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November 30, 1989

Mr. Daniel J. Cozza
Remedial Project Manager
CERCLA Enforcement Section (5HS-11)
U.S. EPA Region V
230 S. Dearborn St.
Chicago, Illinois 60604

Re: Janesville Disposal Facilities (JDF)
Job No. 13091

Dear Mr. Cozza:

This letter discusses several issues raised during the November 9, 1989
meeting between the U.S. EPA, WDNR, Respondents and Warzyn. These issues are:

• Cap enhancement and leachate collection at the "1985" site;
• Leachate levels at the "1978" site; and
• Groundwater quality in the vicinity of well W27.

CAP ENHANCEMENT AND LEACHATE COLLECTION AT THE "1985" SITE

The objective of cap enhancement and leachate collection at the "1985" site is
to minimize the potential for release of contaminants from the site to
groundwater. In order to accomplish this, the existing leachate heads within
the landfill will be reduced by upgrading the leachate collection system. In
addition, an enhanced cap, meeting the requirements of Wisconsin
Administrative Code Chapter NR 504, will be constructed to limit infiltration
of liquids into the site and prevent future leachate head buildup.

The proposed landfill gas (LFG) recovery system will be modified to facilitate
leachate extraction. LFG recovery wells will be extended to near the landfill
base and w i l l be equipped with submersible pumps to withdraw leachate. A test
recovery well and additional leachate monitoring wells will be constructed and
a pump test performed to assess performance of the system. Based on the
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results of the pump test, a final system design will be established and
performance standards developed. It is expected that the system will have a
substantial effect on leachate head levels. However, realistic performance
standards can not be established until results of the field testing are
completed.

A Chapter NR 504 cap will be constructed to minimize vertical percolation into
the underlying refuse. The cap will be constructed as 4 layers and will
consist of the following from top to bottom:

• 6 inches of topsoil, selected to provide support to cap vegetation;

• 24 inches of common earth material, selected to have a broad range of
particle gradation;

• a 12 in. thick clean sand lateral drainage layer; and

• a 24 in. compacted clay barrier soil layer.

Actual soil specifications for cap soils will be established at the design
stage based on an evaluation of necessary soil characteristics and available
materials. This evaluation will include assessing slope stability of the cap
materials.

The hydrologic/hydraulic performance of the proposed NR 504 cap has been
evaluated using the U.S. Environmental Protection Agency's (U.S. EPA)
Hydrologic Evaluation of Landfill Performance (HELP) Model, Version 2
(Schroeder, Gibson and Smolen, 1984, 1988). The results of the HELP Model
evaluation are contained in Appendix A.

The HELP Model evaluation of the proposed NR 504 cap for the "1985" site has
estimated percolation rates in the range of 2 in. to 3 in. per year. The
results of the HELP model evaluation presented in Appendix A suggest
percolation through the cap will be 1.6 in. Based on the standard deviation
associated with this value (0.3 in.), and to be somewhat conservative, we have
assumed a percolation rate of 2 to 3 in. can be achieved. These HELP model
results compare favorably with field percolation data reported in The Omega
Hills Final Cover Test Plot Study; Three Year Data Summary (Montgomery and
Parsons, 1989).This paper is included in Appendix B.

Test Plot 3 of the Omega Hills study is similar in design to the proposed NR
504 cap for the "1985" site. However, instead of common earth material clay
was used for the layer above the sand drainage layer in the Omega Hills study.
The study suggests that development and propagation of cracks (related to
freeze/thaw and desiccation) in the cover soils dominates the factors
controlling percolation performance. The apparent impact of desiccation
cracks in the cover soils indicates that drought conditions may be more
damaging to cover performance than a continuous supply of moisture. A
proposed cover design should therefore minimize the effect of both freeze/thaw
cracking and desiccation cracking.
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The observed hydrologic response of Test Plot 3 indicates the sand lateral
drainage layer provides an effective barrier to upward migration of moisture
from the clay barrier layer during drying periods, thereby minimizing
desiccation cracking. Soil moisture measurements obtained at the test plots
demonstrated that the moisture content of the lower clay barrier remained very
stable (desiccation was not occurring).

Cracking of the upper clay layer of Test Plot 3 apparently allows percolation
of moisture to the sand drainage layer. However, observed percolation
through the lower clay barrier has remained low (1.6 in. during the period
September 1988 through August 1989), indicating the maintenance of original
low permeability porous media flow conditions in the lower clay barrier.

The HELP Model evaluation and results of the Omega Hills study suggest the
proposed cap for the "1985" site will effectively address concerns about non-
porous media liquid migration through cracks in the cap. Due to the presence
of the clean sand of of drainage layer, liquid migration should be controlled
by porous flow conditions in the clay barrier resulting in low percolation
rates (2 to 3 in./yr). Furthermore, selection of the 6 in. of topsoil and 24
in. common earth layer will include criteria for a broad range of grain sizes,
from sand through clay. This broad range of sizes will produce relatively low
permeability and also may limit susceptibility to desiccation cracking which
occurred in the upper clay layer at Omega Hills Test Plot 3. Finally, the
depth of burial of the lower clay barrier (42 to 66 in.) should also limit
freeze thaw action on the barrier (see cap temperature data described in the
paper in Appendix B).

Warzyn believes the upgraded leachate collection system in combination with
the NR 504 cap will substantially reduce the potential for release of
contaminants from the "1985" site to groundwater. Once existing leachate
heads are reduced, the leachate collection system (extraction wells and
existing leachate conveyance lines) will remove the liquids infiltrating
through the NR 504 cap and leachate buildup on the landfill liner should be
within acceptable limits.

LEACHATE LEVELS AT THE "1978" SITE

Leachate levels and leachate well depths were measured at the "1978" site on
November 13, 1989. Results are summarized on Table 1. Based on these
measurements it appears that minimal liquid is present (one foot or less) at
the base of the "1978" site. Leachate well LH7 is obstructed at 31.2 ft below
the top of casing and does not provide reliable leachate level measurements.

GROUNDHATER QUALITY IN THE VICINITY OF WELL W27

Concerns regarding vinyl chloride detected at well W27 were raised by the WDNR
during the November 9, 1989 meeting. Well W27 has been sampled on three
occasions, twice during the RI and once during the Parker Pen Company
investigation. 1,1-dichloroethane was detected (4 ug/L) during Rounds 2 and 3
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of the RI and during the Parker Pen investigation (3.1 ug/L). Vinyl chloride
was detected (8 ug/L) during Round 3 only of the RI, but not during Round 2
nor during the Parker Pen investigation. Acetone was detected (15 ug/L)
during Round 3 of the RI.

Vinyl chloride was detected only once during the three sampling rounds. Other
VOCs detected did not exceed Wis. Admin. Code Chapter NR 140 standards.
Pumping and treating groundwater at well W27 does not appear appropriate,
based on the one-time NR 140 exceedance for vinyl chloride.

GROUNDWATER EXTRACTION AND TREATMENT

The need for a groundwater extraction and treatment system should be evaluated
based on the results of systems implemented at other Superfund and RCRA sites.
A recent memorandum issued by the U.S. EPA Office of Solid Waste and Emergency
Response (Cannon, 1989) describes the results of a study of nineteen
groundwater extraction systems. The memorandum concludes that the Record of
Decision (ROD) should provide flexibility to modify the system and system
goals based on actual system performance.

The memorandum states that while the concentrations of contaminants in
groundwater have decreased as a result of the groundwater extraction and
treatment systems, contaminant concentrations have generally leveled off at
concentrations above numerical clean up goals. In fact, in some cases clean
up goals may not be met. The memorandum also suggests groundwater remediation
systems should be implemented in stages. Clean up of highly contaminated
areas should proceed first. The system could be evaluated during this stage
and decisions made regarding the feasibility of meeting clean up goals at the
entire site.

At the JDF, groundwater remediation of the main contaminant plume, located on
the Parker Pen Company property, should proceed first. The ROD should be
flexible regarding clean up goals. Establishing numerical clean up goals,
such as Wisconsin Administrative Code Chapter NR 140 groundwater quality
standards, in the ROD would be counterproductive because of the uncertainty
associated with actually meeting those goals. Rather, information gained
during implementation of the remedy should be used to establish these goals.

The effectiveness of a groundwater extraction and treatment system at the JDF
could be limited by such factors as sorption of contaminants to the soil, the
presence of lower permeability layers near the Rock River, contaminants slowly
leaching from the "1978" and "1963" sites and JAB (although this possibility
is substantially reduced by the enhanced capping at the "1978" site and cap
repair at the JAB) and groundwater extraction system design parameters. As a
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results, contaminant concentrations will decline initially, but will likely
level off, potentially at a level above clean-up standards, if these clean up
levels are established prior to implementation of the remedy.

If you have any questions about these issues please call.

Sincerely,

WARZYN ENGINEERING INC.

Bruce Iverson
Environmental Engineer

Alan J. 5chmidt, CPG
Project Manager

AJS/skb/RJM
[skb-111-68]
13091.92

Enclosures: Table 1 - Leachate Levels
Appendix A - HELP Model Results
Appendix B - Omega Hills Study

cc: Mr. Robert Dean Smith, U.S. EPA
Ms. Celia Vanderloop, WDNR
Mr. Mark Tusler, WDNR
JDF Steering Committee
Mr. Dave Tripp
Mr. Larry Buetzer
Mr. Bruce McCraig
Mr. Ed Peterson
Mr. Mark Thimke
Mr. John Houseman
Mr. Bob Collins
Mr. Mike Merrick
Mr. Bill Mulligan
Mr. Mark Hester
Mr. Jim Nachtman
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Table 1

Leachate Levels on November 13, 1989
•1978' Site

Janesvllle Disposal Facilities

Liquid
Leachate Well Well Depth (ft)* Depth (ft) Liquid (ft) Present (ft)

Original Total
Well Deoth (ft)*

47.1
62.9
55.0
79.3

Measured
Total Well
Depth (ft)

47.8
63.0
31.2
79.5

Depth to
Liquid (ft)

47.0
~62**
28.17
~78.5

LH5 47.1 47.8 47.0 .8
LH6 62.9 63.0 ~62** "1
LH7 55.0 31.2 28.17 3.0***
LH8

* Original total well depth from top of casing reported on well construction details

** Depth to liquid 1s approximate. Exact sounding was difficult because liquid level
was 1n screen.

*** Leachate well 1s obstructed at 31.2 ft. Liquid appears to be rainwater based on
field observation. The well was uncapped.
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APPENDIX A

HELP MODEL DESCRIPTION AND RESULTS

The HELP model 1s a two dimensional, deterministic model that performs a dally
water balance by estimating dally runoff, Infiltration, evapotransplration and
lateral drainage, for an existing or proposed layered system. The model
requires two types of Input data: soil matrix characteristic Inputs and
cl1matolog1c data Inputs.

Soil matrix characteristic for each layer 1n the model are described by the
porosity, field capacity, wilting point and hydraulic conductivity. Data may
be entered manually, 1f site specific soil characteristics are available, or
default soil characteristics, contained within the program, may be used.
Analysis of the proposed NR 504 cap utilized the default soil characteristics
contained within the program.

Cllmatologlc Information consists of dally precipitation values, temperature,
solar radiation and leaf area Indices. Data may also be entered manually, 1f
site specific Information 1s available, or the user may use one of the default
cUmatologlc data sets stored within the program. In addition to these two
methods of entering cUmatologlc data, HELP Version 2 offers a synthetic
method of generating data, known.as the WGEN Model, developed by the
Agricultural Research Service. WGEN 1s a stochastic weather generation model
which produces a dally record of precipitation, temperature, solar radiation,
etc., for Incorporation Into the HELP Model. Through the use of the WGEN
Model a synthetic 20 yr record of precipitation was developed using parameters
for Madison, Wisconsin. This record was augmented by Including normal monthly
precipitation and temperature values for Janesvllle, Wisconsin.



JANESVILLE RI-FS
NR 504 FINAL COVER EVALUATION
ANALYSIS BY SCOTT M. TENNEY
WARZYN ENGINEERING INC.
NOVEMBER 6, 1989

FAIR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER

(HELP MODEL DEFAULT SOIL TYPE [9]: SILT LOAM. UNCOMPACTED)

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.5010 VOL/VOL
0.2837 VOL/VOL
0.1353 VOL/VOL
0.2418 VOL/VOL
0.0005700000329 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER

(HELP MODEL DEFAULT SOIL TYPE [12]: SILTY SANDY CLAY: UNCOMPACTED)

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

24.00 INCHES
0.3980 VOL/VOL
0.2443 VOL/VOL
0.1361 VOL/VOL
0.2674 VOL/VOL
0.0001199999970 CM/SEC
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LAYER 3

LATERAL DRAINAGE LAYER

(HELP MODEL DEFAULT SOIL TYPE [5]: FINE TO MEDIUM SAND: COMPACTED)

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.4570 VOL/VOL
0.1309 VOL/VOL
0.0580 VOL/VOL
0.1634 VOL/VOL
0.0010000000475 CM/SEC
5.00 PERCENT

500.0 FEET

LAYER 4

BARRIER SOIL LINER

(HELP MODEL DEFAULT SOIL TYPE [16]: LEAN CLAY: COMPACTED)

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.0000001000000 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE

90.00
43560. SQ FT

20.00 INCHES
8.5780 INCHES
5.1230 INCHES

SOIL WATER CONTENT INITIALIZED BY PROGRAM.
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CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR MADISON WISCONSIN

MAXIMUM LEAF AREA INDEX =2.00
START OF GROWING SEASON (JULIAN DATE) = 135
END OF GROWING SEASON (JULIAN DATE) = 273

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

18.90 23.90 34.30 48.70 60.30 69.70
73.90 71.80 63.90 52.80 38.20 25.40

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

0.96
3.51

0.41
1.87

0.002
0.293

0.004
0.387

1.00
3.95

0.51
1.88

0.005
0.338

0.016
0.292

2.25
3.55

1.10
2.14

0.074
0.350

0.103
0.469

3.47
2.47

1.48
1.32

0.225
0.194

0.294
0.322

2.62
2.12

0.97
1.24

0.074
0.119

0.096
0.238

4.31
1.00

1.85
0.47

0.195
0.002

0.223
0.005
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EVAPOTRANSPIRATION

TOTALS 0.570
3.667

1.007
3.356

STD. DEVIATIONS 0.128
1.233

0.273
1.451

2.015
2.442

0.611
0.826

2.
1.
831
783

2,
1.
889
092

0.776
0.811

0.804
0.335

4.350
0.592

1.109
0.136

LATERAL DRAINAGE FROM LAYER 3

TOTALS 0.0761
0.0831

STD. DEVIATIONS 0.0292
0.0290

PERCOLATION FROM LAYER 4

TOTALS 0.1363
0.1384

STD. DEVIATIONS 0.0206
0.0350

0.0729
0.0812

0.0257
0.0299

0.1250
0.1355

0.0183
0.0339

0.0835 0.0840 0.0855 0.0822
0.0760 0.0767 0.0739 0.0771

0.0269 0.0274 0.0287 0.0278
0.0301 0.0330 0.0340 0.0340

0.1382 0.1380 0.1448 0.1362
0.1279 0.1317 0.1279 0.1360

0.0184 0.0222 0.0262 0.0308
0.0314 0.0329 0.0335 0.0279

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

CHANGE IN WATER STORAGE

(INCHES)

31.22 ( 4.180)

1.871 ( 0.894)

26.595 ( 3.228)

0.9523 ( 0.3308)

1.6158 ( 0.3015)

0.181 ( 1.771)

(CU. FT.)

113310.

6793.

96539.

3457.

5865.

656.

PERCENT

100.00

5.99

85.20

3.05

5.18

0.58
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

(INCHES)

3.51

1.590

0.0037

0.0065

21.8

1.15

0.3366

0.1354

(CU. FT.)

12741.3

5771.3

13.5

23.5

4157.1

FINAL WATER STORAGE AT END OF YEAR 20

LAYER (INCHES) (VOL/VOL)

1 1.59 0.2643

2 6.70 0.2794

3 5.48 0.4570

4 10.32 0.4300

SNOW WATER 0.00
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THE OMEGA HILLS FINAL COVER TEST PLOT STUDY:
THREE-YEAR DATA SUMMARY

by

ROBERT J. MONTGOMERY and LAURIE 0. PARSONS

ABSTRACT

Instrumented test plots have been Installed at the Omega Hills
Landfill, located near Milwaukee, Wisconsin, to collect data on
the hydrologlc performance of three final cover designs. Each of
the test plot designs employs natural soils installed on 3H:1V
landfill sldeslopes. Two designs Incorporate different
thicknesses of local sllty loam topsolls over thick sections of
compacted clay soils. The third design is 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
topsoll above. In addition, two cover vegetation species mixes
are being evaluated 1n separate test areas. Data collection
began in August of 1986, and Included a significant period of
drought 1n 1988, as well as periods of heavy 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 Intermediate 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 Initially showed very
little percolation. However, percolation has increased
substantially through time, again apparently related to the
development and propagation of cracks through the clay soils. A
summary of the collected data 1s 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 approximately 14 million cu 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 evaluate the performance of
several final cover designs as part of development of a new
leachate control program for the site. The objective of the
study 1s to evaluate the hydrologlc performance of alternative
cover designs, especially with respect to the percolation of
precipitation moisture Into the landfill.

Three cover designs and two vegetation species mixes are
arranged 1n three Instrumented test plots and 1n two vegetation
assessment areas, located on the western outboard slope of the
Omega Hills Landfill. Three main concepts are being evaluated 1n
the test plot study, 1n 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 evapotransplration;
2) the use of a multi-layered find/coarse/fine soil arrangement
to limit the percolation out of the upper fine-grained soil via
the so-called "wick effect"; and 3) the use of a more vigorous
and multl-speded cover vegetation to fully exploit the available
root zone to enhance evapotransplration. A detailed description
of the design and construction of the test plots was provided by
Montgomery, et. al.1 The test plot designs are as follows (see
also Figure 1):

Test Plot 1:
(Existing Cover Design)

6 1n. topsoil, primary seed mix
48 in. compacted clay

Test Plot 2: 18 1n. topsoil, primary seed mix
(Thicker Topsoil Design) 48 1n. compacted clay

Test Plot 3:
(Wick Effect Design)

Vegetation Assessment
Area 1

Vegetation Assessment
Area 2

6 1n. topsoil, primary seed mix
24 1n. compacted clay
12 1n. Intermediate sand layer
24 1n. compacted clay

6 1n. topsoil, alternative seed mix
48 1n. compacted clay

18 1n. topsoil, alternative seed mix
48 1n. 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" lifts using conventional earth moving
equipment to 1n-place densities corresponding to lab
permeabilities of less than 1 x 10"' cm/sec. The topsoil was an
uncompacted clay loam to sllty 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 (Lollurn
Multl-florum), perennial ryegrass (Lollurn perenne), and Kentucky
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bluegrass (Poa pratense). The alternate seed mix contains smooth
bromegrass (Bromus 1nerm1s), blrdsfoot trefoil (Lotus corn-
Iculatus), tall fescue (Lestuca arundlnacea), creeping red fescue
(Festuca rubra) and perennial ryegrass (Lollurn perenne).

Test Plots 1, 2 and 3 are Instrumented for collection of
hydrologlc data, and are also monitored for vegetation growth
parameters. Figure 21s a schematic layout of one of the test
plots, and Indicates the location of the Instrumentation. Figure
3 1s a schematic section through one of the test plots, showing
the runoff and percolation monitoring system, as well as the soil
moisture 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 1n September
through November of 1985. Topsoll placement and Instrumentation
of the test plots was completed by July of 1986, and data
collection began 1n August.

DATA COLLECTION

Precipitation, runoff, percolation, air and soil temperature, and
soil moisture tensiometer data 1s collected using a data logging
system, which allowed remote access to data via telephone modem.
Precipitation data 1s collected using a heated tipping bucket
rain gage. Runoff and percolation data 1s collected for each
test plot using pressure transducers Installed 1n 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
layer, as well as for percolation and surface runoff (See
Figure 4). A1r temperature and relative humidity data 1s
collected using sensors monitored by the data logger. Cover soil
temperature 1s also monitored using the data logger, with sensors
buried at depths of 1, 3 and 5 ft below the surface of the 3H:1V
sldeslopes of the landfill. Two nests of soil moisture
tenslometers are Installed 1n each instrumented test plot, with
from 5 to 7 tenslometers (with tips at different levels) in each
nest. Each of the tenslometers was equipped with a pressure
transducer wired to a multiplex input to the data logger. Data
logger collection frequency was hourly from August, 1986 through
September 1989, when 1t 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
plot, and the probe was field-calibrated using laboratory 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 problems have
been encountered 1n the data collection program, summarized
below:

• The heated tipping bucket rain gage occasionally
malfunctioned, requiring the use of dally precipitation
data form the NOAA observation station at Germantown,
Wisconsin (3.2 ml NW of the landfill) to fill 1n the gaps.

• The tenslometer 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 1n Table I.

CLIMATE DURING DATA COLLECTION PERIOD

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

The 12 month period September 1986 through August 1987 was "near-
normal", except for a period of extraordinarily high rainfall in
September 1986. This rainfall occurred with the cover vegetation
1n its initial 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 moisture
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.
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The last year of data collection, September 1988 through August
1989 saw a return to moist conditions. Substantial rainfall 1n
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 1n the
preceding dry conditions. After a relatively mild winter, a
generally wetter-than-average growing season produced lush
vegetation growth 1n the summer of 1989.

TEST PIT EXCAVATIONS

The hydrologlc response of the test plots observed through the
summer of 1988 Indicated that moisture flow 1n 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 1n 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 Into the cover sections In September
1988.

Five test pits were excavated 1n the buffer strip adjacent to
each test plot and In the vegetation assessment areas. The soil
profile 1n this buffer strip 1s representative of each adjacent
test plot. The purpose of the test pit excavations was to
characterize the final cover soil profiles and to aid 1n the
interpretation of the hydrologlc 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 soil
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 1n 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 Inches Into the clay, beyond the topsoll/clay
interface, 1n Test Plots 1 and 2 and through the entire
upper clay in Test Plot 3. A noticeable curvature of
cracks downslope was observed, particularly 1n 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.
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• The clay texture at the base of each test plot exhibited
higher moisture contents and no evidence of cracking.

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

• Shrinkage limits ranged from 10 to 12% moisture content on
a dry weight basis (approximately 20 to 24X on a volume
basis). The shrinkage limit 1s 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 1n June-July 1988 Indicated levels close to
the shrinkage limit 1n the upper clay of all three test
plots suggesting that more substantial cracking than
observed (due to desslcatlon and shrinkage) would be
unlikely.

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

SUMMARY OF COLLECTED DATA

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 1n
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 1n 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 1n 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 percolation from Test Plots 1 and 2 during 1987 was
only slightly related to the timing of precipitation events,
suggesting that moisture transmission was via porous media flow
1n 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 low. Test Plot 2 percolation timing has behaved
similarly.
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Test Plot 3, containing the Intermediate sand drain layer, has
performed much differently regarding percolation rates than was
anticipated 1n the conceptual design. The upper clay/topsoll
unit has allowed substantial percolation of moisture Into the
Intermediate sand layer, from the very beginning of data
collection (see Table I). Discharge from the Intermediate sand
layer occurs within hours of the start of precipitation events
suggesting rapid transmission of water 1n the upper clay due to
flow through cracks. Percolation from the base of Test Plot 3
has been much more constant than for Test Plots 1 and 2, and
Indicates conditions more likely to be homogeneous, as confirmed
1n 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 1n. 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 Immature growth of the cover vegetation. It
1s Interesting to note that runoff from Test Plot 3 was even
higher than that for Test Plot 1, If the moisture flow from the
Intermediate sand layer 1s Included.

Runoff production declines substantially 1n the second and third
years of data collection. The obvious reason for low runoff 1n
1987-1988 1s the drought. However, the Intermediate sand layer
continued to produce moisture 1n response to the small rainfall
events which occurred 1n the summer of 1988, Indicating 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 topsoll thickness (and hence
possibly larger rapid Infiltration 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 94%
in the thicker topsoll, 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 in 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
influence of the record rainfall rates occurring 1n September
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1986. Thus, the 18 Inch topsoll 1s apparently providing some
Increase In evapotransplration, but the anticipated Increase 1n
ET moisture retention capacity (and hence ET) of the upper clay
1n 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 Content Variations

Monthly soil moisture storage changes were Interpreted from CRN
neutron probe data collected at 6 Inch to 12 Inch Intervals at
seven locations 1n each test plot. Little horizontal variation
of soil moisture content within each test plot was noted.
However significant variations 1n 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
layer, correlated with moisture content data 1n that lower clay
moisture contents have remained very stable. This suggests that
the Intermediate sand layer 1s providing an effective barrier to
upward migration of moisture 1n drying periods.

In general, the tensiometer data correlated with the neutron
probe data regarding long-term moisture content fluctuations.
The value of the tensiometers 1n monitoring short-term
Infiltration response was limited, due to the substantial failure
rate. The limited data suggest that soil moisture contents below
several feet in depth did not show rapid response to rainfall.
The tensiometers did however Indicate a deep and long lasting
drying during the drought of 1988.

The maximum depth of soil moisture which could be absorbed by the
cover sections is in the range of 18 to 24 Inches. Even
considering the fact that more than half of this amount will be
very tightly held by the clay-rich soils, soil moisture storage
represents a relatively large reservoir through which the much
smaller monthly and yearly percolation depths pass. Therefore,
1t is Important to review the soil moisture storage changes
(Table I) when Interpreting the water balance results, especially
with respect to calculated evapotransplration.

E. Soil 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 5 feet
below the cover surface, soil temperatures ranged from
approximately 80°F during the high temperatures experienced in
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, In early 1989. However, the
soil at 3 feet 1n depth was well above freezing during this
period. Apparently, heat being generated within the landfill 1s
keeping the cover soils substantially warmer 1n the winter months
than would be expected 1n Wisconsin, and therefore probably
limiting the effects of freeze-thaw action on the cover soils.

F. Vegetation Growth Summary

Cover vegetation growth characteristics were assessed annually 1n
1986 and 1987, twice 1n 1988 and once 1n 1989, by evaluating
percent cover, above ground blomass productivity (except 1989)
and root growth development on each test plot and in the
vegetation assessment areas. In general, vegetation suffered
during the drought in 1988, with productivities lower than
observed in the first year of growth. Vegetation growth 1n 1989
was much more vigorous than preceding years.

Percent cover analyses typically Indicated slightly better growth
on the vegetation assessment areas (alternative mix) than in the
test plot area (primary mix). Blomass 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. Blomass 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 evapotransplration
rates for Test Plot 3. Root densities have been consistently
higher 1n the 18 inch topsoil (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 1s 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
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soils dominates the factors controlling percolation
performance. The apparent Impact of dessicatlon cracks
1n 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 result 1n lower
percolation rates due to retention of soil moisture 1n
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 1n Test Plot 2 has not
noticeably reduced cover percolation. The effects of
increased moisture retention 1n the thicker topsoil
during the dormant season may outweigh the possible
effect of Increased evapotransplration.

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 1s not possible.

The above conclusions are based on data drawn from a particular
set of soils, construction and climatic conditions, 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 1s continuing, and 1s 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 1n the future.
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v TABLE I - PAGE 1 OF 3 v

SEPTEMBER 1986 THROUGH AUGUST 1987
RECORDED MONTHLY PRECIPITATION. RUNOFF, PERCOLATION AND

COMPUTED MONTHLY WATER BALANCE

PRECIPITATION TEST PLOT 1 TEST PLOT 2 TEST PLOT 3

MONTH

SEP

OCT
NOV

DEC
JAN
FEB
MAR

APR
HAY
JUN
JUL
AUG

LONG,
TERM1

2.88
2.25
1.98
2.03
1.64

1.33
2.58

3.37
2.66
3.59
3.54
3.09

ACTUAL2

9.78
1.63
0.86
0.86
0.65
0.89
1.81

4.31
1.32
1.48
7.28
4.41**

RUNOFF

4.40*
0.40*
0.00
0.00
0.00
0.31
0.00
1.60
0.00
0.10
0.19
0.11

PERC

0.00
0.00

0.00
0.00
0.00
0.02
0.00

0.0
0.00
0.00
0.01
0.03

STORAGE

1.30
0.00
0.00
-0.59
0.16
0.27
-0.16

-0.70
-0.43

-1.51
0.70
0.97

CALC ET

4.08

1.23
0.86
1.45
0.49
0.29
1.97
3.37
1.75
2.89
6.38
3.30

RUNOFF

2.80*
0.18
0.00
0.00
0.00
0.08
0.00
0.82
0.00
0.10
0.20
0.13

PERC

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.06
0.05
0.03
0.05
0.08

STORAGE

1.72
0.13
0.00
-0.13
-0.20
0.20
0.00
-0.99
-0.59
-2.11

0.66
1.32

CALC ET

5.26
1.32

0.86
0.99
0.85
0.61
1.81
4.42

1.86
3.46
6.37
2.88

RUNOFF

2.80*
0.32

0.00
0.00
0.00
0.26
0.08
0.06
0.00
0.07
0.09
0.12

PERC

0.20
0.18
0.00
0.00
0.00
0.01
0.06
0.34

0.19
0.13
0.27
0.21

SAND

4.90*
0.80*
0.04*
0.40*
0.50*
0.04*
2.15*
1.39
0.53*
0.14
2.34
0.16

STORAGE

2.18
-0.07

-0.20
-0.53
0.53
0.26
-0.20

-1.12
-0.66
-1.45
0.92
0.99

CALC ET

-0.30
0.40
1.02
0.99
-0.38
0.32
-0.28
3.64
1.26
2.59
3.66
2.93

TOTAL 30.94 35.28 7.11 0.06 0.01 28.06 4.31 0.27 0.01 30.69 3.80 1.59 13.39 0.65 15.85

Notes: All units in dimension of inches of water depth.

Precipitation Data: (1) Long Terra Normal Recorded at Milwaukee Mitchell field NOAA Station based on the
1951-1980 record period.

(2) Measured On-Site at Omega Hills Test Plots
CALC ET • Calculated Evapotranspiration
STORAGE • Change in moisture content from Neutron Probe data, expressed in inches.

* Estimated for period Sep 4-24, 1986 and for later periods of tank overflow.
** On-site record augmented using Germantown NOAA Station Data for periods of site raingaqe failure.
— Soil moisture storage data for period Oct. 1988-Aug. 1989 to be compiled in October 1989.



TABLE I - PAGE 2 OF 3

SEPTEMBER 1987 THROUGH AUGUST 1988
RECORDED MONTHLY PRECIPITATION, RUNOFF, PERCOLATION AND

COMPUTED MONTHLY WATER BALANCE

PRECIPITATION TEST PLOT 1 TEST PLOT 2 TEST PLOT 3

MONTH

SEP

OCT

NOV

DEC

JAN

FEB

MAR

APR

HAY
Jim
JUL

AUG

LONG,
TERM1

2.88

2.25

1.98

2.03

1.64

1.33

2.58

3.37

2.6

3.5
3.54

3.09

ACTUAL2

3.28

1.11

2.49

3.61**

2.52**

0.43**

1.08**

3.54**

0.37

0.97**
1.21**

2.16**

RUNOFF

0.05

0.00

0.15

0.11

0.32

0.13

0.00

0.52

0.02

0.05

0.07

0.03

PERC

0.02

0.00

0.00

0.01
0.02

0.05

0.03

0.03

0.0

0.01

0.00

0.01

STORAGE

0.00

-0.76

1.08

-0.27

0.49

0.00

0.27

-0.43

-1.57

-1.67

-0.38

0.27

CALC ET

3.21

1.87

1.26

3.76

1.69

0.25

0.78

3.42

1.92

2.58

1.52

1.85

RUNOFF

0.18.

0.14

0.00

0.14

0.47

0.05

0.13

0.20

0.03

0.07

0.03

0.10

PERC

0.09

0.02

0.03

0.23

0.03

0.05

0.06

0.52

0.14

0.02

0.00

0.00

STORAGE

0.26

-1.25

1.32

0.00

0.66

0.07

0.26

-0.46

-1.85

-2.51

-0.73

0.33

CALC ET

2.75

2.20

1.14

3.24

1.36

0.26

0.63

3.28

2.05

3.38

1.91

1.73

RUNOFF

0.02

0.03

0.00

0.27

0.76
0.04

0.04

0.18

0.02

0.02

0.0

0.02

PERC

0.14

0.08

0.01

0.12

0.05

0.01

0.05

0.18

0.12

0.06

0.03

0.02

SAND

0.46

0.03

0.32

0.71

0.28
0.49

0.21

1.45

0.35

0.04

0.01

0.21

STORAGE

0.13

-0.92

1.25

-0.13

0.33

0.13

0.59

-0.79

-1.52

-1.85

-0.59

0.26

CALC ET

2.53

1.89

0.91

2.64

1.10

-0.23

0.19

2.53

1.40

2.70

1.71
1.64

TOTAL 30.94 22.77 1.45 0.18 -2.97 24.11 1.54 1.19 -3.90 23.93 1.45 0.87 4.56 -3.11 19.01

Notes: All units in dimension of Inches of water depth.

Precipitation Data: (1) Long Term Normal Recorded at Milwaukee Mitchell field NOAA Station based on the
1951-1980 record period.

(2) Measured On-Site at Omega Hills Test Plots
CALC ET - Calculated Evapotranspiration
STORAGE • Change in moisture content from Neutron Probe data, expressed in inches.

* Estimated for period Sep 4-24, 1986 and for later periods of tank overflow.
** On-site record augmented using Germantown NOAA Station Data for periods of site rainqage failure.
-- Soil moisture storage data for period Oct. 1988-Aug. 1989 to be compiled in October 1989.



TABLE I - PAGE 3 OF 3

SEPTEMBER 1988 THROUGH AUGUST 1989
RECORDED MONTHLY PRECIPITATION, RUNOFF, PERCOLATION AND

COMPUTED MONTHLY WATER BALANCE

PRECIPITATION TEST PLOT 1 TEST PLOT 2 TEST PLOT 3

MONTH

SEP

OCT

NOV

DEC

JAN
FEB

MAR

APR

HAY

JUH

JUL

AUG

LONG
TERM1

2.88

2.25

1.98

2.03

1.64

1.33

2.58

3.37

2.66

3.59

3.54

3.09

ACTUAL2

4.81**

1.95

3.70

1.22

0.57

0.30

1.22

0.89

3.41

3.05**

5.08**

6.17**

RUNOFF

0.13

0.05

0.18

0.13

0.00

0.00

0.25

0.08

0.14

0.23

0.26

0.23

PERC

0.79

0.03

0.50

0.16

0.08

0.04

0.19

0.05

0.07

0.13
0.08

0.07

STORAGE

2.54

-0.22

0.70

0.11

0.05

0.11

0.05

-0.38

-0.27

-0.05

-0.27

0.49

CALC ET

1.35

2.09

2.30

0.82

0.44

0.15

0.73

1.14

3.47

2.74

5.01

5.38

RUNOFF

0.26

0.03

0.15

0.03

0.00

0.00

0.70

0.07

0.14

0.18

0.20

0.20

PERC

0.02

0.02

0.59

0.24

0.26

0.25

0.27

0.09

0.10

0.31

0.08

0.12

STORAGE

2.24

-0.33

2.19

0.20

0.07.

0.13

0.13

-0.59

-0.66

-0.59

-0.33

1.39

CALC ET

2.28

2.23

1.51

0.75

0.24

-0.08

0.12

1.32

3.83

3.15

5.13

4.46

RUNOFF

0.11

0.00

0.00

0.06

0.09

0.01

2.03

0.01

0.08

0.07
0.06

0.08

PERC

0.06

0.04

0.23

0.14

0.08

0.03

0.10

0.11

0.12

0.23
0.22

0.24

SAND

0.71

0.01

0.96

0.70

0.52

0.25

0.90

0.17

0.32

0.30

0.15

0.22

STORAGE CALC ET

2.706 1.23

-0.53 2.43

--

—

—
—

—

—
—

—

—-_

TOTAL 30.94 32.40 1.68 2.19 2.86 25.62 1.96 2.35 3.85 24.94 2.60 1.60 5.21

Notes: All units in dimension of inches of water depth.

Precipitation Data: (1) Long Term Normal Recorded at Milwaukee Mitchell field NOAA Station based on the
1951-1980 record period.

(2) Measured On-Site at Omega Hills Test Plots
CALC ET • Calculated Evapotranspiration
STORAGE • Change in moisture content from Neutron Probe data, expressed in inches.

* Estimated for period Sep 4-24, 1986 and for later periods of tank overflow.
** On-site record augmented using Germantown NOAA Station Data for periods of site raingage failure.
-- Soil moisture storage data for period Oct. 1988-Aug. 1989 to be compiled in October 1989.
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FIGURE 1: COVER DESIGNS INSTALLED AT OMEGA HILLS TEST PLOT SITE



-501

S

L

SURFACE RUNOFF
ISOLATION BARRIER

-*- LIMITS OF
PERCOLATION
COLLECTION LYSIMETER
(BELOW COVER)

— INSTRUMENTATION
CABLING

LVEGETATION
ASSESSMENT

AREA

">

COLLECTION PIPE FOR PERCOLATION
COLLECTION LYSIMETER (BELOW
COVER)

i 1 1 in ii
H 1 II

j \ \
i •> ii
\ 1 1

\ "
\ »

LEGEND

•c

RUNOFF COLLECTION
TANKS

NEUTRON PROBE ACCESS TUBE

TRANSDUCER-EQUIPPED TENSIOMETER

TANK LEVEL TRANSDUCER

• PERCOLATION
COLLECTION TANK

FIGURE 2: PLAN VIEW OF TYPICAL TEST PLOT



RUNOFF ISOLATION
BARRIER

RUNOFF COLLECTION
PIPE AND TANK

SAND FILLED SUMP WITH
OUTLET PIPE TO PERCOLATION
COLLECTION TANK

'/-NEUTRON ACCESS
/ i

DRAINAGE GRID
HYPALON MEMBRANE-

EXISTING INTERMEDIATE
COVER

FILTER FABRIC

SAND BEDDING

FIGURE 3: SCHEMATIC SECTION OF TYPICAL TEST PLOT



INSTRUMENTATION
CABLING (TYP.)

RUNOFF COLLECTION
TANKS (TYP.)

PERCOLATION COLLECTION
TANK (TYP.)

Test Plot 1 Test Plot 2 Test Plot 3

N

inu

, r—
\

\

~L

SHED

ACCESS

AIR TEMPERATURE/
HUMIDITY GAGE

TIPPING BUCKET.
RAIN GAGE

SOIL TEMPERATURE
PROBES

SURFACE RUNOFF '
ISOLATION BARRIER
(TYP.) r- 1

\m-

VEGETATION
ASSESSMENT AREA —J

-1..J

ROAD

LIMITS OF FILL—'

FIGURE 4: SCHEMATIC SITE PLAN



f1

/

?

r
'-^


