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“Sewer pipes are not designhed to

be watertight. Sewer design sets a
standard for allowable leakage during
construction, which averages 125
gallons per 400 feet of pipe, which is
the standard distance between sewer
manholes (ASTM, 2009), or about
1,650 gallons per mile of standard

sewer pipe.”
Chesapeake Bay Program, (2014). “Final Expert Panel Report on Removal Rates for the
Elimination of Discovered Nutrient Discharges from Grey Infrastructure”




Why does this matter for the model?

* Proper appropriation of loads
* Improved targeting and crediting of management actions
* Scenario analysis (E.g., remediation, pipe ageing, etc.)

This load is in the bay, the load is in the model, but it is currently
misappropriated.

The majority of misappropriation is likely to other urban load
sources such as stormwater and lawn fertilizers.



WWTWG Considerations

* Acknowledge interest in more accurately attributing the sources
of the load.

* Default values risk overestimating loads due to differences in
collection systems, surrounding geology, and on-going
rehabilitation efforts.

 Prefer a conservative estimate

* to capture the impact of small defects and joint leaks, not large
structural failures which are more quickly identified and addressed,

* and to reflect the uncertainty in estimates.



Preliminary model structure

* Aninitial default exfiltration value as a percent of treated volume will be defined by expert
judgement and literature

* Spatially exfiltration will be mediated soils, geology, and by optional factors identified as
drivers of exfiltration and transmission by expert judgement and literature.
* Geologic basin as a metric of water table depth driving exfiltration vs infiltration
* The proportion of the system which is gravity fed
* The proportion of the system which is new or recently rehabilitated
* Soiland groundwater transmission attenuation (?)

Exfiltration Vol. = Fraction exfiltration * Annual system treatment volume (dry-weather) * Geologic coef.
* Fraction gravity line * (Fraction new or rehabbed*Rehabbed coef.)

Exfiltrated nutrient mass = Exfiltration Vol. * concentration in raw WW (33 mg/L TN, 6 mg/L TP)""Soil Treatment*GW
Transmission

Workgroup Defined, Required State Provided Input, Optional State Provided Input

'Chesapeake Bay Program, (2014). “Final Expert Panel Report on Removal Rates for the Elimination of Discovered Nutrient Discharges from Grey Infrastructure”



Literature search to focused on exfiltration as
a percent of system volume

Study % System Observation System flow
Nguyen and Venohr, 2021 2% to groundwater dry-weather
Delesantro et al., 2022 2.40% to stream dry-weather
Steele et al., 2025 0.60% from pipe total

Amik et al., 2000 11.40% from pipe dry-weather
Ellis et al., 2004 3-5% from pipe review, both
Fenz, 2003 1-5% from pipe dry-weather
Fens et al., 2005 1% to groundwater dry-weather
Karpf and Krebs 2004 2.80% to groundwater dry-weather
Giulianelli et al., 2003 0.24-2.96% from pipe dry weather
Yang et al., 1999 1-2% to groundwater total

CIRIA, 1995 3.00% from pipe total (leaky system)

Notes:

Filtered to remove laboratory analyses
which tend to be higher

Amik et al., and CIRIA 1995 were
removed as an outliers from
subsequent analyses

Delesantro et al., 2022: Assuming
NO;, proportion from WW ~ TN
proportion from WW

Studies estimate exfiltration from
pipe, to GW, or to streams

Studies may estimate treated volume
based on total flow or dry-weather
flow

Dry-weather flow is generally
analogous to generated wastewater

Values are generally in agreement, suggesting reasonable basis for generalization.



Exfiltration as a percent
of dry-weather flow

Exfiltration Vol. = Fraction exfiltration * Annual system
treatment volume * Fraction gravity line* Geologic coef. *

New or rehabbed coef. * Soil atten. factor * GW atten. factor

This is the default or initial estimate of exfiltration.
Additional factors will mediate this load.
Exfiltration as a percent of dry-weather flow (as
opposed to total flow) reduces impacts of I/l on
exfiltration estimate.

The median literature value for %DWF was selected
For Test Case B, 98% of the system is gravity fed
Compared to urban N load to streams (CAST ’23)

Test Case B at this step:
383350.7 lbs. N/yr
18.41% of Developed Load
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Calculating dry-weather flow

* Annualdry weather flow is defined as the lowest monthly flow * 12
* OQutlier identification is needed to prevent facility flow transfers from creating anomalously low exfiltration
years
* The % dry-weather flow of total flow is calculated for each year
 Anoutlieris defined by avalue +/- 2 SD
* OQutlieryears are assigned the last years dry-weather flow



Groundwater Coefficient -

1.0

Exfiltration Vol. = Fraction exfiltration * Annual system | J
treatment volume * Fraction gravity line* Geologic coef. *

New or rehabbed coef. * Soil atten. factor * GW atten. factor o - [~ A

The depth to groundwater fraction exceedance
in space and time has been calculated for each
Geobasin. This value represents the fraction of
time/space that is inundated at a given depth to

5

GW.

* Acritical depth of 10 ft was selected to
represent a mean invert depth. This value is
based on literature and best professional

04

— Piedmont
Coastal Plains
Ridge and Valley

— Glaciated

— Penn

Exceedance in Space and Time

02

judgement Mesozoic Basin
* Where service boundaries cross multiple 31
geobasins the groundwater coefficient value is o 10 o wm e wo eo
population weighted.
Depth to GW (ft)

Test Case B at this step:
245344.5 lbs. N/yr
11.78 % of Developed Load

For the test case region fraction
exceedance was 0.36. Coef.=(1-0.36)




New and Newly Rehabilitated Sewer Coefficient

Exfiltration Vol. = Fraction exfiltration * Annual system
treatment volume * Fraction gravity line* Geologic coef. * New

or rehabbed coef. * Soil atten. factor * GW atten. factor o _

°
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|

Exfiltration primarily occurs from a
fraction of the total system, 20-50%.

Rehabilitation reduces exfiltration by
50-90%.

Central values were selected

A10-year timeframe is used to define
new or newly rehabilitated

Reporting of these values is intended to
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Test Case B at this step: % Recently Built or Rehabilitated

233911.4 lbs. N/yr
11.23 % of Developed Load




Attenuation in soil and groundwater (EOF to EOS)

* Option 1: Treat as a standard NPS Phase 6 Model Structure
and attenuate via Land-to-water prersestond s finputs T serstiviy
fa Cto I'S. \ Land Use Acres

* Calibrated factors such as geology, T e
soils, landscape connectivity, canopy BMPs
cover, etc. which apply to all NPS. e

 Option 2: Treat as a “direct load” Ao
where attenuation is defined <% ) stream Delivery —
separately (as part of the work . - i
group process). e

* There are still BMPs applied to “direct il

I. d 3] Delivered N or P Load for a
oads'. Land Use Within a Segment



Attenuation

Can we modify the existing framework and values for
onsite wastewater attenuation for sanitary sewer
exfiltration?

Possibly, but...

* septic systems are generally placed in uplands while
sewers are preferentially placed near streams
(Delesantro et al., 2021).

* Soil mapping and classification can be less accurate in
urban areas.

* Sewer exfiltration is reduced lower in the soil column
than septic effluent.

* Stormwater pipes can short circuit “attenuation
zones”.

* Urban soils can be N enriched reducing total %
attenuation.

* The onsite wastewater report did not address
phosphorous, but recommended future consideration.

Mutrient Attenuation in Onsite Wastewater Treatment Systems - Final Report
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Figure 3. Nutrient Transformations associated with Treatment and Attenuation Zones (from Siegrist and

Where:

Geza, 2014)

Ny = Ef£1[£?£1 [Ns(1 — Rgyyy)(1 — Reyz)(1 — Rz )(1 — Rzp)(1 — Bz2)(1 — Rz,)l} (Equation 1)

MiLs = nutrient load from a land unit to the edge of stream (kg TN/day)
. = nutrient load from a source (e.g., house) (i.e., 5 kg TN/person/day)
Reus = fractional removal of TN in a 1st exsifu treatment unit (e.g., septic tank)
Reuz = fractional removal of TN in a 2nd exsitu treatment unit (e.g., sand filter)
Rz1 = fractional removal of TN in Zone 1, Scil-Based Treatment
Rzz = fractional removal of TN in Zone 2, Deep VVadose Zone
Rz3 = fractional removal of TN in Zone 3, Groundwater Zone
Rzs = fractional removal of TN in Zone 4, Transitional Zones
ST = system type/characteristics 1, 2, 3
DUi = dwelling units with system type i

The nitrogen reduction parameters referenced in Equation 1 and Figure 3 are further summarized in

Table 1

, along with a brief summary of the Panel's source of information or approach used to characterize the

parameter (in the “Comments” column).



/one 1 Attenuation =
. m Nmoo_n
Exfiltration Vol. = Fraction exfiltration * Annual system Lt \v/
treatment volume * Fraction gravity line* Geologic coef. * ;v /\
New or rehabbed coef. * Soil atten. factor * GW atten. factor ” I \
Proposals: " LT gy
1 - Reduce the TN reduction to account for urban hydrologic ‘T w m m e w e
connectivity and N enrichment and modify based on depth to GW e
via the groundwater coefficient. ‘ e
2 - No soil attenuation due to the depth of SSE 2 s s
For example: 34% * 0.8 * (1-0.36) = 17.41% TestCaseB: /= Nl
194146.5 lbs. N/yr ;
Table 11. Recommended edge of Zone ;n::eu;aads :a:waa ::::t;:; ::s dominant soil texture for conventional 9.32 % of Urban Load \\
(S;cr:‘i::u"ll;eiﬁgjral USDA Soil Textures ;::i:ti-:,: TN Load at Edge of Zone 1 & i
Sandy Sand, Loamy Sand, Sandy Loam, 16% 4.2 kglcaplyr 0 \ T T T T \
Loam 9 a8 et D::m £ a0 ) o0 24

Loamy Silt loam, Clay Loam, Sandy Clay 34% 3.3 kgleaplyr
Loam, Silty Clay Loam, Silt

Figure 5. Concentrations from STUMOD of NH,*, NO3', and TN as a function of depth below the infiltrative
surface for a loamy sand soil (top graph) and a clay (bottom graph) for conventional systems with a water

Clayey Sandy Clay, Silty Clay, Clay 54% 2.3 kglcaplyr table at 60 cm and 100 percent of the design hydraulic loading rate (see Table 2).

Mutrient Attenuation in Onsite Wastewater Treatment Systems - Final Report
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[ ]
Z O n e 3 Atte n u at I O n Table 12. Recommended Zone 3 attenuation factors for Chesapeake Bay HGMRs

Hydrogeomorphic Region’ Relative TN Recommended Zone 3

Transmission Attenuation Factor
Classification (Transmission Factor)
Exfiltration Vol. = Fraction exfiltration * Annual rine Cosstal Piain - Coastal bowlancs Lo o)
t t t t l_ * F t t l * Fine Coastal Plain - Alluvial and Estuarine Valleys Low 75% (25%)
syStem treatment voluume racuon gravi ine
GyeOlO iC coef % N ew or reha bbed COgef % SyOIl Fine Coastal Plain - Inner Coastal Plain - Upland Sands and Gravels Medium 60% (40%)
atten %actor *GW atten facto r ) Fine Coastal Plain - Middle Coastal Plain — mixed sediment texture Medium 60% (40%)
) i Fine Coastal Plain - Middle Coastal Plain — fine sediment texture Low 75% (25%)
In the North Carolina Piedmont, sewer lines are 36% goars.le c(:olastg[ Plair:e-dl;.ﬂiddle Coastal Plain — Sands with Overlying High 45% (55%)
. . ravels (also dissec
closer to streams than septic systems (via flow path _ - ,
oarse Coastal Plain - Inner Coas ain - Dissected Outcrop Be i b
d' i C Coastal PI I Coastal PI D ted Out Belt High 45% (55%)
IStance).
) Crystalline Piedmont High 45% (55%)
. Crystalline Blue Ridge High 45% (55%)
Proposal: Reduce the attenuation factor based on
. . . Carbonate Piedmont Very High 35% (65%)
the exponential of relative distance to streams.
Carbonate Valley and Ridge Very High 35% (65%)
For example: Case Bis inthe high transmission class  CaPenate Appalachian Plateau Very High 35% (65%)
1_exp(ln(055)*(1 _36))=032 or 32% attenuation Siliciclastic Mesozoic Lowland High 45% (55%)
fa ctor Siliciclastic Valley and Ridge Medium 60% (40%)
Siliciclastic Appalachian Plateau Low 75% (25%)
Te st Case B at thIS Step: ! Generalized Geology from Greene et al., 2005; Subdivisions from Bachman et al., 1998, and Ator et al., 2005 for
coastal plain

132019.6 lbs. N/yr
6.34 % of Urban Load




Phosphorus Attenuation

Phosphorus attenuation is effectivity 100% for onsite wastewater, but...

Mutrient Attenuation in Onsite Wastewater Treatment Systems - Final Report
4.1.1.1 Phosphorus

Future work should consider phosphorus transport. There is some evidence that in sandy soils phosphate from
onsite systems can be transported with groundwater (e.g. Humphrey et al. 2014, Humphrey et al. 2015), and the
potential for wastewater-related phosphorus inputs to Chesapeake Bay surface waters should be evaluated.
Additionally, future efforts should consider the implications and effects of P sorption capacity in soils vis-a-vis
historical land uses and nutrient delivery lag times due to sorption/desorption processes.

Delesantro et al., (2021) demonstrated that the P:N ratio for sewer served catchments were
significantly higher than for septic severed catchments in the North Carolina Piedmont after
accounting for difference in land-use. Similar results have been found at the Baltimore LTER.

Nguyen and Venohr (2020) suggest that sewer exfiltration TP is 19.5% of the urban load to GW while
TN is 11.2%.




Phosphorus Attenuation

New proposal: Extend the N attenuation method to P assuming 100%
baseline attenuation and applying the sewer discounting via the percent

difference in septic to sewer N attenuation

Example: Case B had a sewer exfiltration attenuation of 0.44 (Zone 1 and
Zone 3). The septic attenuation would have been 0.7. This is 63% of the
septic attenuation. Therefore, the attenuation of P would be 0.63 (1*.63).

Test Case B:
14,435 lbs. P/yr
15.85 % of Urban P Load




Preliminary estimates of SSE load to streams

Baltimore (Co and City)

132,019.6 lb/yr TN

6.34% of CAST ‘23 developed TN load
14,435 lb/yr TP

15.85% of CAST ‘23 developed TP load

HRSD
 122,581.8 lb/yr TN
e 2.90% of CAST ‘23 developed TN load
* 10,810 lb/yrTP
* 3.6% of CAST ‘23 developed TP load

Watershed (without soil/GW attenuation,
preliminary)

e 2.6 million lb/yrTN

* 3.1% CAST ‘23 developed TN load

Values are on the conservative
end of the literature range as a
percent of the urban load.



End

jdelesantro@chesapeakebay.net
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