6

7.8

8.4

5.0

7.3

10.9

8.5
-

4.8

6.0

7.7

7.2

4.8

5.2
-

4.0

7.4

7.6
-

8.0

10.9

4.7

5.8

8.6

10.8

5.0

5.2

5.9

8.7

9.0

4.3

5.4

6.4

7.6

7.8

Dissolved 
oxygen in 

ground water 
(mg/L)

1.7

.2

.1

.5

.2

.3

.2

1.0

.2

.3

.1

.1

.4

.2

.1

.3

NA

NA

.3

.7
--

.1

.5

.2

NA

NA

.5

.2

NA

.3

NA

.3

.1

NA

.2

.3

.2

.2

.2

NA

.4

Nitrite in 
ground water, 

dissolved 
(N02 

as N, mg/L)

0.05

.04

.03
<.01

<.01

.05
--

.06
<.01

.14
<.01

<.01

<.01

.27

.06
--

NA

NA

.14

<.01

<.01

.20

.06

.05

NA

NA

.02
<.01

NA
<.01

NA
<.01

<.01

NA

.08

<.01

.31

.13

.19

NA

.07

Nitrite plus 
nitrate in 

ground water, 
dissolved 
(NOz+NOg 
as N, mg/L)

1.73

.61

1.69

.02

.06

3.90
-

4.36

1.48

2.18

1.62

.69

1.26

1.29

3.98
-

NA

NA

4.98

1.79

3.41

3.61

3.57

1.98

NA

NA

1.92

.06

NA

4.88

NA

1.30

1.27

NA

1.22

3.07
-

4.29

5.63

NA

3.78
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites-Continued

Cross-section 
number

1
1
1
1
1
2

2

2

2

3

3

3

3

4

4

4

4

4

5

5

5

5

6

6

6

6

6

7

7

7

7

8

8

8

10

10

10

11

11

11

11

Date

08/17/92

09/01/92

10/08/92

1 1/04/92

12/15/92

09/01/92

10/20/92

1 1/04/92

12/15/92

09/03/92

10/20/92

1 1/05/92

12/27/92

08/17/92

09/03/92

10/28/92

11/10/92

12/11/92

09/08/92

10/26/92

11/05/92

12/10/92

08/18/92

09/08/92

10/26/92

1 1/04/92

12/22/92

09/10/92

10/27/92

11/10/92

01/25/93

09/10/92

10/28/92

11/12/92

10/27/92

11/13/92

12/10/92

09/21/92

10/14/92

11/12/92

12/30/92

Ammonium in 
ground water, 

dissolved 
(NH3 as N, mg/L)

1.2

NA

.1

NA

1.6

5.6

6.2

NA

7.7

3.1

7.2

1.2

NA

3.9

2.9

NA

5.2

1.7

5.3

NA

NA

6.9

15.3

11.0

NA

NA

7.6

NA

NA

NA

6.2

4.5

NA

NA

NA

NA

NA

2.8

4.0

NA

3.7

Ammonium plus 
organic nitrogen in 

ground water, 
dissolved 

(as N, mg/L)

1.7

NA

1.0

NA

2.5

6.0

7.6

NA

9.2

4.3

9.5

1.2

NA

4.6

3.4

NA

7.6

2.2

5.8

NA

NA

7.0

15.6

11.4

NA

NA

12.3

NA

NA

NA

6.8

4.6

NA

NA

NA

NA

NA

3.0

4.7

NA

4.8

Total phosphorus In 
ground water, 

dissolved 
(as P, mg/L)

0.75

NA

.64

NA

.57

1.45

2.22

NA

2.72

.51

2.62

.80

NA

1.70

1.74

NA

3.28

.81

.89

NA

NA
1.79

5.39

7.22

NA

NA

5.45

NA

NA

NA

.35

2.14

NA

NA

NA

NA

NA

1.07

2.93

NA

1.25

Orthophosphate In 
ground water, 

dissolved 
(PO4 as P, mg/L)

-

NA

0.63

NA

.57

1.45

2.22

NA

2.72

.51

2.58

.78

NA
-

1.74

NA

3.25

.74

.89

NA

NA

1.73
~

7.22

NA

NA

5.45

NA

NA

NA

.35

2.14

NA

NA

NA

NA

NA

1.07

2.93

NA

1.32
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites-Continued

Cross-section 
number

12

12

12

12

13

13

13

13

14

14

14

14

15

15

15

15

15

16

16

16

16

17

17

17

17

17

18

18

18

18

19

19

19

19

20

20

20

21

21

21

21

Date

09/21/92

10/22/92

11/13/92

01/22/93

09/22/92

10/14/92

11/13/92

01/21/93

09/18/92

10/07/92

11/06/92

12/31/92

08/18/92

09/16/92

10/07/92

11/25/92

12/15/92

09/16/92

10/21/92

1 1/06/92

01/21/93

08/21/92

09/11/92

10/21/92

11/20/92

12/21/92

09/15/92

10/15/92

1 1/25/92

12/30/92

09/15/92

10/16/92

11/03/92

01/20/93

09/14/92

10/16/92

11/09/92

08/19/92

09/14/92

10/19/92

11/03/92

Ammonium in 
ground water, 

dissolved 
(NH3 as N, mg/L)

3.2
-

NA

NA

3.6

NA

1.2

2.6

1.3

NA

NA

NA

1.4

NA

3.4

2.9
.NA

3.5

NA
-

NA

.9

NA

NA

NA

NA

2.2
--

2.6
 

2.0
 

NA

4.6

.9

1.9

NA

.5

.8

NA

NA

Ammonium plus 
organic nitrogen in 

ground water, 
dissolved 

(as N, mg/L)

3.7
-

NA

NA

4.3

NA

1.2

2.9

2.8

NA

NA

NA

1.8

NA

4.2

2.9

NA

3.8

NA
-

NA

1.0

NA

NA

NA

NA

2.2
-

2.6
 

2.2
 

NA

5.6

1.9

2.3

NA

.9

1.3

NA

NA

Total phosphorus in 
ground water, 

dissolved 
(as P, mg/L)

1.52
-

NA

NA

2.51

NA

1.20

1.15

1.52

NA

NA

NA

1.30

NA

2.74

2.51

NA

.63

NA
-

NA

.97

NA

NA

NA

NA

3.11
-

1.81
~

2.32
 

NA

1.58

1.52

2.64

NA

.49

1.96

NA

NA

Orthophosphate in 
ground water, 

dissolved 
(PO4 as P, mg/L)

1.52
-

NA

NA

2.46

NA

1.18

1.15

1.39

NA

NA

NA

1.30

NA
2.74

2.30

NA

.62

NA
-

NA

.91

NA

NA

NA

NA
1.82
--

1.55
~

2.02
--

NA

1.58

1.50

2.64

NA

.49

1.82

NA

NA
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Table 9. Rates of ground-water discharge across the sediment/water interface and quality of surface water and ground water 
1 foot below the sediment/water interface at cross-section sites-Continued

Cross-section 
number

21

22

22

22

22

23

23

23

24

24

24

24

25

25

25

25

26

26

26

26

26

27

27

27

27

28

28

28

28

29

29

29

29

29

30

30

30

30

30

Date

01/20/93

09/09/92

10/19/92

1 1/27/92

12/09/92

09/09/92

11/17/92

12/14/92

09/04/92

10/15/92

11/18/92

12/09/92

08/20/92

09/02/92

11/18/92

12/03/92

08/31/92

09/30/92

10/06/92

11/19/92

12/03/92

09/22/92

10/06/92

1 1/09/92

12/14/92

09/04/92

10/23/92

11/17/92

12/29/92

08/21/92

09/02/92

10/13/92

11/16/92

12/29/92

08/20/92

09/30/92

10/13/92

11/16/92

12/21/92

Ammonium in 
ground water, 

dissolved 
(NH3 as N, mg/L)

3.1

1.0

2.1

1.4

3.5

.9

.7

3.5

.9

1.3

.9

3.8
<.l

1.0

NA

NA

.3

1.0

<.l

.3

1.3

1.2

NA

NA

3.7

1.1

NA
<.l

NA
.3

.7

NA
<.l

1.5
--

.8

<.l

NA

1.7

Ammonium plus 
organic nitrogen in 

ground water, 
dissolved 

(as N, mg/L)

3.6

4.4

2.3

1.9

3.7

2.5

1.5

3.9

.9

1.7

1.1

4.3
<.l

1.0

NA

NA

.7

1.2

.3

.5

1.9

1.6

NA

NA

4.7

1.1

NA

.6

NA

.4

1.4

NA
<.l

2.4
~

1.3

.9

NA

2.3

Total phosphorus in 
ground water, 

dissolved 
(as P, mg/L)

1.35

1.70

.67

1.02

2.42

1.78

2.24

2.17

1.14

2.13

1.52

2.08

1.37

1.08

NA

NA

.48

.51

.74

.62

1.17

2.56

NA

NA

.96

.73

NA

1.79

NA

.85

.64

NA

.60

.28
-

.85

1.15

NA

1.60

Orthophosphate in 
ground water, 

dissolved 
(PO4 as P, mg/L)

1.35

1.70

.67

.99

2.31

1.78

2.13

2.17

1.14

2.13

1.52

2.08

1.23

1.08

NA

NA

.48

.51

.74

.62

1.08

2.56

NA

NA

.96

.73

NA

1.70

NA

.85

.64

NA

.60

.22

1.14

.83

1.15

NA

1.60
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8

[in., inches; °C, degree Celsius; jaS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligram per liter; NA, not applicable;  , missing data; 
<, less than]

Site 
name

South Platte River
at McKay Road

McKay Road-
piezometer 1

McKay Road-
piezometer 2

McKay Road-
piezometer 3

McKay Road-
well 1A

McKay Road-
well IB

Depth of Ground-water 
sample below level relative 

Date sediment/water to surface- 
interface water level 

(in.) (in.)
10/01/92
11/02/92
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92
11/02/92
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92
11/02/92
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92
11/02/92
12/08/92
01/07/93
05/12/93
07/26/93

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

NA
NA
NA
NA
NA
NA

3
12
6
6
6
6

48
48
48
48
48
48

84
84
84
84
84
84

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

_
-5.20

.20
-.20
-.31

-3.36

_
-5.79
-.35

-6.14
-7.24
-6.36

 
-5.35
-.19

-5.04
-13.80
-5.64

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Specific 
conductance

(nS/cm)

 
 

1,090
1,120
1,010

660

_
1,220
1,060
1,100

999
697

_
1,020
1,050
1,040

984
616

_
~

1,050
1,080

961
634

791
1,010
1,520
1,430
1,220
1,540

940
890
860
870

1,040
1,000

pH

8.12
7.74
7.52
7.55
7.78
7.32

7.82
6.96
7.80
7.49
7.23
6.86

7.97
7.30
7.47
7.39
7.19
6.89

7.40
7.52
7.31
7.39
7.30
6.94

7.16
7.08
6.72
6.84
6.78
6.69

7.18
7.17
7.03
7.18
7.11
7.02

Water 
temperature

(°C)

--
--
9.3
8.8

19.4
22.5

_
16.2
8.9
7.9

16.9
21.5

_
17.2
10.1
9.3

17.0
21.0

_
-

11.8
10.0
17.2
20.8

21.1
18.6
18.1
13.9
16.3
19.9

17.6
17.2
17.2
16.1
17.3
19.9

Dissolved 
oxygen 
(mg/L)

-
-

7.2
9.5
9.9
5.3

_
1.2
1.6
3.8
1.5
<.l

_
1.2
<.l
1.3
1.4
<.l

 
-
.2

1.3
1.2
<.l

.2
1.6
<.l
<.l

.7

.4

.3
1.8
<.l
<.l

.5

.2
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8--Continued

Site 
name

McKay Road-
well 2A

McKay Road-
well 2B

South Platte River
at Henderson

Henderson-
piezometer 1

Henderson-
piezometer 2

Henderson-
piezometer 3

Depth of 
sample below 

Date sediment/water 
interface 

(in.)

09/30/92
1 1/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92
1 1/05/92
12/01/92
01/28/93
05/21/93
07/26/93

08/27/92
010/5/92
10/30/92
12/07/92
01/12/93
05/1 1/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

3
3
6
6

12
6
6

48
48
48
48
48
48
48

84
84
84
84
84
84
84

Ground-water 
level relative 
to surface- 
water level 

(in.)

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

0.04
-.20
-.04
-.04

-6.00
-.20
-.24

-.12
-.39
-.16
-.12

-1.20
-.31

.12

<.04
-.12
-.28
-.20
-.80

1.20
0

Specific 
conductance

(|jS/cm)

896
1,000
1,080
1,040

730
623

890
1,170
1,230
1,150
1,060

689

931
 

1,060
1,050
1,080

999
~

790
~

1,050
1,040
1,060

983
760

471
-

1,010
1,050
1,070

972
720

804
 
981

1,050
1,060

970
691

pH

7.27
7.13
7.09
7.37
6.91
6.63

7.28
7.25
7.07
7.29
7.36
7.03

7.71
7.66
7.80
7.48
7.51
7.83
7.61

7.44
7.50
7.37
7.17
7.27
7.37
7.14

7.54
7.45
7.38
7.33
7.33
7.36
7.12

7.39
7.29
7.27
7.34
7.30
7.35
7.13

Water 
temperature 

(°c)

21.7
17.6
13.2
8.5

19.9
24.7

19.1
18.1
17.5
15.0
18.3
21.4

21.1
 

16.3
8.6
5.1

18.1
21.1

17.9
 

15.2
8.2
6.1

15.9
22.2

15.4
--

16.2
9.3
7.4

16.7
22.1

15.0
 

16.1
10.1
9.0

16.4
20.6

Dissolved 
oxygen 
(mg/L)

0.2
1.4
<.l

.1

.8

.4

.2

.1
<.l
<.l

.7

.2

7.0
~
8.3
8.7

10.5
9.4
8.5

.3
 

<.l
.2

1.4
1.6
.8

.2
--
.1
.1

1.5
1.4
.7

.3
 
.1

<.l
.2

1.3
.3
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8-Continued

Site 
name

Henderson-
well 1A

Henderson-
well IB

Henderson-
well 2A

Hender son-
well 2B

South Platte River
at Road 8

Road 8-
piezometer 1

Depth of 
sample below 

Date sediment/water 
interface 

(in.)

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

09/25/92
10/29/92
1 1/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92 
11/30/92
01/13/93
05/13/93
07/28/93

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

3
12 
6

12
6
6

Ground-water 
level relative 
to surface- 
water level 

(In.)

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

<0.04
.39 

1.06
.24
.24
.12

Specific 
conductance

(nS/cm)

817
976

1,020
1,050
1,000
1,070
1,050

682
993

1,040
1,040
1,020
1,070
1,040

1,000
990
991

1,040
1,060

986
678

844
1,000

984
1,020
1,050

989
695

1,140
1,080
1,160
1,060
1,030

838

1,220
1,010 
1,660
1310
1,040
1,130

pH

7.33
7.45
7.28
7.24
7.34
7.26
7.22

7.20
7.52
7.29
7.26
7.23
7.27
7.28

7.37
7.08
7.18
7.16
7.16
7.08
6.88

7.89
7.11
7.17
7.03
7.11
7.22
7.08

7.77
7.84
7.29
7.48
8.19
7.73

7.2
7.59 
7.28
7.15
7.41
7.16

Water 
temperature

(°c)

15.7
16.3
16.6
15.9
14.9
14.8
20.0

22.4
15.4
15.5
15.4
14.8
15.8
17.8

14.5
21.4
17.6
12.4
8.3

18.1
24.5

16.7
17.8
16.4
15.0
12.1
17.7
21.2

20.3
13.6
8.1
1.4

25.0
21.4

17.5
12.9 
8.0
2.4

16.4
21.1

Dissolved 
oxygen 
(mg/L)

2.5
2.3
1.8
1.9
1.8
3.2
1.9

1.5
2.0
2.0
2.1
2.0
2.6
1.8

1.2
.4
.4
.4
.1

1.1
1.1

<.l
.5
.4
.4
.1

1.1
.3

6.8
7.3
8.4
9.1

11.0
6.8

.2

.9 
2.8

.5
2.0

.3
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8-Continued

Site 
name

Road 8-
piezometer 2

Road 8-
piezometer 3

Road 8-
well 1A

Road 8-
well IB

Road 8-
well 2A

Road 8-
wel!2B

Depth of 
sample below 

Date sediment/water 
interface 

(in.)

09/25/92
10/29/92
1 1/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92
1 1/30/92
01/13/93
05/13/93
07/28/93

09/28/92
1 1/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
1 1/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
1 1/04/92
12/03/92
01/26/93
05/20/93
07/28/93

34
48
48
48
48
48

80
84
 

73
84
84

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Ground-water 
level relative 
to surface- 
water level 

(in.)

0.12
-.04
1.38
.12
.16

-.24

.43

.20
 
.36
.08
.12

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

Specific 
conductance

(nS/cm)

1,100
1,420
1,800
1,190
1,210
1,200

1,200
1,430

~
1,220
1,160
1,180

1,720
1,720
1,700
1,740
1,650
1,440

1,420
1,370
1,370
1,370
1,340
1,310

1,300
1,520
1,520
1,540
1,340
1,320

1,070
1,020
1,020
1,060
1,120
1,130

PH

7.13
7.15
7.17
7.11
6.94
7.05

7.11
7.09
~

7.11
7.08
7.06

7.11
7.61
7.13
7.21
7.19
7.15

7.00
7.01
6.93
7.11
7.01
6.99

6.96
6.77
6.73
6.85
6.87
6.67

7.50
7.13
7.11
7.21
7.13
7.02

Water 
temperature

(°c)

15.7
13.4
11.9
7.5

14.7
18.5

14.1
13.3
~
9.1

25.0
15.4

16.4
14.3
12.2
10.4
15.7
20.9

13.4
13.4
12.6
12.5
15.9
19.1

14.9
13.6
12.1
10.2
14.0
18.3

12.8
12.1
11.4
12.5
14.8
15.9

Dissolved 
oxygen 
(mg/L)

0.2
2.3
3.8

.2
1.1
.5

.2
2.7
-
.1

1.3
.5

4.6
4.1
4.0
4.9
5.2
4.1

3.0
3.0
2.8
3.0
3.3
2.4

.2

.3

.1

.7
2.0

.5

.1

.2
<.l

.1
1.0
.3
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8--Continued

Site 
name

South Platte River
at McKay Road

McKay Road- 
piezometer 1

McKay Road- 
piezometer 2

McKay Road- 
piezometer 3

McKay Road- 
well 1A

McKay Road- 
well IB

McKay Road- 
well 2A

Date

10/01/92
1 1/02/92 
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92 
11/02/92 
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92 
11/02/92 
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92 
11/02/92 
12/08/92
01/07/93
05/12/93
07/26/93

09/30/92 
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92 
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92 
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

Alkalinity 
(mg/L 

as CaCO3)

204
182 
178
190
176
140

208 

202
165
188
220

220 
209 
205
190
198
172

255 
218 
172
198
194
138

210
225
280
265
238
258

212 
205
182
178
210
194

200 
202
202
188
148
138

Calcium, 
dissolved 

(mg/L 
asCa)

68
77 
73
76
76
50

108

73
71
53

72 
77 
71
71
69
49

70 
74 
67
72
69
51

61
74

115
100
98

117

66 
68
60
59
78
70

70
75
78
67
54
48

Magnesium, 
dissolved 

(mg/L 
asMg)

15.6
15.2 
14.8
15.4
16.1
10.0

15.1 
21.8 
15.5
14.8
14.8
10.7

15.2 
16.4 
15.4
14.8
13.7
10.1

14.7 
16.3 
13.9
14.8
14.7
10.2

8.9 
11.0
17.5
16.1
15.2
19.2

12.6 
12.0
11.5
10.7
14.0
13.3

14.7 
16.1
17.7
14.2
10.9
10.1

Sodium, 
dissolved 

(mg/L 
asNa)

107
114 
117
125
106
65

113 
109
119
107
66

112 
109
103
107
57

106
113 
112
114
107
68

100
116
163
158
127
180

101 
94
91
82

102
109

106
111
108
112
73
60

Potassium, 
dissolved 

(mg/L 
asK)

10.7
10.1
11.4
12.6
10.0
6.9

11.9

12.7
11.5
7.6

10.3 
9.3

10.9
11.6
7.5

9.4 
10.7 
9.8

10.9
11.1
5.9

9.7 
10.2
12.6
11.9
10.6
11.4

7.7 
7.8
8.5
7.4
8.3
7.3

9.6 
9.6
8.9

10.4
9.2
6.6
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8--Continued

Site 
name

McKay Road-
well 2B

South Platte River
at Henderson

Henderson-
piezometer 1

Henderson-
piezometer 2

Henderson-
piezometer 3

Henderson-
well 1A

Date

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/1 1/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

Alkalinity 
(mg/L 

asCaCO3)

222
262
252
255
228
112

188
189
193
 

165
174
144

162
190
197
 

185
184
128

108
210
209
 

192
194
136

160
225
201
 

190
184
124

190
180
180
202
172
220
200

Calcium, 
dissolved 

(mg/L 
asCa)

68
90
91
80
77
45

85
73
79
73
78
75
61

75
73
78
72
74
74
60

35
77
76
76
77
73
56

65
79
76
75
76
72
56

90
77
85
82
76
84
77

Magnesium, 
dissolved 

(mg/L 
asMg)

12.9
16.0
16.1
13.9
13.0
7.6

18.0
16.2
16.9
15.2
16.7
16.5
12.5

14.0
16.0
16.8
14.7
16.1
15.9
11.7

9.5
19.2
16.4
16.2
16.6
15.3
10.9

16.0
20.2
18.8
18.4
17.8
15.4
10.7

__

22.4
27.0
26.9
25.1
28.9
27.3

Sodium, 
dissolved 

(mg/L 
asNa)

101
126
133
126
114
78

110
105
114
112
117
106
84

80
109
121
112
112
104
78

55
98

112
118
113
106
76

75
96

104
116
115
105
68

100
97

100
93

100
97

100

Potassium, 
dissolved 

(mg/L 
asK)

8.5
9.3
9.8
8.9
9.4
7.3

_
9.5

11.2
9.8

11.4
9.3
7.8

 
9.6

10.9
10.0
10.4
9.5
7.2

 
5.8
8.9
8.9

10.0
9.8
6.8

 
5.0
6.4
7.1
8.4

10.0
6.4

__
5.2
5.1
5.7
4.8
5.0
5.0
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8-Continued

Site 
name

Henderson-
weil IB

Henderson-
well 2A

Henderson-
well 2B

South Platte River
at Road 8

Road 8-
piezometer 1

Road 8-
piezometer 2

Road 8-
piezometer 3

Date

08/26/92
09/29/92
1 1/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
1 1/06/92
12/02/92
01/27/93
05/14/93
07/27/93

09/25/92
10/29/92
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92 
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92 
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92 
11/30/92
01/13/93
05/13/93
07/28/93

Alkalinity 
(mg/L 

as CaCO3)

130
178
215
192
172
218
208

176
185
188
182
212
176
106

172
185
208
202
198
186
134

197
197
173
185
170
140

210
189 
278
215
172
178

201
271 
293
190
208
192

230
272

205
208
190

Calcium, 
dissolved 

(mg/L 
asCa)

80
74
84
80
76
84
78

50
74
80
76
76
73
53

60
78
80
81
86
71
56

88
81
76
74
76
64

97
78 

143
105
78
81

84
130
157
98
98
92

96
134

100
97
93

Magnesium, 
dissolved 

(mg/L 
asMg)
 

23.2
27.0
26.4
25.4
28.9
27.5

 
15.4
15.9
17.3
15.7
14.6
10.6

 
19.9
20.6
21.6
23.5
16.5
13.8

19.6
17.2
16.5
16.0
16.4
13.1

21.4
17.0 
37.5
24.2
16.6
16.8

21.4
33.5 
41.1
22.6
21.1
20.6

25.0
33.6

24.2
22.6
20.2

Sodium, 
dissolved 

(mg/L 
asNa)
 

100
103
97
96
98

100

95
112
113
113
113
104
69

85
«

101
106
111
103
70

123
118
131
116
112
86

121
120 
158
134
111
114

111
137 
168
119
122
119

123
136

117
113
121

Potassium, 
dissolved 

(mg/L 
asK)

~
5.1
5.0
5.8
5.0
5.3
5.0

__
8.6
8.6
8.0
9.4

10.7
7.0

 
~
5.0
4.6
3.6
8.8
5.9

14.9
10.3
8.8

10.6
10.1
8.5

20.3
10.6
5.4

18.1
9.1

28.5

5.3
4.8
5.4
6.0

12.0
17.7

3.8
5.0

5.1
5.7

14.7
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8-Continued

Site 
name

Road 8-
well 1A

Road 8-
well IB

Road 8-
well 2A

Road 8-
well 2B

Site 
name

South Platte River
at McKay Road

McKay Road-
piezometer 1

Date

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
1 1/04/92
12/03/92
01/26/93
05/20/93
07/28/93

Date

10/01/92
11/02/92
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92
11/02/92
12/08/92
01/07/93
05/12/93
07/26/93

Alkalinity 
(mg/L 

asCaCOg)

292
302
308
278
276
272

276
299
258
262
260
260

202
225
228
235
212
212

208
210
198
188
216
192

Sulfate, 
dissolved 

(mg/L 
as 804)

178
211
199
209
195
122

177
-

187
136
176
137

Calcium, 
dissolved 

(mg/L 
asCa)

150
163
154
150
149
134

119
126
118
116
119
113

91
122
117
86
98
90

84
88
85

117
99
97

Chloride, 
dissolved 

(mg/L 
asCI)

86
84
97

100
89
48

85
89

101
97
92
50

Magnesium, 
dissolved 

(mg/L 
asMg)

37.6
39.2
39.1
38.2
37.6
33.1

31.5
31.6
30.7
29.6
30.3
29.2

21.0
27.9
27.4
20.3
22.2
21.1

19.6
19.4
19.8
27.3
22.4
22.6

Nitrite, 
dissolved 

(N02, 
mg/L as N)

0.56
.46
.30
.33
.50
.42

.21
<.01
<.01

.26

.28

.01

Sodium, 
dissolved 

(mg/L 
asNa)

166
164
157
158
153
144

134
134
132
131
128
124

137
163
153
102
141
144

102
106
104
159
106
109

Nitrite plus nitrate, 
dissolved 
(NOa+NOg, 
mg/L as N)

4.09
3.90
4.72
5.05
4.91
3.44

.83
<.01
<.01
3.64
1.88
.13

Potassium, 
dissolved 

(mg/L 
asK)

5.7
5.6
5.4
4.9
4.5
5.3

4.4
4.6
4.4
4.4
4.5
4.3

24.5
23.2
26.4
28.7
29.8
29.4

5.2
5.3
4.9
5.2
5.5
5.0

Ammonium, 
dissolved 

(NH3, 
mg/L as N)

6.8
3.9
6.3
6.3
2.4
2.1

7.2
12.1
6.0
6.7
4.1
4.5
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8-Continued

Site 
name

McKay Road-
piezometer 2

McKay Road-
piezometer 3

McKay Road-
well 1A

McKay Road-
well IB

McKay Road-
well 2A

McKay Road-
well 2B

South Platte River
at Henderson

Date

10/01/92
11/02/92
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92
11/02/92
12/08/92
01/07/93
05/12/93
07/26/93

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

Sulfate, 
dissolved 

(mg/L 
as SO4)

--
186
184
191
174
61

154
190
197
199
163
125

122
135
 

235
197
276

136
148
192
157
156
166

173
189
222
196
73

102

143
197
207
166
170
107

178
193
211
222
206
206
151

Chloride, 
dissolved 

(mg/L 
asCI)

85
91
94
88
88
46

86
92
96
99
89
50

74
100
165
158
130
190

82
79
68
75

100
93

85
88

103
94
58
48

89
133
128
112
101
54

70
87

113
91
89
92
66

Nitrite, Nitrite plus nitrate, 
dissolved dissolved 

(N02, (N02+N03, 
mg/L as N) mg/L as N)

<0.01 <0.01
<.01 <.01
<.01 .12
<.01 <.01
<.01 .02
<.01 <.01

<.01 <.01
<.01 <.01

.25
<.01 <.01
<.01 <.01
<.01 <.01

<.01 .05
<.01 .02
<.01 <.01

.02 .03
<.01 <.01
<.01 <.01

<.01 <.01
<.01 <.01
<.01 <.01

.02 .02
<.01 <.01
<.01 <.01

<.01 .04
<.01 <.01
<.01 .10

.02 .02
<.01 .18
<.01 .07

<.01 <.01
<.01 <.01
<.01 <.01

.02 .04
<.01 <.01
<.01 <.01

.14 2.06

.65 5.73
<.01 5.04

.30 5.55

.36 5.23

.71 4.49

.57 4.98

Ammonium, 
dissolved 

(NH3, 
mg/L as N)

6.5
5.2
4.8
5.4
4.7
2.9

8.0
4.3
7.4
5.7
2.4

.4

7.8
8.2
9.2
5.4
4.6
2.8

5.3
5.5
5.3
4.6
5.2
3.8

5.0
6.9
4.2
5.3
2.1
1.3

6.2
6.9
6.5
5.4
6.2
3.9

3.0
7.1
6.1
6.3
6.6
3.1
2.0
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8--Continued

Site 
name

Henderson-
piezometer 1

Henderson-
piezometer 2

Henderson-
piezometer 3

Henderson-
well 1A

Henderson-
well IB

Henderson-
well 2A

Date

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

Sutfate, 
dissolved 

(mg/L 
as SO4)

-
-

239
 

190
183
141

80
179
207
223
194
183
137

140
174
197
218
222
184
128

173
157
198
243
178
181
179

173
163
202
244
183
178
179

125
184
204
221
171
187
128

Chloride, Nitrite, 
dissolved dissolved 

(mg/L (NO2, 
as Cl) mg/L as N)

56 <0.01
90 .11

113 <.01
92 <.01
90 <.01
90 <.01
60 .04

33 .16
89 <.01

107 <.01
97 <.01
93 <.01
90 <.01
55 .14

68 <.01
89 <.01

110 <01
104 <.01
92 <.01
89 <.01
51 <.01

90
90 <.01
96 <.01
94 <.01
98 .02
98 <.01
90 <.01

91
94 <.01
96 <.01
94 <.01
98 .02
96 <.01
91 <.01

46
96 <.01
88 <.01

106 <.01
97 .02
91 .05
51 <.01

Nitrite plus nitrate, 
dissolved 
(N02+N03, 
mg/L as N)

0.20
.99

1.78
4.14

.76
1.60
.27

.74

Ammonium, 
dissolved 

(NH3, 
mg/L as N)

1.2
3.7
3.6
5.4
4.6
2.
< 

<.

1
1

1
<.01 1.5

.16 2.8
<.01 3.0
<.01 4.0

.02

.85

1.18
.10

<.01

2.3
< 

<.

1

1
.3

1. I
<.01 2.2
<.01 2.8

.72
<.01

2.25
2.05
1.01
.87
.76

2.64
2.59

1.53
2.20
1.30
1.20
.87

2.74
2.07

2.06
.23
.51

1.22
.77

1.01
.21

1.9
< 

<.
<.
<.
<.
<.
<.
< 

<.
<.
<.
<.
<.
<.
< 

<.

I

.4
1.3
.7

3.3
1.4
<.
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8-Continued

Site 
name

Henderson-
wel!2B

South Platte River
at Road 8

Road 8-
piezometer 1

Roads-
piezometer 2

Road 8-
piezometer 3

Road 8-
well 1A

Road 8-
well IB

Date

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

09/25/92
10/29/92
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92 
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92 
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92 
11/30/92
01/13/93
05/13/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

Sulfate, 
dissolved 

(mg/L 
asSO4)

164
 

185
223
195
181
122

251
221
201
188
194
160

232
218 
280
277
199
243

202
234 
328
232
240
254

209
237

233
223
251

257
269
260
269
186
274

338
249
205
229
221
240

Chloride, 
dissolved 

(mg/L 
asCI)

67
 
89
91
95
91
57

108
118
123
91
96
68

121
117 
132
120
99
96

107
128 
135
108
116
106

94
128

114
110
102

136
136
133
137
130
117

108
105
102
102
104
96

Nitrite, 
dissolved 

(N02, 
mg/L as N)

~
<0.01

<.01
<.01
<.01
<.01
<.01

.34

.47

.18

.20

.82

.51

<01
.10 

<.01
<.01

.22
<.01

<.01
<.01 
<.01
<.01
<01
<.01

.03
<.01

<.01
<.01
<.01

<.01
<.01
<.01
<.01
<.01
<.01

<.01
<.01
<.01
<.01
<.01
<.01

Nitrite plus nitrate, 
dissolved 
(N02+NO3, 
mg/L as N)

0.18
1.55
1.17
1.47
1.51
1.07
.55

2.12
5.45
4.74
5.24
5.71
5.21

.25
6.18 

24.04
.30

4.85
.36

.78
19.15 
25.75

1.08
.66

<.01

12.35
19.33

1.76
<.01
<.01

37.93
35.20
34.31
36.76
31.40
29.00

20.00
16.91
17.44
16.63
14.60
13.90

Ammonium, 
dissolved 

(NH3, 
mg/L as N)

0.4
<.l
<.l
<.l
<.l
1.3
<.l

1.0
3.5
4.7
3.7

.7
1.0

<.l
2.6

.2
<.l
<.l
<.l

.6
<.l 
<.l

.7

.4
<.l

<.l
<.l

.4

.3
<.l

<.l
<.l
<.l
<.l
<.
<.

<.
<.
<.
<.
<.
<.l
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8~Continued

Site 
name

Road 8-
well 2A

RoadS-
well 2B

Site 
name

South Platte River
at McKay Road

McKay Road- 
piezometer 1

McKay Road- 
piezometer 2

McKay Road- 
piezometer 3

Date

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

Date

10/01/92
11/02/92 
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92 
11/02/92 
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92 
11/02/92 
12/08/92
01/07/93
05/12/93
07/26/93

10/01/92 
11/02/92 
12/08/92
01/07/93
05/12/93
07/26/93

SuKate, 
dissolved 

(mg/L 
asS04)

254
376
320
202
184
274

193
211
200
236
221
234

Ammonium 
plus 

organic 
nitrogen, 
dissolved 

(mg/L 
asN)

7.4
5.8
7.5
7.5
4.5
3.1

7.6 
16.4 
6.1
8.0
7.1
6.8

6.2 
5.0
5.8
7.8
4.5

8.3
5.3 
7.7
6.2
3.9
1.0

Chloride, 
dissolved 

(mg/L 
asCI)

117
153
146
145
120
115

90
87
86
89
93
90

Total 
phosphorus, 

dissolved 
(mg/L 
asP)

 
3.15 
2.96
2.79
2.39
1.07

10.38 
4.29
1.75
1.98
6.45

3.53 
4.29
1.29
3.65
2.95

3.15 
3.05
1.86
1.23
1.23

Nitrite, 
dissolved 

(N02, 
mg/L as N)

<0.01
<.01

.03
<.01
<.01
<.01

<.01
<.01

.05
<.01
<.01
<.01

Ortho- 
phosphate, 
dissolved 

(P04, 
mg/L 
asP)

3.18
3.15 
2.83
2.62
2.30
1.05

3.67 
10.38
4.17
1.66
1.98
6.06

3.00 
2.86
1.19
3.65
2.95

5.24 
3.04 

.91
1.77
1.23
1.20

Nitrite plus nitrate, Ammonium, 
dissolved dissolved 
(N02+N03, (NH3, 
mg/L as N) mg/L as N)

0.48
.58

1.29
.02

1.88
.47

.11
<.01

.10
3.25
<.01
<.01

Iron, Manganese, 
dissolved dissolved 

(mg/L (mg/L 
as Fe) as Mn)

0.06
.06 
.08
.06
.01
.01

.07 

.07 

.28

.10

.41

.78

.11 

.08

.15

.19

.10

.14

.07 

.34 

.06

.36
1.10
.95

0.22
.18
.25
.26
.14
.12

.46 
3.30

.45

.44

.53
4.20

.73 

.77 

.63

.51
1.04
1.01

1.35 
.36 

1.03
.60
.29
.41

<0.1
<.l
<.l

.8
<.l
<.l

1.1
1.2
1.2
<.l
1.2
.9

Organic 
carbon, 

total 
(mg/L 
asC)

10.0
NA 
NA
NA
NA
NA

8.2 
NA 
NA
NA
NA
NA

6.4
NA 
NA
NA
NA
NA

6.7 
NA 
NA
NA
NA
NA
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8--Continued

Site 
name

McKay Road- 
well 1A

McKay Road- 
well IB

McKay Road- 
well 2A

McKay Road- 
well 2B

South Platte River
at Henderson

Henderson-
piezometer 1

Date

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92 
11/05/92
12/01/92
01/28/93
05/21/93
07/26/93

09/30/92 
1 1/05/92
12/01/92
01/28/93
05/21/93
07/26/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

OS/21/92
10/05/92 
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

Ammonium 
plus 

organic 
nitrogen, 
dissolved 

(mg/L 
asN)

8.8
7.3
8.6
6.1
5.1
4.8

6.1
7.4
5.2
6.3
5.3
5.0

5.6

4.1
6.5
3.2
2.0

6.2 
9.2
6.4
5.4
7.7
4.7

3.5
8.0
6.5
7.7
8.0
5.2
3.8

1.3
5.2 
3.9
6.3
5.0
3.7
1.2

Total 
phosphorus, 

dissolved 
(mg/L 
asP)

7.24 
5.34
3.22
1.62
1.84
1.41

.97 

.99

.96

.63

.80

.55

2.55

2.29
1.42
2.26
1.70

2.80 
2.66
2.51
2.27
3.11
3.29

1.55
3.00
3.02
3.01
3.13
2.06
1.48

.42
2.19 
2.97
2.56
2.60
2.40
1.17

Ortho- 
phosphate, 
dissolved 

(P04, 
mg/L 
asP)

6.97 
5.34
3.22
1.62
1.77
1.41

.97 

.99

.95

.63

.73

.55

2.52 
2.70
2.29
1.42
2.26
1.70

2.64 
1.97
2.27
2.27
3.11
3.06

1.48
3.00
3.02
2.86
2.66
1.96
1.44

.38
2.13 
2.97
2.49
2.46
2.40
1.17

Iron, 
dissolved 

(mg/L 
asFe)

0.28
.37
.59
.44
.43
.55

<.01 
<.01
<.01
<.01

.01

.01

.43 

.31

.49

.41

.37

.62

1.92 
2.44
2.78
2.80
3.14
1.47

<.01
<.01
<.01

.05

.08

.01

.01

<.01
<.01 
<.01
<.01
<.01

.01

.01

Manganese, 
dissolved 

(mg/L 
asMn)

0.66 
.83

1.46
1.50
1.43
1.90

3.40 
3.30
2.96
3.50
4.00
4.10

.60 

.63

.66

.58

.36

.37

2.00 
2.50
2.36
2.00
1.24
1.10

.28

.20

.26

.26

.23

.18

.18

.91

.46 

.42

.33

.45

.31

.50

Organic 
carbon, 

total 
(mg/L 
asC)

5.9
NA
NA
NA
NA
NA

4.2 
NA
NA
NA
NA
NA

5.8
NA
NA
NA
NA
NA

4.4 
NA
NA
NA
NA
NA

6.5
9.5

NA
NA
NA
NA
NA

5.5
6.9

NA
NA
NA
NA
NA
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8-Continued

Site 
name

Henderson-
piezometer 2

Henderson-
piezometer 3

Henderson-
well 1A

Henderson-
well IB

Henderson-
well 2A

Date

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/27/92
10/05/92
10/30/92
12/07/92
01/12/93
05/11/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

Ammonium 
plus 

organic 
nitrogen, 
dissolved 

(mg/L 
asN)
<0.1

2.4
2.7
3.1
4.2
3.8

.9

<.l
1.4
.9

2.5
3.0
2.8
1.2

4.7
<.l
<.l

.3
<.l
<.l
--

1.0
.3

<.l
.3

<.l
<.l

.9

1.6
 

1.0
1.3
3.8
2.7

.9

Total 
phosphorus, 

dissolved 
(mg/L 
asP)

1.55
1.84
2.60
2.64
2.42
2.36
-.72

.56

.94
1.06
1.33
1.62
2.01
1.00

.11
 

<.01
.13
.08
.10
.05

.05
 
.04
.12
.09
.09
.05

.17
~

2.04
1.19
1.89
1.20
1.28

Ortho- 
phosphate, 
dissolved

(P04, 
mg/L 
asP)

0.51
1.79
2.55
2.43
2.29
2.36

.72

.34

.85
1.06
1.26
1.56
2.01

.98

.08

.14
<.01

.11

.08

.09

.05

<.01
.16
.04
.12
.09
.09
.05

.10
1.75
2.04
1.19
1.89
1.20
.94

Iron, 
dissolved 

(mg/L 
asFe)

<0.01
1.36
1.05
1.15
1.33
.37
.06

.10
<.01

.09

.19

.10

.01
1.45

<.01
<.01
<.01

.11
<.01

.01

.01

<.01
<.01
<.01
<.01
<.01

.01

.01

<.01
<.01
<.01
<.01
<.01

.01

.01

Manganese, 
dissolved 

(mg/L 
asMn)

0.02
1.00

.63

.42

.56

.43

.17

.08

.46

.29

.42
2.00

.29

.34

M

<.01
<.01
<.01
<.01
<.01
<.01

 
<.01
<.01
<.01
<.01
<.01
<.01

..
.28
.31
.32
.42
.15
.06

Organic 
carbon, 

total 
(mg/L 
asC)

2.4
4.3

NA
NA
NA
NA
NA

2.4
3.3

NA
NA
NA
NA
NA

1.8
2.0

NA
NA
NA
NA
NA

1.9
2.1

NA
NA
NA
NA
NA

^_

4.4
NA
NA
NA
NA
NA
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8--Continued

Site 
name

Henderson-
well 2B

South Platte River
at Road 8

Road 8-
piezometer 1

Road 8-
piezometer 2

Road 8-
piezometer 3

Road 8-
well 1A

Date

08/26/92
09/29/92
11/06/92
12/02/92
01/27/93
05/14/93
07/27/93

09/25/92
10/29/92
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92
11/30/92
01/13/93
05/13/93
07/28/93

09/25/92
10/29/92
11/30/92
01/13/93
05/13/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

Ammonium 
plus 

organic 
nitrogen, 
dissolved 

(mg/L 
asN)
<0.1

~
<.l

.3
<.l
1.7
1.2

1.9
4.9
5.8
4.8
2.2
1.2

.7
3.6
1.0
<.l

.8
1.2

.9
<.l

.6

.7

.9

.9

.6
<.l
 
.4
.6
.9

.8
<.l
<.l
<.l
1.6
.9

Total 
phosphorus, 

dissolved 
(mg/L 
asP)

0.91
 
.63
.58
.37

1.11
.89

 
2.52
1.98
2.51
1.79
1.30

..
2.59

.12

.27
1.66
1.54

 
.13
.07
.10
.24
.40

__

.09
«

<.01
.04
.30

.10

.05

.10

.02
<.01
<.01

Ortho- 
phosphate, 
dissolved

(P04, 
mg/L 
asP)

0.89
 
.63
.58
.37

1.07
.80

1.33
2.47
1.98
2.27
1.69
1.30

.39
2.65

.14

.21
1.66
1.54

.09

.09

.04

.09

.22

.40

.03

.06
 

<.01
<.01

.30

.05

.05

.05

.02
<.01
<.01

Iron, 
dissolved 

(mg/L 
asFe)

<0.01
«

<.01
<.01
<.01

.01

.01

<.01
<.01
<.01

.05

.01

.01

.39
<.01
<.01
<.01

.01
1.58

<.01
<.01
<.01
<,01

.01

.12

<.01
<.01
 

<.01
.16
.06

.07
<,01
<.01
<.01

.01

.01

Manganese, 
dissolved 

(mg/L 
asMn)

 
 

0.68
.66
.33

<.01
.03

1.05
.25
.22
.26
.07

<.01

1.41
<.01
<.01

.03

.17
3.40

<.01
<.01
<.01

.07

.51
1.70

<.01
<.01
 
.04
.02
.96

<.01
<.01
<.01
<.01
<.01
<.01

Organic 
carbon, 

total 
(mg/L 
asC)

2.9
2.3

NA
NA
NA
NA
NA

7.5
NA
NA
NA
NA
NA

5.4
NA
NA
NA
NA
NA

3.0
NA
NA
NA
NA
NA

2.4
NA
NA
NA
NA
NA

3.2
NA
NA
NA
NA
NA
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Table 10. Water-quality data for water from the South Platte River, piezometers, and wells at McKay Road, Henderson, 
and Road 8--Continued

Site 
name

Road 8-
well IB

Road 8-
well 2A

Road 8-
well 2B

Date

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

09/28/92
11/04/92
12/03/92
01/26/93
05/20/93
07/28/93

Ammonium 
plus 

organic 
nitrogen, 
dissolved 

(mg/L 
asN)

<0.1
<.l
<.l
<.l
<.l

.9

.4
<.l
<.l

.8

.7

.5

1.3
.8

1.3
<.l
2.4
2.0

Total 
phosphorus, 

dissolved 
(mg/L 
asP)

0.07
.07
.07

<.01
.02

<.01

.38

.49

.45

.42

.45

.41

<.01
.10
.09
.02
.02
.02

Ortho- 
phosphate, 
dissolved 

(P04, 
mg/L 
asP)

0.04
.07
.04

<.01
.02

<.01

.38

.49

.45

.42

.44

.41

<.01
<.01

.05
<.01

.02

.02

Iron, 
dissolved 

(mg/L 
asFe)

<0.01
<.01
<.01
<.01

.01

.01

.07
<.01
<.01
<.01

.01

.01

<.01
<.01
<.01
<.01

.01

.01

Manganese, 
dissolved 

(mg/L 
asMn)

0.02
<.01
<.01
<.01
<.01
<.01

<.01
<.01
<.01

.05
<.01
<.01

.17

.08

.07
<.01

.04

.02

Organic 
carbon, 

total 
(mg/L 
asC)

2.3
NA
NA
NA
NA
NA

3.8
NA
NA
NA
NA
NA

2.6
NA
NA
NA
NA
NA
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Table 11. Quality-assurance/quality-control data for major-ion, nutrient, iron, and manganese analyses

[QA/QC, quality assurance/quality control; milligram per liter, ND, not determined; <, less than]

Site

Henderson-well 2A
Henderson-well 2A
Henderson-well IB
McKay Road- well 1 A
McKay Road- well 1A
McKay Road-well 2B
McKay Road-piezometer 2
McKay Road-piezometer 2
Road 8-well 1A
Road 8-well 1A
Road 8-well 2B
Road 8-well 2B
Road 8-well 2B
Road 8-well IB

Type of Calcium, 
Date QA/QC dissolved

sample (mg/L as Ca)

08/26/92 Replicate 50
08/26/92 Replicate 50
08/26/92 Equipment blank <1
05/21/93 Replicate 98
05/21/93 Replicate 96
09/30/92 Equipment blank 1
05/12/93 Replicate 69
05/12/93 Replicate 69
11/04/92 Replicate 163
11/04/92 Replicate 163
09/28/92 Replicate 84
09/28/92 Replicate 86
11/04/92 Equipment blank <1
05/20/93 Equipment blank <1

Median difference in concentration between replicates < 1

Magnesium, 
dissolved

(mg/L as Mg)

ND
ND
ND
15.2
15.2
<.l

13.7
13.5
39.2
38.1
19.6
19.8
<1
<1

.2
Median concentration in equipment blanks < 1 < 1

Site

1
3
3
3

21
21
22
22
22
24
24
24
24
25
26
26
28
28

29
29
30
30

Type of 
Date QA/QC 

sample

08/ 1 7/92 Equipment blank
1 1/05/92 Replicate
11/05/92 Replicate
1 1 /05/92 Equipment blank
09/14/92 Replicate
09/14/92 Replicate
09/09/92 Equipment blank
10/19/92 Replicate
10/19/92 Replicate
10/16/92 Replicate
10/16/92 Replicate
12/09/92 Replicate
12/09/92 Replicate
09/02/92 Equipment blank
10/06/92 Replicate
10/06/92 Replicate
11/17/92 Replicate
11/17/92 Replicate
09/02/92 Replicate
09/02/92 Replicate
12/21/92 Replicate
12/21/92 Replicate

Sulfate, 
dissolved 

(mg/L as SO4)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Sodium, Potassium, 
dissolved dissolved

(mg/L as Na) (mg/L as K)

ND ND
ND ND

5 ND
127 10.6
128 10.6

1 .2
106 11.6
107 11.4
164 5.6
164 5.6
102 5.2
96 5.0
<1 <1
<1 <1

.5 .1
1 <1

Chloride, 
dissolved 

(mg/L as Cl)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
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Table 11. Quality-assurance/quality-control data for major-ion, nutrient, iron, and manganese analyses-Continued

Site
Type of 

Date QA/QC 
sample

Henderson-well 2A 08/26/92 Replicate 
Henderson-well 2A 08/26/92 Replicate 
Henderson-well IB 08/26/92 Equipment blank 
McKay Road- well 1 A 05/21/93 Replicate 
McKay Road- well 1 A 05/21/93 Replicate 
McKay Road-well IB 11/05/92 Replicate 
McKay Road- well IB 1 1/05/92 Replicate 
McKay Road-well 2B 09/30/92 Equipment blank 
McKay Road-piezometer 2 05/12/93 Replicate 
McKay Road-piezometer 2 05/12/93 Replicate 
Road 8-well 1 A 11/04/92 Metro lab 
Road 8-well 1 A 11 /04/92 USGS lab 
Road 8-well 1 A 11/04/92 Replicate 
Road 8-well 1 A 11/04/92 Replicate 
Road 8-well 2B 09/28/92 Replicate 
Road 8-well 2B 09/28/92 Replicate 
Road 8-well 2B 1 1 /04/92 Equipment blank 
Road 8-well IB 05/20/93 Equipment blank

Median difference in concentration between replicate samples
Median concentration in blank samples

Site

1
3
3
3

21
21
22
22
22
24
24
24
24
25
26
26
28
28

Date

08/17/92
1 1/05/92
11/05/92
1 1/05/92
09/14/92
09/14/92
09/09/92
10/19/92
10/19/92
10/16/92
10/16/92
12/09/92
12/09/92
09/02/92
10/06/92
10/06/92
11/17/92
11/17/92

sample

Equipment blank
Replicate
Replicate
Equipment blank
Replicate
Replicate
Equipment blank
Replicate
Replicate
Replicate
Replicate
Replicate
Replicate
Equipment blank
Replicate
Replicate
Replicate
Replicate

Nitrite,

(NO2, 
mg/L as N)

ND
ND
ND

<0.01
.03

ND
<.01

ND
ND
ND
ND
<.01
<.01

ND
ND
ND
<.01

<.01

Sulfate, Chloride, 
dissolved dissolved 

(mg/L as SO4) (mg/L as Cl)

ND 
ND 
9 

197 
196 

ND 
ND 
4 

174 
174 

ND 
ND 

256 
269 
193 
195

1.5
2

Nitrite 
plus nitrate, 
dissolved 
(N02+N03, 
mg/L as N)

<0.01
.07
.05

<.01

2.81
2.97
<.01

1.69
1.70
1.62
1.67
1.26
4.10
<.01
3.41
3.65
4.99
4.88

Ammonium, 
dissolved

mg/L as N)

<0.1
2.7
2.6
<.l

.8

.8

.2
2.1
2.2
1.3
1.5
3.8
4.0
<.l
<.l

.1

.2
<.l

46 
46

130 
130 
ND 
ND

88 
90 
ND 
ND 

137 
136 
90 
90

.5
<1

Ammonium 
plus organic 

nitrogen, 
dissolved 

(mg/L as N)

0.4
1.2
1.5
<.l
2.0
1.3
<.l
2.4
2.3
1.7
2.0
4.3
4.3

.5

.5

.3

.7

.6
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Table 11. Quality-assurance/quality-control data for major-ion, nutrient, iron, and manganese analyses-Continued

Site

29
29

30
30

Henderson-well IB
McKay Road-well 1A
McKay Road-well 1A
McKay Road-well IB
McKay Road-well IB
McKay Road-well 2B
McKay Road-piezometer 2
McKay Road-piezometer 2
Road 8-well 1A
Road 8-well 1A

Road 8-well 1A

Road 8-well 2B
Road 8-well 2B
Road 8-well 2B

Date

09/02/92
09/02/92
12/21/92
12/21/92
08/26/92
05/21/93
05/21/93
11/05/92
11/05/92
09/30/92
05/12/93
05/12/93
1 1/04/92
11/04/92
1 1/04/92

09/28/92
09/28/92
1 1/04/92

Type of 
QA/QC 
sample

Replicate
Replicate
Replicate
Replicate
Equipment blank
Replicate
Replicate
Replicate
Replicate
Equipment blank
Replicate
Replicate
Replicate
Replicate

U.S. Geological 
Survey Laboratory

Replicate
Replicate
Equipment blank

Road 8-well IB 05/20/93 Equipment blank 

Median difference in concentration between replicate samples

Nitrite, 
dissolved 

(N02, 
mg/L as N)

ND
ND
ND
ND

<0.01
<.01

.02
<.01
<.01
<.01
<.01
<.01
<.01
<.01

ND

<.01
<.01
<.01
<.01

<.01

Nitrite 
plus nitrate, 
dissolved

mg/L as N)

1.22
1.27
3.78
4.12

.03
<.01
<.01

ND
ND

.09

.02
<.01

35.20
34.81
35

.11

.09
<.01
<.01

.05

Ammonium, 
dissolved 

(NH3, 
mg/L as N)

0.7
1.0
1.7
1.7
<.l

4.6
4.6
5.6
5.5
<.l

4.7
4.4
<.l
<.l

ND

1.1
1.1

.5
<.l

.1

Median concentration in blank samples <.01 <.01 <.l

Site

1
3
3
3

21
21
22
22
22
24
24
24
24
25
26

Date

08/17/92
11/05/92
11/05/92
1 1/05/92
09/14/92
09/14/92
09/09/92
10/19/92
10/19/92
10/16/92
10/16/92
12/09/92
12/09/92
09/02/92
10/06/92

Type of 
QA/QC 
sample

Equipment blank
Replicate
Replicate
Equipment blank
Replicate
Replicate
Equipment blank
Replicate
Replicate
Replicate
Replicate
Replicate
Replicate
Equipment blank
Replicate

Total 
phosphorus, 

dissolved 
(mg/L as P)

0.06
.80
.69

<.01

1.96
1.87
.07
.67
.68

2.13
2.31
2.08
2.11

.02

.74

Ortho- 
phosphate, 
dissolved 

(P04, 
mg/L as P)

ND
ND
ND
0.03
ND
ND
<01
ND
ND
ND
ND
2.09
2.11
ND
ND

Iron, 
dissolved 

(mg/L as Fe)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Ammonium 
plus organic 

nitrogen, 
dissolved 

(mg/L as N)

2.4
1.4
2.4
2.3

.5
5.1
3.7
7.5
7.4

.4
7.8
7.5
<.l
<.l

ND

1.3
1.2
<.l

.9

.15

.4

Manganese, 
dissolved 

(mg/L as Mn)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
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Table 11. Quality-assurance/quality-control data for major-ion, nutrient, iron, and manganese analyses-Continued

Site

26

28

28

29

29

30

30

Henderson-well IB

Henderson-well 2A

Henderson-well 2A

McKay Road-well 1A

McKay Road-well 1A

McKay Road-well IB

McKay Road-well IB

McKay Road-well 2B

McKay Road-piezometer 2

McKay Road-piezometer 2

Road 8-well 1A

Road 8-well 1A

Road 8-well 2B

Road 8-well 2B

Road 8-well 2B

Date

10/06/92

11/17/92

11/17/92

09/02/92

09/02/92

12/21/92

12/21/92

08/26/92

08/26/92

08/26/92

05/21/93

05/21/93

11/05/92

11/05/92

09/30/92

05/12/93

05/12/93

11/04/92

1 1/04/92

09/28/92

09/28/92

11/04/92

Road 8-well IB 05/20/93

T . Total 
aS/QC Phosphorus, 
QA/(7 dissolved 
^P'6 (mg/L as P)

Replicate

Replicate

Replicate

Replicate

Replicate

Replicate

Replicate

Equipment blank

Replicate

Replicate

Replicate

Replicate

Replicate

Replicate

Equipment blank

Replicate

Replicate

Replicate

Replicate

Replicate

Replicate

Equipment blank

Equipment blank

Median difference in concentration between replicate samples

Median concentration in blank samples

0.75

1.85

1.79

.61

.62

1.61

1.60

.05

ND

ND

1.84

1.86

ND

ND

.03

3.65

3.59

.10

.05
<.01

<.01

.06
<.01

.03

.04

Ortho- 
phosphate, 
dissolved 

(P04, 
mg/L as P)

ND

1.70

1.75

ND

ND

ND

ND

<.01

46

46

1.77

1.79

ND

ND

.13

3.68

3.68

.07

.05

.02
<.01

.06
<.01

.02

.015

Iron, 
dissolved 

(mg/L as Fe)

ND

ND

ND

ND

ND

ND

ND

<0.01
<.01

<.01

.43

.42

ND

ND
<.01

.10

.14

ND

ND
<.01

<.01

<.01

<.01

<.01

<.01

Manganese, 
dissolved 

(mg/L as Mn)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

1.43

1.40

ND

ND
<.01

1.04

1.03

ND

ND
<.01

<.01

ND

.17

<.01

<.01
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