1 3 7

(3 7

OCCIDENTAL CHEMICAL CORPORATION
OLIN CORPORATION

ENGINEERING REPORT

FINAL
VOLUME II

APPENDIX A
CALCULATIONS

102nd STREET LANDFILL SITE
NIAGARA FALLS, NEW YORK

SEPTEMBER 9, 1995
Revised: FEBRUARY 5, 1996

FLUOR DANIEL, INC.
MARLTON, NEW JERSEY



Y O OO OO OO Q@O O OO oo e O

A.1
A.2
A3
A4
A5
A.6
A7
A.8
A.9

A.10
A.11
A.12

APPENDIX A

CALCULATIONS

APL Collection System

Output from HELP Model Runs

Cap

Subdrain Collection

Stormwater Management

Cofferdam Stability Analysis (for reference only)
Seepage Analysis

Settlement Calculations

Pre-Design Field Activities,

Additional Geotechnical Test Results

NAPL Storage Tank Emissions

Hydraulic Conductivity Data in Till

Test Results - Claymax Liner (for reference only)



APPENDIX A.1

APL Collection System



D B s [ (S B (SN0 [ (SO B et R A I ot B W R A B MU S A R A [ e I S R g R nnin R S R "

102nd Street Landfill Site
Supporting Analysis for APL Collection System Design

SUPPORTING ANALYSIS FOR APL COLLECTION SYSTEM DESIGN

1.0 BACKGROUND/ASSUMPTIONS

The basic elements of the selected remedy for the 102nd Street Landfill Site (Site) are defined
by the site-specific Record of Decision (ROD). These elements include, a cap over the landfill,
a perimeter slurry wall keyed into the underlying clay/till, an aqueous phase liquid (APL) collection
system, and other elements. The purpose of an APL collection system, as stated in the ROD,
is to create and maintain an inward gradient across the perimeter slurry wall at the Site,
minimizing potential for off-site migration of APL through the perimeter slurry wall.

The general layout of the elements of the Remedial Design were presented in the Remedial
Design Work Plan (RDWP, 1992) and subsequently indicated on drawing 594000-30K-01. These
documents provide the data used in the calculations reported here. The geohydrologic data
needed for these calculations were obtained from the Rl and supporting Milestone Reports No.
2, 8, and 14. '

The inward gradient across the perimeter slurry wall could be achieved by reducing the static
ground water level inside the perimeter slurry wall to at least one (1) foot below the Niagara River
elevation and the natural ground water levels outside the perimeter slurry wall. Once this level
is attained, infiltration will consist of water from the following sources:

e Precipitation infiltration through the landfill cap,

e Ground water infiltration through the perimeter slurry wall,

e Ground water infiltration beneath the perimeter slurry wall, and

e Ground water migration upward from the bedrock formation through the confining
clay/glacial till deposits

An equivalent volume of water to the infiltration listed above must be pumped to maintain these
steady state water levels. Each of the water sources was evaluated to estimate steady state
pumping requirements. Conservative assumptions were made to estimate maximum infiltration.
The following assumptions were used in the calculations:

e The average width of the perimeter slurry wall is 3 feet.

e The average hydraulic conductivity of the perimeter slurry wall is 1x107 cm/sec.

e The average hydraulic conductivity of the underlying clay (Clay) is 1.6x10® cm/sec
(Table 4.3, RI, 1990).

e The average hydraulic conductivity of the underlying glacial till (Till) is 6.5x10® cm/sec
(Table A.1-1).
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Supporting Analysis for APL Collection System Design

e The bottom 2 feet of the Till has gravel or a high permeability base which is not
representative of the Till at the Site and therefore will not be considered as part of the
confining layer.

e The average river elevation is 563.6 feet above mean sea level (MSL) and significant
extended downward variations from this level do not occur (Table 6, Milestone Report
No. 8).

& A minimum of 1-foot differential will be maintained across the perimeter siurry wall. This
essentially means water level elevations inside the perimeter slurry wall will be
maintained at approximately 562.6 ft MSL.

e The area enclosed within the perimeter slurry wall is approximately 1.052 million square
feet (Drawing # 594000-30K-01).

The character of the Till does not exhibit significant lateral variation across the Site. However,
locally the Till does appear to have a coarse granular base (Milestone Report No. 14, 1987).
Also, it should be noted that because of the basal portions of the Till are possibly hydraulically

- connected to the bedrock, local hydraulic conductivity may appear. greater in wells installed at

the interface between the Till and bedrock than in the Till unit itself (Milestone Report No. 14,
1987). Therefore, hydraulic conductivities measured at the interface between Till and bedrock
were not used in obtaining a geometric average for the Till (Table A.1-1).
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2.0 STEADY STATE APL PUMPING REQUIREMENTS

Infiltration Through the Cap

Groundwater Infiltration Through the Perimeter Slurry wall
Groundwater Infiltration Under the Perimeter Slurry Wall
Groundwater Migration From Bedrock Formation

Total Flow Into APL Collection Trench at Steady State
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102nd Street Landfill Site
Supporting Analysis for APL Coliection System Design

2.0 STEADY STATE APL PUMPING REQUIREMENTS

To achieve the purpose of the APL Collection System, it will be necessary to create and maintain
inward gradient across the perimeter slurry wall. This could be achieved by reducing the static
ground water level inside the perimeter slurry wall to approximately 1 foot below the Niagara
River elevation and the natural ground water levels outside the perimeter slurry wall. Once this
level is attained, infiltration will consist of water from the following sources:

e Precipitation infiltration through cap,

o Ground water infiltration through the perimeter slurry wall,

e Ground water infiltration beneath the perimeter slurry wall, and

e Ground water migration upward from the bedrock formation through the confining
Clay/Till deposits.

An equivalent volume of water must be pumped to maintain steady-state water levels.

Infiltration Through Cap

Infiltration through the cap was estimated using the HELP (Hydrologic Evaluation of Landfill
Performance) model (Schroeder et. al., 1988) for the landfill cap designs shown in Figure 1
("Alternate A") and Drawing 594000-10S-02 ("Alternate B"). Both designs are similar except
"Alternate A" incorporates a 12-inch silty clay layer under a 60-mil very low density polyethylene
(VLDPE) or equivalent liner while "Alternate B" uses a prefabricated geosynthetic clay liner, with
maximum permeability of 1x10° cm/sec, under a 40-mil very low density polyethylene (VL.DPE).
The "topsoil" was simulated as sandy loam, "select fill' was simulated as silty loam, and the
geotextile/geonet layer was simulated as a one-inch layer of coarse sand with a hydraulic
conductivity of 1x102 cm/sec. Soil properties were taken from Rawls et al. (1982) and HELP
model documentation. A range of 10° to 10° cm/sec was used for the hydraulic conductivity of
the silty clay layer.

The "Alternate B" membrane was assigned a leakage factor of 0.01 (maximum value of typical
range), which corresponds to leaks/openings on an approximately 50-foot square grid. This is
a conservative assumption which results in overestimating the seepage through the cap. The
60-mil VLDPE liner ("Alternate A") was assumed to develop fewer leaks/openings and therefore
was assigned a leakage factor of 0.003 which corresponds to leaks/openings on an
approximately 100-foot square grid. Average monthly temperature data reported in the Rl were
used as input to the HELP model. Other parameters are shown on the HELP model output
(included as Appendix A.2). The area enclosed by the perimeter slurry wall is approximately
1,052,000 square feet. '
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102nd Street Landfill Site
Supporting Analysis for APL Collection System Design

For "Cap Section - Alternate A" (Figure 1), the HELP model output shows infiltration of 74,600
ft3/year [1530 gallons per day (gpd)] through the cap using a hydraulic conductivity of 10°
cm/sec for the silty clay layer below the 60-mil VLDPE liner. If 10"° cm/sec hydraulic conductivity
of silty clay layer could be achieved, the infiltration through the cap is estimated to be 155 gpd.
In comparison, if the leaks/openings in the 60-mil VLDPE liner occur on an approximately 50-foot
square grid, then the infiliration is estimated to be as high as 4760 gpd.

For "Cap Section - Alternate B" (Drawing 594000-10S-02), the HELP model estimates infiltration
to be 118 gpd (5780 ft*/year) through the cap.

Based on the cap design calculations presented above, the HELP model analysis shows that the
"Alternate B" cap design would allow less infiltration than the "Alternate A" cap design.
Additionally, it may be difficult to install a 12-inch siity clay layer (“Alternate A") and obtain the
desired hydraulic conductivity of 10°® cm/sec, which is required to obtain performance essentially
equal to that of "Alternate B" cap design.

Ground Water Infiltration Through the Perimeter Slurry Walll

The saturated area of the perimeter slurry wall through which water may infiltrate varies around
the Site with the elevations of the top of the confining layer and the water table. An inward head
difference of 1-foot across the slurry wall on the south side (Niagara River) is the controlling
factor in selecting water levels in the encapsulated landfill area because the river is on the
downgradient side. Water levels inside the perimeter siurry wall are designed to be maintained
at 562.6 ft MSL.

Average water level data, from the Rl report, on the east, west, and south sides were used to
determine the steady state gradients. In the north, the top of the Clay layer is at approximately
566 to 568 ft MSL, i.e., above the water level to be maintained in the area between the curtain
wall and the perimeter slurry wall. Once the water level is lowered by pumping APL, the top of
the Clay in the north will be in the unsaturated zone. It is assumed that water levels outside of
the perimeter slurry wall along the north side will not change appreciably, from the data
presented in the RI, once a ground water control system (if required) is in place. Therefore, the
average head difference in the north side was set equal to the average saturated thickness of
the Fill and Alluvium presented in the Rl data.

A hydraulic conductivity of 1x107 cm/sec is assumed for the 3-foot wide slurry wall. Infiltration
is estimated using Darcy's Law:

Page 8
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102nd Street Landfill Site
Supporting Analysis for APL Collection System Design

Q-KiA=KEM A
w

where:

A = saturated area of the perimeter slurry wall,

i =  hydraulic gradient across the perimeter slurry wall,

K = hydraulic conductivity of the perimeter slurry wall (1x107 cm/sec),

Q = infiltration through the perimeter slurry wall,

W =  perimeter slurry wall thickness (3 feet), and

Ah = average head difference across the perimeter slurry wall.
PERIMETER SLURRY | AREA | AVERAGE HEAD DIFFERENCE | INFILTRATION

WALL SIDE (ft?) (ft) (gpd)
1

South 29,200 A 1.0 21
West 14,000 5.2 51
East 6,200 45 20
North 8,500 5.1 \ 31
TOTAL 57,900 123

Ground Water Infiltration Under the Perimeter Slurry Wall

The perimeter slurry wall will be keyed into the confining Clay/Till layer. Flow paths may be
created beneath the wall and into the encapsulated landfill area, driven by the head differential
across the perimeter slurry wall. The infiltration rate for this source is estimated using Darcy’s
Law:

Page 9
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w
Q=KiA=KEAY W) = Kah L)
, L, L,

where:
A = cross-sectional area for flow along the perimeter slurry wali,
i = hydraulic gradient across the perimeter slurry wall,
K = hydraulic conductivity of Clay or Till,
L = length of flow line (across which head difference is used),
L, = length of the perimeter slurry wall,
Q = infiltration under the perimeter slurry wall,
W, = width of flow zone under the perimeter slurry wall, and
Ah = head difference across the perimeter slurry wall.

Average flowlines have to traverse the flow width twice, once going down and once coming up.
Therefore, a conservative estimate of 1/2 for the ratio of flow width to flow length is used.
Calculations for infiltration under the perimeter slurry wall are summarized in the following table.

SIDE CONFINING | PERIMETER SLURRY | AVERAGE HEAD Infiltration
LAYER WALL LENGTH (ft) DIFFERENCE (ft) (gpd)

South clay 850 1 0.1
till 870 1 0.6
West clay 350 6.4 0.4
till 590 4.5 1.8
East clay 170 5.6 0.2
till 395 40 1.1
Northeast clay 1660 5.1 1.4
TOTAL 4885 5.5

Ground Water Migration From Bedrock Formation

At present, the piezometric levels in the bedrock formation are lower than that of the water table.
However, once water levels within the encapsulated landfill area are lowered, the bedrock
formation will have a higher head than the water table within the encapsulated landfill area. This
will result in a potential for upward flow through the confining Clay/Till layer. To calculate water
levels along the northen part of the landfill, mounding potential within the encapsulated landfill
area is estimated next.

Page 10
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MAXIMUM MOUNDING WITHIN THE ENCAPSULATED LANDFILL AREA

Maximum groundwater mounding within the encapsulated landfill area is estimated using the
equation (Bear, 1979):

L2

xS [H( + ho2]0.5
where:
hhx= mMaximum hydraulic head (ft),
h, = hydraulic head at southern section of the slurry wall (ft),
I = inflow rate per unit area (ft*/ft’-day),
K = hydraulic conductivity of Alluvium/Fill (ft/day), and
L = 2times the distance between the south APL trench and north perimeter slurry

wall (ft).

Using 800 feet for the distance between the south APL trench and north perimeter slurry wall,
2.2x10* cm/sec for the hydraulic conductivity of Alluvium/Fill, 12 feet for the hydraulic head at
the south APL trench (measured from the confining layer), and a total inflow of 400 gpd over
1,052,000 square feet area, h,, is calculated to be 12.53 feet. Therefore, the maximum
groundwater mound within the area contained by the perimeter slurry wall will be 0.53 feet.
Actual mounding may be less because of APL Collection Trench on the east side and the west
side.

INFLOW FROM BEDROCK

Migration of ground water from bedrock is calculated using Darcy’s Law:

Q=KiA
where:
A = area enclosed within the perimeter slurry wall,
i = hydraulic gradient across the confining layer,
K = effective hydraulic conductivity of the confining layer, and
Q = infiltration through the confining layer.

The landfill site is partly underlain by Till and partly underlain by the Clay layer followed by the
Till layer. Since resistance to flow is in series, effective hydraulic conductivity of the confining
layer (K) is calculated by:

Page 11
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L L, L
K K K
where:
L = total thickness of confining layer,
L. = thickness of Clay layer,
L, = thickness of glacial till contributing to the confining layer,
K, = hydraulic conductivity of Clay layer (1.6x10® cm/sec), and
K, = hydraulic conductivity of Till layer (6.5x10°® cm/sec).

Calculation of effective hydraulic conductivity of the confining layer and ground water migration
rate from bedrock is summarized in the following table. Due to possible granular materials at the
base of the Till, effective thickness of the Till was assumed to be 2 feet less than the Till
thickness reported in the Rl. In the central area, where till thickness is less than 4 feet, it was
assumed that till will not act as a confining layer due to possible higher hydraulic conductivity.
In that area, only the clay layer will act as a confining layer.

LOCATION AREA CONFINING EFFECTIVE AVERAGE LEAKAGE
(ftz) LAYER K HEAD (gpd)
THICKNESS (cm/sec) DIFFERENCE
(ft) (ft)
CLAY | TILL
Northwest 165,000 8.5 11 2.8x10%® 2.2 11.1
corner
North central 345,000 11 7 2.3x10°® 22 20.6
to eastern
area »
Southwest 400,000 0 13 6.5x10® 1.9 80.6
and south-
east corners
Central area 70,000 3 0 1.6x10° 20 15.8
South central 72,000 4 5 2.6x10°® 1.9 8.4
area
TOTAL 1,052,000 136.5
Page 12
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Total Flow into APL Coliection Trench at Steady State

Sources of inflow to the encapsulated landfill area and related rates based on the "Alternate B"
cap design are as follows:

H SOURCE | INFLOW RATE (gpd) |

Infiltration through cap 118"
Leakage through the perimeter siurry wall 123
Leakage under the perimeter slurry wall 5.5
Migration from bedrock 136.5
TOTAL 383

Note (1): Infiltration shown is for "Alternate B" cap design.

A conservative estimate of total inflow of approximately 400 gallons of water per day into the
encapsulated landfill area is anticipated at steady state. These numbers are based on an annual
average basis. The actual daily inflow will vary with fluctuations in river elevation, seasonal water
table, and bedrock head potential, and changes in rainfall and climatologic conditions.

The total inflow rate is most sensitive to the permeability of the Till and Clay layers. For example,
if the effective permeability of the Till is an order of magnitude higher than the value used in this
report, then the total flow inflow rate to the APL collection trench will be approximately 1150
gallons per day. Conversely, if the effective permeability of the Till is an order of magnitude lower
than was used in this report, then the total inflow rate of the APL collection trench will be
approximately 285 gallons per day.

Page 13
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3.0 INITIAL APL VOLUME TO BE PUMPED

Volume of APL to be pumped initially to lower the water table to achieve steady state ground
water levels is calculated from:

APL Volume = (Area) x (Average Head Difference) x (Total porosity - Field capacity)

It is assumed that after the perimeter slurry wall and cap are constructed and the water table is
lowered, Alluvium and Fill should gravity drain to field capacity. This estimate does not include
the steady state flow to the APL collection trench calculated in Section 2.0.

Average head difference between initial water level and steady state water level is estimated to
be 4.0 to 5.5 feet. Total porosity is taken as 45 percent and field capacity is taken as 20 percent,
which gives a specific yield of 25 percent. Total APL volume to be pumped to achieve steady
state is then estimated to be 7,900,000 to 10,800,000 gallons.

Figure 2 shows the time required to reach steady state conditions as a function of the initial
pumping rate. Figure 2 takes into consideration the infiltration to the encapsulated landfill area
during initial pumping stages. The upper curve in Figure 2 represents the case where 10,800,000

~ gallons of APL needs to be pumped initially, while the lower curve represents 7,900,000 gallons

of APL to be pumped initially. Once steady state conditions are achieved, water levels within the
encapsulated area will be nearly level with a very small gradient towards the APL collection
trenches.

If initial pumping rate is set at 20,000 gallons per day for 7 days a week, it will require 13 to 19
months of pumping to reach the steady state conditions. However, if APL is pumped only 5 days
a week at 20,000 gallons per day, it will take from 19 to 26 months to achieve steady state
conditions. If steady state conditions are desired within 12 months, then pumping at 30,000
gallons per day for 7 days a week is required. Although, it may take approximately two years
to reach the steady state conditions when pumped at 20,000 gallons per day 5 days a week,
inward gradients will be established during the early stages of pumping.
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102nd Street Landfill Site
Supporting Analysis for APL Collection System Design

4.0 APL COLLECTION TRENCH LOCATIONS

Anticipated groundwater mounding within the enclosed landfill area is minimal. Furthermore,
once the water level is lowered, the confining Clay layer in the north side will be exposed.
Therefore, the trench along the full length of the perimeter slurry wall on the east side is not
required. Similarly, the trench along the full length of the perimeter slurry wall on the west side
is not required. Location of the APL collection trench is shown on the Drawing 594000-30K-01.
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In the transition region (Ng, from 2000 to 3000), the velocity
profile becomes more blunt ang the ratio V/u,,.. increases (see Fig.
5-12). Velocity profile curves are given by Patel and Head [J. Fluid
Mech., 38, part 1, 181-20) (1969)] for flow in smooth pipes in the
Reynolds number range of ahout 1500 to 10,000. At higher Rey-
nolds numbers, the flow is generally fully turbulent, and the velocity

profile in smooth-wall pipes js characterized by a laminar boundary

layer (y* < 5), a turbulent core (y* > 30), and a buffer layer in
between. The local velocity is given by the following relationships:
For the laminar boundary layer, - '
ut = y* for yt < 5 (5-51a)

For the buffer layer, ) )
u* = ~3.05 + 5001n y*

For the turbulent core, B
C ut=55425I vt foryt>30 (5-51¢c)

For rough-wall pipes, the local velocity in the turbulent core is
given by - R :

ut= 85 4 95 ln% for y* > 30 B51)
where u* = u/u*; u = local velocity, ft./sec., at distance y ft. from
the pipe wall; ¢* = T08./p (called friction velocity): 75 = wall
shear stress (D Ap/4L), Ib. force/sq. ft.; & = dimensional constant,
32.17 (Ib.)(ft.)/(1b. force)(sec.2); p = Auid density, Ib./cu. ft.; Ap =
pressure drop, . force/sq. ft.; D = inside pipe diameter, ft..

L = pipe length, ft.; y* = yu'p/p, dimensionless; y = fluid viscos.

ity, 1h./(ft Xsec); e = height of wall roughness, ft. For further
details, see Knudsen and Katz, op. cit., pp. 154-169, and Cremer
and Davies, op. cit., vol. 4, p. 401.

Equations describing the distribution of residence time for turbu-
Ient flow in pipes are given by Danckwerts, loc. cit.

Velocity Distribution, Other Shapes. For velocity profiles under
laminar- and turbulent-flow conditions in dnnuli, between infinite
parallel planés, and in other non-circular cross sections, see Knudsen
and Katz, op. cit; Purday, “Mechanics of Viscous Flow,” Chap.
I, Dover, New York, 1949: . Rouse, - “Advanced Mechanics of
Fluids,” p. 219, Wiley, New York, 1959; Goldstein, “Modern Devel-
opments in Fluid Dynamics,” vol, 2, pp. 359-360, Oxford, London,
1938

- Analytically derived €quations are presented by Strauby, Silber-
man, and Nelson [Trans. Am. Soc. Cipil Engrs., 123, 685-714 ( 1958)]
for laminar flow through a variety of open-channel cross sections,
including semicircular, rectangular, triangular, elliptical, trapezoi-
dal, etc, ’ : , .
‘Experimentally determined velocity profiles are also presented
by Straub et al. for turbulent flow in triangular troughs, Profiles
for channels of various cross sections are given in O'Brien and
Hickox, “Applied Fluid Mechanics,” pp. 268-270, McGraw-Hill,
New York, 1937, and Chow, “Open-channel Hydraulies,” pp. 24-29;
McGraw-Hill, New York, 1959,
Residence-time Distribution, Process Vessels. An extensive
treatment of distribution of residence time and of dispersion in a
variety of typical process vessels is given by Levenspiel and Bischoff,
"Patterns of Flow in Chemical Process Vessels,” in Drew, Hoopes,

is covered in detail by Stokes and Nauman [Can. J. Chem. Eng,,
48, 723-725 (1970)}. Information on residence time and fluid mixing
on commercial-scale sieve trays is given by Bell [Am. Inst. Chem,
Engrs. ], 18, 498 505 (1972)]. X . R
" Incompressible Flow. The flow can be considered to be incom-
pressible if (1) the substance flowing is a liquid or (2) if it is a gas
whose density changes within the system no more than 10 per cent.
In this event, if the inlet density is employed, the resulting error
in’' computed pressure drop will generally not exceed the uncer-
tainty limits in the friction factor. In the event of larger changes
in fluid density, e.g., gases with large pressure drops, the more exact

for 5 < y*A< 30 (551p) -

FLOW IN PIPES AND CHANNELS 5.21

methods described under Comipressible Flow (PP. 5-26 to 5-31)
should be used.

cal energy, has been evaluated. That part of F which arises from

friction within the channel proper is considered below. The part
" due to fittings, bends, and the like, which often constitutes 3 major

part of the friction, is discussed on pp. 5-32 to 5-38.

. The Fanning, or Darcy, equation, Eq. (5-52), for steady flow in

uniform circular pipes running full of liquid under isothermal con-

ditions .

= (B = (5= ()<
"\D V2 T\D) T\ ) 5
32fLw®  39fLq?
. o’ DS T o2 DP
gives the friction loss F in (fe.)(Ibs. force)/h. of Auid flowing (or ft.
of fluid flowing), where D = duct diameter, ft.; L = duct length,
ft.; p = fluid density, Ib./cu. &.:°V = fluid velocity, ft./sec.: h =
velocity head (V2/2g), ft. of fluid flowing, G = mass velocity,
b./(sec.)sq. ft.); w = weight rate of flow, Ib./sec.; g = volumetric
. 1ate of flow, cu. ft./sec.; & = dimensional constant, 32.17 (h.)
(ft) /(1. force)(sec.2); f = Fanning friction factor (see helow), dimen-
sionless. |,
The pressure drop due to friction is Ap = Fp, 1b. force/sq. ft.
The Fanning friction factor f isa function of the Reynolds number
Ng. and the roughness of the channel inside surface ¢. One widely
used correlation [Moody, Trans, Am, Soc. Mech. Engrs., 66, 671-684
(1944)], as shown in Fig. 5-26, is a plot of Fanning friction factor
as a function of Reynolds number and relative roughness ¢/D or
€’/D"”, where ¢ = surface roughness, ft.; D = Pipe inside diameter,
ft.; ¢’ = surface roughness, in.; and D" = pipe inside diameter, in.
Values of € or ¢ for various materials are given in Table 5-7.
‘Substitution of the equation for curve A, F ig. 5-26, into Eq. (5-52)
yields Poiseuille’s law for laminar flow (N, < 2000); see Table 5-13.
Care must be exercised when values of f are taken from the litera-
ture, because the same name and symbol are sometimes used to
denote variois multiples of the f given by Fig 5-26.
A rapid method of solving Eq. (5-52) for turbulent flow (N, >
2000) is to use the alignment chart in Fig. 527, which is based on

(5-52)

Table 5-7. Values of Surface Roughness for Various Moterials® -

- Surface roughness
"Matertal ‘- ¢ ¢ N e, ft. £ in.
Drawn tubing (brass, lead, glass, and the - - .
like) .. ... 7 T R, - 0.000005 0.00006
Commercial steel or wrought iron " 0.000i5 0.0018 . -
Asphalted castiron. . . 7, | 0.0004 0.0048 ~
Galvanized jron e e 0.0005 b 0.006
Castiron .. . . oo 0.00085 0.010
Wood stave. ... ... ..., 0.0006-0.003 | 0.0072-0.036
Conerete . ~ . " Tt 0.001-001 | 0.012-0)2
Riveted steel . . . e, 0.003-0.03 | 0.036-036

*Moody, Trans, Am. Soc. Mech. Engrs., 66, 671-684 (1944); Mech. Eng., 69,
1005-1008 (1947). Additional values of ¢ for various types or conditions
of concrete, wrought iron, welded steel, riveted steel, and corrugated metal

pipes are given in King and Brater, “Handbook of Hydraulics,” 5th ed.,,
pp- 6-11 and 6-12, McGraw-Hill, New York, 1963
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dens:ty, b./cu. ft; p= fluid vnscos:ty, Ib./(ft Xsec.) = cp/l486 [Bated on"Moody, Trans. Am. Soc. Mech. Engrs., 66, 671 (1944)]
] - v
o ;" For rough ammates or checks, the veloc:ty-head concept Table 5-10 c, dinate for rﬁ id cnd A_" coluti
i [Lapple, Chem. Eng., 56(5), 96-104 '(1949)) can be applied to the _ . For use with Fig, 527
' first two forms of Eq. (5-52). The velocity head is V7/2gc = h_and ; ~Tx 1
the number of velocity-head losses in straight pipe is 4fL/D %‘ypl- :
cal values of h; and L/D for 1 velocity-head loss are given in Table Acetaldehyde . . . . . . —03| 3.7 || Glycerol, 100% . . . . . 69! 18
, 5-9. Acetic acid, 100% . . .].1.0| 40 || Glycerol, 50% ... .. 3.0] 37
For cross sections other than circular of ducts running full or | Aceticacid, 77% . . . .| 26| 38 | Hydrochloric acid, .
) -} Acetic anhydride . . . .| 0.7] 4.3 315% .. ... ... 11} 42
, for open channels when the variation in depth is negligible, where -} [0 Lo 000® w1 ool 3 || Linseed ofl, raw | .| 34] 18
: b . T P A SN -{ Acetone, 35% ., L. 27 37 Mercury . . . .. .. .[Secchart - -
) .o o L . R ‘{ Ammonia, anhydrous . .] 09| 36 || Methanol, 100% . . . .|' 0.8] 3.3
. Table 5-8, Correction Factors for Fig. 5-27. . ; ‘| Ammonia, 26% . . . . . 1.9{ 3.6 | Methanol, 40% . . . . . 28] 38
! < - - ah Agiline . . ... .. 2.5} 3.4 | Methyl acetate . ;. . .| 0.0] 42
! Quanifty sbught . . . . . . S - D, | worG Benzene . . /... ...l 0.8] 36 {| Methyl chloride . . .-.|—08] 43
: L L - .| Butanol. . .. .| 2.6] 2.6 | Nitric acid,95% . . ..} 08| 58
. ) .} Caleium chloride Nitric acid, 60% .. .. 15| 48
i Factor . .. ... .. R f£if (S5 VI brine, 25% . . . . . .| 28| 42 | Nitrobenzene. .. . . .J L7} 44
; — : Carbon disulide . . . .| 00|56 || Octane . . .". .. . .. 04] 27
i Carbon tetrachioride . .| 0.7( 6.0 || Phenol . L 24| 54
) ‘ Table 5-9. Approximate Values of Velocity Head and Pipe Chloroform . . .. . .-.} 00('80 Pmplomc acid - 06} 38
Length Equivalent to One Velocity-head Loss Chlorosulfonic acid. . .} 15| 5.6 [| Sodium chlorlde -
i _ Cyclohexanol . . . . . . 53|29 || brine. 25% ;. . .. .| 21| 44
. Lo Fluid velocity, Velocity head, . Diphenyl . . . .. ... 00| 35 Sodmm hydmnde -
.. Fluid ’ ft./sec. various units .., Ethyl acetate. . . . . . 02| 39 . 53] a7
N 3 Ethyl alcohol, 95% . . .1 19 3.0 Sulfur dmnde . .=02] 6.1
c‘;‘a’;eﬁr“?d """""" ) g (!J(l) :;) g‘"d o Ethy! alcohol, 45% . . .| 3.6| 3.4 || Sulfuric acid, 110% . 3.7| 4.7
"""""" 12 o foree /"1~ in. Ethyl chloride . . . . .| 02] 43 || Sulfuric acid, 88% . - .] 35| 48
Air (125°F., 1 atm) . 50 05 i ~w‘;'t°.i.“4~ . Ethyl ether . . . . . .. —0.3] 3.2 | Sulfuric acid, 78% . .| 32|48
T AR 70 1'0 i: watee Ethylene glycol. . . . . 35] 29 {I Tetrachloroethylene . .{ .0.3| 82
100 20 in. wate: Fluorocarbon F-11 . . .{ 0.0{-62 || Toluene .. .. .. .. 0.4} 36
i el Fluorocarbon F-12 . . .|-1.2{ 59 || Tetrachloroethylene. . .{ . 0.1 58
Pipe length equivalent to 1 velocity head loss Fluorocarbon F-21.. . .{~0.4} 59 || Tupentine . .. . . .. 1.1} 3.1
R Fluid o uD : Fluorocarbon F-22 . | .[=1.7] 55 || Vinyl acetate ... 04) 42
uid - v M ‘ Fluorocarbon F-113 . .| 09| 62 | 'Water ©. . " .. 20|'42
Water | . ...... 45 (f = 0.0055) Formic acid . . . . . . A B B B
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Table 5-19. Additional Frictional Loss for Turbulent Flow through
Fittings and Valves*

Additional
Friction Loss,
Equivalent No. of
Type of Fitting or Valve Velocity Heads, K

45-deg. ell, standard ob.ee-t 035
45-deg. ell, long radius® 02
075
045
13
15
Tee, standard, along run, branch blanked of¥ . . . . 0.4
Used as ell, entering run*-* 1.0
Used as ell, entering branch®4* 10
Branching flow/*4 1°
Couplingt# 0.04
0.04

09
45
24.0
23
26
43

60
85
8.0
85
9.0

36.0

R - 4o 20
Y or blowoff valve,*? open - : . 30
Plug cock® (Fig. 5-39) 8 = sl : 0.05
- - v T 029
1.56
‘173
206.0
0.24
0.52
154
10.8
118.0-
200
10.0¢
70.0¢
150
10
15.0"
1000

8.0"
*Flow of Fluids through Valves, Fittings, and Pipe, Tech. Paper 410, Crane
Co., 1969. = - | . .
®Freeman, “Experiments upon the Flow of Water in Pipes and Pipe Fit-
tings,” American Society of Mechanical Engineers, New York, 1941.
“Gibson, “Hydraulics and Its Applications,” 5th ed., p. 250, Coastable,
London, 1952, X -
“Giesecke and Badgett, Heating, Piping Air Conditioning, 46), 443—447
(1932). ' -

“Giesecke, J. Am. Soc. Heat. Vent. Engrs., 32, 461 (1926).

!Gilman, Heating, Piping Air Conditioning, 27(4), 141-147 (1955).
?"Pipe Friction Manual,” 3d ed., Hydraulic Institute, New York, 1961.
* Hoopes, Isakoff, Clarke, and Drew, Chem. Eng. Progr., 44, 691-896 (1948).

-1
04 06081 - 2

. I3

2

Fe. 542, Total friction loss in 90-deg. bends. [Sriooth bend:
based on information from Fi “Experi upon the Flow
of Water in Pipes and Pipe Fittings,” p. 173, A.SM.E., New York
-1841; Ito, ]. Basic. Eng., 82, 131 {1960); Locklin, Trans. Am. Soc.
Heating Ventilating Engrs, 58, 479 (1850); Snyder, Heating,
Piping Air Conditioning, 7(1), 5 (1935). Segmental bends: from
Locklin (loc. cit.)] N

curvature R to pipe diameter D, all in consistent units, is giveg
in Fig. 542. The curve for smooth bends is based on
published data (see Fig. 542 for references) and represents 'mogd!
of the data with an uncertainty of probably =25 per cent, ' The
curves for segmental bends are based on few data. For g

bend, total friction loss is about 85 per cent of the loss for a 80
bend of a proportional number of segments and, similarly, for o
180-deg. bend, the loss is about 140 per cent of that for a 90
bend, based on information presented by Conn, Colborne, ‘(i8¢
Brown [Heating, Piping Air Conditioning, 25(1), 201-205 (1953)}; 1ts} %
(loc. cit.); Jorgensen (“Fan Engineering,” 7th ed., p. 112, Buffalf
Forge Co., Buffalo, 1970); Snyder (loc. cit.). oA

RE 4

. Y
Table 5-20. Additicnal Frictiona! Loss for Laminar Flow fhrwdry
Fittings and Valves® = T
I ) Additional frictiona! loss' expressed oK'
" Type of fitting or valve Ny =1000 [ 500 { 100 |
90-deg. ell, short radius 4o 10| 75 |
Tee, standard, along run . . . ., . .25
Branch to'line . . . L 49 ] 7
Gate valve . . 7 1 e9
Globe valve, composition disk . ’
Plug . .. . ... .. ..
Angle valve L

*From curves by Kittredge and Rowley, Trans. Am. Soc. Mech.
78, 17591766 (1957). L

‘Ito, J. Basic Eng, 82, 131-143 (1960). ’ 12

T ¢
. /Lansford, Loss of Head in Flow of Fluids though Virious Types of IRy
Valves, Univ, Illinois Eng. Expt. Sta. Bull. Series 340, 1943. R
*Lapple, Chem. Eng., 56(5), 96-104 (1949), general survey refetence.**!
- ‘McNown, Proc, Am. Soc. Civil Engrs,, 79, Separate 258, pp: 1-22 {19538 :
discussion, tbid., 80, Separate 396, pp. 1945 (1954), - . . . ... <uxd
"Schoder and Dawson, “Hydraulics,” 2d ed., p. 213, McGraw-Hill; Nevt
York, 1934. -4
*Streeter, Prod. Eng., 18(7), 89-91 (1947). R~
°This is pressure drop (including friction loss) between run and branch, -
based on velocity in the main stream before branching. Actual value de- - 1
pends on the flow split, ranging from 0.5 to 1.3 if main stream enters ruo 7
and from 0.7 to 1.5 if main stream enters branch. *
*The fraction open is directly proportional to stem travel or turns of h"’”
wheel. Flow direction through some types of valves has a small effect 60
gemgrle dr:dp (see Freeman, op. cit.). For practical purposes this effect msy )
neglected. : ’ oo
*Values apply only when check valve is fully open, which is generally the !

case for velocities more than 3 ft./sec. for water. i e
"Values should be regarded as approximate because there is much vari#; 3
tion in equipment of the same type from different manufacturers. e o
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Figure 2: Time Required to Reach Steady State|
as a Function of Initial Pumping Rate |
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102nd Street Landfill Site
Supporting Analysis for APL Collection System Design

6.0 SUMMARY

The "Alternate A" cap design uses a 12-inch silty clay layer beneath a 60-mil VLDPE liner while
“Alternate B" uses a geosynthetic clay liner beneath a 40-mil VLDPE. The "Alternate B" cap
design has been incorporated into the remedial design and used as the basis for calculations
contained herein.

The "Alternate B" cap design should allow less infiltration than the "Alternate A" cap design. A
conservative estimate, i.e., more than is anticipated, of total inflow of less than 400 gallons of
water per day into the landfill area is estimated at steady state for cap design "Alternate B'.
These numbers are based on annual average basis. The actual daily inflow will vary with
fluctuations in river elevation, seasonal water table, and bedrock head potential, and changes
in rainfall and climatologic conditions.

A total of 7,900,000 to 10,800,000 gallons of APL will be pumped out of the landfill before a
one-foot head differential across the perimeter slurry wall and a steady state infiltration of less
than 400 gallons per day is achieved.

Twenty thousand gallons holding capacity and APL pumping rate of 20,000 gallons per day, 5
days a week, is suggested for the initial APL pumping stages. Once steady state conditions are
within the encapsulated landfill, APL pumping once a month should maintain inward gradients
across the perimeter slurry wall.

Page 23
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LANDFILLS | : ¢,,2»46”‘ ’ - 360-2.13(0)

(o) Filter layer critéria. «The Filter layer must be designed to
prevent the migration of fine soil particles into a coarser grained
material, and allow water or gases to freely enter a drainage medium (pipe

or drainage blanket) without clogging.

(1) For graded cohesionless soil filters. The granular soil
material used as a filter must have no more than five percent by weight
passing the No. 200 sieve and no soil particles larger than three inches in

any dimension.
» (2) Geosynthetic filters. Geotextiles filter material must

demonstrate that the hydraulic conductivity, and chemical and physical
resistance is not adversely affected by waste placement, any overlying
material or leachate generated at the landfill. Geotextile filter openings
must be sized in accordance with the following criteria which takes into
consideration the soil found in layers docated adjacent to the geotextile

filter: :

0, of the Qeotexf11e

95 < 2 and

dg¢ of this soil

0., of the geotextile =~ 7" <7
95 g

d,g of this soil

The d8 {s the soil particle size at which 85 percent of the
particles are finer, gnd the d.. is the soil particle size at which 15
percent of the particles are f}ﬁer. The 0.. is the apparent opening size
of the geotextile at which 95 percent of tﬂg soil particles will pass. An
apparent opening size test acceptable to the department must be performed
to demonstrate compliance with this criteria.

(3) Construction requirements. Both the soil filters and
geotextile filters must be installed in accordance with the approved

engineering plans, reports, and specifications.

(4) Certificatfon requirements. The project engineer must
include 1n the construction certification report the results of all the
required quality assurance and quality control testing performed. The
testing procedures and protocols must be acceptable to the department and
submitted in accordance with section 360-2.8 of this Part. :

(p) Gas venting layer. A gas venting layer must be located directly
below the barrier layer of the final cover system and above the compacted
waste layer. Such layer must be designed and constructed 1in accordance
with the requirements of this subdivision for a soil venting layer or as a
geosynthetic venting layer designed and constructed to effectively perform
the equivalent functions-of the soil venting layer -and found acceptable to

the department. = .. - .- e e
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TABLE 2-2

PEYSICAL REQUIREMENTS''? FOR
DRAINAGE GEOTEXTILES -
(ARSETO-AGC-ARTBA TASK FORCE 25, JULY, 1986)

Dt;inage3 s
Property Class A Class B Test Method
Grab Strength 180 80 ASTM D4632
{1bs)
Elongation (%) n/a - n/a ASTM D4632
Seam Strength® 160 70 ASTM D4632
{1bs)
Puncture Strength 80 25 ASTM D4833-
(1bs)
Burst Strength 290 130 ASTM D3787 -
{psi)
Trapezoid Tear 50 25 ASTM D4533
(1bs) .. -

P¥/8

1. Acceptance of geotextile material shall be based ASTM D-4759.

Minimum; Use value in weaker principal direction. All
numerical values represent minimum average roll value (i.e.,
test results from any sampled roll in a lot shall meet or
exceed the minimum values in the Table). Stated values are
for non-critical, mnon-serve applications. Lot samples

according to ASTM D4354.

class A drainage applications for fabrics are where
installation stresses are more severe than Class B
applications, i.e., very coarse sharp angular aggregate is
used, a heavy degree of compaction (>95% AASHTO T99) is
specified or depth of trench is greater than 10 ft.

Class B drainage applications are those where fabric is used
with smooth graded surfaces having mno sharp -angular
projections, no sharp -angular -aggregate is used; compaction
requirements are light, (<95% AASHTO T99), and trenches are

less than 10 ft in depth. .
Values apply to both field and"manufacturéd seams.
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Supporting Analysis for APL Collection System Design

7.0 REFERENCES

Bear, J., 1979. Hydraulics of ground water. McGraw-Hill Inc., New York.
Information Report No. 2, 1987. 102nd Street Landfill, Niagara Falls, NY, June 1987,

Milestone Report No. 8, 1987. Hydraulic head monitoring program, 102nd Street Landfill, Niagara
Falls, NY, July 1987.

Milestone Report No. 14, 1987. NAPL study, 102nd Street Landfill, Niagara Falls, NY. Revision
No. 3, October 1987.

Rawls, W.J., D.L. Brakensiek, and K.E. Saxton, 1982. Estimation of soil water properties.
Transactions of American Society of Agricultural Engineers, Vol. 25, pp. 1316-1320, 1328.

RDWP, 1992. Remedial design work plan, 102nd Street Landfill Site, Niagara Falls, NY, July 1992.
Remedial Investigation Final Report, 102nd Street Landfill, Niagara Falls, NY, July 1990.

Record of decision, 102nd Street Landfill, Niagara Falls, NY. U.S. Environmental Protection
Agency, Region I, 1990,

Schroeder, P.R., B.M. McEnroe, R.L. Peyton, and J.W. Sjostrom, 1988. The hydrologic evaluation

of landfill performance (HELP) model. Office of solid waste and emergency response, US
Environmental Protection Agency, Washington, DC.
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APPENDIX A.2

OUTPUT FROM HELP MODEL RUNS



SIOPE
DRAINAGE LENGTH

3.00 PERCENT
500.0 FEET

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER

12.00 INCHES

0.4790 VOL/VOL

0.3710 VOL/VOL

0.2510 VOL/VOL

0.4790 VOL/VOL
0.000001000000 CM/SEC
0.00300000

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

GENERAL SIMULATION DATA

75.00
940000. SQ FT
20.00 INCHES
9.7320 INCHES
6.8920 INCHES
0.0000 INCHES

SCS RUNOFF CURVE NUMBER
[] TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
[} INITIAL SNOW WATER CONTENT
- INITIAL TOTAL WATER STORAGE IN
[] SOIL AND WASTE LAYERS = 14.6490 INCHES

mennnn

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYﬁTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR BUFFALO NEW YORK
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 279

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
23.70 24.40 32.10 44.90 55.10 65.70
[J 70.10 68.40 61.60 51.50 39.80 27.90

0



(h*********************************************************************
R L T L L LTSI
[LOan STREET LANDFILL SITE, NIAGARA FALLS, NY

ALTERNATE A WITH HYDRAULIC CONDUCTIVITY OF 0.000001 cm/sec AND
ETOLES IN LINER AT EVERY 100 FEET November 1, 1992

kkhkkhkhhkhkhkhhkhkhkhkhhkhkhkhkhkddhkdhhkhhkdhhhkhkhhkhkhkhkhkhhhhhhhkhkkhhkkhhkhhhkkhhhkhkkhkhkhdkd
Ak kI I IR AR R KKK KRR R R A AR RRR AR A AR R kAR R R R Ak kkhkkkhdhkkhkkhkhkhhkhhdhkhkhhhhkk

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1900 VOL/VOL

0.0850 VOL/VOL

0.2200 VOL/VOL

0.000719999953 CM/SEC

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

VERTICAL PERCOLATION LAYER
18.00 INCHES

0.5010 VOL/VOL

0.2840 VOL/VOL

0.1350 VOL/VOL

0.3980 VOL/VOL
0.000190000006 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

LATERAL DRAINAGE LAYER

1.00 INCHES

0.4170 VOL/VOL

0.0210 VOL/VOL

0.0200 VOL/VOL

0.4170 VOL/VOL
0.009999999776 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

wawnnn
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khkkkkkkhhkkhkhkkkhkhkkhhhkhkhkhkhkhkhkhkkkkhkkkkkhkhkhkhkhhkhkhhkhkhkhhkkhhhkkhhhkhkhkhkhkkhkkkkk

[1 AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 10
[] JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION T T T e
[] " porars 3.18 2.61 2.78 2.97 2.89 2.21

2.95 4.39 3.13 3.11 4.24 2.96
[] STD. DEVIATIONS 0.55 1.01 0.91 0.80 0.78 0.65
. 1.06 2.04 1.46 1.37 1.06 0.73

[} RUNOFF

~ ToTaLs 1.386 1.595 1.669 0.264 0.030 0.000

0.002 0.031 ~ 0.000 0.020 0.541 0.889

0.551 0.551 1.007 0.360 0.116 0.125

[] STD. DEVIATIONS 1.147 1.013 1.555 0.511 0.078 0.000
0.006 0.052 0.000 0.063 1.090 1.156

[] EVAPOTRANSPIRATION
TOTALS 0.430 0.633 2.220 2.984 3.211 2.964
[] 5.516 5.650 2.731 1.990 0.892 0.498
[) STD. DEVIATIONS 0.118 0.144 0.187 0.540 1.018 0.646

LATERAL DRAINAGE FROM LAYER 3

TOTALS ' 0.0788 0.0759 0.0832 0.0745 0.0723 0.0660
0.0642 0.0653 0.0662 0.0690 0.0691 0.0748

3

[] STD. DEVIATIONS 0.0108 0.0082 0.0037 0.0039 0.0027 0.0009
0.0004 0.0021 0.0026 0.0029 0.0058 0.0112

[] PERCOLATION FROM LAYER 4

44

TOTALS 0.0085 0.0085 0.0094 0.0086 0.0085 0.0079

0.0070 0.0052 0.0046 0.0049 0.0058 0.0077
STD. DEVIATIONS 0.0016 0.0008 0.0003 0.0003 0.0002 0.0001
[] 0.0002 0.0005 0.0007 0.0010 0.0018 0.0020

kkkkhkkhkhkhhhkhkhkhkhkhkkhhkkhkhkhkhkhkhkkhkhkhkhkhkkhkhkhhkhkhkhkhkhkkkhkkhkkhkkhkhkkhkhkhkkhkhkkhkkkkkkkkk
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:)AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10
T T T T T T (IncHES) | (CU. FT.) | PERCENT
]mcmmmn 37.42  ( 2.873)  2931233.  100.00
:] RUNOFF 6.427 ( 3.117) 503470. 17.18




;EVAPOTRANSPIRATION 29.719 ( 1.597) 2328003. 79.42
AjLATERAL DRAINAGE FROM 0.8593 ( 0.0291) 67311. 2.30
LAYER 3
[}PERCOLATION FROM IAYER 4 0.0866 ( 0.0053) 6780. 0.23
CHANGE IN WATER STORAGE 0.328 ( 1.874) 25669. 0.88

'

Mekkhkkhkhhhkhkhhhhkhhhhhhhhhhdhdhhhdhhdhhhhhhdhhddhdhdhdhhhkhhhhhhhkdhkdhhdkhd
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I ,

PEAK DAILY VALUES FOR YEARS 1 THROUGH 10
oo arems) (ou. P
PRECIPITATION _-;?;I__ EEBII;?;_
[} RUNOFF 1.667 130553.8
‘ LATERAL DRAINAGE FROM LAYER 3 0.0029 223.5
[} PERCOLATION FROM LAYER 4 0.0003 : 24.8

HEAD ON LAYER 4

(N
[\
[$4}
.
(]

SNOW WATER 3.07 240224.0
p .
- MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4866
[j MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1199

hkkhkhkhkhkhkhkhkhhhkhkhhhhhhkhkhkhhkhhdkhdhhhkhdkdkhhhhkhkhhhhkhdhhhdhkhhhhkhkhdkhhhkhkhhkhdks

[T

Khkhkhkkhhhhkkkhkhkhkkkhkhkhhhhhhkhkkkhhkkhkhkkhkhkkhkhhhkhkkhhhkhhhkhhkkhkhhkkkhhhhhhkhkhkkk

-

N

FINAL WATER STORAGE AT END OF YEAR 10

3

LAYER (INCHES) (VOL/VOL)

5 T TR T

2 8.99 0.4996

. 3 0.42 0.4170

fj 4 5.75 0.4790
B SNOW WATER 0.03

]
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**********************************************************************
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L

B

LﬂOan STREET IANDFILL SITE, NIAGARA FALLS, NY
ALTERNATE A WITH HYDRAULIC CONDUCTIVITY OF 0.00001 cm/sec AND
(FOLES IN LINER AT EVERY 100 FEET November 1, 1992

f‘
e
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{%*********************************************************************

|
-

C
i
v

{3

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1900 VOL/VOL

0.0850 VOL/VOL

0.2200 VOL/VOL

0.000719999953 CM/SEC

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

]

r
(

D I

C 3
2
)
%
N

VERTICAL PERCOLATION LAYER
18.00 INCHES

0.5010 VOL/VOL

0.2840 VOL/VOL

0.1350 VOL/VOL

0.3980 VOL/VOL
0.000190000006 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

!

(O

o

-
b
5
0
w

LATERAL DRAINAGE LAYER N

1.00 INCHES

0.4170 VOL/VOL

0.0210 VOL/VOL

0.0200 VOL/VOL

0.4170 VOL/VOL
0.009999999776 CM/SEC

L

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

| S——

-
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ST.OPE
DRAINAGE LENGTH

3.00 PERCENT
500.0 FEET

BARRIER SOII LINER WITH FLEXIBLE MEMBRANE LINER

12.00 INCHES

0.4790 VOL/VOL

0.3710 VOL/VOL

0.2510 VOL/VOL

0.4790 VOL/VOL
0.000010000000 CM/SEC
0.00300000

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER

TOTAL AREA OF COVER

EVAPORATIVE ZONE DEPTH

UPPER LIMIT VEG. STORAGE

INITIAL VEG. STORAGE

INITIAL SNOW WATER CONTENT

INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

75.00
940000. SQ FT
20.00 INCHES
9.7320 INCHES
6.8920 INCHES
0.0000 INCHES

14.6490 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR BUFFALO NEW YORK
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 279

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
23.70 24.40 32.10 44.90 55.10 65.70
70.10 68.40 61.60 51.50 '39.80 27.90

S



(}**********************************************************************

_[] AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 10
[] JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION T
[} " otars 3.18 2.61 2.78 2.97 2.89 2.21
2.95 4.39 3.13 3.11 4.24 2.96
(} STD. DEVIATIONS 0.55 1.01 0.91 0.80 0.78 0.65
1.06 2.04 1.46 1.37 1.06 0.73
RUNOFF
[] ~ ToTALS 1.259 1.492 1.598 0.234 0.011 0.000

0.002 0.030 0.000 0.020 0.454 0.820

(] STD. DEVIATIONS 1.114 1.014 1.573 0.497 0.025 0.000
0.005 0.050 0.000 0.063 0.944 1.128

[} EVAPOTRANSPIRATION

TOTALS 0.428 0.633 =~ 2.215 2.999 3.216 2.907
[] 5.477 5.550 2.670 1.985 0.887 0.496
STD. DEVIATIONS 0.116 0.144 0.182 0.573 0.987 0.597

0.583 0.707 1.050 0.364 0.117. 0.123

LATERAL DRAINAGE FROM LAYER 3

:] TOTALS 0.0781 0.0756 0.0826 0.0737 0.0711 0.0647
0.0639 0.0659 0.0668 0.0703 0.0702 0.0750

:] STD. DEVIATIONS 0.0105 0.0086 0.0049 0.0042 0.0026 0.0006
0.0003 0.0021 0.0030 0.0039 0.0056 0.0112

\ PERCOLATION FROM LAYER 4

TOTALS 0.0840 0.0843 0.0932 0.0855 0.0842 0.0774

I

[] 0.0688 0.0503 0.0448 0.0471 0.0560 0.0754
STD. DEVIATIONS 0.0168 0.0085 0.0040 0.0033 0.0023 0.0008

0.0017 0.0044 0.0055 0.0088 0.0183 0.0207

[L*********************************************************************

-
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10
(INCHES) (CU. FT.) PERCENT
[}PRECIPITATION 37.42  ( 2.873) 2931233, 100.00

[}RUNOFF 5.920 ( 2.984) 463736. 15.82



{}

EVAPOTRANSPIRATION 29.464 ( 1.647) 2308021. 78.74
EELATERAL DRAINAGE FROM 0.8578 ( 0.0302) 67196. 2.29
LAYER 3
E?PERCOLATION FROM ILAYER 4 0.8510 ( 0.0538) 66658, 2.27
CHANGE IN WATER STORAGE 0.327 ( 1.901) 25622. 0.87
[L*********************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 10
i T T T INcEs) | (cu. FT.)
s S
PRECIPITATION 2.81 220116.7
(} RUNOFF 1.662 130193.1
(7 LATERAL DRAINAGE FROM LAYER 3 0.0029 223.5
. PERCOLATION FROM LAYER 4 0.0032 . 247.7
[} HEAD ON LAYER 4 25.2
SNOW WATER 3.07 | 240155.4
B
- MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4866
B MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1199

Loy
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FINAL WATER STORAGE AT END OF YEAR 10

2

| LAYER (INCHES) (VOL/VOL)
U T TTRY Tea
[7 2 8.99 0.4996
- 3 0.42 0.4170
[} 4 5.75 0.4790
!

SNOW WATER 0.03

e
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J**********************************************************************

(YlOan STREET LANDFILL SITE, NIAGARA FALLS, NY

ALTERNATE A WITH HYDRAULIC CONDUCTIVITY OF 0.00001 cm/sec AND

r~HOLES IN LINER AT EVERY 50 FEET

L |

dk e g de g g o g g de K e de K K K K d g g de K g de K K K g K K g de K ke K K K K K K J Je K K K K K de Je g K K K K Kk gk Kk Kk ok k ok Kk kkkkkk
kkkkkkhkhkhkhkdkhhkhkkhhkhkhkhkhhkhhkhkhkhhkhkhkhkhkhhhddhdhdhdhhdhdkddddddddhdhddhdhkkdkkkdddkkkk

-

§

(} LAYER 1

VERTICAL PERCOLATION LAY
THICKNESS =
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

SATURATED HYDRAULIC CONDUCTIVITY

[
mwnnunl

D R

3
>
&
)
N

VERTICAL PERCOLATION LAY
THICKNESS 1
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

SATURATED HYDRAULIC CONDUCTIVITY

Cij Cﬁj

{-uv j Lo ]
2
03]
x

LATERAL DRAINAGE LAYER

—
P

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

o

I T T

November 1, 1992

ER
6.00 INCHES

0.4530 VOL/VOL
0.1900 VOL/VOL
0.0850 VOL/VOL
0.2200 VOL/VOL
0.000719999953

ER
8.00 INCHES

0.5010 VOL/VOL
0.2840 VOL/VOL
0.1350 VOL/VOL
0.3980 VOL/VOL
0.000190000006

1.00 INCHES

0.4170 VOL/VOL
0.0210 VOL/VOL
0.0200 VOL/VOL
0.4170 VOL/VOL
0.009999999776

CM/SEC

CM/SEC

CM/SEC
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3.00 PERCENT
500.0 FEET

SLOPE
DRAINAGE LENGTH

non

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER .
12.00 INCHES

0.4790 VOL/VOL

0.3710 VOL/VOL

0.2510 VOL/VOL

0.4790 VOL/VOL
0.000010000000 CM/SEC
0.01000000

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

[ (I T

GENERAL SIMULATION DATA

75.00

940000. SQ FT
20.00 INCHES
9.7320 INCHES
6.8920 INCHES
0.0000 INCHES

SCS RUNOFF CURVE NUMBER

TOTAL AREA OF COVER

"EVAPORATIVE ZONE DEPTH

UPPER LIMIT VEG. STORAGE

INITIAL VEG. STORAGE

INITIAL SNOW WATER CONTENT

INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

14.6490 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR BUFFALO NEW YORK
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 279

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
23.70 24.40 32.10 44.90 55.10 65.70
70.10 68.40 61.60 51.50 39.80 27.90



D .

o
Thhkkkkdkkkkkhhhkhhkhhdhkhhhkhhkhkkhkhhkkkhkhkhkhkhkhhkkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkhkkkkhkhkkhkkk

[1 AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 10
[] JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION
TOTALS 3.18 2.61 2.78 2.97 2.89 2.21
2.95 4.39 3.13 3.11 4.24 2.96
[z STD. DEVIATIONS 0.55 1.01 0.91 0.80 0.78 0.65
' 1.06 2.04 1.46 1.37 1.06 0.73
RUNOFF
TOTALS 0.985 1.258 1.337 0.184 0.001 0.000
0.001 0.025 0.000 0.020 0.267 0.617
STD. DEVIATIONS 0.976 0.960 1.588 0.455 0.003 0.000
[} 0.003 0.043 0.000 0.062 0.570 1.039
EVAPOTRANS PIRATION
[} TOTALS 0.429 0.633 2.215 3.030 3.182 2.954
5.438 5.058 2.557 1.990 0.888 0.496

STD. DEVIATIONS 0.116 0.144 0.180 0.559 1.011 0.555
0.632 1.004 1.081 0.371 0.113 0.123

[]IATERAL DRAINAGE FROM LAYER 3

TOTALS 0.0800 0.0736 0.0803 0.0704- 0.0676 0.0629
0.0635 0.0690 0.0713 0.0785 0.0829 0.0800

[} STD. DEVIATIONS 0.0087 0.0101 0.0071 0.0049 0.0021 0.0007
0.0004 0.0018 0.0027 0.0066 0.0150 0.0147

} .
[} PERCOLATION FROM LAYER 4

TOTALS 0.2615 0.2675 0.3024 0.2754 0.2662 0.2414
[} . ' 0.2087 0.1515 0.1362 0.1391 0.1666 0.2318
STD. DEVIATIONS 0.0760 0.0467 0.0260 0.0135 0.0109 0.0083

0.0087 0.0081 0.0062 0.0179 0.0591 0.0827

hkkkhkhkhkhkhkkhkkkhkhkkhkkhkhkhkhkhkhkkhkhhkkhkkhkhkhkhkhkhkhkhkkkhkkhkhkhkhkhkhhhkhhhkhkhhkhhkhkhkhhhkkkkkkkk
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10
[] (INCHES) (CU. FT.) PERCENT
PRECIPITATION 37.42  ( 2.873) 2931233, 100.00

[}RUNOFF 4.694 ( 2.672) 367734. 12.55
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.EVAPOTRANSPIRATION 28.871 ( 1.887) 2261591. 77.15

EEIATERAL DRAINAGE FROM 0.8801 ( 0.0246) 68940. 2.35
LAYER 3

(} PERCOLATION FROM LAYER 4 2.6484 ( 0.2§00) 207462. 7.08

CHANGE IN WATER STORAGE 0.326 ( 2.256) 25506. 0.87

4
\
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[

PEAK DAILY VALUES FOR YEARS 1 THROUGH 10
0 T T T T T  aneES) (cu. FT.)
’ PRECIPITATION 2.81 220116.7
[} RUNOFF 1.657 129787.0
B LATERAL DRAINAGE FROM LAYER 3 0.0035 271.5
W PERCOLATION FROM LAYER 4 0.0106 827.9
{T HEAD ON LAYER 4 25.4
: SNOW WATER 3.06 240019.5
N
- MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4866
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1199

khkkkkkhkhkkkhkkhkhkhdhhhkkhkhkkhkhkhkhkhkhkhkhhkhhhhhkkhhkkkkhkkkkhkkkkkhkkkkhkkkkkk

-1 U0 0
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(T FINAL WATER STORAGE AT END OF YEAR 10
A T ey ey T
¥ T T — Toiene

: 2 : 8.99 0.4996

J. 3 "0.42 0.4170

% 4 5.75 0.4790

’ SNOW WATER 0.03

C.J
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)
102nd STREET LANDFILL SITE, NIAGARA FALLS, NY

ALTERNATE B WITH TYPICAL MAXIMUM LEAKAGE FACTOR
[Y(HOLES IN LINER AT EVERY 50 FEET) OCTOBER 26, 1992
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b

L

VERTICAL PERCOLATION LAYER
= 6.00 INCHES

0.4530 VOL/VOL

0.1900 VOL/VOL

0.0850 VOL/VOL

0.2200 VOL/VOL

0.000719999953 CM/SEC

3

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

—
L

oy

!

L.

VERTICAL PERCOLATION LAYER
18.00 INCHES
0.5010 VOL/VOL
0.2840 VOL/VOL
0.1350 VOL/VOL
0.3980 VOL/VOL
0.000189999992 CM/SEC

p’

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT

T

(~ SATURATED HYDRAULIC CONDUCTIVITY
L
b LAYER 3
{7 LATERAL DRAINAGE IAYER
THICKNESS 1.00 INCHES
POROSITY 0.4170 VOL/VOL

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

0.0210 VOL/VOL
0.0200 VOL/VOL
0.4170 VOL/VOL
0.009999999776 CM/SEC

QS T G B G
o



SLOPE
DRAINAGE LENGTH

3.00 PERCENT
500.0 FEET

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
= 0.20 INCHES
0.4790 VOL/VOL
0.3710 VOL/VOL
0.2510 VOL/VOL
0.4790 VOL/VOL
0.000000006000 CM/SEC
0.01000000

THICKNESS
POROSITY
FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER N

TOTAL AREA OF COVER

EVAPORATIVE ZONE DEPTH

UPPER LIMIT VEG. STORAGE

INITIAL VEG. STORAGE

INITIAL SNOW WATER CONTENT

INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

75.00
940000. SQ FT
20.00 INCHES
9.7320 INCHES
6.8920 INCHES
0.0000 INCHES

8.9968 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND

SOLAR RADIATION FOR BUFFALO NEW YORK
MAXTMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 279

O (R i S s [ s SN S Y e [ s [ s B s R Siios [ s SN s S vt B e RN s B e

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

D JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
23.70 24.40 32.10 44.90 55.10 65.70
D 70.10 68.40 61.60 51.50 39.80 27.90

U



U

l***********************************************************************

0.551 0.546 1.005 0.360 0.116 0.125

(] AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 10
[} JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
PRECIPITATION
{] TOTALS 3.18 2.61 2.78 2.97 2.89 2.21
2.95 4.39 3.13 3.11 4.24 2.96
[l STD. DEVIATIONS 0.55 1.01 0.91 0.80 0.78 0.65
1.06 2.04 1.46 1.37 1.06 0.73
[} RUNOFF
TOTALS 1.392 1.599 1.672 0.264 0.031 0.000
[} 0.002 0.031 0.000 0.020 0.544 0.892
~  STD. DEVIATIONS 1.147 1.011 1.554 0.512 0.080 0.000
[} 0.006 0.052 0.000 0.063 1.095 1.156
EVAPOTRANSPIRATION
{] TOTALS 0.430 0.633 2.220 2.984 3.211 2.964
; 5.516 5.655 2.733 1.990 0.892  0.498
[) STD. DEVIATIONS 0.118 0.144 0.187 0.540 1.018 0.646

LATERAL DRAINAGE FROM LAYER 3

TOTALS 0.0788 0.0760 0.0832 0.0745 0.0723 0.0661
0.0642 0.0653 0.0661 0.0689 0.0690 0.0748

)

STD. DEVIATIONS 0.0108 0.0082 0.0037 0.0039 0.0027 0.0009
0.0004 0.0021 0.0026 0.0029 0.0059 0.0112

PERCOLATION FROM LAYER 4

TOTALS 0.0065 0.0068 0.0075 0.0067 0.0065 0.0059
0.0047 0.0025 0.0019 0.0021 0.0033 0.0055

1

STD. DEVIATIONS 0.0019 0.0009 0.0003 0.0004 0.0003 0.0001
0.0003 0.0006 0.0008 0.0012 0.0022 0.0023

khkkkhkhhhkhkhkkhkhkhkkhkhkhhkhhkhhhkhhkhkhhhkhkhhkhhkhkhkhkhkhhhkhkhkhkhhhkhkddhkhdddkkkdkhkhkkkikkk

« T30 30 3 3

kkhkhkkhkhkhkhkhhkhhhhhhkkhkhhhhkkhkhkhkhhkkkkhhkhkhkhkhhkhkhkkkkkhkkhkhkhkkhhkhkhkhkkkkhkhkkk

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10

PRECIPITATION 37.42 ( 2.873) 2931233. 100.00

[] RUNOFF 6.447 ( 3.119) 505044. 17.23



L

—

b

-

EVAPOTRANSPIRATION 29.726 ( 1.594) 2328510. 79.44
EEIATERAL DRAINAGE FROM 0.8593 ( 0.0290) 67310. 2.30
LAYER 3
f}PERCOLATION FROM ILAYER 4 0.0600 ( 0.0063) 4698. 0.16
CHANGE IN WATER STORAGE 0.328 ( 1.870) 25670. 0.88

{3;*********************************************************************

U

Fﬁ*********************************************************************
I

’ PEAK DAILY VALUES FOR YEARS 1 THROUGH 10

0 T T T T T T T T T (IneEs) | (cu. FT.)
’ PRECTPITATION T2.81 220116.7

{} RUNOFF 1.666 130517.9

M LATERAL DRAINAGE FROM LAYER 3 0.0029 223.5

L PERCOLATION FROM LAYER 4 0.0003 20.3

(} HEAD ON LAYER 4 25.3

v SNOW WATER 3.07 240225.5

fj MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4866

[? MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1199

hhkhkkdhhhkhkhkhkhhkhkhkhkhkhhhkhkkhhhhkhkkhhhkhkhkkhkkkkhkhkkhkhhhkkhkhhkhkkhhhhkhkkhkkhkhhkhkkk*

I '
w&*********************************************************************

FINAL WATER STORAGE AT END OF YEAR 10

.

LAYER (INCHES) (VOL/VOL)

§ B 2.74 " 0.4563
: 2 8.99 0.4996
Ej 3 0.42 0.4170
4 0.10 0.4790

3

SNOW WATER 0.03

.
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102nd STREET LANDFILL SITE, NIAGARA FALLS, NY
ALTERNATE B WITH MAXIMUM LATERAL DRAINAGE (1 CM/SEC GEONET EFF. PERMEA
(HOLES IN LINER AT EVERY 50 FEET) OCTOBER 26, 1982

hRRRRRAkRkARR kXA khhkhkhhkhkhhhkkhhhhhhhkhhhhhhhhhhkhhhhkhkhkhkhkhhkhkhkhkkkhhkkhkhkk®k
RRRARRRRARRAEARARERRREKRARERRR AR hkhhkhhhkhhhhhhhhhkhkkhhhkhkhhkhkkhkhhkhhhkkhkkk

VERTICAL PERCOLATION LAYER

6.00 INCHES
POROSITY = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1900 VOL/VOL
WILTING POINT = 0.0850 VOL/VOL

THICKNESS

INITIAL SOIL WATER CONTENT 0.2200 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY 0.000719999953 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER

THICKNESS = 18.00 INCHES

POROSITY = 0.5010 VOL/VOL

FIELD CAPACITY = 0.2840 VOL/VOL

WILTING POINT = 0.1350 VOL/VOL

INITIAL SOIL WATER CONTENT - 0.3980 VOL/VOL

SATURATED HYDRAULIC CONDUCTIVITY = - 0.000189999992 CM/SEC
LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS = 1.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0210 VOL/VOL
WILTING POINT o= 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4170 VOL/VOL
=

SATURATED HYDRAULIC CONDUCTIVITY 1.000000000000 CM/SEC



TN O S S OO N o R, ek

SLOPE = 5.00 PERCENT
DRAINAGE LENGTH = 500.0 FEET
LAYER 4
BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS = 0.20 INCHES
POROSITY 0.4790 VOL/VOL

FIELD CAPACITY
WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

0.3710 VOL/VOL

0.2510 VOL/VOL

0.4790 VOL/VOL
0.000000006000 CM/SEC
0.01000000

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER

TOTAL AREA OF COVER

EVAPORATIVE ZONE DEPTH

UPPER LIMIT VEG. STORAGE

INITIAL VEG. STORAGE

INITIAL SNOW WATER CONTENT

INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS = 8.9968 INCHES

75.00
940000. SQ FT
20.00 INCHES
9.7320 INCHES
6.8920 INCHES
0.0000 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR BUFFALO . NEW YORK

MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 138
END OF GROWING SEASON (JULIAN DATE) = 279

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
23.70 24.40 32.10 44.90 55.10 65.70
70.10 68.40 61.60 51.50 39.80 27.90

B T A



[;*********************************************

PRECIPITATION
\  TOTALS 3.18 2.61 2.78
| 2.95 4.39 3.13
STD. DEVIATIONS 0.55 1.01 0.91
[} 1.06 2.04 1.46
RUNOFF
| —==—=-
[3 TOTALS 0.010 0.002 0.024
: 0.001 0.025 0.000
[? STD. DEVIATIONS 0.033 0.004 0.056
S 0.002 0.043 0.000
[} EVAPOTRANSPIRATION
TOTALS 0.430 0.633 2.223
m 3.286 4.141 2.587
= Lh}'
STD. DEVIATIONS 0.118 0.145 0.179
'[ﬁ 1.122 1.220 1.109
) i
Y LATERAL DRAINAGE FROM LAYER 3
(T TOTALS 2.4226 2.0945 2.2979
] 0.0653 0.0350 0.0401
., STD. DEVIATIONS 1.1301 0.7109 1.4949
| 0.0114 0.0034 0.0540
[\ PERCOLATION FROM LAYER 4
J  cpoTaLs 0.0001 0.0001 0.0001
0.0001 0.0001 0.0001
[; STD. DEVIATIONS 0.0000 0.0000 0.0001
0.0000 0.0000 0.0000

k*********************************************

i(l*********************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

t2X33X331 332212232222 2223 %33

1 THROUGH 10

2.97 2.89 2.21
3.11 4.24 2.96
0.80 0.78 0.65
1.37 1.06 0.73
0.000 0.000 0.000
0.018 0.001 0.000
0.000 0.000 0.000
0.056 0.001 0.000
3.001 3.193 2.998
2.009 0.901 0.500
0.559 1.072 0.640
0.409 0.109 0.126
0.6744 0.2810 0.1220
0.1860 1.3170 1.9920
0.4754 0.1817 0.0385
0.3542 1.4769 1.2221
0.0001 0.0001 0.0001
0.0001 0.0001 0.0001
0.0000 ©0.0000 0.0000
0.0000 0.0000 0.0000

hkhhhhkkhkhhhhhhkhkhhhhhkkkhhhd

khhhhhhhhkhkhhhhkhhhhhhhhhk

| AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 10
ST T (INCHES) (EG. FT.) PERCENT
| PRECIPITATION 37.42  ( 2.8;;; 2931233. 100.00
{ _ RUNOFF 0.081 ( 0.092) 6315. 0.22




0

EVAPOTRANSPIRATION 25.903 ( 1.987) 2029071. 69.22
LATERAL DRAINAGE FROM 6;280 ( 3.1@ 903028. 30.81
- ILAYER 3
D PERCOLATION FROM LAYER 4 0.0010 ( 0.0001) 77. 0.00
CHANGE IN WATER STORAGE -0.093 ( 0.840) ~7258. -0.25

-

KARRRRARRRRR AR KRR Rhhkkhkhkhhhhhhhhhkhhhhhkhkhhhhhhhhhhhhhhhkhhkhkhkkhkhhkhkhkkkk

***********************************************************************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 10

D (INCHES) (CU. FT.)
: PRECIPITATION T2.81  220116.7
D RUNOFF 0.177 13893.4
LATERAL DRAINAGE FROM LAYER 3 0.5610 43945.2
D PERCOLATION FROM LAYER 4 0.0001 6.1
D HEAD ON LAYER 4 © 7.8

SNOW WATER 3.06 239407.7
U MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4051
D MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1199

RERRARRR ARk RR ARk hkhhhhhhhkhhhhhhkhkhkhhhkkhkhhhhhhhhhhkhhkhhhkhkhkhkkhhhhhhkhkhkhkk

—

e £ 222 XXX 2222322222222 222222222222 222222222222 22222 2222222222222 21

FINAL WATER STORAGE AT END OF YEAR 10

_ LAYER (INCHES)  (VOL/VOL)
{] T TT1s4 T 0.2573
ﬁ 2 6.35 0.3530
?D 3 0.05 0.0463
: 4 0.10 0.4790

.SNOW WATER 0.03
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3.0 Collection System (Subsurface)



2.0 Drainage Layer (Geonet)
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4.0 Geomembrane Liner



5.0 Geosynthetic Clay Liner
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/) | » Required degree of survivability ~
Aded test method Low Medium® High® Very high? -
Thickness (D1593) - - '
mils (mm) 20 (0.50) 25 (0.63) 30 (0.75) 40 (1.00)
(8) Low refers ® carcful hand placement on very uniform well-graded subgrade with light loads of 2 static |
asture—typical of vapor barriers beneath building floor slabs. H
(b) Medium refers o hand or machine placement on machine-graded subgrade with mediom loads—typical - R
of canal liners. :
() H:ﬁmsnwwmph:mumpuwd'mﬂh@hﬁ— ——i
TV typical of landfill limers and covers.
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GUNDLINE® VL (VLDPE) SPECIFICATIONS

Gundline VL is a special formulation of very low density polyethylene containing approximately
97.5% polymer and 2.5% carbon black, anti-oxidants and heat stabilizers.

CrveicAL - .. _¥EST ¢ . . - eauGE " - T -
' PROPERTIES* = ° ST o (nomiNAL) - .0 -

20mil . 3omll 40mi  -80mil  B0Omit 100 mI
©Smm) {075mm) (1.0mm)  (1.5mm) (2.0mm) (25mm)

“These spectiications are offered s 8 guide
-cores, Each roll is provided with 2 slings for wlstdom:on 1o assist engimelr: win
. . . . . Anerr 8paCifications. however, Gundle assumes
to :-;ld handling on spe. Dimensions and ' ' ‘ ) ( > o kabaity in g pol

Tensile Proparties. (Typica!)

1. Tensile Strength at Break ~ ASTM D638 Type IV Dumb-bell 70 105 140 210 260 350
(Pounds/inch width) at 2.lpm. 2‘mda gauge length, .

2. Elongation at Bresk (Percent) 2.5 inch grip separation 900 900 903 800 900 200
Puncture Resistance. FTMS 101 Method 2065 as 51 64 72 80 88
Pounds. (Typical)
Tear Resistance Initiation. ASTM D1004 Die C 8 12 16 24 a2 40
Pounds. (Typical)
Dimensional Stabiity. % Change. ASTM D1204 +2 2 2 =2 x2 *2
Each Direction. {(Max.) 212°F 1 he.
Low Ternperature Brittieness.>’F  ASTM D746M -112 -112 -112 -112 -112 -112
{Typical) Procedure B
Resistance to Soil Burial. . ASTM D3083 Type {V Dumb-bell
Percant change in onginal value. at2ipm
(Typicai)

Tensile Strerigth at Break. x10 =10 =10 *10 *10 =10
Environmental Stress crack. ASTM D1693 10% Igepal, 50°C 1500 1500 1500 1500 1500 1500
Hours. (Min,)

‘Note: All values, except when specified as minimum or maximum, are typicai test results.

SUPPLY SPECIFICATIONS
The following describes typical roli dimension for Gundtine VL

THICKNESS - ¥ . ' ' " ROLL WEIGHT I
mil mm ft. m f. m 2 ‘mt ib. Kg.
2 05 225 686 1250 381 28125 2613 2800 1272
0 075 25 686 840 288 18000 1756 2800 1272
40 10 225 686 650 198 14625 1359 2800 1272
&0 15 225 686 420 128 9450 878 2800 1272
8 20 205 686 =20 98 7.200 670 2800 1272
100 25 225 6.86 250 76 - ) -5 625 522 2800 1272
-Gundle Llnlng Systems Inc

GUNDLINE VL is rolled on 6" 1.D. hollow

weights are approximate. Custom

Wnformation. The specifications on this data
fengths avallable upon request.

19103 Gundie Road _sheet are subjact 1o change without notice.

Houston, Texas 77073 U.S.A.
" Phone: (713) 443-8564
Toll Free: (800) 435-2008
Telex: 166657 GundieHou

Fax: (713) 875-6010

*Gurale Lining Systeme fnc 1991 20MAPH 419} - {', printed on recycied paper
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OXYFI..EX PrvcCc GEOMEMBRANE LINER 40 MIIT.

Data Sheet

Property
Gauge (nominal)

Thickness, Mills (minimum)
Specific Gravity (minimum)

Minimum Tensile Properties
(each direction)

1. Breaking Factor
(pounds/inch width)

2. Elongation at break
(%)

3. Modulus (force) at
100% elongation
(pounds/inch width)

Tear Resistance (pounds,
minimum)

Low Temperature, °F
Dimensional Stability

(each direction, %
change maximum)

Water Ei:traction
(% loss maximum) .

Volatile loss
(% loss maximum)

Resistance to Soil Burial
(% change maximum in
original value)

1. Breaking Factor
2. Elongation at break

Required

3. Modulus at 100% elongation

' Hydrostatic Resistance

{pounds/sq. in. min.)

Typicals*
Test Method NSF 54* Values
----------- 40
ASTM D1593 38 39.5-40.5
ASTM D792 1.20 1.280
ASTM D882
Method A ‘92 MD 120
(1 inch wide) TD 115
Method A 350 MD 5G0
(2" jav separation) TD 550
Method A 36 MD 60
TD 55

ASTM D1004 10 MD 15.0
Die C ™ 16.0
ASTM D1790 =20 Pass
ASTM D1204 Less than Pass
212°F, 15 min. 5%
ASTM D3083 0.35 0.11
{as modified
in Appendix A)
ASTM D1203 0.5 0.40 .
Method A
ASTM D3083
{as modified
in Appendix A)

45% Pass

- 420% " 'Pass

*#20 Pass

AST™ D751
Method A

B2 (10)»* 157

OxyChem
_Qxyé‘hem
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V Vinyls Division
5005 LBJ Freeway
Dallas, Texas 75244
214/404-3800

*May 1991 revision
***(proposed Value)

xv Occidental Chemical Corporation Flindoitibynsth

FITNESS FOR A PARTICULAR PU

and accurate to the best of our

herein was i true and
. However, OXYCHEM DOES NOT MAKE ANY WARﬁAN‘I'Y OF MERCHANTABILITY OR
RPOSE, OR OTHERWISE, EXPRESS OR IMPLIED, REGARDING PERFORM-

ANCE, STABILITY OR OTHERWISE. FURTHERMORE, THE INFORMATION CONTAINED MEREIN 1S NOT TO
BE CONSTRUED CONCERNI

ED AS AN EXPRESS

CHARACTERISTICS OF THE

ANING THE PERFORMANCE STAB!UTY OR OTHER

. This inf ion is not ir as the and
eondnnnsdme M\dlng ﬂmmommmmyrwmomumwewumﬂmm

safe h "‘,mduse

toan

ins the

herein shall be as,a

4aws. The p

any
__lnyloecustomer No

ion regarding safe handiing and use procedures.
suggestons for use sre intended as, and nothing

wdation to infringe any existing patents or 1o violate any Federal, State, or loca!

of owr p

o our terms and conditions, wnehueavuaueupmmmnsl
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CLAYMAX GEOSYNTHETIC CLAY LINER MATERIAL SPECIFICATIONS

P2y

CLAYMAX STYLE | CLAYMAX STYLE |
PROPERTY TEST METHOD * [UNITS 200R 500 SP
SODIUM
MONTMORILLONITE X-RAY % 90 (TYP) 90 (TYP)
CONTENT DIFFRACTION
FREE SWELL USP-NF-XVII ml 27 (MARV) 27 (MARY)
FLUID LOSS API13B ml 12 (MAX.ARV) 12 (MAX. A.RV)
MOISTURE CONTENT (3) ASTM D4643 % 20 (TYP) 20 (TYP)
CONTINUOUS CONTINUOUS
ADHESION VISUAL ADHESION TO ADHESION TO
BACKING MATERIAL | BACKING MATERIAL
THICKNESS (excluding fabrics) ASTM D1777 inches 0.17 (MARV) 0.17 (MARV)
COMPOSITE THICKNESS ASTMD1777  [inches 0.20 (MARV) 0.20 (MARV)
WIDE WIDTH TENSILE ASTM D4595 PPl 60 (TYP) (2) 100 (TYP)
GRAB TENSILE ASTM D4632 LB 90 (MARV) (2) 90 (MARV) (2)
BENTONITE CONTENT (3) WEIGH LB/SF 0.95 (MARV) 0.95 (MARV)
o 20% moisture 12" X ROLL WIDTH
SHEAR RESISTANCE
ASTM D35.01.81.07
HYDRATED (DRAFT) DEG >10 >40
DRY DEG >35 >40
PERMEABILITY
A) 2psi EFFECTIVE STRESS ASTM D5084 cM/S |5 x 10~° (MAX.A.RV.) |5 x 10~° (MAX.AIRV.)
B) 30 psi EFFECTIVE STRESS ASTM DS084 cMIS| <5x10-1° (TYR) | <5x107'° (TYP)
PERMEABILITY
(2 psi effective stress)
C) 2" OVERLAPPED CLAYMAX ASTM D5084 CM/S| <5x107° (TYP) <5x107° (TYP)
(without the use of granular
bentonite betwean the seams)
D) DAMAGED CLAYMAX ASTM D5084 cM/s | <5x10°° (TYP) N/A (4)
(3 each, 1" holes)
CLAYMAX undemeath ASTM DS084 cM/S | <5x107° (TYP) N/A 4)
damaged HDPE
geomembrane (1" hole)
F) AFTER3 WET/DRY CYCLES ASTM D5084 cM/S | <5x10~° (TYP) N/A (4)
G) AFTERS FRZ/THAW CYCLES ASTM D5084 cM/s| <5x107° (TYP) N/A {4)

** See opposite page for footnotes.
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GClLs are part of an important trend toward
the use of geosynthetics in containment
applications. In a typical double-composite
liner system, GCLs have combined with
polyethylene geomembranes to decrease
permeability and increase efficiency.

Assured quality control

Since Bentofix GCLs are a manufactured
product, detailed quality control can be per-
formed in the manufacturing plant. As a
result, expensive and time-consuming on-site
quality control testing is not necessary.

Multi-lift clay liners, on the other hand,
require time-consuming compaction and
detailed on-site testing to meet stringent
moisture content and density criteria.

Needlepunching gives Bentofix
GCLs distinct advantages.

By needlepunching fibers from the non-
woven geotextile layer through the sodium
bentonite and into the opposite geotextile
layer, a completely uniform GCL — with
clear advantages — is produced.

¢ High internal shear resistance (27°
to 34°) of needlepunched GCLs eliminates
potential planes of weakness within the
composite in the hydrated state. When
hydrated, other GCLs which are not
needlepunched have a slip plane which is
susceptible to failure under low shear
stress, since the inner bentonite layer has
little shear strength.

With Bentofix GCLs, on the other hand,
the needlepunched fibers provide the
shear strength needed to transfer the
critical friction plane out of the bentonite
layer.

This high shear resistance allows Bentofix
to be installed successfully on steep slopes.
In all applications, design-specific parame-
ters will determine actual values, and site
specific testing should be carried out to
determine the shear angle in each
application.

P64
e A consistent bentonite content
is preserved throughout the plane of the
composite, because needlepunching pre-
vents lateral migration of the bentonite
material within the GCL — in either a dry
or hydrated state.

e During installation, the needlepunched
fibers hold the sodium bentonite in place,
even after hydration of the GCL.

e The inherent confining stress caused by
needlepunching decreases permeability and
prevents delamination of the geotextiles when
the bentonite hydrates.

—— Specifications

Specified
Values

Property

Standard

BENTONITE

Bentonite
Content

Water
Permeability

Volumetric
Increase
(Free Swell)

GEOTEXTILE
UPPER LAYER
Weight

_ ‘GEOTEXTILE
B BOTTOM LAYER
1 (NONWOVEN)

: Weight
ROLL SIZE
Width
Length

Minimum 1.0 b/t

Maximum 1.0 x 10® cm/sec

Minimum 300%

g
| e B

Typical

Typical

Nominal

Nominal
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Rer. 4

1#1; ili { Cover Soll Abov mem

Consider a cover sofl {usually a permeable soll like gravel, sand or silt) placed directly
on a geomembrane at a slope angle of "@”. Two discrete zohcs can be visualized as seen in

Figure 3. Here one sees a small passive wedge resisting a long, thin active wedge extending the
length of the slope. It is assumed that the cover soll is a uniform thickness and constant unit
weight. At the top of the slope, or at an intermediate berm. a tension crack in the cover soll is

considered to occur thereby breaking communication with additional cover soll at higher

clevations.
Resisting the tendency for the cover solil to slide is the adhesion and/or interface

friction of the cover sotl to the specific type of underlying geomembrane. The values of “c,*
and “5" must be obtained from a simulated laboratory direct shear test as described earlier.
Note that the passive wedge 1s assumed to move on the underlying cover soll so that the shear

parameters “c” and “¢". which come from soll-to-soil friction tests, will also be required.

Geomembrane
PASSIVE

Figure 3- Cross Section of Cover Soil on a Geomembrane Iliustratlng the Various Forces
Involved on the Active and Passive Wedges

A7
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By taking free bodies of the passive and active wedges with the appropriate forces being
applied, the following formulation for the stabllity factor-of-safety results, see Equation 3.
Note that the equatfon is not an explicit solutfon for the factor-of-safety (FS), and must be
solved indirectly. The complete development of the equation s given fn Appendix “A".

(FS)2(0.5y LH sin2(2 w)] - (FS) [y LH cos2 o tan §sin (2 w) + ¢, Lcos @ sin (2 o)

+Y LHsin2w tan ¢ sin (2 @)+ 2cHecos @ +yH 2tan ¢]

+[(fLHcos ® tan § +c,L) (tan ¢ sin w sin (2 )] =0 {3)
Using ax2 + bx + ¢ = 0, where

a =05y LH sin220
b =~[ y LH cos2w tan § sin (2w) +caL cos @ sin (2 w)

+¥ LH sin?0 tan ¢ sin (2w) + 2cH cos @ +y H2tan ¢]
¢ = (yLHcos 0 tan § + ¢, 1) (tan ¢ sin @ sin (20))

the resulting factor-of-salety is as follows:
FS = bt \] b2 —4ac : @
23

When the caiculated factor-of-safety value falls below 1.0, a stabllity faflure of the cover soll
sliding on the geomembrane is to be anticipated. However, it should be recognized that seepage
forces, selsmic forces and construction placement forces have not been considered in this
analysis and all of these phenomena tend to lower the factor-of-safety. Thus a value of greater
than 1.0 should be targeted as being the minimum acceptable [actor-of-safety. An example
problem illustrating the use of the above equations follows:

Example Problem: Given a sofl cover soll slope of @ = 18.4° (i.e., 3 to 1),
L=300f,.H=30#f, v=1201b/f3, c=3001b/f2,c, =0, =32°, 5= 14°,

determine the resulting factor-of-safety
Solution:

a =0.5(120) (300) (3) sin2 (36.8°)
= 19,400 Ib/ft ,
b =-[(120) (300} (3) cos? (18.4°) tan (14°) sin (36.8°)

+ 0 +(120) (300) (3) sin2 (18.4°) tan (32°) sin (36.8°
+2(300) (3) cos (18.4°) + 120 (9) tan (32°)]

A8
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APPENDIX A.5

Stormwater Management
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Figure 3.1,--dverage velocities for estimating travel time for
overland flow.

Storm sewer or roed gutter flow

Iravel time through the storm sewer or road gutter tem to the main

open channel is the gum of travel itimes in eEcuh iudgl?dual companent of

the system between the uppermost inlet and the outlet. In most cases

average velocities can be used without a significent loss of accuracy.-

During major storm events, the sewer gystem may be fully taxad and ad-

ditional overland flow may Occur, generelly at & gignificantly lower

veloeity than the flow in the storm sewers. By using aversge conduit

8izes and an average slope (excluding any vertical drops in the system),

the average velocity can be estimated using Manning's formyla. (-

Since the hydraulic radius of a pipe flowing half full is the same as
when flowing full, the regpective velocities are equal. Travel time may
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102ND LANDFILL OPEN ~ 9/8/95
SWALE(EAST) | I ! |

Determine the design flowrate using the rational formula (Q=CIA)|

Runoff Coeffecient 0.75

Drainage Area, acres 3

Intensity, in/hr 4.8

Flowrate, cfs 10.8

Manning Equation for a Trapezoidal Dch

lterate using depth

Y, fest 0.85 1

Base, ft 0

Z ft 10

Area 7.225

n 0.04

S 0.005 -

Hydraulic Radius 0.422891

Area - 7.225

Velocity, Ft/sect 1.483983 0.04

Flow,cfs 10.72178 0.884881
" Page 1
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102ND LANDFILL OPEN
SWALE(CENTRAL) | |

Determine the design flowrate using the rational formula (Q=CIA)
Runoff Coeffecient 0.75 ]
Drainage Arsa, acres 7.4

Intenshty, in/hr 3.8

Flowrate, cfs 21.09

Manning Equation for a Trapezoidal Ditch

Iterate using depth

Y, feet 1.1 1

Egse, ft _ [V}

Z fi 10|

Arca 121 -

n 0.04

S 0.005

Hydraulic Radius 0.54727

Area 12.1

Velocity, Fi/sect 1.762294 0.04 R

Flow,cfs 21.32376 0.884881
Page 1

"~ 8/8/95

1/



€3

c3J C3

.3

3

¢

]

102ND LANDFILL OPEN
SWALE(WEST) | ] [ ]
Determine the design flowrate using the rational formula (Q=CIA)
[Runoff Coeffecient - 0.75 '
Drainage Area, acres 52

intensity, in/hr 3.8

Fiowrate, cfs 14.82

Manning Equation for a Trapezoidal Ditch

Iterate using depth

Y, feet 0.95 1
Base, ft 0

Z ft 10

Area 8.025

n 0.04

S 0.005

Hydraulic Radius 0.472643

Area 0.025

Velocity, Ft/sect 1.598204 0.04

Flow,cfs 14.42379 0.984881

Page 1

" 9/8/95
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APPENDIX A.6

Cofferdam Stability Analysis (for Reference Only)
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A.6 BULKHEAD AND COFFERDAM STABILITY ANALYSES
A.6.1 Introduction and Summary

The stability analyses were performed using the University of Texas Analysis of Slopes, Version
2 (UTEXAS2) computer program. The stability of the bulkhead was analyzed under various
conditions, including end of construction, long term, seismic loading (0.09 seismic coefficient),
and rapid drawdown of the river from the 100-year flood level. The stability of the cofferdam,
which will be a temporary structure, was analyzed only for the end-of-construction condition.
Three cross-sections were considered in the analysis of the bulkhead stability, representing the
range of geologic conditions along the bulkhead alignment. The geologic profile which generally
resulted in the lowest factors of safety for the bulkhead stability was used for the cofferdam
stability analysis. Table A.6-1 summarizes the results of the bulkhead and cofferdam stability
analyses.

- A.6.2 Embankment Configurations

The bulkhead and cofferdam configurations used in the stability analyses were adopted in the
design drawings (Appendix D). Side slopes for both structures are two horizontal to one vertical.
The bulkhead consists of a compacted embankment with a soil-bentonite slurry wall. Landfill
material rests against the entire height of the bulkhead. The surface of the landfill, which consists
of two feet of composite cap material, is sloped at five percent. The cofferdam has
geomembrane on the up-gradient slope. A geomembrane or other impermeable barrier is
assumed to be placed over the mudline, underneath the cofferdam to reduce seepage through
the cofferdam. The bulkhead and cofferdam cross-sections are shown in Figure A.6-1.

A.6.3 Geologic Profile and Geotechnical Parameters

Three cross-sections were considered in the analysis of the bulkhead stability, representing the
range of geologic conditions along the bulkhead alignment. The locations of these cross-
sections are shown by Figure A.6-2. The geologic profile at cross-section number 3, which
generally resulted in the lowest factors of safety for the bulkhead stability, was used for the
cofferdam stability analysis. Figure A.6-3 consists of a geologic profile along the bulkhead
alignment compiled from boring logs and showing the results of field tests as well as the
locations and depths of soil samples collected, the types of laboratory analysis performed on the
samples, and the summarized analysis results. The boring logs and most of the detailed
geotechnical field and laboratory test data is contained in the Predesign Field Activity Report (20
November 1892). More recent additional laboratory test results are also included in the Figure
A.6-3 compilation. This new laboratory test data is contained in its entirety in Section A.8 of this

Appendix.

Based on the boring logs and geotechnical test results, the following soil deposits were identified
beneath the bulkhead alignment:

o Alluvium sediments
o] Clay
o] Ablation till

o Glacial till.
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As shown by Figure A.6-3, the clay layer is present only at cross-section number 2, and the
ablation till exists only at cross-sections number 1 and 3.

In addition to these soil layers, three types of placed soils are modeled for the stability analyses,
including:

o Embankment material (bulkhead and cofferdam)
o Landfill material (bulkhead only)
o Soil-bentonite slurry wall (bulkhead only).
Table A.6-2 summarizes the shear strength parameters and total unit weights adopted for each

of the above types of soil for use in the stability analyses. The basis for adopting these
parameters is discussed in the following paragraphs:

- Alluvium Sediments. The shear strength of the alluvium sediments, which consist of silty sand,

is characterized by an effective friction angle of 37 degrees based on the range of consolidated
undrained (CU) triaxial shear test data, and typical values that have been obtained for similar
types of soil. A total unit weight of 125 pounds per cubic foot (pcf) was calculated based on the
dry density and moisture content data.

Clay. Under conditions of relatively rapid loading (i.e., end of construction, seismic loading, and
rapid drawdown) the shear strength of the clay layer is characterized as an undrained shear
strength (S,) as a function of the effective vertical confining pressure (p’). CU triaxial tests were
performed at three effective consolidation pressures; the first is roughly -equal to the in-situ p’,
the second is twice the in-situ p’, and the third is four times the in-situ p’. The S /p’ ratios
obtained (see Table A.6-3) indicate that the clay is currently overconsolidated. For end-of-
construction conditions, the clay is assumed to have insufficient time to consolidate under the
load of the newly placed embankment, so that it remains at its present overconsolidation ratio
(OCR). The adopted end-of-construction S /p’ therefore corresponds with the CU test results for
the in-situ p’ consolidation pressure, the S, at any depth level being determined without the
benefit of the added p’ due to the embankment weight. For long-term rapid loading conditions
(i.e. seismic and rapid drawdown), it is assumed that the clay has reached a normally
consolidated state due to the embankment surcharge. For these conditions, the adopted S /p’
value corresponds with the CU test results obtained when the effective consolidation pressure
was four times the the current in-situ p’. For long-term static stability analysis, the clay’s shear
strength is characterized by an effective friction angle of 15 degrees, based on the CU test
results. The total unit weight of the clay is estimated at 110 pcf, based on typical values for this
type of soil.

Ablation Till. The deposition history of the ablation till is assumed to be similar to that of the clay,
and therefore the OCR of the ablation till is roughly equal to that of the clay. Based on the
unconsolidated undrained (UU) triaxial shear test, the current S /p’ of the ablation till is about 0.4,
indicating that this material may be somewhat stronger than the clay. This is supported by the
standard penetration test (SPT) N-values. The adopted strength and unit weight values are
therefore slightly higher than those for the cClay.

Glacial Till. This material is considerably stronger than the overlying soils based on the results

of the UU tests. Because of its relative strength, this soil is not critical to the stability analyses;
all of the conceivable slope failure surfaces pass above this layer.

2



Embankment Material. For the bulkhead, local borrow sources will be used which tend to consist
mostly of siity sand. This material will be compacted during placement. The cofferdam will be
constructed by dumping a clean gravel. The adopted strength and unit weight parameters for
these materials are based on typical values generally easily achieved with these types of
materials. The adopted parameters are the same for the clean gravel and the silty sand because
the typically higher strength of clean gravels is in this case probably offset by the fact that this
material will be dumped into place, whereas the siity sand will be compacted.

Landfill Material. The landfill material behind the bulkhead will consist of excavated alluvium
sediments which will be compacted during placement. As a conservative estimate of the strength
of this material, its geotechnical parameters are equated to those of the in-situ alluvium
sediments.

Soil-Bentonite Slurry Wall. The relatively low shear strength values adopted for this material
represent lower bound conditions applicable during construction of the slurry wall. These
conditions will exist for a relatively short duration. Over the long term, the strength of the slurry
- wall is expected to increase significantly. However, due to uncertainty in the actual eventual
strength of the slurry wall, the lower bound values are retained for the long term analysis
conditions.

A.6.4 Analysis Methodology and Results

The University of Texas Analysis of Slopes - Version 2 (UTEXAS2) computer program, which was
used for these analyses, was developed by Stephen Wright of the Civil Engineering Department
at the University of Texas in Austin. This program is capable of locating critical failure surfaces
and computing factors of safety using a variety of analysis procedures. The procedure
recommended by the program'’s author, Spencer’s Method, was used for all analyses.

The program can search for circular and non-circular critical failure surfaces. Non-circular failure
surfaces through the weakest layers (slurry wall, clay or ablation till) were investigated for the
end-of-construction and seismic loading cases. Circular failure surfaces were investigated for all
analyses. None of the non-circular failure surfaces resulted in computed factors of safety lower
than those for the critical circular failure surface.

The program searches for critical failure circles based on the center coordinates and radius that
must be input for an initial trial circle. The center coordinates and radius are then incrementally
modified by the program in a systematic manner, and the new factor of safety calculated each
time, enabling the critical failure circle to be eventually determined. The initial trial circle must be
defined with a certain degree of realism and accuracy to ensure that the actual critical circle is
identified by the program. For all but the rapid drawdown analysis, the critical failure circle was
initially assumed to be a relatively deep circle tangent to a point within the underlying weak layer
(clay or ablation till), and the initial trial circle was input accordingly. This initial assumption was
proved correct by the results of the analyses. For the rapid drawdown condition, initial trial
circles were specified both deep and shallow. The rapid drawdown analysis resuilts indicated that
the shallow failure mode was the most critical. The rapid drawdown analysis simulated the
sudden lowering of the river level from the 100-year flood elevation to the mean water elevation.

Both total and effective stress analyses were performed. Total stress strength parameters were
used for rapid loading conditions (i.e., end of construction, seismic and rapid drawdown) in
undrained soil layers (i.e., slurry wall, clay, ablation till, and glacial till). Effective stress
parameters were used for long term static stability analyses, and for free-draining materials

3



3 C3 3

3 2

) 3

I 3 1 3

(embankment, landfill and alluvium). The program allows pore pressures to be defined and used
selectively for specified layers within a profile, so that a combined total and effective analysis can
be done, as required per the drainage characteristics of individual layers.

Table A.6-1 summarizes the computed factors of safety. The critical failure surface computed for
each condition analyzed is shown in Figures A.6-4 through A.6-16.
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Table A.6-1 Summary of Stability Analyses

Bulkhead Cross-Section No. 1 | End of Construction 2.04
| (OLIN Property) Long Term Stability 2.48 “
Rapid Drawdown (From 100-yr. Flood 1.26
Level)
Seismic Loading (0.09 Seimic -1.67
Coefficient)
Cross-Section No. 2 | End of Construction 225
(East End of o
OXYCHEM Property) Long Term Stability 2.63 II
Rapid Drawdown (From 100-yr. Flood 1.26
Level)
Seismic Loading (0.09 Seismic 1.62
Coefficient)
Cross-Section No. 3 | End of Construction 1.54 "
(West End of o
OXYCHEM Property) Long Term Stability 2.16 I]
Rapid Drawdown (From 100-yr. Flood 1.26
Level)
Seismic Loading (0.09 Seismic 1.27
Coefficient)
Cofferdam End of Construction 1.43 ﬂ
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Table A.6-3 Consolidated Undrained Triaxial Shear Test Results for Clay Samples

In-Situ p’ 273 26° 0.29

28-1 26° 0.40

28-2 38° 0.70

2 x In-Situ p’ 28-1 22° 0.26
28-2' 32 048 |

4 x In-Situ p’ 27-3 16° 0.17

28-1 15° 0.21

28-2' 26° 0.25

! This sample was collected at or near the clay/glacial till interface, and is probably

not representative of the clay layer.
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APPENDIX A.7

Seepage Analysis
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APPENDIX A.8

Settiement Calculations
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102ND STREET LANDFILL SITE
NIAGARA FALLS, N.Y.
REMEDIAL DESIGN

LANDFILL SETTLEMENT CALCULATIONS

The objective of the landfill settlement calculations is to determine potential settlement that
may occur at the 102nd Street Landfill Site after placement of the final cap. The calculated
settiement is evaluated to determine the impact on the integrity of the cap and on the storm
water drainage pathways. .

Settlement calculations were done at six locations to generate a settiement profile from north
to south across the landfill. The profile traverses the central mound of the three mounds that
will make up the final grades of the Site. A geologic section along the settiement point profile
is shown in Figure 1. The geologic profile is based upon profiles and borings from the Rl and
borings from the Pre-design Field Activities Program.

The soil units of the site were each assigned values for density, void ratio and compression
index. These values are provided in Table 1. The values are based upon site-specific data,
wherever available. The data available for this Site is summarized in Table 2.

The assumptions that were made to complete the settlement calculations are:
1. The settlement is based upon one dimensional consolidation formulas.

2. Initial void ratio (e ) for the imported fill and existing fill was not available from the
laboratory data. The value used was based upon representative values from Peck,
Hanson & Thornburn (P,H&T), Table 1.4, p.13, for loose, mixed-grain sandy soils and
dense mixed-grain sandy soils and then interpolated to moderately dense mixed-grain
sandy soils.

3. Unit weights for the imported fill were selected based upon the unit weights for dense
and loose mixed-grain sandy soils from Table 1.4 of P,H&T and interpolated to
moderately dense mixed grain sandy soils. Unit weights of alluvium, onshore clay and
offshore clay were taken from available Site data.

1



102nd Street Landfill Site
Landfill Settiement Calculations

4, The ratio of P1/74 for cohesive materials was used to provide a reasonable indication
of the compression index. In P,H&T; it is recommended that 0.009*(LL-10) is closely
correlated to the compression index. Both of these approaches were used. All
compression index values fell within the range of 0.31 to 0.35 for the clay, using both
equations, which compared well with the laboratory data available.

5. The water table was assumed to be at the top of the alluvium at the six locations
selected to calculate the settlement of the landfill. This assumption is consistent with
the historical water table data of the Site from the Rl Report.

The formula used to calculate settiements was:

S=C,/(1+e,)*H*Log(1+ ~P/P),

Where: S=settlement
C.=Compression Index
e =initial void ratio
~ P=increased effective stress
P, =initial effective stress
H=thickness of soil unit

From Peck, Hanson & Thornburn, p. 63, 1974.

Results of the settlement calculations at the six locations and the resulting slope profile
(Figure 2) are attached. The available data indicates settlements of up to one foot will take
place on the southern portion of the Site. The required minimum grades of three percent are
maintained on the slopes even with up to one foot of settlement.
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102nd Street Landfill Site
Landfiil Settiement Calculations

The variable settlement of the landfill will result in some local steepening and flattening of the
slopes. However the final slopes determined from the calculations and profile will not change
the storm water runoff paths.

TABLE 1

Parameters Used in Settiement Calculations

Soil Unit Density Compression Index Void Ratio

(C) e

(pch (dimensionless) (dimensionless)

Cap 135 N/A N/A
Imported Fill 105 0.03 0.65
Existing Fill 105 0.03 0.6
Alluvium 118 0.1 0.71
Onshore Clay 117 0.3 1.3
Offshore Clay 99 04 1.5
Abbreviations:

pcf - pounds per cubic foot
psf - pounds per square foot
ft - foot



102nd Street Landfill Site
Landfill Settiement Calculations

The following table is a summary of geotechnical testing results from the PFA that are
relevant to the landfill settiement calculations and used to determine the parameters values of

the settlement calculations.

TABLE 2

Geotechnical Laboratory Testing Results

BORING DEPTH SOIL WET VOID Cc
NUMBER TYPE DENSITY | RATIO
(pcf)
| SW-03 4-6 FILL 120.4
SW-07 10-12 CLAY 118.2
SW-10 10-12 CLAY 1164
SW-22 4-6 ALLUVIUM 118.0 0.75
SW-22 10-12 ALLUVIUM 116.1 0.65
SW-37 46 ALLUVIUM 116.8
SW-37 19-21 CLAY 105.3 1.32 0.30
SW-37 21-23 TILL 134.6 0.34
SW-38 0-2 ALLUVIUM 114.3
SW-38 12-14 TILL 139.9
SW-38 10-12 TILL 139.5
SW-39 02 ALLUVIUM 123.2 0.73 0.10
SW-28A 18.5-20.5 CLAY 92,1 1.7 0.53
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ONE-DIMENSIONAL CONSOLIDATION

ASTM D 2435
4SE-0L
40E-01
3SE0L / :
<=
g /
& 20e0t /
£
25E-01 \ /
2.0E-01 \ (
LSE-0L
at Le 100
PRESSURE (Tsf)
PRESSURE OCOEFFICIENT OF [ PARAMETERS
(0 OCONSOLIDATION LIQUID LIMIT: 48
Cv{cm ~ 2sec) (L ~2/day) PLASTIC LIMIT: 23
0.00 0.00E+00 0.00 PLASTICITY INDEX: 25
0.05 L49E02 138 SPECIFIC GRAVITY: 274
0.13 3.64E-03 0.34 USCS CLASSIFICATION: cL
0.25 L72E-03 0.16 DESCRIPTION: Reddish gray
0.50 201E-03 039 SILTY CLAY,
100 433E-03 0.40 moist, plastic
2.00 3E03 0.35
4.00 L16E-03 0.39 SAMPLE DEPTH: 185-205°
200 7.42E-03 0.69 DATE RECEIVED: 102792
1.00 2.80E-03 0.26 CONSOLIDOMETER No.: #1
200 5.25E.03 0.49
PROJECT NAME: FLUOR DANIEL/LAB GEOTECHNY
PROJECT NO.: 23594000-6-05K
SAMPLE NO.: SW28A UD1
GOLDER ASSOCIATES INC.

MT. LAUREL, NJ
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APPENDIX A.9

Pre-design Field Activities

Additional Geotechnlical Test Results



The following test results are from soil samples collected during the Predesign Field
Activity (PFA). The tests contained herein were assigned by field geologists/geotechnical
engineers as a result of conditions encountered at the Site. These test assignments were
not part of the original set contained in the Geotechnical Sampling and Testing Plan

(1992).

Boring Depth ~ Test

(Feet)
SW-19 4-6 Particle size distribution
SW-23 4-6 Particle size distribution
SW-23 10-12 Particle size distribution
Sw-28 22-23.6 Particle size distribution
SW-23 10-12 Ciuc
SW-23* 4-6 Cciuc
Sw-28 22-23.6 CiuC
Sw-23 16-18 uu
SW-36 14-16 uu
SW-27 17-19 Consolidation
SW-28A 18.5-20.5 Consolidation

* Previously submitted in September 28, 1992 attachment to PFAR.



PARTICLE SIZE DISTRIBUTION ASTM D421 AND D422
US STANDARD SIEVE OPENING SIZES

6 3 15 .75* 315 4 10 20 40 60 100 200
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50
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I 40 Z
N
6 w L
\\
20 \
kﬁs—
10 e
B\n"li
F—€)
0
1000 100 1 0.1 o.b1 0.001
Grain size in millimeters
o Clay
GRAVEL SAND FINES
TECH: TK SAMPLEID| W% | LL| PL| PI Gs DESCRIPTION
DATE: 12/7/92 SW-19 21.5 - : - 2.58 |Darkgray
CHECKED: VJ UD-1 SITLY SAND
REVIEWED: /. moist, nonplastic
Sample Type:  S.T. Date Tested:  11/22/92
FLUOR DANIEL/LAB GEOTECH/NY
23594000-9-05K .
GOLDER ASSOCIATES INC.

MT. LAUREL,NJ
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PARTICLE SIZE DISTRIBUTION ASTM D421 AND D422
US STANDARD SIEVE OPENING SIZES

3 1.5 75" 375

10 20 40 60 100 200

100

— = amm
N
% “?\
80
. \
: \
P 60
¢ \
2 50
I 40 ~
N
G N
N
20
-
10
s e
20 00 100 10 . 1 0.01 0.001
Grain size in millimeters
e Clay
Uscs COBBLES  |—— il = = i =
GRAVEL SAND FINES
TECH: CH SAMPLEID| W% LL| PL| PI Gs DESCRIPTION
DATE: 12/7/92 | SW-23 253 - : . 2.54 |Dark gray
CHECKED: 4/ UD-1 SILTY SAND
REVIEWED: 4-6 moist, nonplastic
Sample Type:  S.T. Date Tested:  12/7/92
FLUOR DANIEL/LAB GEOTECH/NY
23594000-9-05K
GOLDER ASSOCIATES INC.

MT. LAUREL,NJ




PARTICLE SIZE DISTRIBUTION ASTM D-421 AND 422
US STANDARD SIEVE OPENING SIZES

100 Nl = A
smiig
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i \
\
%0 \
w A
30
20
10
o
1000 100 10 0.1 0.01 0.001
Grain size in millimeters
Cor Fine Cor Fine
COBBLES FINES (Silt or Clay)
GRAVEL SAND
SAMPLEID | -W% LL | PL| PI | Gs DESCRIPTION
SW-23 -=20.7 2.51 Weak red
§S-1 DATE TESTED: 12/5/92 SILTY SAND
10’-12 moist, nonplastic .
TECHNICIAN: TK |DATE:12/192 |CHECKED: F#/  REVIEWED: Q/A_
77
FLUOR DANIEL/LAB GEOTECH/NY GOLDER ASSOC(YI'ES INC.
23594000-9-05K MT.LAUREL,N]
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PARTICLE SIZE DISTRIBUTION ASTM D421 AND D422
US STANDARD SIEVE OPENING SIZES

CJ Ca 2y 3 .3 o .3

100 6" Ky 1.5 75" 375" 4 10 20 40 60 100 200
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70
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50
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I 40
N
G 30
20
10
0
1000 100 10 0.1 0.01 0.001
Grain size in millimeters
Coarse Fine Cor Fine Siit Size g
UsGs ‘COBBLES
GRAVEL SAND FINES
TECH: RDD/CH SAMPLEID| W% | LL| PL| PI Gs DESCRIPTION
DATE: 12/7/92 Sw-28 41.7 s 2.59 |Reddish brown
CHECKED: UD-2 SILTY CLAY
REVIEWED: 22-23.6' moist, plastic
Sample Type:  S.T. Date Tested:  12/7/92
FLUOR DANIEL/LAB GEOTECH/NY
23594000-9-05K
GOLDER ASSOCIATES INC.
MT. LAUREL,N]
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MOHR STRESS CIRCLES
ASTM D4767
160
140
— 120
v
a
vy 1004
7}
w
£ 80
[/}
T 60
w
I
4] 404
20
G 1 ¥ 1 L L) T 1 ) ] T ]
0 20 40 60 80 100 120 140 160 180 200 220 240
NORMAL STRESS (psi)
[SAMPLE DESCRIPTION: ]
EFFECTIVE CONSOLIDATION PRESS (psi) 8.2 16.5 33
INITIAL MOIST DENSITY (pcf) 120.4 125.8 130.8
INITIAL WATER CONTENT, % 20.80% | 22.44% | 21.19%
[ SOl PARAMETERS
LL
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/N PL
PROJECT NUMBER:  {23594000-9-05K Pi
SAMPLE ID: SW-23 SS-1 Gs
; CHECKED [7AZ47]
— - Split Spoon Sample REVIEWED [ 5577
) GOLDER ASSOCIATESINC /7
MT.LAUREL,NJ
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CONSOLIDATED UNDRAINED WITH PORE PRESSURE
ASTM D4767

- STRESS RATIO-STRAIN CURVE PORE PRESSURE STRAIN CURVE

[~}

STRESS RATIO
&

PORE PRESSURE (psi)
3

oy
.
N
@
r

iy SO e S A Y SR N e (R (S R AU S St R A0 R SN TN S R S R (i R s T A B (e S e R cin R o

1 T Y Y v v v v 4 - v v v T Y N Y
0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 200% 2% 4% 6% 8% 10% 12% 14% 16% 18%
STRAIN (infin) or % STRAIN (in/in) or %
STRESS-STRAIN CURVE FAILURE SKETCH
250
2001
%‘
& + ]
@
W 1501
==
w
o
S 100
z
2 *
[=}
50+
% 2% 4% 6% 6% 10% 15% 1% 18% 18%
STRAIN (infin) or %
SAMPLE DESCRIPTION: : ]
SOIL PARAMETERS
LL - EFFECTIVE CONSOLIDATION PRESS (psi) 8 17 33
PL INITIAL MOIST DENSITY (pcf) 120.4 125.8 130.8
Pl INITIAL WATER CONTENT (%) 20.80% 22.44% 21.19%
Gs STRAIN RATE (%/min) 0.36 - 0.35 0.36
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/NY
PROJECT NUMBER:  {23594000-9-05K CHECKED: | /7 7%
SAMPLE ID: SW-23 SS-1 REVIEWED:
7
Split Spoon Sample /
GOLDER ASSOCIATES INC.
MT.LAUREL,N)
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C}T
TRIAXIAL STRESS PATH 3
ASTM D4767
200 M
180 o
& 160; 3
X 140
&
& 1204 O
€ 400
g
£ 80 =
O LJ
Y 60
]
W 40 M
&/ o
201
0' ’ * T T T T T vr-}
0 50 100 150 200 250 300 L
P* EFFECTIVE (S1°+82')/2 (psi)
8
|SAMPLE DESCRIPTION: }
EFFECTIVE CONSOLIDATION PRESS (ps) | 8.2 16.5 3 q
INITIAL MOIST DENSITY (pcf) 120.4 125.8 130.8 =
INITIAL WATER CONTENT,% 20.80% | 22.44% | 21.19%
[ SOIL PARAMETERS 3
L ;
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/N PL ‘
PROJECT NUMBER: 23594000-9-05K Pl
" SAMPLE ID: SW-23 S5-1 Gs
CHECKED:
Split Spoon Sample REVIEWED %
GOLDER ASSOCIATES INC /¥
MT.LAUREL,NJ
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MOHR STRESS CIRCLES

ASTM D4767
60
50-
%\
£ 40
12}
%2}
Ll
T 301
(%}
@
i 20
I
w
101
0 L U U U 1 U ¥
0 10 20 30 40 50 60 70 80
NORMAL STRESS (psi)
|SAMPLE DESCRIPTION:
EFFECTIVE CONSOLIDATION PRESS (psi) 6 12 24
INITIAL MOIST DENSITY (pcf) ' 117.4 118.2 118.4
INITIAL WATER CONTENT, % 25.55% 27.50% 28.20%
[ SOIL PARAMETERS
LL
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/N PL
PROJECTNUMBER: |23594000-9-05K Pl
SAMPLE ID: SW-23 UD-1 Gs :
CHECKED 2/
REVIEWED
GOLDER ASSOCIATES INC ’ /
MT.LAUREL,NJ



STRESS RATIO-STRAIN CURVE

CONSOLIDATED UNDRAINED WITH PORE PRESSURE

ASTM D4767

PORE PRESSURE STRAIN CURVE

5 15
pif1 E " .
45{ goad L g LN R 1o=. "l._.
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4 = 1 1 L - " 3
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28 4 | "y
] -104 I =
1.54 |
1 ]
B% 1% 2% 3% 4% 5% 6% 7% 6% 9% 10% % 1% 2% 0% 4% 5% 6% 7% 5% % 10%
STRAIN (infin) or % STRAIN (infin) or %
STRESS-STRAIN CURVE FAILURE SKETCH
160
1401
= 1201
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a
& 1001
[
] |
o 80
[+ 0}
g o i
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Q 407 ] P -
1 | - I awaids u
[ ] gl a¥u"8 ®
20-I ' a4
O% 1% 2% 0% 4% 5% o% 7% 8% % 10%
STRAIN (in/in) or %
SAMPLE DESCRIPTION: ]
SOIL PARAMETERS
L EFFECTIVE CONSOLIDATION PRESS (psi) 6 12 24
“pL INITIAL MOIST DENSITY (pcf) 117.4 118.2 118.4
Pl INITIAL WATER CONTENT (%) 25.55% 27.50% 28.20%
Gs STRAIN RATE (%/min) 0.31 0.29 0.31
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/NY
PROJECT NUMBER:  {23594000-9-05K CHECKED: | /. //
SAMPLE ID: SW-23 UD-1 REVIEWED: -
Id 7
GOLDER ASSOCIATES INC.

MT.LAUREL,N]
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TRIAXIAL STRESS PATH
ASTM D4767

40

301

204

Q' EFFECTIVE (S1"-52')/2 (psi)

101

-+
+

0 +—-F
0 10

20 30 40 50 60 70 80 90 100
P' EFFECTIVE (S1'+52)/2 (psi)

[SAMPLE DESCRIPTION: ; J

I

EFFECTIVE CONSOLIDATION PRESS (ps)) 6 12 24
INITIAL MOIST DENSITY (pch) 117.4 118.2 118.4
INITIAL WATER CONTENT, % 25.55% | 27.50% | 26.20%
I SOIL PARAMETERS
L
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/N PL
PROJECT NUMBER:  [23594000-9-05K Pl
SAMPLE ID: SW-23 UD-1 Gs
CHECKED:
REVIEWED
GOLDER ASSOCIATES INC
MT.LAUREL,NJ




MOHR STRESS CIRCLES
ASTM D4767
40
35+
—~ 301
w
a
v 254
%)
i
204
7
% 15
wi
I
n 104
5-
O 1 1 L} T L4 L L] L Ll L 1]
0 &5 10 158 20 25 30 35 40 45 50 55 60
NORMAL STRESS (psi)
[SAMPLE DESCRIPTION:
EFFECTIVE CONSOLIDATION PRESS (psi) 12.2 25.5 51
INITIAL MOIST DENSITY (pc) 119.1 119.9 114.7
INITIAL WATER CONTENT, % 22.88% | 33.10% | 27.70%
: [ SOIL PARAMETERS
LL
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/N PL
PROJECT NUMBER:  [23594000-9-05K Pl
SAMPLE {D: SW-28 UD-2 Gs
CHECKED [/ 7%
REVIEWED
- GOLDER ASSOCIATES INC _
- MT.LAUREL,NJ

L) 2 3 .3y 1 3

.3 3

L2

.3

L3 LY ¢33 3 ¢l 3y U e

-
—

o



STRESS RATIO-STRAIN CURVE

CONSOLIDATED UNDRAINED WITH PORE PRESSURE

ASTM D4767

PORE PRESSURE STRAIN CURVE

45 40
[ ] : . l = 354
4 ] = ! u
1 " 301 l l
3.51 2 |
° " & 2 1
o s I 9 w |
= s 98 1 1 o .
§ 39 1 I [ ] ‘:I-; 201 -
2 : . 2 :
w . 1 154 - = = =
£ 251 g @ [ a =y = = - b
= L [ ] =
@ . ! 1 ! £ 10 1 " -
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] l 51 I bl -
u I . a B u
1.54 [} - 0
-
" I B B .
0% 1% 2% 3% 4% 5% 6% 7% 8% 0% 10% e 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
STRAIN (in/in) or % STRAIN (in/in) or %
o STRESS-STRAIN CURVE FAILURE SKETCH
140
= 1204
g + ]
w
@ 1004
&
o 80
o
2 60
s *
E 404
] Ey My Uy N H g ge g
® g = . g -. "2 n = w = n = T
[ ] [
Y e —
0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
STRAIN (n/in) or %
SAMPLE DESCRIPTION: |
SOIL PARAMETERS
LL EFFECTIVE CONSOLIDATION PRESS (psi) 12 26 51
PL INITIAL MOIST DENSITY (pef) 119.1 119.9 114.7
Pl INITIAL WATER CONTENT (%) 22.88% 33.10% 27.70%
Gs STRAIN RATE (%/min) 0.36 0.38 0.36
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/NY
PROJECT NUMBER:  [23594000-9-05K CHECKED: | /)4 77
SAMPLE ID: SW-28 UD-2 REVIEWED;| £4L
7
GOLDER ASSOCIATES INC.

MT.LAUREL,N]




TRIAXIAL STRESS PATH
ASTM D4767

60

50+

30+

20

Q' EFFECTIVE (S1'-82')/2 (psi)
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101 g
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2 3 L3

O 1 1 v L T T L] T
0 10 20 30 40 50 60 70 80
P’ EFFECTIVE (S1’+S2’)/2 (psi)
[SAMPLE DESCRIPTION: ]
EFFECTIVE CONSOLIDATION PRESS (psi) 12.2 255 51
INITIAL MOIST DENSITY {pef) 119.1 119.9 114.7
INITIAL WATER CONTENT, % 22.88% | 33.10% | 27.70%
[ sOil. PARAMETERS
L
PROJECT TITLE: FLUOR DANIELJLAB GEOTECH/N PL
PROJECT NUMBER: 23594000-9-05K Pl
SAMPLE ID: SW-28 UD-2 Gs
CHECKED: [
REVIEWED
GOLDER ASSOCIATES INC / !
MT.LAUREL,NJ
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MOHR STRESS CIRCLES

SHEAR STRESS (psf)

1000

5 ‘ H s

&

’

NORMAL STRESS (psf)
(Thoeusands)

[SAMPLE DESCRIPTION:

]

* TOTAL STRENGTH PARAMETERS

14

EFFECTIVE CONSOLIDATION PRESS (psi

11

21

42

0=
c=

INITIAL MOIST DENSITY (pcf)

150.65

146.40

143.15

INITIAL WATER CONTENT, %

11.10%

11.40%

11.96%

SOIL PARAMETERS

PROJECT TITLE:

FLUOR DANIEL/LAB GEOTECH/NY

PROJECT NUMBER: 23594000-9-05K

SAMPLE ID: SW-23UD-2 16-18

DELIVERED MOISTURE]| 11.40 |

LL
PL
P1
Gs

NP

NP

NP

NP=NOT PERFORMED CHECKED
REVIEWED{Z/F

lyd W

GOLDER ASSOCIATES INC
MT.LAUREL,NJ
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1
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UNCONSOLIDATED/UNDRAINED
COMPRESSIVE STRENGTH
12
: -
11  ——
10
9
[77) L 3
Q : E
St T T
- g
o 2
E é ‘.lt 3 v
&0 U
n .- —4&
0% 1% 2% 3% & 5% P % 8%
Axial Strain (%)
SAMPLE DESCRIPTION: ]
SOIL PARAMETERS
LL NP EFFECTIVE CONSOLIDATION PRESS (psi) 11 21 42
PL NP INITIAL MOIST DENSITY (pcf) 150.7 146.4 143.1
P1 NP INITIAL WATER CONTENT (%) 11.10% 11.40% 11.96%
Gs STRAIN RATE (%/min) 0.34 0.33 0.33
NP= NOT PERFORMED
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/
PROIJECT NUMBER: [23594000-9-05K
SAMPLE ID: SW-23UD-2 16-18 CHECKED: | /L /§;
REVIEWED] L7+
71
GOLDER ASSOCIATES INC /
MT.LAUREL,NJ
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TRIAXIAL STRESS PATH

2000

9000}

7000
oy
[7/]
K JPrve
Q
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7 000
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.
o s
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=

3600

10004 / f

Da
o
L, ¥ S U L ¥ J )
' 1000 4000 5000 €000 7000 8000 9000 10000

P (S1 + S3)/2 (psf)

|SAMPLE DESCRIPTION: }

P,Q TOTAL STRESS PARAMETERS] [EFFECTIVE CONSOLIDATION PRESS (ps 11 21 42
alpha = INITIAL MOIST DENSITY (pef) 150.65 146,40 143.15
8= INITIAL WATER CONTENT, % 11.10% 11.40% 11.96%
[ SOILPARAMETERS
_ IL NP
PROJECTTITLE: [FLUOR DANIEL/LAB GEOTECH/N PL NP
PROJECT NUMBER: [23594000-9-05K Pl NP
SAMPLE ID: SW-23UD-2__ 1618 Gs

NP=NOT PERFORMED CHECKED: {7217/

REVIEWED| /.7~

GOLDER ASSOCIATES INC
MT.LAUREL,NJ




MOHR STRESS CIRCLES

SHEAR STRESS (psf)
§

1000 e OIS e
N Yo //
¢ 1000, 2000 3000 4000 5000 00d 7600 9000 9000
NORMAL STRESS (psf)
ISAMPLE DESCRIPTION: Reddish brown Silty Sand, Gravel, moist, low plastic |
EFFECTIVE CONSOLIDATION PRESS (psi 10 20 39
INITIAL MOIST DENSITY (pcf) 158.17 151.09 157.62
INITIAL WATER CONTENT, % 11.97% 12.10% 11.23%
SOIL PARAMETERS
PROJECT TTTLE: FLUOR DANIEL/LAB GEOTECH/NY LL NP
PROJECT NUMBER: 23594000-9-05K PL NP
SAMPLE ID: SW-36 UD-3 14’-16’ Pl NP
DELIVERED MOISTURE| 10.30 | Gs |
NP=NOTPERFORMED CHECKED |fi#¢.f
REVIEWED{ /4

L
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UNCONSOLIDATED/UNDRAINED
COMPRESSIVE STRENGTH

Sigma 1 (psf)

77

1000 T T T Y T
0% 2% % 8% 10% 12% 16%
Axial Strain (%)
SAMPLE DESCRIPTION: Reddish brown Siity Sand, Gravel, moist, low plastic
SOILPARAMETERS
LL NP EFFECTIVE CONSOLIDATION PRESS (psi) 10 20 39
PL NP INITIAL MOIST DENSITY (pcf) 158.2 151.1 157.6
P1 NP INITIAL WATER CONTENT (%) 11.97% 12.10% 11.23%
Gs STRAIN RATE (%/min) 0.33 0.39 0.38
NP= NOT PERFORMED
PROIJECT TITLE: FLUOR DANIEL/LAB GEOTECH/
PROJECT NUMBER: {23594000-9-05K
SAMPLE ID: SW-36 UD-3 14’-16' CHECKED:
) . REVIEWED]
GOLDER ASSOCIATES INC
MT.LAUREL,NJ




TRIAXIAL STRESS PATH

Q (51-53)/2 (psh)
:

2000~

7 /
s
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L, U 1 1 1 i U LS 1
1000 2000 3000 000 5000 00 7900 000 2000
P (S1 + S3)/2 (psf)
|SAMPLE DESCRIPTION: Reddish brown Silty Sand, Gravel, moist, low plastic ]
EFFECTIVE CONSOLIDATION PRESS (ps 10 20 39
INITIAL MOIST DENSITY (pcf) 158.17 151.09 157.62
INITIAL WATER CONTENT, % 11.97% 12.10% 11.23%
1 SOIL PARAMETERS
1L NP
PROJECT TITLE: FLUOR DANIEL/LAB GEOTECH/N PL NP
PROJECT NUMBER: {23594000-9-05K Pl NP
SAMPLE ID: SW-36 UD-3 14’-16’ Gs :
NP=NOT PERFORMED CHECKED:
REVIEWED
GOLDER ASSOCIATES INC

MT.LAUREL,NJ
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ONE-DIMENSIONAL CONSOLIDATION
ASTM D 2435

1,20=

.00

VOID RATIO
7

\ |
az0
000
a1 1.0
PRESSURE (Tsf)
- T

Diameter () 250 INITIAL FINAL 1. FARAMEIERS ]
Height of specimen (in) a8y Total Heighta(in) a81 Qs3 LIQUID LIMIT: @
Arca of specimen (in ~ 2) a2 Height of sobids(in) 0327 0327  |PLASTIC LIMIT: 2
Volume of specitmen (in~ 3) 199 Height of voids(in) 0.483 0203 |PLASTICITY INDEX: 28
Water Content (Avg) from Trimmings 3834% Height of water(in) 0.356 o1 SPECIFIC GRAVITY: 284
Specimen Wt (wetg) 103.54 Void ratio 147 0.621 USCS CLASSIFICATION: CL
Specimen Wt (dry.g) 74.84 Degree of saturation 73.61% 109.12% | DESCRIPTION: Reddish gray
Water Wt (g) 270 Dry unit weight (pef) 7148 109.32 SILTY CLAY,
Unit weight of water (pef) 6240 | Wet unit weight (pef) 9888 135.41 moist, plastic
PROJECT NAME: FLUOR DANIEL/LAB GEOTECH/NY | SAMPLE DEPTH: 1719
PROJECT NO.: 23594000-9-05K DATE RECEIVED: 1027/92
SAMPLE NO.: SW27 uD2 CONSOLIDOMETER No.: #1
NOTES: The sample description is based upon NYDOT standard description.

Initial and final saturation values were backcalculated based upon assumed GOLDER ASSOCIATES INC.

value of specific gravity. MT. LAUREL, NJ

Disclaimer: _
e-log p curve reflects apparent disturbance of the sample, as noted
on the sample extrusion sheet attached.



ONE-DIMENSIONAL CONSOLIDATION

ASTM D 2435
$.0E +00-
4SE+ 0 /} \
40E +00- l
/ ~N
ASE 400
S 30E+%0
g ) 1
N isEen-
F=S
e - LA
3 20E+00
LSE +00-
LOE+00 R\
S.OE-01 N ’/
o T~
G.O0E+00
ol 1.e 10.0
PRESSURE (Tsf)
PRESSURE COEFFICIENT OF f FARAME RS
(uh) CONSOLIDATION LIQUID LIMIT: )
Oviem * 2hec) ({1~ 2/day) PLASTIC LIMIT: o)
0.00 0.00E+00 000 PLASTICITY INDEX: 2%
0.05 475E03 044 SPECIFIC GRAVITY: 284
on LUER 106 USCS CLASSIFICATION: cL
0.35 AS6E-03 242 DESCRIPTION: Reddish gray
0.50 LOSE-02 097 SILTY CLAY,
100 SBE02 486 moist, plastic
200 407E-02 3.7
400 756E02 7.02 SAMPLE DEPTH: 1719
2.00 34E-02 320 DATE RECEIVED: 10027192
1.00 6.68E-02 621 CONSOLIDOMETER No.: #1
200 677E-02 629
PROJECT NAME: FLUOR DANIEL/LAB GEOTECH/NY
PROJECT NO.: 23594000-9-05K
- SAMPLE NO.: sW27 uD2
GOLDER ASSOCIATES INC.
MT. LAUREL, NJ

J .3

s TR s TS i RO oo S e [ e N s N G B

b I s S Gt B

o

G I

2 .3 23



ONE-DIMENSIONAL CONSOLIDATION

ASTM D 2435
200
.5
q
1.6 \
1 I~ =
- ~
o aat
’2 ™~
[+ Y \
(@] q
> \
1. -
b
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o
o
¥ 1.0
PRESSURE (Tsf)
Diameter (in) 250 INTTIAL FINAL PARAMETERS
Height of specimen (in) 081 Total Heights(in) 0.81 055 LIQUID LIMIT: 48
Area of specimen (in ™ 2) 492 Height of solids(in) 0.300 0.300 PLASTIC LIMIT: 3
Volume of specimen (in ™ 3) 3.9 Height of voids(in) 0510 0253 PLASTICITY INDEX: i
Water Content (Avg) from Trimmings 45.49% Height of water(in) 0374 0.246 SPECIFIC GRAVITY: 274
Specimen Wt (wet,g) 96.45 Void ratio 1700 0.843 USCS CLASSIFICATION: CL
Specimen Wt (dry.g) 66.29 Degree of saturation 1333% 97.35% DESCRIPTION: Reddish gray
Water Wt (g) 30.16 Dry unit weight (p<f) 63.33 92.76 SILTY CLAY,
Unit weight of water (pcf) 62.40 ‘Wet unit weight (pel) 9214 120.55 moist, plastic
PROJECT NAME: FLUOR DANIEL/LAB GEQTECH/NY |SAMPLE DEPTH: 18.5"20.5"
PROJECT NO.: 23594000-9-05K DATE RECEIVED: 1027/92
SAMPLE NO.: SW28A UD1 CONSOLIDOMETER No.: #1
"GOLDER ASSOCIATES INC.
MT. LAUREL, NJ



ONE-DIMENSIONAL CONSOLIDATION

ASTM D 2435
4.SE- 0L ,
40E-01
ASE-0L- // .

<
< 3.0E-01.
£ /
2.5E-01 \ Y
20E.01 \\/ (
LSE-O1
o Le 10.0
PRESSURE (Tsf)
PRESSURE COEFFICIENT OF 1 PARAMETERS
(taf) CONSOLIDATION LIQUID LIMIT: 48
Cv(cm * sec) {ft™ 2/day) PLASTICLIMIT: 23
0.00 0.00E + 00 0.00 PLASTICITY INDEX: 25
0.05 1L49E-02 138 SPECIFIC GRAVITY: 274
013 3.64E-03 034 USCS CLASSIFICATION: CL
028 1LRE03 016 DESCRIPTION: Reddish gray
0.50 2.01E-03 019 SILTY CLAY,
1.00 433E-03 0.40 moist, plastic
200 3.74E-03 035
4.00 416E-03 0.39 SAMPLE DEPTH: 185'-205°
2.00 7.428-03 069 DATE RECEIVED: 10727192
100 2.80E-03 0.26 CONSOLIDOMETER No.: #1
200 525803 0.49
PROJECT NAME: FLUOR DANIEL/LAB GEOTECHNY
PROJECT NO.: 23594000-3-05K
SAMPLE NO.: SW28A uUD1
GOLDER ASSOCIATES INC.
MT. LAUREL, NJ
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APPENDIX A.10

NAPL Storage Tank Emissions



089} (4) obuel ainjesadway) Jodea Apeq

Ly (4) aanjesadwa} soepns pinby wnwiuw Aeq
2'€S (4) aunjesadwa) aoepNs pinby wnwixew Ajleq
68V (4) sinjesadwa} aoeuns pinby abesaae Ajeq
9.y (4) ainjesadwa) ynq pinbi
.10 soue)diosqe Jejos juied Yue |
cl (ydw) poads puim abeisany
€0l (Aep iy /mg) Jojoe) uoije|os! Jejos [enuue abesoay
9 /¥ (4) aunjesodwa) Juaiquie abesoay
£6¢ (4) aunjesddwa) Juaiquie winwiupw abessay
8'GS (4) ainjesadwa) jJuaiquie winuwyxew abelaay

ejeq jedibojoioalop

€00 (B1sd) Bumas anssaid

€0°0- (6isd) Bumas wnnoep

0021 (1Aneb) Indybnouy) JoN

9 JeaA Jad sisaouan |

00¢ (suojjeb) awnjon BuplIopn

14 (4) so10weIq

v'9 (4) wbuay 18us
paje|nsu; ‘|ejuozIioH adA|
_ ejeq yuel
WO/WaYdAX0O Auedwo)

AN ‘sijed ejebeiN uonedso

ANIZNIGOHOTHO se TdVN
NOILVINOTIVO NOISSIANG - MNVL 39VHOLS 1dVN



9¢g’L (4A1q1) sesso [ejoL

620 (441q1) sS8SS0| |lemeIPYIM [B)O |
0000°} 10108} 1onpoud SSO| BuiyJOAA
0000°L < N 10} (N9)/(N+081) :9€ 01dn N 40} 1) J0)0B) JoAOUINY

S9SS07 |EMBIPUNM

L0} (4h/q1) sso ebeiolg buipuels ejoy

0660 J0)oe) uoneINes Jodea pajusp
80€00 10)oe} uoIsuedxs aoeds jodep
61000 (eviyar) Ausuap Jodep
€C'LS (evl) awnjoA aoeds sodep

sso01 abeio)g buipueg

15S01°0 ¥8.0°0 ¢L600 09¢ll ausazuaqoioyol

dwe] ‘Xxen® | "dwe ] ‘uND) | dwa| ‘bAYD) 4DaIAA
(e1sd) aunssaud Jodep 1BINo3IoN wsuodwon

Sjuajuo) yuey

D03 3 0 2 ED 1 00 £33 03 00 0 03 oo .0 £ 03




0891 (4) abues ainjesodwa) jodea Ajeq

L'vy (4) aimesadwia) aceuns pinby winuuiw Ajeq
AR (d) ainjesadwa) a2euns pinbi winwixews Ajeg
68y (1) aumesadwa) aoeuns pinbyj abesane Ajeq
WA 7 (1) aunjesadwisy ying pinbi
L0 aouejdiosqe Jejos juied yue|
A (ydw) paads puim abelory
01 (Aep )y /mg) Jojoe) uoie|OS) JBjOS [enuue abelany
9Ly (4) asmesadwia} Jusiquie abesory
£'6¢ (4) ainjesadwa) Jusiquie wnuyuiw sbeiany
8'GS (1) aumessdws) Juaiquie wnuixew abesary

ejeq |esibojoioaje

€00 (61sd) Bunjos ainssaid
€0°0- (B1sd) Bujes winnoep
00z4 (4A/1eB) Indybnouy) 1oN

9 Jeah 1a8d sisaouin]
00z (suojeb) swinjoa Buiopn

17 () so10werg

v'9 (W) wibua ays
pajensy| ‘jejuozioy odA1
ejeq juel

UIO/WBYIAXQ Auedwo)
AN ‘siieq eirebelN uo1eso

INTTAHLIOHOTHOVYLIL Se 1dVN
NOLLVINDTVO NOISSINKWI - MNVL 3OVHOLS T1dVN



Al (s41qi) sessoj jejo1
890 (1A/q1) ssesSO| [eMEIPYIM |EJ0 L
0000°L J0joej 1onpoJd ssoj Bupjdopn
0000} < N 10§ (N9)/(N+081) :9¢ 0idn N Joj ) Jojoej Jenouiny
SOSSO [eMBIPYNIM
95°¢ (4A/qi) sso ebeiojs Buipue)s ejoy
0586°0 JOJOBj} uoneInjes Jodea pajusp
11£0°0 Jojoe} uoisuedxa aoeds iodep
£700°0 (eviy/ai) Ansuap sodep
AR (evly) swnjoa aoeds jodep
ss07 abeso)s Buipuels
2s91°0 PANA M) ZEVL0 £8°691 aug|Alya0.ojyoesa |
dwa] ‘XepWw® ‘dwe] "uIN® | dws] ‘bav® Wbaim
(eisd) ainssaid Jodep JBINo3I0N suodwion

SjuLuUOo) Mue |




APPENDIX A.11

Hydraulic Conductivity Data in Till
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APPENDIX A.12

Test Results - Claymax Liner

(for reference only)



() 3 [

T8805

GEOSERVICES INC. CONSULTING ENGINEERS

950 LIVE OAK PARKWAY, SUITE 330

NORCROSS, GEORGIA, USA 30093

™~ TELEPHONE: (404) 448-5400
TELEFAX: (404) 368-0447
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C ]
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| S
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TELEX: 759285

11 November 1988

Mr. William J. Simpson

Vice President and Technical Director
James Clem Corporation

444 North Michigan

Suite 1610

Chicago, Illinois 60611

Subject: Interim Test Results - CLAYMAX Liner
Freeze-Thaw Hydraulic Conductivity Tests
GeoServices Project Number: P1061
GeoServices Document Number: NLOOO16

Dear Bill,

GeoServices Inc. Consulting Engineers (GeoServices) is pleased to present
interim test results of the hydraulic conductivity tests performed to evaluate
freeze-thaw effects on samples of CLAYMAX Liner. The tests were performed in
general accordance with Task Number 9, as detailed in our proposal issued to the
Clem Corporation (Clem) 13 September 1988.

The purpose of the tests was to indicate the impact of successive freeze-
thaw cycles on single-layer samples of CLAYMAX liner. Four specimens were tested
after a total of 0, 1, 5, and 10 freeze-thaw cycles. A 20-cycle freeze-thaw
sample is currently in preparation for hydraulic conductivity testing. Following
a discrete number of freeze-thaw cycles, specimens were mounted in the triaxial
device, backpressure saturated and consolidated. The hydraulic conductivity
was measured after completion of the primary consolidation phase. Test specimens
were initially saturated at an effective stress at approximately 20 kPa then
consolidated at an effective stress of 200 kPa. The hydraulic conductivity was
measured at a gradient of approximately 600 over a period of about seven days.

In order to simulate the mechanics of freezing and thawing in the field, .
the CLAYMAX liner specimens had access to water at the lower boundary and were
subjected to freezing temperatures at the upper boundary. This was done to
simulate the one-dimensional propagation of the freezing front, as anticipated

in field applications.
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Report
Project
HYDRAULIC CONDUCTIVITY AND
COMPATIBILITY TESTING OF CLAYMAX
BALTIMORE COUNTY LANDFILL PROJECT
TOWNSON, MARYLAND

Client

CLEM ENVIRONMENTAL CORPORATION
444 NORTH MICHIGAN AVENUE. SUITE 1610
CHICAGO. IL 60611

Project # 25868-XH

Date MAY 11. 1989

S

STE Consultants Ltd.
Consulting Engineers

111 Pfingsten Road
Northbrook, Hllinois 60062

(312) 2726520



HYDRAULIC CONDUCTIVITY AND COMPATIBILITY TESTING OF CLAYMAX
BALTIMORE COUNTY LANDFILL PROJECT
TOWNSON, MARYLAND )

SCOPE OF SERVICES

STS was to perform two hydraulic conductivity tests on sections of Claymax liner
material in conjunction with a six inch sand layer utilizing leachates as the hydration
medium and the permeants. The Claymax specimens were supplied to STS by Clem
Environmental and the leachate specimens were obtained from L.A. Solamen, Inc. All

testing materials were delivered to our Northbrook Testing Facility.

Test Equipment

The equipment used in the compatibility study was a triaxial compression permeameter.
This equipment incorporates the use of a flexible membrane. preventing sidewall seepage.
back pressure to facilitate specimen saturation small diameter burettes making
measurement of small volumes of collected permeant possible and the system is closed

preventing the permeant from being exposed to the surrounding air.

Specimen Construction

Each of the specimens, utilized throughout the testing program. consisted of an
approximately six inch cylindrical column of silica sand on top of which a circular
section of Claymax was pI;ced. The orientation of the Claymax to the sand provided for
permeant flow initiated through the sand followed by the Claymax section. The
directional flow of the permeant. is similar to those conditions found in the field

applications.



s

STS Consultants Ltd.

g

D

. J (2

Permecant

3

Sample No.

Classification

o O

Dry Unit
Aeight (pcf)

B

Water Content

(2)

3 ]

Diameter
(cm)

C 3

Length
(cm)

C_J

Saturation
B Value

]

Hydraulic
Conductivity
k (cm/sec)

o o 2

STS PROJECT NO. 25868-XH

\

PROJECT Baltimore County

Landfill Project

DATE 4-24-89

SUMMARY OF HYDRAULIC CONDUCTIVITY TESTS

Parkton Landfill

1

Claymax with
6" Silica Sand

51.6

Dry

7.028
0.568
0.97

1 fr. 2 x 10 —10
35 ft. 4 x 10 —10

Eastern Sanitary Landfill

2

Claymax with
6" Silica Sand

62.5

Dry

7.026

0.616

0.99

1 ft. 3 x 10 ~10
35 ft. 4 x 10 ~10

Tocte mnovrfarmad ae fallino head teete in a triaxial permeameter.
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‘89 0411 15146 . " 494 2931 _BH'LTO. €o.

BALTIHOKE COUNTY
WASTEWATER MONITORING AND ANALYSIS DIVISTON
INDUSTRIAL DISCHARCE CONTROL PROCRAM

SAMPLING/ANALY$1S FORM

Dennis F. Ragmusson
County Excoutive

Industry Namet __ PARKTON

Faciliey No.1

Rev:12/87

Sample No.: 9 02104

Addreast a~n
Telephone: Requestad by! R. Much

$ampling Sice Location: Call ﬂ3

Spacial Instructions: pH. BOD, COD, 788, Alkalinity, Chluride, Mgtals

bt e
FI1LLo

Date and Time of Sampling: Start LLQZQQ Finish
Sampled bhy: B Much, B, Xramer
Type of Sample: Crab
Sampler Settings! -
Sample Characteristics: ,
Presorvatives Added:
Comments and Obszervations: g . S
Delivored to Lab byt _ _BX, RM. Dete: _2/9/89  Time: _2:20 P.M.
LABORATORY
Sample received by: wp Date: __2/9/89  Time: _2:20 I.M.
Characteristics of Notes "
. (Origin of Sced: Polysead)
ANALYTICAL RESULTS
BDL porameter Cong. (mg/L) Code  DBpL Paramgter Cone. (mg/L)
o 6.1 3011 0.05 Ni (Nickel) 1.44 mg/L
00 38,888 mp/L 3015  0.01 zp(2ine) 5.45 mg/
£ob 60,831 wp/l. 3130 Phenols
1s8 691 mg/l 3013 0.01 Silver 0.03 mg/L
Mesaw .
E(Phoaghorys) . ingerferonce
8:01 cy(cagpiym) R UNLTY) — Total Pe 736.00 g/l
£.08 Mﬁ‘ﬁ) © 22 me/l —. Total alkalinity 15,000 mp/L
8.0 -32&2220_’1:>’ 0J7 mal} — Chlorids 1,500 g/l
n
.10 2 (leud) 0,60 ma/L | - -



‘89 B4/11 1%:147

Dennis F. Ragmusson
Onunty Rucestive

Industry Namet

mt = e cema s

BALTIMORE comm'i
WASTEWATER MONITORING AND ANALYSIS DIVISION
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SAMPLING/ANALYSI§ FORM

EASTERN SANITARY LANDF1

L 4%4 2933 gaLT0. CcoO,

o4

Rev:12/87

Sample No.: 9 01110

Paclllty No !

Address:

Days Cove Road

Telephone:

Requestod by: P. Phillips

Sampling Site Location:

Leachate pit

Special Tnstructions!?

STD S, mntals, Total

alkalinity & Chlorides

PICLD t

Date and Time of Sampling:

Scare

1/18/89

Te—

10:20 s.0.

Finish

P. Phillips, T.E. Ryan

Sampled by:
Type of Sampla: Crab
Sampler Settings! N/A

Sample Charactevistics: 1 quarr: dark gﬂﬂgl L quart; dark brown

Preservatives Added:

Cooled with iee

Comnents and Obscrvations:
PP, TER

Delivered to Lab by:

4

B e e T

LABORATORY
Sample reccived by:

Characteristics of Note:

Datat _1/18/89  Time: _,

M—— . an e

14:50 a.m.

fode  DDL Parsmeter

1.
—_— 200
—_— Lod

IS8
5012 YOC ~ AV
M3 FOC = Petr
2026 ?(Phomphorus)
3006 Ehgl gd(Cadmium)
3007 0.03 Ce(Chromtun)
3008 0,02 cu(Copper)
3002 Cn{Cyanide)
3003  0.10 Pb (Lewd)

wp Date: 1/18/89  <Tima: 11:50 a.m,
(Origin of Seed: Polvserd)
l - b
ANALYthpL RESULTS
Cone. (mg/L) Codg BDL Paramecer Conc. (mp/L)
LTS N 3011 ©0.05 Ni(Njeke})  _ BOL
148 o/l 3130 . Ihanols
.. H
b — —_—
— ¢ GRAD pH '
2.52 mg/L
BDL Total Pe 3.88 my/L
DL Total alkalinity 350 mg/L
Svvem—— by ——— A ——————————
.04 ma/L Chloride 80 mg/L
. — —— ————
e [ —————re— ———— TS w—
H .

0.36 mg/L
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The test results obtained thus farrindicate a very slight reduction in

‘hydraulic conductivity with increasing number of freeze-thaw cycles. This is

likely due to the weathering and subsequent breakdown of the bentonite particles,
thereby exposing the pore water to more bentonite particle surface area.
Subsequent consolidation causes the bentonite to achieve a slightly denser
configuration, giving a very slight reduction in hydraulic conductivity. The

results of the hydraulic conductivity tests are shown as hydraulic conductivity
versus number of freeze thaw cycles.’

GeoServices appreciates the opportunity to provide our testing services
to Clem. As we discussed, the 20-cycle sample will become available for testing
within a couple of days; the results qf the hydraulic conductivity test will be
available about one week later. Should you have any questions regarding the
contents of this interim report, please do not hesitate to contact us.

Very truly yours,

,,/2?75252: fé%zgyj; Z:jfgzéfi:‘éii~
cott M. LuettAch, E.I1.T.

Laboratory Manager

A2%22323;’3";~._~_~_;:___>
Neil D. Williams, Ph.D., P.E.
Vice President
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Geomechanics and Environmental Laboratory
1600 Oakbrook Drive, Suite 565

Norcross, Georgia 30093 USA

Telephone: (404) 242-7624

Telefax: (404) 242-8615

17 July 1991

o

Mr. Martin J. Simpson

James Clem Corporation

444 North Michigan, Suite 1610
Chicago, I11incis 60611

Subject: Preliminary Results
Hydraulic Transmissivity Testing of
Composite Lining Systems

Dear Mr. Simpson:

Lo o O, o d

GeoSyntec Consultants is pleased to provide the attached preliminary
test results to James Clem Corporation. The testing procedures and
conditions were outlined in GeoSyntec Consultants’ Work Plan and
Agreement for Testing Services, dated 13 May 1991. The preliminary test

results of the first two test series are summarized in the attached
Tables and Figures.

o

GeoSyntec Consultants appreciates the opportunity to provide
laboratory testing services for James Clem Corporation. Should you have

any questions regarding the attached information, please do not hesitate
to contact either of the undersigned.

Sincerely,

Robert C. Bachus, Ph.D.
Senior Project Manager

Attachments

o O o 4O ) 3 oo

GL3024/GEL91179

2

DCorporate Office: (407) 736-4600 .
ffice: (407) 736-5400 Norcross, GA Office: (404) 448-5400
Boy ‘.‘-m“.B,_c ic.h.' I.:LP A lffm(p. r'zmmm.ﬁxﬁﬁ Materials Testing Laboratory: (407) 732-9910



TABLE 1A

HYDRAULIC TRANSMISSIVITY TEST #1A RESULTS
TYPAR 3601 GEOTEXTILE WITHOUT CLAYMAX

Confining [ Duration of Hydraulic Hydraulic Unit
Pressure Pressure Gradient Transmissivity Flowrate
(psf) (minutes) () (m/s) (gpm/ft)

500 15 0.10 2.8 x 107 1.36

» 0.25 1.7 x 1072 2.00

0.50 1.3 x 107 3.21

1,000 15 0.10 2.6 x 107 1.26

0.25 1.5 x 1073 1.78

0.50 1.3 x 1073 3.16

2,000 15 0.10 2.5 x 1072 1.20

0.25 1.4 x 107 1.65

0.50 1.3 x 1073 3.14

4,000 15 0.10 2.4 x 107 1.18

0.25 1.3 x 107 1.60

0.50 1.3 x 1073 3.09

8,000 15 0.10 2.1 x 107 1.03

0.25 1.3 x 1073 1.55

0.50 1.2 x 1073 2.91

16,000 15 0.10 1.7 x 107 0.83

0.25 1.1 x 107 1.34

0.50 9.5 x 107 2.29

Notes:

Test Date: 15 May 1991

Test Configuration (from top to bottom): Toad platen/60-mil geomembrane/

Typar 3601 geotextile/geonet/60-mil geomembrane/base platen.

Confining Pressures and Pressure Durations as shown.
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Clem Environmental Corporation
STS Project No. 25868-XH
May 11, 1989

Specimen saturation was considered complete when a Skempton's Pore Pressure B-parameter
of 0.95 or greater was obtained. The "B” parameter is simply a ratio of an increase in
pore water pressure (o a simultaneous increase in confining pressure. When full
specimen saturation was determined, permeant flow was initiated through the bottom of
the test specimen, allowed to flow through the top of the test specimen and collect in a
calibrated burette. The test was performed utilizing two separate gradients. The
initial gradient consisted of an application of a hydraulic head of one foot. The

second gradient was applied as a hydraulic head equivalent to 35 feet.

During the entire test, permeant volume versus time measurements were recorded and the
hydraulic conductivity of the test specimen at the two gradients was determined. The
test was allowed to continue until it had been determined that a minimum of three pore
volumes of pore fluid had passed through the test specimen. Once this had occurred and

steady state flow had been established, the test was terminated.

Laboratory Test Results

As a result of the testing as outlined above, the Claymax section utilizing the Parkton
Landfill Leachate, as the permeant, obtained hydraulic conductivity values of 2 x 10 ~ e
centimeters per second (cm/sec) for a hydraulic head of one foot and 4 x 10 " emisec
for a hydraulic head of 35 feet. The Claymax section exposed to the Eastern Sanitary
Landfill leachate obtain hydraulic conductivity values of 3 x 10 -10 cm/sec utilizing a
hydraulic head of 1 foot and 4 x 10 ~'° cm/sec utilizing a hydraulic head of 35 feet.
A summary of specific specimen characteristics and final hydraulic conductivity values

is attached to this report.
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HYDRAULIC TRANSMISSIVITY TEST #1B RESULTS
TYPAR 3601 GEOTEXTILE WITH CLAYMAX -
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Notes:
Test Starting Date: 15 May 1991
Test Configuration (from top to bottom): load ploten{
60—mil geomembrane/Cluymax ypar 3601 geotextile/
geonet/60—mil geomembrane/base platen.
Confining Pressures and Pressure Durations are as Shawn.
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HYDRAULIC TRANSMISSIVITY TEST #2A RESULTS
AMOCO 4557 GEOTEXTILE WITHOUT CLAYMAX
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Notes:
Test Date: 11 June 1991
Test Configuration (from top to bottom): load platen/
60—mil geomombrone/Amoco 4557 geotextile/
geonet/60-mil geomembrane/base platen.
Confining Pressures and Pressure Durations are as shown.
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HYDRAULIC TRANSMISSIVITY TEST #2A RESULTS
AMOCO 43557 GEOTEXTILE WITHOUT CLAYMAX
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Test Configuration (from top to bottom): load platen/
60—~mil geomembrane/Amoco 4557 geotextile/

geonet/

0—mil geomembrane/base platen.

Confining Pressures and Pressure Durations are as shown.
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HYDRAULIC TRANSMISSIVITY TEST #2B RESULTS )
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Test Starting Date: 12 June 1991

Test Configuration (from top to bottom): load platen/
60-mil geomembrane/Claymax/Amoco 4557 geotextile/ |
geonet/60—mil geomembrane/base platen.

Confining Pressures and Pressure Durations are as shown.
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HYDRAULIC TRANSMISSIVITY TEST #2B RESULTS
AMOCO 4557 GEOTEXTILE WITH CLAYMAX

4—
-ﬁ
3

1 eeeee 500 psf for 2 days

4 w»e=eee 1000 psf for 2 days

-  ee—— 2000 psf for 2 days

o~ O wwwwx 4000 psf for 2 days

¥ 33— *++++ 8000 psf for 7 days

. 1 o+~~~ 16000 psf for 7 days

- ‘
£ -
Q. -
(@)] -
S’ o
'_L:;l ]
< 9 -
8 4 2«
=z A
O ey
J —
L2
=
< ~
o 1

O lllT—-llfl[lllllllflllllllilll

0.0 0.1 0.2 0.3 0.4 0.5 0.6
HYDRAULIC GRADIENT ( )

Notes:
Test Starting Date: 12 June 1881
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Confining Pressures and Pressure Durations are as shown.
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Geomechanics and Environmenta! Laboratory
5775 Peachtree Dunwoody Road * Suite 10D

Atlanta, Georgia 30342 « USA
Tel. (404) 705-9500 « Fax (404) 705-93™

No. T9209

24 November 1992
Mr. Thomas N. Dobras, P.E.

Technical Manager

James Clem Corporation

444 N. Michigan Avenue, Suite 1610
Chicago, I11inois 60611

Subject: Final Report
Interface Direct Shear Testing
Select Claymax Shear-Pro Bentonite Composite Interfaces

Dear Mr. Dobras:

GeoSyntec Consultants is pleased to present the enclosed final report
on the interface direct shear testing performed for James C(Clem
Corporation (Clem). The tests were conducted in accordance with the
procedures defined during the 19 March 1992 telephone conversation
between Mr. Thomas N. Dobras, P.E. of Clem and Mr. Robert H. Swan, Jr.
of GeoSyntec Consultants. A1l of the interface direct shear testing was
conducted at GeoSyntec Consultants’ Geomechanics and Environmental
Laboratory located in Atlanta, Georgia.

GeoSyntec Consultants abpreciates the opportunity to provide
laboratory testing services for Clem. Should you have any questions

regarding the enclosed report, please do not hesitate to contact either
of the undersigned.

Sincerely,

7
g Yuafi, .D..
Assistant Di#ision Manager
Soil-Geosynthetic Interaction Testing

t

Robert H. Swan, Jr., E.I.T.
Division Manager ‘
Soil-Geosynthetic Interaction Testing

@;u-:\' Q. Q«Qw

Robert C. Bachus, Ph.D.

Associate
Enclosure
GL3160/GEL92211
- ;‘nrporate Office: Regional Offices: Laboratories:
Nne Park Place Adanta, GA « Boca Raton, FL Ailanta. GA
621 N.W. 53rd Streei * Suite 650 Huntington Beach, CA « Pleasant Hill, CA Boca Raion, FL
Roca Raton, Florida 33487 « USA - Timonium, MD ¢ Brussels, Belgium Huntington Beach. CA

{jTeL<4n7)995.nooo- Fax (407) 995-0925
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INTERFACE DIRECT SHEAR TESTING
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James Clem Corporation
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GeoSyntec Consultants

1. INTRODUCTION

1.1 Terms of Reference

This report was prepared by Mr. Robert H. Swan, Jr. and Dr. Zehong
Yuan and was reviewed by Dr. Robert C. Bachus; all of GeoSyntec
Consultants, Atlanta, Georgia. The laboratory testing program described
“in this report was performed at the request of Mr. Thomas N. Dobras, P.E.
- of James Clem Corporation (Clem), Chicago, I1linois.

Clem authorized GeoSyntec Consultants to undertake a laboratory
testing program to evaluate the shearing resistance at the interface of
selected Claymax Shear-Pro bentonite composites and various types of
geomembranes and soils. All samples of the geosynthetic materials used
at the test interfaces were provided to GeoSyntec Consultants by Clem.

The tests were conducted in accordance with the test procedures
defined during the 19 March 1992 telephone conversation between Mr.
Dobras and Mr. Swan. The sample preparation procedures and testing
conditions used for the program were provided by Clem to model
anticipated field conditions. A1l of the interface direct shear testing
was conducted at GeoSyntec Consultants’ Geomechanics and Environmental
Laboratory located in Atlanta, Georgia.

1.2 Organization

The remainder of the report is organized as follows:

o background information regarding the laboratory testing program
is presented in Section 2;

GL3160/GEL92211 1 92.11.24
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o details of the 1laboratory testing program are described in
Section 3; and

o results of the laboratory testing program are presented in

Section 4.
2. BACKGROUND
2.1 Overview

The Taboratory testing program consisted of interface direct shear
tests between select Claymax Shear-Pro bentonite composites, textured and
smooth geomembranes and two types of soils. A total of seven, five-point
interface direct shear test series were performed. Each test series
included testing a specific Claymax Shear-Pro bentonite composite-
geomembrane or -soil interface at five normal stress levels ranging from
50 to 1000 psf (2 to 49 kPa). A general description of the test method
used during this program is given in the following section.

2.2 Interface Direct Shear Tests

The interface direct shear tests were performed in general accordance
with the American Society for Testing and Materials (ASTM) Draft Standard
Test Method D 35.01.81.07, "Determining the Coefficient of Soil and
Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct
Shear Method". The interface direct shear tests were conducted in
GeoSyntec Consultants’ large direct shear device. The device has a shear
box which consists of an upper and lower component. The upper component
measures 12 in. by 12 in. (300 mm by 300 mm) in plan and 3 in. (75 mm)
in depth. The lower component measures 12 in. by 14 in. (300 mm by 355
mm) in plan and 3 in. (75 mm) in depth.

GL3160/GELS92211 2 92.11.24
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3. TESTING PROGRAM

3.1 Overview

The testing program consisted of seven interface direct shear test
series. The materials used in the testing program are summarized in
Section 3.2. Details of each of the test series and specific test1ng
procedures are presented in Section 3.3.

3.2 Geosynthetic and Soil Materials

3.2.1 Geosynthetic Materials

A11 geosynthetic materials used in the testing program were provided
to GeoSyntec Consultants by Clem. These materials are referenced by name
in this report, and include:

e Geomembranes:
60-mi1 (1.5-mm) thick National Seal Company (NSC) textured
high density polyethylene (HDPE) geomembrane, referred to as
60-mil NSC textured HDPE geomembrane;
60-mil (1.5-mm) thick NSC textured very low density
polyethylene (VLDPE) geomembrane, referred to as 60-mil NSC
textured VLDPE geomembrane; and _
60-mil (1.5-mm) thick NSC smooth HDPE geomembrane, referred
to as 60-mi1 NSC smooth HDPE geomembrane.

» Bentonite Composites: _ _
- Claymax Shear-Pro bentonite composite consisting of Amoco
4034 geotextile on one side of the bentonite component and

Clem HS geotextile on the other side, referred to as Claymax
Shear-Pro Prototype No. 3;

GL3160/GEL9221! 3 92.11.24
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GeoSyntec Consultants

Claymax Shear-Pro bentonite composite consisting of Amoco
4034 geotextile on one side of the bentonite component and
Amoco EP356 geotextile on the other side, referred to as
Claymax Shear-Pro Prototype No. 4; and

« Production run of Claymax Shear-Pro bentonite composite
consisting of Amoco 4034 geotextile on one side of the
bentonite component and Amoco EP356 geotextile on the other
side, referred to as Claymax Shear-Pro 500SP bentonite
composite.

3.2.2 Soil Materials

At the request of Clem, GeoSyntec Consultants provided a clay soil
and an American Association of State Highway and Transportation Officials
(AASHTO) No. 57 stone for use in the study. The clay soil was a sandy
clay material having a plasticity index of 13, a liquid limit of 25, and
a soil classification as determined by the Unified Soil Classification
System of CL (lean clay with sand). The AASHTO No. 57 stone had a
maximum particle size of about 1.5 in. (38 mm) and only about five
percent of the material was finer than 0.2 in. (5 mm) diameter. The
particle shape of the AASHTO No. 57 stone was angular to sub-angular.
. A concrete sand was used as a bedding layer above and below each test
interface. This concrete sand was also provided by GeoSyntec
Consultants.

3.3 Interface Direct Shear Tests

3.3.1 Configuration of the Test Specimens
The configurations of the specimens used in the seven test series are

described below. Table 1 summarizes the general testing conditions that
were used for each of the interface direct shear test series.

GL3160/GEL92211 4 92.11.24
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Test Series Number 1: interface between dry Claymax Shear-Pro

Prototype No. 3 bentonite composite and 60-mil NSC textured HDPE

geomembrane. From top to bottom, each test specimen consisted

of:

« concrete sand;

« Claymax Shear-Pro Prototype No. 3 bentonite composite (Clem
HS geotextile component against geomembrane);

+  60-mil NSC textured HDPE geomembrane; and

+ concrete sand.

Test Series Number 2: interface between soaked Claymax Shear-Pro
Prototype No. 3 bentonite composite and 60-mi1 NSC textured HDPE
geomembrane. From top to bottom, each test specimen consisted
of:

concrete sand;

Claymax Shear-Pro Prototype No. 3 bentonite composite (Clem

HS geotextile component against geomembrane);

60-mil1 NSC textured HDPE geomembrane; and

concrete sand.

Test Series Number 3: interface between hydrated Claymax Shear-

Pro Prototype No. 4 bentonite composite and 60-mil NSC textured

HDPE geomembrane. From top to bottom, each test specimen

consisted of:

. concrete sand;

. Claymax Shear-Pro Prototype No. 4 bentonite ;ompoSite (Amoco
EP356 geotextile component against geomembrane); '
60-mil NSC textured HDPE geomembrane; and

+ concrete sand.

Test Series Number 4: interface between soaked Claymax Shear-Pro

"Prototype No. 3 bentonite composite and 60-mil NSC textured VLDPE
geomembrane. From top to bottom, each test specimen consisted
of:

GL3160/GELS2211 5 92.11.24
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GeoSyntec Consultants

concrete sand; ,

+ Claymax Shear-Pro Prototype No. 3 bentonite composite (Clem
HS geotextile component against geomembrane);

« 60-mi1 NSC textured VLDPE geomembrane; and
concrete sand.

Test Series Number 5: interface between soaked Claymax Shear-Pro
Prototype No. 3 bentonite composite and 60-mi1l NSC smooth HDPE
geomembrane. From top to bottom, each test specimen consisted
of:
« concrete sand;
Claymax Shear-Pro Prototype No. 3 bentonite composite (Clem
HS geotextile component against geomembrane);
+ 60-mil NSC smooth HDPE geomembrane; and
+ concrete sand.

Test Series Number 6: interface between soaked AASHTO No. 57
stone and Claymax Shear-Pro Prototype No. 4 bentonite composite.
From top to bottom, each test specimen consisted of:

AASHTO No. 57 stone;

+ Claymax Shear-Pro Prototype No. 4 bentonite composite (Amoco
4034 geotextile against AASHTO No. 57 stone); and

« concrete sand. -

Test Series Number 7: interface between soaked sandy clay soil
and Claymax Shear-Pro 500SP bentonite composite. From top to
bottom, each test specimen consisted of:

« sandy clay soil;

- Claymax Shear-Pro 500SP bentonite composite (Amoco 4034
‘ geotextile against sandy clay soil); and

« concrete sand.

GL3160/GEL92211 6 92.11.24
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3.3.2 Test Procedure

A summary of the test equipment and conditions used to conduct the
interface direct shear tests is presented in Table 2. This table
includes the size of the shear box, the initial moisture content of the
bentonite composite, soaking/hydration stress, time for soaking/
hydration, the moisture content of the bentonite composite at the
. completion of testing, the normal stress at the interface during testing,
. and the horizontal displacement rate for each test.

In each test in Test Series 1 through 5, the bentonite composite and
the geomembrane specimens were attached to the upper and lower shear box,
respectively, with mechanical compression clamps to confine failure to
the bentonite composite-geomembrane interface. For each test, fresh
geosynthetic spezimens were prepared for each normal stress condition.

In each test in Test Series 6 and 7, a fresh bentonite composite
specimen was attached to the Tower shear box with mechanical compression
clamps to confine failure to the soil-bentonite composite interface.
Fresh specimens of the sandy clay soil and AASHTO No. 57 stone were
placed and compacted directly about the bentonite composite by hand
tamping. The sandy clay soil was moisture-conditioned to approximately
13.5 percent and compacted to approximatley 112 to 113 1b/ft? (17.6 to
17.7 kN/m3) which corresponded to 95 percent of the maximum dry unit
weight and 2 percentage points wet of the optimum moisture content, based
on the standard Proctor compaction test (ASTM D 698). The AASHTO No. 57
stone was placed under dry condition and compacted to approximately 90
percent relative density. The reported values of dry unit weight were
determined by measuring the as-placed volume of soil and dividing this
volume into the calculated total dry weight of the moisture-conditioned
soil specimen (Test Series 7) or dry stone specimen (Test Series 6).

For Test Series 1, the bentonite composite-geomembrane interface was
tested under dry conditions. For Test Series 2, 4, 5, 6, and 7, the

6L3160/GELI2211 7 92.11.24
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bentonite composite-geomembrane or the soil-bentonite composite interface
was soaked in water for 24 hours under an applied normal stress of 100
psf (5 Kpa). The normal stress was applied prior to the soaking. After
the 24-hour soaking period, each interface was then placed and secured
in the shear box. For Test Series 3, the bentonite composite was
hydrated in water for 24 hours under an applied normal stress of 100 psf
(5 kPa). The normal stress was applied prior to the hydration. After
the 24-hour hydration period, the bentonite composite was then placed on

. the geomembrane and secured in the shear box. In all of the test series,
_ the test normal stress was applied to the interface within approximately

five minutes of the removal of the soaking/hydration normal stress. Each

of the test specimens were then sheared immediately upon application of
the test normal stress.

Other features of the testing procedure included the following:

» a freshly remolded 3-in. (75-mm) thick layer of concrete sand was
used as the bedding layer beneath the lower geosynthetic specimen
in each test; the concrete sand was compacted by hand tamping to
approximately 90 percent relative density under dry conditions;

» each specimen was sheared at a constant displacement rate
immediately after application of the normal stress;

* the direction of shear for each test was in the direction of
manufacture (machine direction) of the geosynthetic samples;

» all of the tests were performed using a constant effective sample
area, where the lower geosynthetic Component was larger than the
upper shear box; therefore, no area correction was required when
computing shear stresses; and

. all of the tests'were sheared until a constant, residual load was
recorded.

GL3160/GEL92211 8 92.11.24
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4. TEST RESULTS

4.1 Overview

The data reduction procedures and test results are summarized in the
following section. The interface direct shear test results and

comprehensive summary plots are presented in the following appendices to
this report.

« Appendix A: (Test Series Numbers 1 through 7)
« shear force versus displacement results; and
shear stress versus normal stress results for tests conducted
at 50, 200, 400, 700, and 1000 psf (2, 10, 20, 34, and 49
kPa).

o Appendix B: (Test Series Numbers 1 through 7)
+ shear stress versus normal stress results for tests conducted
at 50, 200, and 400 psf (2, 10, and 20 kPa); and
shear stress versus normal stress results for tests conducted
at 400, 700, and 1000 psf (20, 34, and 49 kPa).

4.2 Interface Direct Shear Tests

The total stress interface shearing resistance was evaluated for each
applied normal stress. The test data were plotted on a graph of shear
force versus horizontal displacement and are presented in Appendix A.
The peak value of shear force was used to calculate the peak shear
stress. For this report the residual shear stress was calculated from
the stabilized post-peak shear force which occurred at the end of each
" test.

GL3160/GELS2211 v 9 92.11.24
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STS Project No. 25868-XH
May |1, 1989

Once the specimens were assembled. a flexible rubber membrane was used to encase the

specimens while sealed in the triaxial permeameter chamber.

Test Procedures

After its initial construction and placement in a triaxial compression permeameter each
of the specimens is backpressure saturated. To aide in specimen saturation, carbon
dioxide gas was allowed to flow freely through the test specimen, inundating the voids
in the sand and dry Claymax. The use of this carbon dioxide gas has been accepted as a
procedure to aide in specimen saturation. The carbon dioxide gas will go into solution
more readily than normal atmospheric air. Once it was determined that the carbon
dioxide gas had completely inundated the voids of the test specimen, the permeants were
allowed to free flow through the test specimen first saturating the silica sand and then
the Claymax section. For this study, the leachates were utilized both as a set
hydrating medium and as the actual permeant for the hydraulic conductivity

determination.

Two leachates were used during the study. The first was labeled Parkton Landfill and
the second labeled as Eastern Sanitary Landfill. It is the understanding of STS
Consultants that the two leachales were a municipal landfill leachate and contained such

things as heavy metals, phenals. cyanide, copper. phosphorus and other substances.

Once the leachate had fully hydrated the test specimen, the specimen was allowed to
stand for a 24 hour hydratjon period. Following the hydration period. the backpressure
saturation techniques were implemented to complete the saturation procedures. This was
accomplished by simultaneously increasing the cell and back pressures in increments
while maintaining a pressure differential of 0.125 kilograms per square centimeter
(KSC).  Pressures were incrimentally increased until obtaining testing pressures of
4.125 KSC cell pressure and 4.00 KSC back pressure.

22-
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TABLE 1B

HYDRAULIC TRANSMISSIVITY TEST #1B RESULTS
TYPAR 3601 GEOTEXTILE WITH CLAYMAX

Confining | Duration of Hydraulic Hydraulic Unit
Pressure Pressure Gradient Transmissivity Flowrate
(psf) (days) () (m’/s) (gpm/ft)

500 2 0.10 3.2 x 107 1.53

0.25 2.0 x 107 2.46

0.50 1.4 x 107 3.45

1,000 2 0.10 1.8 x 107 0.85

0.25 1.3 x 107 1.58

0.50 1.3 x 107 3.13

2,000 2 0.10 1.7 x 1073 0.80

0.25 1.3 x 1073 1.54

0.50 1.3 x 1073 3.07

4,000 2 0.10 1.6 x 1073 0.77

0.25 1.2 x 107 1.50

0.50 1.2 x 1073 2.81

8,000 7 0.10 1.7 x 1073 0.82

0.25 1.2 x 1073 1.44

0.50 9.3 x 107 2.25

16,000 7 0.10 6.9 x 107 0.33

0.25 5.1 x 107 0.62

0.50 3.9 x 107 0.94

Notes:

Test Starting Date: 15 May 1991 '

Test Configuration (from top to bottom): 1load platen/60-mil geomembrane/
Claymax/Typar 3601 geotextile/geonet/60-mil1 geomembrane/base platen.

Hydration of the Claymax specimen occurred under the 500 psf confining
pressure for 2 days.

GL3024/GEL91179



TABLE 2A

HYDRAULIC TRANSMISSIVITY TEST #2A RESULTS
AMOCO 4557 GEOTEXTILE WITHOUT CLAYMAX

Confining | Duration of Hydraulic Hydraulic Unit
Pressure Pressure Gradient Transmissivity Flowrate
(psf) (minutes) () (m*/s) (gpm/ft)

500 15 0.10 1.0 x 1073 0.50

0.25 6.5 x 107" 0.78

- 0.50 4.7 x 10°“ 1.13

1,000 15 0.10 8.6 x 107° 0.41

0.25 5.6 x 107 0.67

0.50 4.0 x 10°“ 0.96

2,000 15 0.10 8.3 x 107 0.40

0.25 5.3 x 107 0.64

0.50 3.8 x 107 0.93

4,000 15 0.10 7.1 x 107 0.34

0.25 4.6 x 107 0.55

0.50 3.5 x 10°“ 0.86

8,000 15 0.10 6.8 x 10°° 0.33

0.25 4.5 x 107 0.54

0.50 3.5 x 107 0.84

16,000 15 0.10 5.0 x 10°“ 0.24

0.25 3.4 x 10°“ 0.41

0.50 2.5 x 107 0.59

Notes:

Test Date: 11 June 1991

Test Configuration (from top to bottom): 1load platen/60-mil geomembrane/

Amoco 4557 geotextile/geonet/60-mil geomembrane/base platen.

Confining Pressures and Pressure Durations as shown.

GL3024/GELY91179
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TABLE 2B

HYDRAULIC TRANSMISSIVITY TEST #2B RESULTS
AMOCO 4557 GEOTEXTILE WITH CLAYMAX

Confining | Duration of Hydraulic Hydraulic Unit
Pressure Pressure Gradient Transm1551v1ty Flowrate
(psf) (days) () __(n%/s) (gpm/ft)

500 2 0.10 1.1 x 1073 0.55

0.25 7.4 x 107 0.90

0.50 5.5 x 107 1.32

1,000 2 0.10 7.7 x 107 0.37

0.25 5.3 x 107 0.64

0.50 4.9 x 107 1.19

2,000 2 0.10 6.5 x 107 0.31

‘ 0.25 4.9 x 107 0.59

0.50 4.4 x 107 1.06

4,000 2 0.10 6.4 x 107 0.31

0.25 4.3 x 107 0.52

0.50 4.3 x 107 1.03

8,000 7 0.10 7.0 x 107 0.34

0.25 4.9 x 107 0.59

0.50 3.8 x 107 0.92

16,000 7 0.10 1.2 x 107 0.06

0.25 9.3 x 107 0.11

0.50 7.8 x 107° 0.19

Notes:

Test Starting Date: 12 June 1991

Test Configuration (from top to bottom): load platen/60-mil geomembrane/
Claymax/Amoco 4557 geotextile/geonet/60-mil geomembrane/base platen.

Confining Pressures and Pressure Durations as shown.

Hydration of the Claymax specimen occurred under the 500 psf conf1n1ng
pressure for 2 days.

GL3024/GEL91179
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The total stress peak and residual shear strengths derived from the
plotted test results are summarized in Table 3. These strengths were
plotted on a graph of shear stress versus the corresponding normal stress
to evaluate a total stress peak or residual strength envelope. A best
fit straight line was drawn through the five data points from each test
series to obtain a total peak stress or residual stress interface
friction angle and adhesion. The interface friction angles and adhesions
derived from the plotted test results are summarized in Table 4. The

summary plots of shear stress versus the corresponding normal stress are
also presented for each test series in Appendix A.

Shear stress versus normal stresses plots reported in Appendix A
included a best fit straight line trough all of the data points. Clem
requested that additional plots be prepared for each test series. For
each test series, a best fit straight line was drawn through: (i) data
points corresponding to 50, 200, and 400 psf (2, 10, 20 kPa) normal
stresses and herein refered to as low normal stress conditions; and (ii)
data points corresponding to 400, 700, and 1000 psf (20, 34, and 49 kPa)
normal stresses and herein refered to as high normal stress conditions.
The summary plots are presented in Appendix B. The peak and residual
total stress interface friction angles and adhesions derived from each
set of the plotted test results are summarized in Table 5 (low normal
stress conditions) and Table 6 (high normal stress conditions).

For all tests it is noted that the reported adhesion is the shear
stress axis intercept of the best fit straight line drawn through the
plotted test data points on the shear stress versus normal stress plot.
This value may not be the "true adhesion" of the interface and caution
should be exercised in using this adhesion value for applications
invelving normal stresses outside the range of stresses covered by the

test.

GL3160/GEL922]1 10 92.11.24
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4.3 Closure

The reported results were obtained from tests conducted on the -
sampies provided by Clem. The testing was performed in accordance with '
general engineering testing standards and requirements. This testing
report is submitted for the excliusive use of Clem. P
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TABLE 3

INTERFACE DIRECT SHEAR TEST RESULTS
MEASURED PEAK AND RESIDUAL TOTAL SHEAR STRENGTHS
JAMES CLEM CORPORATION
SELECT CLAYMAX SHEAR-PRO BENTONITE COMPOSITE INTERFACES

Tesg(” Norma1(? Measured Peak [Measured Residual Reference
Series Stress Shear Strength Shear Strength Appendix
Number (psf) (psf) (psf) Figure Number
50 46 39 A-1 and A-2
200 142 115
400 286 232
700 469 332
1000 615 435
50 42 34 A-3 and A-4
200 149 127
400 283 205
700 391 293
1000 597 391
50 12 12 A-5 and A-6
200 60 60
400 171 160
700 273 244
1000 342 273
50 49 39 A-7 and A-8
200 186 122
400 313 225
700 459 361
1000 625 449
50 20 20 A-9 and A-10
200 51 51
400 86 86
700 155 155
1000 203 203
50 80 50 A-11 and A-12
200 125 115
400 350 320
700 640 590
1000 935 800
50 60 60 A-13 and A-14
200 170 170
400 225 225
700 435 435
1000 505 505

Notes:

(1)

{2)

For Test Series 1, the bentonite composite-geomembrane interface was
tested under dry conditions. For Test Series 2, 4, 5, 6, and 7, the
bentonite composite-geomembrane or soil-bentonite composite
interface was soaked in water for 24 hours under a normal stress of
100 psf prior to shearing. For Test Series 3, the bentonite
composite was hydrated in water for 24 hours under a normal stress
of 100 psf and then placed in the shear box.

Test specimens were sheared immediately after application of the
normal stress.
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'APPENDIX A

INTERFACE DIRECT SHEAR TEST DATA
(Test SERIES NUMBERS 1 THROUGH 7)

SHEAR FORCE VERSUS DISPLACEMENT DATA

'SHEAR STRESS VERSUS NORMAL STress DATA
For TEsTS ConpucTED AT 50 to 1000 PSF NORMAL

STRESS
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1000
800 — TEST SERIES NO. 2: SOAKED CLAYMAX SHEAR-PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE /
~ 60-mil NSC TEXTURED HDPE GEOMEMBRANE
800 —
- TEST CONDITIONS
= 50 psf
“n = 200 psf
£ = 400 psf
~ = 700 psf
Lé.l = 1000 psf
&
(@)
| T
4
5
T
n
O —T—7T 7T 71T T T T T T T 7T T 17 T T T T T T 1
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

DISPLACEMENT (in.)

NOTE: The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

DATE TESTED: MARCH 1892

a—— FIGURE NO. A—3
A SEREN.
PROJECT NO.
Amunt®. GEOSYNTEC CONSULTANTS 013160
GEOMECHANICS AND ENVIRONMENTAL LABORATORY VI GEL92211




SHEAR STRESS (psf)

JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

TEST SERIES NO. 2: SOAKED CLAYMAX SHEAR-PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE /
60—mil NSC TEXTURED HDPE GEOMEMBRANE

MEASURED SHEAR STRENGTHS

o, = 80 psf, Tpeax = 42 psf, Tresiqua = 34 psf
on = 200 psf, Toek = 149 psf, Trsigws = 127 pst
o, = 400 psf, Toesk = 283 psf, Tresisua = 2035 psf
0, = 700 psf, Tpeek = 391 psSf, Trasigwt = 293 psf
0, = 1000 psf, Tpeax = 547 Psf, Tresiguar = 391 psf
_
eoess PEAK VALUES: &, = 27% g, = 40 psf g

essaus RESIDUAL VALUES: &, = 20% o, = 40 psf

1 3 a7 <)

P

(.3 .3 313 .3

NOTE: The raported volue of adhesion may not be the true adhesion of the

LI L LA DL DL UL UL VLN LUV

100 200 300 400 500 600 700 800 900 1000 1100 1200

NORMAL STRESS (psf)

intarface, ond caution should be exercised in using this odhesion
value for applications involving normal stresses oulside the range of
stresses covered by the test. :

DATE TESTED: MARCH 1992

CF1 92211

. FIGURE NO.
A AR,
P T NO.
Amuntd. GEOSYNTEC CONSULTANTS DZZ:TENT =
GEOMECHANICS AND ENVIRONMENTAL LABORATCRY PAGE NO '

£ 3

1 ¢ 3 3 .3 3

L3 [_J 3
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1000
900 — TEST SERIES NO. 2: SOAKED CLAYMAX SHEAR-PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE /
- 60—mil NSC TEXTURED HDPE GEOMEMBRANE
800 — _
- TEST CONDITIONS
= 50 psf
w = 200 psf
o = 400 psf
~ = 700 psf
& = 1000 psf
4
(@)
rd
4
3
I
73
o171 T T T T T T T T T T T T T T
Q.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

DISPLACEMENT (in.)

NOTE: The shear box size was 12 in. by 12 in. (300 mm by 300 mm),

and the contact area remained constant throughout the entire test.

DATE TESTED: MARCH 1992

. FIGURE NO. A

A L.
ament®. GEOSYNTEC CONSULTANTS FROJECT NO. GL3160

‘ DOCUMENT NO. CF1Q2211
GEOMECHANICS AND ENVIRONMENTAL LABORATORY PAGE ND
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1100 — TEST SERIES NO. 2: SOAKED CLAYMAX SHEAR—PRO
. PROTOTYPE NO. 3 BENTONITE COMPOSITE /

1000 — 60—mil NSC TEXTURED HDPE GEOMEMBRANE
900:_ MEASURED SHEAR STRENGTHS
9 o, = 50 pst, Tpeax = 42 pst, Tresiqua = 34 psf

o 800— On = 200 psf. Tpek = 149 PSF, Tresiduar = 127 psf
2 4 o, = 400 psf, Toeax = 283 psf, Tresizua = 205 psf
~ g, = 700 psf, Tpek = 391 psf, Trestdwr = 283 pst
n 7991 o, = 1000 psf, Tpeax = 547 psf, Tresiwa = 3971 psf
n i _
& 600 -~ d
— ] evseee PEAK VALUES: é, = 27°% = 4Q psf
7 - ev RESIOUAL VALUES: & = 20°% o = 40 pef -~
x
3 —
53, —~

Q 100 200 300 400 500 600 700 80C 900 1000 1100 1200

1 £y .3 o1 )

[

3

NORMAL STRESS (psf)
NOTE: The reported value of adhesion may not be the true adhesion of the
interface. and coution should be exercised in using this adhesion
value for applications involving normal stresses oulside the range of
stresses covered by the test.
DATE TESTED: MARCH 1982
] FIGURE NO. A—4
2
ammntl. GEOSYNTEC CONSULTANTS PROJECT NO____ 41 3160

DOCUMENT NO. GF1 92211

GEOMECHANICS AND ENVIRONMENTAL LA
LABORATORY PAGE NO.

21 .3 13

3
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1000
900 ] TEST SERIES NO. 3. HYDRATED CLAYMAX SHEAR-PRO
PROTQTYPE NO. 4 BENTONITE COMPOSITE /
- 60—mil NSC TEXTURED HDPE GEOMEMBRANE
800 —
700 — __JEsT conormons
- et g, = 50 psf
seseee g = 200 psf
600 — s g, = 400 psf
- e g = 700 psf
wexx g = 1000 psf

SHEAR FORCE (Ibs)
(9,1
o
[&]
I

0 =71 1 T 1 ~ 1 |A 1 T 1 1 * T T T T 1
a.0 0.3 a.6 0.9 1.2 15 18 2.1 2.4 2.7 3.0
DISPLACEMENT (in.)

~ NOTE: The shear box size was 12 in. by 12 in. (300 mm by 300 mm),

ond the contact area remained constant throughout the entire test.

DATE TESTED: APRIL 1892

iy ’ FIGURE NO. .-
LY L.
4wt (GEOSYNTEC CONSULTANTS PROJECT NO. ¢ 3140

DOCUMENT NO. GFL92211

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

PAGE NO.
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 3: HYDRATED CLAYMAX SHEAR-PRO
= PROTOTYPE NO. 4 BENTONITE COMPOSITE /
1000 — 60—mil NSC TEXTURED HDPE GEOMEMBRANE
900 — MEASURED SHEAR STRENGTHS
7l O = 50 psf, Tpea = 12 psf, Tresidua = 12 psf
< 800— On = 200 psf, Toex = 60 psf. Tresigual = 60 psf
2 4 On = 400 psf, Tpeex = 171 psf, Tregisua = 160 psf
~ 700 O, = 700 pSf, Treok = 273 pSf, Tresidust = 244 pSf
% 00 — g, = 1000 pSf, T”‘* = 342 psf, Tresidial — 273 psf
o _
& 600
m —
o ] eeees PEAK VALUES: 8, = 20% = 5 psf
< 500 asss RESIDUAL VALUES: & = 16% o = 15p;sf
L _
D 400 — -
- —
300 —
200 —
100 —
07TI[I]I[I]I]I]I]I[I|I|I

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
NORMAL STRESS (psf) '

NOTE: The reported value of odhesion may not be the true adhesion of the
intarfoce, and coution should be exercised in using this adhesion
value for applicotions involving normal stresses outside the range of
stresses covered by the test.

DATE TESTED: APRIL 1992

N FIGURE NO. AR

]

A
A SR PROJECT NO. Cl 180

At GEOSYNTEC CONSULTANTS DOCUMENT NO. _ mop1 99911

GEOMECHANICS AND ENVIRO
ND E NMENTAL LABORATORY PAGE NO.

e R s R

C3

> 3 C3 .3 3

.3
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1000
TEST SERIES NO. 4: SQOAKED CLAYMAX SHEAR-PRO
900 — PROTOTYPE NO. 3 BENTONITE COMPOSITE /
] 60—mil NSC TEXTURED VLDPE GEOMEMBRANE
800 — TEST CONDITIONS
i ~eees g, = 50 psf

700 — sessa g, = 200 psf
-~ _ s g, = 400 psf
o +++esw g, = 700 psf
< 600 et = 1000 psf
W
L ._
x
C 500 —
L
. -
D 400 —
T
n —

300 —

200 —

100 —

o—T—TT 7T T T T T T T T T T T T T T T
Q.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

DISPLACEMENT (in.)

- NOTE: The shear box size was 12 in. by 12 in. (300 mm by 300 mm),

and the contact area remained constant throughout the entire test.

DATE TESTED: MARCH 1992

a—— FIGURE NO. A—7

y 4
A AN
P T NO.
AumtB. (GEOSYNTEC CONSULTANTS o‘;‘;:icm °~o GL3160
GEOMECHANICS AND ENVIRONMENTAL LABORATORY TR GEL9221 ]
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SHEAR STRESS (psf)

JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

TEST SERIES NO. 4: SQAKED CLAYMAX SHEAR-PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE /
80—mil NSC TEXTURED VLDPE GEOMEMBRANE

MEASURED SHEAR STRENGTHS

g, = 50 psf, Toar = 49 psf, Tresiqua = 39 psf
o, = 200 psf, ‘r::::k = 186 psf, 1',:;;0. = 122 psft
On = 400 psf, Tpew = 313 psf, Trgiga = 225 psf
g, = 700 psf, Tpeex = 459 psf, Tresidual = 361 psf
On = 1000 psf, Tpex = 625 pSf, Tregea = 449 psf
7
-
¢eses PEAK VALUES: 8, = 30°% o, = 50 psf
wnnse RESIDUAL VALUES: & = 24% o = 35 psf .

0

L L DL L UL D DL L L L
100 200 300 400 500 600 700 800 900 1000 1100 1200

NORMAL STRESS (psf)

NOTE: The reported value of adhesion may not be the true aodhesion of the

interface, ond coution should be exercised in using this adhesion
value for applications involving normal stresses outside the ronge of
stresses covered by the test.

DAT

AR,
M. GEOSYNTEC CONSULTANTS

—

TESTED: MARCH 1892
FIGURE NO. A8
PROJECT NO. ~L21EN
DOCUMENT NO. NEIQY911

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

PAGE NO.




308913

JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

3 3 3 .3 L_.J‘C:l 23 _CJ .

1000
800 ~
_ TEST SERIES NO. 5: SOAKED CLAYMAX SHEAR-PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE
800 ~ 60-mil NSC SMOOQOTH HDPE GEOMEMBRAN
700 —
v N TEST CONDITIONS
: 600 — e g, = 50 psf
g — ~soes g, = %83 psi
3 | iyt o’n = ps
D Q S0 wewese g = 700 psf
@ — m~aaaa o = 1000 psf
D S 400 —
T
n -
D 300 —
D T 1T T 1 1 T T T 7177
12 15 18 21 24 27 30
U DISPLACEMENT (in.)
D NOTE: The sheor box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

DATE TESTED: APRIL 1992

Y FIGURE NO. A=Q
A AR n
Amuntd. GEOSYNTEC CONSULTANTS PROJECT NO__ Gl 3160

DOCUMENTY NO. ~F1 Q92911

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

PAGE NO.
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 5: SOAKED CLAYMAX SHEAR—PRO
— PROTO_‘IYPE NO. 3 BENTONITE COMPOSITE /
1000 — 60—mil NSC SMOOTH HDPE GEOMEMBRANE
900 — MEASURED SHEAR STRENGTHS
1 o, = S0 psf, Tpeax = 20 pst, Tresidua = 20 psf
o 80— 0, = 200 psf, Tpew = 51 psf, Tresidua = 51 psf
2 4 0n = 400 psf, Tpe = 86 psf, Tresidua = B6 psf
~ 0n = 700 psf, Tpeek = 155 psf, Tresigwat = 155 psf
0 700 g, = 1000 psSf, Tpeok = 203 PSf, Tresgwa = 203 psf
i -
& 600 —
m —
o
< S00—  eeess PEAK VALUES: 8, = 11% g, = 10 psf
L:g _ saunes RESIDUAL VALUES: &, = 11°% o = 10 psf
@ 400 —
300 —
200 — -
100 —
e — -w"
0|[T|l]I|I|I|I|lll|l]l

L
0 100 200 300 400 5S00 600 700 800 9S00 1000 1100 1200

NORMAL STRESS (psf)

NOTE: The reported volue of odhasion may not be the trus odhesion of the
interface, ond caution should be exercised in usin
value for applications involving normal stresses autside the range of

stresses coversd by the test.

this adhesion

DATE TESTED: APRIL 1882

L3

’ y——4
F 7 N

At GEOSYNTEC CONSULTANTS
GEOMECHANICS AND ENVIRONMENTAL LABORATORY

FIGURE NO. A—10

PROJECT NO. Gl 3180

DOCUMENT NO. GF1 92211

PAGE NO.

3
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

SHEAR FORCE (Ibs)

TEST SERIES NO. 6: SOAKED AASHTO NO. 57 STONE
CLAYMAX SHEAR—-PRO PROTOTYPE NO. 4
ENTONITE COMPOSITE

TEST CONDITIONS

esses g, = 50 psf
sasas g, = 200 psf
soes g, = 400 psf
st g, = 700 psf
waaes g, = 1000 psf

T Tr1r 7 vt 11
1.2 1.5 1.8 2.1 2.4 2.7 3.0

DISPLACEMENT (in.)

NOTE: The shear box size was 12 in. by 12 in. (300 mm by 300 mm),
and the contact area remained constant throughout the entire test.

DATE TESTED: MAY 1892

a—— FIGURE NO. A 11
AR 4.
4amuut®. GEOSYNTEC CONSULTANTS PROJECT NO____ (31 3160

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

OOCUMENT NO. 1 g92911

PAGE NO.




PV LA AN

300 —
200 — eeeees PEAK VALUES: 5, = 43% o, = O psf
- ssess RESIDUAL VALUES: &, = 39% g, = Q psf
100 —
e 0 /I T 1 ¥ ] T -7 V17 T 11 L [T 1 [ |

JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

TEST SERIES NO. 6: SOAKED AASHTO NO. 57 STONE
1100 — / CLAYMAX SHEAR-PRO PROTOTYPE NO. 4 J/
BENTONITE COMPOSITE

/S
1000 — MEASURED SHEAR STRENGTHS Y
Tl On = 50 PSf, Tioew = BO pSf, Tauaa = S0 psf d
900 — On = 200 psf, Tpeq = 125 pst, Tiewaa = 115 psf Ve
On = 400 psf, Tpea = 350 pSf, Tiewaw = 320 psf v
o 0n = 700 psf, Tpew = 640 psSl, Tieaa = 990 psf
0, = 1000 psf, Tpew = 935 psf. Tregun = BO0 psf

SHEAR STRESS (psf)
[o,]
o
o
|

o 100 200 300 400 500 600 700 800 900 1000 1100 1200
NORMAL STRESS (psf)

NOTE: The reported vaiue of adhasion may not be the true adhesion of the
interface, ond caution should be exercised in using this adhesion
volue for opplications involving normal stresses oulside the range of
stresses covered by the test. .

DATE TESTED: MAY 1892

V-
R —

(.J o1 L3y €13 3 3 1

J .3

CJ 1 3 3 .

L3 .17

. J C_J

I

— FIGURE NO. A_1D
Ny 7 Y
Amuntd. GEOSYNTEC CONSULTANTS PROJECT N0 GI3160

DOCUMENT NO.  oF1 99211

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

PAGE NO.
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SHEAR FORCE (lbs)

JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1000
900 — TEST SERIES NO. 7: SOAKED SANDY CLAY SOIL /
CLAYMAX B500SP BENTONITE COMPOSITE
80O — TEST CONDITIONS
] oo g, = 50 psf
700 — seeee g = 200 psf
. — g, = 400 psf
wwewse g = 700 psf
600 — wxrueex g = 1000 psf
C4¢——TT T T 17 T 1T T v+ T T T T T T 11
.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

DISPLACEMENT (in.)

NOTE: The shear box size was 12 in. by 12 in. (300 mm by 300 mm),

and the contact area remained constant throughout the entire test.

DATE TESTED: NOVEMBER 1982

— FIGURE NO. A_17%
p £ 3
At GEOSYNTEC CONSULTANTS PROJECT NO Gl 3160

ODOCUMENT NO. GF1492211

GEOMECHANICS AND ENVIRONMENTAL LABORATORY PAGE NO.




JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 7: SOAKED SANDY CLAY SOIL /
- CLAYMAX 500SP BENTONITE COMPOSITE
1000 —
900 — MEASURED SHEAR STRENGTHS
. o, = 50 psf, Toeak = B0 psf, Tresigua = 60 psf
o~ 80— 0, = 200 psf, Toeax = 170 pSf, Tresigwa = 170 psf
2 4 0, = 400 pst, Tpex = 225 psf, Tresicua = 225 psf
= On = 700 psf. Towx = 435 pSf, Tresiswn = 435 pst
;77| on = 1000 psf. 7o = 505 pSf, Trmew = 505 psf
% _
& 600 P
wn . eeess PEAK VALUES: 8, = 26°% a, = 55 psf -
o« sesws RESIDUAL VALUES: 6, = 26% o = 55 psf
5
I
wn
O e 1 S L L L L AL L L L

o} 100 200 300 400 500 600 700 800 SO0 1000 1100 1200
NORMAL STRESS (psf) '

NOTE: The reported value of adhesion may not be the true adhesion of the
interface, ond coution should be exercised in using this adhesion
value for applications involving normol stresses outside the ronge of
stresses covered by the test.
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DATE TESTED: NQOVEMBER 1982 y
jp— FIGURE NO. 14 )
o PROJECT NO Al 2180 ‘|"J
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APPENDIX B

INTERFACE DIRECT SHEAR TEST RESULTS
(TeEsT SERIES NUMBERS 1 THROUGH 7)

SHEAR FORCE VERSUS DISPLACEMENT RESULTS
- 50 10 400 PSF NORMAL STRESS
- 400 To 1000 Psr NORMAL STRESS
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

800
- TEST SERIES NO. 1: DRY CLAYMAX SHEAR-PRO
450 — PROTQTYPE NO. 3 BENTONITE COMPOSITE /
60—-mil NSC TEXTURED HDPE GEOMEMBRANE
- ] MEASURED SHEAR STRENGTHS
4 0n = 30 psf, T = 46 psf, Trgigua = 39 psf
On = 200 psf, Tpeae = 142 pSf, Trgsigua = 115 psf
350 — 0n = - 400 psf, Tpeax = 286 psf, Trasicua = 232 psf 4
S d
2 eeees PEAK VALUES: 8, = 35% o, = 10 psf e
~ 300 — '*aer RESIDUAL VALUES: 4, = 29% o, = 10 psf -
o _
b -
('/-') 250 — -
-
% 200 —
T
(7] -
150 —
100 -~
4
S0 —
1%
o7 T 7T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500

NORMAL STRESS (psf)

NOTE: The reported vaolue of adhesion moy not be the true adhesion of the
interfoce, and coution should be exercised in using this odhesion
value for gpplications involving normol stresses ouiside the ronge of
stresses covered by the test.

DATE TESTED: MARCH 1992
FIGURE NO. o1
é GEOSYNTEC CONSULTANTS :’;‘zﬁ“";“:%o GL3160
GEOMECHANICS AND ENVIRONMENTAL LABORATORY T GEL92211
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 1: DRY CLAYMAX SHEAR-PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE /
] 60—mil NSC TEXTURED HDPE GECMEMBRANE
1000 —
- MEASURED SHEAR STRENGTHS
807 G, = 400 psf, Tpex = 286 psf. Trsa = 232 psf
71 00 = 700 psf, Toeax = 469 psf, Tresisws = 332 psf
o~ 800 0, = 1000 psf, Tpeox = 615 pSf, Tregigwas = 435 psf
8 .
700 — -
¥} esees PEAK VALUES: 8, = 28% g, = 70 psf
% { ssese RESIDUAL VALUES: & = 19% o = 100" psf -
& 600 —
m —
@
500 —
% . —_
. —
Y 400
300 —
i -
o e
- e
100 = 7
T T 7T T T 7T T T T T T T T T T T T T T T

0 100 200 300 400 500 600 700 800 900
NORMAL STRESS (psf)
. NOTE: The reported value of adhesion may not be the true
interfoce, and coution should be exercised in usin

value for opplicotions involving normal stresses outsi
stresses covered by the test.

DATE

1000 1100 1200

adhesion of the
this odhesion
de the ronge of

TESTED: MARCH 1992

FIGURE NO. B_9

A
At GEOSYNTEC CONSULTANTS

PROJECT NO. G 3180

DOCUMENT NO.  GF| 92211

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

PAGE NO.
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

500
450 — TEST SERIES NO. 2: SOAKED CLAYMAX SHEAR-PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE /
- 80—mil NSC TEXTURED HDPE GEOMEMBRANE
400 4 MEASURED SHEAR STRENGTHS
) On = 50 psf, Tpeax = 42 pSl, Tresldua = 34 psf
350 — gn = 200 psf, Tpeax = 149 pSf, Tregava = 127 psf 4
o~ 0, = 400 psf. Tpeax = 283 psf. Tresua = 205 psf .~
0 n e
a
~ 300 — esssss PEAK VALUES: &, = 35% a, = 10 psf e
a | sssss RESIDUAL VALUES: & = 26°% o, = 20 psf
% -
= 250 — _
- g
o
g 200 - .
g
(f) —
150 —
100 —
50 —
O—++—TT 7T 7 1T T 17 T 1 ¢+ 1 1 v 71 T+ 177
0 50 100 150 200 250 300 350 400 450 500

NORMAL STRESS (psf)

'NOTE: The reported value of adhesion may not be the true adhesion of the

interface, and caution should be exercised in using this adhesion
value for applications involving normal stresses outside the range of
stresses covered by the test.
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DATE TESIED. MARCH 1992 )
i FIGURE NO. B3
Amenth. GEOSYNTEC CONSULTANTS PROJECT NO. GL3160
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SHEAR STRESS (psf)

JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 1: DRY CLAYMAX SHEAR—PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE /
n 60—mil NSC TEXTURED HDPE GEOMEMBRANE
1000 —
4 MEASURED SHEAR STRENGTHS
%00 5 = 400 PSf, Toeox = 286 psf, Tregiwn = 232 psf
T 00 = 700 psf, Toear = 469 psf, Tresigua = 332 pst
800 — On = 1000 psf, Tpeek = 615 psf, Tregigua = 435 psf
700 = 4evee PEAK VALUES: 6, = 28% g, = 70 psf P -
~ ees=ss RESIDUAL VALUES: &, = 19°% a, = 100 psf
600 —
500 — —
® -
B -
4Q0 —
300 —
] ~
s .
— = -
100 —= =
OT—7T 7T T 71T T T T 7T T T T T T T T T T T 711

o 100 200 300 400 500 600 700 800 900 1000 1100 1200
NORMAL STRESS (psf)
NOTE: The reported volue of adhesion may no{ be the true adhesion of the
interface, ond coution should be exercised in using this adhesion

volue for applications involving normal stresses oulside the range of
stresses covered by the test.

DATE TESTED: MARCH 1892

d—— FIGURE NO. )
yr J N
At GEOSYNTEC CONSULTANTS PROJECT NO.____ QI 3180

OOCUMENT NO. (F1 92211

GEOMECHANICS AND ENVI
D ENVIRONMENTAL LABORATORY PAGE NO.




0891

SHEAR STRESS (psf)

s00

450 —

400 —

300 —

JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

NORMAL STRESS (psf)

TEST SERIES NO. 2: SOAKED CLAYMAX SHEAR—-PRO
PROTOTYPE NO. 3 BENTONITE COMPOSITE /
- 60-mil NSC TEXTURED HDPE GEOMEMBRANE
MEASURED SHEAR STRENGTHS
7 O, = S0 pst, Tpew = 42 psf, Treidwa = 34 psf
350 — On = 200 psf, Tpex = 149 psf, Tregwa = 127 pst .
| 0, = 400 psSf, Toesx = 2B3 psf. Tresowa = 205 psf .~
e
seags PEAK VALUES: 6, = 35% o, = 10 psf Ve
weeys RESIDUAL VALUES: &, = 26% o, = 20 psf
~
~
~
OtT——T71T T 1T T 1T T T T T T T 1 1 T 171
0 50 100 150 200 250 300 330 400 450 500

'NOTE: The reported volue of adhesion moy not be the true adhesion of the

interface. ond coution should be exercised in usin

this odhesion

volue for opplicotions involving normal stresses oulside the range of

stresses covered by the test.

DAT

é GEOSYNTEC CONSULTANTS

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

|

TESTED: MARCH 18992 . .
FIGURE NO. 83 T
PROJECT NO. GL3160
DOCUMENT NO. oy gooy

PAGE NO.
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 2: SQAKED CLAYMAX SHEAR-PRO
- PROTOTYPE NO. 3 BENTONITE COMPOSITE /
1000 — 60—mil NSC TEXTURED HDPE GEOMEMBRANE
500 ] MEASURED SHEAR STRENGTHS
4 04 = 400 psf, Tewx = 283 psf, Temaw = 205 psf
~ 80— O = 700 ST, Toa = 391 PSf. Tramgw = 293 psf
8 i on = 1000 psf, Tpeax = 547 psf, Treawa = 391 psf
~ 700
A seese PEAK VALUES: 8, = 24°% g, = 100 psf
ok 7|  eewss RESIDUAL VALUES: &, = 17% o = 80 psf _
& 600 —~
n _ —~
(ot
500 —
3 _
I - -
Y 400 — < -
300 — .
- —~
—~
200 — —~
= -~ - -
~
100 4= ~
1© o R S S N N L L L L L LI LA L
4] 100 200 300 400 S00 600 700 800 900 1000 1100 1200
NORMAL STRESS (psf)
~ NOTE: The reportsd volue of adhesion may not be the true adhesion of the
interface, ond caution shauld be exercised in using this odhesion
value for applications involving normal stresses ouiside the ronge of
stresses covered by the test.
DATE TESTED: MARCH 1892
o FIGURE NO. R_4
AN Sum—
Aanth. GEOSYNTEC CONSULTANTS Ot O GLI160

OOCUMENT NO. 1 gn9n11
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

500
450 — TEST SERIES NO. 3: HYDRATED CLAYMAX SHEAR-PRO
PROTOTYPE NO. 4 BENTONITE COMPOSITE /
n 60—mil NSC TEXTURED HDPE GEOMEMBRANE

400 —

350 — MEASURED SHEAR STRENGTHS
3 T on = 50 psf, Toear = 12 psf.—'r,.,,u = 12 psf
< 300+ o, = 200 psf, 'r;,: = 60 psf, T,..‘:.,: = 60 psf
) 0, = 400 psf, Tpe = 171 psf, Trgown = 160 psf
v
x 250 —
wn
x esese PEAK VALUES: 6, = 23% g, = O psf
) 200~  esass RESIDUAL VALUES: & = 22% o = O psf 7
I - -
wn 7 ®_- -

-

150 —

100 —

50 — '
—— _

C T T T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500
NORMAL STRESS (psf)

NOTE: The reported value of adhesion may not be the true adhesion of the
interface, and caution shauld be exarcised in using this adhesion
value for applications involving normol stresses outside the range of
stressas coverad by the tast.

DATE TESTED: APRIL 1892
P, o FIGURE NO. R-5
Ammt. GEOSYNTEC CONSULTANTS FRodec T D GL3160

DOCUMENT NO. (F192211
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 —
TEST SERIES NO. 3. HYDRATED CLAYMAX SHEAR-PRO
PROTOTYPE NO. 4 BENTONITE COMPOSITE /
1000 — 60-mil NSC TEXTURED HDPE GEOMEMBRANE
900 — MEASURED SHEAR STRENGTHS
00— On = 400 psf, Toear = 171 psf, Tresigua = 160 psf
1 o, = 700 psf, 'r,.o.‘ = 273 pSf, Tresidua = 244 psf
700 00 = 1000 psf, Tpesk = 342 psf, Tresidws = 273 psf
600 — s s PEAK VALUES: 5, = 16% a, = 60 psf
- Ls» RESIDUAL VALUES: &, = 11% o, = 90 psf
500 —
+00 — —1
- - -
300 — . —_—
200 —
- — —
—
100 44— = —
_/
0I[||.1[1|I|I|I]I]l|l|l[I
0 100 200 300 400 500 600 700 800 9S00 1000 1100 12Q0
NORMAL STRESS (psf)
NOTE The reported volue of adhesion moy not be the true adhesion of the
interface, and caution should be exercised in using this adhesion
volue for applications involving normal stresses outside the ronge of
stresses covered by the test.
DATE TESTED: APRIL 1992
f FIGURE NO.
et GEOSYNTEC CONSULTANTS PROJEE. M0 GL3160

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

ODOCUMENT NO.  GELS2211

PAGE NO.
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

500
o5 TEST SERIES NO. 4: SOAKED CLAYMAX SHEAR-PRO
0 PROTO_TYPE NO. 3 BENTONITE COMPOSITE /
4 B80-mil NSC TEXTURED VLDPE GEOMEMBRANE
400 — MEASURED SHEAR STRENGTHS
_________________________________ /
1 on = SO psf, T = 49 psf, Treua = 99 psf
350 | On = 200 ST, The = 186 PSl. Towas = 122 psf d
- On = 400 psf, Toex = 313 PSf, Tresigus = 225 psf P -
*OU—, —
a 300 -] **%e® PEAK VALUES: 8, = 37% g, = 20 psf ¢
o~ sssse RESIDUAL VALUES: &, = 28% g, = 10 psf
Q - e
250 — -
) e
% 200 —
I
m e
150 —
100 —
4
50 —
L v
T T T T T T T T T T T T T T T T 717

NORMAL STRESS (psf)

NOTE: The reported value of adhesion may not be the true adhesion of the
interfoce, and caution should be exercised in using this odhesion
value for applications involving normal stresses outside the range of
stresses covered by the test.

0 50 100 150 200 250 300 350 400 450 500

3

T3 1 Ca 3

B

-

3 .3

Y S W Y S S R )

.__

DATE TESTED: MARCH 1992 )
i FIGURE NO. a_7 L
A am— GEoS C PROJECT NO Gl 2180
- N : 2
EOSYNTEC CONSULTANTS DOCONENT WO e ae ]

GEOMECHANICS AND ENVIRONMENTAL LABORATORY
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 4: SQOAKED CLAYMAX SHEAR-PRO
N PROTOTYPE NO. 3 BENTONITE COMPOSITE /
1000 60-mil NSC TEXTURED VLDPE GEOMEMBRANE
000 T MEASURED SHEAR STRENGTHS
4 0n = 400 psf, Tpesxk = 313 psSf, Trsigua = 225 psf
—~ 800—- On = 700 psf, Tpeak = 459 PSf, Tresidua = 361 psf
"g 1 o= 1000 pSf, Tpeax = 625 psf, Trestgua = 449 psf
»n 700  eeass PEAK VALUES: 8, = 27°% a, = 100 psf -~
H ]  wewse= RESIDUAL VALUES: & = 20% o = 80 psf -~
o | -
& 600 —
U.) —
% 500 — _ -
I —
Y 400
. | ]
300 — _
- ~
e —a
200 — - -~
= P
100 ¢~ ~
0I]I_[I|I[I]l|l|l|l|l|l|l
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
NORMAL STRESS (psf)
NOTE: The reported value of adhesion-may not be the true adhesion of the
interface, and caution should be exercised in using this adhesion
value for applications involving normal stresses oulside the range of
stresses covered by the test. ’
DATE TESTED: MARCH 1992
i ' FIGURE NO. R—&
A AN PROJECT NO. GL 3160
Amunt®. GEOSYNTEC CONSULTANTS

OOCUMENT NO. (F192211

GEOMECHANICS AND ENVIRONMENTAL LABORATORY

PAGE NO.
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

. 3

-

500
450 — TEST SERIES NO. 5: SOAKED CLAYMAX SHEAR-PRO
F’ROTO_TYPE NO. 3 BENTONITE COMPOSITE
7 60—mil NSC SMOOTH HDPE GEOMEMBRAN
400 —
- MEASURED SHEAR STRENGTHS
% on = 50 pSf, Tpex = 20 PS, Tremigwa = 20 psf
. - 0n = 200 psf, Tpeek = 51 pSf, Treslawa = S1 psf
K 300 Oy = 400 psf, Toex = 86 psf, Tieiua = B6 psf
)
ﬂ -
& 250 — veere PEAK VALUES: 6 = 115 o, = 10 psf
A seqns RESIDUAL VALUES: & = 11% o, = 10 psf
% 200 —
I
(¥)) -
150
100 — ' -
50 —
L B B S L T A L T N LA DL L
0 50 100 150 200 250 300 350 400 450 500
NORMAL STRESS (psf)
.NOTE: The reported value of adhesion moy not be the true adhesion of the
interfoce, and coution should be exercised in using this odhesion
volua for opplicotions involving normal stresses outside the range of
stresses coverad by the test.
DATE TESTED: APRIL 1982
Y FIGURE NO. F- P
Aietis. GEOSYNTEC CONSULTANTS PROJECT NO.___ Gl 3160

DOCUMENT NO. F1 92211

GEOMECHANICS AND ENVIRONMENTAL LABORATORY
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 -
- TEST SERIES NO. 5: SOAKED CLAYMAX SHEAR-PRO
1000 — PROTOTYPE NO. 3 BENTONITE COMPOSITE
| 60—mil NSC SMOOTH HDPE GEOMEMBRAN
900 —
- MEASURED SHEAR STRENGTHS
T B0 g, = 400 psf, Teea = 86 PSf. Tresgus = 86 psf
2 1 0n = 700 psSt, Tpeax = 155 psf, Trepiwa = 135 psi
o 700 - 0, = 1000 psf, Tpesk = 203 PSf, Tresigwa = 203 psf
S -
800 —
m e
r
500 — veeee PEAK VALUES: 5, = 1% = 10 pst
Cé | aeess RESIDUAL VALUES: & = 11% o = 10 psf
Y 400 —
300 —
200 — - 7
7T T T T 1T T 17 T T 7 17 T 7 T 7T T T T T T 7711

0

100 200 300 400 500 600 700 800 9S00 1000 1100 1200

NORMAL STRESS " (psf)

"NOTE: The reported volue of odhesioﬁ moy not be the true adhesion of the

interfoce, and coution should be exercised in using this odhesion
volue for applicotions involving normal stresses oulside the range of
stresses covered by the test.

DATE TESTED: APRIL 1882

 a— FIGURE NO. R_10
PROJECT NO. &0
amuntd. GEOSYNTEC CONSULTANTS : Gl 31
DOCUMENT NO. GF192211
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

500
450 — TEST SERIES NO. 86: SOAKED AASHTO NO. 57 STONE
/ CLAYMAX SHEAR-PRO PROTOTYPE NO. 4
2 BENTONITE COMPOSITE
400 — MEASURED SHEAR STRENGTHS P d
Ly T
T2 200 bt T 2 125 bat 1 2415 pef e
350+ o, = 400 psf, Tpem = 350 pSf, Tregava = 320 psf « /S
B ] eeess PEAK VALUES: & = 39% @, = 10 psf Sd
& 3op—] ®ve=r RESIDUAL VALUES: 8 = 38°% g, = 0 pst
o A
m —
& 50
7
% 200 —
XI
m -
150 —
100 —
50 —
- &
O —T—T T T T T T T T 1 T T T 1T 1 17117
0 50 100 150 200 250. 300 350 400 450 500

NORMAL STRESS (psf)

NOTE: The reported volue of adhesion may not be the true odhesion of the
interface, ond coution should be exercised in usin
volue for applications involving normai stresses ouiside the ronge of
stresses covered by the test.

DAT
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FIGURE NO. Be11 \,-1
PROJECT NO. Gl 3180 |

DOCUMENT NO. ~pi annid ¥

PAGE NO.

L




[ I

-

3048911

JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 6: SOAKED AASHTO NO. 57 STONE s
N / CLAYMAX SHEAR-PRO PROTOTYPE NO. 4
BENTONITE COMPOSITE /s
- MEASURED SHEAR STRENGTHS /1
_________________________________ y
800 — o, = 400 psf, T = 350 psf, Trigwa = 320 psf
o, = 700 psf, ‘r: = 640 gsf. ‘r::,,‘,: = 590 gsf yd
1 ©n = 1000 psf, Toe = 935 psf, Truwa = 800 psf v
< 800 —
[2]
3 —
n 700 —
n -
£ oo
600 —
& .
o
500 —
S
(31:) -
400 —
300 —
200 — 77 esess PEAK VALUES: 8, = 43°% o, = O psf
N & nsane RESIDUAL VALUES: &, = 39% q = O psf
100 — / '
4 7
0 —¢< - -
L L L L D L L I L e L e L e |
o] 100 200 300 400 500 600 700 800 900 1000 1100 1200
- NORMAL STRESS (psf) '
" NOTE: The reported volue of adhesion may not be the true adhesion of the
interface, and caution should be exercised in using this adhesion
value for applications involving normal stresses oulside the range of
stresses covered by the test.
DATE TESTED: MAY 1992
a— FIGURE NO. R_1?
PROJECT NO.
At GEOSYNTEC CONSULTANTS GL 31680

OOCUMENT NO. r1 92211

GEOMECHANICS AND ENVIRONMENTAL LABORATORY
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

500
450 — TEST SERIES NO. 7: SOAKED SANDY CLAY SOIL /
CLAYMAX 500SP BENTONITE COMPOSITE
400 — MEASURED SHEAR STRENGTHS
1 o= 50 psf, Toeor = 60 psf, Tresigws = 60 psf
330— g, = 200 psf, Toek = 170 PSf, Tresigua = 170 psf
o 1 0n = 400 psf, Toex = 225 psf, Tresiguar = 225 psf
&
~ 300 —
%) sess: PEAK VALUES: 8, = 25% a, = 50 psf »
« 7]  ®e==es RESIDUAL VALUES: 6, = 25° o, = S0 psf -
& 250 — -
e -
- a
@
5 200 —
I
u ] []
150 —
-
100 —
I
so—~ "
0[]1jl||]r|l|||r1|]r
0 S0 100 150 200 250 300 350 400 450 500

NORMAL STRESS (psf)

‘NOTE: The reported value of adhesion may not be the true adhesion of the

interface, and caution should be exercised in usin

this odhesion

volue for applications involving normal stresses outside the range of

stresses covered by the test.

DATE TESTED: NOVEMBER 1882
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JAMES CLEM CORPORATION
INTERFACE DIRECT SHEAR TESTING

1200
1100 — TEST SERIES NO. 7: SOAKED SANDY CLAY SOIL /
— CLAYMAX 500SP BENTONITE COMPOSITE
1000 —
. MEASURED SHEAR STRENGTHS
901 &, = 400 psf, Tosck = 225 psf, Trasigwa = 225 psf
1 0n = 700 psf, Toeek = 435 pSf, Tresiguo. = 435 psf
o 800— On = 1000 psf, Tpex = 505 psf, Tredua = 505 psf
é _
¢ 79077 eeces PEAK VALUES: 8, = 25% a, = 60 psf
% -  esess RESIDUAL VALUES: ¢, = 25% o, = 60 psf
& 600 — : A
7)) . - -
oz ] .
< 500
I 7 .
Y 400 —
300 —
- /.
200 — -~
N -~
-~
1004 -~
2
oCTT T T T T T T T T T T T T T T T T T T
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NOTE: The reported valus of adhesion may not be the true adhesion of the

interface, and coution should be exercised in using this adhesion
volue for applications involving normal stresses oulside the range of
stressas covered by the test.
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