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Fredericksville Farms site, District Township, Berks County, PA 



Pennsylvania Streams 

* 

Pink:  Exceptional Value (EV) 
Green:  High Quality (HQ) 
Blue:  “Ordinary” Quality (TSF, CWF, WWF) 

Site is at  

   *  



20-year old 
State recommended 
onlot layout 



Conventional onlot residential septic tank and drainfield 

Developer claimed plenty of capacity to denitrify effluent 
from 8 houses in the 11 acres of onsite wetlands.  But no 
distribution system was proposed to spread the effluent 
beyond gravity plumes. 



Sample textbook artificial wetland for residential application 



“The Southcentral Regional Office of the 
Department of Environmental Protection issued 
three experimental permits for three individual 
constructed wetland systems during the early 
1990s.  Monitoring was conducted. None of the 
systems met their limits, and total nitrogen removal 
from the system[s] was not significant. The 
Department’s experience will not allow it to issue 
permits for individual on site constructed wetland 
cells for the purpose of denitrification. Interposing a 
wetland cell as part of the individual system 
treatment cell has proved to be simply an ineffective 
measure, and a waste of money” [Sigouin 2010:21].  

Yet natural wetlands will do this ok? 



Pennsylvania Physiography 



* 



USGS Topographic Map 



FREDERICKSVILLE FARMS 
SUBDIVISION PROJECT SITE 
 
75 ACRES 



11 ACRES WETLANDS PER DEVELOPER – DARK YELLOW 
 

2 ACRES ADDITIONAL WETLANDS PER APPELLANT – PALE 
 

NO CORPS JURISDICTIONAL DETERMINATION 



APPELLANT’S BOG TURTLE HABITAT 



DEVELOPER-SURVEYED STREAM SEGMENTS 
(ONSITE) 



DEVELOPER  
HYDROGEOLOGIST’S 
NITRATE PLUMES – YELLOW 
 
DISAPPEAR AS BLOBS 
 
(First Application) 

DEVELOPER WETLAND 
DESIGNER’S 100-FOOT WIDE 
NITRATE PLUMES – YELLOW 
 

EXTEND TO MAIN STREAM 
(Second Application) 

Wetlands 

Wetlands 



STATE HYDROGEOLOGIST’S NITRATE PLUMES – DARK BLUE 
 

EXTEND THROUGH WETLANDS TO MAIN STREAM 



 

LIDAR STREAM CHANNELS (thin blue) NOT FULLY FIELD-CHECKED 

Appellant Hydrologist’s Nitrate 
Plumes (dark blue) Stop at Wetlands 



DEVELOPER WETLAND TREATMENT AREAS – SOLID YELLOW 
 

STATE WETLAND TREATMENT AREAS – SOLID PLUS HATCHED YELLOW 



DEVELOPER WETLAND 
DESIGNER’S CHOSEN  
TEXT 
 
 
2009         1,016 p. 



Don’t Analyze the Site 

Just Use Theory 



{ } Textbook’s 
basic best- 
fit model 

(Municipal tanks) 

(Industrial tanks) 



All these textbook 
abstract model  
parameters must  
be quantified 
in this funda- 
mental equation 
using tables in the 
textbook 
 
●suspended solids 
●carbon demand 
●biochemical oxygen     
demand           
●nitrogen, various forms  
●phosphorus  
●halogens  
●sulfur  
●metals and metalloids 
●pathogens  
●organic chemicals  



Critical 
temperature 
modification for 
denitrification rate  

Critical 
conversion of 
concentration 
to area 



Winter temperature 
in Pennsylvania 
affects bacterial growth 
rates and resulting 
area of wetlands needed 
for denitrification during 
“winter bottleneck” 
 



Example of a rate 
table 

“Historically, Kadlec and Knight (1996) 
determined multipliers corresponding to 
the 100th percentile of monthly means 
from NADB [the North American 
Treatment Wetland Database]. These 
were relative to the long-term mean 
value for a particular wetland, and 
therefore seasonal variations, whether 
temperature driven or not, were 
included in the multiplier. In this [2009] 
book, an annual trend is computed as 
the basis of the multiplier, thus 
excluding seasonal phenomena from 
this measure of random scatter” [Kadlec 
& Wallace 2009: 609]. 

Neither the developer’s 
expert nor the State read 
this: 

(q) (Ci) (C) 

(kVI,20 ) 



If You’re Going 
To Rely on a Book 

At Least Read 
It First 



Developer’s Spreadsheet 



A Mack Sennett image of reviewers 



RESULTS ---  Area of natural wetlands NEEDED for 
denitrification 

 
First Developer claim:  3,475 sf (0.08 ac) per residential septic tank 

 
 

Revised Developer claim:  4,478 sf (0.10 ac) per residential septic tank (up 29%  
from Developer’s initial claim) ---  approved by State 

 
 

State claim at trial:  4,200 sf (0.096 ac) for worst lot (up 21% from Developer’s 
initial claim) 

 
 

Developer claim at trial:  17,330 sf (0.40 ac) per residential septic tank (up 399%  
from Developer’s initial claim) after elevation temperature correction 

 
 

Appellant claim at trial:  87,000+ sf (2+ ac) per residential septic tank (up 2,400%  
from Developer’s initial claim) to accommodate winter bottleneck in bacterial 
denitrification --- hypothetically using Developer’s methods without any “safety 
factor” --- larger than any effluent plume in onsite wetlands, not enough wetlands 
exist onsite 



My spreadsheet version of the deterministic equation  
for comparing six major variables affecting  

wetland area required for denitrification 



Developer                                                                                    4,477.79                    



Major disagreement 

Major 
disagreement 

Major 
disagreement 
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