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SUBJECT : Transmi t ta l  of Technical Report D—77—13

TO: All  Repor t Recip ien ts

1. The technical report transmitted herewith represents a detailed
des ign for developing and restoring a wetland at Dyke Marsh (Fairfax
County, Virginia) using dredged material from the Potomac River estu-
ary. This work unit (4AI7A) was conducted as part of Task 4A (Marsh
Developmen t ) of the Corps of Eng ineers ’ Dred ged Mater ial Resear ch
Program (DMRP). Task 4A is a part of the Habitat Development Project
(HDP) of the DMRP and is concerned with the development, testing, and
evaluation of the environmental , economic , and eng ineer ing feasibility
of using dredged material as a substrate for marsh development.

2. Dyke Marsh , loca ted along the Po tomac River , is a ves tige of a
formerly large wetland area. Approx imately half of the original
marsh was destroyed by sand and gravel mining prior to Federal
ownersh ip. The site is now a unit of the George Washington Memorial
Parkway and is adm in istered by the National Park Service for the
preservation of wetland habitat .

3. A feasibility study (Work Unit 4A17) identified the economic and
technical constraints associated with dike construction and dredged
material placement for marsh restoration at Dyke Marsh. Site speci-
f icity ,  preliminary containmen t design , availability of construction
ma ter ials , identification of construction alternatives , and proced ures
for  mater ial placement were evaluated , and res tora tion us ing dred ged
ma terial was found to be techn ically feasible. The feasibility study
is described in Technical Report D—76—6 .

4. The subject study , conduc ted by the DMRP with the support and
cooperation of the U. S. Army Engineer District , Baltimore , and the
National Park Service , presen ts the resul ts of a de tailed engineer ing
design for restoration of an il—hectare wetland area. The detailed
desi gn describes sampling and testing programs to determine the suita-
b ili ty of channel sed imen ts for use as a marsh subs tra te, presents a
methodology for correlation of in situ channel sediment volume and
containment area volume , and evaluates containment area sizing for
the retention of suspended solids. Containment area operation and
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procedures for placement of dredged material are also discussed . A
comprehensive pr ogram of cons truc tion and post—construction monitoring
is recommended to perm it evalua t ion of engineering considerations of
marsh development using dredged material.

5. Work Unit 4A17A , Work Unit 4A17, and several other related work
units deal with operational aspects of marsh development such as
retaining and protective structures (4A07A) , guidelines for material
placement for marsh creation (4A08), and pred iction of f inal stable
marsh elevation (4A16). Other DMRP sites involving marsh establish-
ment on fine—textured sediments are located near Windmill Point ,
Virginia (4A11); Apalachicola , Florida (4A19); and San Francisco ,
California (4A18) .

Colonel , Corps of Engineers
Commander and Direc tor
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EXECUTIVE SU?~ IARY

The objective of this report is to present the results of detailed

engineering studies regarding use of dredged material to expand a por-

tion of Dyke Marsh , a freshwater intertidal marsh located about one mile
south of Alexandria , Vir gini a, along the west bank of the Potomac River.

Dredged material for this project would be obtained primarily from

maintenance dredging operations on the Potomac River just below the Wood—

row Wilson Memorial Bridge , south of Alexandria. Results of the de—

tailed studies indicate that the sediment is suitable for use as mar sh

substrate and that site conditions are adequate for construction of a

containment facility .

Undisturbed samples of the channel sediment were taken and labora-

tory tests were performed to determine suitability for use as marsh sub—

strate. A sizing methodology was developed to correlate in situ channel

sediment volumes with containment area volumes to assure that final sub-

strate elevations would be established within the intertidal zone . The

methodology involved use of laboratory sedimentation tests and conven-

tional consolidation tests, incorporating the basic principles of con—

tainment area volumetric sizing and accounting for consolidation of the

newly placed marsh substrate.

Evaluations were made regarding containment sizing for retention

of suspended solids , freeboard requirements , weir placement and size ,
and procedures for placement of dredged material. Stability analyses

were performed for the retaining dikes and potential dike settlement

and erosion protection requirements were evaluated. Studies were per—

formed to determine availability of suitable cons truction mater ials  and

optimum construction procedures for the retaini ng dikes . A combination

of end—dump construction using sand and gravel and dragline placement

of on—site materials was recommended .

The proposed demonstration area will significantly add to the area

of productive marshland at Dyke Marsh and will allow I V a J i n I t i o r i  of engi—

neering considerations of marsh development usiii ’ jr b - I  m i t e r i t i I at n

full—scale field site.
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PREFACE

This report presents the results of detailed engineering studies

regarding use of dredged material to expand a marshland near Alexandria ,

Virginia .  The study was conducted as Work Unit !4A17A of the Dredged

Material Research Program (DMBP) for the Office , Chief of Engineers , at

the U. S. Army Engineer Waterways Experiment Station (WEs), Vi ckeb -r - ,

Mississippi . This work unit is a part of the Habitat Development

Project , Dr. Hanley K. Smith , Manager .

The study was conducted by the Environmental Engineering Divis ion

(EED) of the Environmental Effects Laboratory (EEL) at the WES , und er
the general supervision of Dr. John Harrison , Chief , EEL , and Mr. A. J.
Green , Chief , EED ; and under the direct supervis ion of M r .  R .  L.

Mont~ omery , Chief , Design and Concept Development Branch , EED .

This report was written by Mr. Michael R. Palermo, EED , and

Mr. Timothy W. Zeigler , Engineering Geology and Rock Mec hanics Division ,
Soils and Pavements Laboratory , WES . Appreciation ic expressed to

Dr.  Richard S. H amrnerschlag , Ecological Services Laboratory , National

P ark  Service , and Mr. Ronald Silver , U. S. Army Engineer D i s t r i c t ,

Baltimore , for their assistance.

The Directors of WES dur ing  the study were COL fl . H. Hilt , CE , and

COL J. L. Cannon , CE. Technical Director was Mr. F. H. Brown .
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CU.;VEkSlON FACTORS , U.  S. CUSTOMAR Y TO ~-iETi-lC (SI)
~ N ITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be converted

to metric (SI) units as follows :

Multiply By To Obtain

inches 25.14 millimetres

feet  0 .30 148 metres

miles (U. S. statute) 1.60931414 kilometres

square feet 0.092903014 square metres

cubic yards 0.761455149 cubic metres

feet per second 0.30 148 metres per second

cubic feet per second 0.02831685 cubic metres  per second

pounds ( m a s s )  0 .1453592 14 kilograms

pounds (mass) 5cr cubic foot 16.01814 6 kilograms per cubic metre

pounds (t’oi’c~~) Icr square
foot 147.88026 pascals

tons (force) per square foot 95.76052 kilopascals

acres 140146.856 square metres

degrees (angular ) 0.017145329 radians
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DPTAILkD 0501 Dl F’ JS D-YKE MAR20 DEMONSTOATIOD AbET

POTOMAC RIVER, VIRGINIA

PART I: INTRODUCTION

Background

1. The area known as Dyke Marsh is a typical Intertidal marshland

located on the west bank of the Potomac River approximately 1 mile*

south of Alexandria, Virginia , as shown in Figure 1. Expansion of the

present marshland area ’it Dyke Marsh using dredged material from the

Potomac, Diver navigation channel is being considered in a joint effort

between the National Park Service (NPS) and the U. S. Army Engineer

District , Baltimore (BD).

2. An initial feasibility study for the proposed marsh expansion

was completed by the U. S. Army Engineer Waterways Experiment Station

(wEs ) in November 1976.
1 The study was based upon prelirinar y field

and laboratory investigations and determined that marshland expansion

was generally feasible from an engineering standpoint . A separate en-

vironmental assessment for the project was also initiated.
2 

Additional

engineering studies were recommended so that a detailed design for the

project could be completed. This report presents the detailed engineer-

ing design for Dyke Marsh.

Description of the Project

-
~ 

• 3. Expansion of marshland at Dyke Marsh will involve placement of

an initial demonstration area with the configuration shown in Figure 2.

The dredged material used for the proposed marshland expansion will be

taken from a shoal area in the Potomac River navigation channel

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page b.

7
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immediately south of the Woodrow Wilson Memorial Bridge . Construction

of a retaining dike system with outlet weirs will allow placement of

I re lc- 1  material to elevations within the tidal range . The demonstra—

tioa - Lrc~m will be bounded by the existing wooded island on the north

l i m i t , shallows on the south limit , a cove formed by existing marshland ,

tri O the main re ta ining dike . The retaining dike system is necessary to

conf ine  the dredged material and control excessive erosion of the newly

placed substrate during consolidation and initial marsh establishment .

Ample protection of the existing marshland from siltation will be pro-

vided by a temporary back dike . Following initial sedimentation and

consolidation of the dredged material, the retaining dikes will be

lowered to elevations that will allow tidal ebb and flow and natural
establishment of vegetation . More detailed site history asd background

information was presented in the feasibility study.
1

Purpose

• 4. The purpose of this report was to document results of all

engineering studies relating to the proposed expansion of marshland at

Dyke Marsh using material dredged from the Potomac River navigation

channel. This study will serve as detailed design documentation for

the marsh expansion project from which plans and specifications for pro-

ject construction can be prepared.

Scope

5. The scope of this report was restricted to engineering and

economic considerations . Factors relating to natural establishment of

vegetation have been identified in other Dredged Material Research Pro-

gram (DMNP) research . Environmental considerations of the project are

addressed by the separat e environmental assessments.2

6. The detailed design was based upon information gathered in

initial field and laboratory investigations used to establish feasibil—

ity of the project and additional investigations performed specificaUy

for this study . Design considerations covered in this report include

10
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the sizing of the containment area, design of the retaining dike system,

availability of construction materials , procedures for placement of the
dredged material , and economic constraints associated with the project.
The appendixes to the report are as follows :

Appendix * Title

A Laboratory Test Results for Shoal and
Column Sedimentation Samples

B Field Investigations and Laboratory
Tests for Riverine Sources of Sand

C Field Investigations and Laboratory
Tests—Debris Fill Area and Wooded
Island

D Laboratory Tests of Foundation Soils

E Notation

* Appendixes A , B , C , and D are reproduced on m i c r o f i c h e  enclosed in
an envelope inside the bac k cover of this report .
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PART II: CONTAINMENT AREA SIZING

7. Containment areas are generally sized to provide adequate de-

tention time for particle settling to meet water—quality standards for

suspended solids and to provide adequate storage capacity for the volume

of material to be dredged. Suspended solids concentrations in contain-

ment area effluents are limited to 13 g/~ above ambient conditions by

BD specifications . Within the project area, no other water—quality

standards concerning suspended solids or turbidity generated by dredged
material disposal operations currently exist. Storage capacity per se

was not of prime concern .
8. However , marsh creation or expansion projects using dredged

material require accurate sizing studies to correlate volumetric rela-

t ionships of in situ sediment volumes and containment area volumes.

Final elevation of the dredged material within the substrate must fall

within the intertidal zone to ensure proper establishment of marsh veg-

etation. The average intertidal range at the Dyke Marsh demonstration

area is 3.0 ft; therefore sizing studies were required to predict the

volume of dredged material necessary to provide final substrate eleva-

tions within the intertidal range.

9. The sizing studies conducted for the Dyke Marsh demonstration

area to meet water—quality and volumetric requirements were based on

data obtained during both the feasibility and detailed design phases of
the project.

11

Shoal Investigations

10. The Potomac River navigation project provides for a channel

214 ft deep and 200 ft wide from the mouth of the river to Giesboro

Point at Washington . One area of shoaling lies immediately below the

Woodrow Wilson Memorial Bridge, south of Alexandria (Figure 3).

11. A hydrographic survey of the shoal had been made by the BD in

1972. Grab samples of the shoal sediment were taken during the feasi-

bility study to determine general physical and chemical properties.

-

• 
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These surface samples indicated significant amount s of coarse—grained

sediment that might be used in dike construction operations. The shoal

was tentatively selected for use in the Dyke Marsh expansion project
because of the convenient location and apparently desirable properties

of the material.

12. The properties of the sediment to be dredged are critical in

determining precise correlation between in situ channel volumes and
volumes ultimately used in the containment . Therefore , more detailed

investigations of the shoal were undert aken for precise determinations

of the sediment properties and volumes.

13. An updated hydrographic survey was conducted by the BD in May

1976 as part of the detailed design. The survey indicated a significant

reduction in the required dredging volume as compared to the 1972 sur-

vey , evidently due to gradual erosion of the shoal by scour. The total

in situ volume of available dredged material above the navigation depth

limits was determined to be approximately 1142,000 yd3.

114. Ten borings were made within the shoal to estimate volumes of

coarse— and fine—grained sediments present and to obtain undisturbed

sediment samples for use in sizing studies. Locations of the borings

are shown in Figure 3. The borings were made by the WES Soils and
Pavements Laboratory (S&PL) using a barge—mounted rotary drill rig.

Undisturbed samples were taken with a 3—in . Shelby tube sampler. A

large bulk sample was also taken at boring location U—2-C for use in

sedimentation tests. Laboratory tests performed on the samples included

classification under the Unified Soil Classification System (USCS )3

and. determinations of water content , Atterberg limits , grain— size dis-

tribution, specific gravity , and density—void ratio. All tests were

conducted according to accepted CE procedures. Results of the labora—

tory tests are presented in Appendix A .

15. Graphic logs of the shoal borings are presented in Figure 14.
The large asnoumts of coarse—graineci sediment indicated by the earlier

bottom grab samples were not present in the upper sediment layers in

the shoal borings. At the time of the later exploration , the shoal

consisted essentially of clayey silts (ME) and clays (CH) to an
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anpr ’ )x irr.at e elevation of —35 ft mean low water ( f law) .

Determination of Containment Area Volume

Methodology

16. Correlation of in situ sediment volumes and dredged material

volumes in the containment area is usually expressed in terms of a bulk—

ing factor. Determination of this factor is necessary in marsh develop-

ment operations using dredged material to ensure final elevations within

the acceptable range for marsh substrate.

17. A methodology for correlation between in situ volumes and con-

tainment volumes for marsh creation projects has been proposed in DMEP

research conducted by the Massachusetts Institute of Technology (MIT).5

The MIT method utilizes sedimentation tests performed in a 7.9—in.—diam ,

35. 14—in .—high colunm to predict void ratio distribution of the upper

sedimented layers. Constant—head permeability tests and specialized

slurry consolidation tests are then used to determine the probable void

ratio distribution for higher effective stresses resulting from thicker

lifts of sedimented material.

18. The sedimentation test proposed by MIT assumes that an equi-

librium condition is reached when the interface settlement slows to
0.014 in./day. This condition will not develop in tests on fine—grained

dredged material after reasonable periods due to continued consolidation

of the dredged material under its own overburden weight. Material

tested by the MIT consisted of low plasticity silts (ML), which would

tend to stabilize quickly. The Dyke Marsh material was classified as a

high plasticity silt (ME). which would exhibit continued consolidation

following initial sedimentation similar to a plastic clay. A sizing . -
•

method was therefore developed that was based upon the concepts devel-

oped by the MIT work and would consider both sedimentation and consoli-
dation of the material. The modified sizin g method is described in the

following paragraphs.

19. The volume occupied by a I re lge l material within a containment

area depends upon the sedimentation characteri stics of the material

16
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exhibited luring the containment  f i l l ing  process and the ult imate con-

solidation of the sedimented dredged material slurry under its own

wei ght. Identification of these parameters involves the following

determinations :
a. The in situ channel sediment properties including the void

ratio distribution .

I. The void ratio distribution of the sedimented dredged
material at the completion of the containment fillin g
operation .

c. The consolidation characteristics of the sedimented
dredged material and containment area foundation material .

d. The balking factor and the volume of dredged material re-
quired to attain a suitable substrate elevation , consider—
1mg both the sedimentation and consolidation process.

Channel sediment .properties

20. Laboratory tests performed on undisturbed samples from borings

U—l—C and U—2—C and the bulk samples were used to establish in situ

properties of the channel sediment. Test results are summarized in

Appendix A.

21. In situ void ratios e* were computed from natural water con-

tent and specific gravity values using the following relationship:

wG
Se~~~~~~ (1)

where
S = degree of saturation (assumed 100 percent )

e = void ratio

w = natural water content , percent

O = specif ic  gravity

22. In situ void ratios e were also computed from values of wet

and dry unit weight using the relationship:

V y -Yv sat d
e —  G (2)V y ss d

* A list of nota t ions  is given in Appendix S.
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where
e = void ratio

V = volume of voids
v

V = volume of solids

1sat = saturated unit weight , pcf
= dry unit weight , pcf

G = specific gravity

23. Values computed from these two equations were in close agree—

inent. Plots of the void ratio versus elevation for borings U—l—C

and U—2—C are shown in Figure 5. These plots essentially show a con-

stant void ratio with depth for the in situ sediment . All samples from

boring U-i-C and the upper four samples from boring U-2—C were clayey
silt (MB ) and silt (ML), with an average void ratio of 1.10. The lower

two samples from boring U—2—C were silty sand (SM—SP), with an average
void ratio of 0.75.

Sedimentation tests
214. In order to predict the void ratio distribution of the sedi— 

• -

mented dredged material following the containment filling operation , it
is necessary to simulate the sedimentation process in laboratory tests.

The most direct approach is a simple column sedimentation test . MIT

sedimentation tests employed columns only 35.14 in . in neight , and other

laboratory tests and methods were used to predict void ratio distribu-

tion of deeper layers. These requirements were circumvented in the

Dyke Marsh tests by use of a sedimentation column equal in height to
the expected average thickness of sedimented material in the containment

area. -

25. The sedimentation column was constructed using plexiglass

sections 2 ft in length and 7.9 in. in diameter. Provisions were made

for assembly of the sections with watertight 0—ring seals to a usable

column height of 10 ft. The sectioned column allowed sampling of the

test sediment from top to bottom as the sections were removed. The

column configuration is shown in Fii~ure 
( . Seven lifts of channel sedi-

ment slurry were applied in succession to reach a sediment height of

approximately 7 .5 ft. This sediment lie~ giiU approximates the average

18
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deo th oi~ Iredge l material in the containment area if the area is filled

to au el +2 .5  ft mlw as recommended in the feasibility study .

26. A slurry Wa.: made of a sixt-cre of tap water and channel sedi—

s:erit material taken from boring location 1j 2_C shown in Figure 3. The

clayey silt (ME) material was considered representative of the sediment

material present throughout the shoal area to be dredged. Properties

of this material are presented in Appendix A. The slurry contained an

av-rag e of 13 percent solids by weight, representative of anticipated

concentrations during the disposal operation . Each slurry lift was

poured into the column to an initial height of 9 to 9.5 ft. An inter-

face between the supernatant liquid and settling solids formed rapidly,
and its change in heicht with time was recorded. Plots of interface

height vs. time for each slurry lift are shown in Figure 7. Each lift

was allowed to settle untii the change in interface height with time

became essentially linear as shown in Figure 7, after which the super—

natant liquid was irained and a new slurry lift added. A photograph of

the test column and test in progress is shown in Figure 6.
27. After completion of the sedimentation tests , the column was

di smantled , and sediment samples were obtained at (-in. depth intervals .

The water content , speci fic gravity of solids , and grain—size distribu-

tion were determined at each sample depth . Individual test data are

presented in Appendix A .

20. Void ratios were computed using Equation 1. The distribution
of computed void ratios for the sedimentation column is shown in

Figure 8. The variation ~n void ratio indicated in Figure 8 was proba-

bly caused by the incremental filling of the column , with each lift of

slurry tending to form a layer grading from finer to coarser with depth.

29. Hydrometer analyses conducted on the column samples indicate-i

coarser grain size for those samples yielding lower void ratios- . The

actual containment filling operation will concentrate this coarser

material near the dredge pipe outlet , and the layering effect will not

be evident. The average void ratio within the sedimentation column was

3.26, which is considered to approximate the average void ratio of the

dredged material shortly after filling the containment area.

21 
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30. The - feet lye stress ii t w i t h i n  t I i ~ - s - c  i:Ientat i sz! s • l  umm

to termined from u~me rge i unit weights r r j  ~ t ed us i r~e the  :ol  low in-

so ~ at ionship:

-Y ( e + G
w

I = — Y  (
~ )sub l + e  w

where

y = suhonorged unit weight ,sub
= unit we-ight of water (62 . 14  ~ )

e = void ra t io  of lr~~Ige-d material as moasure l in thu su
t j ~~ t i  COl L5Jl

G = averu e s p e c i f ic  • -r av ity  of se -I i : . e r i t  (5 = 2. o 8)

An e f fe ct i v e  stress ~l~ t was c on s t r u c t e d  by aceunulat ion of t i c  r - f f0 5_

t ive  unit wei -ht s  over the  known volume of the c e i i m t - n t u t i o n  column an-i

is shown in Figure 9. The plot was Iut~ r used it  an estimate of ultimate

bit ion of the ir u  to . i mater ia l  :151 1. -p  - own ov- rl 1511-n • - 

Consol idat ion tests

31. Conventional consol idat ion t e s t s  weo -~- p eu - foi-me I on two sumples

taken from the sedimentat ion column so that  t i y  f inal  void ratios it i  t - s

overburden stress could be determine l . The - cr : soi ida t ion  specimens

were taken at column heights of 5.0 to 5.1 ft and 1.0 to 1.1 ft located

as shown in Fl -cr- -- 8. Standard 2.5—in.-ID consolidation rirl o: were-

placed on the dredged material  layer and material was removed from the

exter ior  of the r i ng , allowing the specimen b c  be seated under th e

weight of the rio- . Both specimens were then placcd in standard

floating—ring consolidometers and were consolidated under successive

loads of 0.0014, 2.1148, 0.014, 0.08, 0.16, and 0.32 tsf. Each loa l level

was maintained for 148 or ~ ensure bi go t 5 )r:Ipiie t . - prissor:; - ci.- : I I l e t

had occur -rd . Individual consolidation curves are I r d s e r i t e l in Appen-

dix A. An average s o e f f i e j  c-r u t  of consolidation of 0.005 em / sec was

computed using the square root of t ime f i t t i n g  method.

32. The void ra t io- log  e f f e c t i v e  stress (e— lo g p )  relati us -h ip :

for both spec im ens  are shown plotted in F igu r e  10. Both tests  y ielded

practically l inear c—lo g p curves .  m i t  ti v ol t rat ic: of the ;am l-l -s

as removed from t h e  column are also shown . Overburden i o n i c  for the

21i
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two consolidation samples were 0.031 tsf and 0.081 tsf  for the upper and

lower samples , respectively, as shown in Figure 8. Column void ratios

for the samples were 3.63 and 3.29 while final void ratios as determined

by the consolidation tests were 3.23 and 2.65, respectively , as shown

in Figure 10. Ultimate settlement of the substrate was determined as

the dif ference in these void ratios as described in paragraph 140.

Dredging volume requirements

33. The volume capacity of the Dyke Marsh demonstration area was

determined based on the dike alignment , bottom contours (Figure ii), and

initial filling to el +2.50 ft mlw a~ recommended in the feas ibility

study . The capacity of the demonstration area will be approximately

3514,000 yd3 of sedimented dredged material .

314. The containment volume or volume of sedimented dredged mate-

rial can be related to the in situ volume of channel sediment to be

dredged by the bulking factor , defined as :

V

B F = — ~~ ( 14 )
b

where

BF = hulking factor

V total volume of sedimented dredged material
a

= total volume of in situ channel mater ial

35. The sedimented and in situ volumes can further be expressed

as:

Va = V5(l  + e ) ( 5 )
a

and

V

b 

= V ( l  + e
b
) ( 6 )

where

V = volume of solids
S

e = average void ratio of the  sedimented dredged materinil

e: 
= average void rat io of the in situ channel material

27 
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36. The volume occupied by solids remains unchanged; therefore ,

the bulking factor may be expressed as:

1 ~~e
BF

1

a

37. An average in situ channel void ratio of 1.70 was determined
based on results from undisturbed samples of silt from the shoal area.

The average sedimented void ratio for the demonstration area was esti-

mated at 3.26 based on measured values from the column sedimentation

testing. The bulking factor was computed as 1.58 using Equation 7.
38. The containment area capacity of 3514,000 yd3 and hulking

factor of 1.58 yields a required dredging volume of 2214,000 yd 3. An
additional 10 percent should be dredged to account for efficiency of

the cutterhead and sluice, bringing the total required dredging volume
to 2146,000 yd3. The latest channel survey indicated that the dredging

volume required to meet the navigation channel depth of 214.0 ft below

rrolw is an estimated 1142,000 yd3. This estimate includes the normal two—

ft overdredge to el —26.0 ft mlw . An additional volume of 106,000 yd
3

above project requirements must be dredged to fill the Dyke Marsh den-

on.ctrat ion area. The additional yardage must be obtained through addi-

tional overdredging or from other dredged material disposal operations.

Ultimat e substrate settlement

39. Following the placement of dredged material within the con-

tainment area to an initial el +2.50 ft miw, the material will consoli-

date under its own overburden pressure. The foundation material will

also undergo consolidation caused by the weight of dredged material .

Laboratory consolidation tests performed on sedimented material from the

column tests and on undisturbed samples of the foundation material were

used to predict the magnitude of ultimate settlement .

140. Dred~ed fill consolidation. The conditions simulated in the

column sedimentation test were assumed to represent field conditions

shortly after filling the containment area. The material sedimented in

the column was not fully consolidated under the overburden load ; there-

fore , the settlement of dredged material after filling is governed by

29
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the difference between (a) the sample void ratio as measured in the sedi-

mentation column and (b) the sample void ratio after consolidation under

an effective stress corresponding to the sample depth in the column .

Consolidation tests performed on two samples of the column sediment

yielded void ratio—eff-~stive s t re - : c  relat i o r u s 2  i i . — sh own in P i e - ir e  10.

The effective stress and void ratio measured within the sedimentation

column at the sample depths were as follows :

Ef fec t ive Void Rat io
~ -irrrnl .o Column -- Column e Final e.o . Height , ft re~ ;~~~~~~~ 1 2

1 5 . 0 — 5 . 1  0.031 3.63 3.23
2 1.0— 1.1 0.081 3.29 2.65

141. Final void ratios as measured in the column sample consolida—

tion tests are also shown above . Sample 1 is assumed to represent the

Iredged f i l l  from a depth of 0 to 14 ft and Sample 2 is assumed to rer-
resent the dredged f i l l  from a depth of 14 to 8 f t .  Ultimate settlement

was computed usin g the relationshi p:

s = ~~~~+ e
2 

H (8)

where

S = ultimate settlement , ft

e
1 

= ini t ia l  void ratio (measured in the sediment column )

e2 = final void ratio (after consolidation )

H = thickness of iny or

142. Ultimate settlements computed using Equation 8 were 0.33 f t

for the 0— to 14— ct layer and n .58 ft fcr the 14— tc 8—ft ] — t y c - r .

Consol ida t ion—time data i r i d i -ated t t s t t . c o n s o i i I at  i o n  would be ec er —

tially complete w ithin four m o n t h s .

143. Foundation consolidation. Consolidation of the b un -l i t  ion Ice

to placement of ir e lged mater ial  was estimate-i  from a laboratory ccc-

solidation test performed on an undisturbed sample taken from l e e r i ng

DM— 14 located as shown in Figure 11. The .suni l. - was consi le-red s i r - —

sentat ive  of the upper layers of similar fe i n d i t i o r i  material pre s en t

30-
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over the entire proposed location of the containment area. Results of

this consolidation test  are presented in Appendix D.

1414. The placement of an average thickness of 8 ft of dredged mate-

rial would represent an increase in effective stress of approximately
0.10 tsf  (see Figure 9 ) .  Ultimate settlement of the foundation due to

th i s  load was computed as 0.141 f t  using Equation 8.
145 . Total ul t imate  settlement. The total ultimate settlement of

the dredged material substrate was determined by adding settlements due
to consolidation of the sedimented dredged material due to its own

overburden load and consolidation of the foundation material . The total

predicted ultimate settlement was- 1.32 ft, assuming that material would

be initially placed to el +2.50 ft mlw. Final substrate elevation would

therefore be approximately +1.20 Ct , slightly below the mid—tidal range .

Examination of consolidation—t ime data for both dredged material and

foundation material indicated that stabilization of the marsh substrate

would be controlled by the dredged material consolidation rate. Stabi— 
- 

-

liz-ation would be essentially complete within four months of initial
placement .

Sizing for suspended solids removal
146. Research is currently being conducted by the D~~ F conce rning

containment arc- sizinc for removal of suspended solids . At present , a

conservative design for suspended solids removal can be performed based

on Stokes Law for discrete particle se t t lino.  It is assumed that effi-

ciency of t : - c- -: . n t o i : - - - - n :  a - - - is a f u n c t i - r i  of  the • - - t t f l r e  v - i - c c i t y
uf the part icles , surf-icc are- i of the containment , and the flow rat e

through the containment. Settling efficiencies based on discrete parti-

cle theory are r t - d r cu 1  by currents  caused by eddies , wind , and thermal

convection . Ac counting for these reductions in efficiency ant as s-can ing

specific g r a v i t y  of solids of 2.68 and a water temperature of 20°C , the

expression for removal of a proportion of suspended particles P is:

P = l -  
(l+

o
~~~~~~~2)i)~~~~~~~
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where

P proportion of particles removed

D = equivalent particle diameter , cm
Q = flow rat e , cfs

A = containment surface area, ft2

Efficiency of the Dyke Marsh containment area was computed to be 87 per-
cent using this expression with a surface area of 29 acres , average flow
rate for a 12—in. dredge , and particle size from the sediment samples.

This efficiency would meet existing criteria for effluent water quality .
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PART I I I :  h i i n I A T N l ~id DIKE P 2-I S-i

14~~~. The Ic i t~ra of the  Sau l r e t a i n i ng  dikes - m d  t emporary back dike 

~aken in -a macc-- i -  i i  -n r .  i s - i L  r. tnar sf any earthen embankment .

Results of f i e ld  i n v e s t i- a t i o t s arid laboratory tes t ing  were used in con-

ventional  eng inee r - ir u g  anal ysis for d e s - i g n i n -  dike sections based on dike

staPility and evaluating ot ent i a l  dike set t lement .  Containment  area

layout and plan of the dike locations are shown in F i ru r -~ 12. 5enex-aL

requirements f-sr desi -r of earthen enrbankrnents are outlined in appro-

p r i a t e  Corps- of Pngirteer -s ( C E )  desicn manuals ,~~ ~~ and factors r e l a t i ng

spec i fica l ly  to drelced so t er ia l  re ta in ing  dike design are identified

by D~~P rese-ia-cii. 9

Soil- c i  Foundation Inver t iga tion

Field invest igat ion

148. Three Lsrin -s (D~-~—1 , if-~—2, anti iSi—3) were made along the main

dike center line for the feas ib i l i ty  ; r . i i :- . These borings were made in

7 to 10 ft  of water using f loat ing ~ t a n t  and were advanced to a depth

of 50 ft below river bottos. Pour additional borings (is-~—1 th rough PP—7 )

were made for the detailed desi -n to further define foundation condi-

tions along the main dike center line and other reaches of the retaining

dike system . These borings were also made from floating plant and were

carried to a depth of approximately 60 ft below river bottom except

boring DM— 7 that was carried approximately 15 f t  below river bottom .

Locations of all borings are shown on the site bor ing plan presented

in Figure 11. Graphic boring logs are shown in Figures 13 and 114.

149. Three—in ,  undisturbed tube samples were taken in fine— cr iined

cohesive material and split spoon samples were taken in cohesionless
soils . Standard penetration resistances were recorded for the s-di es -ion—

less soils with a 1—3/8—in.—ID , 2—in.—OD split spoon sampler using a

1140—lb hammer with a 30—in, drop . Blow counts are shown with the

graphic boring logs in Figures 13 and 114.
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STANDARD PENET RATION VALUE
BLOWS FT

0 20 40 60
0 — 

DATE 1 - 1 5 - / 6DATE 1 - 9 - 1 6

LL PL D 10 0 R W  
—

83 43 91 
LL PL D O R *

to GREY CLAYE Y SILT MII I — — 
• - 

—
— 

88 39 99
/8 3/ 14

62 ~ 64 
~ 

BROWN ISH -C R

-

- 59 34 ~ 61 31 53

— 
GREY SANDY CLAYEY SIL T MHI — — 49 32 51 BR O WN I S H - GA

89 4 ! 18 
58 31 52 B~:~~~’~~ CR

55 32 68

15 38 68
— 0.0!

— ~HL*~ F I N E

LIGHT -BROWN SILTY SANDY SW- SM I

0.012
0.160 

—

— 0.069
0.0032 BROWN SAND Y SILT ML ) 

BROW N SILTY
40 — 

— 
— —

BROWN SILTY SAND (SN)
— 

‘“— P. 51 34 32 
—

43 (8 0.00 ! LIGHT-BROWN AND GREY CLAYEY SAND
(SC

/8 38 44 TIGHT -GREY SANDY CLAYEY SILT MN)
65 22 0.0072 L I G H T  GREY FIRM CLAYEY SAND (SC)

0.050 — 

6! 33 3350 — 58 31 0.0035 — 

BROWN FIRM

GREY AND B ROWN SILTY SAND (S W-SM )

—

33 25

60 —

. 7 0 —

- -. 
~~~~~ .~~~~. ~~~~~ 

- - ! ~~~~-. ~~ ~~.___ -
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STANDARD PENETRATION VAL U E - STANDARD PENE ~BLOWS FT BLOI

DATE 1 1 5  /6 

0 20 40 60 
~~ 

0 2- 3

LL PL D 10 OR~

— — — 9’ GREY PLASTIC CLAY ICH I WITH FINE —
66 32 60 / SAND

16 3/ BLAC K CLAYE Y SILT MIII WITH DECAYED
ORGANIC MATTER

BROWN ISH -GREY CLAYEY SILT MIII 84 35 /~ = G REY PLASTIC CLAY CH i WITH FIN E
SAND

44 28 
— BLACK SILT MH CLAVEY WITH

1 ORGANIC MATTER
— 

11 ~ = GREY PLASTIC CLAY C I-) WI TH FINE SAND

BROWNISH-GREY CLAYEY SILT ML — — 43 28 ~~~~~~~~~~~~~ 
CLAYEY WITH —

— 5/ 29 48 — 
GREY PLASTIC CLAY CII WITH FINE

BROWNISH-GREY SANDY C L A Y E Y  SILT MH 42 26 2 SAND
— 43

61

I 31

55 / AND TRACES OF ORGANIC MATTER

BROWN FINE SILTY SAND SM - —

/
53

0 092\

\ 

5’ DARK BROW N S I L T C L A Y C L ’ W I T H SAND

— - BROWN SAND SPi WITH TRACE OF GRAVEL

0.28 BROWN SAND SF-SM WITH TRACE OF
BROWN S I LTY G R A V E L L Y S A N D SW- SM I 

— — 
GRAVEL 

—

0 2 1  
BROWN GRAVELLY SAND SF

. BROWN SAND GRAVEL GPI
0.25 ~~ -

BROWN FIRM SANDY CLAYEY SILT (MIII 
— — 

BROWN PLASTIC CLAY CII ( I R M

BROWN CLAY CL

/ GREENISH BROWN PLASTIC CLAY CII

61 30
/

BRO W N CL W Y CL I

Fi gure i3. Boring logs L I — i  t h i - - i - I i  2I-I-- u

___________________________ -



— —S —-- —---- --- -- - - — -—-- ---S— - ~~~~~~~~~ -

STANDARD PENETRATION VALUE STANDARD P E N E T R A T I O N  VALUE
BLOWS / FT BLOWS /FT

20 40 50 DV - 3 0 20 40 
___________ 

60 
— 0

DATE 1 - 3 0 - / 6

L L PL D 10 OR W
— — — —

84 40 85 DAR K GRE Y SANDY CLAY EY SILT NH-

89 37 /4 DARK-GREY SANDY CLAYEY SILT MH

60 35 /0

— — — — — ? 3
19 41 /1

DAR K GR EY CL AYE Y SI LT N H-

— 
99 44 92

65 34 53

— 80 36 56 DARK-GREY SANDY SILTY CLAY -CI I  — — — 30

I —

62 30 53
GREY SILTY CLAY CII

119 44 19

~ 

- :~~ 
~

:0

SI: 

SM 

- - - 4 0

0.21 BROWN SAND SF

~~~~~ 59 33 29 
-

— — — — — 5 0
BROWN AND GREY FIRM SANDY C L A Y E Y
SILT MH

56 21 24

GREY FIRM SANDY S I L T Y  CLAY ‘C II

________  _______  - 

— 

25 = 
GREY AND BRO~~ F IRM SANDY CLA Y E Y 

— — — 60

— 10 
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I WI I)  Nl T R H TON VALU E Si
S l O W S  I T

— D o - s  0 _ or 41 60 D~~-~

10 — — — —

Li PL 0 0 9 4- 
— 

LL P1 D Q R W

BROWN SOY S ILT M~ 
—

0 i i  5/ - A R O * N ,S—OY 0 0-0  - a~ i

37 a ~ BROW N SANDY CL AY ‘ CL I oio C- n- C~~ ~ 
- 

~~~

10 — 51 BROW N SILTY SAND SM 5- — 
— 1.

4 DAR R -C REY SANDY CLAY CL I WITH 0 9  : T AN C R 4 4 1 1  V 491 i~

DA RK— GREY CLAY E Y SAN D ‘ SC ’

BRO W N SILTY SAND SMI W ITH GRAVEL 1 — 
‘.4,

BROWN CLAY D Y SAND SC WI T H DI 30 88 DAR K—C R- VI A l T - C  CLAY CV
48 ~ f ORGANI C MATTER
54 _ BROWN SA N DY CLAY E Y SILT -ML —

BR OWN SILTY SAND ISM I 54 44 - DAR K - B ROWN C A Y )  SILT WH
r — — - — 4 —

BROWN SA NDY SILT - M L -  o~ cl AR K -BROW N SA N D Y  S - Ml

— 
‘ BROWN SC~~V SAND SM

DARN -G REY SILTY SAND SM BROWN CAN D Y SILT ML

:OAR K BROWN SILTY SAND SM- —

-~ 9 • BROWN GRAVELLY SAN D OP 
BROWN SILT Y SAND SM

— 02 3  :BROWN S A N D I S P - W I T H C R A A E L  — — —

..BROW N S I L T V S A N D - S M -
42 BROWN SANDY GRAVEL CT

BROWN GRAVELLY SILTY SAND SM DI I  BROWN SA ND SP SM

IL IGHT
~~

ROW N CLAYFY SAND ISO 
0 7 2  :::: SA NDY SR T V  C R 4  - - -~ N

— DARK -GREY CLAY CR, — — BROW N SILT Y SANDY GRAVEL SM- —

— 21 CR1 ) N-S - , CY-  V (ii T V C. 40 CL -
59 30 32 GREENISH -GR EY CL A YE Y SILT UHI

— 26 CY 1 ) N S S - W A I W N  T N  C BY CLI
42 26 26 G REENISH -GREY SANDY CLAYEY

SILT ML —
— 77 G R EI NL SII- BR 3W N C L R Y I .V SAN S SC

— 
GREENISH -GRIT SILTY SAND -SM ’ 

— ~
. 

— — —

— SR GREENISH- CR I V C L A V E Y  S A NS mm
0 1 2  G R E Y S A N D SP S M- ‘ ‘ 71’ —

— - 27 CR) I NI IS -YR- IWN S IL SY (Ni SM

~ GREE NISH- GRIY SILTY SAND SN-
25 —

‘ 
— C R ) )  N SY - V4 ~ IVY SIL SY CI ~ Y CI -

~ GRE Y SILTY SAND-SM- 
—

1 0 —  — — — 16

- 
S

G REY CLAYEY SAND ‘SC)

7)

8 0 -
Figure 114. Bor in g  Lo gs -  o ’ —~ 
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34 OVR R-B ROW N SANDY SILT ML -

:880 UN SILTY SA ND -S M-

BROWN SANDY SILT -ML

BROWN SILTY SAND-SM-

- -

0)4 BROWN SAND SP.SN-

0.15 BR OWN SAND ISP I
0. 27 BROWN SHNDY SILTY G RA V EL ‘CP - GMI

— BROWN SIL PP SANDY GRAVEL CMI — — —

21 GR EENISH-GR EY SILTY CLAY CL I

26 GREENISH~~ROW N SHOO R CLAY CLI

27 CRE EN ISH— 8ROWN CL AY ~ Y SA N D -SC I >
- -~~~~~~~~~~~ - - S O

lB G R ( EN ISI4 . GR L YC L AYE YS AND I SC I

27 GREENISH -BROW N SILTY SAND -SM i

2) -

GREENISH-BRO WN SIL TY CLAY ICLI

— 56 — — 7 0
8ROWN CLAY ICLI

25 ’

— - N O

Figure 114. Boring logs D~1—5 through DM—7
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Laboratory test ing

50. Laboratory testing for the feasibility study was performed by

the BD Soils Laboratory and the WES S&PL and consisted of classification
of all samples under the USCS ; water content determinations for all fine—

,Craine,1 samples; and Atterberg limits-, ~‘rain—size analyses , unconf ined

compression tests , and consolidated undrained H triaxial tests on se-

lected samples. A sirsil ar laboratory testirie i-ro~5rarSi wss’ conducted for

samples taken from the detailed desi- - si borings . Additional shear

stren,-th tests including unconfined compression and CoflsoliIotIjd un-

drained R triaxial were performed on selected samples. A consoli-ilition

test w-is also perior ised on a s-annie from the compressible upper strata .

All laboratory test 1n 1- for the  -b ailed Oo siori was performed by U.e WES

S&PL.

51. Results from both the feas ib i l i ty  study and detailed b~-sirn

testini - i r o ~~r u ~.s are shown ~o ith the  graphic boring logs in Fim -ures 13
and 114. She- r .~tr~:r.oth test results for selected samples are suj nmarized

in Table 1. iri~~iv i d u a l  tes t  data are presented in Appendix D.

Soil cond i t ion s-

52. Foil Ce l l  l i t i o n s  beneath the main re ta ining dike reach A—B erc-

represented b i  the generalized soil prof i le  presented in Fi~ ure 15.

These condi tions were extrapolated from borings DM—l through fmI.I_ lo .

Condit ions were essentially unchanged from those determined by the
lea s i bi l i t y  study borinf-s except that an additional thickness of clay

was indicated by boring DM_b. along reach A—B . An upper layer of cia:1-ey

silt. (I- -ill ) and clay (CL and CH) extended from average el —10.0 ft miw

to —30 .0  f t  miw and was underlain by a stratum of loose silty sand (SM)

extendin i~ to el — 1 4 3 . 0  f t  mlw and firmer layers of sand and si l ty sand

below el — 1 4 3 . 0  f t  miw . Condit ions represented by the )emrim -r liJzed soil

profile were used in the stability analyses for the main dike reach A—B .

Soft clay layers were also indicated near the surface by boris- DM—5.

However , the foundation conditions indicated by borin ISM—5 did not

dictate a separate stability analysis for roll -s-h P — C .

53. Foundation conditions for dike reach E— F were ir - i i ~~-e~ed by

boring DM— 6 shown in Figure 114 . This d ike  reach ,~ , l i o l I - d  t hu  debr is f i l l

- ~~~~ -- - - -  -—- 5- ~~~--~~~~- --.~~~~~~~~~-- - - - --~~~~~~~~~~~~~~~ —-—- —— S -— -- - - -— _ -~~~~~~~~ -
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Table 1

Summary of Test Results on Selected Foundation Soils

Classifi— Atterberg Shear Strength
Elevation cation Limits Type Cohesion

Boring Sample ft miw (uscs) LI FL Test Degrees ps -i

DM—2 B— 3 —18 .5 MB 61 31 R 114 800

DM— 3 B— 3 —18. 5 NE 60 35 B 18 0
DM—3 B—I —28.5 CH 80 36 UC 0 179

DM—3 B— 8 —33.5 CR 62 30 UC 0 252

DM—3 B—9 —35.5 CH 119 1414 UC 0 3)49

DM—14 14—A —21.0 ML 143 28 uc 0 1614

DM— )-s 5—A —23.0 CL 142 26 UC 0 118
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area and the u x I s - t 1 r l i~ wea k--I island. Surface bore s-its of sand were

evident in th i s  v i c i n i t y  and were ir i i i l c a t e d  by this boring to u~ tend to

el —25.0 Ct slw . Layers of clay and silt extended from el — ,?~~.0 to

-31.0 f t  saw and were underlain by silty sand .

514. Boring DM— ( shown in Figure 11-s was taken adjacent to bike

reach C—D and indicated that the existing marsh material consisted of

clay (CH and CL) extendinC to el —15.0 ft mlw , underlain by silty sand.

Reta in ing  Dike Stability

Design condit ions

55 Dike sections described later in Fart IV were analyzed for

the possible failure condit ions that might occur under f ield  condi t ions .

Only the main dike section A-B was analyzed for the feasibility study .

This section was reanalyzed for the detailed desiun in light of addi-

tional foundation data and the dike reaches C—D and E—F were also

analyzed. Three conditions were considered in the design of the retain-

ing dike : the after—construction case , the lone-term or steady seepage

condition , and the case of sudden drawdowr..

a. The most critical condition encountered Sci- a retaining
dike placed on so ft foundat ion soils occurs immediately
after placement of the dike and is termed the after—
construction case. This case consi-i .1 the condi tion when
foundation soils have not yet undergone consolidation and
shear strength has not yet l i icr ens - -ed  due to p i r i cement  of
the embankment load .

I. Once dredged material is placed in the containment  area ,
a condi t ion of steady state seepage from the higher marsh
substrate to the mean low tidal elevation may develop .
This case is the long—term or steady seej ’sige c o n d i t i o n.

r The t i d al f luctuat ion of l l~ Ipr- -xis -Jut ely 3 ft it Py le -
Marsh could subject the retaining (l i ke to a condition in
which the water level i l l  lowered at a faster  rate than the-
dike and foundation material can Ir li n , which  coui d result
in excess pt-cs-Cures and seepage fo rces .  Th i s  in  C-ornIo l

the sudden—- Ira wdown case.

Shear s t rength

56. Shear s t rengths  for the st - i b i l it y  an r i i y : r e s  W er e  chos - ti  base - I

142
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~~ on laboratory tests  on foundation soils as summarized in Table 1 and on

previous CE experience with similar soils . The unconsolidated uri- Irair~u J

Q—strength for foundation clays and consolidated undrained B—strength

for foundation silt were chosen from plots presented in Appendix D. The

following tabulation summarizes design shear strengths selected for the

unconsolidated undrained (Q), consolidated undrained ( B ) ,  and consol-

idated drained (s) conditions. These strengths were selected based on

tests conducted for both the feasibility study and detailed design . In

the analyses , dike fill material was assumed to have shear strengths

identical to that shown for sand and dredged material was assumed to
have no shear s t rength.

Unconsolidated Consolidated Consolidated
j  Undrained Un drained Drained

-

- 
_ _ _ _ _ _ _  

B S
Cohesion Cohesion Cohesion

Material Degrees psf Degrees psf Degrees psf

Clay : upper 0 11-t O 10 300 22 0

lower 0 250 10 300 22 0
Silt —— —— 114 300 28 0

Sand — —  — —  — —  — —  30 0

Dike fill — —  — —  —— — —  30 0

Stability analyses

57. All slope stability analyses were made using procedures out—

lined in appropriate CE design manuaisj ’8 Both the circular  arc method

and wedge method of slope stability were employed , and computer programs =
10,11 .developed at WES were used to aid the analysis. Stability analyses

were conducted for various dike configurations , varying the dike side

slopes and crown widths until acceptable factors of safety were achieved .

Minimum factors of safety for the various failure condit ions analyzed

• were found by variat ion of the locations of potential failure surfaces.

A minimum factor of safety against shear of 1.3 is considered adequate

for retaining dikes and was used as an acceptable s tab i l i ty  cri ttlri -Jn

except where noted.

58. The main  dike reach inc luding  segments A—B and 1-C w - & s

143
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analyzed for at~t~ r—-s --_- :. ~t -as-tids, s -- s -- i I en—dra wd own , in i s- - -
~ r~- s - - -o age

condit  i on . ; .  Resul ts  of’ the analyses are presented in  ~- i -s-re L( .

i f i ca t ions  used wer e  I r i s - e d  upon the ~- criei Jized so i l  x - e f i le  1-resented

in :-tL -Uro 15. Punlig-aration s of the upper j a b  t - W I - i  s- lay strata were

based -s-ti cors-posite da ta  from borings  DM— ~ and D~-~— 14 . The loca t ion  i ;e—

lected for ar lu lys ir - i s -  shown as section C—C in Fi -ur- e 12 and is also

indicated on the -ener- il ized soil j - r -o f i l e  in t i - u i - c  15. i P  1;- section

was -sons-i-bored t r y  most c r i t i ca l  for dike s e g i r e nt s  A— P and k — C .  A ala—

imum factor of -safety of 1.66 w i :  C 0 5 4 u t u b  Coo- the ifter—con :truc t lu -n

case for bike s-ide  slopes of one vert ical  -s -n three  hon zon ta l  (lv on 311) . 
—

and a 10—ft crown wi Ith.

59. Dike rearir F—i - joining the  woo- ic . )  i s l a r 4 d  and debris  f i l l  -irea

was analyzed u s - in - section D—D , located as shown in  Figure  12. ~
‘trat—

i f ica t ion used in the analysis was based on bor ing  i S ~ ( and only the

af te r—const ruc t ion  case was s - = z s i d o r e - i  cr i t ical  for these foundation

condi t ions .  Results of the analysis for 1V—on-3H si-Ic slopes and 10—ft

crown width are F — r e s e r ~tu- - i in Fl -in-c 17.

60. The back dike reach C— It wa-s l in a ly .a-d  using a typical sect ion

presented in Figure 18 . Boring Pt~— l was t ak en  ;er . l a s -e n t  to this r eas l i

and indicated clay (CH and CL) exten- li n - to an el — 1 -  f t  mlw . The marsh

material extending landward from this  b o r i ng  location also consi r ;t cd  of

clay ( C H ) .  Shear streneth for all (l i l ly  was IL : l sws - Cd  equal to that Cs - n

the upper clay def ined in the shear st r en gt h plot presented in Appen—

dix D. Based on these soil cond i tions , only L i e  - i fter- —s -cnstruction case

was considered c r i t i cal .  Cons t ruc t ion  o f  the back dike will be accom-

plished by borrowing material from the containment intcr Jr as described

in Part IV and indicated in Figure 18. The dike should he placed to

disturb the minimum area of ex i s t i n g  m r I r :h .  Alt .I eogi the proposed dike

height is- quite low , the s tabi l i ty  I Inn l y s c ; -  in l ica te - -i that a min u s-ui ;

setback distance of 60 ft from the l i- s--sent mlw l i n e  w s  necessary to

achieve  a safety factor  above 1.15 for the a f t e r— s o u s - L I --uct i r case.

Results of the analysis for 1V— on— 3H - s i - I c -  slopes and °- f t  crown width

are presented in re -s -rd 18.

61. Shear strengths anli s U r a t .~ f~ d i i.  I T !  O r . - ; - )  in the h— s-k -l ike 

-5- - —-—— - - - 
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urr - ; i ly r i i r  were qui te  cons s-~ ’V - i - .. l V - : .  The sect- ion ;irial y s-i- -o was also his-c-

mos t -s-n t i s-u i  fo-~nd alone the back dike r e i c  P . Fr-j r ; a j- ~-a ct l  s-a l  st- ;. :—

point , a s etb a c k  lest ; than 60 ft  ~- -~, - i J - I be u s c - i .  ho O f - - i  e~j

will i t - agairi;;t t)iis - l i ke  :ing the I r r .~es-t  l i f e  other than iso-latel

-‘ reroc}~c: that may lie hylo~ el + . .  5 ft  s - s , 1( 1 1 wIt -I -  wi l l  be pooled to

u l-no :- : i r s - u t i - l y  el + . 0 f t  s-lw (as  - loss - r i le- :  F art iv) u n l y  hu~ i t ie the

f l u m e  oper- tt i~:Ti .  The most , s i l t ,  i-s - - il c o n d it i on s  encountered -luring the

c on s t r u c t i o n  phase rs-;iy resul t in localized si-suels-in - of the - l ice , i-at

th is  sondi  t ion can be i -es-c t ied before the  f i ll in e  operation ccr ;s --.en 2 s -

Shear stren ths will  also I r s - r - e :~se wit); t ii; e following dike placor;:en

For this  reason , a set t -u - : k for t h e  back dike -s-enter line of 140 ft from

present mlw line shoul d prove s- i t .i s factory . The dike crown should be

widened to 10 ft in t i e  v i c i n i t y  of the s lu ice  to ensure added s tabi l i ty .

Dike dett lemen t

62 .  Settlement of the re ta in ing  dike due to consolidation of the

former r iver  bottom ;;s-s-tenials was estimated from laboratory consoli-

dation test b i t t .  Dike section C—C shown in Fioure 12 was considered

the most critic-il . A dike section with 1V—on—3H side slopes and a 10—Ct

crown width would impose an e f f ec t ive  stress of ajiprosirs-atoly 0.53 tsf

on the dike foundation. Conventional settlement analyses were performed

and indicated an ultimate settlement of 1.58 ft. The tine—settlement

relationships also were determined from consolidation test dat-i . A )-pr of:—

imately 15 percent .  of ul t imate consolidat ion or less t .hr;iri 0.25 ft  w e a l - .

occur during the fir st 12 months following dike placement . The marsh

vegetation should be sufficiently established by that tied - to all w

removal of the upper portions of the d ik e  system , e~ k i r i - any f;n-;her

settlement i n c o n ; r - ] u C - r l~ I - t t .

C lo ipp j t - s-tect ion Pe4u i rernent s

Exterior  slopes

63. Dike slopes exposed to r iver  current Itri wave L t 1 - : w i l l

148 
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retluire ro t e-s-t ion  against erosion. M ; x ~ s-run . su i- i - eIiL velocit ies  for
- - . - 12

~l0Iles- -
- - r n t , Alexandria , is-s-mediately north of Dyke h a r s h , are 1.614 fps .

This is wet L be l -- -w the suggested mean scour velos-ity of - .0 fps for f in e

ho slope protect ion due to river current Is r e q u i r e d ; tn er cfc~ c ,

s- lope protect ion design was based on p s - - s--li e h - -i wave heieht.s- only.

614. Wave heights in t he  Potomac- River r1car Dyke !-1a~-s-b v- -~ -. cc -—

s -s -t ed  to range from less than 0.5 ft dun n - nor-;-s-J condi t ions  to 2 . 5  ft

dur ing  severe store; conditions . These pre .lictions were l a : i Ofl s-eras --

na t ion of available wit data on- )  - i p s -- lis - a t i c ; of ‘r;rr-)ip an-b eros-s-b-s-non

conta i i . :  i in ;  the Chore Trot -- ;tion I-~anuai Since a major bros-oh i Ii the

bike wouls be dots - Is-’ ontnl only iss--lng t;ie br ief  eriod of mars -t i  e~ t - r h —

Ll ;hs- s-eTit. , Is- desi -i -u .i rs- :t severe storm c.;oi -id [t i e r s- in s-nw -ar-i-cited.

65. A wave hei dit of 1.5 f t  was selected for r irr ap  h e e l - : .  k i t —

car layer- th icknes s  and stone 51-re:- Wore computed based on m Ien s-at I

given in EM 111°-b—ClOD .~~ A 12-in. -thick l ayer  of nI  r - r a r -  extending

f f 0111 the - h i k -  -s -rant to a ma;— tours- rie~ s-L of 1 ft  belt.-w mlw will be re-

quired along the exter ior  lopes ci  dike reaches A—b an-i h — - :h- w: in

i r a t e 12. The i-ipr .a t should be well ~r l - - ) c - l  and have a ;I ni:- ; i ;- .ss- rock

s i n e  of 65 lb, medicri rock s ize  of l b  lb , and a minimum roc k size of
2 lb. Filter cloth will be 1-equ ine ) beneath the 1-iprap layer.

1 : . - - r 1 - s - d -i cr 

66. Int erior dike slopes would be subject  to s - i s - i o d  WaVe a c t s - o r

caused t~ w [n i—eenie rte-J v- we: and c-it-ren ts sot up l y t i - ~ s-) r c - i ~- e ;—.lur ry

disce .ree . I n t s - - r i --e- slopes to el — 3 . 0  ft ;rilw should no ccvet-c .1 W i t h  a

s- . i t i e i .  c layer of o L y e L h i y i e i i : sheeting to prevent eros i s - I .

~t - ~’
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PART IV : CONTAIN?€NT AREA CONSTRUCTION

General Requirements

67. The Dyke Marsh containment area plan and dike a i i :r r d l ni t. are

shown in Figure 12. The re ta in ing  dike will extend over a distance cf

5300 ft  and form the perimeter of the containment  a t - I .  Alternative
methods for dike construct ion were investigated in the feasibi l i ty

study , and a combination of several acceptable rs -c -t)~c-is was recommended

for further investigation . Under the detailed design , specific con-

st ruct ion methods were i d e n t i f i e d  for c-ash dike segment and are pre-

sented in the following paragraphs.

68. The retaining dike will be constructed to el + .0 ft mlw along

its ent i re  length , providing an averat m ext erior freeboard of 3 ft at
mean high water (mi-iw). The dike was not designed to prevent overtopping

during severe storms . The proposed freeboard would prevent excessive

overtopping and erosion du r ing  periods of 1.5— to 2 — f t — h i g h  waves or

high tides of 5 ft. Examination of available wind and tide data indi-

cated that these conditions would occur over brief periods each year .
Dredged material will be placed to el -1-2.5 ft mlw within the contain-

ment area as described in Part II. This will require an interior pool

to approximate el +14.0 ft miw for effective settling, leaving an in-

terior freeboard of 2 f t .

69. Side slopes for the dike of lv on 3H are acceptable from a

4 
stability standpoint. Detailed foundation studios and stabilit y -t r Ia l—

-; yses were presented in Part I I I .

D i k  Const ruct ion

Dike reaches A-B and B—C

70. The feasibi lit y st udy t I -co rns - id -n - i l-b that h:. t r ;t u lica l ly  h i l t s - - I

coarse—grained f i l l  be used for I - ) r I s t ! 1 t - t . - c i  - - f dl kts- reaches A—i) - , n - i 1 - —C

shown in I-i 211’ - 12. Channel se-I  irs -~- Ti t . samples taken dun n the f - c - i  —

bi l i ty  study had i r i - l i  r a t e - i  that I m i  CI  c - n t  q t t -  t i es i l l  ‘0-IrrIe—gra at -i

50
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material were present in the channel to be dredged. However , boring and

sampling operat ions in the channel as described in Part II indicated

that the material to be dredged consisted primarily of clayey silt (I-IF)

with only a trace of sand. In a few of the channel borings , san d and

gravel layers containing approximately 30 percent silt and clay were

encountered at depths of 5 to 10 ft below the required navigation chan-

nel depth of 214 ft below miw. The material to be dredged from the chan-

nel is therefore considered to be unsuitable for hydraulic dike

construction .

71. Field investigations were also conducted to locate other

riverine sources of sand outside the channel to be dredged. Random

sampling of channel sediments was conducted from approximately 2—1/2

miles north to 14— 1/2 miles douth of Dyke Marsh. Isolated areas of sand
were located , but later exp loratory bor ings revealed that quantities
were not sat isfactory for use in hydraulic dike construction . Resul ts

of these field investigations are presented in Appendix B. The lack

of well—defined significant quantities of niverine sand near Dyke Marsh

has eliminated the possibility of hydraulic dike construction.

72. The feasibility study also ident i f ied  end—dumping as an ac-

ceptable method of construction for reaches A-B and B-C. End-dumping

material from trucks is considered technically feasible but unacceptable
based on the environmental assessment .* Truck access to dike reaches

A—B and B—C would require construction of a haul road either along the
wooded island or through the exis t ing marsh along dike reaches A—F and

C—D as shown in Figure 12. Road construction and prolonged t r a f f i c

along the wooded island or through the marsh would cause unacceptable

environmental disturbance. Also, access to ~ rke Marsh requires exces-

sive truck traffic on the George Washington Memorial Parkway . Acquisi-

tion of necessary permits for travel along the parkway may be diff icult
to obtain and damaged pavement sections would have to be r ep a i r e d

following - l i k e  construction .

* Conclusions der ive-I  from discussions in August 1976 between WED and
NPS personnel responsible for the environmental  asse ;rsm -ii t  of the
Dyke - t i ; . ; } i  h - i - t i - h .
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73. Construction of segments A-B and B-C could be accomplished by

end—dump ing from barges. Although not considered in the feasibility

study , placement of material from barges is cons-i-ic-red technically fea-

sible and would minimize environmental disturbance to the exist ing

marsh and wooded island. Convenient access to the site can be made

along the Potomac River.  it is recommended that material be hauled in

shallow draft barges and placed by barge-mounted crane. The shallow

river bottom along dike reach B—C will lik ely limit construction to
periods of high tide ; however , continuous construction along the major
portion of dike reach A—B will be feasible . Typical dike cross sections

for dike reaches A—B and B—C are shown in Figure 19. Slope protection

consist ing of f i l ter  cloth and riprap will also be required on the

outer slopes as described in Part III. Riprap can be obtained from a

local commercial quarry , barged to the site , and placed by barge-

mounted crane .

714 . Dike construction material shoul d consist of coarse-erained

fi l l  such as sand or sand and gravel mixtures.  Fill should contain

less than 20 percent silt— and clay—sized materials to prevent exces-
sive turbidity during placement . The only definite sources of suit;Cble

fill are commercial sand pits. Since commercially available sand is

costly , an attempt was made to locat e an alternative low—cost f i l l .  A

potential source of suitable fill is material planned for excavation
and removal in tunnel construction for the Washington 1-letropolitan rail

rapid transit system (METRO). Construction on the system began in

1969 and is scheduled for completion in 1983. Baltimore District con-

tacted personnel in charge of planning METRO construction and deter-

mined that portions of the material to be excavated are suitable for

dike construction ; however , material is presently being sto ckpiled for
possible use as embankment fill for aboveground t rans i t  system con-

s t ruc t ion .  This material may become available in the future .  The

availability of f i l l  from the IVIFTRO proi e~;t should be reexamined i -ri se

to f inal  selection of f i l l  for dike reaches A—B and B—C.

Dike reach E-F

75. Dike n c - I t c h  E—F extends through the water from the t i p  of Lii- -

52
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CONTAINMENT AREA
I DISTANCE , FT

60 40 20 0 20 40 60

-

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a. Section A-A ’ (reach A —B )

EL + 60 MLW I-~IO
’-’-1

MLW

- ; 

b. Section B-B ’ (reach A — B)

EL + 6.O MLW b10’- l

MLW

C. Section C — C’ (reach A — B )

EL+ 60 MLW ~~ IO~~
ii. MLW

I d Typical section for reach B- C

Figure 19. Dike cross sections for reaches A—B and B—C
- 

(c ross—sec t ion  locations are shown in Figure  12)
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debris fill area to the wooded island as shown in Figure 12. This dike

segment is conveniently located for truck end—dump construction using

material from the debris fill area as recommended in the feasibility
study. Typical dike cross sections for reach E—F as constructed by

end—dumping are shown in Figure 20. Sluice 2 will be located along
reach E—F as shown in Figure 12. End-dumping from trucks should be

acceptable for this segment. During dike construction, environmental
disturbance to the marsh and wooded island would be minimal with truck

traffic confined to the debris fill area. Truck traffic on the George

Washington Parkway should present no problems since trucks will be
empty, and trips to and from the marsh will be infrequent.

76. Thirty-two general sample borings were taken within the debris

CONTAINMENT AREA

I DISTANCE , FT
60 40 20 0 20 40 60

I I I I I

EL + 6.0 MLW

MLW

a. Section D - D’

EL + 6.0 MLW

ML~~~~~~~~~~~~~~~~~~~~~~~~
Th

~~~~~~~~~~~~~~~~~~

b . Section E - E ’

Figure 20. Dike cross s ;-s-ti s--ns for reach 1:—i- (cross—section
locations are shown in Figure 12)

- 
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fill area for the detailed design . Laboratory classifications and

gradation analyses were performed on the samples. Boring logs and re-

sults of the laboratory tests are presented in Appendix C. The material

consisted largely of clayey and silty sand and gravel with brick ,

asphalt , and concrete fragments. The concrete fragments were contained

throughout the fill and were large enough to stop 9—in, auger borings

prematurely at depths of 1 to 3 ft in all but a few of the borings .

These concrete fragments may limit economical excavation of the debris

fill to depths less than 3 ft.

77. The quantity of debris fill available for dike construction

is also limited by other considerations . Because the marsh is visited

regularly by local residents and organized wildlife societies , it is

desirable to maintain a large area for convenient observation of the

marsh and access to the river. It is recommended that excavation of
the debris fill material be limited to the upper 2 to 3 ft and be re—
stricted to the portion inside the containmeiit area. Dredged material

will later cover the excavated portion of the debris fill area to

enhance marsh development.

Dike reach C—D

~ 8. Dike reach C—D is located along the border of the ex is t ing

marsh as shown in Figure 12. The average elevation along the dike

alignment is an estimated +3.0 ft mlw. A typical dike cross section

is shown in Figure 21. The crest width of 5 ft should be widened to

10 ft  across inlet 1 in the vicinity of sluice 1 as discussed in

Part III. As recommended in the feasibility study , dike reach C— D

should be constructed by dragline—placed fill . A mat—supported conven-

tional dragline or pontoon-supported dragline could be used for f i l l

placement . Dike fill  shoul d be borrowed from inside the containment

area directly adj acent to the dike alignment . Stabi l i ty  conri lerat l o r i s

as described in Part III dictate that the dike center line mien.- - seg—

ment C— D be set back a distance of 140 f t  from the miw line. Il ls should

allow suf f i c ien t  room for borrow of material for dike cont ; - tnirrt. ion dur-

ing periods of low t i - I c - . The material should be in r ’ r r m c n t - J i T

i n t h in  lift s of 1 to 2 Ct and allowed to -I cy  i c - i wo -n l i f t . r - - l l i - ’1 is-

dike s t a b i l i t y.
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I CONTAINMENT AREA

DISTANCE , FT

30 20 10 0 JO 20 30
I I I I I

h 1  EL + 6.O MLW

EL+2.O MLW

a. Typical dike section on marsh ( reach C-D)
and wooded island ( reach F—A)

EL+6O MLW
EL+4.O MLW

b. Typical dike section on debris fil l area (reach D-E )

Figure 21. Dike cross sections for reaches C— D , F—A , anc fl — i - .

Dike reach D—E

79. Dike reach D—E extends across the central n o t - s - ion  of the  .i~ —

bris fill  area as shown in Figure lb . The average elevation of the

debris fill  surface along the dike alignment is an e s t imated  +- -  .0 ft

miw. A typical dike cross section is shown in Figure 21. Dike f i l l

should be placed by dragline . Debris fill area material borrowed from

inside the containment area and, directly a - l ia c e n t  to the dike ;ti o- a us - I t - r e t .

should be used for construction. The debris f i l l  consis ts  largely of

clayey and silty sand and gravel. However , large concrete fragments

may limit economical excavation to depths l s - s rr than 3 ft.

Dike reach F-A

80. Dike reach F—A extends along the border of the wooded island

as shown in Figure 12. This dike is necessary to prevent encroachment

of the dredged maLi-nial and subsequent environmental ~larniagi ’ on t h i n

wooded island. The average elevation along l ii i -  dike alignr;;entt is an

estimated ~~~~~ f t  miw. A typical dike cross ;; r t  i - s i  Is shown In

56 

--~~~~~ ~ - - -- -
~~~~~~~~~~ -~~~~~~ ~~~~~~~~~~-- - -

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ---~~~~~ - - - - - - - - - U -—



Figure 21. Dike fill  should be placed by dragline and compacted by

bulldozer. Fill should be borrowed from inside the containment area

directly adjacent to the dike alignment . Surface sampling indicated

that the material along the border of the wooded island consisted

primarily of sand and gravel with some clay . ( Gradation curves are

given in Appendix c .)

Sluice Structures

81. Sluice structures are required for draining the containment

area during and after the dredging operations. It is recommended that

sluice structures be placed at the two locations shown in Figure 12.

Sluice 1 will be located at the apex of the existing cove on dike reach

C— h , and Sluice 2 will be located near the t i p of the debris f i l l  area

on dike reach E — F.  These sluice locations will add f lexibil i ty to the

f illin~g operation and later will aid marsh establishment by allowing

more e f fec t ive  circulat ion of t idal  flow throughout the containment

area. A drainage dit ch will be required to connect inlets 1 and 2 as

shown in Figure 12 to provide a flow path for e f f luent  from sluice 1

and to maintain as nearly as possible the present drainage condit ions

within the exist ing - : a r s l r .  The drainage d itch  can be excavated by

dragline to dimensions of 14 ft wide by 2 f t  deep with excavated material

placed inside the containment area. Discharge thr-nuht sluice 2 would

flow directly into inlet 2 as shown in Figure 12.

dt . Drop inlet type sluices with n-ljus .t-Wle height stoplog gates

are recommended. The stoplogs can be added or removed as necessary to

regulate effluent flow from the containment area. However , it is re-

commended that the stoplogs be set at ÷14.0 ft mlw to allow for ponding

which will in turn promote more effective solids removal . A required

weir crest length of 32 ft was computed based on a maximum allowable

head of 0 .2  ft ove r t h e  w e i r  crest and a continuous flow rate for  a

12—in, dredge of 9.14 ft
3
/sec .°

P ~ . During ilre I i rig , the maj or port I c l i  U f  flow from t~h - - - o t i t i  h r

ment area should be regulated by s1uii~ - 1. 2 I i i i e - 1 is l o - r r i L -d f r i r —

thest from the int - n - h ~- l dredge pipe -lirr ch a i- .-’a- i o in t s  desc n i l  - I  in Fart. V.
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This location will provide maximum sedimentation time for the dredged

slurry. It is recommended that sluice 1 be constructed with a 20—ft
weir length and sluice 2 with a 12—ft weir length as shown in

Figures 22 and 23, respectively .

Cost Estimates

814. Containment area construction costs in 1976 dollars were esti-

mated based on unit prices determined by the BD to be applicable in the

Wash ington , D.C. , area. Construction costs for individual dike reaches

including sluice structures and slope protection are summarized in

Table 2. Locations of dike reaches arid sluices are shown in Figure 12.

The total containment area construction cost , including purchase of

dike fill material , is estimated to be $73O ,149O. Construction of the

in—water dike reaches A—B and B—C , not including slope protection , com-

prises $562,250 or 77 percent of the total estimate. This cost could

be s ignif icant ly  reduced if dike fill could be obtained from METRO pro-

je ct s rather than commercial sand pits. The base price of commercial

sand , not including transportation to the barges , is an estimated

$7.25/yd
3. If ~~ TRO fill were used , the base price of the fill would

be eliminated, resulting in an estimated savings of $235 ,625. The total

containment area constru ction cost estimate would then be $149 14, 8 65.
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PART V: DREDGED MATERIAL PLACEMENT
AND IdA i~SII ESTABLISHMENT

Dredging Operat io n

85. An estimated 2 146,000 yd3 of material will be dredged to fill

the containment area to an average el +2 ,5 ft miw as discussed in

Part II.  The dredged material surface will consolidate an estimated

1.3 ft to establish a final average marsh surface el +1.2 ft c-lw. This

elevation will place the ra- L i o r i t y  of the final marsh substrate wi th in

the intertidal zone .

86. The containment area will be filled by alternation of dis-

charge between points A and B shown in Figure 2 14. Discharge at the two

los t ions w i l l  improve circulation of dredged material throughout the

au-ca. The dredge- pipe will be cur acted on pontoons with tb-c ends of

the pi pe at points A and B elevated 3 to 5 ft above the water surface,

The 2PS has requested that localized surface :;oandinc- be created as

much as possible by t h i c -  i r c - J - i r e -  operation . In the feas ib i l i ty  study ,’

it was recorr -imcndcal that mounds be formed near the discharge points by

eel - -ct i vely ic-edging pockets of coarse—grained siaterial within the

channel . Recent explorations in the channel as described in Part II and
A -erii ix A have failed to locate signifi . c-trnt quantities of coarse—

Tra~ned material . However , some mowidtn ,- should occur in the shallow

water areas near point s A and B through the particle serai -at ion and

bui ldup  of coarser material that commonly occur s near dredge pipe

outlets,

87. Effluent suspended solids can be monitored by periodic sam—

pli rilT at the sluices, At times , sluice 2 shoul d be closed to increase
flow of material into the cove area bordered by dike reaches C-D and

D—E shown in Ti-Tune 2 14, This procedure will increase s e d i m e i i t r i t i o n

efficiency because of the longer flow path between sluice 1 and blue-

dredge pipe outlet;. Sluice sLoploge can be added or removed as ri ce r- —

- 

- 
r;ary to increase or -Vcr earre eff luent  flow from the containment c r e r t .
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Howeve r , the water level within the conta iriuie rrt area should be iir : . ited

to a maximum elevation of +i~,Q ft miw.

Production date

88. Continuous dredging using a lfl—i rr . ire-line dredge ~: re cur ::—

mended. An estimated 60 days will be required to f i l l  th. _ i  cont’cir ir . c r i t

- - r o e .  This estimate is based on an r_ivcl-age production t--it ° of 5, 000 yd3

per day , a 2 146 ,000 yd3 volume of dredged mater b - c] , and a ]c- c _ i-,- CIIOW—

ance foi shutdowns due to moving discharge pipes or r - - c i i a n i c a l

breakdowns.

Marsh Establishment

89. After dre-Igirit, is complete , surface water should be drriir ce- b

through the sluices and a 1- to 3—month period allowed for initial con-

solidation and surface drying. The i f lk - should then be ]-rer_ iclcci in

two low—energy locations to allow tidal circulation throu -icc-ut the

containment ur e a .  DMEP experience indicates that t idal  circulat ion

after a short period of consolidation and drying will establish marsh

vegetation with negli~-ible - - ac : ion of the dredged material eurf-~cc- .

Initially the dikes should be bre -c che - 1 near locations C and F shown in

Figure 2 14. Tidal c i rcula t ion and vege tat i v~- growth should be oi-servc-j

within  the a r - c c .  P e r i o ] i I : - u l ]y ,  additional dike sections shoul d be

breached. It is es t ir r i L - c i  L } I c I t  w it h i n  1 ye- cr after fillin- - the con—

tainment area , the entire dike length could be leveled to an average

el +1.5 ft mlw .
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PART VI :  CONCLUSIONS AND RECO~~4ENOATIONL

Conclusions

90. bar r ed  on the data as described in the Dyke Marsh feasibi l i ty

study and th is  re-c oy- t , the following conclusions werc - -Jr -xwr i :

a. The proposed demonstra t ion area size of 28 acr es would
si~’riid]caro icc add to the area of productive marshland at
Dyke ~-‘arsh ari would allow evaluation of _- rrg-irrecring con-
siderations of marsh development using dredged mate-c-ia]
at a cu -scale field site.

b, be-tailed saril lirig ad the shoal area to be dredged m di—
orct~ - - i  that the in situ material is suitable for  use as
marsh substrate. The time required for substrate settle—
;riCfl t and s tu t- il iza t ion is estimated to bc 14 months based
on consolidation characteristics of tlc -~ater ia l .

Gradual erosion of the shoal area to be dredged has re—
suited ]ri a sho_ i-tage of required material  needed to f i l l
the demonstration area to elevation suitable for marsh
substrate. The additional material must be acquired from
other - :irccu c - iri~ rrcgj _i -c ts in the vicinity or through u- ]ii—
tional overdredging in the navigat ion  channel shoal .

d. A ac- tb ~odo1 o p was developed to correlate in situ c li ’i riiie b
volumes wi th  containment area volumes . The method incor-
porated t u e  basic rn i rrci i i- lea  of containment  area
as iieveiopo~l by previous DMBP research and also accounted
1-c r potential consol idat ion of the newly 1-b r _ i c e - c  marsh
substrate.

o. dediment aLLan t cst.i c-- for contuircmen t area c i  sing erc~ - L i g.-e~i
a full—height column equal to the average tbsi_ -kne- ss of the
suLrctrate , which  - _ i J i o we-J d i r ee r  ~1e~t c - r-: - : I:- of t h e  v o i d
c-at ia d i s tr i l u I  i - don 1:- i - in C0 t1 _ i I n c e r r  I inca si z i n - ’.

t .  Consolidation test sI _ i ;r im e n S  wer e- su c ce s s f u l l y  taken
the se-~ ime-n t ;ct ion  colwrin , an d  convent i m l  c- inc -a - c - I I or

tests we -c- c- p er fo rmed .  l ) a t c c  dr-ocr th e  conso li -lat  1 ;  t est
allowed r n -  c ti  -c of substrate  sett  1--r ~ - rit s fol _ ic -’ in1- the
dre-dgcri1 operation.

a. C o n s i i b c t [r i a  sed r :i - r i L - ~t i on  and c e r i s I )~ i - I - _ it ion  L c - I i - i v i - ~ r of
the - I cadged m i t e r  Lal :_i n- i consol i - l e t  i :c of t b _ i -  d i - r i ) r ~st r i —
tiofl r ir ee  N I I J f l d _ i t  I I , t h e sub st r a t e  she- u i-i in t : i  l i p  1- -
j l i -ce 1  to ci + - .5 f t  - Lw. The l i - - i ; c t - . - - i  d i r r - ~] e l a v r c t i o n
of the su l ) _ i : L r i t e  is approximately + 1,2  dt r J w .

h .  A -~, ; i [ r r i r c r ’ -Like r y st o c i  w i l l  be i - - -; i i r -  to - r t O l f l  ‘ b
- -I  rca 1 1 ccl ::ul:tr-;~Le in l i-a I-rev -nt OX C O S S  i car

___________________ -
~~~~~~~ ~~ .—_--- --- .‘
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substrate erosion , siltation of the existing :.a_ irsli, and
excessive turbidity during placement . Basal on frcet- -_-ar ]
requirements  and s tabi l i ty  analyses , the dike c r -_ i w r . eievi—
t ions should be constructed to el +0 .0  f t  rdw w i t h  side
slopes of lv on 3H.

1. Suf f ic ien t  quantit ies of coars e— ~-r a i r i e . I  r a t e - n ia l  for use
in hydraulic dike construction are not present jr the
shoal area to be dredged . Field investigations did not
identify any other suitable sources of riverine san-Ic;
therefore, hydraulic construction is not feasible for this

Er project.

~~~. End—dumped placement of sand and gr cvai  f rom i_i c r _ i -c_ i ; is the
optimum method of construction of dike segments A—B and
B—C shown in Figure 12. The material used for this con—
struct ion could be purchased commercially , but should be
taken from the METRO project or other free sources if
possible.

k. End—dumped placement of on—site material dr-am trucks is
the optimum method of construction of dike se-gr e-n t
shown in Figure 12. Material for the construction will be
borrowed from the debris fill area. Only the upper 3 ft
of the portion inside the containment area should be re—
moved , which would allow dredged material to fern addi-
tional substrate for marsh expansion ,

1. Conventional dragline placement is the optimum method of
construct ion of necessary diking along the debr is f i l l
area , segment D—E . The material should be i-or-r-o we-~i from
inside the containment area directly adjacent to the dike .

ci. Dragline placement using a marsh crane or equal is the
optimum method of construction of the dike bordering
along the existing marsh , segment C—D . The dike center
line along this segment should be set 140 ft from the nuiw
line to allow for borrow adjacent to the dike and to en-
sure stability.

ri . Dragline placement using marsh crane is the optirculrr rcet}ro~l
of const ruct ion of necessary diking along the wooded
isic_ inid , segment F—A . Fill should be b-arro w_ i-i dror- within
the containment  d i rec t ly  adjacent to the dike :t li - ii r nen t..

e . Drop inlet sluices should be-- place-I at locations 1 i n - i  2

L 

shown on 1-il -un - : 12, with weir leicgt }ns of 20 n I . and 12 ft ,
respect i vely .

Foundation conditions - it , the- ~~~~~~~~~~~~ si a _ i  r - - d i o n - - j
by feasil-i lity study and (h - t i n  1 . 1  d c- s i-n daL;t - u a - - i - p i ; i L a
to r; u h - J - rt the retalning - like syst ‘ci .
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a, S tab i l i ty  analyses l- ern ’onrncI indicate tb-it dike sect ion ;
with  side slopes of lV on 3H - _ i n  I a crew_ i _i el +. ,Q f_ -ct - l w
are well w i t h i n  nt al-li- s tat -i l i ty  c r i t e r ia .

Flu-c r -displaeer;enit of ~o ft  b e t t o r : .  matari:cl will a_ -cur
along segments of d ike  con s t ruc t ion , but l— i i m a — t e r -r;. settle--
na_-rite of the  - i ik e  should be negl igib le .

~~~. Based on data gathered in : t b _ i fe-nail_ i l ii t : an- i  de tai l~_ i-J
-des ign s tud  ice , r ; :-_ irshland m - _ip be e-xpande .1 in st- _ig s b-:-
successive diking ;r -1  f i l l i ng ,  eve-r itually r e - sto r ing  t I re
marsh to its original configuration .

F eco nrmieu d— _ i t l on ie

91. Base-i on the data preserite--J ir~ the f eas ib i l i ty  study ar_ id t h is

report , the fol] win- - acconruriendations are ri - ide:

_ i .  Plans - c r _ id  spec i f i c a t io n s  should be prepared for the demon-
stration -crc-a based on data presented in the feasibility
study and detailed design .

I . The retainir i - dike system should be conr :tructe-i according
to the layout indicated in Figure 12. Dike crown el+e -- .Oft
miw should be used to provide adequate free board. Sluice
structures and - I x - : t i r : a _ i -e provisions si_i-cold be provided as
described in Part TV.

c. The main dike reaches A—B and B—C as shown in i- i -u i -c  12
should be constructed using coarse—grained ~‘- - in - 1 or sand
and gravel mixtures  end—dumped from bar - c _ i _ i .  F il t e r  cluth
and riprap are recommended for pro tec t ion  a g a i n s t  eno:r i on .
Side slopes of lV on 3H and 10—ft crown widths :tic> _-ii~i be
used.

d. A more detailed examination of available fi l l  cia t -n -i:r J
from the METRO t rans i t  system project  should be c on d u c t e d
and , if found ;_ ia c_ i~ptable , c o n si d er e d  for use in construc-
tion of dike reaches A-ft and B—C.

e. Dike reach E—F should be constructed by -n I—d _ ic r np i n i a fr-or- :
t rucks  us ing m aterial from the debris f i l l  cr _ ia shown in
Figw-~: I , . :F,1- _ - slopes of lV on 3H with a JO—ft crown
width shoal-i be i _ i -  I . Excavation of the are— i shoul-1 be

• limited to depths of 3 ft a allow r : : _ i x  i n _ i c r _ i  ri _ in-sb ] i n - I
expansion .

f .  F lo ta t ion—type  d r-mci -li m a - ; or dragl inuer_ i on mats sb-icc 1 - I h e
used to construct Il k :- reach C—D . The -like ic _ i- a id be s _ i t
back a n n i n i l n ; t u r r _ i  of )~Q ft fr-am the mlw l in i -- . Const r - c - t - i - -n i
should be accomplishe d by 1 ni _ iwic _ i- r n i ; j . E e n i  i i  f n - ~_ im ; : wit bin
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the containment area, spreading it in thin layers , and
allowing each layer to dry between placement operations.
Side slopes of 1V on 3H with a 5—ft crown width should be
used except adjacent to the sluice structure, where- a 10—ft
crown width should be c:ed.

Dike reach F—A should be constructed by use of a dragline .
Fill should be borrowed from inside the containment ci-ija—
cent to the dike al i: -nc _ ir _ ie rit . Side r_ il op c _- of 1V on 3H with
a 5—ft crown width should be used.

1. A program of strict construction monitoring should i_ic-
implemented to ensure integrity of the r e - t a i r~ i r g  d ike
system . Pos t—cons t ruc t ion  nnon i tor -in~- should also be Ini-
tiated to validate analyses conducted for volumetric sic-
ing and substrate consolidation. The site should be
instrumented with settlem ent plates and piezometers to be
monitored :i ri a program of periodic surveys .

1. A 12—in, dr-edge should be used to f il l  the d er r i o n i s t r r _ i t i o n
area.  An estimated 2 146,000 yd 3 of in si tu channel mate-
rial would be required . The material should be dredged

- r primarily from the shoal area located - - oulh of the Wood—
row Wilson Bridge with supplemental yanduces obtained by
additional over—dredging or from other Jc -cd :_ii ni’ projects.
A field determination of contained volumes should be m ade
to verify containment area volumetric sizing studies.

j .  The dredged mater ial should be placed to el + 2 . 5  f t  miw to
~rovide a final marsh substrate elevation within the m ai d—
tidal - - t n_ i - - - . During the filling operation , an interior
pool el -4- l .a ft should l,c maintained to promote the most
e f f e c t i v e  sed i r ;re n tat ion.

k. E f f l u e n t  su s p e n i - l . - -i  solids sh al l be m;a niitored -luni n _ i - the
filling operation to validate analyses for containment
area s i s in g  for e f f l u e n t  wat e r  quality .

lcd
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APPE ND IX A: LAIIOJIATOkY TEST RESIlLIM FOR U-IiOAL
A!~D CO2Ul-i~; SEDlm-b- :~-i~-.-I lO~i ct~-~ :t.

1
1

4
, ,-

~

1. This al-peiiii X I-~ 
::c-nit’ the esul to of’ lal i r -~tory t . eSts l-c-r—

formed on undisturbed and bulk eac j- ie_ i; of ce-lin; .ent taken f’r - ;- i the

Potomac River near Dyke bar u i . ,  Vi ri - inia. Und l r ;t u r l - e d  ;ar:J-lt-s were taken

- from ten borin gs located as shown in l-’igure 3 of the main text. Anal— 
- 

-

- yses perfor med included laboratory c l a s s i f i ca t ions  u m r i - -r the  TJnlfjeJ

- Soil Clas si f icat ion System (uicc~ and determinat ion s of water content ,
Atterber g l i m i t s , gra in—size  d i s t r ibu t ion , sp e c i f i c  gravity , and den s i ty—

void rat io.  Result- s of the tests are presented w ith  the graphic boring
logs in Figure ~ of the mai n text .

- 2. Individual gra in—size  ana lyses were performed on coarse—grained

samples and are pre sent€- l on pages A3 through A13. Results of’ all Atter—

b r g  limits tests performed en fine—grained samples are shown plotted

on the plasticity char t on page Alb . All samples plotted adjacent to

the A—line , the arbitrary boundary between clay s and silts. Though the

USCS indicates that the fine—grai ned sam ples were evenly divided be—
- : tween clay s and silts , the material is essentially homogeneous with

= similar plast i ci ty.  A sumnriary of test data is presented in Table Al.

3. A bulk sample of sediment was taken at boring location U— 2—C .

j The hulk samp le was used in perfo rm ing column sedimentation tests for

the s iz ing s tudie s .  Two conoDlida t ion samples of the sedimente d mate—

- 
ri al were taken to estimate f ina l  settlements of’ the marsh substrate.

-1 Results of thes e tests are presen ted on pages A15 thr ough A36. Rydro-

s~eter analy ses performed on samples from the sedimentation column ar
pre sented on pages A3 1 through A514.
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- APPENDIX B: FIELD flPTE3TIGATION~ AND LABORATORY TESTS

FOrt RI VER IN E ~OWt CEG OF

• 
- 

L. Bor ings taken ‘iithin t h-~ navi ga tion channel area (Figu re 3 of
- 

-~~~~ 
- the main text ) revea] ed that the extensive san -i dep ositz indicated by

- - - previous surface sampling were not present wi th  depth , Therefore , field

investigations conr isting of bottom sampling and probing were ma~ie to

- - 
- - locate other potential sources of san d in shallow areas outside the navi—

- ‘I gation channeL

- 
2. Bottom sediments were sampled at various locations along the

Potomac River from Ox 4-n Creek , 2—1/2 mi1~s north of Dyke Marsh , to

Mockley Point , ~— l /2  miles south of the marsh. Sample locations and

descriptions are given in Figures Bi and B2. The majority of the samples

consisted of soft clay with only traces of silt or fine sand .

3. The Potomac River in the vicinity of Dyke Marsh generally con—

- 
slats of a wide expanse of shallows with the navigation channel located

generally toward the center of the river. Numerous stretches of san dy

beach are visible , especiail y along the Maryland shoreline . However ,

bottom sampling and probing revealed that short distances off the beach

the bottom consists of soft clay and silt .

~4. Two areas of sand were located by bottom sampling and probing

as shown in Figures Bl and B2. Borings were taken at these locations

- using a barge-mounted drill rig. Bottom samples were also taken to de-

fine the limits of the sand deposits located as show-n in Figures B3

and I3~*.
- - 5. The sand deposit area opposite the mouth of Hunting Creek con-

sisted mainly of fine sand over an urea approximately 600 ft
2
. Six

- general sample borings , numbered H—l through H-6 , and 314 bottom samples
- were taken and probing s made. The borings revealed that the sand de-

- posit was approximately 3 ft thick and underlain by clay s and s i l ts .
- Graphic boring logs are presente d in Fi gure B5 . Grain -size analyses

- - were perfo r med on these san d sam ples and are presented on pages B7
throu gh Bl2 .

-: 6. Two small bar s o f coar se sand and gravel appro xi mat ely 100 feet

- Dl

- - ~~~~~~~~~~~ ~~~~~~
-
-

~~~

‘

~~~~~~~~~

• 
~~~~~~~~~~~

- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— ~~~~~ -~~~~~~~--- ~~~~~~~~~~~~~~ k ~~~~ ~~~~~~

Ii 
4



- -

- -

square were indic ated by bottom sampling and probin g near the Belle
Haven Mari na. These areas were less than one-q u a r uer mile north of Dyke
Marsh and had configu ration s as shown in Figure D~~. All bottom sam ples
indicated presence of coarse sand that could not be penetrated by probes ,
Immediately out side the l imi ts  of the ba r s , the bottom consisted of soft
clay and s i l t .  Two general sample borings numb ered H— i and M —2 were
taken , and analysis revea led that the coai-se n~tt ei-ia l was approxima tel y
2 ft thick and ur.der !ain by very fine sand , ~ iit , and clay . Ora ph ic
logs are presented in Figure B6. Gr a b —size  analyses were performed
on the coar se sand and are presented on pages B114 through BiB.

—4- —~~~~~~
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- 
-

- - B2
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APPENDIX C: FIELD Ifl\~~TI~~ Ti(~~ tND 1~~-C)!~AT’)~ Y T~~T~ --
DEBR1~ FILL AREA A~;:~ wooi E~ I~~LAtID

1. Th is iq~~ ~- ii d1x C G I lt ! t  i si- the reIu~ ts of fi clii i rive: t i 4 ’~it ions an~
laboratory tests  C O f l( iU Ct (  - (lc’ ti XTII!le the ~- r ~~i --rtic ~ of !-i Lt er i ! t l  con-

ta ined  in the debr i s  f i l l  ir ( -41 and along th e perj:~et-~r of the  w i o~IeJ

-‘ Island adj ac’ , - n t . to t i e  propo3ed deno l i st r at i on  area as sh own in Figure 12

- 

- - of the main t ex t .

2. The debris f i l l  area use fez-red as a — esult of dusjieg b u i l d i n g
- - - . rubble and const ruc t ion  debris  from the Washington , D . C. metropol i tan

- 
- area. An access road was constructed from tile (i~-orge washington ~emorial

Parkway to the debris f i ll  area , and this road now serves as prHary

- . access to the mar~ h. It is proposed that material from the debris f i l l
- - be used to construct  dike reach E—F as shown in Figure 12 of the  main

-~ text .

3 Thir ty—two general sample borings were taken from the debris

- -
~ f i l l  area as shown in Figure Cl. These borings were taken by a truck—

- mounted rotary drill rig using conventional auger . The material con—

sists mainly of clayey and silty sand with a mixture of bricks and pieces
- of asphalt and concrete. The fragrents were n uiseroun enough -.o prevent

penetration of most of the auger holes below a depth of a few fec t .

- -
~
- Graphic logs of the borings are presented in Figures C2 through C5.

-- l~ General samples of sand were taken along the per imeter  of the

wooded islaid following the proposed alignment of dike reach A—F as

shown in Figure 12 of the main text , Sample locat ions are shown in
— 

1, 

Figure CL

5. Gradation analyses were performed on selected soil ~~‘nples

taken from the debris fi ll area and wooded island and are presented on

- ~~~- pages CT through Cl3

- - 
-
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tests are presented on page-s 3146 through 3149.
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