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e 1972 Clean Water Act

51 WQ based approach had not been effective
a1 Congress temporarily abandoned the WQ based approach
= Uniform technology based effluent requirements for all point sources

e 1983 water quality based effluent limitations

= Required for discharges to impaired waters where technology based
requirements were not enough to meet state WQS

=1 Impaired waters listed
=1 TMDLSs to establish allowable loadings for all impaired waters
5 Continuing Planning Process
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WihatHave\Velearmed

e Nonpoint sources must also be controlled to meet WQS
a]Most stormwater sources have since become point sources
e There are other causes of water quality impairment
besides pollutants
=1Habitat destruction
a]Changes in the hydrologic regime (impermeable surfaces)
e Water quality Is best managed on a watershed basis

=1 Considering all causes and sources of impairment and
threats
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Water Quality Standards
Use Attainability Analysis

A

Monitor/Assess WQS Attainment
Assessment methodology
305(b) Report
303(d) List of Impaired Waters
EPA approves 303(d) list

'

TMDL

WLASs to point sources Continuing Planning
LAs to nonpoint sources

EPA approval M(CPP)

A 4

> Watershed Plan
State developed or approved

I
v v

NPDES permits for point sources Manage nonpoint sources
EPA discretion to object w/ Federal/State $
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Rivers & Streams | Lakes, Ponds & | Estuaries
Reservoirs
Agriculture Agriculture Municipal Point
Source
Hydro- Hydro- Urban
modification modification Runoff/storm
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Rivers &Streams | Lakes, Ponds & | Estuaries

Reservoirs
Siltation Nutrients Pathogens
Pathogens Metals Organic

Enrichment

Nutrients Siltation Metals
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Watershed Management Process

Phase 2

Setting Goals
and ldentifying
Solutions

Defining The
Problem

Building a
Project Team

Measuring Success
and Making
Adjustments

Implementing
Controls

PARTNERSHIP
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Examples of nonpoint
source pollution are
indicated on the right
side of the river.

Examples of point
source pollution are
indicated on the left

side of the river.



Monitoring Planning Process

Management Goals and Activities
v
Identify Questions
v
Develop Monitoring Objectives
v

Define Monitoring Parameters & Procedures
v

Collect Data
v

Analyze and Evaluate Data
Relative to Monitoring Objectives
v

Answer (Questions
v

Management Recommendations
and Follow-up




Sampling Design
Considerations

«S1te Locations

«Sampling Frequency
«Statistical Survey Design

Protocols and Standard Methods



Watershed Processes
Vulnerable to Change

* Hvdrology

* Sediment Transport

* Nutrient Cycling

* Trophic Interactions/Competition



Characterizing Change

Source/Cause
Effect

Frequency
Duration
Intensity/VMagnitude



Human-Made Agents of Change

* Modification of river flow

* Agriculture

* Timber harvest

* Urbanization

* Fire suppression

*» Mining

* Harvesting of fish and wildlife
* Introduction of exotic species
* Accelerated climate change



Water runoff is affected by land cover

FOREST AGRICULTURE

10-20% runoff 4% e 50-60% runoff

‘:...i

Mra e g
e ::.::L L“;!,:'"‘ o

80 - 90% i}iﬁitrates 41] : 5"}‘;"0. Iirlli"l'l'tll'ates

RESIDENTIAL URBAN

40-50% runoff

r LT |:I|
kL .."‘l" ry '!-"I L3 -I
H .".:‘l "'.':It'l:-l':'ji‘ :h:";.:.: i

50 - 60% infiltrates

" _"|1; ™y 'r. Rk
i ‘!"Ill.: » ':I:'i ::.'l " r:..
AR

" 0-10% infiltrates

Figure 2-7.—Runoff is reduced on land with vegetative cover and increased on land

TRl with impermeable surfaces such as roads, parking lots, and house roofs. (adapted
i<l from Marsh and Borton, 1975)




Vegetation Removal by EffEl:tE on H}Td rﬂ'l'ﬂg?

Land Use Practices:
l'orestry
Agriculiure
Lirbanization

Evapotranspiration (-)
Infiltration (-)
Surface Runoff (+)

Frequency and
Magnitude of High
Stream Discharge (++)




Effects on Hydrology (Continued)

More/Higher

Increased Frequency
and Magnitude of ‘ .
.~ High Stream Flows . Reduced GW

| Floods /

[H:mlt. Erosion ‘

Sedimentation

Degraded
Stream Habitat

.I‘ru]l-erly Loss

and Damage

| Recharge
Lower Base Flows
Reduced Aesthetics

Increased
Maintenance Costs

.oss of Fish and

_ Invertebrates



Effects of Agriculture on Stream Hydrology and Chemistry

Increased runoff due to
sparse ground cover (crops)
soil compaction by heawvy

machinary
Mutrients and Bacteria Increased arasian
leaded ta stream s and siitation

threugh livestock use )
1- ¥ Fartilizers and Festicides

leaded to stream s in rinoff n

Riparian forest

Etream s channelized

for irrigation canals Aquifers depleted;

water diverted from
other basins
for irrigation
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e Conestoga Headwaters, Pennsylvania
e Garvin Brook, Minnesota
e Oakwood Lakes — Poinsett, South Dakota
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The efifects of urbanization on; aguatic
[esources can be erganized intos four

categories:

e Hydrology

e Geomorphology
e Water Quality
e Habitat
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PEY-FALL

WET-FALL

FAYEMENT DE TERKIOEATION
TIEES BEAKE FAD WEAER
YEHICLE EMISSIONS
SNOW-FACK MELT

ELOW IN FROM

PEEYIOUS AEEAS

THE CUREE TREAF

@FDAO®

KEY FOLLUTANT DEFOSITION FATHWAYS ON THE STEEET SURFACE

Numerous types of pollutants can enter a stream from the street surface.
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A comparison of hydrographs before and after urbanization
{blue bars indicate rainfall rate and timing). The discharge

curve is higher and steeper for urban streams than for non-

urbanized streams due to faster and greater runcoff.
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This often means that a headwater stream that was once perennial now becomes
intermittent. One example is a set of streams in the Long Island, New York region.
The graph shows the predominantly agricultural watersheds that have been able to
sustain flow during dry weather.

The Eftect of Impervious Area on Baseflow
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COMPONENTS OF WATERSHEP NONPOINT POLLUTION MOPELS
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IntegratedhVatersie Pianming

TMDL
Wetlands

NPDES Nonpomt sources
EQIP/CRP

WQS

Source Water <«—

<« Stormwater

cso/sSo [ X \ ~CRA
Estuaries

Superfund CAFOs
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JIVIDLES

e A planning document that informs water quality
managers and the public of
wthe total pollutant loading that may be present in a

water and still allow attainment of state water quality
standards, and

=a practicable allocation of that loading to
— Individual point sources (wasteload allocations), and
— nonpoint sources (load allocations) of the pollutant
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Watershed plans may vary as widely as watersheds do.
A successiul plan will integrate community interests with
protection of natural resources and watershed process.




Protection

_Preventiun J_ Restoration

Figure 2.10—Management techniques vary in intensity
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Landscape Zone Management Goal

Upland Source reduction control
(SRC)

Transitional SRC + disrupt pollutant
transport (DPT)

Riparian SRC + DPT + treatment
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A Hierarchy of Implementation

Communit
Watershed 4

Subwatershed

Parcel

g

Source: EPA Office of Water, Protecting Natural Wetlands: A Guide to Stormwater Best Management Practices
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Adopting New Best Management Practices

Land owner/operator Decision

ability to interpret regarding
data and information adoption of
reflecting external practices
environment




Cultural Elements Influence Behaviors

Elements of Culture

Behaviors

Note: The thicker amow denotes the predominant impact of values on behaviors.




summary: CORE 4 agricultural

management practices. ...
e —

1. Conservation fillage
2. Crop nutnent management

3. Pest management

4. Conservation buffers






Uroan Sireann Classificaiion

\V/lejeled

Impervious cover <10% = sensitive
Impervious cover 10-25% = impacted

Impervious cover >25% = non-supporting
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Watershed impervious cover

Relationship Between Impervious Cover and Stream Quality

60 |

This graph shows
50 that as the

. 0 percentage of
Non supporting (>25%) impervious cover
40 increases, stream
quality decreases.

30

20 Impacted (11-25%)

good fair low
Level of Stream Quality



WATER BALANCE

FEE-DEYELOFMENT FOST-DEYELOFMENT

This diagram shows how development and its corresponding increase in impervious cover
disrupts the natural water balance. In the post-development setting, the amount of water
running off the site is dramatically increased.



Monitoring to Support Adaptive Management

Improved Resource
Management

v

Watershed

Management Plan
{(Monitoring Effort)

Management
Data
Collection _/]\
I i
Reports and
Data -7 Recommendations

Analysis Moo
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