
 

ABSTRACT 

 

 

 

Title of Thesis: GEOTECHNICAL CHARACTERIZATION 

OF BALTIMORE DREDGED SEDIMENTS 

AS AN INFILTRATION BERM MATERIAL 

ON HIGHWAY SLOPES 

  

 
Eren Kaya 

Master of Science, 2024 

  

Thesis Directed By: Professor Ahmet H. Aydilek 

Department of Civil and Environmental 

Engineering 

University of Maryland 

 

 

Baltimore Harbor dredged material has limited use in common geotechnical 

construction due to its soil composition. It has low shear strength for foundation 

applications and lack of plasticity makes it an undesirable material for seepage barrier 

applications. Vegetated infiltration berms, used for regulating stormwater discharge, 

can be suitable for beneficial reuse of the dredged materials. The scope of this 

research is to appropriateness of the dredged material for construction an infiltration 

berm that has sufficient slope stability and provides total infiltration in less than 72 

hours. Unconfined compression tests, constant head permeameter tests and 

unsaturated hydraulic conductivity tests were conducted on the dredged material and 

its blends with straw, sand, and recycled glass aggregate. All amendments were 

chosen due to their potential of reducing infiltration time, increasing hydraulic 

conductivity and as well as increasing the available water content (AWC) to promote 

vegetation. The effects of different amendments on soil water characteristics curves 

were examined and related to the vegetation through percent green cover data. 

Results obtained through testing were implemented in finite element analysis 

programs, SLOPE/W and SEEP/W, to analyze slope stability and seepage behavior of 

the berm, respectively. Common berm geometries along with different subgrade 

conditions were considered during modeling. Straw amended dredged material 

provided adequate hydraulic conductivity, met the required minimum infiltration 

times, and acceptable AWC to promote vegetation, without experiencing any slope 

stability or piping failures.  
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Chapter 1 

Introduction 

Dredged material management has become an issue of importance as the stockpiled 

amount increases each year. Approximately 3.3 million cubic meters of sediment is 

dredged annually from the Port of Baltimore and nearly 55 million cubic meters needs 

to be stored in designated facilities in the next 20 years (MDE, 2019). Previously, the 

material was stored and enclosed within Hart-Miller Island until it was filled to its 

maximum capacity in 2009 (Francingues et al.,2011). Due to Maryland state 

regulations developed in 2005, it was not permissible to deposit the material outside 

the harbor area, and since then the material has been stored at the Cox Creek Dredged 

Material Containment Facility, positioned to the south of the Scott Key Bridge on the 

western bank of the Patapsco River (Malasavage et al.,2012). The Cox Creek site, 

initially having a capacity of 4.9 million cubic meters that had almost filled completely, 

saw an expansion project starting in 2017 which increased the storing capacity to 8.6 

million cubic meters (MPA, 2020). This constant one-way traffic of the dredged 

material to the facility makes the need for a reuse method apparent and urgent. 

MPA is interested in viable alternatives to process and discover innovative 

reuse methods for the dredged sediments. The significance of this dredging operation 

partially stems from the desire to attract cargo from the Panama Canal expansion 

(Houlihan et al., 2020). It is imperative to develop high-production, cost-efficient 

processes to diminish existing inventories and facilitate the ongoing transfer of material 

from harbor dredging operations without exceeding the containment's defined capacity. 
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Given the significance of the Port of Baltimore to Maryland's and nation’s economic 

future, the planned expansion of the Port underscores the importance of exploring a 

variety of innovative options for reusing the dredged material.  

One of the reuse options for DM is to utilize it in construction of vegetated earth 

berms (VEBs), also known as infiltration berms, to help with the regulation of surface 

water runoff in highway slopes. With the ongoing effects of climate change in 

Maryland, the state faces heightened risks of flooding across various areas including 

agricultural lands, urban regions, and highways (Joyce and Scott, 2005). Flood events 

may arise from excessive rainfall, and infiltration berms offer a practical option for 

mitigating these risks. They can be strategically placed on slopes, such as highways, as 

part of erosion control strategies, redirecting stormwater runoff and mitigating the 

impact of flooding. These berms can help increase infiltration, reducing the likelihood 

of excessive stormwater runoff on highways and highway slopes (MDE, 2000). 

Typically, infiltration berms are constructed using compacted soils devoid of roots, 

large rocks, or vegetation, and can be designed to be impermeable or slightly 

permeable, allowing for gradual water release and filtration of collected water (MDE, 

2000). 

Geotechnical design of a VEB requires understanding of shear strength and 

hydraulic conductivity of the construction materials used. Hydraulic properties of the 

dredged material, under both fully and partially saturated conditions, need to be 

determined to estimate generated pore pressures and exit gradients as well as the time 

it takes the ponding water to infiltrate the berm structure. Infiltration time, which is 
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also linked to geometry of the berm, is an important parameter as the berms are required 

to be vegetated and plants need water for growth. 

The objectives of the study are to define geotechnical properties of the 

Baltimore Harbor dredged material and its blends as knowledge on these parameters 

are needed for seepage and stability analysis.  To respond to this need, a series of 

laboratory tests were performed on the dredged material and its blends to analyze their 

undrained shear properties. Hydraulic conductivity tests were conducted under fully- 

and partially saturated conditions, and the obtained geotechnical parameters were used 

to conduct seepage and slope stability analyses under varying geometries and upstream 

water levels. Recommendations were developed to accommodate different design 

scenarios under varying geometries and site conditions. 
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Chapter 2 

Materials and Methods 

2.1 Materials  

Baltimore Harbor dredged material was the material of focus. The dredge material was 

procured from Cox Creek Dredge Material Containment Facility in Curtis Bay, 

Maryland. The average water content of the collected dredged material was 18%. The 

materials were then sealed in airtight plastic buckets and stored in Whiting-Turner 

Infrastructure Engineering Laboratories at the University of Maryland, College Park.  

Initial environmental analysis conducted by Smith (2024) showed that 

addition of amendments is necessary to stabilize the dredge materials; recycled glass 

aggregate (G), sand (S) and wheat straw (W) were selected as amendments. Upon 

conducting a series of pocket penetrometer tests (WK27337) and water content 

measurements (ASTM D2216-19), the following percentages were used to amend the 

dredged material:   5% sand, 10% sand, 5% recycled glass aggregate, 10% recycled 

glass aggregate, 0.5% wheat straw and 1% wheat straw.  

All materials were dried at 100oC for 24 hours before processing and mixing 

with amendments. The processing consisted of breaking big clumps of dried dredged 

material with a mallet into smaller particles. Wet sieve analysis (ASTM C92-95) and 

SALD-2300 particle size analyzer (Shimadzu Corp., Somerset, NJ) were used to 

determine the sand, silt and clay percentages (which are consistent with the ones in 

the United States Department of Agriculture Soil Classification System). Grain size 

distributions of the materials determined using the AASHTO T-88 procedure are 

given in Figure 1. 
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Figure 1. Grain size distributions of the materials tested 

 

S and G had the highest percentages (100%) of sand-size particles (i.e., 75 µm-4.75 

mm) with no fines contents. D had the highest percentage of fines (<0.075 mm) 

content (34.2%) and the lowest sand-size content (65.8%). Table 1 lists the index 

properties of the materials tested. The plasticity index (PI) value (ASTM D4318) was 

12 for D, DS5 and DS10. Recycled glass aggregate amended sediments could not 

tested for plasticity due to broken glass pieces.  All materials were classified per 

Unified Soil Classification System (USCS) and United States Department of 

Agriculture (USDA) Classification System and these are summarized in Table 1.  
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Table 1. Index and compaction properties of the materials tested 

Material Composition 
Sand 

(%) 

Silt 

(%) 

Clay 

(%) 
Cc Cu LL PI Gs 

USDA 

Classification 

USCS 

Classification 

D 
100% dredged 

material 
65.8 30.4 3.8 1.11 48.61 35±3 12±2 2.65±0.02 Sandy Loam 

Clayey sand 

(SC) 

S 
100% testing 

sand 
100 0 0 0.98 1.12 NA NA 2.65 Sand 

Poorly 

Graded Sand 

(SP) 

G 
100% recycled 

glass aggregate 
100 0 0 1.66 4.73 NA NA 2.21±0.06 Sand 

Poorly 

Graded Sand 

(SP) 

DS5 
%5 percent 

sand amended 
67.4 29 3.6 1.37 53.71 35±3 12±2 2.65±0.02 Sandy Loam 

Clayey sand 

(SC) 

DS10 
%10 percent 

sand amended 
68.9 27.6 3.5 1.73 56.87 35±3 12±2 2.65±0.02 Sandy Loam 

Clayey sand 

(SC) 

DG5 
%5 percent 

glass amended 
67.4 29 3.6 1.38 53.22 NT NT 2.63±0.03 Sandy Loam 

Clayey sand 

(SC) 

DG10 
%10 percent 

glass amended 
68.9 27.6 3.5 1.79 55.19 NT NT  2.61±0.04 Sandy Loam 

Clayey sand 

(SC) 

Notes: Cc: coefficient of curvature, Cu: coefficient of uniformity, PI: plasticity index, LL: liquid limit , NA: not applicable, Gs: specific gravity, , NT:  

Not tested due to nature of the material.   
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2.2 Methods 

2.2.1 Shear Tests 

Unconfined compression tests (ASTM D2166-06) were performed on dredged 

material and its blends by using the GEOTAC Unconfined Compression System. The  

specimens were compacted in a split compaction mold at their natural water content 

(w=18%) and a bulk density of 1.4 g/cm3.  This bulk density was selected per USDA 

guidelines as higher bulk density values are reported to cause restrictions to root 

growth, and poor movement of air and water through the soil (NRCS 2019) The 

cylindrical specimens had a height of 146 mm, and a diameter of 71.1 mm, and were 

strained at a constant strain rate of 1% per minute during the shear tests. 

2.2.2 Hydraulic Tests 

2.2.2.1 Saturated Hydraulic Conductivity Tests 

In order to determine saturated hydraulic conductivities of the materials, constant-head 

tests were performed in bubble-tube permeameters and by following the procedures 

listed in ASTM D2434. Cylindrical samples with heights and diameters of 76.2 mm 

were compacted to a target dry density of 1.4 g/cm3 in acrylic testing molds and the 

tests were continued until the termination criteria outlined ASTM D5084 is achieved. 

A minimum testing duration of 60 minutes was selected. The bubble tube permeability 

test setup allows the application of very low hydraulic gradients as well as 

accommodates high flow rates that can be encountered while testing permeable 

specimens, and significantly minimizes sidewall leakage. Due to its unique design, the 

use of valves, fittings and smaller diameter tubing is eliminated and head losses that 

interfere with the test measurements are avoided (Topaloglu et al. 2024). Upon 
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compacting the sample in the mold, the permeameter was placed in a water bath to keep 

the tail elevation constant. Before starting the test, the brim of the bubble tube was 

closed, and the reservoir was filled with water using a vacuum pump. When the level 

became stable, the test was started by opening the brim of the bubble tube. The total 

head difference through the specimen (H), which was kept constant during the test, 

was equal to height difference between the bottom of the bubble tube and the top of the 

tub. The total flow rate through the specimen was determined by noting the water 

elevation drop in the reservoir tube and multiplying it with the inner area of the 

reservoir tube minus the outer area of the bubble tube. Triplicate tests were performed 

on each mixture. Finally, the vertical hydraulic conductivities were calculated using 

Darcy’s law. 

2.2.2.2 Unsaturated Hydraulic Conductivity Tests 

For the unsaturated hydraulic conductivity testing, HYPROP testing setup (Meter 

Group, Inc, Pullman, WA) was used (Figure 2). Specimens of the dredged material 

were compacted at their natural water contents to a bulk density of 1.4 g/cm3 and 

saturated afterwards by leaving the compacted specimens in a pool of water 1 cm 

lower than the surface level of the specimen. HYPROP system gathers data points 

within the suction range of 0 to 100 kPa, generating a detailed soil-water 

characteristic curve (SWCC). Unlike other methods utilizing a vacuum to introduce 

matric suction to the system, HYPROP employs a simplified evaporation method. 

Tensiometers (Meter Group Inc, Pullman, WA) located at depths of 1.25 cm and 3.75 

cm from the sample surface were used to measure pressure heads. Each sample is 

placed on precise balances to be weighed to determine the evaporation rate, by  
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(a) 

 

(b) 

Figure 2. (a) Schematic of a HYPROP cell and (b) picture of HYPROP setup in the 

geotechnical engineering laboratory 
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relating the change in weight to the change in volumetric water content. Data is 

collected and simultaneously logged to the file with a data point being collected every 

minute for the first hour and then every 10 minutes until the test concludes. Data 

analysis software LABROS SoilView Analysis is coupled with the HYPROP setup, 

and enables the user to try different curve fitting functions to the collected data 

points. The retention curve fitting function applied was the unimodal constrained 

model proposed by van Genuchten (1980), which is expressed as follows: 

Se(h) =
θ(h)−θr

θs−θr
= [

1

1+(α|h|)n
]1−

1

n  (1) 

where, Se is the effective saturation [-], 𝜃𝑠 is the saturated water content [cm3cm-3], 𝜃𝑟 

is the residual water content [cm3cm-3], α is a shape parameter [cm-1] which is linked  

with the inverse of the air-entry pressure, n is a shape parameter [-] that is related to 

bending of the retention curve, and h [cm] is the pressure head. 

The relationship between unsaturated hydraulic conductivity and volumetric 

water content was determined, and the van Genuchten/Mualem model (Mualem 1976, 

van Genuchten 1980) was employed as the fitting function for conductivity: 

K(h) = Ksat(1 + (α|h|)n)τ(1/n−1)[1 − (α|h|)(n−1)[1 + (α|h|)n]1/n−1]2  (2) 

 

where, Ksat is the saturated hydraulic conductivity, and τ [-] is tortuosity. 

The laboratory-obtained soil water characteristic curve (SWCC) defines wilting 

point (WP), field capacity (FC) and available water content (AWC) of each material. 

Field capacity (FC) is the soil moisture level at which excess water has drained away, 

while the wilting point (WP) is the minimum soil moisture required to prevent plant 

wilting (Kirkham, 2005; Minasny and McBratney, 2018). The available water capacity 
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(AWC) for each material was calculated as the difference in water content between the 

field capacity (FC) and the wilting point (WP). All materials in this study were 

classified as having a coarse texture according to the USDA soil classification system. 

In line with the recommendations of Colman (1947), Jamison and Kroth (1958), Ratliff 

et al. (1983), and Huntington (2007), FC and WP were defined as the water contents at 

soil water potentials of -10 kPa and -1500 kPa, respectively. Figure 3 illustrates the 

parameters for FC, WP, and AWC. 

2.2.3 Slope Stability and Seepage Analysis 

Numerical analysis of slope stability and seepage were conducted using GeoStudio 

SLOPE/W and SEEP/W. The berm was numerically modeled using the input data 

obtained in the laboratory tests. The design guidance in Maryland Stormwater Design 

Manual regarding infiltration berms as issued by Maryland Department of the 

Environment (MDE) states that berms shall be level and be asymmetric in shape. The 

crest width of the berm should be 0.62m, and the berm slopes should be shallow, 2:1 

ratio being the steepest; these berms shall not be constructed on slopes greater than 

10% to avoid erosion (MDE, 2000).  

The berms were assumed to sit on one of two common foundation soils in 

Maryland, named Subgrade 1 and Subgrade 2 herein.  The geotechnical properties of 

these soils, as reported by Dayioglu and Aydilek (2019), are provided in Table 2.   

Side slopes of 2H:1V, 3H:2V and 3H:1V, subgrade slopes of 0%, 5% and 

10% were selected. Furthermore, a secondary layer of subbase was introduced 

between the infiltration berm and the subgrade (at thicknesses of 0.31 and 0.62 m),  



12 

 

 

Figure 3. Exemplary soil-water characteristics curve with FC, WP and AWC 
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Table 2.Geotechnical properties of the common foundation soils in Maryland. 

Material Gs FC LL PI USCS Classification 

Hydraulic 

conductivity, 

Ksat (cm/s) 

Subgrade Soil 1 2.68 53 24 6 CL-ML 7.1x10-6 

Subgrade Soil 2 2.68 66 30 12 CL 1.1x10-6 

Notes: Gs: specific gravity, FC: fines content, LL: liquid limit, PI: plasticity index, Ksat:saturated hydraulic conductivity.
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with the idea of increasing dredged sediment usage throughout the berm design 

(Table 3, Figure 4). Based on literature review, the main design criteria for the 

infiltration berm in the scope of this research were: 

• Sufficient slope stability against rotational failures 

• Low exit gradients to avoid piping effect. 

• Infiltration times shorter than 3 days (72 hours) to make sure flies do not lay 

their larvae, i.e., do not create a swamp system. 

 

Seepage Analysis 

SEEP/W (Seequent 2024) was used to determine exit gradients and seepage velocities 

within the berm structure, subbase, and subgrade. Steady-state models in SEEP/W 

were created in accordance with the manufacturer's manual (Geo-Slope International 

2012). The critical gradient (i.e., the gradient where soil particles start being 

suspended in water and therefore mobilized) was calculated for each material using 

𝑖𝑐 =
γ𝑠𝑎𝑡−γ𝑤

γ𝑤
     (3) 

where ic is the critical hydraulic gradient, γsat is the saturated unit weight, and γw is the 

unit weight of water (Briaud et al. 2016). The maximum exit gradient, iexit obtained 

for a particular material using the SEEP/W analyses (Figure 5) was compared to its 

critical gradient to calculate FSpiping  

𝐹𝑆𝑝𝑖𝑝𝑖𝑛𝑔 =
i𝑐

i𝑒𝑥𝑖𝑡
    (4) 

 

 



15 

 

 

 

Figure 4:0.62-m high infiltration berm model with side slopes of 2H:1V and a subgrade slope of 10H:1V 
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Table 3. Dimensions and material types examined for berm design. 

Berm 

Test 

Berm 

Material 

Side 

Slope 

Subgrade 

Slope 

Subgrade 

Type 

Subbase 

Thickness 

(m) 

Data 

Collected 
FS 

Design 

FS 
Software 

Numerical 

Model 

Downstream 

Slope 

Stability 

D, DS5, 

DS10, 

DG5, 

DG10, 

DW0.5, 

DW1 

1H:1V, 

3H:2V, 

2H:1V 

No slope, 

20H:1V, 

10H:1V 

Subgrade 1, 

Subgrade 2 

0, 0.31, 

0.62 
FSdownstream FSdownstream 1.4 

SEEP/W 

SLOPE/W 

Steady 

State 

Seepage 

Through 

Berm 

D, DS5, 

DS10, 

DG5, 

DG10, 

DW0.5, 

DW1 

1H:1V, 

3H:2V, 

2H:1V 

No slope, 

20H:1V, 

10H:1V 

Subgrade 1, 

Subgrade 2 

0, 0.31, 

0.62 
iexit 𝐹𝑆𝑝𝑖𝑝𝑖𝑛𝑔 =

i𝑐
i𝑒𝑥𝑖𝑡

 1.5 SLOPE/W Transient 

Infiltration 

Time 

D, DS5, 

DS10, 

DG5, 

DG10, 

DW0.5, 

DW1 

1H:1V, 

3H:2V, 

2H:1V 

No slope, 

20H:1V, 

10H:1V 

Subgrade 1, 

Subgrade 2 

0, 0.31, 

0.62 
tinfiltration NA NA SLOPE/W Transient 
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Figure 5. Location of exit gradient for seepage analyses. 

 

The time it takes for the impounded water to infiltrate the berm should not 

exceed 72 hours, as it would carry the risk of acting as a swamp media for the flies to 

lay their larvae in (MDE 2000).  An initial steady-state seepage analysis was first 

established. A transient seepage analysis was then assigned to the parent steady state 

seepage analysis to examine the time-dependent behaviour of the water impounded 

behind the berm by utilizing the unsaturated hydraulic conductivity parameters of the 

materials obtained through the HYPROP measurements. As the height of the berm is 

designated to be 0.62 m, the impounded water height was assumed to be brim-full as 

this would be the most critical condition during the berm design. 

 

Slope Stability Analysis 

SLOPE/W (Seequent 2024) was used to determine the factors of safety against 

rotational failures (Figure 6) for the proposed berm geometries and materials. The  

Berm 

Subgrade 

Downstream 

Toe 

Location of 
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Figure 6. An example SLOPE/W showing most critical slip surface (in white) for a 

rotational failure analysis. 

finite-element software uses the limit equilibrium method of slices and Morgenstern-

Price method to calculate the factor of safety against failures for the user generated 

slip surfaces. For each geometry and soil type combination, the lowest factor of safety 

of that respective combination was selected as FSdownstream. Currently no design FS 

exists for slope stability of infiltration berms, and a design factor of safety of 1.4 was 

selected for downstream slope stability following the guidelines in Technical Release 

210-60 Earth Dams and Reservoirs (NRCS, 2019) (Table A1, Appendix). 
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Chapter 3 

Results and Analysis  

3.1 Results of Shear Tests 

The unconfined compression test results are given in Table 4. As expected, amending 

with sand or glass aggregate reduces unconfined compressive strengths by 1.5-1.7 

times, whereas an increase in strength can be observed with straw addition (from 19.7 

kPa to 26.5-36.7 kPa). Yetimoglu and Salbas (2003) found that amending sands with 

fibers increased the shear strength of the soil while reducing the stiffness. Fang et al. 

(2016) showed that both cohesion and friction angle of the soil increased with the 

addition of straw, with an amendment of 1% straw providing around 1.8 times 

increase in cohesion, consistent with the results obtained in the current study (Table 

4). Similarly, Li et al. (2010) examined that saline soil with wheat and lime 

showcased higher unconfined compressive strength than saline soil treated with just 

lime.  

Recycled glass aggregate has no effect on strain-at-failure while both sand and 

straw yield higher strains at failure, proportional to the amount of amendment 

material (Figure 7). The data presented in Figure 8 show that unconfined compressive 

strength is influenced by amendment amount; straw showing a positive correlation 

while sand and glass showing a negative one. The decrease in unconfined 

compressive strength with the increase in granular soil amendments can be explained 

as a reduction in cohesion. The addition of S and G separate clay particles from one 

another, causing less attraction between them (Alkroos et al.,2021). Another possible 
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Table 4. Summary of the unconfined compression tests 

Material 

Measured property 

qu (kPa) cu (kPa) εf (%) 

D 29.5 ± 4.3 14.8 ± 2.1 0.98 ± 0.10 

DS5 26.2 ± 4.8 13.1 ± 2.4 1.46 ± 0.14 

DS10 23.8 ± 3.9 11.9 ± 2.0 1.75 ± 0.21 

DG5 27.2 ± 2.3 13.6 ± 1.2 1.02 ± 0.05 

DG10 23 ± 2.9 11.5 ± 1.5 1.01 ± 0.17 

DW0.5 53 ± 0.9 26.5 ± 0.5 1.61 ± 0.05 

DW1 73.4 ± 1.2 36.7 ± 0.6 2.00 ± 0.03 

Notes: qu: unconfined compressive strength, cu: undrained cohesion, εf: strain at failure. 
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Figure 7. Stress versus strain behavior of dredged sediments amended with W, S and G.
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Figure 8. Effects of (a) W, (b) S and (c) G addition on unconfined compressive 

strength (qu) 
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cause of the reduction in shear strength is due to an increase in material heterogeneity 

as well as the loss of sand particles while the specimen is being compressed (Khan et 

al. 2014).  Amiri et al. (2018) also observed a decrease in cohesion, and an increase in 

friction angle, when kaolinite was amended with recycled glass aggregate to increase 

its workability. 

3.2 Results of Hydraulic Tests 

3.2.1 Saturated Hydraulic Conductivity Tests 

Results of saturated hydraulic conductivity tests are summarized in Table 5. D has the 

lowest saturated hydraulic conductivity (Ksat=3.7 x 10-5 cm/s) while the highest 

saturated hydraulic conductivity value measured is for DW0.5 (Ksat= 3.6 x 10-4 cm/s).  

Increases in hydraulic conductivity were examined due to the addition of S, G and W.  

Amending with 0.5% straw increased the saturated hydraulic conductivity by 

approximately 10 times whereas adding more straw (1%) decreased the hydraulic 

conductivity (Figure 9).  These changes in hydraulic conductivity are attributed to 

changes in porosity and development of tortuous flow pathways inside the specimen 

(Figure 10).   All materials were compacted to an initial bulk density of 1.4 g/cm3 for 

hydraulic testing. Although the bulk density was the same across all samples, straw 

amended specimens had lower porosities due to their lower bulk densities and, thus, 

lower specific gravities. As the density of the wheat straw (0.097-0.18 g/cm3; Zhang 

et al., 2012), is significantly lower than bulk density of the soil specimens prepared, 

1.4 g/cm3, the amount of space occupied by the straw decreases the overall porosity 

(n), resulting in nDW1 =0.40<nDW0.5 =0.44< nD =0.47. It is believed that at lower 

amendment percentages, i.e. DW0.5, the straw increased the void ratio and introduced  
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Table 5. Summary of the constant head permeameter test results 

Material 
Hydraulic Conductivity 

(cm/s) 

D 3.6 ± 0.5 x 10-5 

DS5 1.3 ± 0.8 x 10
-4

 

DS10 2.5 ± 1.0 x 10
-4

 

DG5 8.7 ± 0.9 x 10-5 

DG10 1.7 ± 1.2 x 10
-4

 

DW0.5 3.4 ± 0.4 x 10-4 

DW1 6.4 ± 1.3 x 10-5 

 

 

Figure 9. Change in Ksat with respect to amendment type and amount. 
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Figure 10.  Schematic diagram of (a) D, (b) increased flow channels due to small 

amount of straw addition in DW0.5, and (c) the least amount of porous space and a 

mix of direct and tortuous flow paths in DW. 

 

additional flow paths into the soil and created flow channels, thereby increasing the 

hydraulic conductivity. Divya et al. (2018) also observed almost two orders of 

magnitude increase in saturated hydraulic conductivity of a clayey soil amended with 

polypropylene terephthalate (PPT) fibers at 0.5% by weight; from 3 x 10-8 cm/s to 1 x 

10-6 cm/s. On the other hand, tortuosity may have increased due to excess (large 

volumes of) straw.  In the current study, it is believed that adding more straw (DW1) 

caused the generation of more tortuous pathways, resulting in a decrease in hydraulic 

conductivity.  

Sand amendment increased the hydraulic conductivity of the dredged material. 

DS5 had a hydraulic conductivity 3.5 times higher than that of D while 10% sand 

addition (DS10) improved the hydraulic conductivity of the dredged material by  

approximately 7 times. Increased sand content yielded a looser structure of the soil, 

and resulted in higher saturated hydraulic conductivity, consistent with the findings of 
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Fan et al. (2014).  Sobti and Singh (2017) also obtained a positive correlation between 

saturated hydraulic conductivity and sand amendment.  

 Lastly, amending the dredged material with recycled glass aggregate showed 

similar improvements to hydraulic conductivity. DG5 had hydraulic conductivity of 

8.9 x 10-5 cm/s, approximately 2.4 times higher than D. A larger increase in hydraulic 

conductivity was examined with DG10, which had a value 4.6 times that of the 

unamended dredged material. Amlashi et al. (2020) reported that replacing particles 

smaller than 5 mm standard granular base with recycled glass aggregate increased the 

porosity and increased saturated hydraulic conductivity.  that the decrease in fine 

particles and increase in porosity causes and increase in hydraulic conductivity. 

Adding the coarse recycled glass aggregate to the dredged material provided similar 

benefits, due to changes in particle size and improvement of porosity. 

Changes in hydraulic conductivity by coefficient of curvature (Cc) and 

coefficient of uniformity (Cu) are presented in Figure 11. Cu is a measure of how 

uniform and alike particles are to one another (Choo, 2020). Data indicates that 

higher Cc and Cu values yield higher saturated hydraulic conductivity values. Beyer 

(1964) method also indicated that Cu, along with the effective grain size (d10), has 

direct effect on hydraulic conductivity.  

Several empirical equations that utilize particle size uniformity, grain size, and 

porosity have been developed to estimate hydraulic conductivity (Kozeny-Carman, 

year 1927, Amer and Awad 1974, NAVFAC, 1974, Cabalar and Akbulut, 2016, 

Wang et al. 2018). Predictive capabilities of the three commonly used equations listed 

in Table 6 are presented in Figure 12. In most cases, the models overestimate the  
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Figure 11. Changes in Ksat with (a) Cc and (b)Cu 
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Table 6. Empirical equation for hydraulic conductivity estimates 

Researcher/Organization Equation 

Amer & Awad 𝐾 = 35 ∗ (
𝑒3

1 + 𝑒
) ∗ 𝐶𝑢

0.6 ∗ (𝑑10)
2.32 

Kozeny-Carman 𝐾 = 8.3 ∗ 10−3 ∗
𝑔

𝑣
∗ [

𝑛3

(1 − 𝑛)2
] ∗ (𝑑10)

2 

NAVFAC 𝐾 = 101.291𝑒−0.6435(𝑑10)10
(0.5504−0.2937𝑒) 

Notes: K= hydraulic conductivity (cm/s), e = void ratio, Cu = coefficient of 

uniformity, d10 = particle size coarser than 10%, n = porosity. 

 

 
Figure 12. Comparison of laboratory measured Ksat values with those estimated 

through three empirical equations. 
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measured hydraulic conductivity, yielding unconservative estimated of infiltration 

times in designing such berms in practice. 

3.2.2 Unsaturated Hydraulic Tests 

Soil-water characteristics curves and their respective fitting parameters were obtained 

through the HYPROP Measurement System (HMS). Measurements of weight and 

matric suction made through this system were used to find the soil-water 

characteristics and hydraulic conductivity versus volumetric water content curves in 

Figures 13 and 14, respectively, by utilizing Equations 1 and 2.  

During the development of soil-water characteristic curves, Ksat (saturated 

hydraulic conductivity) can be estimated as the hydraulic conductivity at saturated 

volumetric water content.  Alternatively, saturated hydraulic conductivity values 

measured in the laboratory according to ASTM D5084 can be input into the HMS 

before applying the van Genuchten/Mualem models. Tables 7 and 8 provide a summary 

of the model parameters and the root mean square errors (RMSE) for the two methods. 

The RMSE represents the average discrepancy between the measured volumetric water 

content and the fitted curve (Pertassek et al., 2011). For instance, D has an RMSE of 

0.0027, indicating an average disparity of 0.27% between the volumetric water content 

of data points and the fitted curve. Each material had duplicate tests, and of those, the 

ones that had a lower RMSE were selected. Models lacking predefined (lab measured) 

Ksat values exhibited comparatively lower RMSE values. In both scenarios, better fits 

(lower RMSE values) were observed for soil-water characteristic (retention) curves in 

comparison to unsaturated hydraulic conductivity-volumetric water content curves.
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Figure 13. Soil-water characteristic curves of the materials tested. 
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Figure 14. Hydraulic conductivity versus volumetric water content curves of the materials tested. 
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Table 7. Model parameters and RMSEs for van Genuchten constrained (1980) and van Genuchten/Mualem models by estimated Ksat 

Material 
θs 

(%) 

θr 

(%) 

n 

(-) 

α 

(cm-1) 

Ksat estimated 

(cm/s) 

τ 

(-) 

RMSE 

 (θ) 

RMSE 

(Ksat estimated) 

D 47.6 20.6 1.383 0.0320 1.8 x 10-5 -5.13 0.0027 0.1376 

DG5 45.7 1.7 1.154 0.0948 4.9 x 10-4 <-6.00 0.0770 0.1845 

DG10 41.9 18.6 1.329 0.0889 2.2 x 10-5 -5.86 0.0053 0.1066 

DW0.5 47.6 7.2 1.177 0.0344 2.7 x 10-4 <-6.00 0.0481 0.1524 

DW1 48.5 11.9 1.204 0.0569 2.0 x 10-4 -5.39 0.0455 0.1750 

DS5 45.6 16.4 1.291 0.0512 1.3 x 10-4 -4.75 0.0321 0.1824 

DS10 43.9 17.5 1.317 0.0657 1.1 x 10-4 -4.52 0.0271 0.1605 

Notes: θs: saturated volumetric water content, θr: residual water content, n: shape parameter related to bending of the retention curve, α: shape 

parameter [cm-1] linked with the inverse of the air-entry pressure, Ksat estimated: saturated hydraulic conductivity estimated, τ: tortuosity 

parameter, RMSE (Ksat estimated): root mean squares error of van Genuchten/Mualem model, RMSE(θ): root mean squares error of van 

Genuchten (1980) model.  Hyprop software reports tortuosities greater than 6.0 (i.e., <-6.0) as 6.0.     

 

 

 

 

 

 



33 

 

 

 

 

Table 8. Model parameters and RMSEs for van Genuchten constrained (1980) and van Genuchten /Mualem models using Ksat 

measured by ASTM D5084 procedure 

Material  
θs 

(%) 

θr 

(%) 

n 

(-) 

α 

(cm-1) 

Ksat 

(cm/s) 

τ 

(-) 

RMSE 

 (θ) 

RMSE 

(Ksat) 

D 45.7 19.1 1.198 0.0489 3.7 x 10-5 <-6.00 0.0039 0.1096 

DG5 44.9 6.4 1.201 0.0575 8.9 x 10-5 <-6.00 0.0182 0.0825 

DG10 42.5 14.2 1.206 0.1476 1.7 x 10-4 <-6.00 0.0554 0.1370 

DW0.5 47.7 5.3 1.164 0.0358 3.6 x 10-4 <-6.00 0.0482 0.1524 

DW1 45.7 11.2 1.183 0.0458 6.4 x 10-5 <-6.00 0.0455 0.1749 

DS5 45.6 16.3 1.289 0.0513 1.3 x 10-4 -4.75 0.0322 0.1838 

DS10 44.2 13.1 1.235 0.0702 2.5 x 10-4 -5.136 0.0552 0.1828 

Notes: θs: saturated volumetric water content, θr: residual water content, n: shape parameter related to bending of the retention curve, α: shape 

parameter [cm-1] linked with the inverse of the air-entry pressure, Ksat: saturated hydraulic conductivity measured in the laboratory, τ: tortuosity 

parameter, RMSE(Ksat): root mean squares error of van Genuchten/Mualem model, RMSE(θ): root mean squares error of van Genuchten 

(1980) model.  Hyprop software reports tortuosities greater than 6.0 (i.e., <-6.0) as 6.0.   
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Field capacity (FC), wilting point (WP), and available water content (AWC) are 

provided in Table 8. These values are obtained from the functions based on the 

measured saturated hydraulic conductivity values and presented in Table 8. Organic 

matter (OM) significantly influences plant available water content (AWC) (Zibilske 

et al., 2000; Zare et al., 2010; Siahdashti et al., 2015).  The data in Table 9 indicates 

an increase in available water content due to straw amendment. Similarly, Li et al. 

(2014) reported that treating silt loam soils with finely cut straw at 0.5% gravimetric 

content yields an increase in the volumetric water content at 10 kPa, which is the 

matric suction at field capacity. D has an AWC of 12.3% while DW0.5 and DW1 

have AWC values of 18.8% and 15.4% respectively, showing an increase of 1.1.2-1.5 

times by straw amendment, which can help with plant growth and erosion control 

(Gonzalez and Cooperband, 2002; Jennings et al., 2003; Kirchoff et al., 2003; 

Veeresh et al., 2003).   

               Smith (2024) conducted a mesocosm study in which he monitored the grass 

establishment of DW0.5, DW1, DS5 and D for a period of 71 days. The tests with the 

dredged sediments were performed in duplicate and named D1 and D2 (Figures A1 

and A2 in Appendix). As seen in Figure A1, there is a change in rate of growth after 

~30 days in all mesocosms, thus the growths at ay 30 and the final day (Day 71) were 

chosen for comparison. The relationships between the green cover and AWC at 30 

days and 71 days are presented in Figure 15. If D2 is considered as an outlier, there is 

a strong correlation between AWC and green cover. While lab tests were conducted  
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Table 9. AWC, FC, WP and corresponding hydraulic conductivities. 

 

 

KFC 

(cm/s) 

KWP 

(cm/s) 

FC 

(%) 

WP 

(%) 

AWC 

(%) 

D 2.53 x 10-7 9.63 x 10-10 36.7 24.4 12.3 

DW0.5 2.17 x 10-7 6.38 x 10-9 37.9 19.1 18.8 

DW1 1.14 x 10-7 1.19 x 10-9 36.5 21.1 15.4 

DS5 2.11 x 10-7 2.11 x 10-9 34.0 20.5 13.5 

DS10 1.42 x 10-7 1.21 x 10-9 31.9 19.0 12.9 

DG5 7.14 x 10-8 7.83 x 10-10 32.8 16.3 16.5 

DG10 7.83 x 10-8 1.18 x 10-9 30.2 20.3 9.9 

Notes: KFC: hydraulic conductivity at field capacity, KWP: hydraulic conductivity at wilting point, FC: field capacity, WP: wilting point, 

AWC: available water content. 
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Figure 15. Green cover relationship with AWC at (a) 30 days, (b) 71 days. The 

trendlines exclude D2.  
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on specimens ≤ 4.75 mm in particle size, the mesocosm study did not discard any of 

these particles, which can be a reason for this discrepancy in behavior. 

                 The information presented in Table 9 and Figure 16 indicates a noticeable 

decrease in unsaturated hydraulic conductivities of the materials tested, ranging from 

1 to 3 orders of magnitude, as the values transition from field capacity (KFC) to the 

wilting point (KWP). Unamended dredged material, D, exhibits the highest drop, from 

2.53 x 10-7 cm/s at field capacity to 9.63 x 10-10 cm/s at wilting point. DW0.5, which 

has a very comparable KFC to D, has the highest KWP at 6.38 x 10-9 cm/s. Hydraulic 

conductivity, as a function of saturation, utilizes the principle of water flowing 

through the water inside a soil specimen. Higher saturation, therefore higher 

volumetric water content, enables more pathways for water to flow through the soil. 

As drainage occurs, water takes up less space inside the pores, resulting in 

disconnected bodies of water that form films of water around solid particles. This 

increase in tortuosity reduces the hydraulic conductivity as the water now must travel 

through a longer path in the soil. According to Vereecken et al. (2010) the drop in 

unsaturated hydraulic conductivity is steeper with an increase in tortuosity.  The 

steeper drop in DW1 as compared DW0.5 may be attributed to development of more 

tortuous pathways in specimens due to large volumes of straw (Figure 10). 

               At saturation, coarse grained soils, like DG10 and DS10, exhibit higher 

hydraulic conductivity due to their increased porosity compared to finer soils such as 

D. However, once the saturation values are lower (i.e., higher suction) finer soils (i.e., 

the dredged material, D) show higher hydraulic conductivity since the expulsion of 

water from smaller pores requires more matric suction which is attributed to the 
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Figure 16. Hydraulic conductivities of materials at FC and WP 
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presence of a larger water film perimeter per unit cross-sectional area in soils with 

finer particles (Tokunaga, 2009).  

3.3 Results of Numerical Modeling 

3.3.1 Slope Stability Analysis 

As VEBs are significantly smaller in size than common water containment and/or 

divergence structures, the design approach for slope stability was to examine the least 

desirable conditions. Initial modeling efforts in this study, supported by literature, 

showed that: 

• Increasing the subgrade slope decreases the factor of safety (Figure 17a). 

Chatterjee and Krishna (2019) also expressed that stability of the slope 

decreased for silty sand and sandy silt soils used in analysis. 

• Steep side slopes result in lower hydraulic conductivity values (Figure 17b), 

consistent with the findings of Shole and Belaney (2019) who showed that the 

reduction in the side slope of a dam makes the structure safer for slope 

stability. 

• Increasing the subbase thickness can have a varying effect on slope stability 

(Figure 17c), depending on the soils used. The berm material and the subbase 

material considered in the current study have lower shear strength parameters 

as compared to Subgrade 1 and Subgrade 2, therefore, a thicker subbase layer 

results in lower factor of safety for slope stability, although it is not 

significant. 

Considering these findings, the least desirable infiltration berm structure is the one 

with side slopes of 1H:1V, subgrade slope of 10H:1V and a subbase thickness of 0.62  
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Figure 17. Change in factor of safety with respect to (a) subgrade slope, (b) side 

slope, and (c) subbase thickness. 
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meters, constructed with DG10. This design results in FSdownstream of 4.59 which is 

significantly higher than FSdesign of 1.4. As a result, no further attempts were made to 

numerically analyze additional scenarios. 

3.3.1 Seepage Analysis 

Influence of Berm Geometry on Infiltration 

As the subbase becomes thicker, time for complete infiltration reduces. For example, 

Figure 18a shows how the required time for infiltration changes with subbase 

thickness for berm with a side slope of 2H:1V constructed on a subgrade slope of 

10H:1V. As the berm materials used in analyses all have higher hydraulic 

conductivity values than the common subgrade materials, Subgrade 1 and Subgrade 

2, the utilization of more dredged material in subbase layer construction reduces the 

infiltration time. Because most of the berm materials with no subbase failed to 

provide total infiltration under 72 hours (3 days), remaining analyses focused on 

designs with subbases thickness of 0.31 m and 0.62 m. 

Subgrade slope has a similar effect on time for full infiltration. Time-to- 

infiltrate reduces significantly as the subgrade slope is increased (Figure 18b). 

Increasing the subgrade slope causes the hydraulic gradient to increase, resulting in 

increased flow velocity through the infiltration berm.  

Lastly, changing the side slope also has a similar effect on times required for 

full infiltration. Figure 18c shows the results for an infiltration berm constructed on a 

0.62-m thick subbase and a subgrade with a slope of 10H:1V.  Increasing the slope of  
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Figure 18. Time-to-fully infiltrate versus (a) subbase thickness, (b) subgrade slope, 

and (c) side slope for berms constructed with different materials.  Berm height is 0.62 

m, crest width is 0.62 m, and impounded water height is 0.62 m. The dashed line 

represents the infiltration time limit of 3 days. 
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the berm reduces the time required for infiltration. Although there is a positive 

correlation, it is not as pronounced as the effects of the subgrade slope with regards to 

infiltration time. 

For all designs proposed, straw-amended dredged materials yield the shortest 

infiltration times, and the order is DW0.5<DW1< DS10<DS5<DG10<DG10<D. The 

dredged material (D) fails to provide infiltration in the required time span of 3 days 

across all designs, making the requirement to amend it apparent. 

 

Influence of Berm Geometry on Piping 

As seen in Figure 19a, increasing the berm side slope results in a lower FSpiping across 

all soils. O’Shaughnessy et al. (2023) reported that, among 3 different embankment 

side slopes tested, the steepest side slope of 2H:1V resulted in the lowest FSpiping 

while the gentlest slope of 6H:1V yielded the safest design with regards to piping 

failure. As none of the berms modeled with 3H:1V and 1H:1V side slopes produced 

sufficient factors of safety, the remainder of the piping analyses focused on berms 

with 2H:1V side slopes. 

The subgrade slope has an inconsistent effect on FSpiping. For all soils, a 

subgrade slope of 5% makes the design less safe while an increased subgrade slope of 

10% makes the design safer against piping by increasing FSpiping (Figure 19b). The 

subbase thickness and its effects on piping are presented in Figure 19c. The thickness 

of the subbase provides unnoticeable changes that do not affect the safety of berms 

against a piping failure. 
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Figure 19. Effect of (a) berm side slope, (b) subgrade slope, and (c) subbase 

thickness on FSpiping for berms constructed with different materials.  Berm height is 

0.62 m, crest width is 0.62 m, and impounded water height is 0.62 m. The dashed line 

represents design FSpiping. 
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Initial analysis showed that presence of Subgrade 1 or Subgrade 2, did not 

influence the infiltration times significantly (not shown herein).   For that reason, a 

reverse approach was followed to back calculate the minimum subgrade hydraulic 

conductivities required to have an infiltration time of 3 days for the berms. Since 

presence of a subbase decreases infiltration times (Figure 18a) and does not 

significantly influence the factor of safety against piping (Figure 19c), no subbase 

was assumed to exist. The findings presented in Table 10 can be of use to 

practitioners for an initial estimate for a successful design.  However, it is strongly 

recommended to back up these initial calculations with laboratory and field tests 

before full-scale field implementation.  
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Table 10. Minimum subgrade hydraulic conductivities (cm/s) required to have an infiltration time of 3 days for the berms. No subbase 

is assumed to exist.  

Berm 

Material 

Side Slope 2H:1V Side Slope 3H:2V Side Slope 1H:1V 

Subgrade 

Slope 

10H:1V 

Subgrade 

Slope 

20H:1V 

No 

Subgrade 

Slope 

Subgrade 

Slope 

10H:1V 

Subgrade 

Slope 

20H:1V 

No 

Subgrade 

Slope 

Subgrade 

Slope 

10H:1V 

Subgrade 

Slope 

20H:1V 

No 

Subgrade 

Slope 

D 1.5 x 10-5 2.5 x 10-5 1.1 x 10-3 1.2 x 10-5 2.3 x 10-5 9.5 x 10-4 1.0 x 10-5 2.0 x 10-5 8.7 x 10-4 

DS5 3.4 x 10-5 5.0 x 10-5 9.4 x 10-4 2.5 x 10-5 4.1 x 10-5 8.4 x 10-4 1.9 x 10-5 3.8 x 10-5 7.8 x 10-4 

DS10 3.0 x 10-5 4.7 x 10-5 8.2 x 10-4 2.3 x 10-5 4.0 x 10-5 7.9 x 10-4 1.8 x 10-5 3.6 x 10-5 7.0 x 10-4 

DG5 2.7 x 10-5 4.4 x 10-5 8.9 x 10-4 2.5 x 10-5 3.9 x 10-5 8.3 x 10-4 1.8 x 10-5 3.5 x 10-5 7.6 x 10-4 

DG10 3.2 x 10-5 4.7 x 10-5 9.2 x 10-4 2.8 x 10-5 4.4 x 10-5 8.8 x 10-4 2.0 x 10-5 4.0 x 10-5 8.0 x 10-4 

DW0.5 1.3 x 10-5 2.6 x 10-5 8.5 x 10-4 1.0 x 10-6 2.4 x 10-5 8.0 x 10-4 7.1 x 10-6 2.2 x 10-5 7.5 x 10-4 

DW1 1.4 x 10-5 3.7 x 10-5 9.5 x 10-4 9.7 x 10-6 2.8 x 10-5 8.9 x 10-4 7.4 x 10-6 2.1 x 10-5 8.2 x 10-4 

Notes: Side Slope: Slope of the berm, Subgrade Slope: Slope of the surface the berm is constructed on, H:V: Ratio of the horizontal 

and vertical components of slope. 
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Chapter 4 

Conclusions  

4.1 Summary and Conclusions 

A research study was undertaken to define geotechnical properties of Baltimore 

dredged material and its amended blends for their possible use in construction of a 

vegetated infiltration berm. Unconfined compression tests were performed to identify 

the shear strength properties of the materials. Stability analyses of berms with varying 

geometries were performed by utilizing the laboratory-measured shear strength 

properties. Bubble-tube permeameters and HYPROP system were used to perform 

saturated and unsaturated hydraulic conductivity tests, respectively, on the materials. 

The results of these hydraulic tests were then used to numerically model seepage 

through the berms. The following conclusions were made: 

1) Undrained cohesion of the dredged material (14.8 kPa) increased 1.8- 2.5 times 

with wheat straw amendment (53-36.7 kPa). Undrained cohesion of dredged 

material (D) dropped when amended with 5% sand (13.1 kPa), 10% sand (11.9 

kPa), 5% recycled glass aggregate (13.5 kPa) and 10% recycled glass aggregate 

(11.5 kPa); all amendments were added by weight. 

2) Saturated hydraulic conductivity (Ksat) of the dredged material increased from 

3.7 x 10-5 cm/s to 1.3-2.5 x 10-4 cm/s because of sand amendment. Recycled 

glass aggregate amendment at 5% (8.9 x 10-5 cm/s) and 10% (1.7 x 10-4 cm/s) 

increased saturated hydraulic conductivity 2.4 to 4.6 times while straw 
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amendment effect dipped after adding the straw at 1% (6.4 x 10-5 cm/s) as 

compared to 0.5% (3.6 x 10-4 cm/s). 

3) Dredged material had a plant available water content (AWC) of 6.9%. Wheat 

straw amendments at 5 % and 10% increased the AWC of dredged material by 

1.6-2 times, increasing the potential of plant growth on the infiltration berms. 

These amendments also reduced the rate of decrease in unsaturated hydraulic 

conductivity as matric suction increases, due to formation of a coarser material. 

The dredged material (D) had a hydraulic conductivity of 9.6x10-10 cm/s at 

wilting point (WP) whereas DW0.5 and DW1 had hydraulic conductivities of 

6.4x10-9 cm/s and 1.19x10-9 cm/s, respectively, providing more water flow in a 

drier range. Hydraulic conductivities of all soil blends were comparable at field 

capacity (FC) except the specimens prepared with recycled glass aggregate; 

their hydraulic conductivities were 4 times lower than that of D. 

4) All berm designs considered in this study, including all geometries and soils, 

satisfied the proposed factor of safety against rotational failure. FS values were 

greater than 4.6, indicating that a stability analysis would not be required in 

designing these shallow systems. 

5) When infiltration time is considered, a steeper subgrade slope along with a 

steeper berm side slope and thicker subbase are desirable as all three changes 

result in significantly reduced infiltration times. 

6) Subbase thickness does not have a significant impact on piping effect whereas 

increasing berm side slope greatly reduces FSpiping. 5% subgrade slope should 

be avoided whereas 10% is safe for the proposed design. 
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7) Unamended dredged material does not provide infiltration in the allotted time 

frame (3 days) and thus it needs to be either amended with straw or the berm 

should be placed on a subgrade soil that is hydraulically more conductive than 

Subgrade 1 and Subgrade 2. 

4.2 Design Suggestions & Limitations  

Suggestions for Amended Berm 

• An infiltration berm should always be constructed on a subgrade slope. If a 

subgrade slope does not exist in the proposed area of application, a slope of 

10% should be introduced to help satisfy the design. Steeper side slopes can 

also be eligible for such design, given they are modeled and analyzed first. 

• To satisfy the safety criteria against piping failure, the berm should not have a 

side slope steeper than 50% (2H:1V) as any steeper side slope failed to meet 

the criteria for the conditions considered in the current study. 

• As the introduction of a subbase provides additional infiltration to the design, 

subbases, preferably with straw amended dredged material, should be applied 

as thick of a layer as possible. Note that the design was analyzed for up to 

0.62-meter-thick subbase, any subbase thicker should be reanalyzed to check 

for the other criteria. 

• If a berm is to be constructed on native Maryland subgrade soil, Subgrade 1 or 

2, amending a clayey sand (SC) dredged material with wheat straw at 0.5% 

percent by weight (DW0.5) is likely to yield the best results. This blend 

provided adequate hydraulic conductivity, met the required minimum 
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infiltration times, and acceptable AWC to promote vegetation, without 

experiencing any slope stability problems or piping failures (Figure 20).  

 
Figure 20: Proposed berm design 

 

Suggestions for Unamended Berm 

• Construction on subgrade soils more hydraulically conductive than those 

considered in this study (i.e., Eastern shore) may not require any dredge 

material stabilization.  The same construction may also not require any 

subgrade slope, if the subgrade meets the minimum hydraulic conductivity 

requirements (Table 10). 

• A more detailed look into wheat straw amendment through examination of 

different amendment percentages and different wheat straw lengths is advised 

to optimize the benefits of this amendment. 

Limitations 

• One key limitation of the study is the variation of dredged material samples 

obtained from the site. The material was collected in buckets and hauled to the 

Whiting-Turner Infrastructure Engineering Laboratories at the University of 

Maryland, College Park. Due to heterogeneous nature of the material, particle 
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size distributions varied from one bucket to another. In order to minimize this 

heterogeneity, the materials in the buckets were mixed before testing, which 

may be impractical in a field application. 

• The dredged material was stockpiled in the field site without any cap. This may 

have resulted in the loss of some of the fines in certain parts of the stockpile 

due to wind and other climatic stresses. The percentage of fines varied among 

samples collected at different times (i.e., summer and winter). To minimize 

changes in fines content, enough material for testing (e.g., 100 buckets in our 

study) needs to be hauled in one single shipment. 
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Figure A1. Logistic regression fits with green cover data points with σ parameter 

indicated, dashed vertical line (from Smith, 2024)
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Figure A2. Green cover in the mesocosm boxes tracked with the elapsed time since the start of the mesocosm study; standard error 

(2%) of Canopeo green cover shown with error bars (from Smith, 2024). 
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Table A1. Technical Release 210-60 Earth Dams and Reservoirs,Figure 5–3: Table of 

Static Slope Stability Criteria (from USDA NRCS, 2019) 
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