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Confined Disposal Facility (CDF) — used to contain soil and water resulting from
periodic dredging in the Elk River & Chesapeake Bay to maintain navigable depths.




PLANNED CDF MODIFICATIONS

» [Install synthetic (plastic) liner over the CDF to isolate newly
placed dredged material from the underlying aquifer.

Summary of Proposed Construction:

= Clear and grub existing vegetation within the CDF.

= Re-grade the existing perimeter dikes to El. 50 ft.

= Flatten interior slopes to 3H:1V to increase dike stability.

» Re-grade/compact the interior floor to better support the liner system.
» |nstall new steel sluice boxes and associated outlet works.

= [nstall thick cushioning fabric (a.k.a., geotextile) over the improved subgrade to
protect liner from puncture.

= |nstall impervious polyethylene (plastic) liner.
= |nstall another thick cushioning fabric over the installed liner.

= Place 12 inches of protective fill over the liner.
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Geosynthetic Materials To Be Used In
CDF Liner System

e geotextile (thick felt)

e geomembrane (a.k.a., liner)
e geogrid (thick plastic netting)
e geonet (for air flow)

Do not degrade when covered since they’re plastic
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Geotextile

a thick felt

made from polypropylene (plastic) fibers using standard
textile manufacturing methods

nonwoven needle-punched, weighing 10 oz./sy
will protect/cushion the geomembrane

allows any air trapped under the liner to flow to the
perimeter dikes



GEOMEMBRANES




Geomembrane

thick impermeable plastic barrier to liquids and gases
many types: HDPE, LLDPE, fPP, PVC, EPDM, etc.

we’ve selected LLDPE (linear low density polyethylene) type since
it is very durable and can handle excessive stretching resulting
from any settling of the CDF subgrade floor.

40 mil (0.040 inch) thick = 1.0 mm thick
manufactured rolls are field seamed in 22’-wide panels

same material used to line landfills and surface impoundments
(e.g., reservoirs and ponds)



Seaming Geomembrane
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Dual track thermal fusion weld.



GEOGRIDS



Geogrid

made of polypropylene (plastic) manufactured in a grid pattern
bidirectional — equal strength in both directions

spreads load out like a snow shoe

will reinforce ground under the new sluice boxes and outlet
pipes






Geonet

made from high density polyethylene (plastic)

allows any air trapped under the liner to flow to the
perimeter dikes

function is to increase in-plane air flow under liner
geonet has geotextile attached to top and bottom



Summary of Geosynthetics

Geosynthetics are engineering materials that have been in use for
decades in similar applications.

Field performance has been excellent.

Products must be accompanied by rigorous CQC/CQA - only as good
as the installation.

_Strinﬁen_t project installation specifications will ensure a high quality
installation.

Extensive field and laboratory testing will also be performed during
construction to ensure all quality requirements are met (e.g.,
geomembrane strength and thickness, seam strength and integrity) .

Extensive engineering calculations were performed to ensure that
the appropriate materials were selected considering site conditions
and future use.



Overview of Calculations

®

BUILDING SmRONG




1. Determine Geomembrane Thickness

Problem: Determine the required thickness of a smooth, linear low density polyethylene
(LLDPE) geomembrane (a.k.a., liner) beneath the final (closure) thickness of dredged material in
the Pearce Creck confined disposal facility (CDF).

Procedure: Follow the procedure in Koerner’s Designing with Geosynthetics. 6™ edition. Vol. 2.
Section 5.6.6, pp. 643-644. except where otherwise noted. The main equation is listed below:

g.Xx(tan §; + tan &) .
t = = . Equation 5.181
Ogliow (COS 8 — sin ftan §;)

where
t = thickness of the geomembrane,
T = applied stress from the dredged materials.
x = distance of mobilized geomembrane deformation,
o = angle of shearing resistance between geomembrane and upper material.

= angle of shearing resistance between geomembrane and lower material.
O gle of sl g t bety e b dl t 1
= allowable geomembrane stress. and

settlement angle mobilizing the geomembrane tension.

To compute the maximum loading that will act on the liner at the closure of the CDF. subtract
the liner’s low point elevation at the sluice from the proposed final CDF elevation:

El. +68° (highest future elev.) - El. +28" (liner low point at sluice) = 40" thickness. Therefore.
g, = 100 pcf =40’ = 4,000 psf =~ 192 kPa
To estimate £, consider a worst case scenario of maximum settlement over a small area. 1.e.. a

107 localized depression (more conservative than estimated in settlement analyses) over a 507
diameter area (radms = 257):




To estimate §; = §;. assume a non-woven needle punched geotextile 1s over and under the
LLDPE geomembrane:
by = 0, = 8°, Table 5.6b?

To estimate x. use g,, calculated above (192 kPa) and refer to Figure 5.10a from the cited
reference. Interpolate between the two curves to estimate X for a 1.0 mm (40 nul) HDPE
geomembrane. It was assumed that the HDPE graph 1s most applicable to the proposed LLDPE.

x ~ 150 mm, Figure 5.10a3
Oagiow = 10,000 kPa, Figure 5.54
Thus.
L (192 kPa)(0.150 m)(tan(8) + tan(8))  0.00092m — 0.92 mm
"% (10,000 kPa)(cos(22) — sin(22) tan(8)) ) '
Results:

Since the actual thickness of the proposed 40 mil LLDPE geomembrane 1s greater than the
required thickness (i.¢.. 5= 1.0 mm > £,,; = 0.9mm). the proposed geomembrane thickness 1s
ACCEPTABLE.



2. Check Geomembrane Strain

_ 4L6 I? + 4582
tan™ [(Lz = 452)] ( 15 ) .

£(%) = x 100, Equation 5.5°
where
L = diameter of interest (mm), and
) = centerpoint deflection (mm).

For maximum loading. assume:

L =50 ft = 15,240 mm
§ =10 ft = 3,048 mm

This 15 the same worst case scenario of maximum settlement that was assumed in Geomembrane
Calculation #1. Note that the true calculated settlement 1s about 6.5 feet, so & = 10 ft assumed
above overestimates settlement by about 35%.

Thus.

J— 4(15,240 mm)(3,048 mm) (15,240 mm)® + 4(3,048 mm)?
1 [((15,240 mm )2 — 4(3,048 mm:}f)] ( 4(3,048 mm)
15,240 mm

) — 15,240 mm

£(%) = x 100

=10.3% < 70% for LLDPE,thus ACCEPTABLE

Note: Allowable strain, £,;,,,(%) for 40 mil LLDPE is from Figure 5.55



3. Determine Runout/Anchor Trench Leneth

Calculate length of geomembrane runout needed with no anchor trench used.

Lro = Tatow(C0s f — sin f tan 61'). Equation 5.267
a,(tand, + tané;)

where

T 10w = allowable forece in geomembrane = gy, t. Where
Oaiiow = allowable stress in geomembrane, and

t = thickness of the geomembrane:

Oy = angle of shearing resistance between geomembrane and upper material.
i = angle of shearing resistance between geomembrane and lower material.
g, = applied normal stress from cover soil, and

B = side slope angle.

Under maximum loading conditions:

t = 1.0 mm
B =3:1=1843°
SU == 0
d, =325, From Table 5.6b8
Oaiiow = 5,000 kPa, Example 5.13°

g, = (115 pcf)(3 ft) ~ 16.5 kPa
Tatlow = Callow * L = 5,000(0.001 m) = 5.0 kN/m

Thus,

B (5.0)(cos(18.4) — sin(18.4) tan(32))
Lro = (16.5 kPa)(tan(0) + tan(32))

=036m=12ft

~ 1.2 ft < 10 ft actual runout, ACCEPTABLE



. Check Side Slope Cover Stability — Finite Slope

L 1 tan f
W, = yh? (—— - )
A=Y h sinf 2
Ny = Wycosp,
yh?
P sin2p’

a=(Ws— Nycosf)cosp,
b=—[(W, — N,cosf)sinf tan ®
+(Nytand + C4)sinffcosf + sin B (C + W, tan d)],
c=(Nytand + C,)sin? ftan @,

. —b + Vb2 — 4ac
B 2a '

where.

= unit weight of cover soil.

= thickness of cover soil,

= soil slope angle beneath geomembrane.
friction angle of cover soil.

O 8™ =

For:

y = 100 pcf
h =1 foot
ff = 3:1slope ~ 18.4°
d = 25°
Cy™ 0

Equation 3.1510

Equation 3.16!

Equation 3.1812

Equation 3.22%3

Equation 3.2314
Equation 3.2415

Equation 3.2516

adhesion force between cover soil of the active wedge and geomembrane



Consider L = 38 ft

38 ft 1 tan(18.4) lbs
W, = (100 1ft)? — — = 3,466 —
a = (100pe)A 1) ( 1ft sin(18.4) 2 ) ft
N, = 3466£b3 184—3289”)3
(100 pef)(1 ft)? lbs
=~ =167 —
sin2(18.4) ft
lbs lbs lbs
a= (3,466 —) — (3,289 —) cos18.4 |cos18.4 = 327 —
ft ft ft
b= 3 455% 3 zaaibs 18.4 | sin(18.4) tan(25)
= ( y ft) ( , ft)E{]S 4 |sin(18. n
lbs
- (B,ZBQF) tan 25 + 0 |sin(18.4) cos(18.4)
+ sin(18.4) (0 + 16?£bs tan25|| = —535 Ibs
sin(18. ( ( ft) an ) = r
lbs lbs
c= ((S,ZBQﬁ) tan 25 + D) sin®(18.4) tan(25) = ?lﬁ

(coastte)+ [(cssste) - a(aar2) ()

FS =
lbs
2 (32? F)

=1.49




Check L =90 ft (Note: longest design slope length 1s about 60°. so this calculation 1s
conservative.)

90 ft 1 tan(18.4) lbs
_ 2 _ _ _ il
W, = (100 pcf)(1 ft) (1,&: S : ) 667 ft
N, = BEGTEbS 184—8223”)3
_ (100pcf)(1 fE)? lbs
P~ sin2(184) ft
lbs lbs
866?— — 8223—) co518.4 |cos18.4 = 820—
ft ft
Ibs
B 66?— — (8,223 E) cos 18.4 |sin(18.4) tan(25)
Ibs
- ((S,ZZSF) tan 25 + D) sin(18.4) cos(18.4)
+sin(18.4)( 0 + 16?Ibs tan25 || = 13ﬂD£bS
sin(18. ( ( fr) an ) = —1, fr
lbs lbs
— ((B,ZZSF) tan 25 + [}) sin?(18.4) tan(25) = SBZF

(13&(}?5) J( 13(10’!}‘?5) 4(82&?5)(382?5)
lbs
)

FS§ = =1.19

2 (82{]



6. Check Geomembrane Puncture Resistance

Problem: Determine the required geotextile mass per unit area to protect the proposed linear low
density polyethylene (LLDPE) geomembrane (a k.a., liner) from puncture from aggregate in
either the subgrade below the liner or cover soil above the liner. Analysis assumes the final
height of dredged material at closure.

Procedure: Follow the procedure in Koerner's Designing with Geosynthetics, 6™ edition, Vol. 2,
Section 5.6.7, pp. 643-648. The main equations are listed below:

Equation 5.33:

F5 = Ballow  chere:
Pact
F5= factor of safety (against geomembrane puncture); FS =3 is required per Koemer,
Pace = required pressure due to the landfill {dredged material) contents, and
Paifow = allowable pressure using different types of geotextiles and site-specific conditions.

Equation 5.34:

M 1 1 ]
= (50+0.00045) |- ||
Pallow ( + H- F‘F b MFPD b 4 MFA RFIS‘R X RFIS‘BDJ

Paliow = allowable pressure (kPa),

M = geotextile mass per unit area (g/m2),

H = protrusion height (m),

MF; = modification factor for protrusion shape,
MFpn =modification factor for packing density,
MF, = modification factor for arching in soils,

RF-p  =reduction factor for long-term creep, and
RF-gn =reduction factor for long-term chemical/biclogical degradation.

Assumptions:

- Subgrade/cover soil: trace to little rounded coarse aggregate in a clayey silt matrix
(conservative, as aggregate content will likely be no to trace since specifications require that
borrow to be used for the 127-thick protective cover layver be obtained from the lower half of the
CDF, which is predominately fine-grained, i.e., all coarse aggregate dropped out of suspension
near the dredge pipe discharging into the CDF).

- Coarse aggregate: rounded to sub-rounded with max. size aggregate = dypp=1.5" =38 mm.

- Final CDF thickness at closure: El +68" (highest foture elev.) - EL +28° (liner low point at
sluice) = 407 thickness =122 m.

- Geomembrane is a 40 mil (1.0 mm) smooth LLDPE on the CDF floor.

- Dredged material total unit weight = 100 pef = 100*0.1572 = 15.72 N/m".



Solution:

- Use H = protrusion height (m) = 25 mm = 0.025m, which is an estimate since the gravel
particles will not be isolated, but adjacent to one another. Also, the project specifications will
require that the subgrade be smooth dium rolled and will restrict the maximum protrusion height
to Ye-inch. Additionally, GSE’s Geomembrane Protection Design Manual, 2002, pg. 2-1
recommends that “for the case of grouped particles, the effective protrusion height, H', is
approximated as half of the maximum particle size.” The USACE conservatively assumed H
was equal to 2/3 the maximum particle size (1.2, 2/3 x 38mm = 25mm).

- MFs5 = 0.5 for shape (sub-rounded); 0.23 could have been used as gravel is typically rounded.
- MFpp = 0.67 for dense, 25mm.

- MFa = 0.30 for arching.

-RFcp = 1.5 for creep.

- BFcep = 1.0 for long-term degradation — no leachate 1ssue as CDF water is essentially clean.

Now calculate the value of paiow using equation 5.33.

FS5 = paliow'Pact 3

3.0 =payew'(12.2 m*lj.?zm.’m}j; 3.0 = paieme/(192 EN/m")
= . 3

Paiiow = 376 kKN/m

Then calculate the required mass per vnit area of the geotextile using equation 5.34.

All modification and reduction values are talen from Table 5.16, pg. 646.

Note that the isclated value of 50kPa in the equation below represents the puncture resistance of
a 1.5mm (60 mil) HDPE geomembrane by itself For a 40 mil ITDPE, the puncture resistance is
proportionally less. Estimate propertional reduction as 250N/480N ~= 50% using

ASTM D 4833 punctore values for 40 mil LLDPE / 60 mil HDPE, respectively.

050+ 50) + 000045002 L]
— ’ ® J =
Paliow = | ( ) (0.025m)? | [0.50 % 0.67 x 0.50J [1.5 x 1.0

Pallow = 376 KN/m® from solved equation 5.33, above. Now solve for M.
576 = (25+0.72M)(5.97)(0.67);
144 = (25+0.72M);
119=0.72M
Mreq =165 gm” : 165 g/m” x 0.0294935 oz /sy = 5 oz./s¥.
Besnlts:

The project’s proposed geotextile is specified as a 10 ounce/square yard nonwoven needle-
punched, which is greater than the calculated Mgy of 3 oz./sy. Therefore, the
geotextile/geomembrane design is ACCEPTABLE considering puncture criteria.



7. Check Geotextile Venting Capacity

Problem: Determine the factor-of-safety (F'S) provided by a 10 oz/sy nonwoven geotextile to
vent any gases trapped below the geomembrane via the geotextile’s transmissivity (lateral flow
capacity).

Procedure: Follow the procedure in Koerner's Designing with Geosyntherics. 6™ edition. Vol. 2.
Section 5.3.2, pp. 570-573.

Assumptions:

Gas Generation = 0.10 m?* /m>day at a pressure of 7.0 kPa
(from Example 5.7; conservative, not likely to be this high)

kN
Density of moist air = Ypoist air = D.ﬂllﬁﬁ

Procedure:

(a) Gas flow rate:

3

=347 x 102 &

q=0.10 (ﬁx 1) =50

m3
day
(b) Air gradient, assuming a vniform distribution is 7.0 kPa acting at the center to zero at the
edge is:
- ﬂp.l‘f}'rm'r

TL2
__7.0/0.0118
'="1000/2

=119

(c) Determine the required transmissivity in the geotextile, 8,..,

g = kid
g=ki(t xW)

q

kt = H”q:—EXW

o _ 347 x 10~
red = 119)(1.0)

Opeqg = 292X 1072 m*/m —m



(d) Determine the transmissivity, 855, 0f 2 10 oz/sy (339 g,-'mz} nonwoven geotextile with 50
feet of soil cover at the end of the CDF use. Note that 50-foot total fill thickness is conservative,
as the final fill height will be about 35 feet.

Normal stress = yr = 50" x 100pcf = 5.000 psf

0.04788kPa
5.000 psf x ————— = ~ 240 kPa.
psf 5F

The transmissivity of a 16 oz/sy (530 g,-']n‘j'} geotextile can be estimated from Koerner 6™ Ed.
Vol 1, Fig. 2.17a, pg. 154 by extrapolating to a normal siress of 240 kPa.

Battow—-16 0z = 0.14 mafm —m
This value is then factored for a 10 oz/sy geotextile as follows:
Batiow—100: = 0.14 mgfm —m x 10/16

Batiow-100z = 0.088 m?/m —m

{e) The actual factor of safety (F5) is as follows:

FS = E::i![uw

arﬂqd
0.088

FS =593 x10=2

F5=73
Eesults:

The proposed 10 oz/sy nonwoven geotextile has 3 times the required capacity to vent any
trapped gases under the geomembrane, which is ACCEPTABLE.

To increase this FS even more, a geocomposite sheet drain will be used to augment the geotextile
flow. A geocomposite is a plastic geonet with geotextile attached to the upper and lower
surfaces. Two panels of geocomposite will be installed down the middle of the CDF, and will be
perpendicular to each other (partitioning the CDF into quarters). By doing this, the FS increases
to 19, which is a significant increase for a nominal cost.



Thank You

Questions?

®
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