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FORWARD

The Maryland Department of the Environment Water Management Adminigration is pleased to
announce the issuance of the Maryland Guiddinesto Waterway Congtruction (MGWC) to provide a
set of recommended details for approaches frequently encountered in the waterway construction
process. The need for this manual has been recognized over the years with the awareness that many
sreams and rivers require stabilization, modification, or rehabilitation of some type due to urbanization
or previous channd congruction. Additiondly, the emphasis for in-stream projects has gradudly shifted
from the use of hard points, such as rock and concrete structures, to aAsofter(), more environmentaly
acceptable approach, commonly referred to as biotechnical engineering, thereby necessitating revison
of the previous guidelines.

Maryland is composed of five distinct physiographic regions which have widdy varying geology
and topography. These regiona and site-gpecific characteristics coupled with the level of watershed
urbanization lend to the dissmilar behavior of dreamsin thisstae. Although the purpose of this manud
isto function asadesign ad for the use of structures and bic-engineering techniques in stream
enhancement and restoration projects, development of aset of comprehensve desgn guiddinesis
impractical due to the highly diverse nature of these streams and their associated floodplains and
watersheds. Therefore, it is suggested that project designers, engineers, ingpectors, and regulatory
officids view the details and congtruction sequences as guiddines rather than as rict requirements or
design standards for the waterway congtruction permitting process with the additiond understanding that
these guiddines may require supplementa details depending on the scope of the work.

It should also be understood that the project manager or regulatory officia may supersede these
guiddines on the basis of practica experience and/or recent developments with relevant field work and
case dudies. Additiondly, reference reachesin watersheds with smilar physiographic, geologic, and
hydraulic characteristics may indicate necessary modifications to the information presented in this
document and should be used as templates for channel stabilization and restoration projects whenever

possible.
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INTRODUCTION

The intent of this manual is to address a wide range of common biotechnical engineering
techniques and conventional, Ahard@ engineering solutions with the hope of identifying effective
uses and limitations, material specifications, and installation procedures for these measures. A
summary of the uses of common stabilization and restoration practices included in this document
isprovided in Table 1. Additionally, alisting of the principal limitations of each practiceis
givenin Table 2. Throughout the guidelines, where applicable, the stream types for which the
practices are appropriate are given in terms of the Rosgen classification scheme (see Table 3).
Although not addressed in these guidelines, it isimportant to assess the causes of any instability
problem prior to designing a channel restoration or stabilization project. For example,
streambank stabilization involving the installation of a structure may also involve re-shaping the
channel in order to provide for the stable distribution of energy. Additional information on
causes of unstable channels can be found in the U.S. Department of Agriculture's Interagency
Stream Corridor Restoration Handbook Page (www.usda.gov/stream restoration/).

Design Flows

The planning of many in-stream construction, stabilization, and restoration measures
depends on the magnitude and frequency of a design flow event. Many techniques used for bank
stabilization, including toe protection and surface armoring, are required to accommodate
bankfull flow velocities and shear stresses. Bankfull velocities for design purposes can be
estimated from Manning-s equation as follows:

V= f_ RZS S:IJZ
n

wheref =1.49 or 1.0 for U.S. or metric units, respectively, n = Manning-s roughness coefficient
approximated for bankfull conditions, R = the hydraulic radius associated with bankfull depth
and width, and S= dlope. Once the bankfull velocity is determined, the corresponding stone
diameter to resist this velocity can be found in MGWC 3.1. The average boundary shear stress at
a cross section can be estimated from:

to=9RS

where g = specific weight of water. MDE may require more extensive modeling effortsif tractive:
force (shear stress) regulations are to be reviewed.

Bankfull discharge (in a stable channel) is defined as the maximum discharge which can be
contained within the channel without over-topping the banks (Thorne et al., 1998). The bankfull
depth isthe flow depth associated with the bankfull discharge. 1n a stable channel, the bankfull
discharge is thought to be the discharge which forms and maintains the present morphology of the
channel. In an unstable channel, the bankfull discharge used for design purposes should reflect the
bankfull discharge that would be expected if the channel were stable. Reference reaches,
effective discharge studies, or bankfull indicators can be used to determine this magnitude.
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Temporary measures for dewatering and diverting flow from areach for construction
purposes should have sufficient capacity to convey 2-year flows for existing development
conditions. For projects where hydrologic data is not available, bankfull flows may be substituted
for the 2-year storm event. Design flows for temporary structures could be reduced to alower flow
if the project will take less than 2 weeks.

Cost Information

Approximate costs are included in the guidelines for rough planning and comparative
purposes only and may vary significantly based on local conditions and constraints. The costs were
derived from King, D.M., Bohlen, C.C. and Kraus, M.L. (1994), “ Stream Restoration: The Costs
of Engineered Bioengineered Alternatives.” Costs for the November 2000 revision of the
guidelines were updated from the costs provided in the 1999 draft using “ Engineering News
Record” Construction Cost Indexes. Annual average values of 4985, 5408, and 6060 were used for
the years 1992, 1994, and 1999 respectively.

Comprehensive Sream Enhancement Plan

The planning and design of any stabilization, restoration, or in-stream construction

project should include a set of clearly defined restoration objectives, a comprehensive monitoring
strategy, and an adaptive management plan. Objectives vary from aesthetic improvements to
habitat enhancement to safety and installation of hydraulic structures and roadways. Identifying
the objective of the project must be accomplished before the design process can begin.
Regardless of the nature of the objective, it should include measurable performance criteria.
Performance criteria are quantitative measurements that are made in the stream corridor and
compared to the project’s objectives. Performance criteria can include parameters such as
suspended sediment load and rate of lateral channel migration. A comprehensive monitoring
strategy including appropriate baseline studies and timing, frequency, and location of field
measurements, is requisite to assess the degree of project success or failure and to determine an
adaptive management plan. Options for an adaptive management plan include adjustment or
maintenance of individual measures, modification of project goals and objectives, and project
redesign.

References

Thorne, C.R., Soar, P.J.,, Hey, R.D., and Watson, C.C. (1998). Dominant Discharge Calculation:
A Practical Guide. US Army Research, Development, and Standardization Group - UK,
London.

Rosgen, D. L. (1996). Applied River Morphology. Wildland Hydrology, Pagosa Springs, CO.
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TABLE 1. SUMMARY OF THE USESOF COMMON RESTORATION AND

STABILIZATION PRACTICES

RESTORATION/
STABILIZATION
PrRACTICE

FUNCTIONAL APPLICATIONS

armor &
protect
surface

enhance
mass
stability

propagate
vegetative
growth

filter
sediment

provide
instream
habitat

provide
riparian
habitat

Brush Layering

O

Brush Mattresses

Fascines

Live Crib Wadlls

w OO0

Live Stakes

v @0 |0

Natura Fiber Rolls

v w |  O|@®@|@®

Deflectors

Gabions

Root Wads

Riprap, dumped

Riprap, imbricated

Boulder Placement

Log Weirs

w| w | OO @O |w|O|O0C

Stone Dikes

Rock VVanes

Log Vanes

v w Q0|0 @0 |w|w| 0|0

J-Hooks

Vortex Rock Weirs

“W” Rock Weirs

o v o6 06 0 0| C(C| 0|0 v 0 C

O
L

ClI0|10|0|0|C|0|0|C|0O|w|0|jC| @0 | 0|~

O|0|C|C|C|@|* |0 |w|lw | w | O

v | w | @ | w|w |

OO0 |0|0|0|0|0C|QC|Q0C|w|Q|Q0|™

Key:

@ - the approach iswell suited for this functional application (primary benefit)

D - the approach is moderately well suited for this functional application (frequent secondary benefit)

O - the approach is not well suited/rarely used for this functional application (possible incidental benefit)
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TABLE 1. SUMMARY OF THE USESOF COMMON RESTORATION AND
STABILIZATION PRACTICES (CONTINUED)

FUNCTIONAL APPLICATIONS

RESTORATION/
STABILIZATION
PrRACTICE

provide
organic protect bank create flow
material toe redirect flow diversity stabilize bed

Brush Layering b O O O O

Brush Mattresses

Fascines

®|C |0
w| 0|0

Live Crib Wadlls

Live Stakes

Natura Fiber Rolls

Deflectors

Gabions

Root Wads

Riprap, dumped

Riprap, imbricated

Boulder Placement

Log Weirs

Stone Dikes

Rock VVanes

Log Vanes

J-Hooks

Vortex Rock Weirs

ClO|0|0|0C|0O|w| 0|00 |@®@ |0 |0 |-

L BN BN NN BN RECRECREORN RN NE AN NE SO NC

L BN BN BN BN BB AN N SNCRECHE RECRN NECHNCENONNOCNNC)
L BN BN BN BN BB AN NN NECREONE SECRN NECHNCENCNNCNNC)
| @® C (OC|0C|w|0O|0C|O|0O|C|IO|0C|0O|0|0|0O]|C0C

“W"” Rock Weirs

Key:

@ - the approach iswell suited for this functional application (primary benefit)

D - the approach is moderately well suited for this functional application (frequent secondary benefit)

O - the approach is not well suited/rarely used for this functional application (possible incidental benefit)
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TABLEZ2. LIMITATIONSOF COMMON RESTORATION AND

STABILIZATION PRACTICES

RESTORATION/ FUNCTIONAL APPLICATIONS
STABILIZATION high sow flow limited high
PRACTICE design or pooled flashy backwater | st or fine | bedload
velocity reaches flows effects sand bed | transport
Brush Layering J L J [ [ [
Brush Mattresses J L > [ o o
Fascines [ [ J [ [ [
Live Crib Walls J O J [ [ D
Live Stakes J [ J [ [ [ )
Natura Fiber Rolls O [ O [ [ [
Deflectors L J o J O D
Gabions L [ J [ D o
Root Wads b L J b [ D
Riprap, dumped ® o L [ ) o
Riprap, imbricated o o [ [ ) [ ]
Boulder Placement o O J L O D
Log Weirs [ ] O O [ O O
Stone Dikes b D o J J D
Rock Vanes o [ J L O [
Log Vanes o L J [ J o
JHooks L J J D D D
Vortex Rock Weirs ® O 4 b O D
“W” Rock Weirs [ ] O [ ) O L
Key:

@ - the approach can be used effectively in (is well suited to) reaches with this constraint

D - with supporting measures, the approach is not severely limited by this constraint (use cautiously)

O - the approach should not be used in reaches with this constraint

MARYLAND DEPARTMENT OF THE ENVIRONMENT

WATERWAY CONSTRUCTION GUIDELINES
REVISED NOVEMBER 2000




TABLEZ2. LIMITATIONSOF COMMON RESTORATION AND

STABILIZATION PRACTICES (CONTINUED)

FUNCTIONAL APPLICATIONS

StamL AN ateral | highly
PRACTICE phannel erodible rigid/fixed steep bank
bedr ock adjustments banks banks grade
Brush Layering O D ) > O
Brush Mattresses O J > ) O
Fascines O J ) D O
Live Crib Walls O [ [ [ [
Live Stakes O D ) J O
Natura Fiber Rolls O D [ J O
Deflectors b O @) b [
Gabions o [ [ [ D
Root Wads O [ J J D
Riprap, dumped b [ L [ o)
Riprap, imbricated b [ [ [ ) o
Boulder Placement O o [ [ [ )
Log Weirs O b o [ [
Stone Dikes o b b b [
Rock Vanes O [ [ [ o
Log Vanes O o o ] e
JHooks O [ ] L [ [
Vortex Rock Weirs b L b [ [
“W” Rock Weirs O [ [ J [
Key:

@ - the approach can be used effectively in and is well suited to reaches with this constraint

D - with supporting measures, the approach is not severely limited by this constraint

O - the approach should not be used in reaches with this constraint
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TABLE 3. THE ROSGEN STREAM CLASSIFICATION SCHEME

SINGLE-THREAD CHANNELS

M uLTIPLE CHANNELS

MODERATELY
Entrenchment ENTRENCHED ENTRENCHED SLIGHTLY ENTRENCHED
Ratio (< 1.4) (1.4-2.2) (>2.2)
Width/Deoth Low MODERATE MODERATE VERY LOW MODERATE TO VERY HIGH Low
|
Ratio (< 12) TO HIGH (>12) (<12) HIGH (>40) (<40)
(>12) (>12)
Low MODERATE | MODERATE MODERATE VERY HIGH HiGH Low Lo-Hi
Sinuosity (<1.2) (>1.2) (>1.2) (>1.2) (>1.5) (>1.2) (<1.2) (1.2-
15)
Stream Type G F B E C D DA
S >0.10 0.04- 0.02- <0.02 0.02- <0.02 0.04- 0.02- <0.02 0.02- <0.02 0.02- 0.001- < 0.02- 0.001- <0.001 <0.005
ope 0.099 0.039 0.039 0.099 0.039 0.039 0.039 0.02 0.001 0.039 0.02
|| Bedrock i atar | A1 | 61 | Gic | Fib | F1 | Bla | Bl | Bic cib | c1 | cic
<
o Boulders || aoa+ | A2 G2 | Gx | F2b | F2 B2a B2 | B2 C2b c2 | cx
'_
é Cobbles || aAzar | A3 G3 | Gk | Fab | F3 B3a B3 | B | E3b E3 | c3b c3 | cac || b3 | D3
g Gravel Adar Ad G4 G4c Fab F4 Bda B4 B4c E4b E4 C4b ca Cac | Dab D4 D4c DA4
Z
< Sand ASat A5 G5 G5c F5b F5 B5a B5 B5C E5b E5 C5b c5 csc || Dsb D5 D5c DA5
Ol siyc
ay | Aear A6 G6 G6C Féb F6 B6a B6 B6C E6b E6 Céb c6 céc | Deb D6 D6c DA6
Reference

Rosgen, D. Applied River Morphology, Classification Key for Natural Rivers, 1996.
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MGWC 1.1: DEWATERING BASINS

Temporary measure for filtering
sediment-laden water

DESCRIPTION

The work should consist of installing dewatering basins jointly with channel diversion measures to filter sediment-
laden water from in-stream construction sites before the water re-enters the downstream reach.

EFFECTIVE USES& LIMITATIONS

Undersized dewatering basinswill not adequately filter sediment-laden water from the construction site.

M ATERIAL SPECIFICATIONS

Materials for dewatering basins should meet the following requirements:

Riprap: Riprap should be washed and have a diameter ranging from 4 to 6 inches (10 to 15 centimeters).

Filter Cloth: Filter cloth should be awoven or non-woven fabric consisting only of continuous chain polymeric
filaments or yarns of polyester. The fabric should be inert to commonly encountered chemicals, hydro-carbons,
ultraviolet light, and mildew and should be rot resistant.

Straw Bales/Silt Fence: Straw bal es should meet the criteria as specified in the 1994 Maryland Standards and
Specifications for Soil Erosion and Sediment Control.

INSTALLATION GUIDELINES

Due to the danger of overtopping by events greater than the design flow, dewatering basins require a vegetative
buffer strip to filter sediment-laden overflow. A 50-foot (15-meter) minimum grass-covered buffer width is required
for slopes less than 20 degrees (1:2.7) when right-of-way is not l[imited. For slopes greater than 20 degrees, basins
should have a 100-foot (30-meter) minimum buffer width when practical.

All erosion and sediment control devices should be installed as the first order of business according to aplan
approved by the Water Management Administration (WMA) or local authority. Dewatering basins should be
constructed as follows (refer to Detail 1.1):

1. Excavated subsoil and topsoil should be stored separately and replaced in their natural order. Additionally, the
excavated sediments should be prevented from entering the waterway by using sediment perimeter controls or
other measures.

2. Thedewatering basin should have a minimum depth of 3 feet (1 meter) where basin depth is measured from the
top of the straw bales to the bottom of the excavation.

3. Oncethe dewatering basin becomesfilled to one-half of the excavated depth, accumulated sediment should be
removed and disposed of in an approved area outside the 100-year floodplain unless otherwise authorized by the
WMA.

4. Sediment control devices should remain in place until all disturbed areas are stabilized and the inspecting
authority approvestheir removal. All disturbed ground contours should be returned to their original condition
unless otherwise approved by the WMA or local authority.
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Maryland’s Guidelines To Waterway Construction

DETAIL 1.1: DEWATERING BASINS

PLAN VIEW
straw bale dike or berm
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MGWC 1.2: PuMP-AROUND PRACTICE

Temporary measure for dewatering in-
channel construction sites

DESCRIPTION

The work should consist of installing atemporary pump around and supporting measuresto divert flow around in-
stream construction sites.

IMPLEMENTATION SEQUENCE

Sediment control measures, pump-around practices, and associated channel and bank construction should be
completed in the following sequence (refer to Detail 1.2):

1

Construction activities including the installation of erosion and sediment control measures should not begin
until all necessary easements and/or right-of-ways have been acquired. All existing utilities should be marked
inthe field prior to construction. The contractor isresponsible for any damage to existing utilities that may
result from construction and should repair the damage at his/her own expense to the county’ s or utility
company’ s satisfaction.

The contractor should notify the Maryland Department of the Environment or WMA sediment control inspector
at least 5 days before beginning construction. Additionally, the contractor should inform the local
environmental protection and resource management inspection and enforcement division and the provider of
local utilities a minimum of 48 hours before starting construction.

The contractor should conduct a pre-construction meeting on site with the WMA sediment control inspector, the
county project manager, and the engineer to review limits of disturbance, erosion and sediment control
requirements, and the sequence of construction. The contractor should stake out all limits of disturbance prior
to the pre-construction meeting so they may be reviewed. The participants will also designate the contractor’s
staging areas and flag all trees within the limit of disturbance which will be removed for construction access.
Trees should not be removed within the limit of disturbance without approval from the WMA or local authority.

Construction should not begin until all sediment and erosion control measures have been installed and approved
by the engineer and the sediment control inspector. The contractor should stay within the limits of the
disturbance as shown on the plans and minimize disturbance within the work areawhenever possible.

Upon installation of all sediment control measures and approval by the sediment control inspector and the local
environmental protection and resource management inspection and enforcement division, the contractor should
begin work at the upstream section and proceed downstream beginning with the establishment of stabilized
construction entrances. In some cases, work may begin downstream if appropriate. The sequence of
construction must be followed unless the contractor gets written approval for deviations from the WMA or local
authority. The contractor should only begin work in an area which can be completed by the end of the day
including grading adjacent to the channel. At the end of each work day, the work area must be stabilized and
the pump around removed from the channel. Work should not be conducted in the channel during rain events.

Sandbag dikes should be situated at the upstream and downstream ends of the work area as shown on the plans,
and stream flow should be pumped around the work area. The pump should discharge onto a stable vel ocity
dissipater made of riprap or sandbags.
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10.

11

13.

14.

MGWC 1.2: PuMP-AROUND PRACTICE

Water from the work area should be pumped to a sediment filtering measure such as a dewatering basin,
sediment bag, or other approved source. The measure should be located such that the water drains back into
the channel below the downstream sandbag dike.

Traversing a channel reach with equipment within the work area where no work is proposed should be avoided.

If equipment has to traverse such areach for access to another area, then timber mats or similar measures should
be used to minimize disturbance to the channel. Temporary stream crossings should be used only when necessary
and only where noted on the plans or specified. (See Section 4, Stream Crossings, Maryland Guidelinesto
Waterway Construction).

All stream restoration measures should be installed as indicated by the plans and all banks graded in accordance
with the grading plans and typical cross- sections. All grading must be stabilized at the end of each day with
seed and mulch or seed and matting as specified on the plans.

After an areais completed and stabilized, the clean water dike should be removed. After the first sediment
flush, anew clean water dike should be established upstream from the old sediment dike. Finally, upon
establishment of a new sediment dike below the old one, the old sediment dike should be removed.

A pump around must be installed on any tributary or storm drain outfall which contributesbaseflow to the work
area. This should be accomplished by locating a sandbag dike at the downstream end of the tributary or storm
drain outfall and pumping the stream flow around the work area. Thiswater should discharge onto the same
velocity dissipater used for the main stem pump around.

If atributary isto be restored, construction should take place on the tributary before work on the main stem
reaches the tributary confluence. Construction in the tributary, including pump around practices, should follow
the same sequence as for the main stem of the river or stream. When construction on the tributary is completed,
work on the main stem should resume. Water from the tributary should continue to be pumped around the
work areain the main stem.

The contractor isresponsible for providing access to and maintaining all erosion and sediment control devices
until the sediment control inspector approves their removal.

After construction, all disturbed areas should be regraded and revegetated as per the planting plan.
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Maryland’s Guidelines To Waterway Construction

DETAIL 1.2: PUMP-AROUND PRACTICE

PLAN VIEW
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MGWC 1.3: CULVERT PIPE WITH ACCESSROAD

Temporary measure for providing access
to stream enhancement sites

DESCRIPTION

The work should consist of installing a culvert pipe and associated access road for the purpose of erosion control
when construction activities occur within the stream corridor.

EFFECTIVE USES& LIMITATIONS

Culvert pipes with access roads can be used effectively for installation of utility lines at stream crossings.

Diversions which have an insufficient flow capacity can fail and severely erode the disturbed channel section under
construction. Therefore, in-channel construction activities should occur only during periods of low rainfall.

M ATERIAL SPECIFICATIONS

Materials for culverts with temporary access roads should meet the following requirements:

Riprap: Riprap should be sized to resist a stream’ shaseflow if the duration of the project is lessthan one
month. Otherwise, the riprap should be design to resist bankfull discharge.

Sandbags Sandbags should consist of materials which are resistant to ultra-viol et radiation, tearing, and
puncture and should be woven tightly enough to prevent leakage of fill material (i.e., sand, fine gravel, etc.).
Sheeting: Sheeting should consist of polyethylene or other material which isimpervious and resistant to
puncture and tearing.

INSTALLATION GUIDELINES

All erosion and sediment control devices including mandatory dewatering basins should be installed as the first
order of business according to a plan approved by the WMA or local authority. Installation should proceed from
upstream to downstream during low flow conditions. Additionally, all excavated material should be deposited and
stabilized in an approved area outside the 100-year floodplain unless otherwise authorized by the WMA or local
authority.

A culvert pipe with atemporary access road should be constructed as follows (refer to Detail 1.3):

1. Culverts should have a minimum capacity sufficient to convey the stream’ s base flow for projects with duration
of 2weeksor less. For projects of longer duration, culverts should have a capacity sufficient to convey the 2-
year flow.

2. Sandbag or stone flow barriers should be sized and installed as detailed in MGWC 1.5: Sandbag/Stone Channel
Diversion. The materials should be sized to withstand normal streamflow velocities.

3. All sediment laden flow from the construction site should be pumped to a dewatering basin built according to
MGWC 1.1: Dewatering Basins prior to re-entering the stream.

4. Temporary culvert crossings should be constructed in accordance with the 1994 Maryland Standards and
Specifications for Soil Erosion and Sediment Control (refer to Section 4, Stream Crossings, Maryland's
Guidelines to Waterway Construction).
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MGWC 1.3: CULVERT PIPE WITH ACCESSROAD

5. Velocity dissipation measures should be provided at the outfall to prevent aggravated erosion of the stream
channel. If riprap is utilized, it should be sized according to MGWC 2.1: Riprap.

6. Sediment control devices should remain in place until all disturbed areas have been stabilized in accordance
with an approved sediment and erosion control plan and the inspecting authority approves their removal.
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Maryland’s Guidelines To Waterway Construction

DETAIL 1.3: CULVERT PIPE W/ACCESS ROAD

PLAN VIEW
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MGWC 1.4: DIVERSION PIPE

Temporary measure for dewatering in-
channel construction sites

DESCRIPTION

The work should consist of installing flow diversion pipesin combination with sandbag or stone diversions when
construction activities occur within the stream channel.

EFFECTIVE USES& LIMITATIONS

Diversion pipes with an insufficient flow capacity can cause the channel diversion to fail thereby resulting in severe
erosion of the disturbed channel section under construction. Therefore, in-channel construction activities should
occur only during periods of low flow.

M ATERIAL SPECIFICATIONS

Materials for stream diversions should meet the following requirements:

Riprap: Stone should be washed and have a minimum diameter of 6 inches (15 centimeters).

Sandbags Sandbags should consist of materials which are resistant to ultra-violet radiation, tearing, and
puncture and should be woven tightly enough to prevent leakage of fill material (i.e., sand, fine gravel, etc.).
Sheeting: Sheeting should consist of polyethylene or other material which isimpervious and resistant to
puncture and tearing.

INSTALLATION GUIDELINES

All erosion and sediment control devices including mandatory dewatering basins should be installed as the first
order of business according to a plan approved by the WMA or local authority. Installation should proceed from
upstream to downstream during low flow conditions. If necessary, silt fence or straw bales should beinstalled
around the perimeter of the work area.

Diversion pipes with sandbag or stone barriers should be completed as follows (refer to Detail 1.4):

1. Sandbag/stone barriers should be sized and installed as detailed in MGWC 1.5: Sandbag/Stone Diversion. The
materials should be sized to withstand baseflow velocities.

2. All excavated material should be deposited and stabilized in an approved area outside the 100-year floodplain
unless otherwise authorized by the WMA..

3. Sediment-laden water from the construction area should be pumped to a dewatering basin.

4. Thediversion pipe should have a minimum capacity sufficient to convey the 2-year flow for projects with a
duration of two weeks or greater. For projects of shorter duration, the capacity of the pipe can be reduced
accordingly.

5. If necessary, silt fence or straw bales should be installed around the perimeter of the work area.

6. Sediment control devices areto remainin place until al disturbed areas are stabilized and the inspecting
authority approves their removal.
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Maryland’s Guidelines To Waterway Construction

DETAIL 1.4: DIVERSION PIPE
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MGWC 1.5: SANDBAG/STONE CHANNEL DIVERSION

Temporary measure for dewatering in-
channel construction sites

DESCRIPTION

The work should consist of installing sandbag or stone flow diversions for the purpose of erosion control when
construction activities occur within the stream channel.

EFFECTIVE USES& LIMITATIONS

Diversions are used to isolate work areas from flow during the construction of in-stream projects. Diversions which
have an insufficient flow capacity can fail and severely erode the disturbed channel section under construction.
Therefore, in-channel construction activities should occur only during periods of low rainfall. This temporary
measure may not be practical in large channels.

M ATERIAL SPECIFICATIONS

Materials for sandbag and stone stream diversions should meet the following requirements:

Riprap: Riprap should be washed and have a minimum diameter of 6 inches (0.15 meters).

Sandbags Sandbags should consist of materials which are resistant to ultra-violet radiation, tearing, and
puncture and should be woven tightly enough to prevent leakage of the fill material (i.e., sand, fine gravel, etc.).
Sheeting: Sheeting should consist of polyethylene or other materials which are impervious and resistant to
puncture and tearing.

INSTALLATION GUIDELINES

All erosion and sediment control devices, including dewatering basins, should be implemented as the first order of
business according to a plan approved by the WMA or local authority. Installation should proceed from upstream to
downstream during periods of low flow. If necessary, silt fence or straw bales should be installed around the
perimeter of the work area.

Sandbag/stone diversions can be used independently or as components of other stream diversion techniques.
Installation of this measure should proceed as follows (refer to Detail 1.5):

1. Thediversion structure should beinstalled from upstream to downstream.

2. Theheight of the sandbag/stone diversion should be a function of the duration of the project in the stream reach.
For projects with a duration less than 2 weeks, the height of the diversion should be one half the streambank
height, measured from the channel bed, plus 1 foot (0.3 meters) or bankfull height, whichever is greater. For
projects of longer duration, the top of the sandbag or stone diversion should correspond to bankfull height. For
diversion structures utilizing sandbags, the stream bed should be hand prepared prior to placement of the base
layer of sandbagsin order to ensure awater tight fit. Additionally, it may be necessary to prepare the bank in a
similar fashion.

3. All excavated material should be deposited and stabilized in an approved area outside the 100-year floodplain
unless otherwise authorized by the WMA.

4. Sediment-laden water from the construction area should be pumped to a dewatering basin.
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MGWC 1.5: SANDBAG/STONE CHANNEL DIVERSION

5. Sheeting on the diversion should be positioned such that the upstream portion covers the downstream portion
with at least a 18-inch (0.45 meters) overlap.

6. Sandbag or stone diversions should not obstruct more than 45% of the stream width. Additionally, bank
stabilization measures should be placed in the constricted section if accelerated erosion and bank scour are
observed during the construction time or if project time is expected to last more than 2 weeks.

7. Prior to removal of these temporary structures, any accumulated sediment should be removed, deposited and
stabilized in an approved area outside the 100-year floodplain unless authorized by the WMA.

8. Sediment control devices are to remain in place until al disturbed areas are stabilized in accordance with an
approved sediment and erosion control plan and the inspecting authority approvestheir removal.

TEMPORARY INSTREAM CONSTRUCTION MEASURES MARYLAND DEPARTMENT OF THE ENVIRONMENT

WATERWAY CONSTRUCTION GUIDELINES
REVISED NOVEMBER 2000

PAGE1.5-2



Maryland’s Guidelines To Waterway Construction

DETAIL 1.5: SANDBAG/STONE DIVERSION
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MGWC 1.6: FABRIC-BASED CHANNEL DIVERSION

Temporary measure for dewatering in-
channel construction sites

DESCRIPTION

The work should consist of installing fabric-based diversion channels for the purpose of erosion control when
construction activities occur within the stream channel.

EFFECTIVE USES& LIMITATIONS

Diversions are used to divert flow during construction of in-stream projects. Diversionswhich have an insufficient
flow capacity can fail and severely erode the disturbed channel section under construction. Therefore, in-channel
construction activities should occur only during periods of low rainfall.

M ATERIAL SPECIFICATIONS

Materials for fabric-based channel diversions should meet the following requirements:

Riprap: Class| riprap should be used with fabric-based channel diversions.

Filter Cloth: Filter cloth should be awoven or non-woven fabric consisting only of continuous chain polymeric
filaments or yarns of polyester. The fabric should be inert to commonly encountered chemicals, hydro-carbons,
and mildew and should be rot resistant.

Anchor Pins Hold down pins should have a minimum length of 18 inches (0.45 meters), and accompanying
washers should have a minimum diameter of 1 inch (2.5 centimeters).

Sandbags Sandbags should consist of materials which are resistant to ultra-violet radiation, tearing, and
puncture and should be woven tightly enough to prevent leakage of fill material (i.e., sand, fine gravel, etc.).
Sheeting: Sheeting should consist of polyethylene or other material which isimpervious and resistant to
puncture and tearing.

INSTALLATION GUIDELINES

All erosion and sediment control devices, including mandatory dewatering basins, should be installed as the first
order of business according to a plan approved by the WMA or local authority. Installation should proceed from
upstream to downstream during periods of low flow.

Construction of fabric-based channel diversionsinvolves channel excavation, placement of geotextile fabric, and
installation of flow divertersfor both the main channel and all tributaries contributing flow to the work area (refer to
Detail 1.6).

Channel Excavation

1. All disturbances resulting from construction of the channel should be contained by appropriate sediment control
measures.

2. Excavation of the channel should begin at the downstream end and proceed upstream. The channel should have
aminimum capacity sufficient to convey the stream’s base flow for projects with duration of 2 weeks or |ess.
For projects of longer duration, channels should have a capacity sufficient to convey bankfull flow. All
excavated materials should be stockpiled outside of the 100 year flood plain and temporarily stabilized to
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MGWC 1.6: FABRIC-BASED CHANNEL DIVERSION

prevent re-entry into the stream channel.

The process of excavation and stabilization with fabric should be a continuous and uninterrupted operation. All
materials should be on-site prior to channel construction.

The downstream and upstream connection to the natural channel should be constructed under dry conditions.
The stream should be contained by sandbags al ong the opposing bank during the process of cutting the diversion
channel into the natural stream channel. Excavation and stabilization should be a continuous and uninterrupted
operation.

All debris such as rocks, sticks, etc. should be removed and the channel surfaces made smooth so that the fabric
will rest flush with the channel at all sides and bottom.

Stabilization with Geotextile Fabric

1

2.

3.

6.

The fabric should have a minimum width such that it is keyed in and anchored at the top of stream bank.
Fabric should be placed so that it rests flush with the channel at all points of contact.

Fabric should be placed such that one piece will line the entire channel. If thisis not possible, fabric should be
placed so that transverse overlapping occurs in accordance with the detail. Longitudinal overlaps should not be
allowed. Upstream sections should overlap downstream sections. Overlap width should equal 2 feet (0.6
meters) minimum.

The fabric should be keyed into 2 by 2-foot (0.6 by 0.6-meter) trenches located at the upstream edge and at 50-
foot (15.25-meter) intervals with the overlap placed nearest to each 50 feet increment. The key-in should be
from top of channel to top of channel. Class| riprap should be carefully placed into the trench with zero drop
height.

The fabric sections should be secured with hold down pins and washers. Overlaps should be pinned along
transverse and longitudinal axes with spacing equal to 3 feet (0.9 meters) maximum.

Sediment from surrounding areas of disturbance should not be allowed to enter the diversion channel.

Alternate Methods of Placing the Fabric

1

The above design may be modified to allow sewing of the geotextile fabric. Sewing of the geotextile fabric,
rather than overlapping, should eliminate the requirement for transverse placement of the fabric. Either
transverse or longitudinal placement should work equally well.

The spacing of the pins could be either larger or smaller depending on the anticipated velocities and thickness
and type of geotextile fabric.

The entire bottom of the channel could beriprapped if high velocities are anticipated. When the areais
riprapped, it is not required that the geotextile fabric underneath the riprap be pinned.

Removal of Diversion

1. Water should not be allowed through the natural stream until all construction is completed.

2. After redirecting the flow through the natural channel, all fabric should be removed from the temporary
diversion. The diversion should then be backfilled and stabilized. Points of tie-in to the natural channel should
be protected with riprap according to the riprap guidelines.
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Maryland’s Guidelines To Waterway Construction

DETAIL 1.6: FABRIC-BASED DIVERSION

PLAN VIEW

sandbag diversions

existing channel

— % dewatering

basin

geotextile fabric riprap trenches

SECTION VIEW

21HV) 7

) %pprox 50 ft

2t (0.6-m) £
overlap 4

(15 m)

el

AN T NS OAnVATEA 10 %) S I SO A=SATeA 1A I S8

pins with a maximum
spacing of 3 ft (0.9m)

TRENCHING DETAIL

VL \ 74

fabric— 2 ft
class 1 (0.6 m)
riprap ;

2 ft
}¢(O.6 m)ﬂ

TEMPORARY INSTREAM MARYLAND DEPARTMENT OF THE ENVIRONMENT
CONSTRUCTION MEASURES PAGE 16 - 3 WATER MANAGEMENT ADMINISTRATION




SECTION 2

SLOPE PROTECTION & STABILIZATION TECHNIQUES
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MGWC 2.1: RIPRAP

Rigid engineering technique for bank
stabilization

DESCRIPTION

Riprap is used to protect and stabilize embankment soils from the erosive forces of flowing water and piping forces
resulting from groundwater seepage. A well-engineered riprap system should consist of the following:

afilter layer of gravel or cloth designed to prevent soil movement into or through the riprap layer while
allowing water to drain from the embankment, and
astone layer of appropriate gradation and thickness to resist the shearing forces of channelized water.

EFFECTIVE USES& LIMITATIONS

When properly designed and installed, riprap is an effective method where soil conditions, water turbulence and
velocity, expected vegetative cover, and groundwater conditions are such that the soil may erode under the design
flow conditions. Some common areas of riprap applicability are:

diversion channel banks and/or bottoms,

roadside ditches,

drop structure outlets, and

laterally expanding banks threatening infrastructure or personal property.

Additionally, properly graded riprap forms aflexible, self-healing cover which can be easily repaired in localized
areas by the timely replacement of stone. Uniform-grade riprap can also be used with a geotextile filter cloth.

Filter cloth should only be utilized when the bank material isnoncohesive such as sand or gravel.

M ATERIAL SPECIFICATIONS

Filters. Material and design specifications for granular filters are found in Table 3.1a.

Table 3.1a: Granular Filter Material Grading Specifications

% lessthan U.S. Standard sieve size
100 2%in (64 mm)
85-100 1in (25 mm)
60-100 % in (13 mm)
35-70 No. 10
20-50 No. 40
3-20 No. 200

The thickness of the filter should not be less than 6 inches (15 cm). Generally, filtersthat are one-half the thickness
of theriprap layer are satisfactory.

Synthetic filter cloth may be used cautiously based on the 1994 MD Standards and Specifications for Soil Erosion
and Sediment Control .
Riprap: The maximum diameter or weight of stone for riprap should be based upon the design flow velocity
using Figure 3.1. Thischart is based on amaximum slope of 2H:1V. The stone gradationsfor Classes| - I11
arefound in Table 3.1b.
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MGWC 2.1: RIPRAP

Table 3.1b: Stone Gradationsfor Riprap Stone Classes

Class Size % Total Weight < Given Size
I 1501b (70 kg) 100
21b (1 ko) 10 max
I 700 1b (320 kg) 100
20 Ib (10 kg) 10 max
Il 20001b (910 kg) 100
40 Ib (20 kg) 10 max

Uniform-grade riprap should incorporate angular rock to promote interlocking.

Approximate Cost ($1999):
$78 per linear ft

INSTALLATION GUIDELINES

All erosion and sediment control devices, including dewatering basins, should be implemented as thefirst order of
business according to a plan approved by the WMA or local authority. Once a slope stabilization project isinitiated,
preparation and placement of the riprap should immediately follow the initial disturbance to minimize the chances
for further slope degradation. The recommended construction procedure for riprap is as follows beginning with
initial slope preparations (refer to Detail 2.1):

1. The contractor should install all sediment and erosion control devices asthefirst order of business.
2. Excavation should be made in reasonably close conformity with the existing stream slope and bed.

3. All fill in the subgrade should be compacted to a density approximating that of the surrounding undisturbed
material.

4. Provisions must be made to anchor the riprap at the stream bed so as to provide protection against undermining.
If this cannot be accomplished by creating atoe trench, an alternative method of protection must receive prior
written approval from the WMA or local authority.

5. Thefilter layer or blanket should be placed immediately after slope preparation.
The stone for granular filters should be spread in auniform layer to the specified depth. Where more than
one layer is employed, they should be spread such that there is minimal mixing.
When cloth filters are used, special care should be taken not to damage the fabric during riprap placement.

6. Riprap placement should begin with the toe. The larger stones, as specified by the design gradation, should be
placed in the toe and along the perimeter of the slope and channel protection. The riprap should be placed with
suitable equipment in such amanner as to produce areasonably graded mass of stones with zero drop height.
The placing of stones that cause extensive segregation is not allowed. Where appropriate, alow flow channel
shall be constructed through theriprap.

7. Any excavation voids existing along the edges of the completed slope and channel protection should be
backfilled and compacted.

8. All disturbed areas should be permanently stabilized in accordance with an approved sediment and erosion
control plan.

Note: The use of rock vanes (MGWC 3.3: Rock Vanes) should be considered to redirect high-vel ocity flows at the
toe.
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FIGURE 2.1: RIPRAP DIAMETER ASA FUNCTION OF STREAM VELOCITY
(BASED ON ISHBASH EQUATION)
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Maryland’s Guidelines To Waterway Construction

DETAIL 2.1: RIPRAP

SECTION VIEW
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MGWC 2.2: IMBRICATED RIPRAP

Rigid engineering technique for bank
stabilization

DESCRIPTION

Imbricated riprap is used to protect and stabilize embankment soils from the erosive forces of flowing water and
piping forces resulting from groundwater seepage. A well-engineered imbricated riprap revetment should consist of
the following:

afilter layer of gravel or cloth designed to prevent soil movement into or through the riprap layer while
allowing water to drain from the embankment, and

astone wall of appropriate size and positioning to resist the shearing forces of channelized water and the lateral
earth pressures of the enveloped bank.

EFFECTIVE USES& LIMITATIONS

When properly designed and installed, imbricated riprap revetments resist lateral earth pressures to some extent and
can be an effective method of bank armoring where soil conditions, water turbulence and velocity, expected
vegetative cover, and groundwater conditions are such that the soil may erode under the design flow conditions and

threaten infrastructure or personal property.

Filter cloth should only be utilized when the bank material is a noncohesive material such as sand or gravel.

M ATERIAL SPECIFICATIONS

Materials for imbricated riprap construction and installation should meet the following requirements:
Filters: Synthetic filter fabric may be used cautiously based on the 1994 MD Standards and Specifications for
Soil Erosion and Sediment Control. Whenever possible, however, granular filters with a minimum thickness of
6 inches (15 cm) should be used with a gradation asfound in Table 2.2.

Table 2.2: Granular Filter Material Grading Specifications

Percent Less Than U.S. Standard Sieve Size
100 21/2in (64 mm)
85 - 100 1lin (25 mm)
60 - 100 1/2in (13 mm)
35-70 No. 10
20-50 No. 40
3-20 No. 200

Toe Riprap: The maximum diameter or weight of stone for toe riprap should be based upon the bankfull stream
channel velocity as detailed inthe MGWC 2.1: Riprap and Figure 2.1.

Imbricated Stones: I mbricated riprap should be angular and blocky in shape such that they are stackable and
should be sufficiently large to resist displacement by both the design storm event and the site-specific lateral
earth stresses. Therefore, the length of the longest axis of each stone should be the greater of 1/3 the height of
the proposed wall and the size necessary to resist the design stream flow accordingto MGWC 2.1: Riprap. A
typical minimum axis length is 24 inches (0.6 meters).
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MGWC 2.2: IMBRICATED RIPRAP

Approximate Cost ($1999):
$90 per linear ft

INSTALLATION GUIDELINES

All erosion and sediment control devices, including dewatering basins, should be implemented asthefirst order of
business according to a plan approved by the WMA or local authority. The recommended construction procedure
for imbricated riprap is as follows (refer to Detail 2.2):

1. Thestream should be diverted according to a WMA recommended procedure (see Section 1, Temporary
Instream Construction Measures, Maryland’ s Guidelines to Waterway Construction), and the construction area
should be dewatered.

2. All excavation should be made in reasonably close conformity with the existing stream slope and bed. The
slope of the cut face should be in the range of 1H:6V to 2H:6V. Loose material at the toe of the embankment
should be excavated until a stable foundation is reached, usually within 2 to 3 feet (0.6 to 0.9 meters) of the
surface. The subgrade should be smooth, firm, and free from protruding objects or voids that would effect the
proper positioning of the first layer of stones.

3. A graded granular filter or filter fabric should be placed on the face of the cut slope to prevent the migration of
fine material s through the revetment. If filter fabric is used, it should be carefully and loosely placed on the
prepared slope and secured. Adjacent strips should overlap a minimum of