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1.0 Introduction
This document presents site conditions, solid-waste guantitv
projections, and design information for development of Phase IX
of the Northern Solid Waste Facilitv-2 (NSWF-2) at Cherry Island
near Wilmington, Delaware. This landfill area represents the
second phase of a program that will eventually involve much of
the Cherry 1Island site. Sife suitability and hydrogeologic
studies were carried out by the Delaware Solid Waste Authority
(DSWA) in 1984. Engineering activities for Phase II, carried out
from July through November, 1986, included soil investigations,
topographic surveving, soil stability analvsis and consolidation
testing, and landfill design. This report is organized into
several sections:
2.0 Existing Conditions
Phase T landfilling practices, solid waste
projections, influence of the Energy Generating
Facility (EGF) on solid waste quantities.
3.0 Phase 1II Geotechnical Investigation
Description of site geology, description of
subsurface investigation, laboratory testing
fesults, description of soils.
4.0 Site Hydrogeology
Hydrogeologic setting and groundwater flow
patterns, groundwater quality and monitoring.
5.0 Phase II Landfill Design
Description of landfill design approach,

leachate management, landfill instrumentation.



Phase II Landfill Operation
Description of filling sequence, stormwater
management during and following filling,

landfill instrument monitoring.



2.0 Existing Conditions
2.1 Solid Waste Quantities
Landfilling operations at Phase T of the NSWF-2 began in
October, 1985. Deliveries to the site are summarized in Table
2.1 for the six month period ending March, 1986.
Table 2.1

Summary by Source of Solid
Waste for Phase I - NSWF-2

Light industrial wastes 95,000 Tons
Residues from DRP 96,000 Tons
Industrial sludges 3,0N0 Tons
Miscellaneous other sources 6,000 Tons

Total 200,000 Tons

On a daily basis the Phase I site receives about 900 tons of
residue from the Delaware Reclamation Project (DRP) and 750 tons
from all other sources Monday through Friday plus 500 +tons on
Saturday. The weekly total averaged 8750 tons during the first
eleven months of operation. A compacted density of 1150 pounds
per cubic vyard has been achieved for these deposits excludinq
cover soil.

Deliveries to the site have been substantially greater than
projected at the time Phase I was being developed. Initial
estimates included 120,000 tons of waste delivered directly to
the landfill and 26,000 tons of residues from DRP. To this
figure an additional 13,000 tons was added to account for DRP
facility outages to give a first-year total of 159,000 tons.
Projected actual deliveries for the first year are 221,000 tons

of waste delivered directly to the landfill and 234,000 tons of



residues from DRP for a first-year total of 455,000 tons.

Solid waste quantities are expected to increase in
proportion to a 1.1% annual increase in population in the area.
DSWA has developed a waste-to-energy inciﬁeration facility that
will accept and burn preprocessed solid waste from the DRP as
well as unprocessed waste from other sources. This Energy
Generation Facility (EGF) entered the start-up and testing phase
in the latter part of 1986. When it becomes fully operational,
solid waste deliveries to NSWF-2 are expected to decrease from
8,750 tons weekly to 5,200 tons weekly. If the EGF reaches
routine operation by March, 19837, solid waste quantities
delivered to the landfill are projected to be as shown on Table
2.2.°

The Phase I area was estimated to provide capacity for
750,000 tons of solid waste. The projections shown on Table 2.2
indicate this capacity will be reached about midway between March

and September 1987.

2.2 Phase I Landfilling Practice

Phase I was the first area to be developed for use as a
sanitary landfill at the NSWF-2. The U7.S. Army Corps of Ehgi-
neers (COE) has used the site for several decades to dispose of
spoil material resulting from Delaware and Christina River
dredging operations. Phase I (see Figure 2.1) was established bv
construction of a dike along its southern edge, to avoid inunda-
tion as dredge spoil disposal continued to the south of Phase T.
The dredge spoil materials exhibit extremely low permeability, a

characteristic that makes the site very suitable for sanitary



TABLE 2.2

Solid Waste Quantities Projected to be Delivered

Six-month Period
Ending
March 1986
September 1986
i March 1987
September 1987
March 1988
September 1988
March 1989
September 1989
March 1990
September 1990
March 1991
September 1991
March 1992
September 1992
March 1993

September 1993

to NSWF-2

Tons Solid Waste
Delivered

220,000
228,000
229,000
135,000
135,000

136,000

137,000

138,000
139,000
140,000
141,000
141,000
142,000
142,000
143,000

144,000

Cumulative Tons
Solid Waste

220,000
448,000
677,000
812,000
947,000

1,080,000

1,220,000

1,360,000

1,630,000

1,640,000

1,780,000

1,920,000

2,060,000

2,200,000

2,350,000

2,490,000
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landfilling. The dredge spoils constitute a thick, reliable

landfill liner, but their low permeability also causes the soils

to be slow-draining and quite weak in resisting shearing forces.
Phase I development included a dewatering system designed to
decrease the water content of the~upper several feet of dredge
spoil. Dewatering trenches were excavated and the water drained
from the soils was collected and pumped from the site. The
trenches were installed with 1.5 to 1 (horizontal to vertical)
side slopes té depths of 10 to 15 feet on 220~-foot centers. The
trenches were completed in four months and were allowed to stand
open for about & months. Due to the low permeability of the site
soils ‘"mounding" of the soil water between the dewatering
trenches occurred and additional excavations were needed in some
areas. The dewatering system caused the soil moisture to de-
crease and improved the workability of the soil appreciably.

Upon completion of the dewatering program, trenches were refilled

with dredge spoil material and the landfill bottom was graded

uniformly to slope from south to north.

A leachate collection system was installed to capture water
percolating through the landfill. The design incorporated
gravel-filled "french-drain" type laterals for collection and
delivery of leachate to 6-inch diameter, smooth-wall polyethylene
headers installed in gravel-filled trenches. These header pipes
conveyed leachate +to 10-inch or 12-inch diameter mains at the
perimeter which emptied into a sump in the northernmost corner of

the site. From the sump leachate is pumped to a force main which



conveys wastewater to the nearby City of Wilmington wastewater
treatment plant for disposal. |

Phase I was divided into four quadrants of roughly equal
size to facilitate £illing and access. The boundafies were
established by two imaginary lines running southwest to northeast
and northwest to southeast through the approximate center of thg
site. Ten foot 1lifts were placed first on the northwest and
southwest quadrants, followed by a second 1lift in these
quandrants. The northeast and southeast quadrants were then
filled first with 10 feet of solid waste, and then with a second
10-foot 1lift. Two more 10-foot lifts were placed atop the first
20 feet, bringing the Phase I landfill to about 40 feet.

The site was operated as an "area-fill" with six inches of
cover soil placed and compacted over the waste at the end of each
day. Daily cover materials in use at the site were a Delaware
Borrow Type F material or the humus product from DRP. Soil cover
requirements were approximately 10% (on a weight basis) of the
daily solid waste deliveries to the site or about 850 tons/week
pased on a minimum acceptable density of about 2500 1lb/CY for
Delaware Type F borrow. ' The density of compacted solid waste
excluding daily cover was measured quarterly and was found to be
about 1150 1lb/CY.

During the early phases of landfilling on Phase I, before
all of the leachate drains were covered with refuse, provisions
were made to segregate stormwater runoff from leachate produced
in the active quadrants. These measures were not completely

effective, however, and flows conveyed by the leachate system




were composed of both leachate and relatively clear rainwater.
The approximate maximum flows of record for the site occurred
over a nine day period from November 26, 1985 to December 5, 1985

when about one-fourth of the surface area of the site was covered

with solid waste. During this period 134,000 gpd (93 gpm) was
pumped off-site for treatment. After all leachate lines were
covered by solid waste, flows were greatly reduced. Recent

records show that an average flow of 5700-6400 gpd (4 to 4.5 gpm)
can be expected. Under current conditions the maximum flow
extrapolated from the records is 12,000 gpd (2.3 gpm). Fstimates
of the hydraulic head on the landfill liner made by site person-
nel during the last week of August, 1986 indicate from zero “to
0.3 ft at various locations around the site. Percolation through
the dredge spoil underlying Phase I would be inconsequential

under this condition.



|

3.0 Phase II Geotechnical Investigation
3.1 Site Geology

The site 1is located in the Coastal Plain Physiographic
Province, which is characterized by low lying and partially
submerged landforms. The materials of the Coastal Plain consist
of layers of unconsolidated gravels, sands, silts, and clays.
Frequently, these materials are interbedded with interconnected
lenses. It is reported that the thickness of the unconsolidated
layers in Wilmington, at the contact between the Piedmont
Province and Coastal Plains Province, is zero and in the southern
portion of the county, it increases to 2,300 feet. At the Cherry
Island site the thickness ranges from 95 feet in the northwest
corner, to about 220 feet in the southeast corner.

As indicated, The lower unconsolidated layer of sediments
overlying the rock is the Potomac Formation. This formation
consists of multicolored silts and clays and interbeds of white,
gray, and rust colored sands and some gravel. These granular
interbeds are typically on the order of 5 to 10 feet thick. The
thickness of the Potomac Formation varies from about 7 feet in
the northwest corner to about 145 feet in the southeast corner of
Cherry Island. The Columbia Formation is typically about 12 feet
thick along the western edge of Cherry Island and 45 to 65 feet
thick along the eastern edge. This formation generally consists
of multicolored sands and gravels with interbeds of silty sand,
silty clay, and clayey silt. Overlving the Columbia Formation
are recent deposits and thick layers of dredge spoil. These

materials are typically silty clays and clayey silts with some
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organic content and a layer of peat and clay. The overlying
dredge spoil 1is of primary concern for geotechnical considera-

tions for this project and is more fully defined below.

3.2 Subsurface Investigation

A subsurface investigation was conducted in July 1986,
including nine conventional soil borings, two electric piezocone
penetration tests, and four test pits. These borings are.
designated with the prefix GF in on Plate I, attached. The four
test pits are designated GF-9 through GF-12 and are located east
of the proposed dike location. Borings 4 and 5A are electric
piezocone penetration tests. The remainder of the borings are
conventional soil borings in whichtstandard penetration tests
were performed, and split-spoon samples and undisturbed samples
were obtained. Records of the borings are appended to this
report. Since the purpose of the borings was primarily to inves-
tigate the thickness and characteristics of the dredge spoils,
the borings were generally terminated when the underlying granu-
lar laver was encountered.

Several of the soil borings encountered decomposition gases
under pressure at the approximate depth of the underlying
granular material upon which COE dredge spoil disposal was com-
menced. Gas deposits were assumed to exist due to anaerobic
decomposition of marsh vegetation. These gas pockets propelled
water and granular soil particles as high as 20 feet into the air
through the hollow stem auger equipment. Analysis of the ambient

air near the borehole indicated that the gases included methane.
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Drilling equipment was shut down during these gas discharge
events to avoid the danger of explosion. In one case the shut-
down required 5 days; a more typical shutdown was 24 hours.

The purpose of the test pits was to dbtain samples of the
dredge spoil material for compaction tests and to determine the
variation in natural water content with depth. The pits were
excavated by backhoe to a maximum depth of 9 feet. It is of
interest that the pit walls generally remained stable during the
excavation. However, they did begin to slough, particularly when
water-bearing, coarser grained lenses were encountered.

The results of the subsurface investigation are illustrated
by three profiles, shown on Plates II and III, attached. As
noted, previous borings performed by others are also included on
the profiles. The profiles show the thickness and composition of
the underlying materials. From Elevation 40+ to Elevation -10#+
is a layer of dredge spoil material consisting of very weak,
clayey silt with sandy lenses and varying amounts of organic
material. This layer can be further divided into three layers by
properties which reflect their age and environment. From Eleva-
tion 40+ to Elevation 33+, the soil has an average undrained
shear strength (Su) of 250 psf. It is believed that this laver
is slightly stronger than the underlying layef, due to drying.
The next layer extends from Elevation 33+ to Elevation 13+, and
exhibits an average Su of 150 psf. From Elevation 13+ to Eleva-
tion -10+, the material exhibits an average Su of 325 pst. The
shear strength testing indicates that the dredge spoil material

below the depth of the upper layer where air drying had occurred
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exhibits, on the average, an increase in strength with depth.
This observation was expected since normallvy consolidated clay
deposits typically exhibit a strength proportional to the over-
burden pressure. Underlying the dredge spoil material is typi-
cally a layer of clay and peat which extends from about Elevation
-10 to Elevation -15. This is underlain by sand and gravel. The
overall thickness of dredge spoil varies from about 55 to 65 feet
with the thickness generally increasing in a southeasterly direc-
tion.

Water le&el was monitored in all borings during the drilling
program and a piezometer was installed in Boring GF-7.
Generally, the water level in the boreholes was 2 to 5 feet below
the top of the dredge spoils. This Water does not constitute the
regional groundwater table, nor does it indicate the presence of
perched groundwater. It represents the water held by the
saturated, very-poorly-drained dredge spoil material. This
tightly-held interstitial water will not provide a pathway for
landfill leachate to enter the underlying Columbia formation. To
the contrary, the presence of this water attests to the excellent .
(that is, very low) permeability of the dredge spoil material, a
quality that makes the NSWF-2 site very suitable as a sanitary

landfill.

3.3 Laboratory Testing

Undisturbed, split-spoon, and bulk samples were collected
and subjected to laboratory tests. The tests included
classifications, hydrometer analysis, natural water content,

Atterberg Limit tests, unconfined compression, triaxial test with
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pore pressure measurements, consolidation, permeability and
compaction tests. A summary of the tests performed, and the
results, 1is shown on Figure 3.1. The complete testing results
are appended to this report. The test results show general
agreement with tests performed by others. It is noted that the
shear strength is somewhat lower than that used for the Phase I
design. It is also noted that the strength of materials
underlying existing dikes is also greater than that of soils
within diked areas. This observation is to be expected due to
the strength gain caused by consolidation and the compactive
effort used to construct diges.

Permeability testing of dredge spoilrmaterial indicates that
the in situ permeability will be less than 1 x 10_7 cm/s. with
as much as 50 vertical feet of this material lying between the
Phase II area and the underlying aquifer formation, the site may
be developed as a sanitary landfill without additional soil or

synthetic membrane liner layers.
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Sample
No.

S7
S10
S15, S16
s19, s20
S5, S6
slo, Sl11
Sl5, Sl6
S4, S5
s9, S10
S3
S12
Tube 1
ST-1
20, S21
S4
S13
S-1
S-2
Bulk
S-1
S-2
Bulk
S-1
S-2

" Unconfined

Sample wn Y1 wp % Passing Cbmpression Triaxial Tests Type
Depth  Class (%) (D (B p No. 200 Vd Ym Ysat s Jy (ksf)  Total Effective Test
(ft) (pef) (pcf) (pef) ¢ c(ksf) ¢ c(ksf)
10-12 MH 69.1 62.4 46.3 16.1 58.8 99.4 90.8 0.58
20-22 MH 80.8 62.8 44.7 18.1 ~ 51.8 93.7 92.2 0.38
35-39 ML 33.8 N/P N/P - 3%5.0 2.63
45-49 OH 109.0 89.1 N/P -
6-9 MH 59.7 62.5 46.7 15.8
17.5-21.5 MH 78.5 67.6 49.9 17.7
30-34 ML 42.6 46.8 32,8 14.0
6-10 MH 66.7 53.0 36.5 16.5 94.5 2.61
20-24 MH 85.6 62.1 44,2 17.9 100.0 2,40
5-7 OH 103.6 70.8 43.1 27.8 97.5 47.3 96.3 91.9 2.66 0.61
25-27 OH 85.4 73.1 46.7 24.4 100.0 17° 0.0 39.5 0.0 R
10-12 OH 86.7 72.4 46.4 26.0 99.0 49.6 92.5 92.8 2.59
20-22 OH 91.3 76.5 47.9 28.6 100.0 53.6 17° 0.0 39.5 0.0 R
52.5-56.5 MH 78.7 68.2 51.4 16.8
5~-7 OH 118.4 74.6 48.6 26.0 100.0 50.8 110.9 96.9 0.44
25-27 MH 89.6 65.9 42.4 23.5 100.0 51.7 98.0 94.0 2.56 0.32
0-1.5 82.1
7-8 96.7
0-2 OH 86.2 76.6 48.4 28,2 100.0
2-4 111.8
6-8 108.2
0-2 OH 82.5 78.7 53.4 25.3 99.0
4-5 102.3
7-8 95.6

C

0.67
0.73

0.64
0.72

0.84
0.54

Consolidation
Cv(inchz/min)
@ 0.5 tsf

1.5X10°
3.6X10°

3.4%X10”
L45%10°

g

.3X10°
2.25X10°

Lo
w

Moisture Density
iﬂ Y dmax Wopt k
(pct) (2) (cm/sec)
2.429
2,271
-8
2.261 6.6X10
2.232 1.1x107°
2.828
2.101
69.5 46.0
70.5 44,5
FIGURE 3.1

SUMMARY OF SOIL TESTING

RESULTS




4.0 Site Hydrogeology
4.1 Hydrogeologic Setting

This section of the report represents a review of conditions
at the Cherrv Island site, carried out to address comments of the
Delaware 'Départment of Natural Resources and Environmental
Control (DNREC) regarding hydrogeologic interpretations prepared
by the DSWA in 1984. These interpretations, presented in the
Hydrogeologic ~and ~ Geotechnical

Site Suitability ' Report

Evaluation of the Cherry 1Island Site (Terraqua Resources

Corporation, Januarv 1984), established potential surfaces in the
Columbia formation sediments which indicated groundwater
groundwater would flow away from the Delaware and Christina
Rivers at the southeast corner of the Cherry Island site (Plate

Iv).

4,1.1 Previbus Investigation

In July and August 1983 a monitoring well
installation program was conducted at the site in order to define
existing hydrogeologic conditions in partial fulfillment of DNREC
regulations. During this program 18 piezometers were installed
into the unconsolidated coastal plain sediments which wunderlie
dredge spoil materials emplaced by the Corps of Engineers. In
addition to installation of two piezometers at each of nine
locations, sediment samples were collected at 5-foot intervals
to determine thicknesses and characteristics of the geologic
units involved. Periodic measurements of piezometric elevations

were carried out for the remainder of 1983. In July of 1985,
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quarterly monitoring of these same piezometers was commenced and
continues to the present. Nine of the eighteen piezometers
located in the Columbia/Recent deposits ape_of primary concern
and are shown in on Plate IV, attached. The groundwater surface
defined by piezometric elevations taken from the nine piezometers
screened in the Potomac Formation, was interpreted to slope
without deviation toward the Delaware and Christina Rivers: The
Columbia potentiometric surface exhibited the anomalous behavior
described above. DNREC expressed concern that differential
settlement of piezometers may have occurred, changing the top of
casing elevation. Such settlement would decrease the distance
from casing top to water table, presenting the invalid impression
that groundwater had risen. |

DSWA cohducted a survey of the Columbia formation
piezometers in December 1985 and determined that the little
settlement that had occurred would not explain the potentiometric

surface anomalies.

4.1.2 Review of Hydrogeologic Information

The Columbia Formation of northern Delaware, as
recorded by Jordan (1962), consists primarily of coarse sand,
considerable admixture of gravel and cobbles with thin silty
layers. Although the basal sediments which overlie the
Cretaceous Potomac Formation resemble this description, most of
the remaining succession of sediments are considerably finer
grained and should be interpreted as recent river sedimentation.
Geologic review by Duffield Associates as part of their‘quarterly

monitoring effort, also support this conclusion. The resulting
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hydrogeologic framework is much refined and is illustrated in the
stratigraphic cross sections of on Plates V and 1IV. Included in
these cross sections are data from several geologic test borings
and also stratigraphic locations of many of the piezometers
installed during July and August of 1983. Because both Potomac
and "Columbia" Formation piezometer pairs are located very close
to each other they are shown as composite installations.

Interpretation of the post-Potomac Formation sediments as
recent river deposits rather than Columbia Formation, explains
the 1lithologic variations shown in the stratigraphic cross
sections. If these sediments were truly Columbia Formation, fhey
would be expected to be uniformly more coarse grained and contain
less silt or silty clay. Instead they are composed of thick
deposits of dark brown to gray silty clay and clayey silt with
thinner intervening sand and gravel units. Sedimentation of this
type is typical of meandering river systems where sediment type,
channel position, and geometry are variable.

Cross Section C-C of on Plate VI illustrates the extent of
the sand and gravel units which constitute the permeable =zones
within the river sediment aquifer, These sand and gravel layers
can be divided into lower and upper units which are separated by
an inherently less permeable silty unit. The upper sand unit is
confined to the eastern area of the site- where it forms a
westward diminishing wedge. The lower sand unit is more
extensive and is connected to underlving sandy sediments which

may be true Columbia Formation. These sand units are shown on
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Plates V and VI with stippled patterns for the sake of clarity
and identification from one cross section to another.

The most important detail to be observed in the cross
sections 1is the placement of piezometers in the recent river
sediments. Cross Section C-C best illustrates the physical cause
of the anomalous appearance of the potentiometric surface of the
previous report. In this Section three of four piezometers are
placed in the lower sand unit and one (C-106) is placed 1in the
upper sand unit. Adjoining Cross Section D-D shows two
additional piezometers (C-102 and C-108) located in the upper
sand unit. Because the upper sand unit is isolated from the
lower sand unit by a thick sandy silt, the piezometers located in
it should be considered as a separaté network.

Additional evidence that Piezometers C-102, 106, and 108
should be treated as separate from other installations in the
Recent/Columbia sediments if found in data from monitoring of
several piezometers during tidal fluctuations on December 30,
1983. on that date two sets of paired piezometers and the
Christina River were monitored through a 10-hour period to
determine the influence of ocean tides on groundwater levels at
the site. Tidal response curves and total tidal fluctuation for
C-105, 106 and the Christina River are sho&n in Figure 4.1. The
most obvious difference 1in these tidal responses is .the very
limited fluctuation of C-106 as compared to C-105 and the River.
Not only 4is response in C-106 limited in magnitude but is also
delayed. Tidal response of C-106 might be expected to be

greater than C-~105 because C-106 is installed nearer to the
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elevations of the Christina River, increasing the likelihood of
hydraulic interconnection between the river and upper sand zone.
If the upper and and lower sand units were hydraulically
interconnected, tidal responses of the two piezometers would be
similar. Assuming C-105 and C-106 were functioning properly, it
is concluded the wunits in which these two piezometers are

screened are isolated from one another.

4.1.3 Conclusions Regarding Hydrogeologic Setting

The "Columbia formation" mapped by the 1984 Site
Suitability Report .included considerable quantities of recent
river deposits and minor Columbia formation sediments. Within
these sediments there are two distinct water bearing units
consisting of sand and gravel. Separating the two water bearing
units is a thick silt that acts to hydraulically isolate the
upper sand and gravel from the lower.

Plate IV illustrates an alternate interpretation of the
potentiometric surface observed in the recent and Columbia
sediments. This interpretation does not include data from the
three piezometers installed in the upper sand zone and is based
on average piezometric elevations calculated for data collected
between July and December 1983. These averages are based on the
assumptions that the piezometeric levels were taken at random,
representing all tidal positions in an attempt to filter out
tidal positions and precession which were not taken into consi-
deration during data collection. Although minor variations in
the flow direction are shown in the figure, the important con-

clusion is that a relatively flat potentiometric surface exists
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beneath Cherry Island and that the gradient sharply increases to
the west of the site. This is particularly important since the
Columbia Formation is more clearlyv defined along the western edge
of the site where the gradient is prominently toward the Delaware

and Christina Rivers.

4.2 Prevailing Groundwater Quality

DSWA installed a number of monitoring wells preparatorvy to
commencing landfilling operations on the Phase I site. Water
quality data for the Potomac formation, +the Columbia formation,
and the recent dredge spoil sediments are illustrated on Table

4.1.
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5.0 Phase II Landfill Design
5.1 Site Configuration

The Phase II area constitutes about 43 acres situated as
shown in Figure 5.1. An earthen dike constructed by DSWA along
the eastern edge of the site will allow the area to be used for
landfilling while the COE deposits dredge material to the east of
Phase II. During the summer and fall of the 1986 the COE removed -
about two feet of dried dredge spoil from the ?hase IT area,
using the excavated material to raise the dikes = around the
disposal area to the east of Phase 1II. The approximate
configuration and topography of the site following COE activity

are illustrated in Figure 5.2.

5.2 Landfill Bottom

The landfill bottom was designed to drain from the northern
and southern portions of the site to a central leachate header
pipe constructed across the site, as shown in Figure 5.3. The
bottom was designed to achieve approximately equal cuts and
fills; construction would entail cutting in the center portion of
the area and pushing excavated material toward the northern and
southern edges. Bottom slopes were designed to be fairly gentle.
Substantial settlement of the landfill bottom is expected due to
consolidation of subgrade soils. This settlement shoﬁld be most
pronounced in the center of the fill, 'due to heavier surcharging
by deeper solid waste compared to areas closer to the edges of
the landfill. The differential settlement will accentuate

downward slopes toward the collection area, thereby enhancing

24



GANNETT FLEMING

WASTEWATER
TREATMENT

VNILSIY 1D

~ DELAWARE SOLID WASTE- AUTHORITY
NORTHERN SOLID WASTE FACILITY — 2 FIGURE 5. 1*
PHASE T AREA

PHASE T AREA
LANDFILL OESIGN REPORT
OECEMBER 1986




LINITS OF LANDFILL —
\ e
|

3%

EXISTING
ACCESS ROADS

/~————NEW DIKE

DELAWARE SOLID WASTE AUTHORITY FIGURE 5.2
NORTHERN SOLID WASTE FACGILITY —2 APPROXIMATE CONTOURS

PHASE TL AREA FOLLOWING C.0.E. EXCAVATIONS

LANDFILL DESIGN REPORT
DECEMBER 1986



| l(/ ; -
\\ S swf:E

\\ 1' Oj 36

i

\\ k\ - 35

\ ) N ol
| — .
i

W\ \§ .,

4

‘ 37
EXISTING AGCESS
ROADS \\

L
SLOPE

38 !

/——-—-NEW DIXE

LIMITS OF LANDFILL

DELA¥ARE SOLID WASTE AUTHORITY FIGURE 5.3
NORTHERN SOLID WASTE FACILITY —2 LANDFILL BOTTOM GRADING

PHASE I AREA
LANDFILL DESIGN REPORT
DECEMBER 1986



conditions for collection and conveying leachate out of the fill.

The Phase II area was resurveyed after the COE concluded its
excavation activitieé (December 1986). As expected, about two
feet of material was removed from the site. Analysis of cuts énd
fills required to grade the landfill bottom confirmed that the

bottom as depicted in Figure 5.3 would balance cuts and fills.

5.3 Dewatering Plan

Phase TII area soils are very poorly drained. In the time
since the final deposition of wet dredge spoil by COE, the upper
several feet of spoil have dried to an extent. Below this dried
layer, the spoil material is so wet that standing water forms
when the spoil is excavated. This ponded water is neithef a
regional groundwater table nor perched groundwater. It is soil
interstitial water that will drain by gravity if an outlet (for
instance, the excavation) is provided. The rate of draining for
the spoil material will be governed by overburden pressuré,' soil
permeability and the length of flow paths travelled by moisture
leaving the site.  Increasing the overburden and shortening the
flow paths will enhance dewatering. Computations carried out in
the early stage of design indicated that, given the extremely low
permeability of the dredge spoil, dewatering trenches would
provide 1little enhancement of water flow more than a few feet
beyond the edge of the trench. Trenches would have to be spaced
closely, and dewatering would be very slow in any event. The
analysis indicated that a dewatering system would not be cost-

effective for the Phase II site.
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5.4 Final Landfill Grading

A  preliminary final landfill configuration as shown in
Figure 5.4 was selected to provide a basis for landfill design.
Stability analysis and stormwater management considerations
during final design required certain adjustments to the
preliminary configuration. Side slopes were established at 3:1
(horizontal:vertical) to match Phase I practice. Solid waste
lifts will be about ten feet thick (nine and one half feet of
waste and six inches of daily cover). For the purpose of Ehe
preliminary filling plan, an initial height of 80 feet above the
landfill was established. Runoff from the finished top of the
landfill was to be conveyed down the side slopes in drainage
channels to the perimeter of the finished fill. Stormwater was
to be conveyed to a drainageway on the north side of the
landfill, which discharges to the Delaware River.

The volume of the preliminafy fill configuration was

calculated to be about 3,500,000 cubic yards.

5.4.1 Predicted Settlement

Calculations 6f settlement caused by loadings
exerted by the preliminary landfill configuration were made,
assuming that +the underlying dredge material 1is normally
consolidated. It was noted that the laboratory data indicate
that some of the dredge may be underconsolidated. This condition
was indicated by natural water contents in excess of the material
liquid 1limit and by the Liquidity Index (LI) which is generally
in excess of 1.0. Actual settlements may be somewhat in excess

of those predicted. It is emphasized that settlement estimates
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are difficult to make with soils such as dredge material,
particularly because of the variable organic contents. The
estimated settlement due to the landfill is 13 feet; it 1is
predicted to occur in about 30 years (99 percent of the primary
consolidation). In addition, it is expected another 2 feet of
secondary consolidation will occur within 25 years following
primary consolidation.

Tt 1is noted that the thickness of the compressible layers
underlying the site vary by about 10 feet. This variation will
cause minimal differential settlement. Variations in soil
properties across the site will probably be more significant
contributors to differential settlement. Such differential set-
tlement mav be on the order of 2 feet from one point to another

across the site.

5.4.2 Landfill Stability
Stability analyses focused on existing dike stability
and general stability over the site with regard to landfilling
sequence and maximum allowable thickness of landfill materials.
Of particular concern was the stability of the dike along the
northern boundary since large lagoons for the nearby treatment
plant are immediately north of the site, and the stability of the
western dike in the proximity of the existing southern dike of
Phase I and the northern portion of the adjacent dredge disposal
area.
Preliminary stability analysis was carried out before

consolidation and triaxial testing was completed and was based on
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a forty-foot high final landfill. This analysis established
certain parameters for landfill constfuction:

1. The toe of the fill would be set back 100 feet from the
edges of the existing COE dikes to the north and west of
Phase II.

2. The first forty feet of landfill height would be con-
structed in two 20-foot layers, with the second layer
set back 20 feet on £he northern and western sides.

Subsequent to these preliminary evaluations, soil testing was
completed and the landfill concept was adjusted to provide for an
80-foot height. Stability of several cases was calculated. The
cases and their calculated factors of safety are illustrated in
Figures 5.5 through 5.7, which dépict conditions considered
likely in the western side of Phase IT. Case I shown in Figure
5.5, would entail a landfill built with a uniform side slope to
a height of 80 feet. This configuration is predicted to offer a
factor of safety of about 0.95, indicating that a sliding failure
would be 1likely. Case 2, 1illustrated by Figure 5.6, would
involve solid waste filled to 40 feet, rather than 80 feet over
the existing ground surface. This configuration is predicted to
have a safety factor of 1.08, indicating that sliding failure
would be less likely for Case 2 than for Case 1. Of course, Case
2 attains its greater stability at a cost of sacrificing nearly
half the solid waste capacity of Case 1. Case 3, as shown in
Figure 5.7, represents a compromise that, while not offering as
much solid waste capacity as Case 1, would allow DSWA to £fill to

80 feet. The setback volume could be filled eventually, after
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site soils have consolidated adequately. Case 3 is predicted to
have factors of safety of 1.09 and 1.2, respectively, for failure
surfaces through the 40-foot portion and the 80-foot portion of
the landfill.

On the basis of the stability analvses, Case 3 was seleéted

for the interim landfill configuration along the northern and

western sides of the landfill.

5.4.3 Interim Grading Plan
An interim grading plan incorporating the selected
side slope configuration for the northern and eastern sides of
the landfill is shown in Figure 5.8. Total landfill capacity for
the interim situation was computed to be about 500,000 cubic
yards less than the capacity of the final grading plan (Figure

5.4).

5.4.4. Geotechnical Reinforcing
The stability analysis described earlier in this
section was carried out using several assumptions: |

1. The dredge spoil materials from elevation. about -14 to
about 443 were divided into four strata, with average
shear strength of thése strata as shown in Figures 5.5
through 5.7.

2. Shear strength of landfill materials was assumed to be
750 pqunds per square foot (psf), based on limited
values reported in the technical literature.

3. Averaging of soil properties in a specific stratum or

structure (such as the existing dikes) entails the
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assumption that areas of poorer-than-average properties
will be limited in extent to the point that the average
safety factor accurately predicts overall slope

stability.

These assumptions were made of necessity, to allow stability

analysis to proceed. In an area of uniform soils, one could be
comfortable with this "averaged" approach. The Cherry Island
soils are not uniform. Strength of stratified materials depends

on time in place, overburden pressure, and time of exposure to
the air,. Soil characteristics within a stratum vary widely due

to different flow velocities at the time dredge spoil materials

~were placed in different parts of the Cherryv Island site. These

varying velocities would "sort" depoéits by particle size, with
larger particles being deposited in a high velocity area and
finer particles in a low velocity area.

If failures occur along landfill slopes, they will probably
be located in areas where soil characteristics vary substantially
from the average. Thus, factor of safety calculated from average
conditions must be considered with caution. Soils engineers
generally seek safety factors of 1.3 or greater, reflecting their
understanding of the effect of localized departurés of soil
characteristics from the average. Such a factor of safety at
NSWF-2, Phase 1II could be obtained only by limiting landfill
height to an extent that would cause the site to be impractical
for solid waste disposal. The Phase II soils are so weak that
the best situation that would allow reasonable solid waste

capacity exhibits a safety factor of less than 1.1.
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The marginal factor of safety of the selected slope
configuration would be improved by placing a geotechnical
reinforcing material on the landfill subg;ade in a location that
would span the predicted failure zone, as illustrated in Figure
5.9. The tensile strength of the reinforcing material will add
to the resistance caused by soil shear strength along the failure
surface. A geotechnical grid with tensile strength of 6,000
pounds per foot (Tensar SR3 or Signode TNX 5001) was selected to
be placed around the northern and western edges of the landfill.
Safety factor for the 40-foot embankment was predicted to improve
from less than 1.1 to nearly 1.2. While this measure does not
achieve the preferred 1.3 objective, it does provide marked
improvement to slope stability, and represents a properly

cautious approach to the difficult soils of Phase IT.

5.5 Estimated Landfill Capacity and Life

Capacity of the final-graded landfill on the Phase IIr'site
(Figure 5.4) was calculated to be about 3.5 million cubic yards.
The interim grading plan was calculated to provide 3 million
cubic yards of capacity.

Following start-up of the EGF, solid waste deliveries to the

landfill are predicted to be:

Waste Description Weight delivered Compacted density

Waste directly to 171,000 tons/yr 1150 1b/CY
NSWF-2

DRP residues 20,000 tons/yr 1150 1lb/CY

EGF residue 80,000 tons/yr 2000 1lb/CY
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Aggregate in-place density of the material delivered to the
landfill is predicted to be about 1,300 pounds per cubic yvards.
If DSWA continues its practice of providing daily cover soil in
the proportion of 7 percent by volume, solid waste and associated
cover will occupy about 8,400 cubic yards weekly. Phase II is
predicted to provide about 357 weeks (6.9 years) of landfill life

to interim grades.

DSWA may decide to use EGF residue as daily cover. If this
practice were acceptable, as much as 500 cubic yards per week of
cover soil could be eliminated. This measure would provide

additional capacity for solid waste, extending Phase IT life an

estimated 23 weeks, as well as decreasing the cost of imported

" cover soil.

5.6 Leachate Mahagement
5.6.1 Leachate Generation
The potential quantity of leachate that may be
generated at the NSWF-2 is directly related to the quantity of
infiltration into the fill. This gquantity was calculated using
the "Water Balance Method" as recommended by the U.S. Environ-

mental Protection Agency in Use of the Water Balance Method for

Predicting Leachate from Solid Waste Disposal Sites (530/8W-168,

Oct. 1975). The computations appended to this report apply to
completed and stabilized landfills. Infiltration experienced
during operation of the fill will probably be higher.

Long range average monthly values for precipitation and

temperature were obtained from Climatological Data, and were

based on data collected at Porter Reservoir near the site.
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Runoff coefficients of 0.13 for summer months when vegetation is
most dense and tends to reduce runoff and 0.17 for winter months
when vegetation has less effect were used for the calculations.
In the Water Balance Method three fates are considered for the
precipitation which does not run off. This moisture, termed
infiltration (I), is either returned to the atmosphere through
evapotranspiration (AET), retained in the soil pores of the final
cover as storage (ST), or percolates (P) through the fill when
soil pores are saturated. In the analysis a clay loam scil was
chosen for the final cover, both to be conservative and since
this soil type most closely resembles the dredge spoil which may
ultimately be used for this purpose. From the tables in

Instructions and Tables for Computer Potential Evapotranspiration

and the Water Balance, by C.W. Thornthwaite and J.R. Mather

(Drexel Institute of Technology, Laboratory of Climatology,
"publications in Climatology, Vol. X, WNo. 3", 3rd Printing,
Centerton, New Jersey, 1957) the available soil moisture is 250
mm/m  and for the two foot (0.6 m) final cover the resultant
storage (ST) is 150 mm. From an empirical relationship given in
the reference a value for potential evapotranspiration (PET) 1is
computed and adjusted for the site location. In months when
infiltration (I) is greater than potential evapotranspiratioh
(PET} any water not used to replenish depleted storage percolates
(P) and AET=PET. When I is less then PET storage is depleted and
AET=I+ ST. As shown in the appended calculation, annual average
leachate flow from the completed landfill is predicted to be

about 19.5 gallons per minute, or 28,000 gallons per day. Actual
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flows from the completed f£ill will be influenced by
precipitation, generally lagging rainfall events by several days

due to the dampening effect of the solid waste.

5.6.2 Leachate Collection System
The leachate collection system was designed to

function in a manner similar to the Phase I system. As
illustrated by Figure 5.10, leachate will be collected in a series
of perforated pipes placed in gravel-filled trenches. The design
objective was to maintain little ponding of leachate over the
dredge spoil liner, thus controlling migration of leachate into
the liner. Measurements by DSWA of hydraulic head over the
landfill subgrade in the Phase I area attest to the design
approach; a maximum of only severél inches of leachate has been
observed.

Leachate lateralé will consist of 6-inch diameter
perforated, corrugated polyethylene pipe placed in  coarse
aggregate bedding. Leachate lateral trenches will be lined with
geotextile fabric to avoid clogging of the leachate conveyance
system and to maintain the structural integrity of the coarse
aggregate envelope. This feature is importént to avoid crushing
the polyethylene pipe, since the envelope is intended to carry
the weight of overburden and transfer this weight to the sub-
grade. Laterals will discharge into leachate headers, 8-inch
diameter perforated, corrugated polyethylene pipe, installed in
trenches in a manner similar to the lateral pipes. Interconnec-
tion between laterals and headers will be achieved by terminating

lateral pipes where they enter the gravel-filled header trench.
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Leachate from the laterals will flow through the gravel into the
headers through the header pipe perforations. This approach will
maintain drainage system integrityv as the ;ubqrade settles.

I,aterals and headers will be terminated near the edges of
the landfill in riser pipes fitted with plugs, to allow access
for inspection and cleaning. A 12-inch diameter non-perforated
corrugated polyethylene sewer will be installed along the
northern edge of the site to provide for leachate flows from
future phases developed at the site. Phase IT leachate will be
conveyed to the Phase I leachate svstem, and thence to the
existing leachate pumping station.

The main header which will convev collected leachate out of

the fill will be constructed to overcome the effect of subgrade

settlement. It will be inclined fairly steeply from the center
of the fill toward the western edge. As settlement occurs, the
gradient of this pipe will decrease, but it will <continue to

cdnvey flow out of the fill.

5.7 Landfill Instrumentation

Instrument clusters will be located along the landfill peri-
meter at locations shown in Figure 5.11. Fach cluster will
include an inclinometer, a piezometer, and a gas monitoring well.
The inclinometer will be used to monitor movement of soils that
would indicate possible impending sliding failure of landfill
slopes. The piezometer will indicate changes in soil pore water
pressure; abrupt changes may signal imminent failure conditions.
The gas monitoring well will be used to detect the migration

decomposition gases.
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Settlement plates will be installed at locations shown in
Figure 5.11. The vertical rods connected to these plates will be
extended by the landfill operations contractor and periodic
elevation readings will be taken as the fill is developed and
after it is completed. 4

Decomposition gas vents will be installed at the locations
shown in Figure 5.11. These vents will consist of stone columns
extended upward as the fill is developed. A plastic pipe will be
installed in each stone column, to serve as a piezometer inside
the landfill. These piezometers will be used to measure leachate
depth over the liner during and following landfill development.
The plastic pipe may be vulnerable to deformation and crushing by

forces exerted by shifting and consolidating landfill contents.
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6.0 Phase II Landfill Operation
6.1 Sequence of Landfilling

The phase II area will be divided .into  three sections,
designated A, B, and C in Figure 6.1. The landfill bottom and
leachate collection system will be prepared for Section A and the
first 10-foot lift of solid waste will be placed on this portion
of the f£fill. Section A will be segregated from B and C by an
earthen berm, which will divert stormwater on Sections B and C
away from A, As the first lift on Section A nears completion,
the leachate system in Section B will bhe connected. Section C
will continue to drain to a stormwater collection trench and
sump. while the first 10—fo§t lift is placed on Section B, the
Section C leachatebcollectiOn system will be connected. Finally,
the first 10-foot lift will be placed on Section C.

The second 10-foot lift will start in Section C and proceed
thfough B to A, as shown in Figure 6.2. Subsequent lifts will be
placed in the same manner until a 40-foot depth is achieved.
Final cover will be placed over the 100-foot setback and filling
will continue, following the back-and-forth sequence described

above.

6.2 Stormwater Management

In the very early stages of landfill development, stormwater
falling on Sections C and B will be pumped across the new dike,
thus avoiding entry of uncontaminated water into the leachate

system. After the first 1lift of solid waste is in place, any
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precipitation falling inside the limits of filling will be
handled by the leachate system.

As the landfill is extended upward and finished slopes are
established, precipitation on those slopés will run off to the
base of the landfill. Drainage ditches along the western/northern
side and along the point of contact of the landfill and the new
dike on the eastern side will convey stormwater to the northern
drainageway which discharges to the Delaware River. Runoff will
be directed at the top of finished landfill slopes to protected
channels to avoid eroding the landfill cover soil. Long term

stormwater management facilities are illustrated in Figure 6.3.

6.3 Instrument Monitoring

Instrument clusters around the landfill and settlement
plates and piezometers within the landfill should be monitored on
a regular basis as filling progresses. The frequency of such
monitoring should be established based on a predicted time span
for changes. Monitqring event frequency may be adjusted with
experience as filling progresses. Suggested initial frequency of

monitoring is:

Perimeter piezometers Monthly
Perimeter inclinometers Monthly
Perimeter gas monitors Every 3 months
Settlement plates Fvery 3 months
Gas vent piezometers Every 3 months

Obviously, perimeter piezometer and inclinometer measurements are
considered most important for Phase II. Changes from one month
to +the next must be monitored to provide early warning of slope

stability problems. This early warning could allow DSWA to
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BORING LOG

A

N RN NN RN NI |

DS DRIVEN SPOON
ST SHELBY TUBE
PS PISTON SAMPLE

vCOReck o

AT

AT COMPLETION
HRS.

GROUND WATER

CAVED
CAVED

PROJECT Delaware Solid Waste Authority BORING No. _GF-1
Northern Solid Waste Facility - 2 PROJECT No. 86-123
LOCATION OF BORING Wilmington, Delaware
ELEV, . DATE: START 7-22-86 FINISH 7-23-86 INSPECTOR
HAMMER Wt.__140  HAMMER DROP __7" __ SPOON OD FOREMAN
BORING METHOD__HSA ROCK CORE DTA MISC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
Brown moist silty clay 1-1-1 1 DS 1.3 | Water at 3.0
w/ grass , ;
3.0 4 WOH 2 DS 1.3} 24 hrs. 4.4
B ist silt 1 Backfilled
rown mo y clay S WOH 3 DS 1.0
‘WOH 4 DS 1.0
:} WOH 5 DS 0.3
Jwor-1 6 DS | 1.0
10—
:TUBE 1 PT | 1.5
=
15_1
16.5 §WOH-1-1 7 DS 1.5
Brown moist silty. clay ‘ .
w/grass (org) WOH-WOH-1 8 pDs | 1.5
2
TUBE 2 PT 2.0
2
WOH-1-1 9 DS 1.5
WOH 10| bs | 1.5
'3
WOH~WCOH-1 11 DS 1.5
4.0 fwoH-1-1 12} DS 1.5
Brown gray moist silty " 35
clayey sand 2-1-2 13 DS 1.5
7-6-5 14 DS .
| 39.0 , 1.3
l %6
LEGEND

HSA HOLLOW STEM AUGER

DC DRIVEN CASING
MD MUD DRILLING



BORING LOG

L1 1.1 l | | LJ | .| l D | l 188 JAJ ) T | l 1.1 1 1 l y 1 2 1

PROJECT Delaware Solid Waste Authority BORING No. GF-1 2 of 2
Northern Solid Waste Facility - 2 PROJECT No._ 86-123

LOCATION OF BORING Wilmington, Delaware

ELEV. DATE: START FINISH INSPECTOR

HAMMER Wt.__140  HAMMER DROP ___7"  SPOON OD FOREMAN

BORING METHOD _HSA ROCK CORE DIA MISC.

ELEV. SOIL DESCRIPTION DEPTH - BLOWS 6" No. TYPE REC REMARKS -
Brown gray moisﬁ'silty 1-2-2 15 DS 1.5
clay

2-3-3 16 DS 1.5
: 44,0
Black moist silty clay 45 —
w/grass (org) 4 2-2-4 171 Dps | 1.5
é"'2—3—4 18 DS 1.5
50 .
51.5 1-2-3 19 DS 1.5
Brown moist silty clay
34.0 WOH-3-3 20{ DS | 1.4
Brown moist silty sand 55
w/sand & gravel 2-2-3 21 DS 1.5
58.0Q 11-17-22 22 DS 1.5
Bottom of hole 59.0' 60 —
-
-
-1
65 —
70 -
-
75 7
-
80
LEGEND

DS DRIVEN SPOON
ST SHELBY TUBE
PS PISTON SAMPLE

rC

GROUND WATER

CAVED
CAVED

AT COMPLETION
AT HRS.

Reek Jore

———————

HSA HOLLOW STEM AUGER

DC DRIVEN CASING

MD MUD DRILLING
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BORING LOG

PROJECT Delaware Solid Waste Authoritv BORING No. GF-2 1 of 2
Northern Solid Waste Facility - 2 PROJECT No. 86-123
LOCATION OF BORING Wilmington, Delaware
ELEV. DATE: START FINISH INSPECTOR
HAMMER Wt.__140  HAMMER DROP __ 7"  SPOON OD ____ FOREMAN M. Ebert
BORING METHOD HSA ROCK CORE DIJA MISC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
Brown moist silty clay 4 2-5-5-5 1 DS 2.0 [Water at 7.5'.
- At completion
o 2-2-2-2 2 DS 2.0417.5"
3 backfilled
5 41-1-1-1 3 DS 2.0
4 2-2-3-3 4 ps | 1.0
10— 2-2-2-2 5 DS
A TURBE 1 PT 1.5
1 :
1-1-1 6 DS |. 1.0
H1-1-1 71 os| 1.5
2
{ TUBE 2 PT 2.0
2
1-1-1 8 DS 1.5
. 1-1-2 9 DS 1.5
3
1-2-1 10 DS 1.5
2-2-2 11 DS 1.5
" 35
2-2-2 12 DS 1.5
2-2-2 13 DS 1.5
LEGEND

DS DRIVEN SPOON

ST SHELBY TUBE
PS PISTON SAMPLE

ne

AT

Reck Jore

GROUND WATER

AT COMPLETION

HRS.

CAVED
CAVED

HSA HOLLOW STEM AUGER

DC DRIVEN CASING
MD MUD DRILLING



BORING LOG

PROJECT Delaware Solid Waste Authority BORING No. GF-2 2 of 2
Northern Solid Waste Facility = 2 PROJECT No.__86-123
LOCATION OF BORING Wilmington, Delaware
ELEV. DATE: START FINISH INSPECTOR
HAMMER We._ 140  HAMMER DROP __ 7" _ SPOON OD ___ FOREMAN _M.Fbert
BORING METHOD HSA ROCK CORE DIA § MISC,
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
N Brown molst silty clay 41.5 9-9-3 14 DS 1.5
- Tan & brown moist silty
o clay (org) 2-2-3 15 DS 1.5
o 44 0 '
- — Brown moist silty clay 45
- (org) 3-3-3 16 DS 1.5
713-3-3 17 DS 1.5
] 50
= 4=4-4 18 DS 1.5
-*
- 55
- 4=4~6 19 DS 1.5
- 58.5 J 4—17 20 DS 1-0
o Brown green moist silty _
- sand , 60 -4 22 204 Ds 0.5
B ___lel.5
N . -17-
i Bottom of hole 61.5' >-17-24 21 Ds | 1.0
~— 65
- -
- -
-1 a—
] .
B 75
S ] n
80|
LEGEND
DS DRIVEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
| ST SHELBY TUBE AT COMPLETION CAVED DC DRIVEN CASING
PS PISTON SAMPLE AT HRS. CAVED MD MUD DRILLING
vC Reck Corne




BORING LOG

1

A

R NN RN RN AT |

al

PROJECT Delaware Solid Waste Authority BORING No. GF-3

Northern Solid Waste Facility - 2 PROJECT No. 86-123
LOCATION OF BORING Wilmington, Delaware
ELEV, DATE: START 7-21-86 FINISH - 7-21-86 INSPECTOR
HAMMER Wet._ 140 HAMMER DROP __ 7"  SPOON OD FOREMAN T. Zeiler
BORING METHOD_ _HSA ROCK CORE DTA MISC.

ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS .
Brown moist sandy silt 45—7—10 1 DS 1.2 | GF-3 Auger refus
w/roots & gravel 4 5!

/ 8 3.0 13-3-3 2 | bps | 10723 ,
B ot 4 1t offset hole 20
rown moist sandy st b5 12-2-3 3 DS | 1.0 | southwest GF-3A
Brown moist silty clay 6.0 41-1-1 4 DS 1.4 | Drove spoon to
. T ) \
Brown moist silty sand A8-12-40 5 DS 1.3 9.0
& gravel -
_ 9.0 420-22-23 6 DS 1.2 | hole dry &
Bottom of hole 9.0’ 104 backfilled
-
-
18]
20—
od
-1
25 4
30
-1
35—
.
LEGEND

DS DR1VEN SPOON

ST SHELBY TUBE
PS PISTON SAMPLE AT

g %} .
vC Reck Jorne

AT COMPLETION
HRS.

GROUND WATER

CAVED
‘CAVED

HSA HOLLOW STEM AUGER

DC DRIVEN CASING
MD MUD DRILLING



PROJECT Delaware Solid Waste Authority

BORING LOG

11 1‘141 1.1 11 l 1.1 1 1 l | I W O | l [ S | l [ | l N . | l 1

BORING No. GF-3A l of 2
Northern Solid Waste Facility - 2 PROJECT No. 86-123
LOCATION OF BORING Wilmington, Delaware
ELEV, DATE: START 7-21-86  FINISH __ 7-97-8¢ INSPECTOR
HAMMER Wt.__140 HAMMER DROP __ 7" ___ SPOON OD FOREMAN T. Zeiler
BORING METHOD __HSA ROCK CORE DIA MISC.
‘ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
Brown molst silty cla -3-
7grass y Y 1.5 2-3-3 1 DS 1.2|{Water at l?.O'
Brown moist silty clay 2-2-2 2 DS 1.0|at c?mpletlon
w/roots 14.6
5 2-2-2 3 DS 1.2}
1-2-2 4 DS 1.2
7.5
Dark brown moist silty 2-1-2 5 DS 1.1
clay :
10 1-1-1 6 DS 0.0
1-1-2 7 DS 1.1
TUBE PT 0.8
1
1-1-1 9 DS .4
1-1-1 10 DS 1.5
2
1-1-1 11 DS 1.5
1-1-1 12 -DS 1.2
24.0
Dark brown moist silty 2
clay 1-2-2 13 DS 1.2
1-1-2 14 DS 1.5
3
1-1-2 15 DS 1.5
34.0 1-WOH-1 16| DS 1.4
Brown moist clayey :
. 35
silty sand w/gravel
2-2-3 17 DS 1.5
39.0 4-4-6 18 DS 1.9
LEGEND e

DS DRIVEN SPOON

ST SHELBY TUBE
PS PISTON SAMPLE

vC Reek Vo

GROUND WATER

CAVED
CAVED

AT COMPLETION
AT HRS.

HSA HOLLOW STEM AUGER

DC DRIVEN CASING
MD MUD DRILLING




BORING LOG

PROJECf Delaware Solid Waste Authority BORING No. GF-3A 2 of 2
Northern Solid Waste Facility - 2 PROJECT No._ 86-123
LOCATION OF BORING Wilmington, Delaware
ELEV DATE: START 7-21-86 FINISH 7-21-86 INSPECTOR
HAMMER Wt. __ 140 HAMMER DROP __ 7"  SPOON OD ___ FOREMAN _ T. Zeiler
BORING METHOD HSA ROCK CORE DIJA - MISC.
ELEV. ' SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
-1 Dark brown black moist i 2-2-2 19 DS 1.4
~ silty clay w/grass . ]
- (org) ’ %won—z-z- 20| Ds 1.5
- 45
7 ¥ 1-2-3 21| DS 1.5
- . _
- Moo _
B 49,0 __]%°%3 22 DS 1.5 .
_] Dark brown black moist 50 ‘
silty clay s 43-3-3 23| ps| 1.5
. Dark brown black moist '
silty clay w/grass(org)| 54.0 4 2-4-5 24 DS 1.5
- — ,
- Brown moist silty claye 55—
~ sand w/gravel ‘!2'6'7 251 Ds 1.5
- -
: 59 8-17-25 26 DS 1.5
Bottom of hole 59.0' 60 ——
B .
1 -
-y L
- -
- 65 —
e -
- ——
- _
—— —
. 5
- 75 =T
"1 | -
— 80 |
LEGEND
DS DRIVEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
ST SHELBY TUBE - AT COMPLETION CAVED DC DRIVEN CASING
PS PISTON SAMPLE AT HRS. CAVED MD MUD DRILLING

RC Reck Joge



BORING LOG

PROJECT Delaware Solid Waste Authority BORING No. GF=5 1 of 2
Northern Solid Waste Facility - 2 PROJECT No. 86-123

LOCATION OF BORING Wilmington, Delaware

ELEV, DATE: START 7-22-86 FINISH  7-22-86  INSPECTOR

|

| |

g b g v by vy v b g e by e t

HAMMER We.__140 HAMMER DROP yAM SPOON OD FOREMAN _ M, Ebert
BORING METHOD HSA ROCK CORE DIA MISC.

ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
Brown moist silty clay ) gvl—l-l—Z 1 DS L5 | water ot 6.0°
w/grass 2.0 ,

Brown moist silty clay \ backfilled
1 1-1-1-1 2 DS 1.0
5= 1-1-1-1 3 DS | 2.0

3 LastAsample
4 1-1-1-1 4 DS 2.0
4 57.5-59.0 still
3 1-1-1-1 5 ps | 2.0 in hole

. 1043 poss. gravel

Brown moist silty clay
1

3
Black moist silty clay

1 13| os | 0.5
1-1 13 ps | 1.0
2-2-2 14| os | 1.5

Brown moist silty clay
w/sand & gravel .
2-1-2 15 DS 1.5

Brown moist 31lty clay

‘w/grass (org) 1-1-1 16 DS 1.5

1-1-1 6 DS 1.5
1-1-1 7 DS 1.5
1-1-1 8 DS 1.5
1-1-1 9 DS 1.5

Brown moist silty clay | :

w/grass (org) ‘ 1-1-1 10| DS 1.5
1-1-1 11 DS 1.5
2-3-4 12| Ds 1.5

3145A }

LEGEND ' )
DS DR1IVEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
ST SHELBY TUBE AT COMPLETION ' CAVED DC DRIVEN CASING
PS PISTON SAMPLE AT HRS. : . CAVED MD MUD DRILLING
ne

] . -
Neek Jong



BORING LOG

PROJECT Delaware Solid Waste Authority BORING No. CF-3 2 of 2
Northern Solid Waste Facility - 2 PROJECT No. 86-123
LOCATION OF BORING Wilmington, Delaware

ELEV. DATE: START 7-22-86 FINISH 7-22-85 INSPECTOR

| HAMMER Wt._ 140 HAMMER DROP 7" SPOON 0D FOREMAN __ M, Fhert
| BORING METHOD HSA ROCK CORE DIA — . HMISC.
é ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
; - Brown moist silty clay . 2-2-2 17 Ds 1.5
| . w/grass (org) .
] E ore 1 2-2-2 18{ Dps| 1.5
] ‘s
| _ : LE & : 2-3~3 19 DS 1.5
- Black moist silty clay :
- w/grass (org) 2-2-4 20 DS 1.0
- sand & gravel 50
-t 3-3-3 21 DS 1.5
i 445 22| bps| 1.5
. 55 o=
i 4 4~5-5 23 DS 1.5
R -
| i v 29,0 o
| - Bottom of hole 59.0' 60 —I
_1 - -t
i -
‘d -
_J o
. - 65 —
] .
B -
- -
? -1 B
3 - 1 hs
\ 1 i
| -
i 80
| LEGEND
DS DRIVEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
ST SHELBY TUBE AT COMPLETION __ CAVED — DC DRIVEN CASING
PS PISTON SAMPLE AT HRS. — CAVED MD MUD DRILLING
rCOReck Voge




BORING LOG

PROJECT Delaware Solid Waste Authority ' BORING No. GF-6 1 of 2

Northern Solid Waste Facility - 2 PROJECT No. 86-123

LOCATION OF BORING Wilmington, Delaware

ELEV. DATE: START 7-23-86  FINISH 7-24-8¢  INSPECTOR

HAMMER Wet.__ 140 HAMMER DROP 7" SPOON OD FOREMAN _T. Zeiler
BORING METHOD _ HSA ROCK CORE DJA MISC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. | TYPE | REC REMARKS -
- Black moist silty clay 2-2-2 1 DS | 1.2 | water at 6.5"
B Brown moist silty clay 1 baCRfllled,
E - w/grass -1-1 2 DS 1.5
‘[ 4 - e |-
] Brown moist silty clay
] TUBE 1 PT 1.8
b WOH 3 DS 1.0
. WOH 4 DS 1.2
] WOH -1-1 5 DS | 1.0
| h .
e WOH 6 | DS 1.5
o WOH 7 DS 1.2
] TUBE 2 | er | 2.0
w
.1
{ WOH 8 DS 1.5
i
- WOH 9 DS 1.5
4
1 TUBE 3 PT 2.0
q B
7 WOH 10| DS 1.5
4 WOH 11 DS 1.5
- WOH-1-1 12 DS 1.5
-1 -
— . .
i Dark brown moist silty WOH-1~1 13 DS 1.5
clay
N WOH-1-1 14 DS 1.5
LEGEND
DS DRIVEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
ST SHELBY TUBE AT COMPLETION CAVED DC DRIVEN CASING
PS PISTON SAMPLE AT HRS. CAVED MD MUD DRILLING
RC Reck Joge




BORING LOG

PROJECT Delaware Solid Waste Authority BORING No. GF-§ 2 of 2
| Northern Solid Waste Facilitv - 2 PROJECT No.__86-123
| LOCATION OF BORING Wilmington, Delaware
| ELEV, DATE: START 7-23-86  FINISH 7-24-86  INSPECTOR
g HAMMER Wt.__ 140 HAMMER DROP " SPOON OD FOREMAN  T. Zeiler
§ BORING METHOD HSA ROCK CORE DIA MISC.
| ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. | TYPE| REC REMARKS -
; B Dark brown moist silty 1-1-1 15 DS 1.5
. clay WOH-WOH-1| 16 | DS | 1.5
] 45
- 4 1-1-1 17 DS 1.5
4 WOH 18 DS 1.5
_'% 50
- WOH-2-2- 19| DS 1.5
] - 52.0 3
Brwon, black moist
silty clay (org) § won-1-2 20 DS 1.5
55 —
4 1-1-2 21 DS 1.5
7 1-1-1 22 bps | 1.5
et 6L 5‘60
. R 1-2-4 23 DS 1.5
] Brown moist silty clay
] can 3-4-6 26| DS | 1.5
. Bottom of hole 64.0' 65 —
- -
- 70 —
- -
q —
—1 -
- 75 =
-1 [ -
- Y - 1"
[ 80
LEGEND
DS DRIVEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
ST SHELBY TUBE AT COMPLETION CAVED DC DRIVEN CASING
PS PISTON SAMPLE AT HRS. CAVED MD MUD DRILLING

*C Recx Vo




BORING LOG

PROJECT Delaware Solid Waste Authority BORING No. __ GF-7 1l of 2
Northern Solid Waste Facility - 2 PROJECT No. 86-123

LOCATION OF BORING Wilmington, Delaware

ELEV. DATE: START FINISH INSPECTOR
HAMMER We.__14Q =~ HAMMER DROP __7!' _  SPOON OD FOREMAN M. Ebert
BORING METHOD HSA ROCK CORE DTA MISC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
- Brown moist silty clay .} 1-1-1-1 1 DS 1.8 [Installed well-
: 1
1 w/grass 11_ _5 [point 27.0 w/
_ 3.0 q 1-1-1-1 , 2 DS 153' of stickup
B Brown moist silty clay
- 5 -j 1-1-1-1 31 DS > lhole backfilled
- 4 1-WOH~-WOH 4 DS
] 1 1-1-1-1 s | bs
§ 4
] , 103 1111 6 | Ds| 1.5
- 1 TUBE 1 PT 1.8
=1 .
——y A
] 15
] 7 1-1-1 7 DS 1.5
- . 1-1-1 8 DS 1.5
- 2
7 " TUBE 2 PT | 20
1
d-
-
- 2 :
. 1-1-1 9 DS 1.5
] |
-1 1-1-2 10 DS 1.5
- 3 |
- 2-2-2 11| bps| 1.5
‘ :. 34.0 2-1-1 12 DS 1.5
o Dark brown moist silty © 35
- clay 1-1-1 13| ps| 1.5
| B 1-1-1 14 DS 1.5
w ——%b
LEGEND
DS DR1VEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
| ST SHELBY TUBE AT COMPLETION CAVED DC DRIVEN CASING
| PS PISTON SAMPLE AT HRS. CAVED MD MUD DRILLING
vC Reck Core




BORING LOG

PROJECT Delaware Solid Waste Authority BORING No. GF-7 2 of 2
| ) Northern Solid Waste Facility - 2 PROJECT No. 86-123
| LOCATION OF BORING Wilmington, Delaware
|
ELEV. DATE: START FINISH INSPECTOR
HAMMER Wt.__ 140 HAMMER DROP 7" SPOON OD FOREMAN M. Ebert
BORING METHOD_HSA ROCK CORE DTA MISC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS -
. Dark brown moist silty : 2-2-2 135 D§: 1.5
| clay 2-1-2 16| Ds| 1.5
- 45 - .
- | 4 2-2-2 17| bps| 1.5
B 4 2-3-3 18| Dps| 1.5
| - 490 — —a '
| — Dark brown moist silty 50
| - clay w/grass org. - 2-2-2 19 DS 1.5
o ;
| 2-2-2- 20 pbps| 1.5
- 55
] 56.5 ] 2-2-2 21| ps| 1.5
| - Tan brown moist sandy |-
| - silty clay , 4-6-10 22| DS 1.5
| - .59.0.
| - Brown moist silty claydy 60 = '
| - sand w/gravel ] 6l.5. 22-26-36 23 DS 1.5
| - Dark brown moist.sandy
| ~ silty clay w/gravel 20-22-23 24 DS 1.0
B
. - 65
. 661 + 10-12-20 25 DS 0.5
- Bottom of hole 66.1' 1 .
- -
- 70 =
- -
- 75 =
b . -y
-
80
LEGEND 7
DS DRIVEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
ST SHELBY TUBE AT COMPLETION CAVED DC DRIVEN CASING
PS PISTON SAMPLE AT HRS. . CAVED MD MUD DRILLING

H

N

C Reck Voge



BORING LOG

PROJECT Delawgre Solid Waste Authority BORING No.
Northern Solid Waste Facility - 2 PROJECT No. 86-123
LOCATION OF BORING Wilmington, Delaware
ELEV. DATE: START 7-16-86  FINISH 7-18-86 INSPECTOR D. Collins
HAMMER Wt._ 140  HAMMER DROP __ 7' SPOON OD FOREMAN T, Zeiler
BORING METHOD HSA ROCK CORE DJA MISC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE | REC REMARKS -
- 4 1-1-2 1 DS| 1.2
Dark brown moist silty J
i clay 3.0 1-1-1 DS| 1.0
o Wet gray black moist 4 1-1-1 DS 1.0
et -silty-clay-—-~——- e 5
= Dark brown moist silty - TUBE 1 PT 1.2
- _clay 8.5 -
. Wet blue brown moist r 1-1-1 4 DS 1.5
- 31lty'clay w/occ. 1o - 1-1-1 s DS 1.5
- organics LU »
h { WOH-WOH~ 6 DS| 1.3
. - WOH
1 WOH-WOH 7 DS 1.5
7 1 WOH
- WOH-1-1 8 DS| 1.5
. 1-1-1 9 DS 1.5
o 2
N WOH-WOH 10 DS 1.5
- WOH )
B WOH-WOH 11 DS 1.5
- 2
: TUBE 2 PT .
] 1-1-1 12 DS .
a 30.0 - g4
i Wet blue brown moist WOH=1-1 13 DS 1.
. sandy silty clay w/ /
i -9cc. _organics._.. .. ... 131.5 1-WOH-1 14 DS| 1.5[Gas pocket 33.0
N Blue brown wet m01st
A black silty clay w/ 35
occ. organics
-1 a-1-1 15 DS 1.5
L Y.
: WOH-1-1 16 DS 1.0 Gas pocket 39.0
~—4 5
LEGEND

DS DRIVEN SPOON

ST SHELBY TUBE
PS PISTON SAMPLE

vC

AT

Reek Joge

GROUND WATER

e

AT COMPLETION

HRS.

CAVED
CAVED

——————————

HSA HOLLOW STEM AUGER
DC DRIVEN CASING

MD MUD DRILLING




BORING LOG

PROJECT Delaware Solid Waste Authority BORING No. GF-8 2 of 2
| Northern Solid Waste Facility — 2 PROJECT No._ 86-123
LOCATION OF BORING Wilmington, Delaware
5
ELEV, DATE: START 7-16-86  FINISH 7-18-86 INSPECTOR D. Collins
HAMMER Wt.__140 HAMMER DROP ___ 7' SPOON oD ____ FOREMAN T. Zeiler
BORING METHOD _HSA ROCK CORE DIA — _ MIsC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. TYPE REC REMARKS .
- Blue brown wet moist 4 WOH-2-2 17 DS 1.0
black silty clay w/ N
oce. organics § wom-wom-2| 18 | DS | 1.5
— 45 ]
- 4 WOH-WOH 19 DS 1.5
- N WOH
’ 49,0 | WOH-WOH- | 20| DS | 1.0
_: Blue brown black moist 50 WOH
i wet silty clay w/larger Y 1-2-2 21 DS 1.5
| quantity organics -
(poss. peat) f ,-3-3 2
-3- D .
] 4 0 2 s | 1.5
-t Tan gray moist wet : 35— b=li=t, 23 DS 1
- sandy_clay . . ___ .- 38.0 -2
- Dark brown moist sandy -1
1 E ,
7 grave 1 10-13-15 24 1 DS | 1.5 |Gas pocket -59.(
60 large cavity
q .
] e __] 6-11-14 25 | ps | 1.5
- [Bottom of hole 61.5' -
. -
. = 65 —
- -
- .
- -
- -
— —
== 75
- ] -
—1 o
. 80 |
LEGEND
DS DRIVEN SPOON GROUND WATER HSA HOLLOW STEM AUGER
ST SHELBY TUBE AT COMPLETION CAVED DC DRIVEN CASING
PS PISTON SAMPLE AT HRS. CAVED MD MUD DRILLING

v Reck Core




BORING LOG

PROJECT Delaware Solid Waste Authority BORING No. GF-15
Northern Solid Waste Facility - 2 PROJECT No. 86-123

LOCATION OF BORING Wilmington, Delaware

ELEV. DATE: START 7-24-86 FINISH 7-24-86 INSPECTOR

HAMMER Wt.__140  HAMMER DROP __ 7" _ SPOON OD __ FOREMAN _ T. Zeiler
BORING METHOD _ HSA ROCK CORE DTA MISC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS 6" No. | TYPE| REC REMARKS -
~ Brown moist sitly clay | . 4=4-6 1 DS | 1.2 |Dry & backfilled
- WOH-1-1 2 DS | 1.3
. . 4.0
— Dark brown moist silty 5
- clay w/grass WOH-1-1 3 DS
] 8.0 WOH-WOH-1 4 DS
| Bottom of hole 8.07
| -1
-
. - =
et e
) 154
j N .
] .
[ ] 20—]
;ﬁ - -
-t -4
- =
;] " 30
~ -1
- 35—
1 —
= -
: Lo B
‘~ = v
| LEGEND :
DS DRIVEN SPOON ‘ GROUND WATER . HSA HOLLOW STEM AUGER
ST SHELBY TUBE AT COMPLETION CAVED DC DRIVEN CASING
} PS PISTON SAMPLE AT HRS. _ CAVED MD MUD DRILLING
N0 Reck voge ‘




APPENDIX B

Laboratory Test Results
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WATER CONTENT SUMMARY SHEET

PROJECT DSWA NORTHERN FACILITY-2

BORING SAMPLE DEPTH WATER CONTENT
(£t) (%)
GF-9 s-1 0- 1.5 82.1
GF-9 S-2 7- 8 96.7
| GF-10 Bulk 0- 2 86.2
; GF-10 s-1 2- 4 111.8
1 GF-10 §-2 6- 8 108.2
GF-11 Bulk 0- 2 82.5
GF-11 S s=1 4- 5 102.3
8 95.6

GF-11 S-2 S
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COMPACTION TEST

DSWA NORTHERN FACILITY-2

Project Job No.
Boring No. GF-10 . Sample No. Bag Depth 0- 2'
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COMPACTION TEST
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PERMEABILITY SUMMARY SHEET

PROJECT DSWA NORTHERN FACILITY-2

BORING SAMPLE DEPTH SAMPLE WATER DRY PERMEABILITY
TYPE CONTENT  DENSITY
(ft) (%) (pcf) {cm/sec)
GF-6 s-3 5-7 Shelby 105.4 42.8 6.6 x 1078

GF-7 sT-1 20-22 Shelby 78.7 ' 53.6 - 1.1 x 1077
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GANNETT - MCCREATH LABORATORIES
ANALYTICAL AND CONSULTING CHEMISTS
P.O. BOX 1963
HARRISBURG. PA 17105
TELEPHONE (717) 763-7211

LABORATORY NO. 024163001 DATE - SEPTEMBER 5, 1986

GF GEOTECHNICAL ENGINEERS

SAMPLE ID NUMBER - 862445
SAMPLE DESIGNATION - DELAWARE SOLID WASTE FAC - 2
DATE RECEIVED - AUG 25,1986

THE RESULTS OF ANALYSES PERFORMED ON THE ABOVE REFERENCED SAMPLE

ARE AS FOLLOWS:

ANALYSIS PERFORMED v RESULT

RESPECTFULLY SUBMITTED,

GANNETT - MC CREATH LABORATORIES

Mhat & S

MAX E. SNAVELY, SUPERVISOR



APPENDIX C

Water Balance Computations
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Gannett Fleming Environmental
Engineers, Inc., “Northern Solid
Waste Facility — 2, Interim
Hydrogeology Report, Phase 11
Landfill,” prepared for the
Delaware Solid Waste Authority,
December 1986.
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DELAWARE SOLID WASTE AUTHORITY Lo

NORTHERN SOLID WASTE FACILITY-2
INTERIM HYDROGEOLOGY REPORT DELAWARE

R

PHASE II LANDFILL SOLID WASTE AUTHORITY

This report presents a review of hydrogeologic conditions at the Delaware
Solid Waste Authority's Northern Solid Waste Facility-2 (NSWF-2 site) located
on Cherry Island, Wilmington, Delaware. The present review was prompted by a
need to address concerns of the State of Delaware, Department of Natural
Resources and Environmental Control (DNREC), regarding the hydrogeology of the
site. These concerns are focused around apparent anomalies in the
potentiometric surface in the Columbia Formation sediments and the need for a
reevaluation of data and plezometer installations .at the site. The
potentiometric surface in the Columbia Formation sediments as reported in
January 1984, by Terraqua Resources Corporation, in Site Suitability
Report-Hydrogeologic and Geotechnical Evaluation of the Cherry Island Site,
indicates that groundwater flow at the southeast corner of the site may be
away from the Delaware and Christina Rivers (see Figure 1). Considerable
hydrogeologic review reveals that existing data may not support this
conclusion,

Previous Work

In July and August 1983 a monitoring well installation program was
conducted at the site in order to define existing hydrogeologic conditions in
partial fulfillment of DNREC regulations. During this program 18 piezometers
vere installed into the unconsolidated coastal plain sediments which underlie
dredge spoil materials emplaced by the Corps of Engineers. In addition to
installation of two plezometers at each of nine locations, sediment samples
were collected at 5-foot 1intervals to determine thicknesses and
characteristics of the geologic units involved. Pilezometer placement and
geologic variability of the sediments will be discussed in a later section of
this report. Periodic measurements of plezometric elevations were carried out
_ for the remainder of 1983. In July of 1985, quarterly monitoring of these
same "plezometers was commenced and continues to the present. Pilezometers
located in the Columbia/Recent deposits are of primary concern and are shown
in Figure 1, The groundwater surface defined by plezometric elevations taken
in the Potomac Formation,slopes without deviation toward the Delaware and
Christina Rivers as expected and will not be discussed further.

Site Geology

The NSWF-2 site 1s located approximately l-mile east of the Fall Line
which separates the Atlantic Coastal Plain physiographic province from the
adjacent Piledmont Province. Coastal Plain sediments at the site range in
thickness from 95 feet at the northernmost corner to greater than 220 feet at
the southeast corner. The oldest Coastal Plain sediments at the site are
Early Cretaceous in age (represented by Potomac Formation) and are overlain by
sediments of Quaternary age (represented by Columbia Formation). The Upper
Cretaceous and Tertlary sections are absent at the site due either to erosion
or nondeposition. -7
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The Cretaceous sediments at the site consist predominantly of variegated
red, gray, yellow, and white silts and clays containing interbedded white,
gray and rust-colored sands and some gravels.

Unconformably overlying the Cretaceous strata are sediments of Quaternary
and Holocene or recent age that are dominated by dark brown to black silts and
silty clays. These silts consist of both natural river deposits and
compositionally similar man-made dredge spoil deposits. Peat deposits in a
few boreholes indicate that the boundary between natural and man-made deposits
exists at or near sea level. These recent sediments are thickest at the
gite's eastern edge and also contain thin discontinuous lenses of sand and
gravel.

Underlying the recent river deposits and dredge spoil materials are tan,
brown, and gray silty sands with some gravel that are part of the Columbia
Formation. This sandy unit reaches its maximum thickness of about 60 feet at
the interior of the site, thinning toward the Fall Line and also toward the
confluence of the Delaware and Christina Rivers. According to Jordan 1962:
"The Columbia Formation of northern Delaware may be described as yellow to
dark reddish-brown, mostly coarse, moderately sorted, quartz sand, with a
considerable admixture of gravel and commonly containing cobbles and, in some
places, boulders. Thin silts may be present but are uncommon. It is
generally cross-bedded but the bedding may be contorted. Limonite is common
as thin ledges and as a stain or coating on other particles. A variety of
lithic types i1s recognizable among the larger fragments, including especially
quartzose sandstone and quartzite, some of which contain Paleozoic fossils'.
This description stands in obvious distinction from the finer grained recent
river deposits and dredge spoil material.

Piezometer Installations

As mentioned previously, 18 piezometers were installed to monitor
groundwater flow at the site. Nine of these are placed in the Potomac
Formation and the remaining nine are located in both the recent and Columbia
Formation sediments.

Because the unconsolidated sediments at Cherry Island are prone to
consolidation, a primary concern expressed by DNREC is that differential
plezometer settlement may have taken place during the monitoring period. Such
settlement would change the piezometer elevations, produce incorrect water
level data, and result in an anomalous potentiometric surface. The lowering
of a pilezometer through downward settlement would change the reference point
(usually the casing top) used for measuring the depth to the water table. A
downward change in the casing top reference point effectively decreases the
distance to the water table giving the impression that the water table has
risen.

Although it is possible that piezometers may settle independently from
the material in which they are installed, it is far more 1likely that any
changes taking place in piezometer elevations would also be reflected in
ground surface elevation changes.



As indicated by two independent elevation surveys at pilezometer
locations; changes in ground surface elevations between July-August 1983 and
December 1985 have been very small. (See Appendix A for ground surface
elevation changes). With the notable exceptions of Plezometer
Locations C-104, P-104 where the casings were extended about 5.5 feet, ground
surface elevation changes are minimal and may represent erosional/depositional
changes in the land surface and not ground settlement.

If pilezometer settlement has not taken place and water level measurements
are correct, an alternative explanation for the anomalous appearance of the
Columbia Formation potentiometric surface (Figure 1, modified from Terraqua
1984) is necessary. Such an explanation is found in review of site geology..

Geologic Review

The Columbia Formation of northern Delaware, as recorded by Jordan
(1962), conmsists primarily of coarse sand, considerable admixture of gravel
and cobbles with thin silty layers. Although the basal sediments which
overlie the Cretaceous Potomac Formation resemble this description, most of
the remaining succession of sediments are considerably finer grained and
should be interpreted as recent river sedimentation. Geologic review by
Duffield Associates as part of their quarterly monitoring effort, also support
this conclusion. The resulting hydrogeologic framework is much refined and is
illustrated in the stratigraphic cross sections of Figure 3 and 4. Included
in these cross sections are data from several geologic test borings and also
stratigraphic locations of many. of the plezometers installed during July and
August of 1983 (discussed in previous section). Because both Potomac and
"Columbia" Formation pilezometer pairs are located very close to each other
they are shown as composite installations.

Interpretation of the post-Potomac Formation sediments as recent river
deposits rather than Columbia Formation, explains the lithologic variations
shown in the stratigraphic cross sections of Figures 3 and 4. If these
sediments were truly Columbia Formation, they would be expected to be
uniformly more coarse grained and contain less silt or silty clay. Instead
they are composed of thick deposits of dark brown to gray silty clay and
clayey silt with thinner intervening sand and gravel units. Sedimentation of
this type is typical of meandering river systems where sediment type, channel
position, and geometry are variable.

Cross Section C-C of Figure 4 illustrates the extent of the sand and
gravel units which constitute the permeable zones within the river sediment
aquifer. These sand and gravel layers can be divided into lower and upper
units which are separated by an inherently less permeable silty unit. The
upper sand unit is confined to the eastern area of the site where it forms a
westward diminishing wedge. The lower sand unit is more extensive and is
connected to underlying sandy sediments which may be true Columbia Formation
(see Figure 4). These sand units are shown in Figures 3 and 4 with stippled
patterns for the sake of clarity and identification from one cross section to
another.



The most important detail to be observed in the cross sections is the
placement of piezometers in the recent river sediments. Cross Section C-C
best 1llustrates the physical cause of the anomalous appearance of the
potentiometric surface of the previous report. 1In this section three of four
plezometers are placed in the lower sand unit and one (C-106) is placed in the
upper sand unit. Adjoining Cross Section D-D shows two additional piezometers
(C-102 and C-108) located in the upper san unit. Because the upper sand unit
is isolated from the lower sand unit by a thick sandy silty, the piezometers
located in it should be considered as a separate network.

Additional evidence that Piezometers C-102, 106, and 108 should be
treated as separate from other installations in the Recent/Columbia sediments
if found in data from monitoring of several piezometers during tidal
fluctuations on December 30, 1983. On that date two sets of paired
piezometers and the Christina River were monitored through a 10-hour period
to determine the influence of ocean tides on groundwater levels at the site.
The two Potomac Formation piezometers of the tidal study will not be discussed
further because those installed in Recent/Columbia sediments are of primary
concern in this review.

The important difference between the two Recent/Columbia piezometers of
the tidal study is that they are installed in different sand zones within the
sediments. C-105 is installed in the lower sand unit and C-106 in the upper.
If the upper and lower sand units were hydraulically interconnected then the
tidal responses of these two piezometers would be expected to be similar.
However, this is not the case and assuming that both C-105 and C-106 were
functioning properly, it appears that the two units are isolated from each
other. Tidal response curves and total tidal fluctuation for C-105, 106, and
the Christina River are shown in Figure 5.

The most obvious difference in these tidal responses is the very limited
fluctuation of C-106 as compared to C-105 and the River. Not only 1s response
in C-106 limited in magnitude but is is also delayed. 1In actuality tidal
response of C-106 might be expected to be greater than C-105 because C-106 is
installed nearer to the elevations of the Christina River, increasing the
likelihood of hydraulic interconnection between the river and upper sand zone.

Conclusions

Review of geologic and hydrogeologic data reveals that the Columbia
Formation of the Terraqua Report of 1984 actually includes considerable
quantities of recent river deposits and minor Columbia Formation sediments.
Within these sediments there are two distinct water bearing units consisting
of sand and gravel. Separating the two water bearing units is a thick silt
that acts to hydraulically isolate the upper sand and gravel from the lower.
Hydraulic isolation of the two water bearing units is further supported by
differing responses with regard to tidal fluctuations.

Review of piezometer placement particularly in light of refined
stratigraphic interpretation indicates that Piezometers C-102, C-106, and
C-108 are placed within the isolated upper sand zone and should not be
considered as part of the network of other Recent/Columbia piezometers.
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Additionally, two ground elevation surveys conducted in 1983 and 1985,
indicate that ground settlement has been insignificant at the plezometer
locations and that a resurvey of piezometer installations is not necessary.

Finally, Figure 2 is forwarded as a possible interpretation of the
potentiometric surface of the Recent/Columbia sediments. This interpretation
does not include data from the three piezometers installed in the upper sand
zone and 1s based on average pilezometric elevations calculated for data
collected between July and December 1983. These averages are based on the
assumptions that the plezometric levels were taken at random, representing all
tidal positions in an attempt to filter out tidal position and precession
which were not taken into consideration during data collection. Although
minor variations in the flow direction are shown in the figure, the important
conclusion 1is that a relatively flat potentiometric surface exists beneath
Cherry Island and that the gradient sharply increases to the west of the site.
This is particularly important since the Columbia Formation is more clearly
defined along the western edge of the site where the gradient is prominently
toward the Delaware and Christina Rivers.



GROUND SURFACE ELEVATIONS

Well No. July or August 1983 December 1985 A Elevation

c-100 15.6 15.4 -0.2

| P-100 15.3 15.2 -0.1

|

| c-101 35.2 35.2 0.0
P-101 35.0 34.7 -0.3
C-102 26.3 26.5 +0.2
P-102 26.2 26.2 0.0
c-103 11.1 12.3 +1.2%
P-103 12.1 12.5 +0.4
C-104 10.2 15.8 +5.6%%
P-104 10.2 ' 15.6 +5.4
C-105 21.4 21.6 +0.2
P-105 21.4 21.6 +0.2
C-106 27.6 272 -0.4
P-106 27.4 27.6 +0.2
c-107 10.3 10.2 -0.1
P-107 9.9 9.8 -0.1
c-108 27.2 27.3 +0.1
P-108 27.1 27.3 +0.2

| c-109 38.7
c-110 31.6

* Data is questionable
*% Plezometer extended
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1.0 Introduction

This report presents a proposal for the development of Phase III of the
Northern Solid Waste Facility-2 (NSWF-2) at Cherry Island in Wilmington,
Delaware. Cherry Island is used as a dredge disposal site by the Army Corps of
Engineers (COE) and the top 58-69 feet of site soil is composed of dredge
spoil. The proposal for landfilling Phase III is based on a consideration of
existing operations at Phase I and II adjacent to this new landfill area.
Pertinent data have been summarized and were used to project the remaining life
of Phase II as well as the life of the proposed new landfill area. In order to
develop design parameters. for the landfill, a geotechnical investigation was
conducted at the site. The results are presented in a separate Geotechnical

and Hydrogeologic Report, which includes a soils stability analysis.

This proposal includes an estimate of the site’s bottom contours which are
expected following the US Army Corps of Engineers’ (COE) dredge disposal
program and a bottom grading plan designed to minimize site work required for

bottom preparation. A leachate collection system 1is proposed to capture

~ percolation through the landfilled material. A preliminary finished grading

plan has been established to provide for satisfactory capacity of Phase III and
to provide drainage for stormwater runoff. A tentative schedule has also been

set to achieve a March 1991 date for commencement of filling in Phase III.
2.0 Waste Disposal’
2.1° Existing Waste Disposal Rates

Landfilling operations at Phase I of the Northern Solid Waste Facility at
Cherry Island began in October 1985. Phase II operations began in July 1987.
Annual solid waste disposal rates to Cherry Island are summarized in Table 1.
This Table shows that deliveries to the landfill from October through December
of 1985 were 86,149 tons and were 398,739 tons in calendar year 1988.

Deliveries to the landfill in calendar year 1989 were 460,278 tons.
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The average amount 6f waste disposed at Cherry Island between January 1989
and December 1989 was 38,358 tons per‘month with a maximum monthly rate of
48,435 tons in May 1989. Recent daily disposal rates are approximately 1,800
tons per day, Monday through Friday, and 600-700 tons per day on Saturdays.

Waste types and tonnages delivered to the site are summarized below for
the period January 1, 1989 to December 31, 1989:

Estimated Compacted

Waste Category Tons Disposed Density (1bs/cy)
Light Industrial/Commercial 302,600 1,100
DRP Residues/RDF 49,548 - 1,000
Industrial Sludges 5,000 2,000
EGF Ash : 46,179 ‘ 2,000
Asbestos . 4,570 ' 500
Municipal Sewage Sludge _ 17,381 1,900
Municipal Solid Waste 35,000 - 1,100

Total 460,278

Based on the above figures, an average compacted density of 1,150 pounds
per cubic yard (excluding soil cover) has been achieved in Phase II during

calendar year 1989.
2.2 Waste Projections

Deliveries to the site have been greater than projected at the time Phase
II was developed. Projections from the Design Memorandum for Phase II for
waste disposed for the year ending March 1989 were 326,000 tons; the actual
amount disposed during this period was 400,499 tons. Table 1 illustrates the
cumulative tons disposed at Cherry Island since 1985. For the period October
1985 through December 1989, a total of 1,847,688 tons of waste /have been
disposed at Cherry Island. Phase I capacity was estimated at 750,000 tons and
Phase II capacity was estimated at 1,949,220 tons for a total capacity of
2,699,220 tons. As of Deceﬁber 1989, an estimated 851,532 tons of capacity
remains at Phase II. (Phase I was filled in mid-1987.)

3



Typically, the quantity of solid waste for disposal 1is expected to
increase in proportion to the population increase in the area. However as
shown in Table 1, the projected population increase was 1.1 to 1.2% per year
between 1985 and 1989, while the waste tonnage increase to the NSWF was between
3 to 15% per year during the same time. Table 1 shows the projected waste
volumes to be disposed at the NSWF during the next ten years assuming that the
annual tonnage will increase at a rate of 6.9%, which 1is the average annual
increase of waste delivered to Cherry Island between 1986 and 1989. Based on
visual observations of the types of deliveries to the landfill, the high rate
of municipal waste generation is believed to be a result of an increase in the

‘light industrial/commercial waste fraction rather than the residential

component.

The Energy Generation Facility (EGF) began operations at the end of 1986.
The maximum capacity of the EGF is 175,000 TPY based on a 600 TPD throughput
and 80% availability. The actual throughput from September 1988 through August
1989 was 140,475 tons. A total of 49,113 toms of ash was generated during this
time period and was landfilled. Solid waste projections for disposal of ash at
Cherry Island, as shown in Table 1, were made assuming that EGF operations will
remain constant at an average 150,000 TPY with an average weight reduction of

65%.

Assuming Phase II continues to be filled at an average compacted density
of 1,150 lbs/cy; a total annual tonnage increase of 6.9% per year is delivered
to the NSWF; and the EGF maintains a throughput rate of 150,000 TPY; Phase III
will be required betwsen February and March 1991. The Authority is currently
considering options for filling Phase II without the one-hundred foot setback
proposed for the start of the second set of four ten-foot lifts. Without the
setback, Phase II capacity will be extended and Phase III will be required
between March 1991 and June 1991,
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3.0 Landfilling Practices for Phase I and II

3.1 Pertinent Features of Phase I Design

Figure 1 shows the approximate location and boundaries of Phases I, II and
III. In Phase I, a dewatering system was used to improve the strength and
workability of the soil by lowering the water level in the top few feet of

soil.

Dewatering trenches were excavated and the water which was drained from
the soils was collected and pumped from the site. Due to the low permeability
of the soils, "mounding" of the interstitial water in the soil occurred between

the dewatering trenches and additional excavations were needed in some areas.

The leachate collection system incorporated‘gravel-filled "french-drain"
type laterals for collection and delivery of leachate to 6 inch polyethylene
headers installed in ‘gravel-filled trenches. Gravity flow in the header
conveys leachate to 10 or 12 inch mains at the perimeter, which empty into a
sump at the Cherry Island pumping station located at the northernmost corner of
the site. From this station, leachate is pumped to the City of Wilmington

Wastewater Treatment Plant for treatment.

The approximate maximum leachate flow rate of record for Phase I was
144,000 gpd during a one week period in 1985 when none of the surface area of
the site was covered with refuse. The maximum flows observed with one,lift of’
éolid waste in place were 57,000 gpd. Ihe leachate flow rate predicted for

Phase I upon closure by the Water Balance Method was 23,000 gpd.

Gas vents constructed for Phase 1 are four foot diameter concrete pipes
filled with stone. A PVC perforated pipe in the center of the concrete pipe

extends down to the bottom of the landfill.
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3.2 Pertinent Features of Phase II Design

Phase II encompasses apprdximately 43 acres and is bounded on the west and
north by dikes constructed of dredge spoils by the COE.. An earthen dike was
constructed along the eastern boundary and joined the west and north dikes in
order to segregate the landfill area from COE dredge disposal activity. The
landfill bottom was designed to drain from the northern and southern portions

of the site to a central leachate header pipe constructed across the site.

The configuration selected for Phase II includes a total of eight ten-foot
lifts with reinforcement at the bottom of the first -1ift. Following the
completion of the first se& of four ten-foot lifts, a second set of four
ten-foot lifts was designed to begin with the toe of slope set back 100 feet
from the top of the first four ten-foot lifts. A synthetic reinforcing grid
was placed on the landfill bottom prior to filling to reinforce the areas

around the northern and eastern edges of the landfill.

The leachate collection system was designed to function in a manner
similar to the Phase I system. Phase II leachate 1is conveyed to the Phase I
system., Average leachate generation rates for Phase I and II combined are
20,000 to 30,000 gpd. Flows of 117,000 gpd were observed during 1987 when nomne
of the Phase II surface area was covered with refuse. Flows of 106,000 to

163,000 gpd were observed during the summer of 1989 due to wet weather.

The Phase II area was constructed in three sections; A, B, and C. The
Landfill botteom and leachate collection system was prepared for Section A and
the first 10-foot 1lift of waste was placed on this portion. A berm was
constructed between Section A and Sections B and C so that stormwater could be
diverted away from the leachate collection system during the early stages of
filling. Leachate collection systems for Areas B and C were installed and

connected just prior to the commencement of filling.



As shown in Figure 1, EGF ash 1s being landfilled in a separate area in

Section A of Phase IIL.
4.0 Description of Phase III Site
4.1 Site Configuration

Phase III comprises approximately 41 acres and is bounded on the north and
east by dikes constructed of dredge spoils by the COE. Phase III is bounded on

the west by a dike constructed as part of the Phase II landfill construction.

A baffle dike constructed of dredge spoil by the COE runs in an east-west
direction through the center of the Phase III area. A sluice and drainage pipe
located on the eastern dike serve to drain the entire eastern dredge disposal
area during dredge deposition. Figure 2 shows the expected bottom contours

after the COE dredge deposition is completed in June 1990.
4.2 Site Soils

A detailed investigation of Phase III site soils was undertaken by Gannett
Fleming Engineers and the results are presented in the Geotechnical and
Hydrogeological Report.

4.3 Groundwater Conditions

A description of Phase III groundwater conditions is presented in the -

Geotechnical and Hydrogeological Report.
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5.0 Phase III Landfilling Plan
5.1 Corps of Engineers’ Activities

The COE is currently using the eastern portion of Cherry Island (Edgemoor
Area) for dredge deposition. The most recent dredging was conducted in August
1989. Thé COE plans to initiate dredging on March 15, 1990 and continue until
June 1990. This dredge deposition is expected to result in the addition of
three to five feet of dredge spoil in the Phase III area. As a result of the
Corps' activities, a separate investigation for dewatering or drying the Phase

ITI site is underway.

Following the next dredging scheduled for March 1990, the COE plans to use
the western portion of the Cherry Island site (Wilmington Area) for dredge
deposition. Therefore, as discussed with DNREC, a dike separating the southern
edge of Phase III from the remaining dredge ‘disposal area will not be needed.
Section 5.8 discusses Ehe stormwater management practices which will be used to
segregate Phase III from the remainder of the Edgemoor Area. The existing
baffle dike and sluice in the Phase III area must be remoyed as part of the

Phase III construction.
5.2 Landfill Bottom

Because COE dredge depdsition was delayed wuntil August 1989, cthe
topography in the Phase III area could not be surveyed. The topography for
this design memorandum has therefore been assumed to be approximately five feet
above grades measured during the hydrogeological investigation. The assumed
contours are not likely to coincide with elevations left after the COE dredging

activity expected to take place in March of 1990.

The site must be resurveyed, following the completion of dredging

activities, to establish an accurate starting point for site preparation.
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Observations of field conditions following the COE dredge deposition
indicated that the entire site was covered with a few feet of water. Four
months after the dredge deposition, observations of field conditions indicated
that a thin, dry crust was present at the edges of the site and standing water
was present in the center of the site. Areas where standing water exists over
the dredge spoil will not support construction equipﬁent; even after ponded -
water is removed. The actual condition of the site bottom will not be known

for a number of months following the completion of the March 1990 dredging.

The proposed landfill bottom grading plan is shown in Figure 3. To
achieve proper leachate drainage, the bottom slopes from the south and north to
the center of the site. Bottom slopes are proposed to be approximately 1.5

percent.

Consolidation of subgrade soils 1is expected to cause substantial
settlement of the landfill bottom. Settlement will be most pronounced in the
center of the site because the greater amounts of solid waste will cause
heavier surcharging compared to areas closer to the edges of the landfill.
This differential settlement will accentuate downward slopes towards the center
of the landfill such that they will exceed 2% following settlement. Therefore,
the bottom grading plan has been designed to take advantage of this settlement,
provide for a balanced site for cut and fill using all on-site materials, and

still provide adequate leachate collection.
5.3 Dewatering Plan

As with Phase II soils, Phase III soils are very poorly drained. The COE
is scheduled to deposit three to five feet of dredge material at the site
between March 15 and June 15, 1990. Unless measures are taken to dewater the
site, soils will not be stable enough for construction until at least

twenty-four months after deposition is completed.

11
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The characteristics of the dredge spoil are such that standing water forms
when the spoil is excavated. This standing water is mneither a regional ground
water table nor perched groundwater, but rather it is interstitial water in the
soil that will drain by gravity if an outlet is provided. The rate of draining
is governed by the overburden pressure and the length of the water’s flow path.A
Therefore, either increasing the amount of overburden or decreasing the flow

path will result in a more rapid dewatering rate.

One option for enhancing water removal at the site is to install a
drainage material on the soil surface prior to the initiation of the March 15,
1990 dredge deposition. Various woven and non-woven geotextiles and preformed
plastic drainage mnets were evaluated to determine the drainage capacity.
Calculations performed, wusing laboratory-derived consolidation parameters,
indicated that the time required for the upper five feet of dredge spoils taq
reach normal consolidation would be reduced from approximately two years to six

months with the insertion of this draininage material.

Plans, specifications and cost estimates were prepared for the installation of
this system; however, the Corps of Engineers did not allow the Authority access

to the Phase III site in order to proceed with installation.

Depending on the site conditions following the completion of the dredge
deposition, additional dewétering methods may be needed in order to meet the
proposed construction schedule, or the Authority may decide to pursue other

landfilling measures.
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3.4 Preliminary Landfill Configuration

Figure 4 shows the preliminary Phase III fill configuration. Side slopes
were established at 3:1 (horizontal: vertical) to match the practice in Phases
I and II. Solid waste lifts will be about ten feet thick, consisting of nine
and one-half feet of waste and six inches of daily cover. . The height of the
landfill is about 80 feet above the landfill bottom. A 100 foot setback at the
top of the first 40 feet has been included on the northern, eastern and
southern sides of the landfill to provide for the necessary stability. Figure

4 also illustrates the location of the ash fill area.

Runoff from the finished top of the landfill will be conveyed down the
side slopes in drainage channels to the perimeter of the finished fill area on
the north-side of the landfill. As described in Section 5.8, a sediment basin

will be located in the northeastern portion of the Cherry Island site.

Figure 4 also illustrates the proposed access roads to the site. Access

to the Phase III area will be along the northern edge of the 'site. The

‘existing access to the landfill at the small load collection area will be

rerouted to provide entry to the Phase III site along the boundary of Phase II
and III.

5.5 Estimated Capacity
The volume of the fill configuration shown in Figure 4 is about 2;708,000
cubic yards. Assuming that 1 foot of sand (65,760 cubic yards) will be added

to the base of the landfill as part of the drainage system, the total volume of

the landfill available for waste and cover material is 2,642,240 cubic yards.
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The average compacted deﬁsity of waste in Phase II currently is l,iSO lbs.
per cubic yard. Assuming a compacted density of 2,500 lbs. per cubic yard for
cover material; 5% by volume of daily cover and 4.5 feet of final cover;
approximately 146,677 tons (117,342 cubic yards) of cover soil will be needed.
The remaining capacity of Phase III for solid waste, is therefore about
2,103,292 cubic yards or 1,209,393 tons. Assumi;g delivery rates of 11,035
tons/week, during the period of 1991 to 1992, Phase III lifetime is estimated

at 110 weeks, or 2.1 years.

Assuming continued operations of the EGF at 150,000 TPY with 65% weight
reduction, the average weekly delivery of EGF ash wili be 1,010 tons per week
(1,010 cubic yards per week assuming a compaction denéity of 2,000 1lbs/cubic
yard). The wvolume of the ash cell is estimated at 126,198 cubic yards.
Assuming a 1 foot sand layer, 5% by volume of daily cover and 4.5 feet of final

cover, the ash cell capacity is estimated at 125 weeks, or 2.4 years.
5.6 Leachate Management and Collection

Leachate generation rates for the Phase I and II presently average between
20,000 to 30,000 gpd. As stated in Section 3.0, the quantity of leachate
generated for Phase II, as.predicted by the U.S. Environmental Protection
Agency's "Water Balance Method", was 27,000 gpd. Using the same method for
Phase I yields 23,000 gpd, for a total for Phase I and II of 50,000 gpd.

Leachate generation rates for Phase III were estimated wusing the
Hydrologic Evaluation of Landfill Performance (HELP) model, Version 2. " The
average annual rate of leachate generation for Phase III is estimated to be
31,000 gpd. The max imum daily leachate generation rate is predicted to be
50,600 gpd.

16
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The layout of the Phase III leachate collection system is shown in Figure
5. The ash cell has been designed with a separate leachate collection system.
The systems will consist of perforated, corrugated six-inch lateral pipes and
eight inch header pipes in geotextile wrapped, gravel filled trenches below
grade. One foot of sand will be placed on top of the collection systems. The
systems have been designed to minimize head pressure and minimize ponding over
the underlying dredge spoil liner. Collection pipes are designed to drain by
gravity to a sump system. Manholes ‘and cleanouts are located along the
perimeter of the site to allow for proper maintenance of the systems. A
temporary flow reducing orifice plate will be installed between the Phase II

and Phase III leachate collection systems to reduce peak flows generated during

‘ ~placement of the first lift in Phase III.

5.7 Landfill Capping

The proposed landfill configuration offers a large surface area for
infiltration of stormwater. The fairly gentle top slopes (two percent) are
predicted to convey about 15 percent of precipitation off the top of the fill.
The 85 percent that is predicted to infiltrate will generate an average annual
leachate flow of about 30 million gallons; Most of this leachate can be
avoided if the top of the landfill is capped with a barrier to liquid such as a
clay or a synthetic membrane. A cap.woﬁid entail about 40 acres and could be
ekpected to preclude about 90 percent of precipitation from infiltraﬁing into

the f£ill depending on the system selected.

The proposed cap system for Phase III will be evaluated and presented in a

separate technical memorandum.
5.8 Surface Water Management

During the first stages of site preparation, an earthen berm will be
constructed along the southern edge of Phase III and along the eastern edge of
Cell A to keep stormwater from the remainder of the Edgemoor area from entering

the active filling area. The staging of filling is shown in Figure 6.
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Because of these berms, stormwater falling on Cells B and C will also be kept

out of the leachate collection system until solid waste placement begins.

Stormwater runoff féom the site during bottom preparation of Cell A will
be directed over the berm and out of the existing sluice along the eastern side
of the landfill. Similarly, as Cell B is developed, stormwater will be
directed to Cell C and out of the existing sluice. Prior to the installation
of the leachate collection system in Cell C, a stormwater detention/sediment
basin sized for a 2-hour ten-year storm (approximately 72,000 fe3) will be

constructed in the northeastern area of Cherry Island.

After the entire landfill area has been filled with the first ten-foot
1ift, stormwater runoff from the landfill will be directed down the side slopes
of the fill around the entire perimeter of the landfill. This runoff will be
directed into perimeter drainage swales and conveyed on the east and west sides
of the fill into the northern drainageway and into the stormwater

detention/sediment basin.
5.9 Landfill Operation

In situ dredge spoils will act as an impermeable liner for the landfill.
A dewatering system may need to be installed, depending on the results of the

landfilling feasibility study in progress.

The landfill bottom will be graded to a uniform 1.5% slope. Grading will
begin at the lowest contour and proceed up-slope in both directions. Excess
soil from bottom grading and COE dedging activity will be stockpiled at the far
eastern end of the site until it is needed for berm construction. A leachate
collection system will be installed according to Figure 5 only for the Ash Cell

and Cell A in order to minimize inflow of stormwater to the leachate system.

After the leachate collection system is completed, a sand drainage layer
will be placed and graded to maintain approximately one foot thickness over the
site. As outlined in the Geotechnical and Hydrogeological Report, geotéchnical
reinforcing materials will Be placed within the sand layer as shown in Figure

2.2 of the Hydrogeological Report,
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Materials to be landfilled will be placed according to the sequence
depicted in Figures 6 and 7. Prior to completion of the first lift in Cell A,
the leachate collection system for Cell B will be completed. 1In a similar
fashion, the leachate collection system for Cell C will be completed prior to
completion of the first lift in Cell B. Access to the site during landfilling
will be over roads on existing dikes as shown in Figure 4. The second lift for
the entire site will be filled according to Figure 7. Since the Ash Cell will
be filled at a rate of approximately 1/16 that of the CellsiA, B and C, it has
been sized accordingly. After the first two lifts are in place, final cover
soil placed on the eastern side of Phase II will be displacéd and the third

lift of Phase III will directly abut the eastern side of Phase II.
5.10 Sequence and Schedule of Site Preparation Activities

The following sequence is ©proposed for Phase III landfill site

preparation:

1. Sediment control facilities. A berm will be constructed along the
southern perimeter of Phase III to divert stormwater to non active areas of the

Edgemoor site.

2. Bottom grading. Depending on the condition of the site following COE
deposition, bottom grading will be carried out by appropriate excavation and
filling. If accessible, the entire site will be graded. The baffle dike will

be removed at this stage.

3. Stormwater diversion berm. An earthen diversion berm separating
Cell A from Cells B and C will be constructed. Stormwater from Cell A will be
allowed to settle in Cells B and C prior to its discharge through the existing

sluice gate on a temporary basis until the stormwater basin is constructed.

4, Leachate conveyance system. New gravity sewers from existing Manhole

No. 14 to new Manholes No. 15 and 16 will be constructed.

20
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5. Cell A - leachate collection system. The western portion of the
leachate collection system, including the Ash Cell, will be installed.
Collection pipes will be placed in their gravel bedding and connected to

Manholes No. 15 and 16. Geotextile reinforcement ‘and sand will be replaced in

Cell A,

6. Solid waste disposal. The first lift of solid waste And/or ash will

be placed in Cell A.

7. Cell B - leachate collection system. The portion of the leachate
collection system in Cell B will be installed in a manner similar to Cell A.
Laterals and headers will be connected to establish a complete system and

geotextile reinforcement and sand will be placed.

8. Solid waste disposal. The first lift of solid waste will be placed in

Cell B.

9. Sediment basin - Prior to the start of installation of the leachate
collection system in Cell C, the sluce gate will be removed and a stormwater
basin will be constructed in the northeastern section of the‘Cherry Island

site.

lO. Cell C - leachate collection system. The portion of the leachate
collection system in Cell C will be installed in a manner similar to Cells A
and B. Laterals and headers will be connected to establish-a compléte system

and geotextile reinforcement and sand will be placed.

11. Solid Waste Disposal. The first lift of solid waste will be placed
in Cell C. ' .

Establishing a realistic schedule for the work requires an understanding
of the probable duration of the construction tasks involved in preparing the
site. Practical production rates for one construction unit (such as one dozer,

one backhoe, one pipelaying crew, etc.) on the tasks at NSWF would be:

23



Task Average Production Rate for One Unit

Stormwater basin 125 CY per day
Bottom grading ' 375 CY per day
Leachate system installation | 300 LF per day
Placing fabric and drainage layer | 15,000 SF per day

The schedule shown in Figure 8 illustrates the timing, duration and number
of comstruction units to bring Cell A on line. A number of points should be

recognized:

1. The schedule depends on good weather. Wet conditions will hamper or

prohibit most of the construction tasks.

2. The duration of the bottom grading task is based on an assumption that
site conditions following COE deposition in the Phase III area will allow
construction equipment to work on the site, and that the excavation in thé
central portion of the fill will not encounter wet conditions. If soils are
too wet to work on, off site material will have to be placed on the Cell A
area, and the bottom elevation will be raised. This task wili require

additional time particularly if equipment is required to travel any distance to

.a borrow or stockpile area.

3. Depending on the outcome of the landfilling feasibility study, Phase
III soils may need to be stabilized prior to .any site comnstruction. The
schedule does not reflect tﬁe additional time required to dewater the site. 1If
Phase III is required to be available for landfilling earlier than anticipated,
the schedule can be shortened by grading the bottom of only Cell A and the Ash
Cell.
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Gannett Fieming

DELAWARE SOLID WASTE AUTHORITY
NORTHERN SOLID WASTE FACILITY - 2
PHASE III
CHERRY ISLAND,
, WILMINGTON, DE ) ‘
GEOTECHNICAL AND HYDROGEOLOGIGC
REPORT

PROJECT DESCRIPTION

This geotechnical and hydrogeologic report presents the results of the
investigations performed for the design and construction of the Phase III
Landfill at the Northern Solid Waste Facility - 2 of the Delaware Solid Waste
Authority (DSWA). The project site and landfill are located on Cherry Island,
which is currently in joint use by the Philadelphia District of the U.S. Army
Corps of Engineers for the deposition of dredge spoil materials and DSWA for
solid waste disposal. As shown on Figure 1.1, the site for Phase III is
located on the Edgemoor dredge disposal area of Cherry Island, east of the
Phase II Landfill.

- The main design elements of the Phase III Landfill are described below:
Stability Analysis - The North and East boundaries of the Phase III area

are existing dikes previously constructed‘by the Corps of Engineers for
containment of the dredge spoil. Solid waste for this phase will be placed

adjacent to these dikes which required stability analyses of the dikes as well

as the general landfill area.

. Settlement - Deposition of the solid waste will cause settlement of the
underlying dredge spoil. The settlement magnitude and rate was estimated for
evaluation of strength gains due to consolidation and to properly slope
leachate collection systems and final covers.

Permeability - DNREC regulatioens require a minimum 5-foot thick natural
soil liner with a permeability less than or equal to 1x10-7 cm/sec.

Hydrogeologic Setting - Groundwater quality, piezometric levels, and
groundwater gradients were investigated at the site. :

In 1984, Terraqua Resources GCorporation prepared a hydrogeologic and
geotechnical report which addressed the characteristics of the entire Cherry
Island site for landfill development. In addition Gannett Fleming prepared a
second report addressing the Phase II expansion. Since these reports provided
data with applicable information to the Phase II1I site, this data has been
incorporated with the data obtained from the present investigation. In
addition, the Corps of Engineers has also performed subsurface investigations
at the site. The results of these investigations were also considered in the
Phase III design. '

The topography of the site is constantly changing due to current landfill
operations, settlement of the dredge spoil, and earthwork activities by the
Corps of Engineers. Throughout this report, topography as determined by a
survey performed by Winward Associates in October, 1989 and aerial photography
from 1985 supplied by Delaware Solid Waste Authority has been used. For
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purposes of this report, this information is considered sufficiently accurate
for the required analyses.

SITE GEQOLOGY

The site is located in the Coastal Plain Physiographic Province, which is
characterized by low lying and partially submerged landforms. The materials
of the Coastal Plain consist of layers of unconsolidated gravels, sands,
silts, and clays. Frequently, these materials are interbedded with
interconnected lenses. It is reported that the thickness of the
unconsolidated layers in Wilmington, at the contact between the Piedmont
Province and Coastal Plains Province, is O feet and in the southern portion of
the county it increases to 2,300 feet. At the Cherry Island site the
thickness ranges from 95 feet in the northwest corner, to about 220 feet in
the southeast corner.

A generalized cross-section of the site geology is shown in Figure 1.2.
As indicated, the lower unconsolidated layer overlying the rock is the Potomac:
Formation. This consists of multicolored silts and clays and interbeds of
white, gray, and rust colored sands and some gravel. These granular interbeds
are typically on the order of 5 to 10 feet thick. The thickness of the
Potomac Formation varies from about 7 feet in the northwest corner to about
145 feet in the southeast corner of Cherry Island. The Columbia Formation is
typically about 12 feet thick along the western edge of Cherry Island and 45
to 65 feet thick along the eastern edge. This formation generally consists of
multicolored sands and gravels with interbeds of silty sand, silty clay, and
clayey silt. Overlying the Columbia Formation are recent deposits and thick
layers of dredge spoil. These materials are typically silty clays and clayey
silts with some organic content and a layer of peat and clay. The overlying
dredge spoil is of primary concern for geotechnical considerations for this
project and is more fully defined below. ’

SUBSURFACE INVESTIGATION

In order to better estimate the soil parameters required for analyses, a
subsurface investigation was conducted from October, 1989 through January,
1990. This investigation included ten Standard Penetration Test (SPT) borings
and four dilatometer borings. The SPT borings were designated as GF-101
through GF-110. The dilatometer borings were designated as GF-111 through
GF-114. The locations of these borings are shown on Figure 1.1 and 1.1A.
Dilatometer borings GF-1ll through GF-114 were located adjacent to SPT borings
GF-106 through GF-109, respectively. SPT boring GF-101, 102, 103, 107, and
110 were performed along the access road at the outside toe of the containment
dikes using a truck mounted rig. SPT borings GF-104, 105, 106, 108, and 109
as well as the four dilatometer borings were performed within the containment
dikes using a tripod set-up mounted on a platform which was fabricated out of
six inch thick styrofoam and 3/4 inch plywood. Sampling in the SPT borings
was continuous for the first ten feet and at five foot intervals thereafter.
Split-spoon samples, as well as undisturbed samples, were acquired in the SPT
borings for laboratory testing. Copies of the driller’s logs for these
borings are attached in Appendix A of this report.

- Cross-sections were developed incorporating the information acquired in
this investigation as well as previous investigations at the site. A total of
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three sections were developed and are shown in Figures 1.3 through 1.5, As
seen in these cross-sections, the dredge spoil deposit varies from 58 feet in
thickness at the eastern limit of the Phase III site to 69 feet at the western
limit.

LABORATORY TESTING

Undisturbed, split-spoon and bulk sample were collected during the
subsurface investigation and subjected to laboratory testing in Gannett
Fleming's Geotechnical Laboratory located in Harrisburg, PA. The laboratory
testing included soil classifications, natural moisture contents, Atterberg
limit determinations, unconfined compression tests, consolidation tests, water
permeability tests, and standard compaction tests. The results of these tests
have been tabulated and are presented in Table 1. A complete set of the test
results is presented in Appendix B. In general, the test results agree with
those found during the Phase II testing. For comparison, the Phase II test
results are also attached as Table 2.

STABTLITY ANALYSTS

The proposed site for Phase III was evaluated to determine the adequacy
of the landfill configuration. The evaluation included the stability of the
landfill/dike slope arrangement and, in particular, the stability of the
slopes with regard to excessive deformatlon or collapse along an assumed
failure surface.

The area of Phase III determined to be of particular concern regarding
stability of the dike and landfill slopes occurs along the northern boundary
of the site. Adjacent to this boundary are large lagoons, or finishing ponds,
utilized by the nearby waste water treatment plant. It is believed that the
most severe consequences would be realized with a slope stability failure in

. this area. As a result, a cross-section was developed which modeled the

conditions which exist at the northern boundary of the site. This section was
then evaluated for slope stability. For a more complete analysis of overall
stability, cross-sections were developed along the east (Delaware River) side
and south (COE Edgemoor Disposal Area) side of the site and these sections
were also investigated for stablllty in order to refine the final design
requirements of Phase III. :

The stability analyses were performed in order to determine both the
stability of the existing dikes as well as the stability of the overall site
as landfilling progresses. The stability of the site was evaluated for the
following solid waste thicknesses and configurations: 0 feet, 20 feet,

40 feet, 60 feet with the top 20 feet setback 100 feet, 80 feet with the top
40. feet setback 100 feet, and 80 feet present for one year with the top

40 feet setback 100 feet. Figure 2.2 shows the final landfill configuration
with 3:1 (horizontal:vertical) side slopes and a landfill height of 80 feet
with the described setback.

In the initial analysis along the northern boundary of the site for

- 0 feet of landfill, the underlying dredge spoil material was separated into

five distinct layers with specific soil parameters as shown on Figure 2.1.
Two .of these layers, Layers 1 and 4, are directly under the existing dike and
access roads. These layers are of considerably higher strength than the other
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three layers shown within the containment dikes because of soil compaction and
consolidation due to the weight of the dikes. The initial strength parameters
of each layer are also shown on Figure 2.1. It is important to note that the
entire stability analysis was performed based on the assumption that either
some method was employed to stabilize the most recent dredge spoil deposit and
any future deposits, or that sufficient time was permitted for these spoils to
consolidate to the strength of the underlying dredge material, which has a
cohesion of approximately 190 psf at an elevation ten feet below the existing
surface.

Strength gains in the dredge layers, resulting from the placement of
solid waste material and corresponding consolidation of the dredge spoil, was
estimated based on the established relationship, Su=0.25P,, where Su is the
soil strength, or cohesion, and P, is the effective overburden pressure. The
incremental increases in strength were added to the initial strength values
for the three interior layers, numbers 2, 3, and 5, directly under the
landfill. These increased dredge spoil properties for the incremental
increases in solid waste thickness are shown in Table 3. The initial
strengths were determined from unconfined compression tests conducted on
Phase III undisturbed samples, pocket penetrometer readings taken on
split-spoon samples during Phase III drilling operations, and laboratory tests
conducted during previous phases. .

The various landfill scenarios, mentioned above, were analyzed with
respect to slope stability through the use of a computer software package
called "TENSLOl". The program, developed and distributed by The Tensar
Corporation, is a version of "STABL6", (Purdue University), modified to

incorporate geogrids into the analysis of slopes.

Slope stability analysis involves the quantification of the possibility
of slope failure. This quantification was achieved through limit equilibrium
methods, in which a factor-of-safety was calculated for a specified landfill
scenario. In this specific analysis, a circular failure surface is assumed in
. which Coulomb’s failure criterion will be satisfied along a circular arc. The
factor-of-safety for a specified circular failure surface is determined by
calculating the shearing resistance, or stress, required for equilibrium and
dividing it by the available shear strength of the soil. The simplified
Bishop method of slices is employed to obtain the factor-of-safety. In this
method, the circular failure surface is divided into vertical slices and the
forces on each slice are evaluated through limit equilibrium methods to
produce a factor-of-safety for the given failure surface. This procedure is
repeated for many circular failure surfaces until the one with the lowest
factor-of-safety, the critical failure surface, is found. Typically, the
factor-of-safety for slope stability should be 1.3 or greater. However, due
to the very weak nature of the dredge spoil materials present at this site, it!
is not practical to achieve a factor-of-safety of 1.3 in the early life of the
landfill. In the Phase II analysis, a factor-of-safety equal to 1.1 was used.

In an attempt to improve the factor-of-safety for a specified slope
scenario, a geotechnical reinforcing material, or geogrid, was placed within
the slope configuration so that it intersects the critical failure surface. "
The geogrids provide additional resisting forces by virtue of their inherent
tensile strength capacity and, therefore, increased factors-of-safety. For
these analyses, an equivalent geogrid tensile strength of 20,000 lbs/ft. was
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employed at the base of the landfill to provide increased stability of the
landfill slopes. To obtain an equivalent geogrid tensile strength of

20,000 1bs/ft., five layers of Tensar's UX-1700 geogrid can be used. As an
alternative, two layers of Matrex 240 and one layer of Matrex 120, both
manufactured by The Reinforced Earth Company, can be utilized to achieve the
necessary tensile strength. ‘

The results from the slope stability analysis along the northern
boundary, are presented in Table 4. Four cases were evaluated in which
combinations of solid waste height, solid waste strength, and geogrid
reinforcement were varied. Case I considers solid waste strength parameters
of v=43 pcf, c=750 psf and ¢=0° with no geogrid reinforcement for the six
landfill increments described above. Case II is similar to Case I except the
solid waste properties are y=43 pcf, c=200 psf and ¢=10°. 1In Case III, the"
six landfill increments are analyzed with solid waste properties of y=43 pef,
c=750 psf and ¢=0° with an equivalent geogrid tensile strength of
20,000 lbs/ft. Finally, Case IV is similar to Case III with the solid waste
strength parameters adjusted to =43 pcf, ¢=200 psf and ¢=10°. The critical

failure surface (circular arc), along with its corresponding factor-of-safety,

is illustrated for each landfill scenario of Case III and Case IV on
Figures 2.3 through 2.12.

The factors-of-safety for the four cases analyzed ranged from 0.89 for
the weaker solid waste strength parameters, no geogrid reinforcement and
40 feet of landfill to 1.3 for the stronger solid waste material,
20,000 1lbs/ft. equivalent geogrid tensile strength and 20 feet of solid waste
material. The variation in solid waste strength parameters represents
possible upper and lower values and, therefore, is used in sensitivity
analyses to define upper and lower bounds regarding factors-of-safety. The
solid waste strength parameters utilized as upper and lower bounds in these
analyses are within the range of values cited in the literature (Dvinoff and
Munion, 1986, Oweiss and Khera, 1986). The stronger solid waste material
values were ¥=43 pcf, c=750 psf and ¢=0° while the weaker refuse material
values were y=43 pcf, ¢c=200 psf and ¢=10°. In the cases with no
reinforcement, Cases I and II, the factors-of-safety for the lower strength
solid waste material are generally below 1.0, whereas the cases with the
higher strength solid waste material had factors-of-safety greater than 1.1.
With the addition of geogrids, the factors-of-safety for the weaker and
stronger solid waste strength parameters are approximately 1.12 and 1.26,
respectively. i K

Similar conditions for cases with and without geogrid temsile
reinforcement were analyzed to determine the benefits of the geogrids.  In
every case, the inclusion of geogrid reinforcement facilitated increased
factors-of-safety. The effect of the reinforcement was less pronounced as the
landfill height and soil strength properties increased.

A cross-section along the eastern boundary of Phase III, adjacent to the
Delaware River, was also developed for slope stability analyses. This
section, illustrated on Figure 2.14, consists of a single dike structure with
a 4:1 horizontal:vertical exterior slope. The sand layer between the dredge
spoil and solid waste contains geogrid layers with a total equivalent tensile
strength of 20,000 lbs/ft. Factors-of-safety for the various construction
phases are shown in Table 5. The average factor-of-safety for the
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configurations with the weaker solid waste properties, c=200 psf and ¢=10°, is
1.11, whereas the average value for the cases with the stronger waste
strength, c=750 psf and ¢=0°, is 1.22.

For completeness, a cross-section along the southern boundary of
Phase III, next to the COE Edgemoor Disposal Area, was analyzed. This
section, shown on Figure 2.13, depicts the solid waste compacted on the dredge
spoil material with a sand layer and geogrids (20,000 lbs/ft. equivalent
tensile strength) separating them. Table 6 contains the factors-of-safety for
the various phases of construction. The average factor-of-safety for the
cases with the weaker refuse strength is 1.34 while the corresponding average
value for the cases with the higher refuse strength is 1.53.

To examine the effect of time on the landfill stability, the
factor-of-safety was determined for 80 feet of solid waste material just after
final placement and also after the refuse material was in place for one year.
The long-term strength of the geogrid reinforcement should be considered in
the stability analysis to account for the effects of creep under long-term
sustained loading, reinforcement damage associated with the construction
operations, and long-term reinforcement durability. In the cases with 80 feet
of refuse in place for one year, the equivalent geogrid tensile strength was
reduced from 20,000 lbs/ft. to 15,000 lbs/ft. to account for this
time-dependent phenomenon. The strength of 15,000 1lbs/ft. represents the
long-term design strength of 5 layers of Tensar’s UX-1700 geogrid. The value
of 15,000 1lbs/ft. was used for the long-term design strength because it was
the most conservative of the long-term design strengths which were obtained.
In all cases, even when the geogrid tensile strength was reduced to long-term
strength, the factor-of-safety increased, indicating that comsolidation of the
dredge materials provided increased strengths and greater stability.

Generally, these stability analyses did not result in a factor-of-safety
greater than the value of 1.3 typically preferred. The factors-of-safety with
an equivalent geogrid tensile strength of 20,000 lbs/ft. ranged from just
above 1.0 to just below 1.3 for the various stages of landfilling and solid
waste strength parameters. These values may be considered acceptable because
the slope stability failure which could result in this case would probably be
slow in nature with ample warning signs. To compensate for the lower
factors-of-safety, a monitoring program should be implemented in which the
soil parameters are measured at regular intervals as the landfill is
constructed. The monitoring program should consist of the installation of

 inclinometers, piezometers, and settlements plates. Readings should be

obtained and soil parameters determined after the placement of each ten-foot
lift of refuse material and again immediately before placement of the next ten
foot lift. Re-evaluation of the landfill stability using the information
gained from the monitoring program to predict soil parameters will confirm the
parameters estimated in the initial design and the validity of -their
corresponding factors-of-safety.

From this stability analysis it was determined that the solid waste
material could be placed to a height of 40 feet (approximately Elevation 91)
at a three horizontal to one vertical (3:1) slope. At 40 feet, the landfill
should be set back 100 feet horizontally and continued at the 3:1 slope for
40 additional feet, to approximately Elevation 131. Geogrid reinforcement
which has an equivalent tensile strength of at least 20,000 lbs/ft. should be
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placed at the base of the landfill within the sand drainage layer as shown on

Figure 2.2 The setback of the landfill, the increased strength of the dredge

spoil material due to consolidation resulting from the increased overburden
pressures, (landfill loads), and the use of geogrid reinforcement are
necessary to provide an adequate factor-of-safety in the stability analysis.

SETTLEMENT

Calculations of settlement caused by landfilling activities were
performed. A landfill configuration consisting of an 80 foot high landfill
constructed with 3 horizontal to 1 vertical slopes was assumed in the analysis
(See Figure 2.2). A configuration was assumed without the setback shown in
Figure 2.2, as required for stability concerns, because it 1s assumed that
this setback will eventually be filled with refuse. Settlement calculations
were performed assuming that the underlying dredge spoil strata is normally
consolidated, including the most recent dredge spoil deposit and any future
deposits. It is important to note that in many instances the underlying
dredge spoils are actually underconsolidated. This condition is indicated by
a natural water content in excess of the material’'s liquid limit (i.e., i
liquidity index in excess of 1). Referring to Table 1, this is the case in
all but a few of the samples which were tested. The end result of this is
that the material has not yet come to equilibrium under its own weight, thus
settlement estimates assuming a normally consolidated stratum may slightly
underestimate the total settlement. This difference is not expected to be in
excess of 1 foot. The estimated settlement due to an 80 foot high landfill is
11.6 feet in the central portion of the landfill and tapers to O feet at the
edge. Ninety percent of this settlement is expected to occur over a period of
70 years.

.An important note is that the thickness of the dredge spoil strata across
the site varies by approximately 11 feet. This fact, combined with the
varying organic content of the underlying dredge spoil, will cause some
differential settlement to occur across the site. The magnitude of this
differential settlement is not expected to exceed 2 feet. A schematic profile
showing the initial subgrade and the subgrade after 100 percent consolidation
is presented in Figure 2.15. .

PERMEABTLITY

Currently, the dredge spoil stratum is either underconsolidated or
normally consolidated under the present loading conditions. When solid waste
material is added to the site, the overburden pressure is increased, excess
pore water pressures are induced, and the entire dredge spoil stratum becomes
underconsolidated. The magnitude of the excess pore pressures which are
developed is equivalent to the increase in overburden pressure. Excess pore
pressures can be expressed in equivalent feet of water head. One foot of
water head is equal to a pressure of 62.4 psf. Each 10 foot layer of solid
waste (y=43 pcf) provides an increase in overburden pressure of 430 psf. This
increase in overburden pressure corresponds to an equal increase in pore water
pressure which can be expressed as 430/62.4 feet or 6.9 feet. Therefore, each
10-foot 1lift of solid waste induces an increase in pore water pressure of
6.9 ft. '
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The addition of the l-foot sand drainage layer induces an excess pore
water pressure of approximately 2 feet (125/62.4). As a result, after the
drainage layer is placed and the first 1ift of solid waste has been added, an
excess pore pressure of 8.9 feet exists. This excess pore pressure dissipates
slowly over time due to the consolidation process. These pore pressures are
dissipated by "squeezing" water out of the dredge spoils. As water is
"squeezed" out due to the consolidation process, the water follows a path of
least resistance. 1In other words, water flows in the direction of decreasing
pressure or gradient. Figure 3.01, showing excess pore water pressure
distributions, has been provided in order to aid in explaining the dissipation
of these excess pore water pressures. Immediately after load is applied, the
excess pore pressures are equal throughout the dredge spoil strata as seen on
Figure A. Since the dredge spoils at the site are freely drained at both the
top and bottom of the stratum, (doubly drained), the pore pressures begin to
dissipate at each of the freely drained surfaces. This produces a pressure
distribution similar to the distribution presented as Figure B. The pressure
at the drained surface quickly dissipates to zero while the pressures within
the dredge spoil strata dissipate very slowly over time. Thus, the excess
pore pressures are greatest at the center of the dredge spoils and decrease in
the direction of each of the drained surfaces. 1In other words, a pressure
gradient exists up towards the surface in the upper half of the dredge spoils
and down in the direction of the sand and gravel layer in the lower half of
the dredge spoils. The magnitude of this gradient is equal to the change in
pressure (expressed in feet of water) divided by the length of the flow path.
Since the direction of the gradient is towards the surface in the upper half
of the spoils, the direction of flow is, in fact, up towards the surface in
this region. No downward flow of leachate could occur unless the head of
leachate within the cell exceeded the excess pore water pressure. Therefore,
after the initial 1ift of solid waste has been placed, the head of leachate
within the cell would have to be greater than 8.9 feet to produce any downward .
migration of leachate. As additional lifts are placed, the excess pore water
pressure is again increased. '

Using consolidation data to calculate the rate at which pore pressures
will dissipate, and assuming a 6-month period between lifts, average excess
pore pressures of the dredge spoil stratum were calculated after the placement
of subsequent refuse lifts. These values of excess pore water pressure are
tabulated below in equivalent feet of water. -

Solid Waste Height Excess Pore Water Pressure

(feet) (feet of water)
10 8.9
20 13.62
30 18.70
40 23.30
50 27.60
60 ' 31.42
70 34.90
80 38.15

It is noted that as long as the gradient is upward or zero, downward flow in
the upper half of the dredge spoil strata does not occur. Any downward flow
does not begin until the head of leachate within the landfill exceeds the
excess pore pressures in the spoils. Calculations show that the average
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excess pore pressure 1s greater than 5 feet of water head until approximately
60 years after 80 feet of solid waste has been in place. This means that for
any flow to occur, even after 60 years, the leachate head would have to be
greater than 5 feet. As these excess pore pressures dissipate, the dredge
spoils consolidate and the void ratio decreases, thereby decreasing the

‘coefficient of permeability.

DNREC requirements for natural soil liners state that a minimum 5-foot
thick layer of material exists with a water permeability less than or equal to
1x10-7 cm/sec. This layer is to begin at the elevation of the leachate
collection system. However, these regulations are unclear as to what cell
pressure or gradient should exist when performing the laboratory triaxial
permeability tests. It would be logical for the conditions in the laboratory
to model .the anticipated conditions in the field.

Laboratory permeability tests were performed on both undisturbed and
remolded samples in a triaxial permeability device at various consolidation
pressures which modeled anticipated field conditions. Permeability tests were
run at consolidation pressures which modeled the following landfill heights:
10 feet, 20 feet, 40 feet, 60 feet and 80 feet. These solid waste heights
correspond to the following consolidation pressures at the base of the
landfill: 550 psf, 980 psf, 1840 psf, 2,700 psf, and 3,560 psf, respectively.
These pressures were calculated based on a l-foot sand drainage layer with a
unit weight of 120 pcf and a unit weight of 43 pcf for the solid waste
material. In general, the results of these tests show that, at some point
during the landfilling sequence, a consolidation pressure is reached at which
the permeability of the dredge spoils is less than 1x10-7 cm/sec. This degree
of impermeability is reached when the dredge material becomes normally
consolidated under the corresponding consolidation pressure.

Figure 3.02 shows a plot of permeability versus consolidation pressures,
shown as equivalent solid waste heights. As can be seen, in all cases it is
estimated that the permeability will become less than 1x10-7 cm/sec. at some
time during landfilling activities. 1In most cases the required permeability
is reached at pressures equivalent to less than 40 feet of solid waste
material. In particular, all of the undisturbed samples shown achieved the-
required degree of impermeability at pressures equivalent to less than 35 feet
of landfill height. Another important point is that the entire dredge spoil
stratum has a permeability less than or equal to 1x10-6 cm/sec. in its present
state. As stated previously, the dredge spoils vary from 58 feet to 69 feet
in thickness. Therefore, in its present state, the dredge spoil strata is
equivalent to at least 5.8 to 6.9 feet of material with a permeability of
1x10-7 cm/sec. This is neglecting the increase in dredge spoil thickness due
to the COE's deposition in the spring of 1990. This equivalent thickness of
material with a permeability less than 1x10-7 cm/sec. will increase as the
consolidation process continues until the entire strata has a permeability
less than 1x10-7 cm/sec. In fact, Figure 3.02 shows that at some point the
dredge spoils will approach a permeability of 1x10-8 cm/sec. or less.

In general, the hydraulic scenario at the site is ideally suited to
prevent migration of leachate from the site. Although, initially the
permeability of the dredge spoils is approximately 1x10-6 cm/sec., 70 feet' of
material with this hydraulic conductivity will exist, providing for an
equivalent thickness of 7 feet of material with a hydraulic conductivity less

-9.



Gannett Fleming

than or equal to 1x10-7 cm/sec. In addition, an upward gradient will be
induced from the increase in overburden pressure and flow of pore water will
occur in the upward direction preventing any leachate from migrating through
the dredge spoils. As the pore water escapes, the eXcess pore pressures are
reduced and thus, the gradient is reduced. However as these pore pressures
dissipate, the permeability of the dredge spoils steadily decreases. In fact,
it will take over 75 years for the pore pressures to dissipate. During this
time, the permeability of the dredge spoils will have been reduced to
approximately 2x10-8 cm/sec. Figure 3.03 was developed using laboratory
consolidation data to predict the time for dissipation of excess pore
pressures and laboratory permeability test results. This figure provides
graphic representations of the magnitude of the excess pore water pressures,
in equivalent feet of water, vs. time and permeability vs. time. As can be
seen, during the time in which it takes for the dredge spoils to reach a
permeability less than 1x10-7 cm/sec., an upward gradient exists and no
migration of leachate will occur.

The permeabilities shown on Figure 3.03 represent an average permeability
over the first 15 feet of dredge spoils. In order to better represent the
changes in permeability with time, Figures 3.03A through 3.03E have been -
provided. These figures are representations of the anticipated permeability
zones in the dredge spoils as well as the magnitude of the excess pore
pressure gradients at the following times after landfilling commences:

0 years, 1.5 years, 6 years, 1l years, and 80 years. These figures show both
thickness of the anticipated zones with permeabilities less than

1x10-7 cm/sec. as well as calculations of an equivalent thickness of material
with a permeability less than 1x10-7 cm/sec. Also shown on the figures is the
upward pressure expressed in equivalent feet of water. In all cases, the
magnitude of this pressure exceeds 2.6 feet of water head. Thus, even after
80 years, a leachate head greater than 2.6 feet would need to exist to provide
for any downward migration of leachate. At that time, the permeability of the
entire 70-foot dredge spoil stratum will be approximately 2x10-8 cm/sec.

Taking a closer look at the permeability results on Table 1, it is seen
that in four of the permeability trials the samples had a permeability greater

‘than the maximum permeability of 1x10-7 cm/sec. In one trial, the remolded

bulk sample of GF-106, the test was stopped at a pressure equal to only

19.3 feet of refuse material. Using Figure 3.02, it is estimated that this
sample would have reached the desired degree of impermeability at a pressure
equivalent to 61 feet of refuse. In the other 3 cases, the samples contained
some unique characteristic to explain these higher permeabilities. These 3
cases are not plotted on Figure 3.02. In sample U-1, GF-106, the material
consisted of a non-plastic black silt with sand with 25 percent of the
particles greater than the 200 sieve. This sample, with higher sand content
and non-plastic characteristics, in all likelihood produced the higher
permeability. The classification and non-plastic characteristics of this
sample are not typical at the site. 1In fact, another sample from the same
undisturbed sample classified as an MH, elastic silt, with only 2 .percent of
the particles greater in size than the number 200 sieve.

Sample U-1 of boring GF-105 contained a fractured structure which was
most likely due to the sample undergoing numerous wet, dry cycles. These
cycles cause small, high-strength nodules to form with relatively large voids
or fractures between adjacent nodules. This highly fractured structure caused
the permeability to be two orders of magnitude higher than other samples with
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similar characteristics. The permeability of this sample would have been
reduced at the time that a consolidation pressure was reached, which would
break down (remold) these high strength nodules.

Sample U-1 of GF-110 had a very high permeability, 1.1x10-% cm/sec. In
order to investigate the reason for this high permeability, the sample was cut
into sections in the laboratory. A cylindrically shaped open region was
encountered which was oriented vertically in the sample and extended through
the entire length of the sample. This open cylinder appeared to be a decaying
Phragmite and probably caused the high permeability. It is predicted that as
the Phragmite continued to decay and the increase in overburden pressure
caused the open region to become smaller, the permeability would be
significantly reduced. In each of these three cases, the higher permeability
can be explained and the attributes are not considered to be common at the
site. One sample appeared to be a small sand lense while the other two
samples appeared to be characteristic of surface layers. Since the COE
generally deposits five feet (plus or minus) of dredge spoil material, it is
very unlikely that these surface layer discontinuities are hydraulically
connected. It is also noted that the effects of these surface layer
discontinuities will become less and less pronounced as the overburden
pressure is increased and these discontinuities are closed or healed. 1In
general, it appears that the site contains approximately 58 feet to €9 feet of
material which will achieve a permeability of less than 1x10-7 cm/sec. at some
point during landfill activities and, in most cases, a short time after the
first lift has been placed. During the time required for the permeability of
the dredge spoils to reach 1x10-7 cm/sec., an upward gradient exists and no
downward flow will occur.

HYDROGEQOLOGIC SETTING

+

The Columbia Formation of northern Delaware, as recorded by Jordan
(1962), consists primarily of coarse sand and considerable admixtures of
gravel and cobbles with thin silty layers. Although the basal sediments which
overlie the Cretaceous Potomac Formation resemble this description, most of
the remaining succession of sediments are considerably finer grained and
should be interpreted as a separate unit of recent river sediments. Geologic
review by Duffield Associates, as part of their quarterly monitoring effort,
also support this conclusion. The resulting hydrogeologic framework, which is
based on data from several geologic test borings and stratigraphic locations
of many of the piezometers installed during July and August of 1983, is
illustrated in the stratigraphic cross-sections of Figures 3.1 and 3.2,
Because both Potomac and Columbia Formation piezometer pairs are located in
close proximity to each other, they are shown as composite installations.

Interpretation of the post-Potomac Formation sediments as recent river .
deposits, separate from the Columbia Formation, was used to explain the
lithologic variations shown in the stratigraphic cross-sections. Sediments of
truly Columbia Formation would be expected to be more coarse grained and
contain less silt or silty clay; however, the sediments were composed of thick
deposits of dark brown to gray silty clay and clayey silt with thinner
intervening sand and gravel units. Sediments of this texture are typical of
meandering river systems where sediment type, channel position, and geometry

-are variable.
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Cross-Section C-C’' of Figure 3.2 illustrates the extent of the sand and
gravel units which constitute the permeable zones within the river sediment
aquifer. These sand and gravel layers are divided into the lower and the
upper units which are separated by an inherently less permeable silty unit.
The upper sand unit is apparently confined to the eastern area of the site
with diminishing thickness westward. The lower sand unit is more extensive
and is bordered by an underlying sand unit which may be the true Columbia
Formation (see Figure 3.2). These sand units are shown in Figures 3.1 and 3.2
with stippled patterns for the sake of clarity and identification from one
cross-section to another. :

The most important detail to be observed in the cross-sections is the

placement of the piezometers in the recent river sediments. In

Cross-Section C-C’' three of four piezometers are placed in the lower sand unit
and one (C-106) is placed in the upper sand unit. Adjoining Cross-Section
D-D' shows two additional piezometers (C-102 and C-108) located outside the
lower sand unit. Because the upper sand unit is isolated from the lower sand
unit by a thick sandy silt, the piezometer readings taken from these meters
should be identified as having originated from a separate unit.

Additional evidence that Piezometers C-102, 106, and 108 should be
treated as separate from other meters in the Recent/Columbia sediments is
found in data collected over 10 hours from two piezometers and the Christina
River during tidal fluctuations on December 30, 1983, to determine the
influence of ocean tides on groundwater levels at the site. The important
distinction between the two Recent/Columbia piezometers of the tidal study is
that they are located in different sand zones within the sediments. C-105 is
located in the lower sand unit and C-106 in the upper. If the upper and lower
sand units were hydraulically interconnected, then the tidal responses of
these two piezometers would be expected to be similar. However, this is not
the case. Not only is response in C-106 limited in magnitude as compared to
C-105, but it is also delayed. 1In actuality, tidal response of C-106 might be
expected to be greater than C-105 because C-106 is installed nearer to the
elevations of the Christina River, increasing the likelihood of hydraulic
interconnection between the river and upper sand zone.

Therefore, it appears that the two units are isolated from each other.
Tidal response curves and total tidal fluctuation for C-105, 106, and the
Christina River are shown in Figure 3.3.

Finally, data collected from C-101, C-102, C-104 and C-106 in January,
1990, further indicate the uniqueness of the units from which the readings
were taken, supporting the more complex hydrogeologic framework developed
using additional geologic information. Data loggers were used to measure
water levels in these four wells every fifteen minutes over a 48-hour period.
The resulting plot, showing water level fluctuations with time is shown on
Figure 3.4. The potentiometric readings for C-106 suggest that this is a
perched unit, hydrologically isolated from the Columbia Formation. The
anomalous results from C-102, apparently due to tidal fluctuatioms, indicates
that this piezometer is located in a separate unit which possesses drastically
different hydraulic characteristics. C-101 and C-104, which are located in
the Columbia Formation, show a decrease in the potentiometric surface of the
Columbia Formation in the direction of the point of convergence between the
Delaware and Christina Rivers. C-102 and C-106, which are located outside the
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Columbia Formation, have not been used for defining the location of the
potentiometric surface.

Review of geologic and hydrogeologic data reveals that the Columbia
Formation of the Terraqua Report of 1984 actually includes considerable.
quantities of recent river deposits and minor Columbia Formation sediments.
Within these sediments, there are two distinct water bearing units which are
separated by a thick silt that acts to hydraulically isolate the upper sand
and gravel from the lower unit. Hydraulic isolation of the two water bearing
units is further supported by the two studies which showed differing
piezometric responses with regard to tidal fluctuations.

Review of piezometer placement, using the more complex stratigraphic
interpretation recently developed; indicates that Piezometers C-102, C-106,
and C-108 are located outside the lower sand zone and should not be considered
as part of the network of other Recent/Columbia piezometers.

Additionally, two ground elevation surveys conducted in 1983 and 1985,
indicate that ground settlement has been insignificant at the piezometer
locations and that a resurvey of piezometer installations is not necessary.

Finally, Figure 3.5 shows a possible interpretation of the potentiometric
surface of the Recent/Columbia sediments. This interpretation does not
include data from the three piezometers installed in the upper sand zone and
is based on average piezometric elevations calculated for data collected
between July and December 1983. The data collected in January, 1990 also
supports this interpretation. These averages are based on the assumptions
that the piezometric levels were taken at random, representing all tidal
positions in an attempt to filter out tidal position and precession which were .
not taken into consideration during data collection. Although minor

variations in the flow direction are shown in the figure, the important

conclusion is that a relatively flat potentiometric surface exists beneath
Cherry Island and that the gradient sharply increases to the west of the site.
This is particularly important since the Columbia Formation is more clearly
defined along the western edge of the site where the gradient is promlnently
toward the Delaware and Christina Rivers.
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ADDENDUM NO. 1
MAY 9, 1990

TO THE GEOTECHNICAL AND HYDROGEOLOGIC REPORT FOR

DELAWARE SOLID WASTE AUTHORiTY
NSWF-2 PHASE III

This Addendum is made part of the above -noted report and shall be taken
into account in the review of the report and the subsequent design of
Phase III.

A meeting was held between representatives of DSWA, DNREC, and Gannett
Fleming on April 9, 1990 in Dover, Delaware at the office of DSWA. During
this meeting DNREC requested the following laboratory test data:

1. Soil pH Analyses,
2. Cation Exchange Capacity Tests and,

3. Leachate Compatibilify Test.

The results of each of these tests are now available and are attached to this
addendum. A discussion of the results of each test follows:

Soil pH

) Four soil samples were analyzed for pH by Gannett Fleming’s Environmental
Laboratory. The pH of the samples ranged from 7.10 to 7.25 units, with an
average value of 7.19 units. As is seen from the results, the dredge spoils
are very near the neutral pH of 7.0 units.

Cation Exchange Capacity

The cation exchange capacity (CEC) is a measure of the extent to which
the cations in a soil can be reversibly replaced by salt solutions and acids.
In the case of a natural soil liner for a municipal solid waste landfill, the
CEC is a measure of the soils ability to remove heavy metals which may be
present in the leachate and replace those heavy metals with cations which
naturally occur in the soil. CEC is typically expressed in meq. '
(milliequivalents) per 100 grams of soil.

Five samples obtained during the Phase III subsurface investigation were
submitted to Geochemical Testing, located in Somerset, Pennsylvania, in order
to determine the CEC of the dredge spoils underlying the Phase III area. The
CEC of the dredge spoils varied over a limited range, 23.2 meq/100g to
39.9 meq/100g, and varied little with depth. The average value of the CEC was
28.4 meq/100g. These values are within the range of values expected for clay
minerals. For example, the CEC of kaolonite typically ranges from 5 to
10 meq/100g (at pH=7.0) while the CEC of montmorillonite typically ranges from
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50 to 100 meq/100g (at’pH=7.0). The CEC of soils generally increases with
increasing pH since a greater amount of excess OH- ions are available for
bonding with catioms.

Leachate Compatibility Test

In order to determine any changes in the permeability of the dredge
spoils when exposed to leachate, a compatibility test was performed in the
Gannett Fleming Geotechnical Laboratory. Leachate for the test was obtained
from the leachate pump station at the Cherry Island site.

The sample used for the test was a remolded bulk sample taken at the
surface in the location of Boring GF-108. The initial permeability of the
sample, using distilled water as the permeant, was 1.5x10-8 cm/sec. The
permeability of the sample after exchanging two pore volumes with leachate was
1.7x10-8 cm/sec. The results indicate that little or no change in
permeability occurs when the sample is exposed to leachate.

The results of each of these tests have been attached to this addendum.
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Boring

" No.

Sample
" VNo.

GF

GF

GF

GF

GF

GF

GF

3A

11

S15,

§7
S10
S15, S16
S19, S20
§5, S6
S10, Sl1
Sleé
S&, S5
§9, sl10
S3
12
Tube 1
ST-1
§20, s21

S13

Sample “n Y1 wp
Depth Class Z B @
(ft)

10-12 ME  69.1 62.4 46.3
20-22 ME  80.8 62.8 44.7
35-39 ML  33.8 N/P N/P
45-49 OH 109.0 89.1 N/P

6-9 ME  59.7 62.5 46.7

17.5-21.5 MH  78.5 67.6 49.9

30-34 ML 42.6 46.8 32.8

6-10 ME  66.7 53.0 36.5
20-24 MA 85.6 62.1 44.2

5-7 OH 103.6 70.8 43.1
25-27 OH  85.4 73.1 46.7
10-12 OH  86.7 72.4 46.4
20-22 OH  91.3 76.5 47.9

52.5-56.5 MH  78.7 68.2 S1.4

5-7 OH 118.4 74.6 48.6
25-27 ME  89.6 65.9 42.4

0-1.5 82.1

7-8 96.7

0-2 % 86.2 76.6 48.4

2-4 118.8

6-8 108.2

0-2 *  82.5 78.7 53.4

4-5 1102.3

7-8 95.6

b

28.

25,

Unconfined
% Passing . Compression Triaxial Tests Type
No. 200 Y d Tn Ysat Ei 4 (ksf) Total Effective Test
(pcf) (pcf) (pcf) ¢ c(ksf) ¢ c(ksf)
58.8 99.4 90.8 0.58
51.8 93.7 92.2 0.38
39.0 2.63
94.5 2.61
100.0 2.40
97.5 47.3 96.3 91.9 2.66 0.61
100.0 17° 0.0 39.5 0.0 R
99.0  49.6 92.5 92.8  2.59 ’
100.0 53.6 17° 0.0 39.5 0.0 R
100.0 50.8 110.9 96.9 0.44
100.0 51.7 98.0 64,0 2.56 0.32
100.0
92.0

0.67
0.73

Comsolidation

Cv(inchz/min) Moisture Density
@ 0.5 tst ig Y dmax Wopt ) k
(pcf) (7 (cm/sec)
-3
1.5%10° 2.429
3.6X107°  2.271
-3 -8
3.4X10 2.261 6.6X10
2.65X107° 2.232 1.1x10"7
-3
3.3%10 2.828
2.25%107° 2.101
69.5 46.0
TABLE 2

PHASE IT LABORATORY DATA SUMMARY

I
i
|
i
i
|
|




Gannett Fleming

TABLE 3

Increased Soil Properties

(Assuming One Layer of Dredge Spoil, Doubly-Drained)

Initial Conditions:

40' Landfill:
(20 ft present for 1 year)

60" Landfill:
(40 ft present for 1 year)

80' Landfill:
(60 ft present for 1 year)

Landfill 1 year after completion
(80' present for 1 year)

Soil # |Y(pcf) c (psf)
1 105 625
2 100 407
3 93 225
4 110 750
5 93 188

Soil # [|v(pcf) c (psf)
1 105 625
2 100 437
3 95 255
4 110 750
5 93 218

Soit # ly(pcf) ¢ (psf)
1 105 625
2 100 494
3 97 312
4 110 750
5 95 275

scil # [Y(pef) c (psf)
1 105 625
2 103 577
3 100 395
4 110 750
5 97 358

Soil # [ Ypcf) c (psf)
1 107 ' 687
P4 107 687
3 103 505
[ 110 750
5 100 468
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Table 4
Northern Cross-Section

) CASE I o
Landfill Properties c=750 pcf, $=0
No .Geogrid

Landfill Factor-of-Safety

0 ft 1.19
20 ft 1.30
40 ft 1.14
60 ft (100' offset) 1.17
80 ft (100' offset) 1.14
80 ft (after 1 yr) 1.24

CASE 11 °
Landfill Properties ¢=200 pcf, ¢ =10
No Geogrid
Landfill Factor-of-Safety
0 ft 1.19
20 ft 0.94
40 ft 0.89
60 ft (100! offset) 0.97
80 ft (100' offset) 1.02
80 ft (after 1 yr) 1.13

CASE 111 .

Landfill Properties c=750 pcf, ¢ =0
Geogrid Tensile Strength of

20,000 lbs/ft. at the base of the

landfill
Landfill Factor-of-Safety
0 ft * . 1.19
20 ft * 1.30
40 ft. . 1.25
60 ft (100' offset) 1.27
80 ft (100* offset) 1.19
80 ft (after 1 yr) 1.28

CASE 1V

Landfill Properties c=200 pcf,$ =10°
Geogrid Tensile Strength of
20,000 lbs/ft at the base of the

landfill
Landfill Factor-of-Safety
0 ft* 1.19
20 fr* 1.13
40 ft 1.06
60 ft (100' offset) 1.15
80 ft (100' offset) 1.08
80 ft (after 1 yr) 1.18

*Geogrid Tensile Strength for these cases was
equal to 16,000 lbs/ft
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Table 5
Southern Cross-Section

CASE 111
Landfill Properties c=750 pcf, ¢=0°
Geogrid Tensile Strength of

20,000 lbs/ft. at the base of the

landfill
Landfill Factor-of-Sa%ety
0 ft 9.23
20 ft 2.16
40 ft 1.42
&0 ft (100' offset) 1.39
80 ft (100' offset) 1.27
80 ft (after 1 yr) 1.42

CASE 1V o
Landfill Properties =200 pcf, $=10
Geogrid Tensile Strength of

20,000 lbs/ft at the base of the

landfill

Landfill Factor-of-Safety

0 ft 9.23

20 ft 1.86

40 ft 1.14

60 ft (100! offset) 1.23

80 ft (100' offset) 1.14

1.30

80 ft (after 1 yr)
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Table 6
Eastern Cross-Section

CASE III
Landfill Properties c=750 pcf, ¢ =0°
Geogrid Tensile Strength of
20,000 lbs/ft. at the base of the

landfill
Landfill Factor-of-Safety
0 ft 1.22
20 ft 1.29
40 ft 1.18
60 ft (100" offset) 1.23
80 ft (100* offset) 1.18
80 ft (after 1 yr) 1.24

CASE 1V

Landfill Properties c=200 pef, ¢ =10°
Geogrid Tensile Strength of
20,000 lbs/ft at the base of the

landfill
Landfill Factor-of-Safety
0 ft 1.22
20 ft 1.18
40 ft 1.07
60 ft (100" offset) 1.12
80 ft (100 offset) 1.07
80 ft (after 1 yr) 1.13
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60 80
Phase IT
Phase I Landfill Material
Landfill Material 1
sof- GF-106 GF-l05 GF-104(A) S0
GP-3 N :
T GF-6 WH | WR WH_] C-102
s GF-5 GP-7 M- = i '
40 L._____,————-——-——\ _ W] i Pushed Shelby Tube WH_| Pushed Sheidy Tube 140
ST Pushed Shelby Tube — 2
Pushed Sheiby Tube- No Recovery 2] 2 -1 WH_|
Pushed Shelby Tub 2_] 1
-~ ushe elby Tube > Pushed Shelby Tube ) _{wA] wH] 'y i ..
30# o] 2] ] Pushed Shelby Tube -13v
e Pushed Shelby Tube . wi Vel 7] Pushed Sheiby Tube "} Pushed Shelby Tube 1] -
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DREDGE SPOILS

SCALE-

20' 0 20
P ————
VERTICAL
40' o] 40
jome——— o e

HORIZONTAL

T

SUBGRADE AFTER 100 % CONSOLIDATION

PHASE IIT

NORTHERN SOLID WASTE FACILITY - 2
DELAWARE.SOLID WASTE AUTHORITY

SETTLEMENT PROFILE

GANNETT FLE MING, INC,
HARRISBURG, PENNSYLVANIA

MARCH 1990
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€ DREDGE SPOIL
STRATUM

FIGURE A: INITIAL EXCESS PORE WATER PRESSURE DISTRIBUTION
IMMEDIATELY AFTER PLACEMENT OF LOAD.

DIRECTION O
WATER FLOW

i

A Y

/]

-

& DREDGE SPOIL
STRATUM

X

o]

FIGURE B: EXCESS PORE WATER PRESSURE AFTER SOME TIME, t,
FOR A DOUBLY DRAINED STRATUM.

EXCESS PORE WATER
PRESSURE DISTRIBUTIONS

| FigurRE 3.0
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Excess Pore Water Pressure (ft. of water) *

Permeability

H
(o]
i

w
(o]
i

204

™

10 20 30

40 50 60 70

Time (Years)

* Assumes a 70 ft. thick, doubly drained layer

40 50 60 70

Time (Years)

UPWARD GRADIENT AND PERMEABILITY

VS.

TIME

80

Figure 3.03




TIME = O YEARS

i,
|
|

LEACHATE COLLECTION PIPE (DEPTH BELOW
/SURFACE VARIES).

i
‘ |
! L 1'sanD
Q
N A
- 1=0.057 FT./FT. = 2FT. OF WATER HEAD ”
- __ & 0ILS
Kslxlo " cm/sec. — - — DREDGE SPOILS _ - ; - - - DREDGE SPOILS,H=70"+ 3
\ ' : - DIRECTION OF GRADIENT L—l | :
: " (i.e. DIRECTION OF FLOW)” I=0.057 FT/FT. '
~N N\

SAND AND GRAVEL

EQUIVALENT HEIGHT OF MATERIAL WITH A PERMEABILITY
<Ix10"7 ¢cm/sec.=T70'710=7.0"

;
|
i
i

CHANGE IN PERMEABILITY ;
OF \

DREDGE SPOIL STRATUM
\

|

] FIGURE .3.03 A




<K5Ix|O'7cm/sec.

K=Ix10""cm/sec. —

TIME

= 1.5 YEARS

80"

/

LEACHATE COLLECTION PIPE (DEPTH BELOW
SURFACE VARIES).

YA AT

|
L' sanD

\\ \\
I=1.09 FT. OF WATER/FT =38.15
. - /{ FEET OF WATER
DRED \

o - EDGE SPOILS - L. - - - DREDGE SPOILS ,H=70"+

DIRECTION OF GRADIENT/H

(i.e. DIRECTION OF FLOW) I=1.09FT OFWATER/FT.

AN T

SAND AND GRAVEL

EQUIVALENT HEIGHT OF MATERIAL WITH A PERMEAB!LITY
<ix 10~ cm/sec = 68 /IO+2=8.8

CHANGE IN PERMEABILITY
OF
DREDGE SPOIL STRATUM

ZONE WITH K=<Ix107cm/sec.

[ FIGURE 303 B




385"

m—— e

TIME = 6 YEARS

SOLID WASTE

- K=1x10"cm/sec.

LEACHATE COLULECTION PIPE (DEPTH BELOW
SURFACE VARIES).
-/ / / b
i L ' sanp

__ % OREDGE sPoILS

A I=- 0.80FT/FT. =28FT.OF WATERHEAD

- DIRECTION OF GRADlENT}l '
{i.e. DIRECTION OF FLOW) I=080FT./FT

- DREDGE SPOILS ,H=70"+

K=<Ix10""cm/sec.

3.85'

EQUIVALENT HEIGHT OF MATERIAL WITH A PERMEABILITY
<1x 1077 cm/sec. = 62.3'/10+2(3.85)=13.9

CHANGE IN PERMEABILITY

ZONE WITH K<I1x107cm /sec. OF
DREDGE SPOIL STRATUM

| FiGURE 303 ¢
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TIME =11 YEARS

80"

/
LEACHATE COLLECTION PIPE (DEPTH BELOW
SURFACE VARIES).

. __/ / / N
K=I1x10 ‘cm/sec. B i : S SAND
A
4 I=0.685FT./FT = 24 FT. OF WATER HEAD
- ¢ DREDGE s /, '

10,7 om/sec. — : POILS _ - L. - . - DREDGE SPOILS,H=70"+
"DIRECTION OF GRADIENTA )
(i.e.DIRECTION OF FLOW) I=0685FT/FT

SAND AND GRAVEL

) EQUIVALENT HEIGHT OF MATERIAL WITH A PERMEABILITY
<Ix 10 " cm/sec. = 2(59')+58.27/10=176"

CHANGE IN PERMEABILITY
: ZONE WITH K<1x107cm/sec. OF

DREDGE SPOIL STRATUM

| FIGURE 303D




TIME =80 YEARS

SOLID WASTE

80’

LEACHATE COLLECTION PIPE (DEPTH BELOW
SURFACE VARIES).
i

/
L' sanp

~ DREDGE SPOILS ,H=70" + R

i.e. DIRECTION OF FLOW)

SAND AND GRAVEL

|
EQUIVALENT HEIGHT OF MATERIAL WITH A PERMEABILITY [
<1x10 " cm/sec. = =70 |

- CHANGE IN PERMEABILITY

ZONE WITH K<Ix 107 cm/sec. OF
DREDGE SPOIL STRATUM

|
| Ficure zo03€ }
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NORTHEAST

NORTWEST GP-3 c/P-i0! GP~7
. . . s
A EL 43,4 EL.35.0 EL.379 A ELEVATION (IN FEET) BNORTH se-3. GP-9 Gp-1i G/P-los SQUTH
GP-8 60 ———e———. EL. EL.378 £L.388 27
o EL. 379 GP-6
EL.15.9' c/P-102 EL.374
EL.26.2
A ¢/P-100 s
~ e o D S P L-
c/P-100 / S —— - R T 40 EL.153 S Smmeepm o Tm s —peseTeomm oo S
EL.15.3 / ~-- e -l — Lt ———il__
/ conngsvgwo, I e it S -
TR. GRAVEL S m—— , ————
// —&> Ny ——— -t 1
P
/ .
DARK BROWN TO BLACK 20 - .
/ - N,BLACK 8 GREY SILT,CLAYEY SILT 8
PP Sk SILT AND CLAYEY SiLT, BLACK SILTY CLAY W/ CLAYEY —— \ DK. BROWK, PEAT, SOME SAND
SOME PEAT, TR, SANO GREY,FINE TO SILTY CLAY, SOME \
e , TR, SILT, TRACE TO LITTLE SAND VERY FINE SAND |-
SANO & GRAVEL {RECENT) %{/>
GREY TO BLACK
SILT & CLAYEY (3 o < ]
jand,SANU LENSES, N " TAN, BROWN 8 GREY SAND & GRAVEL\
PEAT PEAT GREY SANO W/SILT PEAT wr emug {ILT O avY /”EE__’
RECENT 5 ] — q=:7%
< PEAT & PEATY W/ v
K SILT —_—T T ——
TAN=-GREY 8 MED. COARSE -20 ~— ]
SAND, TR. GRAVEL
TAN TO GREY SANDY SILT (RECENT}
~40
B RUST,F-C SANO
ANDY GRAVEL.
RUST F/C SAND W/ W/GRAVEL SANDY GRAVE
GRAVEL .
-60 T 1 GREENISH GREY SILTY
— — 1015 TOTAL CLAY (RECENT)
; DEPTH
100.5
CREAM FINE SANO TOTAL —)<CREAM FINE SAND
DEPTH -80
3
VARICOLORED SILTY CLAY,W/CLAYEY VARICOLORED SILTY CLAY, -
SILT,TRACE TO LITTLE SAND SOME CLAYEY ST, TRACE VARICOLORED CLAY, SILTY CLAY 8 CLAYEY
- TO LITTLE SANO i SILT, TRACE TO LITTLE SAND
TOTAL BoETATL
DEPTH puu _ PTH
Wt ~—— 100 o
MONITOR WELL scnsmj :
INTERVAL . (TYPICAL) RED TO BROWN =120
. SILTY SAND AND SANOY -
[ SILT, W/ TR, CLAY
———
e
MONITOR WELL SCREEN
=140 INTERVAL {TYPICAL}
VARICOLDRED CLAY, SANDY REQ, BROWN, SKTY )
CLAY, SANDY SILTY CLAY —
-160 -
TOTAL
DEPTH
200
-130
VARICOLORED SILTY CLAY W/ CLAYEY SWLT,
TRACE TO LITTLE SAND
To'ﬁxh ’
DEPT -
220 200
-220 BN
TOTAL
OEPTH
25
-240 '
- ' ' 1
STRATIGRAPHIC SECTION A-A . STRATIGRAPHIC SECTION 3-8
T T T T T T T T T — T ~-260 T r T T T T T T T T T T T T
Q 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 8000 ¢} 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 §000 8500 7000
DISTANCE (IN FEET) DISTANCE {IN FEET)}
NOTES: SEE FIGURE 3.5 FOR CROSS - SECTION LOCATIONS. 8. THIS INFORMATION TAKEN FROM 1386
— i PHASE IT LANOFILL DESIGN REPORT PHASE IIT
. THESE CROSS-SECTIONS ARE MODIFIED FROM DUFFIELD ASSOC. OCT. (385, PREPARED BY GANNETT FLEMING.
ARE AS OF SERTEMEER,I983 NORTHERN SOLID WASTE FACILITY - 2
. STRATIGRAPHIC SECTIONS ARE BASED ON DRILLER'S OCESCRIPTIVE LOGS FOR 6. ELEVATIONS SHOWN 50 » ,
CONDITIONS ENCOUNTERED BY THE TEST BORINGS .an WELL aQR(NGS'O AND MAf HOT REFRESENT PRESENT COMOITIONS DELAWARE SOLID WASTE AUTHORITY
UPPER SANO ZONE AND STRAIGHT LINE INTERPOLATION OF CONDITIONS BETWEEN BORINGS. AT THE SITE
ACTUAL CONDITIONS BETWEEN BORINGS ARE UNKNOWN.
FIGURE 3.1
. STRATA TEXTURAL OESCRIPTIONS ARE A GENERALIZATION OF INOIVIDUAL SAMPLE
LOWER SANO Z0NE DESCRIPTIONS INDICATED ON THE ORILLERS OESCRIPTIVE LOGS. FOR LOGS SEE GANNETT FLEMING, INC. STRATIGRAPHIC SECTICNS
SITE SUITA REPORT, HYOR S A HN - .
"SITE SUITABILITY REPORT, HYDROGEOLOGIC CONDITIONS IND GEOTECHNICAL EVALUATION HARRISBURG, FENMSLVAMIA FEB. 1990 A-A' AND B-B’




SOUTHWEST SOUTHEAST NORTHEAST SOUTHEAST
4]
C C ) D D
60
G-12 |
EL.380
c/P-103 c/P-104 c/P-105 c/P-108 EL. C/P-106
’ : ; EL.274 C/P-102, /P-108 '
Bzl ELi0.2 EL.2lg EL.274 EL.26.2 oy ELand
40
~ /“ “‘\
1/ ‘\\\
PR bt 20
e DARK BROWN , BLACK B GREY SILT, CLAYEY
e =TT ——— T SILT @ SILTY CLAY W/SOME PEAT , TR, SANO
[ TAN,GREY & BROWN
SAND AND GRAVEL,
DARK BROWN, BLACK 8 GREY CLAYEY SOME SILT 8 CLAY 0
SNT R SUTY (] AY W/SOMF PEAT. \ GREY SILT W/SAND
TRACE SAND T T 17 .
< // TAN GREY g1 BROWN SAND . g |
4 s SOME st fAND, Cl'.AY // ’, . /,. g ol
20 4 '/// S /,}// A
K. BRN. TO |DK. GREY
TAN TQ GREY SILT W/ INT[ERBEDDED
SANOY  SiLT BLACK SILTY CLAY W/ SOME CLAYEY SILT, SAND TAN TO GREY
TRACE TO LITTLE SAND (RECENT) SANDY sSiLT
-4Q
BROWN SAND &
GRAVEL
ey -60
gti:EYaRO::C‘T TO GREY SILTY CLAY & SREY 8 GREENISH
GREY SILTY CLAY GREENISH GREY
8 CLAVEY SiLT SILTY CLAY W/
(RECENT) SOME CLAYEY ‘
SILT (RECENT} |
~-80
GREY SAND AND GRAVEL |
\
]
RECENT RIVER peposiTs
-100
P
VARICOLORED SILTY CLAY W/ CLAYEY SILT, OTOMAC  FORMaTION
TRACE TO LITTLE SAND
—==TRREY | SAND -
ToTaL LU E—— -120
DEPTH
130 g
REDOISH BROWN RED, BROWN SANDY MONITOR WELL SCREEN A
SAND W/ SOME ~140 SILT & SWTY SAND INTERVAL  {TYPICAL) .
MONITOR WELL scnezu-—é RED BROWN
INTERVAL  (TYPICAL) STy SAND\T___. VARICOLORED SILTY CLAY , W/ CLAYEY SILT,
—_— YV | ‘ -160 TRACE To LITTLE SAND ‘é:—
RED, BROWN
VARICOLORED SILTY CLAY W/ SILTY SAND
CLAYEY SILT, TR. To LITTLE
SAND .
-180
TOTAL
DEPTH VARICOLORED SILTY CLAY WITH
195 < A SILT, TRACE TO WLITTLE
TOTAL (;'; NYOEY T,
TOTAL 200 e 1
DEPTH TOTAL
220 DEPH
220
220 L
1 TOTAL
ToTaL . OEPTH
DEPTH 250
250
' -240
' . ¥
STRATIGRAPHIC SECTION c-~C' STRATIGRAPHIC SECTION D-D
T T T T T T T T T T T T T 260 T -7 T T T T T T T T T T
Q 500 1000 1500 2000 2500 3000 . 3500 4000 4500 5000 5500 6000 6500 7000 (o} 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500
ELEVATIO| : |
DISTANCE (IN FEET) TION (IN FEET) DISTANCE (N FEET) |
NOTES: ! SEE FIGURE 35 FOR CROSS - SECTION LOCATIONS. ) 5. THIS INFORMATION TAKEN FROM 1986 PHASE II PHASE IO
I LANDFILL OESIGN REPORT PREPARED 8Y
2. THESE CROSS-SECTIONS ARE MODIFIED FROM DUFFIELD ASSOC. OCT, [985. GANNETT FLEMING. NORTHERN SOLID WASTE FACILITY -
KEY 3. STRATIGRAPMIC SECTIONS ARE BASED ON ORILLER'S DESCRIPTIVE LOGS FOR 8 ELEVATIONS SHOWN ARE AS OF SEPTEMBER, 1983 DELAWARE SOLID WASTE AUTHORI
CONOITIONS ENCOUNTERED BY THE TEST BORINGE AND WELL BORINGS, AND MAY NOT REPRESENT PRESENT CONDITIONS
AND STRAIGHT LINE INTERPOLATION OF CONDIT'ONS BETWEEN BORINGS. AT THE SITE.
D UPPER SAND ZONE ACTUAL CONDITIONS BETWEEN BORINGS ARE UNKNOWN. FIGURE 3.2
4. STRATA TEXTURAL CESCRIPTIONS ARE A GENERALIZATION OF INDVIDUAL SAMPLE - G ECTIONS
[] LOWE? SAND 20NE QESCAIPTINS INSICATED ON THE ORILLER'S GESCRIFTIVE LOGS. FOR LOGS SEE GANNETT FLEMING, INC. STRATIGRAPHIC SEC i
- "SITE SUITARILITY REPDRT, HYDROGEOLOGIC CONDITIONS ANO GEOTECHNICAL EVALUATION _— _ Nek -0
OF THE CHEPRY 1SLAND SITE PREPARED BY TERRACUA RESOURCES CORP, DATED | FER. 1984, HARRISBURG, PEMMSYLVANIA FEB. 1990 C-C" AND D-D |
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@ G-l
@ GP-3
& C-i02

{2.6}

—_—6

LEGEND

GEOTECHNICAL BORING

.GEQTECHNICAL BORING~

WITH DEEP PIEZOMETER
COLUMBIA FORMATION MONITORING WELL

STRATIGRAPHIC CROSS-SECTION

GROUNDWATER ELEVATION

POTENTIOMETRIC SURFACE CONTOUR
(EL.IN FEET)

GROUNOWATER FLOW DIRECTION

o] 4 ’ IF TS
/ PHASE 1 GP-6
/ @ LANDFILL l LANDFILL /@
Q
/ I-PHASE I DIKE
“ —_—

/ X ‘ ,
a, @GeP-3
[——f——F7
A

WILMINGTON AREA

GC'IO4

% C-103 ~

400 (o} 400 a00
) : —

SCALE IN FEET

PROPQSED PHASE I
LANDFEILL

e

ngS QF

PHASE IT

—

G-12

=

1.4

EDGEMOOR AREA

& C-105

©

c-108 8

C-106 @ &’

"NOTE: - THIS INFOXMATION TAKEN FROM COLUMBIA FM.
1966 PHASE I DESIGN REPORT, PREPARED
BY GANMITT FLEMING, INC.

PHASE IO
NORTHERN SOLID WASTE FACILITY - 2
DELAWARE SOLID WASTE AUTHORITY

GANNETT FLEIMING, iNC.

HARRISBURG, FINNSYLVANIA FEB.I99C FIGURE 35

POTENTIOMETRIC SURFACE MAP
COLUMBIA/ RECENT SEDIMENTS




}

Gonnett Fleming

APPENDTIX A

Driller’'s Boring Logs
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BORING LOG (1 of 2)
3401 CARLINS PARK DRIVE » BALTIMORE, MARYLAND 21215
PROJECT Cherry Island - Phase I BORING No. GF-101
PROJECT tio, 897275
LOCATION OF BORING :
ELEV. pate:sTART _10-12-89  gysy _10-12-89 inspecTon
HAMMER 140 1bs.. HAMMER DROP 30 in. SPOON OD 2 in. FOREMAN Mike Kalandros
BORING METHOD _HSA Rock coRre DIA ' MISC.
ELEV. SOIL DESCRIPTION DEPTH BLOWS6” | No. | TYPE | REC | - REMARKS
Brown silt with mica 2-2-8-11 1 DS Water
- enco