LINING TECHNOLOGIES

Literature Review

COMPACTED CLAY PERFORMANCE IN
A LANDFILL FINAL COVER SYSTEM

The Omega Hills Landfill is located approximately 20 miles northwest of Milwaukee, Wisconsin. It is
an 83-acre site that contains approximately 14 million cubic yards of waste. The hydrologic
performance of three final cover systems were studied using instrumented test plots in the landfill.
Two plots consisted of silty loam soils placed over thick sections of compacted clay and the third plot
consists of a sand layer placed between two compacted clay layers to utilize the “wick effect”.

The objective of the project was to determine the hydraulic performance of the different final cover
systems installed at Omega Hills. Precipitation, runoff, percolation, air and soil temperature and soil
moisture tensiometer data was collected using a data logger at the site. Throughout the monitoring
program, data was collected during periods of severe drought as well as periods of heavy
precipitation. Water budget calculations were performed to determine if water was entering the
landfill, being stored in the cover system or was lost to evapotranspiration. Test pit excavations were
also used to determine in situ conditions of the final cover systems.

Field data collected indicates that fully penetrating cracks developed in the compacted clay cover,
which allowed increased water percolation into the landfill. Drought conditions may be much more
damaging to a final cover system than a continuous supply of moisture. The use of a multi-layered
cover system did not reduce percolation rates due to water storage in the upper clay layer. The upper
clay layer became severely cracked and allowed rapid infiltration of water into the intermediate sand
layer.
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THE OMEGA HILLS FINAL COVER TEST PLOT STUDY:
THREE-YEAR DATA SUMMARY

by
ROBERT J. MONTGOMERY and LAURIE J. PARSONS

ABSTRACT

Instrumented test pliots have been installed at the Omega Hills
Landfi1l, located near Milwaukee, Wisconsin, to collect data on
the hydrologic performance of three final cover designs. Each of
the test plot designs employs natural soils installed on 3H:1V
landf{11 sideslopes. Two designs 1incorporate different
thicknesses of local silty loam topsoils over thick sections of
compacted clay soils. The third design 1s a multi-layered cover,
intended to take advantage of the so-called “wick effect™ by
placing a sand layer between two compacted clay layers, with
topsoil above, Im addition, two cover vegetation species mixes
are being evaluated 1in separate test areas. Data coliectfon
began in August of 1986, and included -a significant period of
drought in 1988, as well as periods of keavy precipitation.
After approximately three® years of data collection, several
observations appear to be significant. The propagation of cracks
within the clay soils appears to be all-important to the
performance of the cover designs evaluated. The upper clay layer
of the multi-layered design has developed substantial cracking
which has apparently allowed transmission of large amounts of
infiltrated moisture to the dintermediate sand layer. However,
percolation from the base of the multi-layered cover has remained
relatively low, apparently due to the continued moist and
homogeneous conditions in the clay layer below the intermediate
sand. The two all-clay test sections 1nitially showed very
1ittle percolation. However, percoiation has increased
substantially through time, again apparently related to the
deveiopment and propagation of cracks through the clay seils. A
summary of the collected data {s presented, as well as
observations and interpretations based on field observations and
test pits.

BACKGROUND

The Omega Hills Landfill, operated by Waste Management of
Wisconsin, Inc., 1s located approximately 20 miles northwest of
the center of Milwaukee, Wisconsin. The 83-acre site has been
active since the 1970's, and has recently completed filling of
its approximateiy 14 million ~u yd licensed capacity. Waste
Management of Wisconsin has conducted a very substantial program
of environmental measures to control offsite leachate migration,
provide gas control and energy conversion and to extract and
treat leachate from within the site. This program won
recognition in the American Society of Civil Engineers 1986
Outstanding Civil Engineering Achievement Awards.
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DESCRIPTION OF TEST PLOTS

The final cover test plot study 1s a research project being
conducted by Waste Management to evajuate the performance of
several final cover designs as part of development of a new
jeachate control program for the site. The objective of the
study is to evaluate the hydrologic performance of alternative
cover designs, especially with respect to the percolation of
precipitation moisture into the landfili.

Three cover designs and two vegetation species mixes are
arranged in three instrumented test plots and in two vegetation
assessment areas, located on the western outboard slope of the
Omega Hills Landfill. Three main concepts are being evaluated in
the test plot study, in comparison with the approved final cover
design for the site: 1) the use of a thicker topsoil layer to
promote vegetative growth and thus enhance evapotranspiration;
2) the use of a multi-layered find/coarse/fine soil arrangement
to 1imit the percolation out of the upper fine-grained soil via
the so-called "wick effect*; and 3) the use of a more vigorous
and multi-specied cover vegetation to fully exploit the available
root zone to enhance evapotranspiration.- A detailed description
of the design and construction of the test plots was provided by
Montgomery, et. al.l The test plot designs are as follows (see
also Figure 1): S

- Test Plot 1: 6 in. topsoil, primary seed mix '
(Existing Cover Design) 48 in. compacted clay

. Test Plot 2: 18 in. topsoil, primary seed mix
(Thicker Topsoil Design) 48 in. compacted clay ;

» Test Plot 3: 6 in. topsoil, primary seed mix
(Wick Effect Design) 24 in, compacted clay

12 in. intermediate sand layer
24 in. compacted clay

- Vegetation Assessment 6 in. topsoil, alternative seed mix
Area 1 48 in. compacted clay

- Vegetation Assessment 18 in. topsoil, alternative seed mix
Area 2 48 in. compacted clay

The cover clay soils utilized had very high silt and non-
expansive clay content (USCS CL), and were placed and compacted
in approximately 6" 1ifts using conventionai earth moving
equipment to in-place densities corresponding to lab
permeabilities of less than 1 x 10~/ cm/sec. The topsoil was an
uncompacted clay loam to silty clay loam. The intermediate sand
layer in Test Plot 3 was composed of a clean, washed medium sand.

The primary seed mix contains tall fescue (Festuca arundinacea),

creeping red fescue (Festuca rubra), annual ryegrass (Lolium
Multi-florum), perennial ryegrass {Lolium perenne{, and Kentucky
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bluegrass (Poa pratense)}. The alternate seed mix contains smooth
bromegrass (Bromus inermis), birdsfoot trefoil {Lotus corn-
jculatus), tall fescue (Lestuca arundinacea), creeping red fescue
(Festuca rubra) and perennial ryegrass (Lolium perenne).

Test Plots 1, 2 and 3 are fnstrumented for collection of
hydrologic data, and are also monitored for vegetation growth
parameters. Figure 2 is a schematic layout of one of the test
plots, and indicates the location of the instrumentation. Figure
3 is a schematic section through one of the test plots, showing
the runoff and percolation monitoring system, as well as the soil
mojsture monitoring instrumentation. Figure 4 depicts the
overall layout of the instrumented test plots and vegetation
assessment area, all located on the western outboard slope of the
Omega Hills landfill. _

Construction of the basal percolation collection systems and
placement of the clay cover soils was conducted in September
through November of 1985. Topsoil placement and instrumentation
of the test plots was completed by dJuly of 1986, and data
collection began in August, ,

DATA COLLECTION .
<

Precipitation, runoff, percolation, alr and soil temperature, and
soil moisture tensiometer data is collected using a data logging
system, which allowed remote access to data via telephone modem.
Precipitation data is collected using a heated tippirg bucket
rain gage. Runoff and percolation data is collected for each
test plot using pressure transducers installed in collection
tanks (refer to Figure 2). The transducers indicate water level
within the tank, with the ratio of tank area to plot area used to
obtain runoff and percolation depths. Test Plot 3 utilizes a
collection tank for collecting flow from the intermediate sand
Jayer, as well as for  percolation and surface runoff (See
Figure 4).  Air temperature and relative humidity data is
collected using sensors monitored by the data logger. Cover soil
temperature is also monitored using the data logger, with sensors
buried at depths of 1, 3 and & ft below the surface of the 3H:1V
sideslopes of the landfili. Two nests of soil moisture
tensiometers are installed in each dinstrumented test plot, with
from 5 to 7 tensfometers {with tips at different levels} in each
nest. Each of the tensiometers was equipped with a pressure
transducer wired to a multiplex 1{nput to the data logger. Data
Togger collection frequency was hourly from August, 1986 through
September 1989, when it was altered to four-hourly.

Soil moisture data was also collected using a neutron probe.
Seven galvanized steel access tubes were driven into each test
piot, and the probe was field-calibrated using iaboratory soil
moisture data from field samples.

Vegetation density and root penetration data was collected
approximately twice-yearly, for both the alternative seed mix
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assessment areas, as well as for non-instrumented sections of
Test Plots 1, 2 and 3.

Data collection has been continuous since mid-August 1986, and
the collected data is believed to present an accurate description
of overall test section performance. However, some probiems have
been encountered in the data collection program, summarized
below:

+ The bheated tioping bucket rain gage occasfonally
malfunctioned, requiring the use of dally precipitation
data form the NOAA observation station at Germantown,
Wisconsin (3.2 mi NW of the landfill) to fi1l in the gaps.

« The tensiometer pressure transducers experienced a high
rate of failure, and monitoring was discontinued 1n
September 1988. Soil moisture monitoring with the neutron
probe has continued.

+ Evaluation of vegetation density and root penetration, and
comparison of the primary and alternative seed mixes was
very difficult, due to the immaturity of the vegetation
stand (even in 1989), disturbance caused by instrumentation
maintenance and mowing, and the effects of the drought of
1988,

One of the most reliable sets of data from the test plot data are
the monthly summaries of hydrologic balance for Test Plots 1, 2
and 3. This data, for the period August 1986 through August
1989, is presented in Table I.

CLIMATE DURING DATA COLLECTION PERICD

The data collection period 1ncludes three complete years of
September-through-August data, beginning 1in September 1986,
These years had widely different climactic characteristics.

The 12 month period September 1985 through August 1987 was “near-
normai*, except for a period of extraordinarily high rainfall in
September 1986. This rainfall occurred with the cover vegetation
in 1ts {nitial growth stages, and produced substantial runoff, as
well as surprisingly large flow of moisture from the intermediate
sand layer of Test Plot 3 (See Table I). The remainder of 1986
and the growing season of 1987 provided a near average climate,
and the vegetative cover developed substantially.

The period September 1987 through 1988 was dominated by the
severe drought of 1988. Although temperature and mofisture
conditions were near-normal through April, the months of May
through August were characterized by substantially below average
rainfall, and temperatures averaging as much as 10°F above
average. These conditions quickly reduced the cover vegetation
to a dry, dormant state, and obvious cracking of the surface of
the cover soils became evident.




The last year of data collection, September 1988 through August
1989 saw a return to moist conditions. Substantial rainfall in
September of 1988 restored the vegetation to an active growing
state, but also apparently allowed moisture influx to deeper
portions of the cover via cracks which had developed in the
preceding dry conditions. After a relatively mild winter, a
generally wetter-than-average growing season produced 1lush

vegetation growth in the summer of 1989.

TEST PIT EXCAVATIONS

The hydrologic response of the test plots observed through the
summer of 1988 indicated that moisture flow in several sections
of the cover was much more rapid than would be expected under
porous media flow conditions. These areas, especially the upper
clay of Test Plot 3, exhibited substantial flow rates which
suggested that 1{n homogeneities had developed, possibly by
cracking due to drought conditions. In addition, the extent of
root penetration and the development of altered soil structures
within the covers was of {interest. For these reasons, a series
of test pits were excavated {1nto the cover sections in September
1988. _ : :

Five test pits were excavated in the buffer strip adjacent to
each test plot and in the vegetation assessment areas. The soil
profile 1n this buffer strip is representative of each adjacent
test plot. The purpose of the test pit excavations was to
characterize the final cover soil profiles and to aid 1m the
interpretation of the hydrologic budget data.

The 4 ft by 10 ft test pits were excavated to 6 ft deep via a
track mounted backhoe. Samples were taken at approximately one
foot increments or when material characteristics changed and sofl
moisture contents (dry weight basis) were determined. Shrinkage
limits were determined on the upper and lower clay for Test Plots
1, 2 and 3 following ASTM D427 procedures. Key results of the
test pit investigation are listed below,

« The upper 8 to 10 inches of clay in all three test plots
appeared weathered and exhibited a medium to coarse sized
blocky structure,

+ Occasional larger cracks, 1/4 to 1/2 inch wide, extended 35
to 40 f{nches into the clay, beyond the topsoil/clay
interface, in Test Plots 1 and 2 and through the entire
upper clay in Test Plot 3, A noticeable curvature of
cracks downslope was observed, particularly in Test Plots 1
and 2. - _

- A continuous root mass penetrated 8 to 10 inches into the
clay below the topsoil/clay interface. Further root
penetration occurred along <crack planes approximately 30
inches below the topsoil/clay interface.




. The clay texture at the base of each test plot exhibited
higher moisture contents and no evidence of cracking.

- No distinguishable separations between 1ifts associated
with placement of the clay were observed 1n any of the
profiles.

- Shrinkage Vimits ranged from 10 to 123 moisture content on
a dry weight basis {approximately 20 to 24% on a volume

basis). The shrinkage 1limit {is the moisture content at

which the soil volume will not change upon further drying.
Moisture content data taken via the neutron probe during
the dry period in June-July 1988 indicated levels close to
the shrinkage 1imit in the upper clay of all three test
plots suggesting that more substantial cracking than
observed (due to dessication and shrinkage) would be
uniikely.

- Soil profile characteristics 1in the vegetation assessment
areas were similar to Test Plot 1 and 2 profiles with roots
observable at cleavage faces hetween cracks.

SUMMARY OF COLLECTED DATA .

t

A. Observed Cover Percolation

Percolation rates through Test Plots 1 and 2 were low for the
first year of data collection (0.06 inches and 0.27 inches,
respectively). However, the '87 - '88 data shows an increase in
total percolation to 0.18 inches and 1,19 inches for Test Plots 1
and 2, respectively, despite the drought conditions. Review of
the data suggests that the compacted clay may have been gaining
moisture in 1986 and early 1987 and that equilibrium conditions
were reached as percolation from all of the test plots became
more continuous after March, 1987. The sudden production of
percolation at the base of Test Plot 2 in April 1988 could be due
to development of crack flow conditions, or could be due to
substantiated hydraulic gradients from spring moisture. The '88
- 89 data Indicate a further increase in percolation rate, to
slightly above 2 inches for Test Plots 1 and 2. Percolation in
this last year of data collection has been much more continuous
than in the past.

The timing of percelation from Test Plots 1 and 2 during 1987 was
only slightly related to the timing of precipitation events,
suggesting that mofsture transmission was via porous media flow
in a low conductivity environment. Test Plot 1 percolation was
more strongly correlated with precipitation events since April
1988 and September 1988 suggesting that some cracking through the
cover may have occurred, yet the bulk transmission rate has
remained Tlow. Test - Plot 2 percolation timing has behaved
similarly.
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Jest Plot 3, containing the  intermediate sand drain layer, has
performed much differently regarding percolation rates than was
anticipated in the conceptual design. The upper clay/topsoil
unit has allowed substantial percolation of wmoisture into the
intermediate sand layer, from the very beginning of data
collection (see Table I). Discharge from the intermediate sand
Jayer occurs within hours of the start of precipitation evenis
suggesting rapid transmission of water in the upper clay due to
flow through cracks. Percolation from the base of Test Plot 3
has been much more constant than for Yest Plots 1 and 2, and
indicates conditions more likely to be homogeneous, as confirmed
in the test pit investigation.

B._ Runoff

Runoff production during the first year of data collection was
substantial from each test plot, with Test Plot 1 producing over
7 in. of runoff. However, these runoff depths are dominated by
response to the very heavy rains of September, 1987, and are also
probably due to the fmmature growth of the cover vegetation, It
is interesting to note that runoff from Test Plot 3 was even
higher than that for Test Plot 1, +4f the moisture flow from the
intermediate sand layer is inciuded.

Runoff production declines substantfally in the second and third
years of data collection. The obvious reason for Tow runoff in
1987-1988 is the drought. However, the intermediate sand layer
continued to produce moisture 1in response to the small rainfall
events which occurred 1in the summer of 1988, fndicating very
rapid percolation through the cracked soils of the upper clay
layer. During the 1988-1989 period, runoff from Test Plots 1 and
2 was similar, while runoff from Test Plot 3 was the largest.
This surprising result may be due to the continued poorer
condition of the vegetation on Test Plot 3. The collected data
does not indicate that the greater topsoil thickness (and hence
possibly larger rapid {nfiltration capacity) of Test Plot 3
serves to reduce runoff.

C. Evapotranspiration

The calculated evapotranspiration (ET) term of the water budget
accounts for a significant fraction of total precipitation for
each of the test plots. Approximately 90% of the total two year
precipitation was calculated as lost to ET in Test Plot 1 and 94X
in the thicker topsoil, Test Plot 2. Lower ET rates were
calculated for Test Plot 3 (approximately 57% of the total
two-year precipitation in 1987 and 1988). This was attributed to
the substantial moisture flow through cracks 1in the upper clay
layer and interception by the intermediate sand layer, thus
reducing moisture availability for evaporation or transpiration.
Evapotranspiration percentages are higher for later periods of
the study, when vegetation was better established and without the
{nfluence of the record rainfall rates occurring in September




1986. Thus, the 18 inch topsoil 1{s apparently providing some
increase in evapotranspiration, but the anticipated increase in
ET moisture retention capacity (and hence ET) of the upper clay
in Test Plot 3 has not occurred. Calculation of ET values for
the third year of data collection awaits reduction of neutron

probe soil moisture data.

D. Soil Moisture Contept Variations

Monthly soil moisture storage changes were interpreted from CPN
neutron probe data coliected at 6 inch to 12 inch intervals at
seven locations in each test piot. Little horizontal variation
of soil moisture content within each test plot was noted.
However significant variations in moisture content occurred with
depth. In general, drying influences were seen through the upper
three feet of each cover during summer months, particularly
during the drought period in 1988. Below depths of 3 feet in
Test Plots 1 and 2 moisture contents remained fairly static.

The observed hydrologic responses of Test Plot 3, where
substantial moisture was transmitted through the upper clay
Jayer, correlated with moisture content -data in that lower clay
moisture contents have remained very stable. This suggests that
the intermediate sand ldyer is providing an effective barrier to
upward migration of moisture in drying periods.

In general, the tensiometer data correlated with the neutren
probe data regarding -long-term moisture content fluctuations.
The value of the tensiometers in monitoring short-term
infiltration response was limited, due to the substantial fajlure
vate. The limited data suggést that soil moisture contents below
several feet in depth did not show rapid response to rainfall.
The tensiometers did however indicate a deep and Tong lasting
drying during the drought of 1988.

The maximum depth of soil mofsture which could be absorbed by the
cover sections is in the range of 18 to 24 1inches. Even
considering the fact that more than half of this amount will be
very tightly held by the clay-rich solis, soil moisture storage
represents a relatively large reservoir through which the much
smaller monthly and yearly percolation depths pass. Therefore,
it {s 1important to review the soil moisture storage changes
{Table I) when interpreting the water balance results, especially
with vespect to calculated evapotranspiration.

E. So0il Temperature

Data from the nest of soil temperature probes indicates
substantial moderation of temperature fluctuations in the soil
cover, as compared to air temperature. At a depth of & feet
below the cover surface, soil temperatures vranged from
approximately 80°F during the high temperatures experfenced 1n
August 1988, to no colder than 45°F during the winter months,
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Soil temperatures fluctuated over a greater range at a depth of 1
foot, but dropped below freezing only several times throughout
the three-year period. The longest period of freezing at 1 foot
depth was approximately 8 weeks, 1in early 1989. However, the
coi] at 3 feet in depth was well above freezing during this
period. Apparently, heat being generated within the landfill is
keeping the cover soils substantially warmer in the winter months
than would be expected in Wisconsin, and therefore probably
Timiting the effects of freeze-thaw action on the cover soils.

F. Veqgetation Growth Summary

Cover vegetation growth characteristics were assessed annuaily in
1986 and 1987, twice in 1988 and once in 1989, by evaluatin
percent cover, above ground biomass productivity (except 1989
and root growth development on each test plot and in the
vegetation assessment areas. In general, vegetation suffered
during the drought 4n 1988, with productivities lower than
observed in the first year of growth. Vegetation growth in 1989
was much more vigorous than preceding years.

percent cover analyses typically indicated s1ightly better growth
on the vegetation assessment areas (alternative mix) than in the
test plot area (primary mix). Biomass productivity comparisons
between the primary mix and alternative mix areas have been
difficult due to mowing which occurred at different times in 1986
and 1987. However, productivities were generally higher for the
alternative species mix, and were also higher on the 18 inch
topsoil plots. Biomass productivity on Test Plot 3 tended to
decline through the growing season, _suggesting that moisture
transmission through the upper clay unit was producing droughty
conditions which hampered plant growth. This observation is also
consistent with the much lower calculated evapotranspiration
rates for Test Plot 3. Root densities have been consistently
higher in the 18 1inch topsoii (Test Plot 2) and have
progressively become more dense and more deeply penetrating into
the clay soils. The density data was not noticeably different
for primary vs. alternative vegetation mixes.

CONCLUSIONS

A great deal of data on final cover performance has been obtained
from the Omega Hills Test Plot Study, of a type which s not
generally available. The principal long-term value of the
project may be the development of this large body of record
information, which could be utilized for development of improved
analysis techniques or alternative cover design development.
Regarding the specific objectives of this project, the following
conclusions can be drawn at this time:

1. The timing and response of percolation data suggests, and
the test pit investigations have tended to confirm, that
the development and propagation of cracks in the cover




soils dominates the factors controlling percolation
performance. The apparent fimpact of dessication cracks
in the cover soils indicates that drought conditions may
be much more damaging to cover performance than a
continuous supply of moisture.

2. Analysis procedures which are based on assumptions of
either saturated or unsaturated porous media flow may not
be applicable to many practical landfill cover situations
without careful evaluation.

3. The multi-layered cover design did not resuit in lower
percolation rates due to retention of soil moisture in
the upper clay layer. . To the contrary, the upper clay
became thoroughly cracked, allowing rapid infiltration of
moisture to the intermediate sand layer.

4. The thicker topsoil utilized in Test Plot 2 has not
noticeably reduced cover percolation. The effects of
increased moisture retention in the thicker topsoil
during the dormant season may outweigh the possible
effect of increased evapotranspiration.

.

5. Although the alternative vegetation species mix appears
to produce a more vigorous vegetation cover, comparison
of the two sets of vegetation regarding cover percolation

performance is not possible.

The above conclusions are based on data drawn from a particular
set of soils, construction and climatic conditfons, over a
specific observation period. Extreme caution should be taken in
attempting to generalize these conclusions to other sites or
conditions.

PROJECT STATUS

Data collection for the instrumented test plots and the
alternative vegetation areas is continuing, and is expected to be
conducted for the next several years. Additional test pit
investigation of representative areas across the landfill is
planned, with possible additional data analysis and/or modeling
at some time in the future.

ACKNOWLEDGEMENTS

Preparation and presentation of this paper was encouraged and
supported by Waste Management of Wisconsin, Inc. and by Warzyn
Engineering Inc. :

THE AUTHORS

Robert Montgomery is an environmental engineering section leader
in Warzyn Engineering‘'s Madison, Wisconsin office, and Laurie




.mme 4340390 u} pa
.u;:_*uvoocvuuou*mwom

1

MO
qoup uy p

F

35594dx3 ‘R3ep 3q0.y

LidLod 3¢ o3 gggy
poisad uoy eyeg wo

U3 Uo paseq uoi3eys wyoN PLRKS L1SY3H @axnes]yy e POPLOd3Y |euwdoy was)

*Bny-g861 *320 porsad oy ejep 9beuoys AUNISLOW 105 ~-
13035 YYON uMojltewasn Buisn pazuswbine pIodad ayLs-up ,
od uayey 40) pue 9gg5[ ‘paep 49§ potdad JO4 pajew)ysy
Uod3nal wouds juslued Sdmysiow uy sfuey) = - 3gyyolS
uof3esidsunajodeas P3IB[ND(R] = |3 3T¥)

$101d 3IS3L s{l4H ebaug e 9115-Up paunsesp (2)

kg Lo ommﬁ.mmm“ {1) tejeqg Uoj3e3jdioaay

‘43dap dazem jo S3Uau} jo Uogsuawip Uy sypun iy "muﬁozn

S8'ST 99'0 et 657 pgeg 63708 1000 20 ey goegp 1000 90°0 10/ ge'se y6%0f viol
€@ 60 0 TZ0 7o 88°2  WT %00 0 oot (60 €00 110 wTry 80T gy
9t 260 ve'z gz'0 g0 (€9 990 50°0  ozp  geog 00 10'0 6170 82z ysg g
65°¢  St'I- b0 e1v0 ggv0 W W' w00 010 ggez 16°1= 00°0 010 1 65 mnp
T 99°0- «£5'0 610 oo 98°1 660+ 50°0 000 gy §°0° 000 000 zEer 997 AvK
T e 6T e 5000 gpep 66°0- 90°0 0 sgeg 00°0« 00 09T te'v  se't way
8270 02°0- 45I'2 90'0  gp'g 81 00'0 000 o006y M0~ 000 000 18T g5z uww
%0 820 W00 10'0  gzeg 19°0 0zt 000 g00 gz {0 200 160 680 gep gag
BE°0- €50 4050 000 gorg 90 020" 000 000 gpeg S0 00°0 000 §9°0  p9r  pyp
660  £5°0~ 000 0p'o 00°0 60  €1'0- 00°0  gg'g Gbe1 63°0-  00°0 000 980 g0z 93
CO°T 020~ 4400 0070 ggvg 980 0000 00°0 000 ggg 00°0 000 00°0  98'0 g6'r  hoy
00°0 00~ 408°0 91'0  zgvg TR0 0000 Br0 g 000 00°0 ¥0r'0 €91 'z 19
0E°0=  8I'2 406°v 02'0 .08z W UT 0000 4087 goryp LU 0070 0b"y gt g9z an
133 39W005 ohvs W3d 430Ny 13 0TV) IVBOIS Dmig J40NOY 13903 Imveols  T93g JONY S TvoLov ﬂmmww HINOH
€ 107d 15a1 2 107d 1531 T 107d 1531 NOTLVI1d12344
JINVIVS YILYM ATHINGH 03Lndwo)
NV HOLLYI00¥3d *JI0NNY 'NOTLVLId1)3uq AMHINOH 03080y
(361 LSRNV HINOUHL 9961 HIBWILATS

€407 39% » | 379vL




e

*aunyje} ?

.mmmm Jaqo3d) ub paliduod 3q 03 6861 «Bny-gg6T *I00 potsad so) eep obrJ03}s adnisiow 10§ ==
ebujed 33}S Jo spoisad 40) eyRQ UOHIRIS ¥YOH umojuewiag Buisn pajusubne paodal FIS-UQ  xa
MO JJ2A0 NuR} o SpotJad JajR| Jdoj pue 9861 iy2-p dog pojsad Joy pajelilisy
*sayou} Ul passaddxe ‘ejep oJd uOIININ Wodj IUATUOS aunisiow up sbueyy = IOVHOLS
uojjedjdsuesiodery pareinale) « 13 JVI
s30(d 1591 SLLIH ©Bawp 32 93iS-ug pasnsesy (2)
*pojdad PJoOd3L 0261561

3y} U0 paseq UOEIRIS WWON PLIL} LLIFWIIN FIYNBN[JH T PIpJodaY [RULON Uld) Duol {1) :ejeq uopIedtdidddd

sy3dap J2JEM SO SIYIUL JO UORSUILD UL SIHUR LLY 15930H

10761 1= 95y (80 Sl E£6°EZ  06°E° 61"1 ¥e'1 11°% {6°c-  81°0 S¢'1 {422 ¥6°0t TVIOL
¥9°1 92°0 12°0 2000 2070 €L . gET0 00°0 01’0 s8°1 {2'0 10°0  £0°0 x91°2  60°€ OO
1401 65°0~ 10°0 €070 0°¢ T16°1 €L°0~ 00°0 £0°0 25'1 8€°0- 00°0  L0'0 ws12°1 $5°¢ 00
042 6g*1- 070 90°0  20°0 8E°E 1572~ 2070 070 856'2 9% 10°0 G0°0  xxl6'0 S'€ Hae
0r°1 26°1-  §£0 210 200 S0°¢ ¢8" 1~ ¢1°0 . £0°0 6°1 5°1 0’0 <00 {£'0 9'2 AWH
£5°¢ 6'0~ S¢'t 810 B81°0 82% 9y°0- ¢5°0 0z°0 't £r 0~ £0°0 2570 asbS'E  LETE UV
610 690 12°0 500  $0'0 €570 9z°0 90°0 £1'0 8.0 2’0 £0°0 0070  «80°1 85°C UV
£270- £1°0  6b°0 100 ¥0°0 8270 10°0  50°0 S0°0 §2°0 00°0 S0°0 €10 waEPTO EET 834
o1°1 £€°0 820 5000 9L°0 9ETH 99°¢ £0°0 %0 69'1 6¢°0 20'0 280 wxc§°Z P9°1 WYe
¥9°e £1'0- 1470 210 f2'0 e 00°0 £2°0 $1°0 9/'t {2'0- 10°0 11°0 *19°€ €0’ 30
16°0 92'1 2¢°0 1000 00'0  ¥UT1 [ARE SR AV 0070 92°1 80°% 00°0 §1°0 6’2 8671 AON
68°1 26°0- £0°0 80'0 €070 02°¢ gz° 1~ 2070 v170 81 9’0~  00'0 Q070 11 gz'z 110
£9'2 €1°0  9r'0 ¥I°0 200 872 92’0 60°0 81°0 12°¢ 0c 0 20°0 5070 g2't 882 d3s

13 07v0 39vE01S  OK¥S  Jd3d  H0Hmd 13 9WWD 39V50LS J¥3d  JJ0NRY 13 9TWD IWOLS 2934 JIONNY  ZIVNLIY muﬂw# HLNGH

£ 101d 1S34 v ¢ 107d 1531 1 1074 1531 NO11¥E1d123Ud

JOHYIVE HILYH ATHINOW G3LMdHOD
ONY ROILVI0OH3d '440NNY 'MOTLVAIII3Ud ATHLROW 0304023y
8961 LSNONY HONOYRL {861 ¥3BHILAAS

£ 40 2 39%d ~ [ 37avs




.QMmW 4aqo3o0 uj paldwod aq 03 6867 'Ony-8861 *390 vo*Lunuomo«uwmmaLo«mup:«mmoe_mom
*34n| 12 abebujed 2315 Jo Spojdad Joj viRQ UCLIRIS YYON UMOJuRLLIDY Bujsn pajusubne paodad a3|s-ud
MO A0 AURY Jo SpojJad Jajei Joj pue 986( ‘p2-y 095 polLad Joj pajeullsl
*sayau} Up passaudxa ‘eiep 2qodd UOLINGH UOLS JUIILOD adngspow vl abueyy «  IOWHOLS
uopjud pdsuedjoded paieindle) = 13 W)

$30|4 3S2) S|LiH ebaw) 3o 9315-UQ paJnsesy (2)
*poided pacdad Sa.wmz
3y} UO paseq U0IIRIS YYOH PLILS {[3YO31H SIYNVALLH I® pap4oda3y |RuJOR wdal buo (1) reieq uojie3jdinadd

*y3dap JBIEM JO SIYDUY JO UOESUWLD UF SPIUR L1y s

*¥

3308

- - 12°8 0971 03'2 6°ve  G8°t SE'¢C 96'1 29°5¢ 9g'2  61°¢ 89°1 0F*2¢  ¢6°0t V0L
= - W0 k20 80°0 9F¥ 6e't 210 02°0 8e°g 6¥'0 0% E2'C  #xl1°9 60  9IAV
- - ST°0 22’0 90°0 EI'S £E'0- 80°0 02°0 10°§ £2'0- 80°0  92°0  «80°S vs'e e
= - 0g'0 €270 L0°D  SU'E 6570~ 1870 BI%0 vite §0°0~  ET1°0 E2°0  »s50°E 65°¢ Hae
== - 260 200 80°0 €8°C  "99°0- 01'¢ - ¥(°0 e {2°0- L0°0 Y10 e 992  AwH
- == are o 10°0 28"l 65°0- 60°0 L0%0 (198! 8€°0- S0°0  80°C 68°0  LE'E  Hd¥
- - 06'¢c 01'0 €0*¢ 2170 1 Sl R £ 040 £L°0 00 681G 5270 21 g5°z  UwMW
i - G2'0  £0°0 100 80°0~ £ET°0 s2°0 000 §1°0 1o bot0 0070 ge'e EETI EE
- - 25’0 800 60'0  v2°0 00 920 00°0 LAY S0°0  80°0 0070 5790 ¥9'1 Hve
= - 040 v170 90°0 S0 02'c 20 €00 870 1m0 $1°0 AN 2’1 gere
- - 960 €£2°0  00°0 15°1 61°2 65°0 §1°0 0t*d 0’0 0§°0  8T°0 0L"g 86°1 AOH
£rte £5°0- 10°0  $0'0  00°0 £2'C £E'0- 2000 £0°0 6072 220~ £0°0 §0°0 86°1 TAFAN 1]
£e'T 90L8 L0 80°0 11°0 8¢ v2'e 200 920 51 ¥s'e 6470 £1'0  ««18'¢t 88°C  d3S
13 27V 39W¥0LS  QNYS  JY¥3d  J30RNY 13 01W) 39V¥0LS Q¥3d  A4OHAY 13 WY 39YY0LS J43d HI0NNE ZvNLAY —umw# RiKOR
£ 1014 1831 Z 107d 1531 [ 1074 1831 KOILVLIdIJ3dd

IIUYIVE YILYM ATHLHOH Q310dHOD
QRY HOILV107¥3d 'J30HMY 'KROILVEIdIJ3dd ATHLNOW 0308003y
5861 LSNONV HINOUHL 8861 YIAWILLIS

€40 € 39%d - 1 378¥L




e

3115 107d 1531 511K VO3IWO LV 93 11VLSNI SNDIS3a BIA0D EEHDIE

JUR N @

QRS Wl muu |
N2 W2 nmu FURR N AHV AWD LB Auu
F10S40L W9 nmu . AFOmmo» w81 m”v 110SdOL &9 muu

® ~—h
—

¢ (43407 03ACUAAY ALN3HUNI)

et ————— ————— e

£ 10id 1881 Z 10id 1891 1 10id 18901

i




50

—
SURFACE RUNOFF
201 / . ISOLATION BARRIER
] )
o — i - 1~ LINITS OF
_ 7| PERCOLATION
l o Il COLLECTION LYSIMETER
: . II {(BELOW COVER)
!I 4 !
H— NS TRUMENTATT ON
[ Il cABLING .
| | |,
C S
~ - . " ; VEGETATION
' . ' ASSESSMENT
v I‘ i | AREA
, ; D)
: LT ! '
| ] ! |
| ( als
5 [ 72 ]
[ I - |
I [ ] - I T
I . I e
<=+l
— COLLECTION PIPE FOR PERCOLATION
COLLECTION LYSIMETER (BELOW
COVER)

~H———— RUNOFF COLLECTION
TARKS

o
- | eceno

|
; 1 ®  NEUTRON PROBE ACCESS TUBE
\ I 2: TRAKSDUCER-€EQUIPPED TENS [QHETER

TAAK LEYEL TRANSQUCER

PERCOLATION
COLLECTION TANK

FIGURE 2: PLAN VIEW OF TYPICAL TEST PLOT
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parsons 1s an environmental engineer in Warzyn's Milwaukee,
Wisconsin office. They have both been involved with the test
piot project since its beginning.
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