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1. Conceptual Framework




Sewers.... Major Advance of the Day.
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Sanitary Sewers.... Public Health Motivations

DEATHS FROM TYPHOID FEVER TO EACH 10,000 INHABITANTS

BEFORE, DURING AND SINCE THE
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Buried (*missing”) Urban Streams




The Long Buried Jones Falls
(Downtown Baltimore)
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The Other Transformation:
Increased Drainage Density.

Curb & Gutter
Network




Regional Drainage Density Increases

Storm Drains
GE 36" and
Streams in
Baltimore City

3 Miles

Baltimore City DPW




Urban Runoff.... A function of Impervious
surfaces & storm drainage systems

The Urban Stream Syndrome...
poor water quality & biota, floods,
channel damage, etc.




Urban Runoffi Networks....
effects on ecological structure and function?

Organic matter transport &
transformations, food
webs...




2. The Urban Stream Continuum (USC)




Aguatic Ecology’s
River Continuum
Concept

Leaf Litter inputs at
headwater streams...

OM Transformations
downstream...
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Commensurate changes
in biotic communities
downstream
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Is there an URBAN
River Continuum
Concept ?




The River Continuum... Upstream OM (Leaf)
Inputs, withr Changes in OM and Biota
downstream

Zero Order
Streams

... starts in the
headwaters \

1st Order
Stream



The Natural Stream Continuum

Zero Order Channel - DOM, FPOM & CPOM

(Some RO, OM Inputs) / \/\\t)—
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The Urban Stream Continuum

Extensive New “Zero Order”
and New 1st Order (buried)
streams

e

DOM, FPOM & CPOM
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Urban Headwater Streams....
a range of types




Key Issue: Gutters & Storm Drainage...
Unnatural Sources of OM & Other Constituents

Gutters & storm drainage
systems are effectively
Zero order streams....

Able to move materials &
dissolved constituents not
of “riparian” erigin
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So.... Urban Landscapes Should be “Big Time”
OM EXxporters... and Processors




Types of Organic Matter in Streams

DOC- dissolved OM
FPOM- fine particulate OM

CPOM- coarse particulate OM




Why Is Urlbban OM transport Impoertant ?

sLeaves in streams: energy (food source) and habitat
eImportant in a variety of BGC reactions and pathways
sImportant in DBPs and drinking water treatment?
“Vectors” for pathogens and pollutant loads?

Dipteféi: 33
Tipula sp.



“‘Upland Riparian™ Zero Order Streams... URZO’s




Alleyways, Roofi Gutters...
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Urban Canopy...
Intimately connected to
drainage
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CPOM-EPOM-DOC... lots of procesing




Storage in the Pipe
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Catchbasins... urban “debr




Street Sweeping in Rognel Heights




Rognel Heights Storm Composite




Catchbasins... receive large velumes of BOD




INn Urban

FPOM
Streams

DOC &
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Pond Branch
32.3 ha
0 % ISC

Baisman Run

BES Stream Sites

381 ha
1% ISC

Gwynns Falls
At Gwynnbrook
1066 ha
17 % ISC

Dead Run
1414 ha
41% ISC

Carroll Park
16278
27 % ISC

Legend

Streams
Watershed Bowndary
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[ — i Caty Boundary
Q15 3 # Kilomatars

Courtasy of CUERE Spatial Analysis Laboratary
at the Univarsity of Maryland, Balimana County




USGS- Ratings & Continuous Record ofi Flows




DOC Concentration & Flow... Forested

DOC Concentration & Flow Rate
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DOC Concentration & Flow... Urban

DOC Concentration & Flow Rate
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Urban: Higher DOC... and Greater Fluxes
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DOC Flux vs. ISC... the gutter subsidy?

Dry & Wet DOC Areal Flux Vs. Impervious Cover %
2005-2006

& Dry

B Wet

—Linear (Wet) y = 4.3605x + 42.81 u

R?=0.9026

——Linear (Dry)

y = -0.1548x + 11.804
R?=0.5757

50
Catchment Impervious %




FPOM- Fine Particulate Organic Matter
(VSS)




% OM (of TSS)... Higher in Urban Streams
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FPOM: Size Fractions.... Post Storm
Sampling
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Villa Nova: Seston Conc vs. Storm Flow Rates

>
E
o
c
o
O
0
wn
l_
o3
=
®)
o
LL

Gwynns Falls at Villa Nova
FPOM, TSS and % Organic Matter (of TSS)
(Dry Weather & 2 Fall 2006 storms)
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Urban catchments produce
large DOC/POC fluxes

These loads may In large
part be related te urban
drainage infrastructure




Delivered to urban streams:
Immense guantities of
~|_particulate & dissolved OM.....

Implications:

Aguatic Ecology (Food
Webs)?

Public health (DBPs) ?

Watershed Mat
(Missing LL)?
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Urban Headwater Streams...
additionall upstream sources
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The Urban “Spaghetti” does not end with
stormwater...

3 Miles

Baltimore City DPW




Dense Pipe Networks: Baltimore City

Stormwater:
1,000 miles of storm drains
33,000 storm inlets

. Potable Water:

g 3,400 miles water mains
-3 265 mgd

19,100 fire hydrants

Wastewater:

3,100 miles sanitary mains, etc
250 mgd

Ca. 1000 joints per mile of pipe

* From Baltimore City DPW Website
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water” pipes
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The Urornn Hydrologic System
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Sanitary. Sewers....
Two Way Riparian Interchanges with stream water
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Stormwater...
Many Headwater Catchments
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‘Headwater” Stormdrains Carrying
Groundwater...

Inlet :
Street, parking lot, etc

...become
“buried” streams

Baseflow
Discharge



Dense, Landscape-wide systems of pipes...
urban “Karst”

Inlet :
Street, parking lot, etc

\ Groundwater
“Recharge”
Baseflow
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Fluoride in Gwynns Falls Streams

—o— Powder Mill —— Purnell Dr. Dead Run Dnst. Gwynns Falls Pkwy. —%— GRun Hilton St.
—— GF Hilton St. —+— Maidens Choice —=— GRun Carroll Park Washington Blvd.

Upstream, Low
Fluoride
(~ 10%)

Downstream, :
Inner City ‘ Gwynns Run
(~ 23%) ¥ Tributary
(~ 100 %)

Tap Water Fluoride

2002 DPW NPDES Ann Rnt Concentration
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Deicers... High Chloride Year-around

—m— Powder Mill Dead Run —e— Maidens Choice




“Headwater” Stormdrain Catchments:
Nitrate Dry Weather Flow Sources ?

Nitrate Nitrogen Concentrations

Seasonal Means

O Fall
O Winter

@ Spring Storm Drain Sites
B Summer v\
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Baltimore Street Sampling site... buried headwater stream




Multiple Systems... Intermingled Chemistry

Pervasive In urban streams:

Fluoride

E. Coll

Chloride

Nutrients




Thermal Loads

Headwater urban streams:

Urban Heat Island Effects

Storm RO spikes and
extended thermal loads
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Ultra-Urban Hotspots ?

Are older “ultra”urban
neadwaters intrinsically.
different 2
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Ultra-Urban Buried Streams: E. coli Concentrations

Watershed 263 Baltimore St. Station Fecal Coliform Count
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Ultra-Urban Buried Stream: Total Copper
Concentrations

Watershed 263 Baltimore St. Station Total Copper
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Ultra-Urban Hotspots ?

Runoff Hotspots &
Contaminated Groundwater

BOD, Nutrients, Metals...




Erme of |loc

Urban “Karst” Recapitulation



Urban Headwater Streams... additional upstream
OM & contaminant Sources, processing, ete.

1st Order
Stream



Urban Groundwater Conveyance ?

Implications for Urban BMPs ?

Ecology of Buried Streams ?

OM Processing & Contaminant Transformations ?
Pathogen Transmission & Sources ?

Downstream Energy & Contaminant Effects ?
Etc....
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Abstract

Urban streams have long been known to have poor water quality due to stormwater runoff and
sewerl/illicit connections. However, understanding how these affect aquatic ecosystem structure and
function requires a highly interdisciplinary, multi dimensional approach. Just as aquatic ecologists have
come to realize the importance of hyporheic and watershed influences on stream ecology, it has become
apparent that urban streams are even more complex, three dimensional, catchment-wide hydrologic
ecosystems, and not simply runoff conveyance systems. Of great importance is the degree of
connectivity between civil infrastructure and receiving streams, including the routing of stormflow,
augmentation of baseflow by potable water networks, “upland riparian” sources and riparian interactions
with sanitary sewers. Almost every hectare of the urban landscape can be underlain by this dense
network of pipes which create a kind of “engineered karst” which not only affects hydrologic processes,
but creates a previously under-appreciated “gutter subsidy” for organic matter and contaminants to
urban streams. The exponential extension of the stream network density by stormwater drainage
reaches almost every drainage feature in the landscape, essentially making every gutter and rooftop a
zero order stream, with potentially important implications for stream ecosystems, watershed
management and public health.

We present several years of water quality data for streams and storm drains of the BES LTER &
Baltimore City stream networks. Storm and dry weather DOC, TSS, and FPOM revealed high temporal
variance, with high flux levels and concentrations. Ultra urban small headwater residential catchments
had very high organic matter, bacterial, nutrient, and metal concentrations, suggesting that these are
hotspots in the urban hydrologic landscape deserving of more attention. Thermal inputs from urban
headwaters were also significant, and may have implications for stream biota and biogeochemical
processing. These results suggest that the altered drainage pathways and strong terrestrial-aquatic
linkages of urban catchments may combine in a way such that both natural and urbanized headwaters
are important locations for management of catchment pollutant loads, and are important for aquatic food
webs and productivity. We discuss various aspects of these complexities with respect to how they create
a new “urban stream continuum” and determine water quality and constrain aquatic communities.
KEYWORDS: Organic Matter, Urban Hydrology, Urban Stormwater, Leaf Litter, Drainage Networks
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