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CONVERSION FACTORS

For readers who prefer to use metric units, conversion factors for terms 
used in this report are listed below:

Multiply inch-pound unit By To obtain SI unit

inch

foot

mile

acre

cubic foot per second

25.40

0.3048

1.609

0.4047

0.02832

millimeter

meter

kilometer

hectare

cubic meter per second

Temperature in degrees Farenheit (°F) can be converted to degrees Celsius (°C) 
as follows:

°F = 1.8 °C + 32



HYDROLOGIC DATA FOR THE WELDON SPRING RADIOACTIVE WASTE-DISPOSAL SITES, 

ST. CHARLES COUNTY, MISSOURI 1984-1986

By 

M.J. Kleeschulte, L.F. Emmett, and James H.. Barks

ABSTRACT

This report presents hydrologic and water-quality data collected during an 
investigation of the Weldon Spring radioactive waste-disposal sites and 
surrounding area in St. Charles County, Missouri from 1984 to 1986. The data 
consists of water-quality analyses of samples collected from 45 ground-water and 
28 surface-water sites. This includes analyses of water from 4 raffinate pits 
and from the Weldon Spring quarry. Also included in the report are the results 
of a seepage run on north-flowing tributaries to Dardenne Creek from Kraut Run 
to Crooked Creek. Mean daily discharges from March 1985 to April 1986 are 
presented for two springs located about 1.5 miles north of the chemical plant.

Nitrate concentrations ranging from 53 to 990 milligrams per liter as 
nitrogen were found in 5 monitoring wells near the raffinate pits. In most 
cases, water from these wells also had elevated concentrations of calcium, 
magnesium, sodium, sulfate, lithium, strontium, and uranium. Uranium 
concentrations in ground water were less than 5 micrograms per liter except for 
5 sites near the raffinate pits where concentrations ranged from 6.0 to 86 
micrograms per liter and 13 sites near the quarry and north of Femme Osage 
slough where concentrations ranged from 8.9 to 14,000 micrograms per liter. 
Water from the 6 observation wells sampled south of the slough all had uranium 
concentrations less than 5 micrograms per liter.

INTRODUCTION

The Uranium Division of the Mallinckrodt Chemical Works operated the Weldon 
Spring chemical plant in St. Charles County, Missouri for the U.S. Atomic Energy 
Commission from 1957 to 1966. Uranium ore concentrates and recycled scrap were 
converted to pure uranium trioxide, uranium tetrafluoride, and uranium metal. 
Some thorium residues also were processed. Wastes from the plant operation are 
referred to as raffinate and include the wastes from the extraction step and the 
solids that result from the neutralization of the wastes (Weidner and Boback, 
1982). These wastes were pumped as a slurry to four large pits (hereafter 
called raffinate pits) that were constructed near the plant. An abandoned 
limestone quarry about 3 miles southwest of the plant also was used for the 
burial of contaminated solids and radioactive residues from various processing 
sites. As noted by Kleeschulte and Emmett (1986), the disposal of these 
radioactive wastes in an area underlain by carbonate rocks has created the 
potential for contamination of the ground water. The potential also exists for 
contamination of surface water by seepage from the pits to discharging springs 
and streams, and from surface runoff transporting contaminated soil (Kleeschulte 
and Emmett, 1986).
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This report contains data collected for a hydrologic investigation of the 
We!don Spring radioactive waste sites and surrounding area from 1984 to 1986. 
During the first year of the investigation historical information was compiled 
about the chemical plant, raffinate pits, and the quarry as well as the geology 
and hydrology of the area. Reconnaisance water-quality and ground-water-level 
data also were collected in 1984. This information and data are presented in an 
interpretive progress report (Kleeschulte and Emmett, 1986). In 1985 and 1986 
additional detailed field data were collected to describe the ground-water flow 
system, hydrogeologic and water-quality characteristics of the aquifers 
underlying the area, surface- and ground-water relationships, and quality of 
surface water.

STUDY AREA

The study area is located in St. Charles County in eastern Missouri (fig. 
1). Two distinct radioactive waste-disposal sites are in the Weldon Spring 
area. One site consists of the Weldon Spring chemical plant and the four 
raffinate pits that are located just north of the Mississippi-Missouri River 
drainage divide. The other site is an abandoned rock quarry (referred to as 
Weldon Spring quarry) in the bluff adjacent to the Missouri River flood plain 
and about 3 miles southwest of the chemical plant (fig. 1).

Surface drainage at the chemical plant and raffinate pits is toward the 
north by intermittent tributaries. These tributaries flow into the August A. 
Busch Memorial Wildlife Area lakes 35, 36, or both, then into Schote Creek, then 
Dardenne Creek, and eventually into the Mississippi River (fig. 2).

Glacial till deposits that are typically thin and dissected underlie the 
area north of the Mississippi-Missouri River drainage divide. Beneath the till 
deposits lies a karst limestone. The area south of the divide is characterized 
by rugged topography and is drained by many short, steep-gradient tributaries of 
the Missouri River.

The northern boundary of the 9-acre Weldon Spring quarry site is State 
Highway 94 and the southern boundary is the Missouri-Kansas-Texas Railroad line 
(fig. 3). The quarry sump covers about 0.5 acre and is about 100 to 120 feet 
lower in altitude than the quarry rim. The main floor is 70 to 90 feet below 
the rim and covers about 2 acres.

The downstream reaches of Femme Osage and Little Femme Osage Creeks were 
diverted from their natural channels by the levee constructed by the University 
of Missouri between 1959 and 1960. The new channel diverted the flow in both 
creeks outside the levee system to prevent annual flooding of farmland and a 
well field located inside the levee system. The downstream reaches of these 
creeks now form an isolated body of water locally known as the Femme Osage 
slough and Little Femme Osage slough. This slough system is between the Weldon 
Spring quarry site and a well field (fig. 3). The well field is under the 
jurisdiction of St. Charles County and is used as a public water supply 
(Kleeschulte and Emmett, 1986).



WATER QUALITY

Water-quality samples were collected from 45 ground-water and 28 
surface-water sites. Locations of sampling sites in the vicinity of the 
chemical plant and raffinate pits are shown in figure 2; locations of sampling 
sites in the vicinity of the quarry are shown in figure 3; locations of the 
miscellaneous sites are shown in figure 1.

Well and water-quality data for ground-water sites in the vicinity of the 
Weldon Spring chemical plant are listed in table 1. Streamflow and 
water-quality data for surface-water sites in the vicinity of the chemical plant 
are listed in table 2. Well and water-quality data for ground-water sites in 
the vicinity of the Weldon Spring quarry are listed in table 3. Well, 
Streamflow, and water-quality data for miscellaneous sites are listed in table 
4. Water-quality data collected in September 1984 for sites near Weldon Spring 
are presented in table 5. The September 1984 data were originally presented in 
a report by Kleeschulte and Emmett (1986).

All wells in the vicinity of the chemical plant that are listed in table 1 
are open to bedrock with the exception of Bechtel wells B 2 and B 14 which are 
finished in glacial till and well B 16, which is finished in residual limestone. 
Casing was grouted in all the Bechtel and U.S. Geological Survey wells.

Several series of observation wells were drilled in the quarry site area by 
various contractors. The OB series wells were drilled in 1980 and the well 
construction data were reported as follows: "Drilling continued until auger 
refusal occurred on the bedrock surface. When drilling was complete, a two- or 
four-inch I.D. [inside diameter] PVC casing was inserted into the hole with a 
two-foot slotted well screen on the bottom. No backfilling was done in the 
four-inch holes...The two-inch cased holes were backfilled with the well 
cuttings." (Lawrence Berkeley Laboratory, 1980, p. 35). Because bedrock was 
encountered at shallower depths than anticipated, wells OB 11 and OB 12 were 
core drilled to obtain more geologic and hydrologic data (see table 3). "After 
drilling was completed [on these two wells] a two-inch I.D. #80 slotted well 
screen was inserted in the bore-hole for the entire bedrock section. Two-inch 
I.D. Schedule 40 casing was then extended from the top of the bedrock to the 
land surface." (Lawrence Berkeley Laboratory, 1980, p. 39). The construction 
data for the observation wells TW 2, TW 6, TW 7, TW 8, and TW 9 were obtained 
from Huey (1978) and all are bedrock wells.

Most of the ground-water samples were collected from observation wells. 
Where the well diameter was sufficiently large, a 3-inch diameter submersible 
pump with a garden hose for a discharge line was used to pump the well. Smaller 
diameter wells were sampled using a 1 3/4-inch diameter pneumatic pump equipped 
with a twin-line Neoprene hose as a discharge line. The water samples were 
collected after a minimum of one pipe volume of water was removed from the well.

Use of brand name in this report is for identification purposes only and does 
not constitute endorsement by the U.S. Geological Survey.



Surface-water samples were collected in hand-held polyethylene and glass 
bottles by submerging the bottles at a point about 10 feet from the bank in 
lakes and ponds. The sampling point in streams was near the centroid of flow. 
The samples from streams in the vicinity of the chemical plant on November 19, 
1985 were the only ones collected during a storm runoff period.

All samples were submitted to the U.S. Geological Survey Laboratory in 
Arvada, Colorado for analysis. Samples were analyzed for inorganic substances 
according to methods described by Fishman and Friedman (1985) and for 
radioactive substances according to methods described by Thatcher and others 
(1977). Chemical constituents referred to as "dissolved" were determined from 
samples that were filtered at the time of sampling through 0.45 micron membrane 
filters located between lucite plates, using a peristaltic pump as the pressure 
source.

Water temperature, specific conductance, pH, and alkalinity were determined 
in the field. Water temperature was measured with a mercury thermometer to the 
nearest 0.5°C (degrees Celsius). Specific conductance was measured using a 
portable conductivity meter with temperature compensation designed to express 
readings in microsiemens per centimeter at 25 degrees Celsius (us/cm at 25°C). 
The potentiometric method was used to measure both the pH and alkalinity. 
Alkalinity was determined by either incremental titration with 0.1600 normal 
sulfuric acid past the inflection point or titration to an end point of pH 4.5 
with 0.01639 normal sulfuric acid.

SUMMARY OF WATER-QUALITY DATA

Dissolved-solids concentrations in ground water were less than 500 
milligrams per liter (mg/L) except for 5 Bechtel wells on U.S. Department of 
Energy property near the raffinate pits where concentrations ranged from 841 to 
6,040 mg/L. In most cases, water from these sites also had elevated 
concentrations of calcium, magnesium, sodium, sulfate, nitrate, lithium, 
strontium, and uranium. Nitrate concentrations in 5 wells ranged from 53 to 990 
mg/L as N (nitrogen). Nitrate in samples from other ground-water sites were 
considerably less than the 10 mg/L as N drinking water standard (U.S. 
Environmental Protection Agency, 1985a).

Dissolved-solids concentrations in surface water were less than 500 mg/L 
except for the 4 raffinate pits, a seep near pit 4, Frog pond tributary, and 
Burgermeister spring. The raffinate pits had the largest concentrations, 
ranging from 934 to 12,700 mg/L. The pits correspondingly had the largest 
concentrations of nitrate, ranging from 50 to 1,900 mg/L. In 5 samples from 
Burgermeister spring the maximum concentration of dissolved solids was 682 mg/L 
and the maximum concentration of nitrate was 54 mg/L as N.

Uranium concentrations in ground water were less than 5 micrograms per 
liter (ug/L) except for 5 Bechtel wells near the raffinate pits where 
concentrations ranged from 6.0 to 86 ug/L and 13 sites near the quarry where 
concentrations ranged from 8.9 to 14,000 ug/L. These 13 quarry sites are all 
north of the Femme Osage slough. Uranium concentrations were less than 5.0 
ug/L in 5 sampled wells that were located south of Femme Osage slough. Uranium 
concentrations exceeded 5 ug/L in water samples from 20 surface-water sites 
including the 4 raffinate pits (26-3,500 ug/L), Burgermeister spring (26-250 
ug/L), the quarry (2,100 ug/L), and Femme Osage slough (77 ug/L).



SEEPAGE RUN

A seepage run was made April 1-4, 1985 on several north-flowing Dardenne 
Creek tributaries that are north of the chemical plant and raffinate pits. The 
streamflow measurements were made to locate stream reaches where surface flow is 
lost to the shallow aquifer or water is discharged from the aquifer to the 
stream. Streamflow was measured at 102 sites and water temperature and specific 
conductance were measured at selected sites (figs. 4-6 and table 6). 
Seepage-run data for two of the basins are shown in figures 5 and 6. During the 
two days proceeding the seepage run, about 3 inches of precipitation occurred 
(National Oceanic and Atmospheric Administration, 1985). The saturated 
conditions aided in the location of wet-weather springs.

Discharge measurements were made according to methods described by Buchanan 
and Somers (1969). Water temperature and specific conductance were measured 
using the procedures described in the "Water Quality" section.

BURGERMEISTER SPRING AND WET-WEATHER SPRING DISCHARGE

On March 20, 1985 the collection of continuous discharge data began at 
Burgermeister spring and a nearby wet-weather spring in the August A. Busch 
Memorial Wildlife Area 1.5 miles north of the chemical plant and raffinate pits 
(figs. 4-6). Mean daily discharges for the two sites are listed in tables 7 and 
8.

Water levels (-stage) were recorded by digital recorders every 5 minutes at 
the wet-weather spring because of its rapid response to precipitation and every 
15 minutes at Burgermeister spring. A 90-degree sharp-crested V-notch weir was 
installed across the Burgermeister spring channel. The stage-discharge relation 
for the spring was defined by the weir formula, U.S. Bureau of Reclamation, 
1953: ? dft

Q=2.49 tf-w

where Q=discharge of water, in cubic feet per second; and

H=height of water above the apex of the notch, in feet. 

This stage-discharge relation was verified by occasional discharge measurements.

The stage-discharge relation for the wet-weather spring was developed by 
current-meter measurements made at varying stages; however, because of the rapid 
response of the spring and short duration of flow during storms, a gage height 
of 0.84 foot was the maximum stage at which a discharge measurement was made. 
During the period of record, eight days had some record exceeding the maximum 
stage at which discharge was measured. The mean daily discharge for these days 
was computed by correlating the mean daily gage height with the corresponding 
discharge.

When the stage-discharge relation changed because of a change in the 
physical features that form the control or changed temporarily because of 
aquatic growth or debris on the control, the mean daily discharge was computed 
by the shifting-control method. Using this method, correction factors based on 
individual discharge measurements were applied to the gage heights.
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EXPLANATION

WELDON SPRING QUARRY

SAMPLING SITES AND 
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470 Well (see table 
3 for exact 
location)
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table 5 for exact 
location)

f~~| OUTLINE OF AREA SHOWN 
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90° 45'21" 
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90° 4 4'53'
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Modified from Berkeley Geosciences Assoc., 1984

0 200 400 FEET
I   r '    r-1
0 200 400 METERS

Figure 3. Location of water - quality sampling sites in the vicinity of the 
Weldon Spring quarry.



90° 44'

EXPLANATION

MEASURING SITE AND MAP NUMBER." Numbers in 
parentheses indicate discharge in cubic feet 
per second. See table 6 for exact location.

SPRING

GAGING STATION

38° 42'30,

45 (0.031 
44(0.01) ...

1 MILE

0 1 KILOMETER

Figure 5. Results of seepage run in tributary to Dardenne Oeek upstream from August A. Busch 
Memorial Wildlife Area lake 34, April 2-3, 1985.
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