How Not to Design and Regulate
Onlot Residential Sewage Systems
(Someone Might Be Paying Attention)

Presented to the American Water Resources Association
Philadelphia Metropolitan Area Section
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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)
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source; Adapted from NSFC, 2000,

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.



Septic Tank SSF Wetland ] Soil Dispersal System

FIGURE 1.6 Application of a HSSF wetland to domestic wastewater treatment. (From Wallace and Knight (2006) Small-scale constructed
wetland treatment systems: Feasibility, design criteria, and O&M requiremenis. Final Report, Project 01-CTS-5, Water Environment
Rescarch Foundation (WERF): Alexandria, Virginia. Reprinted with permission.)

FIGURE 1.13 Single-home HSSF wetland in Comfort Lake, Minnesota

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

EXTEND TO MAIN STREAM
(Second Application)

DEVELOPER o, ol
HYDROGEOLOGIST'S WA B
NITRATE PLUMES — YELLOW AT

DISAPPEAR AS BLOBS i 4

(First Application) (e
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DEVELOPER WETLAND TREATMENT AREAS — SOLID YELLOW




TREATMENT WETLANDS

SECOND EDITION

ROBERT H. KADLEC SCOTT D. WALLACE




Don’t Analyze the Site

Just Use Theory



A, Plug Flow.

—p (Municipal tanks)

B. Well-Mixed.

/

e I _ (Industrial tanks)

C. Tanks in Series.

~ i - Textbook’s
=l - basic best-
fit model

D. Parallel Paths.

s

=

=

E. Finite Stage.
VA

o [

v ; Y
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FIGURE 6.16 A sample of various models (o represent wetland tracer responses. The plug flow model (A) produces an impulse output at one
detention time. The well-mixed model (B) produces an exponential decline. Models (C), (1), and (E) produce skewed bell-shaped responses,




The Tanks m Seres (P& C*) Model for Pollutant Reduction

The primary detenrniniztic patt of the Tanks in Series testhook model selected by the developer and
adopted by the State 12 described as follows (Eg. 6,57, Eadlec & Wallace 2009191

[EZE'.]-{.H;Wﬂ.”:ﬁH, esn  All these textbook
where
o B abstract model
ky, = modified first-onder volumetric rte constant, d-! parameters must
P = apparent number of TIS c e
and perhaps more clearly (Eq 157, Kadlee & Wallace 2009:585) as:.be qyant'f'ed
3 " » in this funda-
E.T.EL. T.,.ﬁ] = |+k_1-'"] =[|+'I"'~'_T:"J .
€ -cn "V ry P, P mental equation
A B 8 e using tables in the
s textbook
€ =concentration at fractional distance v, gim”
€, =inket concentration, gfm’ , ®suspended solids
* =background concentration, g/m
hy = wetland free-water depth, m ®carbon demand

& = first-onder arzal constant, mdbd

K = hiwoxnlor wellmeMie T ¢ g ®biochemical oxygen

P = apparent numbser of TIS
4 =hydraulic-loading rate, (= by /1) mid demand
v =fractional distance, unitless ®nitrogen, various forms
T =noninal detention time, days
®phosphorus
In s, ot is clear thans
®halogens
poafXlal X (15.5)
Y len) LA, o sulfur
where ® metals and metalloids
£ =wetland pomsty, dimensonkess
Ity = wetland water depth, m ®pathogens
It should be clear that there is no fundamental differcnce Oorganic chemicals

among Eguations 15, 7A4,B.C other than the presumplion of
the depth variability of the rate constamt—which s important.




The concentration of mitrate-nitrogen 12 modified i constructed wetlands and i natural wetlands by
various kinds of anaerobic bacteria, whose activity vanies predictably with temperature; demitrification
rates double with a 10°C rize in atnhient temperature. MNeither the developer’s application nor the State's
reports included the equation for meorporating temperatire into their demtrification rates, necessary
inasmuch as the textbools tables following normal conwentions express their data at a standard 20°C
(6E°F ), not reprezentative of this project site (Kadlec & Wallace 20059245, Eqg. 8 247

I3

I:‘.'I.I = i'c-l .'ll“l'l :I.
Critical
where
k,, =mle constant at emperature £ d’ tem peratu re
k., =rate constant at 20°C, d’ modification for
I" = water temperature,"C denitrification rate

8 = modified Arhenius temperature factor,

dimensionless

sumilarly, neither the developer nor the State ever mentioned that the following additional equation is
indizpensable for convrersion of concentrations in the basic fornmila into surface area as reported in
square meters o square feet for the project site (Kadlec & Wallace 2009:22):

ol Critical
A 21)  conversion of
where concentration

¢ = hydrauhic loading rate (HLR), m/d
A = welland area (wetted land arca), m-
( = waler flow rate, m /d

to area



Step by Step Computation

Schmid Area Requirements using January Denitrification for a Single
Septic Tank using Theoretical Constructed Herbaceous Marsh Wetland

Maodel. Fredericksville Farms, Berks County, PA,
Kadlec & Wallace (2009) Eg.2.1,8.4, and 6.57

(LE-20)
S
(—16.5) g 3T e
k'l'l,l--lt x (ﬂmli)(l'") = &ﬂlﬁrﬂ-ﬂﬂﬁ i[ﬂ.ﬂﬂl“ m.lulfII

Winter temperature

A= (‘31' r_ii in Pennsylvania |
& ke affects bacterial growth
rates and resulting

Y
L area of wetlands needed
”‘* * o onins wld iy

for denitrification during
“winter bottleneck”

2= Lo2213-1)(79.3) w?)

Az goES.E M = F"i"ﬂ ‘44t Jl
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TABLE 9.39 7.()012 stawd ?\"C)\. “’J‘ hege AN
Annual Denitrification in HSSF Wetlands

Stipulations
1. The decomposition of 2,000 g/m*-yr of biomass causes production of
36 gN/m?-yr of organic nitrogen.

Inlet oxidized nitrogen above 9 mg/L.
Annual averages are used in calculations.
For k-value calculations, the following P-k-C* parameters are
selected:
a. C*=00 mglL Example of arate
b.P=8TIS table
5. Ranges of variables: ) (Ci) (C)
HLR NO,-N In NO,-N Out
(cm/d) (mg/L) (mg/L)
Mean 12.9 18.7 10.0
Median 10.9 19.4 113
Max 41.2 36.3 259
Min 1=5 3.4 0.5

Results (N = 22; N-f = 40 wetland-years) ék )
V1,20

BT
@20 C

Denitrification Rate Coefficient

Percentile (g/m?-yr) (m/yr) BN
0.05 33 3351 T 4,0
0.10 7.4 74 e
0.20 27.8 27.7
0.30 32.7 32.0
0.40 40.7 40.1
0.50 423 41.8
0.60 46.9 46.4
0.70 75.4 73.0
0.80 104.9 103.2
0.90 161.5 151.8 et

0.95 188.9 1732 B2

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

“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].



If You're Going
To Rely on a Book

At Least Read
It First




TergetCo '
Effluent Multiplier .
DesignCo ., .
Flow Rate
Precipitation =
ET=

Infiltration =
PTIS =

Area=

Area per Tank =
Porosity =

Bed Depth
Volume per Tank =

Qi
Precipitation
ET
Infiitration
ey :
Average HRT

Cancentration, C
Influent Flow

Effluent Flow
Average Flow

Nominal Detention Time

Developer’s Spreadsheet

0.88 mgil.
2,02 95% compliance (Table 9.41 TW2)

0.44
0894 m3d
0 mm/d
0 mm,/d
0 mm/d
3 -
4160 m2
138.7 m2
0.85
0.3 m
38.5 m3

Sysiem

; Inlet
m3/d
m3/d
m3fd
m3/d
m3fd
days

m3.|;d
m3/d
m3/d

© days

D'etlin‘_ti-i:rn Time based on Average Flow  days
Detentlon Time based on PTIS “days

Mote: Calculstions based on T'l.l\li{h‘a:ll-ec & Wallace 2008)

Concentration Factor (for TDS) 1.00

ds=s .
C*¥=.
ka=

Theta
Temp
adjusted ka

 Tank1 -
0.554 0.994
0.000 0.000
0.000 o.O00
0.000 0.000
0.594
39,75

" (eachtank) ({eachtank]) (eachtank) (overall system)

39.0 8.3

059

0.8
0.5%

11926 3
11526
115.26

30 img/L
0 mgL
26.5 myfyr [50th percentile TW2|
0.0726 mfd :
1.11 (Table D40 TW2)

- B.70
0.0248 myd -
Systain
Tank3 - Outlet
0994 - 0998 - 0994
- 0.000 0000
0.000 0.000 .
0.000 0.000
0934 0.994
39.75 © 3975 11926

2.0 . Y 0.4 -

Infiuent Mass Load gfd
© Effiuent Mass.Load- gfd
Percent Reduction

Tty

_M477.79 =quare feet

c-Cc*

Ci=C*) (1+k/Pg)’  (1+kyt/P)

38.766

58.9%

L




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



maolring directly for area, the P-r-C% model can becalculated from the following espression, nowhere
provided in the source testthools or by the permmitiee or the State, but supplied by appellants:

.4=[3‘1?—:§-Th—1]‘[ii'&]

Without thiz last equation none of the proffered surface area calculations can he checloed efficiently.




Area Requirements for LaBrake's constructed herbaceous marsh wetlands, per
house, at Fredericksville Farms subdivision, Berks County, Pennsylvania

laBmbke Oct aBRke Oct LaBrake Oct LaBrake Oct Desai June DesaiJune  Desailune laBrabe Feb laBmhke Feb LaBm= ke Feb

45 inlet 45 inkt H inkt B inkt 45 inlet 45 inlet 45 inlet 45 inlet 45 inlet 45 inlet
Variable BnT=1 AnnT =87 AnnT=7.4 AnnT=8.7 EnT=1 AnnT=97 AnnT=20 EnT=1 ARNT=7.4 ARNT=8.7 [degC)

Target C mgfl 0.44 044 044 0.44 186 1386 1386 0.4 0.4 0.4
Bockgrnd  C* mg/fL a 1] 1] o 15 15 15 a 1} 1}
[ni=t O mgfl 45 45 39 13 45 45 45 45 45 45
Rote km/d 0.0093 0.0248 0.0135 0.0248 0.00949 0.0248 0.0726 0.00949 0.0195 0.02438
Tanks P 3 3 3 3 3 3 3 3 3 3
Flow Q m"3/d 0.954 0.994 0.994 0.9% 0.994 094 0.954 0.994 0.994 0.9%
Arza A [m™2) 1107 4 4421 528.9 4159 1187.9 4742 162.0 808.5 410.5 3227
5q. Fr A [sqft) 11,919.98 4,758.38 £,693.12 4,47 6.44 1278671 5,104.37 1,743.64 870221 4418.05 ERTERT)
Developer 4,477.79

Wariables are related usingthe following _]' [ 3f  C} L - I ] . [ F o0 ]

equations: . Yi(c -¢C") ¥

i
where 0o = 4 ) i«
- A g : Hydraulic Loading
Rate (m / day)

s (T=20) where
k"l.-"] 3] k\-’lzﬂﬂ k., =l constant at tempeeatuee T, '

k., ,, =rule constant at 20°C, '

Schmid & Company, Inc., Consulting Ecologists Fginipolry e i

28 February 2011 dimensionless = .11

C-C* 1 1

C,—C*) (1+k/Pg)’  (1+k,tUP)*




Table2. Values for parameters used by various parties in the P-5&-C* model for calculating the
area of constructed treatment wetlands needed for denitrification of residential septic tank
effluents at Fredericksville Farms, Berks Countv, Pennsvlvania. FWS = free water surface, H5SF
=horizontal gravel subsurface flow, within wetland “tanksin series™.

Parameter Developer State Appellant

C (target concentration, assuming 95% mean trend multiplier of 10 FWS systems = 2.02, Kadlec & Wallace 2009:342)
186 mg/L: 088 mg/L 1.86.0.88. 0.84, 0.82 mg/L 0.88 mg/L

CMnnsite natural wetland background concentration, nitrate-nitrogen)
1.86 mg/L, 0 mg/L 1.86mgTL; 1.5mgL 2.71 mg/L (the only
. . measured value
Major disagreement OmglL

from this site); 0 mg/L

P (mathematical factor expressing apparent number of tanksin series, dimensionless; P = 1 represents perfect mixing;
P = = represents “plug flow™)

3 (FWS) 3 (FWRS) 1 (no basis for anv other;

Major 8 (HSSF) kel e e
. wetlands; no hvdrologic
disagreement meammements)

£ [wetland volume occupied by water, or bare media porosity, dimensionless; & = 1 represents unobstructed water;
Kadlec & Wallace 2009:22-26)

0.95 (FWS5) 0.95 (FWS and HSSF) 0.95 (FWS)
Mﬁ:st-nrder pollutant removalrate constant, highly temperature sensitive)
. 0.0248 m/d (annual ave.) 0.0726 m/d (annual ave.) 0.01245 m/d (Januarv ave.)
|\/|aj or @49.5°F, (9.7°C); at @68°F. (20°C): at trial @34.7°F. (1.5° C)

: twial 45.3°F. (7 4°C) 0.0248m/d @49.5°F. 0.7°C) " FWS model
disagreement wsmode HSSF model

Q“Lmndiﬁed Amhenius temperature factor, mean of 20 FWS systems, dimensionless, Kadlec & Wallace 2009:340)
1.11 1.11 1:11

Note: Accordingto USEPA (1993a:144), standard rectangularwastewater treatment tanks
typically havelengths ranging from 3xto 10x their width, but thatis not what the developer
anticipatedhere (as addressedbelow). Plug flow is typicalin municipal wastewater
treatment tanks; well mixed flow, in industral wastewater treatment tanks.
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