A

5 @ Freeed)

Wl L.
whs Sl

v )

i

vHEIT ALISHIAINN 3LVLS SYSNYH

e

|
3




4 HYDROGEOLOGY AND GEOCHEMISTRY OF AN
INACTIVE HAZARDOUS CHEMICAL AND LOW-
LEVEL RADIOACTIVE WASTE LANDFILL,
MANHATTAN, KANSAS”_/

by
Eric _I}Iold

B.S., Northwest Missouri State University, 1988

A THESIS
submitted in partial fulfillment of the
requirements for the degree
MASTER OF SCIENCE

Department of Geology

College of Arts and Sciences

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1995

Approved by:

%ﬁo Tl g

Major Professor




ABSTRACT

The KSU inactive hazardous chemical and low-level radioactive-waste landfill
located on the North Agronomy Research farm was used for waste disposal from the
early 1960s until 1988. The landfill is situated in sediments deposited during the
Pleistocene glaciation. The Quaternary age sediments are approximately 65 ft thick,
consist of a heterogeneous mixture of clayey silt and silty sand, and overlie Permian
bedrock. Drainage across the landfill is east toward a small ephemeral stream which
drains to the northeast and empties onto the flood plain of the Big Blue River. Ground-
water flow generally mimics surface drainage, with an average slope of 0.03 eastward,
but the water table directly east of the landfill has a low ground-water divide that
separates flow to the northeast and southeast.

Nine monitoring wells were installed at the landfill at a 20 ft depth, screened in
the lower 10 ft for water-table observation. One well was installed at 63 ft, screened in
the lower 5 ft, to monitor the sand and gravel aquifer overlying Permian bedrock; and
one well was installed 30 ft deep and screened in the lower 5 ft to help in determining
the depth of ground-water contamination. The 63 ft and 30 ft well were screened
below the water table and have hydraulic heads higher than the adjacent wells
monitoring the water table, indicating an upward component of flow in the vicinity of
the landfill. Pump tests performed on water-table monitoring wells revealed low
hydraulic conductivities averaging 0.0014 in/min.

Chemical analysis of water samples reveals that ground-water flowing southeast
from the landfill is consistently higher in total dissolved solids, is harder, and is more

likely to precipitate calcium carbonate than water flowing to the northeast. Ground-



water flowing southeast is also consistently higher in organic contaminants. Benzene is
the organic compound detected with the highest concentration at the site, reaching a
maximum of 4900 ppb. The concentration of benzene seems to be associated with
water-level elevations, with concentrations rising during water levels above an altitude
of 1,072 ft, and dropping as the water level falls below 1,072 ft. The concentration of
benzene has a logarithmic decrease toward the eastern most monitoring wells at the
landfill, with the highest concentration in those wells detected below 3.0 ppb. No
organic contaminants were observed to have migrated beyond the landfill boundary at a
concentration above 3.0 ppb and because of the low hydraulic conductivity, upward

flow, and high clay content, it is unlikely any will in the near future.
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INTRODUCTION

The declining quality of ground water due to anthropogenic causes has become
one of our nation's greatest area of environmental concern. A major portion of this
problem is directly related to burying hazardous chemical and radioactive waste. Many
federal and state regulations have been adopted for dealing with such landfills. One
such regulation enforced by the Kansas Department of Health and Environment
(KDHE) is testing prior to official closure of a chemical or radioactive waste landfill.
A hydrogeologic investigation of the site must be conducted to ensure that (1) the soil
and ground water associated with the site are not contaminated and (2) if contaminated,
the contaminants do not adversely affect the surrounding environment. Prior to 1980,
it was common practice for colleges and universities to dispose of chemical waste in
campus landfills. Kansas State University (KSU) has such a landfill, which was the

focus of this study.

Purpose of Investigation

The purpose of this investigation was threefold. The first purpose and overall
focus of this investigation was to study in detail the hydrogeology and geochemistry at
the KSU hazardous chemical and low-level radioactive waste landfill. The second
purpose was to study the overall hydrogeology and geochemistry of the study area,

covering much of the northern KSU campus, and compare it with similar



hydrogeologic settings in northeastern Kansas not influenced by a landfill. The third
purpose was to determine if any adverse environmental affects to the study area can be

attributed to the landfill.

: O AdrY

The KSU landfill is located on the KSU North Agronomy Research Farm in the
NW1/4, SE1/4, SE1/4, sec. 1., T.10S., R.7E., Manhattan 7.5-minute quadrangle
(Figure 1). The landfill is approximately 0.43 mi. west of Denison Avenue and 0.17
mi. north of Kimball Avenue, just north of the KSU football stadium. The entire area
of investigation is located on the northern portion of the KSU campus and is bounded
on the west by College Avenue, on the north by Marlatt Avenue, on the east by a
fence-line along the crest of Bluemont Hill, and on the south by Jardine Street No. 3
which was arbitrarily chosen so that a major drainage divide could be incorporated in

the study area (Figure 1).

Most of the area under investigation is owned and operated by the KSU North
Agronomy Research Farm. The land south of Kimball Avenue and east of Denison
Avenue is used for horse and cattle pasture by the Department of Clinical Sciences.

The land south of Kimball Avenue and west of Denison Avenue is used as intramural
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practice fields and asphalt parking lots by the Department of Athletics. Part of the area
north of Kimball Avenue and east of Denison Avenue is used by the City of Manhattan
for a fire station, and the remainder is used by the Department of Animal Sciences as a
cattle pasture. The land north of Kimball Avenue and west of Denison Avenue is
divided into two main portions with the east portion being used as a sheep and cattle

pasture, and the west portion being used as crop land by the Department of Agronomy.

Landfill Histary

In the early 1960s the Department of Public Safety obtained a 40,000 ft* parcel
of land from the Department of Agronomy to use for burying low-level radioactive
waste. From 1970-1979, various chemicals, including low-level radioactive chemicals
were indiscriminately buried in unlined trenches 15 ft deep. Distribution of the
backhoe-dug trenches and their depths were random and only moderately defined. A
partial list of the chemicals buried in the landfill is given in Table 1. In 1987, a gravel
pack and cement pad were placed over the buried trenches to reduce vertical infiltration
of precipitation. A storage shed was constructed on the cement pad for temporary
storage of hazardous materials and a 10 ft high security fence was built around the site.
A 67 ft deep monitoring well (hereafter referred to as the existing well) was installed
100 ft east of the shed for collecting water samples for radioactive analysis. The
existing well was constructed of 4-inch PVC pipe and was screened in the lower 35 ft.

A double-wide trailer was placed in the southeast corner of the site for temporary



TABLE 1. LIST OF ALL KNOWN CONSTITUENTS BURIED AT THE KSU INACTIVE WASTE LANDFILL.

2-4-D

ACARABIN

ACETIC ACID

ACETONE

ACROLEIN

ALANAP

ALDICOUS PESTICIDE
ALUMINUM POTASSIUM SULFATE

AMINO-2- (HYDROXYMETHYL)-1-3-PROPANEDIOL

AMMONIUM CHLORIDE
AMMONIUM OXALATE
AMMONIUM SULFIDE
ANTIMONY TRICHLORIDE
ASPEN

BARIUM CARBONATE
BARIUM CHLORIDE
BAYGON

BENOMYE FUNGICIDE
BENZENE

BENZIDENE

BIDRIN

BIDUM

BORON TRIFLUORIDE
BUFFALO CORN STARCH
BUTANE

BUBSIO

CADMIUM

CALCIUM CHLORIDE
CALCIUM CHLORIDE DIHYDRATE
CALCIUM LACTATE
CALCIUM NITRATE

CARBON

CGA 12596

CESIUM

CHLODONE

CHLORAL HYDRATE
CIPC

CLARA SOAPLESS SHAMPOO POWDER
CHLORAL HYDRATE
CHLORINE

CHROMIUM
COLLOIDAL SEEDCOAT METHYLCELLULOSE
CRAB GRASS KILLER
CUPRIC SULFATE
CYANIDE

CYANILB

DDT

DDVP & ELY. BATT
D.S. 15647
DETHMOR

DEXON
DIMETHYLSULFATE
DINITROPHENYLHYDRAZINE
DOCTHAL

DRIERITE

DUPONT 1410-L
DURSBAN

DYFONATE

DYLOX

ETHER

FERRIC CHLORIDE
FERROUS SULFATE

FLOTOX GARDEN SULFUR
FRUCTOSE

FURADAN

G Crp 2223

‘GALECROSS

GARDONA

GEIGY GA-479

GULF CROP OIL
HYDROCHLORIC ACID
HYDROGEN PEROXIDE
HYDROXYLAMINE HYDROCHLORIDE
IODINE

IRON CHELATE

ISOPROPYL ALCOHOL
KELTHANE

LACTIC ACID

LANNATE

LINDANE

LORSBAN

M-2279

MAGNESIUM CARBONATE
MALATHION

MALTOSE

MANEB

MN SULFATE MONOHYDRATE
MANGANOUS CHLORIDE
MENADIONE NA BISULFITE
METASYSTOX

METHYL MERCURY

MICRO AL

MIREX



TABLE 1 (CONT.). LIST OF ALL KNOWN CONSTITUENTS BURIED AT THE KSU INACTIVE WASTE LANDFILL.

MOCAP

N-2396

NEMACUR

NICOTINIC ACID

NITRATE

ORGANIC MERCURY
ORGANOPHOSPHATES
OSMIUM

OXALDIHYDRAZIDE

OXALIC ACID

PARATHION

PEN CAP METHY PARATHION
PENCAP E

PENCAP M

PERCHLORIC ACID
PHENYLPHENOL

PHOSDIN

PHOSPHORIC ACID
PHOSPHORUS

PHOSPHORUS PENTOXIDE
POTASSIUM CYANIDE
POTASSIUM FERRICYANIDE
POTASSIUM HYDROGEN PHTHALATE
POTASSIUM IODIDE
POTASSIUM PERMAGANATE
POTASSIUM PHOSPHATE DIBASIC
POTASSIUM THIOCYANATE
PP505

PREFAR

RABON

RAMROD

RALION TECHNICAL
RESORCIN WHITE
RESORCINOL

SD-14999

SBM. T 652—195

SEVIN

SINEROL

SLUG-KILL METAALDELYDE
SODIUM

SODIUM CARBONATE
SODIUM CHLORIDE
SODIUM ACETATE
SODIUM BICARBONATE
SODIUM CITRATE
SODIUM DITHIONATE
SODIUM HYDROSULFITE
SODIUM HYDROXIDE
SODIUM METAPHOSPHATE
SODIUM NITRATE
SODIUM NITRITE
SODIUM PHOSPHATE MONOBASIC
SODIUM SALICYLATE
SODIUM THIOSULFATE
SPRAY OIL

STICKEN SPECIAL
SUCARYL

SUCROSE

SULFANILIC ACID
SULFOSALICYLIC ACID
SULFUR

SULFURIC ACID

TEDION

TEGURON
TERRACLOR
TERTIARY BUTANOL

- ‘THIOUREA

THORIUM
TIMEN
TRICHLORACETIC ACID
TRITHION
TRITIUM

U.c. 51762
URANIUM
UREA

UROX

VAPAM
VELSICOL
VYDATE
XYLENE

ZINC POWDER
ZINC SULFATE
ZOLONE



storage of low-level radioactive waste. Burying of low-level radioactive waste ceased
in 1988.

In 1989, the Department of Public Safety requested to officially close the
inactive landfill and to comply with the KDHE regulations on landfill closure, the KSU
Department of Geology began a hydrogeologic investigation of the landfill in October,

1989.

PHYSICAL SETTING

Physiography

The Kansas River lies approximately 4.5 miles south of the study area and the
Big Blue River lies approximately 1.5 miles east of the study area. They flow to the
east and south, respectively, and are the two major streams in the region (Figure 2).
The maximum elevation in the study area is just over 1,150 ft (Bluemont Hill) and the
minimum elevation is slightly below 1,050 ft (junction of Marlatt and Denison
Avenues) giving a maximum relief of 100 ft. Bluemont Hill is underlain by Permian
bedrock that is relatively resistant to weathering. Elevations within the landfill
boundary range from 1,090 ft on the west to 1,083 ft on the east, giving it a maximum
ground surface relief of 7 ft.

The land surface at the landfill has a gentle eastward slope (Figure 3) toward an

ephemeral stream (Figure 1). The head of the ephemeral stream is 330 ft east of the
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FIGURE 3. GROUND SURFACE CONTOUR MAP OF THE KSU
B INACTIVE HAZARDOUS WASTE LANDFILL.
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Figure 3 shows the ground surface elevation having a gentle slope eastward. Also
shown on the figure are the locations of monitoring wells 1-11, preliminary test wells
A, B, and C, an existing well, a gravel driveway which splits into a "Y" toward the
temporary chemical waste storage building (dark gray area) and the temporary radio-
active waste storage trailer (dark gray area). The probable lateral extent of the actual
hazardous waste landfill is shown in light gray bounded by a dashed line.



landfill and the stream flows northeastward to the flood plain of the Big Blue River
(Figure 1). Phreatophytes (willows, cottonwoods, and Russian olives), and aquatic
plants (cattails and duck weed) grow along the stream channel. This indicates ground-
water discharge, and that the water table is perennially high.

Kimball Avenue is laid out approximately along a ground-surface drainage
divide east of the landfill with runoff north of Kimball Avenue flowing into the
ephemeral stream. Runoff south of Kimball Avenue flows into a manmade
underground drainage system which surfaces approximately 1/4 mile southeast of the
southeast corner of the study area and flows southeastward. An exception to this is
around the KSU football stadium, south of Kimball Avenue, which is drained by the

ephemeral stream on the north side of Kimball Avenue, east of the landfill (Figure 1).

The area of investigation lies within the humid continental climatic belt of
regional extremes in precipitation and temperature (Moulthrop, 1963; Gregory and
Beck, 1968). National Weather Service records show that annual precipitation ranges
from 17 to 60 inches in Manhattan (Fader, 1974; Richter, 1988), and averages 34
inches (National Climatic Data Center, 1992). Temperatures range from -32° to 115°
F (Moulthrop, 1963; Gregory and Beck, 1968), and averages 55.1° F (National
Climatic Data Center, 1992). Precipitation data during this investigation were taken

from the North Agronomy Research Farm weather station that is located approximately

10



350 ft west of the landfill. Annual precipitation at the KSU North Agronomy Research
Farm weather station from March 21, 1990 to March 21, 1991 was 29.25 inches, and
from March 22, 1991 to March 31, 1992 was 25.30 inches, showing below-average
precipitation. The average annual temperature from March 21, 1990 to March 21,
1991 was 55.8° F, and from March 22, 1991 to March 31, 1992 was 57.7° F, slightly
above the last 30 year average. The average growing season is from April 20 to

October 9 in Manhattan (Gregory and Beck, 1968).

The following descriptions of soils located in the study area were taken from the
Soil Survey of Riley County and Part of Geary County, Kansas (Soil Conservation
Service, 1975). The Smolan-Geary association encompasses the study area and
includes three major soils; the Smolan, Geary, and Wymore. Smolan soils have a silt
loam and silty clay loam surface layer with a silty clay loam subsoil. Geary soils have
a silt loam surface layer and a silty clay loam subsoil. The landfill is positioned in the
Wymore soil series which are gently sloping and moderately to well drained, have a
silty clay loam surface layer and a silty clay subsoil, and is slowly permeable. This
soil has a high available water capacity, takes water well, and has a high shrink-swell
potential which may be due to the fact that the clay fraction of the soil is

montmorillonitic (Soil Conservation Service, 1975).

11



Many regional studies of the bedrock stratigraphy in the vicinity of Manhattan
have been conducted and include papers by Jewett (1941), Byrne and others ( 1949),
Moore and others (1951), and Chelikowsky (1972). The preglacial landscape of
northeastern Kansas consisted of valleys dissected in gently dipping Pennsylvanian and
Permian sedimeniary bedrock. Bedrock in the area of investigation, including the
poorly exposed outcrops on Bluemont Hill, consists of Permian-age marine limestone
and shale of the Lower Permian Series, Gearyan Stage, Council Grove Group (Jewett,
1941; Byrne and others, 1949).

The only exposed bedrock outcrops within the study area are on Bluemont Hill
in an abandoned quarry in which the Neva Limestone Member of the Grenola
Limestone Formation was being mined. The bedrock below the unconsolidated
Quaternary sediments at the landfill is the Hughes Creek Shale Member of the Foraker
Limestone Formation (Figure 4). The Hughes Creek Shale consists of approximately
38 ft of dark gray to black shale, the uppermost of which is carbonaceous, and up to 5
thin limestone beds (Jewett, 1941). Regional dip of Permian bedrock is westward

about 17 ft per mile (Smith, 1991).

Quaternary sediments

Studies of the unconsolidated Quaternary sediments and glacial deposits in and

12
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around the Big Blue River and Kansas River valleys were conducted by Todd (1908,
19 18), Condra and others (1950), Frye and Walters (1950), Davis (1951), Frye and
Leonard (1952), Mudge (1955), Beck (1961), Jewett (1963), Moulthrop (1963),
Chelikowsky (1976), Aber (1984, 1985a, 1985b, 1988, 1991), and Dort (1987a). A
system of preglacial buried valleys (Figure 5) was mapped by Dreeszen and Burchett
(1971) and indicated a west to east drainage pattern leading to the ancestral Grand
River in northeastern Missouri (Aber, 1991). The landfill is situated in unconsolidated
Pleistocene sediments, which are the controlling geologic features influencing the fate
of contaminants at the landfill, therefore, a review of the history of these sediments
follows.

The age of the drift of the Kansan glaciation in Kansas, according to Aber
(1991) is now known to be between 0.62 Ma, the age of the Lava Creek B volcanic
ash; (Izett and Wilcox, 1982) and 0.78 Ma, the age of the Brunhes/Matuyama magnetic
polarity boundary (Izett and Obradovich, 1991). The maximum extent of Kansas
glaciation (Figure 5) as mapped by Aber (1991) is based on the distribution of features
associated with direct glacial action, and thus, is a conservative interpretation of the ice
limit. The position of the ice front, as indicated by the distribution of Sioux Quartzite
erratics, is approximately 15 miles east of Manhattan (Dort, 1987a).

The immediate area in which the landfill is located was previously studied by
Henry Beck (1961). According to Beck (1961), the area encompassing the landfill is
situated in a buried river valley that is Y-shaped in map view with the base pointing

and narrowing to the northeast in the direction of former flow (Figure 2). Deposits

14
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(dashed lines). Preglacial drainage into the anscestral Grand River system was diverted into the
Blue/Kansas/Missouri valleys. Large arrow points to the buried valley under investigation
(Modified from Dreezen and Burchett, 1971; Aber, 1988a, 1991).



filling these preglacial valleys range from clayey sediments to sand and gravel (Denne
and others, 1987). The landfill is located between and close to the junction of the two
branches of the buried river valley (Figure 2). Basal gravels underlying the Pleistocene
sediments of the southwestern branch are composed of limestone and chert fragments of
local origin (Beck, 1961). The basal gravels in the southeastern branch are composed
of arkosic gravel (Ogallala Formation), indicating a westerly source (Beck, 1961).
According to Beck's (1961) interpretation, during part of the Pleistocene, the ancestral
Kansas River flowed northward through the buried valley by way of the southeastern
branch and the outlet to the northeast. The ancestral Wildcat Creek flowed north
through the southwestern branch and joined the Kansas River north of where the KSU
landfill is located.

In the early 1950s, it was thought that one terrace was formed in the Kansas
River valley during each of the last three periods of continental glaciation of classical
Pleistocene terminology respectively named the Menoken, Buck Creek, and Newman
terraces (Davis and Carlson, 1952; Geil, 1987). The Pleistocene sediments filling the
buried river valley were mapped by Beck (1961) as underlying the Buck Creek terrace
(Figure 2), which he considered to be of Illinoian age. No numerical ages are available
for the Quaternary deposits at the landfill, but the geomorphic position, texture and
bedding of the fine-grained sediments suggest that they may have been deposited in the
ancestral Kaw Lake. If so, their age is between 0.62 and 0.78 Ma. However, because
of the uncertainty in this inference, all unconsolidated sediments resting on Permian

bedrock at the landfill are referred to as either Quaternary sediments or Quaternary fill.
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Hydrogeology

The geology and ground-water resources of the Kansas River and Blue River
valley have been studied extensively by Moore and others (1940), Beck (1949), Davis
and Carlson (1952), Smith (1959), Moulthrop (1963), Gregory and Beck (1968), Fader
(1974), and Dort (1987b). Almost ninety percent of the potable ground water in
northeast Kansas-is from Quaternary-age aquifers (Frye and Walters, 1950; Richter,
1988). In many areas, including that of the landfill, the most satisfactory sources of
water are buried river-valley aquifers because of the high yields and water quality in
wells screened in the basal sands and gravels (Frye and Walters, 1950; Beck, 1959;
Richter, 1988).

Infiltration of rain water is the major source of water for most of the aquifers in
the Kansas River and Big Blue River valleys (Walters, 1953; 1954; Beck, 1959; Smith,
1959; Richter, 1988). In the Kansas River valley the rate at which precipitation
infiltrates to the zone of saturation is largely dependent on the clay content of the
surficial material (Davis, 1951). Other possible sources of recharge in the Kansas
River and Big Blue River valleys are by seepage from streams and ponds, by return
flow from irrigation, and by seepage from the shale and limestone that border and
underlie the valley (Fader, 1974).

The bedrock formations contribute small amounts of ground water to the valley-
fill deposits in the Manhattan area (Fader, 1974). Although some shales of the Council

Grove Group are capable of supplying small amounts of water to a well (Beck, 1959),
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the most frequently used aquifers of the Council Grove Group are the Cottonwood,
Burr, Neva, Howe, and Long Creek limestones (Beck, 1959; B. Smith, personal
communication, 1991). Ground water in permeable limestone aquifers generally moves
in the direction of dip when it encounters impermeable shale beds that inhibit direct
vertical migration (Walters, 1954; Farley, 1987). Ground water contribution from
bedrock to the fill deposits is most likely trivial except during periods of below-normal

precipitation.

The composition of the soils, sediments, and rocks has a direct bearing on the
quality of ground water (Mazor, 1990). The ground water in northeastern Kansas is
generally very hard and may contain as much as 58 milligrams per liter (mg/L) of total
iron (Fader, 1974). Ground water temperature in the Kansas River valley is uniform
(57-58° F) except where river-water infiltration causes seasonal variations of 5-10° F
(Davis, 1951).

Studies similar to Beck's (1961) of buried valleys in counties adjacent to Riley
County have been conducted at KSU by Carl (1980), Farley (1987), and Richter
(1988). Farley (1987) collected ground water geochemical data from sediments in a
buried valley in Marshall County, Kansas. Because Farley (1987) did not report
evidence of any anthropogenically induced contamination of ground water, and the

sediments contained in the buried valley of his study are similar to the Quaternary fill
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at the landfill, his hydrochemical results are used as a background comparison for the
present study. There are, however, differences in the overall systems of the two buried
valleys. The greatest difference is in the overall size of the two systems. Variations in
geochemistry of the large system in Marshall County tend to be less than those in the

much smaller system in the vicinity of the landfill.

METHODS OF INVESTIGATION

Field Methods

Field methods used in this investigation included geologic reconnaissance, water
well drilling, ground-water level readings, and pump tests. The ephemeral stream
channel east of the landfill was examined for soil and sediment profiles and geologic
reconnaissance was conducted to locate bedrock outcrops on the west side of Bluemont
Hill.

Three types of water wells were drilled for this investigation. Preliminary test
wells, monitoring wells, and test wells (Figures 3 and 6) were installed to gather
information on the subsurface hydrogeology and geochemistry of the study area (Table
2). The monitoring wells are the most important of the wells. Since the monitoring
wells are all located within the small area of the landfill boundary, the standard well
numbering system used by the Bureau of Land Management (BLM) was not applied.
Therefore the wells were assigned a number or letter <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>