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WHY IS STORMWATER WHY IS STORMWATER 
REGULATED?REGULATED?

Stormwater = Stormwater = greatest source of pollutantsgreatest source of pollutants in in 
U.S. watersU.S. waters
Carries chemicals, oils, debris, soils, and other Carries chemicals, oils, debris, soils, and other 
pollutants, at raised temperaturespollutants, at raised temperatures
Flows directly and indirectly to water bodies Flows directly and indirectly to water bodies 
May harm human health & environmentMay harm human health & environment



STORMWATER = NONSTORMWATER = NON--POINT POINT 
SOURCE DISCHARGESOURCE DISCHARGE

Point sourcePoint source is a  is a  
stationary facility from stationary facility from 
which pollutants from which pollutants from 
a specific point are a specific point are 
discharged into a discharged into a 
receiving waterreceiving water
NonNon--point sourcepoint source
(NPS)(NPS) has no single has no single 
point of originpoint of origin



DEP Targets Urban StreamsDEP Targets Urban Streams
Urban streamsUrban streams fail fail to meet water quality to meet water quality 
standards because of effects of standards because of effects of 
stormwater runoffstormwater runoff from developed land. from developed land. 



DEFINITION OF WATERSHEDDEFINITION OF WATERSHED

The total of all The total of all 
areas that drain areas that drain 
directly or directly or 
indirectly to a indirectly to a 
water bodywater body. . 



Penjajawoc WatershedPenjajawoc Watershed

Watershed = All areas draining Watershed = All areas draining 
to stream (5,600 acres)to stream (5,600 acres)
Headwater = Freshwater Marsh Headwater = Freshwater Marsh 
(300 acres)(300 acres)
Stream is 5.2 miles + 10 Stream is 5.2 miles + 10 
tributariestributaries
Soils = Group C (Silt/Clay)Soils = Group C (Silt/Clay)
Slope = 1% averageSlope = 1% average



Maine’s Water Budget
Impacts of Development

MaineMaine’’s Water Budgets Water Budget
Impacts of DevelopmentImpacts of Development

50%50%50%
10%10%10%

55%55%55%

15%15%15%

Natural Cover 75-100% Impervious Surface

Infiltration

Runoff 40%40%40%
Evaporation

30%30%30%Runoff
Evaporation

Infiltration



Urban Land Use &Urban Land Use &
Impervious Cover (IC)Impervious Cover (IC)

> 10% IC = Poor water 
quality (non- attainment)

Penjajawoc ~ 13%

Skewed due to Marsh

Some areas much higher



Penjajawoc Stream StudiesPenjajawoc Stream Studies

2001 2001 –– 2003 DEP Water Quality Monitoring2003 DEP Water Quality Monitoring
2003 Tetra Tech 2003 Tetra Tech –– IC & Loading Model IC & Loading Model 
2003 Parish 2003 Parish –– Prelim Geomorphology StudyPrelim Geomorphology Study
2004 Stressor ID Workshop 2004 Stressor ID Workshop –– DEP DEP 
2006 Parish 2006 Parish –– Intensive GeomorphologyIntensive Geomorphology
2006 ENSR 2006 ENSR -- SWMM Modeling SWMM Modeling 
2007 WBRC 2007 WBRC -- Hydrocad Model & BMP RetrofitsHydrocad Model & BMP Retrofits
2007 FB Environmental 2007 FB Environmental –– Buildout and IC Buildout and IC 



DEP MonitoringDEP Monitoring

Water Quality MonitoringWater Quality Monitoring
TemperatureTemperature
Dissolved OxygenDissolved Oxygen
SedimentSediment
NutrientsNutrients
ToxinsToxins

Aquatic Life MonitoringAquatic Life Monitoring
Bug count (macroinvertebrates)Bug count (macroinvertebrates)

Maine has no numerical standardsMaine has no numerical standards



Tetra Tech Tetra Tech –– IC ~ LoadingIC ~ Loading
P8 Urban Catchment Model P8 Urban Catchment Model --

Predicts generation and transport (Predicts generation and transport (““loadingloading””) of ) of 
stormwater pollutants based upon hydrological stormwater pollutants based upon hydrological 
data + BMPsdata + BMPs

Table 4.2. Unit area annual pollutant loads

WATERSHED
UPPER 
(REF.)

LOWER 
(IMPAIRED

)

UNNAME
D (REF.)

PERCENT 
REDUCTIO

N1

TSS (tons/acre/year) 0.048 0.148 0.057 64%

TKN (lb/acre/year) 2.150 5.786 2.480 60%

TP (lb/acre/year) 0.441 1.223 0.512 61%

Cu (lb/acre/year) 0.049 0.131 0.056 60%

Pb (lb/acre/year) 0.023 0.068 0.027 63%

Zn (lb/acre/year) 0.229 0.617 0.265 60%

Hydrocarbons 
(lb/acre/year)

2.856 8.504 3.373 63%



Parish Parish -- GeomorphologyGeomorphology

Stream bank Restoration Stream bank Restoration 
Specific techniques for Specific techniques for 
targeted areas of the targeted areas of the 
streamstream
Erosion ControlErosion Control
Improved Stormwater Improved Stormwater 
ManagementManagement



DEP Stressor WorkshopDEP Stressor Workshop
ResultsResults



ENSR ENSR –– SWMMSWMM
Storm Water Management ModelStorm Water Management Model
Predicts Total Annual Load of Nutrients based upon Predicts Total Annual Load of Nutrients based upon 
rainfall and existing BMPsrainfall and existing BMPs

Numbers at top of columns represent sections of the stream



WBRC Architects & WBRC Architects & 
EngineersEngineers

Based upon Hydrologic Model -
Provides Retrofits and Low Impact 
Development BMPs that will:

Reduce nutrients from stormwater

Reduce volume of stormwater 
during frequent storm events

Increase base flow 

Improve thermal conditions



FB Environmental FB Environmental -- 2006 2006 
Impervious Cover Buildout AnalysisImpervious Cover Buildout Analysis

1. Determine current IC ~ 13%

2. Estimate increase in IC if 
fully developed under 
current zoning ~ 23%

3. IC increases by 77% if 
zoning does not change



Next StepNext Step

Become familiar with tools/solutionsBecome familiar with tools/solutions
Take a Balanced ApproachTake a Balanced Approach
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