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Study Questions

• To determine current extent of impervious 
cover in Penjajawoc watershed and;

• To estimate increase in watershed 
impervious cover under full buildout 
conditions as defined by current zoning.



The Problems with Imperviousness



What it Looks Like…



Imperviousness &
Surface Water Quality



Imperviousness &
Surface Water Quality

ADVERSE STREAM IMPACTS

BEGIN AT AROUND 10% IC

• <10 % IC streams are generally protected, although 
sensitive streams may begin to be stressed.

• 11-25 % IC streams are most likely impacted; 
mitigation may be successful.

• > 25 % IC streams are most likely degraded; 
mitigation difficult.



Stormwater Runoff



Current IC 
Determination 
for Penjajawoc 

Watershed

* Based on DEP’s 
most recent IC data

As of 2004, IC in
Bangor’s portion

of watershed was ~13%



LU Code Land Use Type Total Acres IC Range (%) IC Coeff. IC Acres
2 High Intensity Dev. 454.1 80-100 90 408.7
3 Med. Intensity Dev. 211.8 50-79 65 137.7
4 Low Intensity Dev. 189.1 21-49 35 66.2
5 Dev. Open Space 556.1 <20 10 55.6
6 Cultivated Land 357.9 0 0 0.0
7 Pasture / Hay 453.8 0 0 0.0
8 Grassland 8.1 0 0 0.0
9 Deciduous Forest 413.6 0 0 0.0

10 Evergreen Forest 744.7 0 0 0.0
11 Mixed Forest 1229.0 0 0 0.0
12 Scrub Shrub 205.6 0 0 0.0
13 Forested Wetland 192.8 0 0 0.0
15 Wetlands 218.5 0 0 0.0
16 Road / Runway 63.0 100 100 63.0
19 Unconsolidated Shore 2.9 0 0 0.0
20 Bare Land 1.0 0 0 0.0
21 Open Water 69.6 0 0 0.0
24 Light Partial Cut Forest 135.5 0 0 0.0
25 Hvy. Partial Cut Forest 95.3 0 0 0.0
26 Forest Regeneration 41.9 0 0 0.0

Totals: 5644.5 731.3

Percent IC 13.0%

Penjajawoc 
Land Uses

Dominant LU Types
• Forest: ~47%
• Agriculture: ~14%
• High-Med Intensity Dev: ~12%
• Dev. Open Space: ~10%
• Wetlands: ~7%



Estimating Future Impervious Cover

NEMO Methodology
(Nonpoint Education for Municipal Officials)

Suggested Data

• Landcover

• Watershed boundaries

• Zoning data

• Unbuildable areas

• Soils

• Elevation or slope

• Parcels

• Water features

• Roads



Estimating Future IC per NEMO (cont)

• Step 1: identify areas that can be 
developed in future

• Step 2: assign IC values to anticipated 
future land uses

• Step 3: calculate future imperviousness



Start with 
current 

zoning…

Zone Descriptions W'shed Acres
Rural Residence and Agricultural District 2865.2
General Commercial and Service District 658.2
Low-Density Residential District 432.3
Government and Institutional Service District 427.3
Resource Protection District 386.6
Shopping and Personal Service District 118.4
Interstate 95 107.3
Stream Protection District 47.2
Urban Industry District 35.3
Unable to identify 33.1
Urban Residence 1 District 22.8
High-Density Residential District 11.9

5145.7

Penjajawoc Watershed - Bangor, ME
Preliminary Zoning Map



Subtract out 
undevelopable
areas…
• Resource protection

• Stream protection

• Wetlands

• Current IC

• Stream & pond buffers (75’)

• High density residential

• I-95

Undevelopable Land
~ 1,532 ac (30%)



…to determine 
remaining 
developable 
areas.

Developable Land
~ 3,614 ac (70%)



Assign max 
allowable IS 
Ratios from 
Bangor ordinance 
and calculate IC 
at full buildout for 
remaining 
developable 
areas

Bangor Zoning Type in Penjajawoc 
W'shed Acronym

Bangor IS 
Ratio Acres

Full 
Buildout 
IC_Acres

Rural Residence and Agricultural District RR & A 0.20* 2430 486
Government and Institutional Service District G & ISD 0.70* 330 231
Shopping and Personal Service District S & PS 0.70 240 168
General Commercial and Service District GC & S 0.75 182 136
Low-Density Residential District LDR 0.30 396 119
Urban Industry District UID 0.70* 18 13
Urban Residence 1 District URD-1 0.60* 19 12
Undevelopable Land Undev 0 1532 0

Totals : 5146 1163

% IC at full buildout : 22.6%

Acres % IC
Current IC for W'shed** : 658 12.8%

% increase in IC at full buildout : 76.9%

* No ISR values listed in Bangor's Ordinance; estimated based on similar zone types.

** Based on DEP's most recent impervious cover data

Current (2004) IC = ~658 ac (13%)
Future IC at Full Buildout = ~1,163 ac (23%)
Increase from Current to Full Buildout: ~505 ac (77%)



Zoning for Stream Protection
(Center for Watershed Protection)



Zoning for Stream Protection (cont).



Zoning for Stream Protection (cont).



Conclusions

• Under current zoning, IC at full buildout will approach 
critical threshold that may result in irreversible damage 
to overall stream health

• Establishing zoning that uses impervious cover limits 
for subwatersheds (1-10 mi2) can mitigate against 
further water quality degradation



Limitations of Analysis
• Zoning area delineations somewhat 

inaccurate due to data conversion from 
CAD to GIS

• Didn’t consider Comp Plan for potential 
future development scenarios (just used 
current IS ratios from ordinance)

• There may be additional undevelopable
areas (e.g., dedicated open spaces, etc.)

Questions?
Fred Dillon ~ FB Environmental

www.fbenvironmental.com
fdillon1@maine.rr.com

(207)807-0013


