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August 6, 2024

Mr. Ethan Braley
10 Willow Lane
Arundel, ME 04046

SUBJECT: Nitrate Assessment of Proposed Septic Systems
Proposed 3-Lot Subdivision
Old Post Road
Arundel, Maine

Dear Ethan,

Main-Land Development Consultants Inc. (Main-Land) is pleased to provide the following assessment of
nitrate migration from proposed single- and multi-family residential septic systems on the subject project. It
is understood you have requested this assessment as part of the local permitting process with the Town of
Arundel, Maine.

Assessment Input and Assumptions

You provided Main-Land with soil mapping and test pit information which has been compiled for the
project by others. Main-Land reviewed the mapping and logs to determine that the site soils are generally
mapped as glacial till. Soil mapping and the USDA York County Soil Survey suggest the soils are
similar to the Lyman series soils which are moderately well-drained, stony fine sandy loams.

Based on a review of the soil descriptions, related gradations, and tables of Estimated Engineering
Properties in the Soil Survey, the tills range in permeability from approximately 4 to 12 feet/day in the more
friable soils above the hardpan layer. Based on this, Main-Land has used an estimated permeability, k, of 8
feet/day.

Main-Land performed a nitrate-nitrogen attenuation analysis based on the Baetsle equation for modeling
migration of a substance (nitrate) dissolved in groundwater through porous media. This approach allows an
estimate of nitrate plume concentrations relative to time, distance, and initial concentration from a constant
point source, the proposed leachfields in this case. Ultimately, this approach allows an estimate of the
distribution of steady state plume concentrations downgradient from the constant point source represented
by a residential leachfield.

Other input parameters for the Baetsle equation include the following:

Based on soil type and estimated in-situ density, the effective porosity, n, of 0.33 has been assigned. The
gradient of the seasonal high groundwater surface has generally been taken as similar to the ground surface
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gradient. For example, a groundwater seepage velocity, V, for a site with 4% gradient, k = 8 ft/day, and n =
0.33 is found as:

V = ki/n = (8 ft/day)(0.04)/0.33 = 1 ft/day

This velocity is used to determine dispersion coefficients for the X, y, and z directions downgradient of the
leachfield used in the Baetsle analysis.

This analysis was made assuming 90 gallons per day per bedroom wastewater flow for the modeled
leachfields (i.e., duplex of 2 bedrooms per unit = 4 bedrooms total = 360 gpd), an initial nitrate
concentration of 40 mg/l in wastewater, with no dilution by coincident rainwater, and depth of flow in the
soil ranging from 1 to 2 feet deep. The natural background nitrate concentration is likely to range from
negligible to perhaps <0.5 mg/l (Note: these are typical parameters Main-Land uses for sites related to DEP-
reviewed and approved projects).

Assessment Results

Main-Land assessed the potential leachfield siting scenarios at each of the three proposed lots of the
proposed subdivision. Assessment inputs included approximate groundwater surface gradients and inferred
groundwater flow directions. The sites and input parameters to the nitrate analysis, as well as the estimated
distance to the outer edge of the 10 mg/I nitrate concentration, are summarized as follows:

Lot/Test Pit | Description/GPD Estimated | Distance to edge of 10 mg/I
gradient | plume
Lot 1/TP9 Gradient generally southward toward a | 5% 34 feet
down-gradient property line/480 gpd
Lot 2/TP15 Gradient generally northeastward toward a | 2.5% 48 feet
down-gradient property line/360 gpd
Lot 3/TP13 Gradient generally eastward toward a down- | 2.5% 48 feet
gradient property line/360 gpd

The greatest distance the 10 mg/l edge of plume extends to is approximately 48 feet from the down-gradient
edge of the proposed leachfields for Lots 2 and 3. For Lot 3, the proposed leachfield location should be
shifted about 10 feet southwesterly away from the nearest property line so as to maintain the nitrate setback
of 48 feet and the well setback of 100 feet.

The analyses indicate that the 10 mg/l nitrate concentration would not be exceeded at a down-gradient
property boundary greater than approximately 48 feet from the leachfield, or at a proposed well (which
needs to be by Code at least 100 feet from the leachfield). Based on a review of the proposed lot
configurations and potential leachfield locations, none of these potential leachfields will result in 10 mg/I
exceedances at a project boundary. It is also noted that the estimated plumes reach a steady state by the 10-
year time period modeled.

Summaries of the Baetsle analysis for the three cases above modeling the 10 mg/l concentration limit of the
nitrate plume are attached. Main-Land has attached a sketch based on a provided proposed site plan. This
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sketch depicts interpreted groundwater flow directions (blue arrows) from the proposed leachfields and the
estimated shape of the 10 mg/I concentration limit (red dashed lines).

Closure
Based on a review of the proposed lot configurations and potential leachfield locations, none of these
potential leachfields will result in 10 mg/l exceedances at a project boundary or proposed well location.
Please do not hesitate to contact Main-Land with any questions or if we be of further service to you on this
project.

Sincerely,

Main-Land Development Consultants, Inc.

W
SKeOF 2/,

Scott R. Dixon, P.E., C.G., L.S.E.
Senior Chief Scientist

Attachments: Detailed calculations for Lots 1-3 concept leachfield locations
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Spreadsheet for Nitrate attenuation after Baetsle and Chang: Lot 1/TP9 10 mg/l isograd
Proposed 3-Lot subdivision for E. Braley, Arundel, ME

C (x,y,2,t) = [CoVo/8(rt)>((DxDyDz)°] e[-((x-vt)>/4Dxt)-(y*/4Dyt)-(z>/4Dzt)]

Co = nitrate initial concetration

Vo = daily volume

T =time in days

Dxyt = Dispersion coefficient in x,y,z directions

x = distance of interest from source, parallel to g.w. flow
v = g.w. velocity

n = porosity 0.33

D=av

ax = dispersivity in x direction = (O.83)[(Iog10(Lp)]2'414

Lp = vt

k=hydr. Cond 8 ft/day

i=gradient 0.05 ft/ft

Variables:

g.w. velocity 1.21 ft/day

time 3650 days

x, from source 34 feet 10.10301 mg/I AFTER 10.0 years
y, from source cl 0 feet

z, from source cl 2 feet

Volume 480 gal/day 64.171123 cubic feet

Lp, plume length
to center of mass  4424.242424 feet

ax 42.77443363
ay 14.25814454
az 2.138721682
Dx 51.84779834
Dy 17.28259945
Dz 2.592389917

Initial concen 40



Spreadsheet for Nitrate attenuation after Baetsle and Chang: Lot 2/TP15 10 mg/l isograd
Proposed 3-Lot subdivision for E. Braley, Arundel, ME

C (x,y,2,t) = [CoVo/8(rt)>((DxDyDz)°] e[-((x-vt)>/4Dxt)-(y*/4Dyt)-(z>/4Dzt)]

Co = nitrate initial concetration

Vo = daily volume

T =time in days

Dxyt = Dispersion coefficient in x,y,z directions

x = distance of interest from source, parallel to g.w. flow
v = g.w. velocity

n = porosity 0.33

D=av

ax = dispersivity in x direction = (O.83)[(Iog10(Lp)]2'414

Lp = vt

k=hydr. Cond 8 ft/day

i=gradient 0.025 ft/ft

Variables:

g.w. velocity 0.61 ft/day

time 3650 days

x, from source 48 feet 10.00813 mg/I AFTER 10.0 years
y, from source cl 0 feet

z, from source cl 1 feet

Volume 360 gal/day 48.1283422 cubic feet

Lp, plume length
to center of mass  2212.121212 feet

ax 33.50964379
ay 11.16988126
az 1.675482189
Dx 20.30887502
Dy 6.769625008
Dz 1.015443751

Initial concen 40



Spreadsheet for Nitrate attenuation after Baetsle and Chang: Lot 3/TP13 10 mg/l isograd
Proposed 3-Lot subdivision for E. Braley, Arundel, ME

C (x,y,2,t) = [CoVo/8(rt)>((DxDyDz)°] e[-((x-vt)>/4Dxt)-(y*/4Dyt)-(z>/4Dzt)]

Co = nitrate initial concetration

Vo = daily volume

T =time in days

Dxyt = Dispersion coefficient in x,y,z directions

x = distance of interest from source, parallel to g.w. flow
v = g.w. velocity

n = porosity 0.33

D=av

ax = dispersivity in x direction = (O.83)[(Iog10(Lp)]2'414

Lp = vt

k=hydr. Cond 8 ft/day

i=gradient 0.025 ft/ft

Variables:

g.w. velocity 0.61 ft/day

time 3650 days

x, from source 48 feet 10.00813 mg/I AFTER 10.0 years
y, from source cl 0 feet

z, from source cl 1 feet

Volume 360 gal/day 48.1283422 cubic feet

Lp, plume length
to center of mass  2212.121212 feet

ax 33.50964379
ay 11.16988126
az 1.675482189
Dx 20.30887502
Dy 6.769625008
Dz 1.015443751

Initial concen 40
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