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Stormwater Retrofits:
Tools for Watershed Enhancement

quality, and biodiversity within impacted ur-

ban streams and rivers are objectives for water-
shed managers. Stormwater retrofittingisjust oneavail-
ablewatershedrestorationtool . Stormwater retrofitsare
aseries of structural stormwater practices designed to
mitigateerosiveflows, reducepollutantsin stormwater
runoff, and promote conditions for improved aquatic
habitat.

Other watershedrestorationtool sthat restorestream
habitat and stabilize stream banks are necessary and
important for watershed restoration, but without estab-
lishing a stable, predictable hydrol ogic water regime,
thesetool smay not beeffective. Erosiveconditionsand
damaging frequent stormwater flows will remain. To
successfully improveastream’ soverall aguatic health,
stormwater retrofitting isawatershed manager’ s most
reliabletool.

Recent effortsin Maryland haveidentified methods
for locating, designing, and constructing retrofits in
urban watersheds. Scouting for retrofit sitesrequiresa
sound understanding of how, where and which storm-
water practicesareappropriatefor particul ar situations.
This requires an understanding of urban streams, hy-
drology and stream morphology, and an ability to
envisionpossibilitiesfor enhancement. Itisalso helpful
to have an imaginative approach when attempting to
identify appropriatealternatives. Six examplesof urban
retrofitsareidentifiedinTablel. Theseretrofitsmustbe
adopted to varying site-specific conditions but repre-
sent the most common options for urban retrofitting.

Table 1: Retrofit Examples

= Retrofit existing older stormwater manage-
ment facilities (detention ponds)

= Construct new stormwater practices at
upstream end of road culverts

= Construct new stormwater practices at storm
drainage pipe outfalls (end of pipe)

= Construct small instream practices in open
channels

I mproving aquatic habitat, water

= Construct “on-site” measures at the edges of
large parking areas

= Construct new stormwater practices within
highway rights-of-way (cloverleaves)

Stormwater retrofits only emphasize pollutant re-
duction. It should be recognized that quantity fre-
guently creates the most severe urban stream impacts.
Watershed managers should look for opportunities to
combinequantity and quality control stogether instorm-
water retrofits.

Stormwater Retrofit Options

1. Retrofit existing stormwater management facili-
ties

Thisoption involves converting existing detention
facilities(usually dry detention basins) into morefunc-
tional treatment practices. Older basins are usually
modifiedtobecomestormwater wetlandsor wet ponds.
Thisis perhaps the easiest retrofit option since storm-
water isalready managedinadistinctlocationandthere
isalready someresident acceptanceand understanding
of stormwater management. Inaddition, modifying ex-
isting facilities usually involves minimal impacts to
secondary environmental resources (e.g., wetlands,
forest cover, migration barriers, etc.)

Theretrofit process begins with an analysis of the
existing hydraulic characteristicsof thefacility, review-
ing the type of storage originally provided (e.g., two-
year, and 10-year storms), and evaluating whether
available storage exists for additional water quality
treatment. The pond bottom can usually be excavated
to create more permanent pool storage (for pond and
wetland systems), theembankment can beraised, or the
outlet structure modified to obtain additional storage
for extended detention.

Another option is to increase the flowpath from
inflow point todischargepoint by using baffles, earthen
berms or pond micro-topography to improve settling
conditions. Thegoal of thistypeof retrofitistomaintain
the original design purpose of the basin as much as
possible, while providing additional pollutant treat-
ment. A typical retrofit of anexisting detentionbasinis
showninFigurel.

2. Construct new stormwater practices at upstream
end of road culverts

Thisstormwater retrofit optionisinstalled upstream
from existing road culverts by constructing a control
structure and excavating a micro-pool. The control
structure can consist of a gabion or concrete weir
structureor ariser/barrel configuration. Themicro-pool
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Figure 1: Existing Dry Detention Basin (A) and Shallow Marsh Stormwater Wetland Retrofit (B)

isasmall permanent pool with atarget volumeequiva-
lent to 0.1 watershed inch of storage. Thismethod can
beutilizedto provideextended detention of runoff with
amaximumdepth of six feet abovetheculvertinvert. If
the upstream area is an open floodplain, it may be
possibleto construct awet pond or stormwater wetland
retrofit.

Stormwater quality control can usually be accom-
modated with thistype of retrofit. Since roadways are
not always constructed as stormwater pond embank-
ment, special measuresmay benecessary to ensurethat
these retrofits will meet dam safety specifications for
seepage control and passage of the 100-year storm.
Secondary impactsal so needtobeconsideredwiththis
typeof retrofit. Exampl esof secondary impactsinclude
expansion of the 100-year floodplain, creation of fish
migration barriers, modification of upstream wetland
hydrology, and potential impactsto existing forests. A
typical retrofit utilizing an existing road crossing is
showninFigure?2.

3. Construct newstormwater practicesat stormdrain-
age pipe outfalls

This retrofit often consists of constructing new
stormwater treatment practicesat theimmediatetermi-
nusof stormdrainagesystems. Theseretrofitsareoften
designed as off-line stormwater practices. Flow split-
terscanbeutilizedtoconvey thewater quality treatment

volumestoastormwater practicewhileallowing larger
storms to bypasstheretrofit. Examples of stormwater
practices that are often applied in this retrofit option
includesandfilters, peat-sandfilters, bioretention areas
(article 110), off-linewetlands and wet ponds (refer to
article150for moreinformationonparallel pipesystems
and flow splitter design). Consideration must begiven
to regulatory restrictions when constructing stormwa-
ter practicesinafloodplain. Figure3showsaschematic
plan for this method of retrofitting.

4. Construct small instream practices in channels

Previously channelized streams are potential sites
for small instream detention structuresin some small
subwatersheds. These retrofits consist of small weir
wallsor check damsplaced acrossthechannel. A small
ponding area is provided upstream of the retrofit for
establishing wetland vegetation. Thistypeof retrofitis
usualy very easy to install and can provide some
moderate pollutant removal benefits, but can have
potentially adverseimpactsonthefloodplain. Existing
floodplain levels must be carefully compared to those
created by theretrofit. Oftenthese channelized streams
have been designed to convey a certain frequency
stormevent withagiven cross-section. M odification of
thisgeometry may aff ect adjacent propertiesand down-
stream structures.







Table 2: Elements to Consider in Stormwater Retrofitting

Element Consideration

Construction/
maintenance access

Ensure that retrofit site has adequate construction and maintenance
access and sufficient construction staging area

Utilities Verify existing utility locations, assess likelihood for conflicts, avoidance
or relocation potential

Wetlands, forests,
and sensitive streams

Identify existing natural resources and estimate sensitivity, avoid and
minimize impacts where possible, assess likelihood for conflicts and
permit acquisition complications

Conflicting land uses Identify adjacent land uses, select stormwater practices that will be
compatible with nearby properties

Complementary restoration
projects

Look for opportunities to combine projects, such as combining stream
stabilization and habitat restoration with retrofitting in a complementary
manner

Permits and approvals Assess the difficulty of obtaining permits and identify necessary agen-
cies to contact

Retrofit purpose Define project purpose (i.e., is the retrofit intended to help stabilize the
hydrologic regime in terms of quantity controls or is the retrofit more
directed at pollutant removal in terms of quality controls?)

Cost Retrofits can vary in cost from a few thousand to several hundred thou-
sand dollars. A preliminary cost assessment should be conducted as
part of a stormwater practice selection and implementation process

Conclusion

Table 2 provides somekey elementsto consider in
the selection and design of stormwater retrofits. De-

5. Construct on-site measures at the edge of large
parking areas

Largeparkinglotsareoftenideal candidatesfor the

installation of new stormwater retrofits. Some recent
techniques, such as bioretention, improved porous
pavement and sand filtersmay beappropriatefor these
retrofits. Infiltration practices, underground vaults, or
other quantity practices may also be appropriate in
somesituations. Refertoarticles105and 110for detailed
information on these stormwater practices.

6. Construct new stormwater practices in highway
rights-of-way

Existing highway systems often have significant
open spacesto install various stormwater retrofits. In
particular, cloverleaf open space can beanideal loca
tion for stormwater wetlands and pond systems if
drainageareas/patternsallow. Caremust betakentonot
create a safety hazard for traffic, and maintenance
access should be an integral part of the design.

signers and watershed managers must consider awide
variety of issues when selecting retrofit options.

In summary, retrofitting is a useful tool for water-
shed enhancement and stream quality improvement.
Severa techniques are available to help establish a
stable hydrologic condition and reduce stormwater
runoff pollutants to receiving waters. Retrofitting re-
quires avariety of skillsfor successful identification,
design, andimplementation. When combinedwith other
watershed restoration efforts such as stream bank sta-
bilization and habitat improvements, retrofitting can
contribute to better urban waters which sustain a di-
verse and healthy aquatic ecosystem.

—RAC
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